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1.0 EXECUTIVE SUMMARY

URS Consultants. Inc., (URS) was retained by the California Department of Toxic Substances
Control (DTSC) under Contract No. 91-T0088, Task Order No. 4-088-6.0-400003 to conduct a
treatability study investigation at the Alark Hard Chrome site (Alark. the site) located at 2777
Main Street in the City of Riverside. San Bernardino County, California.

Previous DTSC investigations at the Alark site identified soil contaminated with chromium VI
and total chromium, cadmium, lead. and nickel. The concentrations of these metals are at levels
that warrant soil remediation to protect human health and the percent contamination of surface
water and groundwater.

The treatability study encompassed the use of soil washing and soil immobilization:
technologies deemed potentially applicable for Alark site remediation The primary purpose of
the bench-scale study was to provide an evaluation of the technical feasibility of a particular
treatment approach. Specific objectives for soil washing and soil immobilization treatability tests
were to determine optimum parameters that would result in treatment of affected soils to the
desired cleanup and regulatory action levels.

Based on data provided by DTSC, URS selected the locations on the Alark site with the highest
concentration of metals of concern. Representative soil samples were collected from each
designated location. These samples constituted the untreated/baseline soil samples that were
used to complete treatability testing.

Size Segregation

Prior to the start of soil washing treatability testing, size segregation testing was performed on
the untreated soil samples. The objective of soil segregation and analysis was to obtain
information regarding the quantity of each size fraction and the distribution of metals of
concern within the separate size fractions. This information is useful in evaluating the potential
for reduction in volume of soil requiring treatment.

The results of size segregation testing suggest that the distribution of the metals of concern
among the fractions did not follow the typical pattern of increase in concentration levels in the
smaller sized fractions. Total chromium, chromium VI, cadmium. and nickel had similar
distribution patterns: the greatest concentrations were identified in the #4 or #10 mesh;
concentrations decreased as the particle size decreased in the mid range (#40 and #60 mesh),
and increased as the particle size decreased to the smallest size fractions (#230 and pan).

Soil Washing

Soil washing testing was initiated with screening of the untreated soil via a 3/8-inch screen.
Only undersized (<3/8") soil fractions were used for treatability testing. The experimental
process implemented in the treatability tests included use of an extractant agent to mobilize the
metals of concern from the soil phase to aqueous phase. The aqueous phase containing the free
metals was then treated to precipitate the metals into a recyclable form:.

Prior to start of full-scale soil washing treatability tests, beaker tests were executed. The
objectives of the beaker test were to provide qualitative information regarding the performance
of the extraction agents. Beaker tests were conducted using plain water. hydrogen peroxide
(five different concentrations), and nitric acid (two different concentrations). The results of the
beaker tests illuminated several disadvantages to the proposed use of hydrogen peroxide

Draft Treatability Study Report
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(h202). Therefore, with approval from DTSC, URS eliminated all proposed H2O2 extractants
from experimental conditions.

Based on the results of the beaker tests, six experimental conditions were explored for the soil
washing tests. The soil washing treatability study was a 3 X 2 experimental design using three
wash solutions: hot water, dilute warm 3N HNO3, and moderate-strength warm 6N HNOs,.
Extractions were performed for each of the three solutions at two soil retention (wash) times,
seven and fifteen minutes. Test procedures for the soil washing tests were based on the
methodologies presented in the EPA publication Lab-Scale Screening Test for Soil Washing
Technologies.

Soil washing test results suggest removal of a significant amount of metals, yet the treated soil
did not meet the STLC criteria for soluble total chromium and the risk-based criteria for total
chromium. The high levels of chromium were too formidable for the mild and moderately
aggressive extractants, 3N and 6N nitric acid. Soil washing, however, was able to reduce
significant total and soluble total chromium concentrations. Additionally, chromium VI was
removed by the nitric acid washes. All cleanup levels were attained, except the risk-based level
for inhalation. The inhalation standard may have been met for the pan fraction. which was
below the detection limit. Three of the nitric acid washes removed chromium VI from the
smallest particles (pan), a phenomena that runs counter to the usual soil washing observations.
The larger particle size fractions may have difficulty adsorbing onto the highly mobile
chromium VI in the present of an oxidizing wash - nitric acid.

Soil washing with nitric acid significantly reduced total and soluble cadmium. The 60 mesh and
230 mesh fractions attained all cleanup levels; the pan fractions retained much greater amounts
of total cadmium. The nitric washing removed moderate and significant amounts of total and
soluble lead respectively. The soluble fraction was reduced below the cleanup levels; however,
the initial concentration of total lead in untreated soil was below the three cleanup levels. Lead
has been shown to be a good candidate for soil washing, although in other test chelating agents
were used - agents that would not prove effective for chromium (Rayford et al. 1986;
Evangelista et al. 1987; 1988). Soil washing removed nickel. total and soluble. from Alark soil in
a classic fashion. The removals achieved were high in the 60 mesh fraction, moderate in the 230
mesh fraction. and low in the pan fraction.

Soil Immobilization

Immobilization treatability testing encompassed several distinct stages to ensure the immobility
of the metals of concern and the durability of the immobilized matrix. These stages included:
soil screening, pretreatment chemical/reduction, immobilization. and the first and the second
tier of analyses.

The immobilization study was of a 2 x 4 x 2 experimental design. Two types of pretreatment
reduction methods and four types of immobilization binders were tested. Each binder was
tested at two, binder-to-soil ratios.

Immobilization treatability testing was initiated with soil screening. In the soil screening stage,
untreated soil was screened with a 3/8-inch mesh to remove oversized soil particles to provide
some uniformity to the soil within the immobilized matrix.

Following screening, the untreated soil fraction was subjected to a pretreatment/chemical
reduction process. The chemical reduction step involved the conversion of the highly mobile
Cr*0 species to the less mobile Cr*3. This step explored the efficiency of two reducing agents:
ferrous sulfate (FeSO4). and sodium hydrosulfite (Na25204).

Draft Treatability Study Report Page 2
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The pretreated/chemically reduced soil was then immobilized using the following four binders:
1. Portland cement.
2. Portland cement with soluble silicate
3. High alkaline (self-cementing) fly ash
4. High alkaline fly ash with soluble silicate.

The cement and fly ash binders were evaluated using two binder/soil ratios, 10% and 40%

/W)

Analytical testing of the immobilized sample was divided into two tiers. The first tier placed
primary emphasis on the STLC leach test. Those immobilization mixtures with the lowest STLC
values were tested in the second tier of analyses. In addition, the pH of the immobilized matrix
was measured, as was the increase in volume. The second tier of analyses involves measuring
the monolith’s engineering/geotechnical properties for long-term leaching performance,
structural durability, and design or disposal purposes.

Immobilization of Alark soil with Portland cement 40% (W/y) significantly lowered the mobility
of the soluble metals of concern. In general. the addition of soluble silicate to the 40% Portland
cement admix did not significantly improve the performance of the cement. Although the 40%
Portland cement (with or without soluble silicate) performed best among the tested admixtures.
the resulting immobilized matrix was still a California hazardous waste and waste of concern.
STLC, F006, and D-code cleanup levels for total chromium and the risk-based level for
chromium VI was not achieved.

The concentration of total chromium requiring immobilization was too high for the tested
reagents to adequately meet all cleanup criteria for all metals of concern. Some of this high
concentration of total chromium may have been transformed into chromium VI during the
experiment. For several reagents, the soluble concentration of chromium VI was higher after
immobilization. In a situation where the initial concentration of total chromium is much higher
than chromium VI. excess reducing reagent may be necessary to minimize the formation of
chromium VI

The results of the two reducing agent, ferrous sulfate and sodium hydrosulfite, differed little
from each other. The effect of the eight immobilization admixtures on the 5 metals of concern
showed the same pattern of results irrespective of which reducing agent was used. Therefore,
the sodium hydrosulfite was the reducing agent that would be easiest to implement in a field-
scale operation, since it could be added at the same time and into the same equipment as
Portland cement additive.

This treatability study was the first phase of remedial procedures explored to cleanup the Alark
site. Some procedures worked to significantly reduce the presence or mobility of heavy metals
in Alark soil: others did not. The treated soil did not meet all the regulatory requirements.
Further treatability testing is recommended to develop process parameters that will result in
remediation of the affected soil to the designated treatment levels..

Additional treatability studies should identify procedures and reagents that may increase the
mobility (wash) or decrease the mobility (immobilize) of chromium. This recommendation still
maintains the original technologies proposed but process identification of parameters that will
improve the process chemistry.

For mobiliz6ing chromium from soil, a very strong oxidizing agent should be used to oxidize
Cr*3 to Cr*0. One recommended oxidant is a cyanide leach solution. similar to the type used in

Dratft Treatability Study Report Page 3
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hydrometallurgy potentially have the oxidizing power to convert all the total chromium to
chromium VI, then wash it out of the soil. To enhance the removal rates, Alark soil can be
leached for extended duration or can be exposed to extractants at elevated temperatures and
pressures. The first method compensates for slow reaction kinetics by making reaction times
longer; the second method increases the kinetics.

Additional admixtures should be explored for immobilizing chromium. These admixtures can be
generic and/or proprietary. Many admixtures can be tested in a relatively short period of time.
Therefore, we recommend to test for just soluble total chromium by Cal WET (STLC) until an
immobilized matrix is less than the mandated cleanup levels (STLC, FO06. and D-code). If an
immobilized matrix meets the cleanup levels for soluble chromium, additional analyses can be
performed for additional metals of concern.

Another recommendation for future testing is the addition of a much greater excess of a
reducing agent. The soil evaluated for this treatability study contained much higher
concentrations of total chromium than chromium VI Since the concentration of reducing
reagents were based on the initial concentration of chromium VI plus some excess, the
concentration of reducing agent may be insufficient to reduce chromium VI that was
transformed from the total chromium during the experiment.

Bench-scale testing of an additional alternative and innovative technology to remove metals
from Alark soil such as electro-kinetic technology also is recommended. Metals can be
mobilized from soil by migration to specialized electrodes in the presence of electrolytes
applied to the soil. The electrodes can remove the metals from the soil phase on site.

In summary, soil washing and soil immobilization tests show partial effectiveness of these
processes for site remediation. Additional testing to refine the process parameters used in this
study is recommended. For soil washing, this refinement should include use of more powerful
extraction agents, elevated reaction temperature and/or residence times, and use of a stronger
oxidizing agent. Additional practical concerns such as dewatering of the washed soil and
residual management should also be considered. Additional testing will result in development
of a soil washing process capable of treating the soil to the desired treatment levels.

The results of soil reduction/immobilization suggest the efficacy of sodium hydrosulfite as a
reducing agent and Portland cement as a binder. Additional refinement of soil to binder ratio
and the sodium silicate concentration will result in development of a formulation capable of
treating the soil to the desired treatment levels.

Dratft Treatability Study Report Page 4
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2.0 INTRODUCTION

URS Consultants. Inc.. (URS) was retained by the California Department of Toxic Substances
Control (DTSC) under Contract No. 91-T0088, Task Order No. 4-088-6.0-400003 to conduct a
treatability study investigation at the Alark Hard Chrome site (Alark, the site) located at 2777
Main Street in the City of Riverside, San Bernardino County, California (Figure 1). The
treatability study results will be used to evaluate the feasibility of potentially applicable remedial
alternatives for the treatment of two areas of contaminated soil identified during previous DTSC
investigations at the site.

This treatability study addresses only the treatment of soil. It addresses two treatment
technologies: soil washing and soil immobilization.

This report documents the results of the treatability study, and provides remedial design
recommendations for site remediation. All field and laboratory work performed on the
treatability study was completed in accordance with the DTSC-approved Workplan for
Treatabilitv Study of Soils, dated December 11. 1992, as amended.

2.1 Site Description

The Alark Hard Chrome (Alark) site is the former location of an electroplating shop. The site is
located approximately 1 mile west of the intersection of the 60. 91, and 215 Freeways in
Riverside, California (Figure 1). The site consists of an approximately one quarter acre parcel
that is relatively flat with minor areas built up by fill material. The majority of the site is covered
by one large slab on grade building that is approximately 10,000 square feet. Electroplating
operations at the facility have ceased and most of the building is currently vacant. A barber
shop continues to operate out of a small commercial business space located in the eastern
corner of the building (Figure 2).

The site is located in a light industrial area. To the northeast of the site is the Klure and Harris
(K&H) Metals and Supply and to the south, Precision Auto (an auto body and paint shop). The
closest residential areas are located one block southeast and two blocks west of the site.

The building is divided into three areas: a front room with attached barber shop, a
medium-sized middle room. and a small back room and office area on the east side (Figure 2).
The soil sampling activities conducted for the treatability study were focused in the middle
room.

Previous DTSC investigations at the Alark site identified soils contaminated with trivalent and
chromium VI (Cr*3 and Cr*é), cadmium, lead and nickel. The concentrations of these
contaminants are at levels that warrant soil remediation to protect potential human receptors
from exposure to soil-bound contaminants. and to prevent potential contamination of
groundwater and surface waters in the vicinity of the site.

Soil contamination extends to approximately 40 feet deep in some areas of the site.
Approximately 2,700 cubic yards of contaminated soil will require remediation to reduce the
volume, toxicity, or mobility of the contaminants identified at the site (DTSC. 1991).

Of the contaminants identified at the site, total chromium and chromium VI (Cr*6) appear to be
the most prevalent with the greatest concentrations found in the soil underlying the middle
room. Elevated concentrations of metals of concern in the soil under the back room appear to
be limited vertically to approximately the first ten feet of soil (DTSC 1991).

Draft Treatability Study Report Page 5
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The back room contained the greatest concentrations of cadmium in soil. Elevated
concentrations of metals of concern, particularly lead and nickel, were also present in the soil
beneath the back room and in the soil behind the Alark building (DTSC 1991).

URS selected the locations with the greatest concentrations of metals of concern to collect soil

samples for use in the treatability study. Sample locations were selected using data provided to

URS by DTSC. Soil boring and sample locations were approved by DTSC staff prior to field

operations. The sample locations for treatability study samples are illustrated on Figure 2, and -
treatability study sampling details are described in detail in Section 3.2.2 of this report.

2.2 Remedial Technology Description

The soil treatment technologies evaluated for the Alark site consist of soil washing and soil
immobilization. The associated bench-scale treatability studies consisted of a series of tests
designed to quantitatively evaluate the technical performance of each treatment method. The
primary purpose of the bench-scale study is to provide an evaluation of the technical feasibility
of a particular treatment approach. The following paragraphs provide a brief description of the
treatability study technologies tested for the Alark site. A complete discussion of the
technologies and rationale for treatability study testing is provided in the following sections of
this report.

2.2.1  Soil Washing

Soil washing technologies consist of processing the soil (after excavation) in the presence of a
liquid. The purpose of soil washing is to increase the mobility of contaminants in the soil phase
so that they may be collected in the liquid phase. The types of soil washing technologies
evaluated during the Alark treatability study were volume reduction and extraction.

Soil washing for volume reduction has two technical components that occur during the
processing of soil. The first is a grain size grading process, whereby the soil is separated into
coarse and fine fractions. If contamination is confined to a specific fraction, it is possible to
reduce the amount of soil requiring remediation (hence, volume reduction). The second
component is to process the coarse soil fraction so as to physically and chemically mobilize or
extract the contaminants from the soil through use of an extracting agent. The extracting agent
washes the soil and the residual leachate contains the mobilized contaminants of concern.

The volume reduction process uses machinery and procedures typically found in the aggregate
industry. These produce materials of various size grade. In this treatability study, soil samples
were wet-sieved to determine the size gradations of the soils and chemical analyses of the size
fractions were conducted to determine if contamination preferentially resides within a discrete
soil fraction.

The soil washing for extraction, removes soil-bound contaminants using liquid extraction
agents. For this treatability study the extraction agents used were hot water (control solution),
3N nitric acid (HNO3), and 6N HNO3. The extraction agents are placed in contact with the
excavated soil matrix to mobilize contaminants that are chemically or physically attached to the
soil particles. This process increases the mobility of contaminants in the soil phase so that they
may be collected in the liquid phase.

2.2.2 |Immobilization

Immobilization technologies are methods that limit the migration of contaminants with or
without major modification to the physical state, characteristics, or appearance of the waste

Dratft Treatability Study Report Page 8
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matrix. The waste matrix in the case of this treatability study is soil. The goal of
reduction/immobilization to decrease the mobility of contaminants in the soil phase (the
opposite of soil washing). Immobilization techniques involve the addition of chemical reagents,
and/or other substances to the waste matrix to transform the contaminants into an acceptably
low form of mobility.

Immobilization involves the use of two general techniques to treat soil: stabilization/fixation and
solidification. Stabilization/fixation techniques alter the contaminants chemically to limit their
solubility, mobility, or chemical reactivity. Reagents or materials are added to the waste matrix
to maintain the metals of concern in their least mobile or toxic form. Examples of this technique
are the conversion of metals into their lower mobility hydroxide or sulfide species, or the
change of the metal's valence or oxidation state to one of lower solubility.

Solidification is the result of treatment that produces a solid mass of waste material that has high
structural integrity. The resulting product is often called a monolith. A mechanical enclosure of
contaminants by reagents, called micro-encapsulation, generally takes place during
solidification. A chemical interaction between reagents and contaminants may also occur.
Contaminant loss from the solidified matrix is limited by the encapsulating mechanism, which
locks in and isolates the waste from the environment, and by the reduction of surface area,
which lowers the amount of waste exposed to environmental affects.

In this treatability study, a chemical reduction step was performed prior to proceeding with the
immobilization procedure. The purpose of the chemical reduction step was to reduce Cr*6,
which is highly mobile. to its less mobile state, Cr*3.

Once the chemical reduction step was conducted, the screened, pre-treated soil was
immobilized using the following four (4) binders: Portland Cement, Portland Cement with
soluble silicate, high alkaline (self-cementing) fly ash. and high alkaline fly ash with soluble
silicate. The cement and fly ash binders were evaluated at 10% and 40% (W/w) mixtures.

Draft Treatability Study Report Page 9
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3.0 TREATABILITY STUDY APPROACH

3.1 Test Objectives

The overall objective of this treatability study was to evaluate the technical feasibility of two soil
treatment technologies: soil washing and chemical immobilization. The purpose of the bench-
scale tests were to ascertain optimum operating parameters and to obtain preliminary remedial
design and preliminary cost information for remediating contamination identified at the Alark
site.

3.1.1  Soil Washing

The specific objective of soil washing was to mobilize the metals of concern from the soil
matrix into an aqueous rinsate where removal. recycling, or disposal of the metals of concern
could more readily take place. For this treatability study, soil washing technologies that would
reduce the concentration of metals of concern in the soil matrix to levels at or below the DTSC
health risk-based concentrations. Total Threshold Limit Concentration (TTLC) and Soluble
Threshold Limit Concentration (STLC) were applied. These levels are summarized on Table 1.
Soil washing technologies applied during this treatability study were designed in effort to
reduce the leachable and total concentrations of the metals of concern in treatability study
samples by 90%.

The following technology-related objectives were used to determine the optimum operating
parameters for soil washing and the site-specific feasibility:

® The time required to leach the soil to reduce the metals of concern to their respective
cleanup levels;

m The concentration of the extraction solutions;
m The ability to recycle or dispose of the extraction solutions: and

8 The suitability of the Alark soil for soil washing.
3.1.2 Immobilization

The specific objectives of immobilization are to chemically stabilize/fix the metals of concern so
as to severely limit their solubility and mobility, and to solidify the soil matrix to reduce the
leaching potential of the contaminants into groundwater. Reduction/immobilization
technologies applied during this treatability study were designed to reduce the leaching
capacity of chromium VI in the soil matrix to levels at or below the DTSC health risk-based
levels, and to reduce the mobility of all metals of concern to levels below the soluble threshold
limit concentration (STLC). Further. immobilization techniques that would allow for a2 minimum
unconfined compressive strength of 50 pounds per square inch (psi ) were applied to ensure
long-term in-situ stability should the immobilization technology be selected for remediation of
the Alark site.

Draft Treatability Study Report Page 10
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TABLE 1

HEALTH RISK-BASED LEVELS FOR SOIL

Metal of Risk-based level | Exposure Route TTLC STLC
Concern (mg/kg) (mg/kg) (mgll)
Chromium VI 1.7 Ingestion NA NA
0.08 Inhalation 500 5
Total Chromium 7000 Ingestion 2500 5
23 Inhalation NA NA
Cadmium 350 Ingestion 100 1
2.27 Inhalation NA NA
Lead 1300 Ingestion-adult 1000 5
300 Ingestion-child NA NA
NC Inhalation NA NA
Nickel 14000 Ingestion 2000 20
44 Inhalation NA NA

NA Not Available

Draft Treatability Study Report
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Results of the immobilization bench-scale testing were evaluated against State (risk-based and
STLC) and Federal (F006 standard and D-Code) cleanup goals. Federal cleanup levels F006
standard and D-Code are based on land disposal restrictions. Immobilization testing was
conducted by the California Waste Extraction Test (WET) method at the request of DTSC.
Initially, immobilization testing was to be conducted using the Toxicity Characteristic Leaching
Procedure (TCLP) and not the WET (see Section 4.2, Deviations from Work Plan). State and
Federal cleanup goals for immobilized soil are summarized on Table 2.

The following technology-related objectives were used to determine optimum operating
parameters and the feasibility of immobilization as a remedial option at the site:

m The performance of the two selected reducing agents in reducing chromium VI to
trivalent chromium;

m The reduction of chromium within the short reaction time needed for a continuous
operation;

® The binder (immobilization reagents) that provides the lowest mobility for the metals of
concern and meets the cleanup goals for these chemicals:

® The volumetric increase of matrix after immobilization by the various reducing agent-
binder combination.

3.1.3 Treatability Study Sampling

The objective of sampling for the treatability study was to collect soil samples from locations
containing the greatest concentrations of the metals of concern and to homogenize such
samples to form discrete soil comprised of representative contaminant concentrations. These
samples would subsequently provide the baseline sampling results from which the effectiveness
of treatability testing would be determined.

Soil boring and sample locations were selected based on their proximity to areas known to
contain the greatest concentrations of the metals of concern (as determined during the DTSC
1991 remedial investigation). On May 25, 1993, URS' drilling subcontractor drilled soil borings at
the locations illustrated on Figure 2. Samples were collected from Boring TS-1 at 5 feet and 30
feet. Boring TS-3 at 4 feet, Boring CR-2 at 5 feet, and Boring CR-3 at 5 feet. Boring TS-3 was
originally scheduled to be sampled at 5 feet; however, refusal was encountered at 4 feet and
the sample had to be collected at that depth. Boring TS-2. which was originally selected
because of its proximity to high cadmium-concentrated soil, was canceled by DTSC due to
equipment limitations. Instead, a composite sample was collected from Borings CR-2 and CR-3
at a 1:1 ratio from approximately 5 feet bgs.

Approximately five gallons of soil from each of the four discrete sample locations was collected
and placed in a clean plastic container and mixed thoroughly (homogenized) in a 20-gallon
drum for 15 minutes. Representative samples were collected from each container and analyzed
for cadmium, chromium (total), chromium V1, nickel, and lead for both total and soluble
concentrations by EPA Method 6010/7196 and California Administrative Code Title 26 Waste
Extraction Test (WET), respectively. A summary of these initial sample results is provided in
Table 3.

Draft Treatability Study Repont Page 12
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TABLE 2
CLEANUP GOALS FOR IMMOBILIZED SOIL

Metal of Concern | Risk Based Level STLC FOO6 Standard D-Code
(mg/L) (mgl.) (mgh.) (mg/L)
Chromium VI 0.08 5 NA NA
Total Chromium NA 5 5.2 50
Cadmium NA 1 0.066 1.0
Lead NA 5 0.51 5.0
Nickel NA 20 0.32 20.0

NA Not Available

Draft Treatability Study Report Page 13
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Laboratory analytical results indicated that contaminant levels for metals of concern found in
Boring CR-2/CR-3 and TS-3 were lower than anticipated. In accordance with recommendations
provided by DTSC staff, these samples were not used for treatability testing. The two discrete
samples collected from TS-1 at 5 feet and 30 feet were then composited into a 20-gallon drum
and mixed thoroughly. One sample of the composite soil was collected and analyzed for total
and soluble concentrations of cadmium, chromium (total), chromium VI, nickel, and lead by
EPA Method 6010/7196 and WET. respectively. The concentrations of the contaminants
identified in this composite sample are the baseline untreated sample results used to calculate
the effectiveness of soil washing and immobilization treatment technologies. The baseline
analytical results are provided on Table 3 (see Untreated Soil Sampile).

Subsequent post-treatment treatability study sampling was also performed to establish the extent
to which the soil had been washed or immobilized in comparison to baseline analytical results.
A discussion of bench-scale testing, applied treatment technologies and results is provided in
Section 4.0.

3.1.4 Analytical Methods

The following testing was conducted during the treatability study: materials balance testing,
engineering/geotechnical testing, and chemical analysis. All analyses were performed on
screened soils with the exception of the grain size distribution analysis conducted as part of the
engineering/geotechnical testing. All soils were screened with a 3/8-inch screen to remove large
soil particles prior to the treatability study testing. Procedures and rationale for materials balance
testing, engineering/geotechnical testing and chemical analysis are discussed below.

Materials Balancing

Materials balancing accounts for all of the reactants and products of a chemical reaction or
mixing process. It involves weighing or determining the volume and density of each reactant
and each treated matrix. The materials balance also includes measuring the total composition of
each reactant and reaction product.

During the immobilization phase of the treatability study, reagents added to the soil produced
an immobilized soil matrix. There were no gaseous product releases observed during the
immobilization phase of the study. Only dilution effects caused by the addition of
immobilization reagents required consideration during the bench-scale study.

The materials balance was dependent on the accurate measurements of:
®  The volume and weight of the raw (or untreated) soil and any water added to the soil:

m  The volumes and weights of each constituent reagent (solid and/or liquid) in the
immobilization process; and

m  The volume and weight of the immobilized and washed soil.

3.1.5 Engineering/Geotechnical Tests

Engineering/geotechnical tests required the use of physical methods to characterize the
treatability study samples and the subsequent immobilized matrices. Testing was conducted to
determine soil mass as a function of grain size. Soil samples were wet-sieved to determine the
size gradation of the soils and then chemical analysis of the size fractions was conducted to
determine if contamination preferentially resided within a discrete soil fraction.

Draft Treatability Study Report Page 15
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Additional tests provided measurements of the structural capacity of the solidified mass,

porosity of the immobilized material, and the degree of encapsulation of the treated wastes.

These factors provided information relative to the efficiency and effectiveness of the

immobilization process. Grain size or particle-size distribution of a soil was an important

consideration in the evaluation of treatment technologies. Fine-grained soil generally presents a

more significant handling problem than its larger grained soil counterparts. Fine-grained soil

also presents a problem in producing high-strength solidified wastes. Large percentages of fine

particles lower the ultimate strength of cement/soil composites. The particle size distributions of -
soil samples was determined by combined sieve analysis and hydrometer analysis described in

ASTM 422-63.

Water content is the ratio of the weight of water retained by a solid to the weight of solids,
expressed as a percent. Standard methods for water content are ASTM Method D2216-80 and
Test Methods for Solid Waste Characterization (TMSWC)-4. ASTM Method D2216-80 is used to
determine the water content of raw waste samples. Moisture is determined on a dry-weight
basis by measuring the mass of water removed after drying the sample to a constant mass at
110°C % 5°C. This method was not applicable to solidified waste because hydrated water can be
lost when the sample is dried at 110°C. TMSWC-4 was used to determine the water content of
solidified waste. The mass of the sample is measured before and after it is dried in an oven
maintained at 60°C £ 3°C. The dry weight must remain constant with a mass change of less than
0.03 g in 4 hours.

The bulk densities of the immobilized waste, along with the unconfined compressive strength
(UCS) and permeability help to evaluate the leachability of the solidified waste. The bulk
density of raw waste was determined using the American Society of Agronomy Method (ASA)-
13-3 Bulk density was calculated based on a soil sample of known volume and dry mass. The
bulk density of the immobilized soil was determined using TMSWC-2. Bulk density was
determined by weighing and measuring a cube or cylinder and dividing the mass by the
volume. This information was used to convert waste weight to volume for material handling
calculations.

The unconfined compressive strength (UCS) of immobilized soil was measured in accordance
with ASTM method D-1633. This test method determined the UCS characteristics of molded soil-
cement cylinders using strain-controlled application of an axial load. UCS was defined as the
load per unit area in psi at which an unconfined cylindrical sample of solids fails a compression
test. UCS tests were used to provide information on the stability of the immobilized treatability
soil samples in a disposable environment.

3.1.6 Chemical Analyses

Chemical analyses were conducted using the following USEPA and State of California (California
Administrative Code [CAC]) approved testing methods. Analytical methods for priority pollutant
metals are based on the EPA publication Test Methods for Evaluating Solid Wastes. SW-846. 3rd
Edition, November 1986. The analytical methods used are identified below:

m  EPA Method 6010 for total chromium, cadmium, nickel. and lead in soil.
®  EPA Method 7196 for chromium VI.

m  CAC Title 22 Metals

®m  CAC Title 26 Waste Extraction Test (WET)

The WET determines the mobility of both organic and inorganic contaminants present in liquid,
solid. and multiphasic wastes. The WET was used during the treatability study to estimate the

Dratft Treatability Study Report Page 16
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chemical stability of immobilized soil. The WET was used at the request of DTSC as opposed to
the initially-proposed Toxicity Characteristic Leaching Procedure (TCLP).

All chemical analyses were subject to the data validation procedures specified in the Treatability
Study Workplan, as amended (URS 1992). Samples were evaluated for holding time violations,
method blank results, and matrix spike and matrix spike duplicate recoveries (expressed as
accuracy and precision). A detailed summary of data validation procedures and subsequent
findings are provided in Appendix B.

Draft Treatability Study Report Page 17
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4.0 SOIL WASHING TREATABILITY TESTING

4.1 Test Methodology

4.1.1 Size Segregation Testing

Prior to initiation of soil washing treatability testing, a composite soil sample of untreated soil
was prepared from soil samples TS-1 collected at 5 and 30 feet. The composite soil sample was
then segregated by particle size into separate size fractions. Grain-size distribution was
performed according to the methodologies stated in Subsection 3.2.4. Following size
distribution. each dried soil fraction was placed in a separate sample jars and analyzed for total
metals of concern following the methodologies stated in Subsection 3.2.5. The objective of size
segregation and analysis was to obtain information regarding the quantity of each size fraction
and the distribution of the metals of concern within the separate size fractions. This information
is useful in evaluating the potential for reduction in volume of soil requiring treatment.

4.1.2 Soil Washing Test Methodology

Soil washing treatability tests were conducted using the methodologies presented in EPA
publication Laboratory-Scale Screening Test for Soil Washing Technology, developed by the
Office of Research and Development, Risk Reduction Engineering Laboratory (RREL). (A copy
of this protocol is provided in Appendix A.) In addition to these protocols. experimental
designs and procedures used during soil washing; were based on the guidance provided in the
Guidance for Conducting Treatability Studies under CERCLA: Soil Washing.

Prior to soil washing treatability testing the untreated soil sample (composite sample prepared
from Samples TS-1 collected at 5 and 30 feet) was sieved via a 3/8-inch screen. This effectively
removed particles of sufficient size which could have interfered with bench-scale testing. Only
articles smaller than 3/8 inches were used for this study. Oversized particles were not treated in
this study. however. in a full-scale remedial process, the oversized fraction would either be
spray washed or crushed to <3/8 inches and reintroduced into the process. A sample of the
undersized particles was collected and analyzed for total and soluble concentrations for the
metals of concern. The analytical results of this sample constitute the baseline contaminant
levels of the treatable soil fraction.

The experimental process implemented in the treatability tests included use of an extraction
agent to mobilize the metals of concern from the soil phase to the aqueous phase. The aqueous
phase containing the free metals was then treated to precipitate the metals into a recyclable
form. A diagram detailing the overall process of soil washing treatability testing is presented in
Figure 3. A complete list of equipment and materials used during testing is provided in
Appendix C.

Prior to performing full-scale testing beaker tests were executed. The objective of the beaker
tests was to provide qualitative information regarding the performance of the extraction agents
prior to the start of full-scale lab testing. The beaker tests were divided into two types: aqueous
and soil tests.

Draft Treatability Study Report Page 18
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Aqueous beaker tests used wastewater collected from a chrome plating bath; generally, this
water will contain 1.5 Ibs of chromium VI per gallon. After diluting with tap water twenty times,
approximately 20 ml of 30% hydrogen peroxide was added to 500 ml of the diluted plating
wastewater. Introduction of the peroxide resulted in the solution to turn from orange-yellow to
light green-yellow indicating the reduction of chromium VI to chromium III, the opposite of the
desired and anticipated results of peroxide additions. The objective of adding peroxide was to
maximize the conversion of Cr*3 (chromium III) to Cr*6 (chromium VI,) the species with the
greatest mobility; so that the greatest amount of chromium could be mobilized and washed out.

Beaker tests for the soil phase were carried out using eight wash solutions at two soil/wash
solution ratios: 1:2 and 1:3. The wash solutions were as follows:

1. One control solution using tap water;
2. Five HO3 solutions: of 2.5%, 5%, 10%. 15% and 30%; and
3. Two HNOs3 solutions: 3N and 6N.

For each test. 10 mg of soil was used with 20 ml (soil:wash solution weight ratio of 1:2) or 30
ml (soil:wash solution weight ratio of 1:3) of wash solution. Qualitative results such as
temperature. pH, and physical reactivity were noted for each test.

Soil phase testing with the HyO, wash solutions (all concentrations) resulted in a violent
exothermic reaction within the beaker. No aggressive chemical reaction was observed with
3N/6N HNO3 solution.

The results of beaker testing illuminated several disadvantages to the proposed use of hydrogen
peroxide: (1) for full-scale process the moderate to severe exothermic reaction and gas
generation would be difficult and costly to contain: and (2) the exothermic reaction might
require cooling to dissipate the evolved heat. Therefore, with approval from DTSC, URS
eliminated all proposed hydrogen peroxide extractants from the experimental conditions.

Based on the results of the beaker tests, six experimental conditions were explored for the soil
washing tests. The soil washing treatability study was a 3 X 2 experimental design. As noted in
Figure 3, the soil washing treatability study explored three wash solutions: hot water, dilute
warm 3N HNO3, and moderate-strength warm 6N HNO3. Extractions were performed for each
of the three solutions at two soil retention (wash) times, seven and fifteen minutes. The use of
various wash conditions (independent variables) was recommended in U.S. EPA guidance
document (1991). This soil washing treatability study enhanced the experimental conditions
beyond the basic screening capability of the above RREL methodology.

Following the wash step, soil slurry from each test condition was screened into three distinct
soil fractions: #60 mesh, #230 mesh, and pan. Size segregation to #10 mesh (as suggested by the
RREL protocol) was not incorporated to reduce analytical cost. The wet screening step was
performed in concert with a rinse step using 17 ohm deionized (DI) water to remove the
extraction agents from the soil phase. After rinsing with DI water, soil samples were collected
from each size fraction and analyzed for total and leachable metals of concern. The aqueous
phase generated by the washing and rinsing steps was composited and analyzed for the metals
of concern and free reagents.

The aqueous phase generated by the treatability tests was treated to precipitate the metals
mobilized by the soil washing tests. Treatment of the aqueous phase was initiated with the
addition of NaHSO3 to reduce Cr*0 to Cr*3, both CaO (quicklime) and MgO (magnesium oxide)
were then added to increase the pH of the aqueous phase to 9.5. Increased pH effectively
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reduced the solubility of the metals and thereby resulted in precipitation of metals. A
proprietary flocculate agent, Klear Aid ASL, was added to the aqueous phase to promote the
settling rate of the precipitate. The precipitate was filtered from the aqueous phase and a
sample was collected for analysis of total metals of concern, pH, bulk density, and water
content. The results of this analyses will be used to determine acceptance of the sludge at a
metals recycling facility. A sample of the aqueous phase was also collected and tested for total
metals of concern, pH, and free reagent (HNO3).

4.2 Deviations from the Work Plan

A few deviations from the work plan occurred during the study.

Hydrogen peroxide was not used as an experimental soil washing extraction agent following
beaker testing. Tests found that hydrogen peroxide is unsuitable as an extraction agent for two
reasons. First, hydrogen peroxide reacted vigorously for an extended period when mixed with
the Alark soil; reagent and soil slurry were observed to foam out of the container. Second, the
addition of hydrogen peroxide to a spent chrome plating bath solution turned the solution a
light green indicating the conversion of some of the chromium VI to chromium III. Therefore,
hydrogen peroxide was not used as an extraction agent during the soil washing.

Bulk density and water content calculations were not performed on the washed soil. These tests
were placed in the work plan in case the physical characteristic of soil significantly changed
after the nitric acid wash. However, observations made throughout the soil washing tests
identified no significant changes. Therefore, to reduce analytical costs, bulk density and water
content analyses on washed soil were not performed.

4.3 Test Resultls

4.3.1 Size Segregation Testing

Prior to the soil washing experiments, the unsieved, untreated soil was wet sieved and the
resulting soil fractions were analyzed for the metals of concern. Size segregation test results are
provided in Table 4. Copies of the lab results are provided in Appendix D.

As noted in Table 4, total chromium was found in greatest concentrations in the #4 mesh
fraction (particle size greater than the #4 mesh and less than the 3/8 inch mesh). The total
chromium concentration tended to decrease with the smaller sized fractions. However
concentrations did increase in the smallest fractions, #230 mesh and pan (<#230), although not
to the levels detected in the #4 mesh fraction.

Cr*0, Cd, and Ni also followed a trend similar to total chromium: the greatest concentrations of
Cr*6, Cd. and Ni were detected in the #10, #4, and #4 mesh fractions, respectively.
Concentrations for all of these metals decreased in the smaller sized fractions, until the smallest
fraction. #230 mesh and pan. when the concentration increased though not to the levels
detected in the #4 or #10 mesh fractions.

Lead concentrations did not follow the same pattern as total chromium, chromium VI, cadmium,
and nickel concentrations. Lead concentrations increased with decreasing particle size and
peaked with the #60 mesh size, then decreased slowly as particle size decreased.
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The above patterns of heavy metal concentration as a function of soil particle size does not
conform to the typical pattern. Usually, as particle size decreases, the concentration of heavy
metals increases, especially for the smallest particles (Rayford et al. 1986; Evangelista et al. 1987;
1988), as a result of several physical and chemical phenomena. As particle size decreases,
particle surface area per unit mass increases. As the surface area increases, more metal ions can
be accommodated at the soil surface.

Another phenomena which causes the smallest particle sizes to retain heavy metals, is the
cation exchange capacity (CEC), which measures the ability of a soil particle to attract, and
retain, heavy metal cations (positively charged ions). Since the CEC of clay, which makes up the
smallest particles, is much greater than the CEC of sand or silt. more metals are adsorbed onto
the smallest soil particles. The exchange of an aluminum molecule within the alumino-silica
matrix of clay, for a heavy metal molecule of similar size may also have an effect on the
association of heavy metals with small particle size. This substitution has been demonstrated to
occur in a previous soil washing treatability study (Evangelista et al. 1987).

The distribution of the heavy metals of concern in the Alark soil did not follow any previously
observed pattern. Although no expianation is put forward for this result, the failure of Alark soil
to conform to the typical distribution pattern is a favorable result. The soil fraction containing
the smallest particles is usually not treatable by soil washing because of the difficulty in
removing the high concentration of metals. Further. dewatering of fines requires special process
considerations. This fraction therefore usually requires further treatment or disposal. Lower
metal concentrations in the smallest fractions of Alark soil is therefore a favorable characteristic.

4.3.2 Soil Washing Test Results

Soil washing test results for the six experimental runs are presented in Tables 5 and 6. Table 5
presents the total concentrations for the metals of concern for both the untreated soil fraction
and the treated soil fractions. Table 5 also provides total metal concentrations normalized to dry
weight. Normalization calculations are based on a moisture content of 11% for the untreated soil
fractions and assuming 20%, 30%, 40% moisture contents for the #60, #230 and the pan
fractions. respectively. Soluble concentrations of the untreated soil and the treated soil fractions
are presented in Table 6. Copies of lab results are provided in Appendix C.

For all of the experimental runs, noticeable reduction in total and soluble concentrations of total
chromium was observed in all of the treated size fractions. All washed size fractions were below
the TTLC of 2,500 mg/kg and risk based level of ingestion of 7.000 mg/kg. However, none of
the washed size fractions were below the risk based levels of in halation (23 mg/kg) or STLC of
5 mg/L. For total levels, nitric acid washes were moderately more effective than the water
washes. No such effect was observed for soluble total chromium levels. Little or no difference
in soil washing process effectiveness was found between 3N and 6N nitric acid solutions or
between 7 and 15 minutes of wash duration. In summary, soil washing with the process
condition used, was only partially effective in reducing total chromium levels.

For Cr+6, all of the experimental runs were effective in reducing the total and soluble
concentrations of Cr*6 in all of the treated size fractions. In particular, the 3N and 6N HNO3
wash solutions were capable of reducing the total Cr*6 levels in the pan fraction to non-
detectable levels and the soluble chromium levels to below its respective STLC of 5 mg/L.

Soil washing significantly reduced total and soluble cadmium levels in the majority of the
treated size fractions. Using 3N and 6N HNO3 wash solutions. total cadmium levels in the #60
and #230 fractions were reduced to below the cleanup levels for TTLC (100 mg/kg), risk based
levels for ingestion (350 mg/kg), and risk based levels for inhalation (2.27 mg/kg). HNO3 wash
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solution was also capable of reducing the soluble cadmium levels to below STLC for all of the
washed size fractions.

For lead and nickel, all of the six experimental runs were capable of reducing the soluble and
total levels in all of the washed size fractions. However, it should be noted that the untreated
soil concentrations were below TTLC and STLC for lead and nickel.

4.3.3 Wash Water Sludge Results

Aqueous phases obtained from soil washing tests using a 3N and 6N HNOj3 solution were
composited. The composite aqueous phase sample was then treated to precipitate the metals
out of the aqueous phase. The results of untreated and the treated aqueous phases are
presented in Table 7. The table also presents the total and soluble metal concentrations of the
precipitated/filtered wash water sludge. Copies of lab results are provided in Appendix D.

As noted in the table, metal precipitation significantly reduced metal concentrations in the
aqueous phase. Therefore, the treated aqueous phase could easily be recycled back into the
process, or could possibly be discharged in to the local sewage treatment system.

Wash water showed high acidity and very low pH before treatment. After treatment, the acidity
was below detection limits: and alkalinity increased to a moderately alkaline level of 220 ppm;
pH increased to 9.20.

For the metals of concern, detected STLC and TTLC concentrations were below the regulatory
limits. The sludge consisted of total chromium, 1,100 mg/kg, with low levels of cadmium (2.7
mg/kg), lead (33 mg/kg), and nickel (2.9 mg/kg). Chromium VI concentration in the sludge was
very low, 0.24 mg/kg.

4.4 Comparison to Test Objectives

Table 8 presents the comparison of soil washing treatability test results with the test objectives
stated in Subsection 3.1. As noted in the table, for each metal of concern. treatability test results
are compared to the maximum total and soluble concentration limits (TTLC and STLC) and the
respective risk based clean-up levels (RBCLs). When a process condition used in the treatability
testing reduced the metals of concern below STLC, TTLC. or RCBL, the test objectives were met
and a yes was inserted in the table. Where objectives were not met by the process condition. a
no was inserted. Results indicate that the process condition employed for treatability testing
were not fully capable of accomplishing the test objectives. and thereby, indicating the need for
further testing.
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TABLE 8
COMPARISON TO SOIL WASHING TEST OBJECTIVES
Process Condition” TTLC STLC RBCL
Yes or No Yes or No Yes or No
TOTAL CHROMIUM
Plain H2O/7 min/all size fractions Yes No No
3N HNO43/7 min/all size fractions Yes No No
6N HNO4/7 min/all size fractions Yes No No
Plain Ho0/15 min/all size fractions Yes No No
3N HNO4/15 min/all size fractions Yes No No
6N HNO4/15 min/all size fractions Yes No No
CHROMIUM VI
Plain HyO/7 min/all size fractions Yes Yes No
3N HNO4/7 min/ali size fractions Yes Yes No
6N HNOa/7 min/all size fractions Yes Yes No
Plain Ho0/15 min/all size fractions Yes No No
3N HNO4/15 min/all size fractions Yes No No
6N HNO3/15 min/all size fractions Yes Yes No
CADMIUM
Plain Ho0/7 min/all size fractions Yes No No
3N HNOg/7 min/all size fractions Yes Yes Yes
6N HNO3/7 min/all size fractions Yes Yes No
Plain Hy0/15 min/all size fractions Yes No No
3N HNO43/15 min/all size fractions Yes Yes No
6N HNO3/15 min/all size fractions Yes Yes No
LEAD
Plain HoO/7 min/all size fractions Yes Yes Yes
3N HNO3/7 min/all size fractions Yes Yes Yes
6N HNO4/7 min/all size fractions Yes Yes Yes
Plain Ho0/15 min/all size fractions Yes No Yes
3N HNO3/15 min/all size fractions Yes Yes Yes
6N HNO47/15 min/all size fractions Yes Yes Yes
NICKEL
Plain HoO/7 min/ail size fractions Yes Yes Yes
3N HNO4/7 min/all size fractions Yes Yes Yes
6N HNO3/7 min/all size fractions Yes Yes Yes
Plain HoO/15 mirvall size fractions Yes Yes Yes
3N HNO42/15 min/all size fractions Yes Yes Yes
6N HNO4/15 min/all size fractions Yes Yes Yes

* Wash Solution/Wash Duration/Mesh Size

‘Al size fractions” include #60, #230, and Pan Fractions
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5.0 IMMOBILIZATION TREATABILITY TESTING

5.1 Test Methodology

The treatability study to immobilize the Alark soil encompassed several distinct stages to ensure
the immobility of the metals of concern and the durability of the immobilized matrix. These
stages included: soil screening, pretreatment chemical/reduction. immobilization, and the first
and the second tier of analyses.

The immobilization study was of a 2 x 4 x 2 experimental design. Two types of pretreatment
reduction methods and four types of immobilization binders were tested. Each binder was
tested at two. binder-to-soil ratios. The experimental designs for soil immobilization are shown
in Figures 4 and 5.

Immobilization treatability testing was initiated with soil screening. In the soil screening stage,
untreated soil (a composite of soil samples TS-1 collected @ 5 and 30 feet) was screened with a
3/8-inch mesh to remove oversized soil particles to provide some uniformity to the soil within
the immobilized matrix. This increase in uniformity gives strength to the immobilized matrix
and exposes more soil surface area to the reducing reagents and immobilization binders,
thereby, exposing more of the metals of concern to the reducing reagents and binders.
Additionally, any diffusion-limiting mechanisms within a soil particle to soil pretreatment were
minimized by the smaller particle size, which favorably affected the reaction kinetics. The
oversized soil fraction was not used in this treatability study; however. in a full-scale
remediation process, the oversized particles may be crushed, re-screened and reintroduced into
the immobilization process.

Following screening, the untreated soil fraction was subjected to a pretreatment/chemical
reduction process. The chemical reduction step involved the conversion of the highly mobile
Cr*6 species to the less mobile Cr*3. This study explored the efficiency of two reducing agents:
ferrous sulfate (FeSO4). and sodium hydrosulfite (Na25204).

Ferrous Sulfate

Chemical reduction with ferrous sulfate involved the use of a three-step procedure. Details of
the procedure are provided in Appendix A>

1. Using sulfuric acid. the pH of the soil was lowered to 2 to 3;

2. Ferrous sulfate was then added to the soil at three times the stoichiometric quantity of
Cr*6 and mixed for 15 minutes; and

3. The soil pH was raised to 7 or above to precipitate chromium as a hydroxide or as a co-
precipitate with ferric and ferrous iron.

In this final step, the ferrous iron (Fe*?2) is oxidized to ferric (Fe*3) thereby destroying any
residual reagent.

Sodium Hydrosulfite

Chemical reduction with sodium hydrosulfite involved a one-step procedure. Hydrosulfite was
added to the soil at 1.25 times the stoichiometric quantity of Cr*6. along with the
immobilization binder(s), and mixed for 15 minutes.
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The next treatment stage was immobilization of the screened, pretreatment/chemically reduced
soil. The four binders were:

1. Portland cement.

2. Portland cement with soluble silicate

3. High alkaline (self-cementing) fly ash

4. High alkaline fly ash with soluble silicate.

The cement and fly ash binders were evaluated using two binder/soil ratios, 10% and 40%

M/w).

Analytical testing of the immobilized sample was divided into two tiers. The first tier placed
primary emphasis on the STLC leach test. Those immobilization mixtures with the lowest STLC
values were tested in the second tier of analyses. In addition. the pH of the immobilized matrix
was measured, as was the increase in volume.

The second tier of analyses involves measuring the monolith's engineering/geotechnical
properties for long-term leaching performance. structural durability, and design or disposal
purposes. The methods for measurement are described in Subsections 3.2.4 and 3.2.5; long-term
leaching was estimated by measuring pore volume; durability was measured by the unconfined
compressive strength analysis: and the bulk density was measured for design or disposal
purposes.

5.2 Test Resuits

5.2.1 Ferrous Sulfate Reduction/Immabilization Test Results

Ferrous sulfate, FeSO4 is commonly used as a reducing agent for immobilizing chromium-laden
wastes: ferrous sulfate is safe, inexpensive (relative to other reducing agents), and co-
precipitates well with other heavy metals. Its disadvantages are: the large volume increases and
the requirement of low pH for acceptable, but relatively slower. reaction kinetics (processing
time).

The Reaction

Acid reduction of Cr*6 with ferrous sulfate consists of adding ferrous sulfate heptahydrate solids
(Fe SO4 7 H20) to an acidic (pH 2 to 3) soil. The ferrous iron (Fe*2) reacts with the chromium
V1, reducing the chromium and oxidizing the ferrous iron to ferric iron (Fe*3) sulfate. The
reaction that occurred was as follows:

2H2CrO4 + 6FeSO4 + 7TH20 + 6H504 = Cra(SOg)3 + 3Fe2(SO4)3 + 15H20

As noted in the equation, three moles of ferrous ions were required per mole of chromium VI
reduced. The converted three moles of ferric iron (Fe*3) precipitated contributed greatly to the
amount of sludge generated.

Test results (Table 9) for the treatability study involving the use of ferrous sulfate as a reducing
agent suggest reduction of Cr*6 to Cr*3 by approximately 55%. Table 10 summarizes the results
of the ferrous sulfate reduced immobilized soil for the eight admixtures described below.
Copies of lab results are provided in Appendix D.
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TABLE 9

CR+6 REDUCTION RESULTS

Cr+é Reduction

(mg/kg) (%)
Untreated Soil 2100
Post FeS0O4 Reduced, Pre-lmmobilized Soil 960 54%
Post FeS0O,4 Reduced, Pre-Immobilized Soil 940 55%
(Duplicate)
Post Na»S,04 Reduced, Pre-immobilized Soil 920 56%
Post NaysS-04 Reduced, Pre-Immobilized Soil 970 54%

(Duplicate)
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Total Chromium

Immobilization provided only a modest reduction of soluble total chromium, as measured by
Cal WET. All of the immobilized samples were found to be below 560 mg/L (STLC). However,
all of the immobilized samples exceeded F006 and D-code maximum limits of 5.2 and 5 mg/L,
respectively. The 40% Portland cement (without and with soluble silicate) reduced soluble total
chromium 71% and 74%, respectively. The other admixtures reduced soluble total chromium
33% to 63%. In summary, immobilization of Alark soil did not adequately reduce soluble total
chromium to meet the F006 or D-code cleanup levels for Alark soil.

Chromium VI

Immobilization with Portland cement provided a significant reduction of soluble Cr*6. Portland
cement 10%, Portland cement 10% with soluble silicate, Portland cement 40%, and Portland
cement 40% with soluble silicate were capable of reducing the Cr*6 soluble levels to below
STLC levels (5 mg/L). However, no immobilization admixture reduced the soluble chromium VI
below the risk based level of 0.08 mg/L. In summary, immobilization of Alark soil with 10% or
40% Portland cement binder (with or without soluble silicate) significantly reduced soluble
chromium VI and met STLC cleanup levels, but did not meet the very conservative risk base
cleanup level, nearly two orders of magnitude lower than the STLC level.

Cadmium

Immobilization with 40% Portland cement (with or without soluble silicate) provided a
significant reduction of soluble cadmium. Since the concentration of soluble cadmium in
untreated soil was slightly below the STLC and D-code maximum limits, the effectiveness of the
various immobilization mixtures on soluble cadmium could only be performed on a relative
basis — percent reduction. Immobilization with 40% Portland cement (with or without soluble
silicate) reduced the soluble cadmium below the STLC, FO06 and D-code maximum limits of 1.
0.006, and 1 mg/L. respectively. Both immobilized soil samples were below 0.05 mg/L, the
detection limit, and had greater than a 95% reduction of soluble cadmium. The reduction of six
other admixtures ranged from 41% to 53%. In summary, both 40% Portland cement admixes
provided sufficient immobilization of soluble cadmium to meet all three cleanup levels.

Lead

Immobilization provided a significant reduction of soluble lead. Since the concentration of
soluble lead in the untreated soil was slightly below the STLC and D-code maximum limits, the
effectiveness of the various immobilization mixtures could only be performed on a relative basis
— percent reduction. Immobilization with Portland cement 40% (with soluble silicate) reduced
soluble lead below the STLC. F006. and D-code maximum limits of 5, 0.51 and 5 mg/L. Portland
cement 40% (with soluble silicate) admixture reduced soluble lead to 0.36 mg/L, a 91%
reduction the removal of soluble silicate from the Portland cement 40% reduces its the
effectiveness to a 82% reduction. The other six admixtures ranged from 0% to 41% percent
reduction. In summary, immobilization of Alark soil using Portland cement 40% (with soluble
silicate) met all three cleanup levels.

Nickel

Immobilization provided modest to no reduction in soluble nickel, as measured by Cal WET.
Since the concentration of soluble nickel in the untreated soil was nearly two orders of
magnitude lower than the STLC and D-code cleanup levels. and slightly below the F006 cleanup
level. the effect of immobilization on soluble nickel could only be performed on a relative basis
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— percent reduction. Both Portland cement 40% admixtures (with and without soluble silicate)
had the greatest percent reduction: 50% and 57%. respectively. The other six admixtures varied
from 0% to 20% reduction. In summary, the low initial concentration of soluble nickel made it
difficult to evaluate the effectiveness of immobilization; however, the above results appear to
show that immobilization would be only moderately effective at reducing soluble nickel.

5.2.2 Sodium Hydrosulfite Reduction/iImmobilization Test Results

Sodium hydrosulfite is the only readily available reactant that will reduce chromium VI to the
trivalent state in alkaline soil. This property makes sodium hydrosulfite uniquely valuable for
the treatment of soil containing chromium V1. Soil can be treated in one-step and without the
need for lowering or raising the soil pH, as with ferrous sulfate reduction.

The Reaction
Sodium hydrosulfite reduces chromium VI as follows:
2NaCrO4 + 3Nay 5204 + 4H20 = 2Cr(OH)3 + 4NaS803 + 2NaHSO3

As noted in the equation, 1.5 moles of sodium hydrosulfite are required per mole of chromium
VI reduced. Compared with ferrous sulfate, this reduction process produces relatively lower
sludge volume.

Treatability tests using Na35204 as a reducing agent indicate a reduction of Cr*6 1o Cr*3 by a
approximately 55% (Table 9). Table 11 summarizes the results of the sodium hydrosulfite
reduced/immobilized for the eight admixtures described below

Total Chromium

Immobilization provided a reduction of soluble total chromium. All of the immobilized samples
were below the 560 mg/L (STLC) for total chromium. However. all of the immobilized samples
exceeded the FO06 and D-code maximum limits of 5.2. and 5 mg/L, respectively. The 40%
Portland cement binders (with and without soluble silicate) reduced soluble total chromium
70% and 67%, respectively, to 63 mg/L and 69 mg/L, respectively. The other six admixtures
reduced soluble total chromium 38% to 43%. In summary. immobilization of Alark soil did not
adequately reduce soluble total chromium to meet F006 and D-code cleanup levels.

Chromium VI

Immobilization with Portland cement at high concentrations provided a significant reduction in
soluble chromium VI, as measured by Cal WET. The two Portland cement 40% binder (with and
without soluble silicate) samples were below 5 mg/L (STLC) for chromium VI. Immobilization
of Alark soil by these two admixtures reduced soluble chromium VI. 91% and 94%. respectively
and reduced concentrations to 2.5 and 1.7 mg/L, respectively. The other six admixtures reduced
soluble chromium VI from 0% to 48%, with four admixtures showing no reduction in soluble
chromium VI. No immobilization admixture reduced the soluble chromium VI below the
risk-based cleanup level of 0.08 mg/L. In summary, immobilization of Alark soil with 40%
Portland cement, with or without soluble silicate, significantly reduced soluble chromium VI
and met STLC cleanup levels, but did not meet the very conservative risk based cleanup levels
nearly two orders of magnitude lower than the STLC level.
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Cadmium

Immobilization with 40% Portland cement, with or without soluble silicate, provided significant
reduction of soluble cadmium, as measured by Cal WET. Since the concentration of soluble
cadmium in the untreated soil was slightly below the STLC and D-code maximum limits, the
effectiveness of the various immobilization mixture on soluble cadmium could only be
performed on a relative basis — percent reduction. Immobilization with 40% Portland cement
binder (with and without soluble silicate) reduced the soluble cadmium below the STLC, F006,
and D-code maximum limits of 1, 0.066, and 1 mg/L, respectively. Both immobilized soil
samples were below 0.05 mg/L, the detection limit, and had greater than 95% reduction of
soluble cadmium. The reduction of the six other admixtures ranged from 44% to 58%. In
summary, both 40% Portland cement admixtures provided sufficient immobilization of soluble
cadmium to meet all three cleanup levels.

Lead

One immobilization admixture provided a significant reduction of soluble lead. Since the
concentration of soluble lead in the untreated soil was slightly below the STLC and D-code
maximum limits, the effectiveness of the various immobilization mixtures could only be
performed on a relative basis - percent reduction. Immobilization with Portland cement 40%
admixture. reduced soluble lead below the STLC, FO06. and D-code maximum limits of 5, 0.51,
and 5 mg/L. The Portland cement 40% (without soluble silicate) reduced soluble lead to 0.19
mg/L. a 95% reduction. The addition of soluble silicate to the Portland cement 40% decreased
its effectiveness to a 54% reduction. However the value still exceeded the FO06 maximum limit.
The other six admixtures ranged from 15% to 54% reduction. In summary, the immobilization of
Alark soil with Portland cement 40% binder (without soluble silicate) will meet all three cleanup
levels.

Nickel

Immobilization provided no to moderate reduction in soluble nickel, as measured by Cal WET.
Since the concentration of soluble nickel in the untreated soil was nearly two orders of
magnitude lower than the STLC and D-code cleanup levels, and only slightly below the F006
cleanup levels, the effect of immobilization on soluble nickel could only performed on a
relative basis — percent reduction. Both Portland cement 40% admixtures samples (with and
without soluble silicate) had the greatest percent reduction: 60% each. The other six admixtures
varied from 0% to 20% reduction. In summary, the low initial concentration of soluble nickel
made it difficult to evaluate the effectiveness of immobilization: however. the above results
appear to show that immobilization would be only moderately effective at reducing soluble
nickel.

5.2.3 Engineering/Geotechnical Tests

The results of engineering/geotechnical analyses on pre- and post-immobilization soil are
reported in Table 12.

Loose. dry bulk density increased approximately 50% from 59 1b/ft3 to at least 90 Ib/ft3 after
immobilization. Loose porosity decreased approximately 66% after immobilization. The decrease
in porosity increases the encapsulation of the excavated soil.

Unconfined compressive strength (UCS) of immobilized soil was high. UCS ranges from 102,542
to 299,203 Ib/ft2. These high values indicate that the selected samples of Alark soil should be
stable for a significant period of time.
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The values for sand equivalent value were low, with only an average of 5% of the soil passing
the criteria for sand. This result affected the experimental condition for soil washing stated in
the U.S. EPA protocol (Appendix A).

Volume increase and volumetric dilution of immobilized soil is shown in Table 13.

Alark soil had a significant volume increase after immobilization. The volume increase of soil
was calculated from measured values. A consistent difference in the increase of volume was
found for immobilized matrices with soluble silicate added. After immobilization with added
soluble silicate, soil increased 77% from the native volume. Without soluble silicate, soil only
increased 55% or 60%. In either case, with or without soluble silicate, the immobilized matrix
would range from 1.55 to 1.77 cubic yard per cubic yard of untreated soil.

Volumetric dilution ranged 10% to 13% for the 10% Fly ash or Portland cement experimental
conditions: dilution ranged 41% to 43% for the 40% Fly ash or Portland cement conditions.

5.3 Comparison to Test Objective

Table 14 presents the comparison of immobilization treatability test results to the test objectives
stated in Subsection 3.1. In the table, treatability test results are compared to the maximum
soluble concentration limit (STLC), for each metal of concern. When a specific process
condition achieved or surpassed the test objectives, a yes was inserted; if the test objectives
were not achieved, a no was used. As noted in the table, the process conditions used for
treatability testing were not fully capable of accomplishing the test objectives.
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TABLE 14

COMPARISON TO IMMOBILIZATION TEST OBJECTIVES

Process Condition” STLC
Yes or No
TOTAL CHROMIUM

NaS,0,/PC(10%) No
NaS,0,/PC-85(10%) No
NaS,0,4/PC(40%) No
Na$S,0,/PC-55(40%) No
NaS,0,4/FA(10%) No
NaS,0,4/FA-SS(10%) No
NaS,0,4/FA(40%) No
NaS,04/FA-S5(40%) No
FeSO4/PC(10%) No
FeS0O4/PC-SS(10%) No
FeS04/PC(40%) No
FeSO 4/PC-55(40%) No
FeSO 4/FA(10%) No
FeSO4/FA-SS(10%) No
FeSO4/FA(40%) No
FeSO 4/FA-SS(40%) No

CHROMIUM VI
NaS,0,/PC(10%) No
NaS,0,4/PC-5S(10%) No
NaS,0,/PC(40%) Yes
NaS,0,/PC-SS(40%) No
NaS,0,4/FA(10%) No
NaS,0,4/FA-SS(10%) No
NaS,0,4/FA(40%) No
NaS,0,4/FA-§S(40%) No
FeS04/PC(10%) Yes
FeSO,/PC-SS(10%) Yes
FeSO 4/PC(40%) Yes
FeS0O,/PC-SS(40%) Yes
FeSO4/FA(10%) No
FeSO4/FA-SS(10%) No
FeSO 4/FA(40%) No
FeSO 4/FA-SS(40%) No

Process Condition~ STLC
Yes or No
CADMIUM
NaS,04/PC(10%) Yes
NaS,0,4/PC-8S(10%) Yes
NaS,0,4/PC(40%) Yes
NaS,0,4/PC-55(40%) Yes
NaS,0,4/FA(10%) No
NaS,0,/FA-S5(10%) No
NaS,0,4/FA(40%) No
NaS,0,4/FA-SS(40%) No
FeS0,4/PC(10%) Yes
FeSO,/PC-S5(10%) Yes
FeS04/PC(40%) Yes
FeS0O 4/PC-55(40%) Yes
FeSO,/FA(10%) No
FeSO4/FA-SS(10%) No
FeSO 4/FA(40%) No
FeSO4/FA-S5(40%) No
LEAD
NaS,0,4/PC(10%) Yes
NaS,0,/PC-S5(10%) Yes
NaS,04/PC(40%) Yes
NaS,0,/PC-55(40%) Yes
NaS,04/FA(10%) Yes
NaS,0,4/FA-S5(10%) Yes
NaS,0,4/FA(40%) Yes
NaS,0,4/FA-SS(40%) Yes
FeSO 4/PC(10%) Yes
FeSO,/PC-SS(10%) No
FeS04/PC(40%) Yes
FeS0,/PC-S5(40%) Yes
FeSO4/FA(10%) Yes
FeSO4/FA-SS(10%) No
FeSO 4/FA(40%) Yes
FeSO4/FA-SS(40%) Yes




COMPARISON TO IMMOBILIATION TEST OBJECTIVES

TABLE 14 (CONT.)

Process Condition* STLC
Yes or No
NICKEL
NaS,0,4/PC(10%) Yes
NaS,04/PC-SS(10%) Yes
NaS,0,/PC(40%) Yes
NaS,0,/PC-SS(40%) Yes
NaS,0 4/FA(10%) Yes
NaS,04/FA-SS(10%) Yes
NaS,0,4/FA(40%) Yes
NaS,0 4/FA-SS(40%) Yes
FeSO4/PC(10%) Yes
FeSO,/PC-SS(10%) Yes
FeSO4/PC(40%) Yes
FeS0,4/PC-SS(40%) Yes
FeSO 4/FA(10%) Yes
FeSO4/FA-SS(10%) Yes
FeSO 4/FA(40%) Yes
FeSO 4/FA-SS(40%) Yes

* Reducing Agent/Binder (% Binder to Soil)

PC Portiand Cement
SS Soluble Silicate
FA Fly Ash
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6.0 CONCLUSIONS

6.1 Slize Segregation Tests

Total metal analyses performed on the 8 grain size fractions suggests that the distribution of the
metals of concern among the fractions did not follow the typical pattern of increase in
concentration levels in the smaller sized fractions. Total chromium, chromium VI, cadmium, and
nickel had similar distribution patterns: the greatest concentrations were identified in the #4 or
#10 mesh: concentrations decreased as the particle size decreased in the mid range (#40 and
#60 mesh), and increased as the patticle size decreased to the smallest size fractions (#230 and
pan).

6.2 Soil Washing

Beaker tests found hydrogen peroxide was not a suitable extractant for soil washing. Hydrogen
peroxide was too unstable after addition to the Alark soil. Severe gas evolution carried off the
extractant -soil slurry from the beaker making this reagent unsuitable for field application. In
addition. the exothermic reaction may require cooling of the wash solution. Hydrogen peroxide
is a general, non-specific oxidizing agent that reacts with all oxidizable components in soil. This
non specificity of reaction caused hydrogen peroxide to react with soil components creating
conditions within the reactor that would not be suitable for implementation in the field. Lastly,
hydrogen peroxide did not appear to be a strong enough oxidizing agent under potential field
conditions.

The washing of the Alark soil removed a significant amount of metals, yet the soil did not meet
the STLC criteria for soluble total chromium and the risk-based criteria for total chromium. The
high levels of chromium were too formidable for the mild and moderately aggressive
extractants, 3N and 6N nitric acid. The conclusion of each washed metal follows.

m Soil washing significantly reduced total and soluble total chromium that was adsorbed
on to the soil particles. However, the risk-based and STLC cleanup levels for total and
soluble total chromium were not met. The mild and moderate wash conditions could
not sufficiently mobilize the high total chromium concentrations in aged soil. Therefore,
soil washing using 3N and 6N HNO3 was reagents could not adequately remove the
total chromium to meet DTSC criteria for clean soil.

m Chromium VI was removed by the nitric acid washes. All cleanup levels were attained,
except the risk-based level for inhalation. The inhalation standard may have been met
for the pan fraction, which was below the detection limit. Three of the nitric acid
washes removed chromium VI from the smallest particles (pan), a phenomena that runs
counter to the usual soil washing observations. The larger particle size fractions may
have difficulty adsorbing onto the highly mobile chromium VI in the present of an
oxidizing wash - nitric acid.

m  Soil washing with nitric acid significantly reduced total and soluble cadmium. The 60
mesh and 230 mesh fractions attained all cleanup levels; the pan fractions retained much
greater amounts of total cadmium.

m  The nitric washing removed moderate and significant amounts of total and soluble lead
respectively. The soluble fraction was reduced below the cleanup levels; however, the
initial concentration of total lead in untreated soil was below the three cleanup levels.
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Lead has been shown to be a good candidate for soil washing, although in other test
chelating agents were used - agents that would not prove effective for chromium (9, 10,
11).

m Soil washing removed nickel, total and soluble, from Alark soil in a classic fashion. The
removals achieved were high in the 60 mesh fraction, moderate in the 230 mesh
fraction, and low in the pan fraction. Because the concentration of nickel in untreated
soil was low, soil washing could not evaluate the achievement of cleanup levels;
therefore, this metal was of relative little consequence.

6.3 Immobliization

The immobilization of Alark soil with Portland cement 40% (W/w) significantly lowered the
mobility of the soluble metals of concern. In general, the addition of soluble silicate to the 40%
Portland cement admix did not significantly improve the performance of the cement. Although
the 40% Portland cement (with or without soluble silicate) performed best among the tested
admixtures, the resulting immobilized matrix was still a California hazardous waste and waste of
concern. STLC, F006, and D-code cleanup levels for total chromium and the risk-based level for
chromium VI was not achieved.

The concentration of total chromium requiring immobilization was too high for the tested
reagents to adequately meet all cleanup criteria for all metals of concern. Some of this high
concentration of total chromium may have been transformed into chromium VI during the
experiment. For several reagents, the soluble concentration of chromium VI was higher after
immobilization. In a situation where the initial concentration of total chromium is much higher
than chromium VI, excess reducing reagent may be necessary to minimize the formation of
chromium VI.

The results of the two reducing agent, ferrous sulfate and sodium hydrosulfite, differed little
from each other. The effect of the eight immobilization admixtures on the 5 metals of concern
showed the same pattern of results irrespective of which reducing agent was used. Therefore,
the sodium hydrosulfite was the reducing agent that would be easiest to implement in a field-
scale operation, since it could be added at the same time and into the same equipment as
Portland cement additive.

The volume increase of 40% Portland cement, with or without soluble silicate, was 77%. A cubic
yard of Alark soil would become 1.77 cubic yards of immobilized matrix. This increase of soil
volume after immobilization treatment would have to be accommodated at the site, by placing
the additional volume inside the building or in an area from which clean soil was removed.
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7.0 RECOMMENDATIONS

This draft treatability study report is the first phase of remedial procedures explored to cleanup
the Alark site. Some procedures worked to significantly reduce the presence or mobility of
heavy metals in Alark soil;, others did not. The treated soil did not meet all the regulatory
requirements. Further treatability testing is recommended to develop process parameters that
will result in remediation of the affected soil to the designated treatment levels..

Additional treatability studies should identify procedures and reagents that may increase the
mobility (wash) or decrease the mobility (immobilize) of chromium. This recommendation still
maintains the original technologies proposed but process identification of parameters that will
improve the process chemistry.

For mobilizing chromium from soil, a very strong oxidizing agent should be used to oxidize
Cr*3 to Cr*6. One recommended oxidant is a cyanide leach solution, similar to the type used in
hydrometallurgy potentially have the oxidizing power to convert all the total chromium to
chromium VI, then wash it out of the soil. To enhance the removal rates, Alark soil can be
leached for extended duration or can be exposed to extractants at elevated temperatures and
pressures. The first method compensates for slow reaction kinetics by making reaction times
longer; the second method increases the kinetics.

Additional admixtures should be explored for immobilizing chromium. These admixtures can be
generic and/or proprietary. Many admixtures can be tested in a relatively short period of time.
Therefore, we recommend to test for just soluble total chromium by Cal WET (STLC) until an
immobilized matrix is less than the mandated cleanup levels (STLC, FO06, and D-code). If an
immobilized matrix meets the cleanup levels for soluble chromium, additional analyses can be
performed for additional metals of concern.

Another recommendation for future testing is the addition of a much greater excess of a
reducing agent. The soil evaluated for this treatability study contained much higher
concentrations of total chromium than chromium VI. Since the concentration of reducing
reagents were based on the initial concentration of chromium VI plus some excess. the
concentration of reducing agent may be insufficient to reduce chromium VI that was
transformed from the total chromium during the experiment.

Bench-scale testing of an additional alternative and innovative technology to remove metals
from Alark soil such as electro-kinetic technology also is recommended. Metals can be
mobilized from soil by migration to specialized electrodes in the presence of electrolytes
applied to the soil. The electrodes can remove the metals from the soil phase on site.
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. Soil Wasning '
Screening Protocol

1. Test Purpose

This iaboratory-scale screening protocol is to determine the potential
applicaptlity of the soil wasning technoiogy for remediation purposes.

:.1 This test procegure describes washing of contaminated sotis with
specified reagents ang equipment under standara operating caongitions.
Chemical anaiyses of the wasneq soil ana the resuiting wasning liquid

ingicate the potential of removing the contaminants from the soil dy
washing.

.2 Separation of the so1i. curing the wasning procaess. into creselectad
‘rgctions cetermines tn@ erfectiveness of The wasning process 0
~amoving the contaminants ©rem these so1l <ractions.

M

“he qualitative nature of information obtaineg from this proceaure 1s
used to determine wnether further tasting of this technoloegy, for
exampie, bencn scaie s:uay, snouid be pursued.

2. Limitations

2.1 Tasts are carried out at atmospheric pressure and at temperatures not
exceeding 150F. These tests only show the potential application of
the technology for the site under consideration. ~or design purposes.
bench and pilot scaie studies are necessary.

Note: Potable water is used for both wash soiution preparation and
rinsing of soil.

2.2 This screening protocol does not provide either a procedure for the
.- salection of appropriate washing liquids or thair compositions.

2.3 The identitiss and concentrations of contaminants of interest present
in the soil should be provided by the RPM.

1, Cautions and Warnings

) This protocol may involve hazardous matertals, operations, and
equipment. This standard does not purport to address zll of the
safety problems associated with its use. It is the responsibility of
“he user of this standara to establish appropriate safety and heaith

aractices ang determine the applicability of requlatory limitations
prior to usae.
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%A regulations for snipping cintainers, methods of preservatisn ana
storage of the samoie need to De scrupuiousiy cbserves (49 CFR
subchapter C, Parts 100 througn 199).

Shipping requiations provide some information as to the chemical
composition of the sampie. for example, whether tne sample centains
acute toxic compounas sucn as dioxins, PCBs, etc.

When receiving snipment of saiis and samples from the field ooserve
whether sample Tabeis, ssais. and chain of custody rescords are in
oraer.

Jote whether croper <sntainers ang oreservation metheas (Appengix A)
~ave been observea 3na the sniobing ¢c3ntainer 's at croper
~emperature.

‘dentity (ldentities) and ccneentration(s) of the centaminant(s)
sresent in the soil sampie(s) snouid be provided by the snipper.

Mention of trade names or commercial products does not constitute
endorsement or recommendaticn for use.

. Reference Documents and Procedures

Jocuments

ASTH D421 - Practice for Ory Preparation of Scgil Samolaes for Particle
Size Analysis and Determination of Sail Constants.

ASTM 01429 - Standard Test Methods Specific Gravity of Water and
Brine.

ASTM 02216 - Standard Method for Laboratory Determination of Water
(Moisture) Content of Sotl, Rock, and Soil-Aggregate Mixtures.

ASTH 02419 - Standard Test Method for Sand Equivalent Value of Soils
and Fine Aggregates.

ASTM E1l - Sieve Specifications.

49CFR Subchapter C, Parts 100 through 199 - The Hazardous Materials
Reguiations,

40CFR 261.4(f) - Sampies Undergoing Treatability Studies at
Laboratories and Testing Factlities.
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A1l physicai/chemical measurement methods are from USEPA SW-846 - Test
Methoas for Evaluating Solid Waste ana are listed in Appenaix A.

Reagents and Suppifes

Reagents and suppiies recessary for the screening of cne soil in
triplicate:

Al

Aggregata sccop pan with tapereg design to transfer sgil into
spiftter, sieves. graauated cyiingers, ana jirs. Soiltest moged
1L-292 or eguivaient.

>olyethyliene carboys with spiget for storing wash and rinse rluids.
Two gallon (8 L) capacity. Fisher model 02-963-8A or eguivaient.

Washing bottles (500 mi) for washing/rinsing of soil. Fisher megels
03-409-10E or equivaient.

1 each Graduated cyiinders, 1 L, 300 mL, 250 mL capacities for the

18

12

measurement of liquids.
1.5 L heavy duty graduated pyrex beakers.
Wida mouth giass sample bottles (4 oz. 144 mL) with teflon lined screw

caps for analysis of organic and inorganic contaminants in soils ang
for inorganic contaminants in liquids.

Borosilicate glass vials (40 mL capacity) with black phenoiic, teflon
1ined scraw cap for organic contaminants in 1iquids.

Rubbar policemen/scrapers with angled or wing-shaped edge to scrape
solids from Deakers, siaves, atc. Fisher model 14-10SA or equivalent.

Buchner funngls with fixed perforated filter plate (25 cm diameter)
with glass filtering flask (1000 mL capacity) with tubulatsen,

1 box filter paper suitable for Buchner funnei filtration. Particle size

1

retention up to 2.5 um and good wet strength (Whatman #5 or
equivalent).

Mercury thermometer from 20 to 150C with 1/5C subdivision, precision
grade. Fisher model 15-043C or equivalent.
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. Sana equivaient cyiinger, clsar plastic. 32 mm n aiameter. 22x432 mm
™ neight ana graguatea td 381x2.%4 mm. Sotitest model CL-231 or

gquivaient.
- ! Stop watch or timer (digital with aiarms) capable of measuring time in
saconds.
2 4ide mouth giass or.:Eastic funneis Tor pouring the soil siurry into
- sang equivalent ¢ylinaer.
© hottle each stancard tuffer soiutions, gH 4. 7 ana 10.
L]

A Aluminum weigning S:snes. 220 mL to 500 mL caoacity.

- Z <eavy-dquty canvas ¢r ciastic smeets (1.2 x [ @ 3 fLox 3 i),
2 Troweis. Sofltest moael C1-840 or equivaient.
- i dydromatar. Soiitest mogel CL-277 cr equivaient.

l Pycnometer.

1 Box phosphate free laboratory detergent.
- 1 5-gallon pail with 1id.

1 Roll of aluminum foil.

- Z $5-gallon disposal drums.
5. Test Equipment
B 1 Tap loading balance, readability 0.1 g; reproducibility «0.1 g; and
lineartty £0.1 g. Capacity 4 kg.
= 1 Set of National Institute of Science and Technology (NIST) Class F
st:nga;d weignts, 500 mg, 1 g, 2 g, 5 g, 100 g, 200 g, 500 q, | kg
an g.
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Sets of screening sieves (U.S. Stancarg cer ASTM Eil) with pans (204 mm,
i 2 {ncn diameter) 2acn set containing following:

Na.4 (4.75 mm)

- “No.10 (2 mm
“No.60 (250 um)
No.230 (63 um)

3 :04 mm (8 inch) diameter cans.
Sieve snaker with timer. “yler Ro-Tap steve shaker or equivaient.

Yacnanical cana equivaient ssaker. Ioiitast moael I.-232C or
squivaient.

“acnanical stirrer system with meter :ssemply ana ssgec-contr:k St
“gr agitating sotl witn wasn soiuticns. Fisher modei 14-498-45 or
equivaient,

pa—

Orying oven, forced air, automatic temperature control (accuracy =3C)
from amoient to at least 150C. Two cubic fset capacity.

i oH meter with glass electrode, accuracy =03.05 pH, 0-14 pH range.

- i Standard single head vacuum pump or aspirator filter pumps. Fisher
model 13-875-220 or equivalent.

Sampie splittar (Riffle) with 14 chutes, 13 mm (./2 incn) wide.
Soiltest moael CL-280 or equivaient.

= -~ Calibration of Equipment

- Record all calibration data in laboratory note book used for the screening
study.
- 3alance Calibrate the top loading balance using NIST Class F weights

For small weights (eg., filter paper), calibrate the balance
ustng 500 mg, 1 g, 2 g and 5 g. For iarge weights (eg.,
sieves), calibrata the balanca using 100 g, 200 g, 500 ¢ ang
1 kg. Get the calibration curve and ccefficients of regression
using either LOTUS 1-2-3 or programmabie caicuiator. Table |
shows the data sheet for balance caiibration. <Keep the balance
- pan free from qust and wipe off any spills immediately. Chack
the accuracy of the balance daily. Deviation snould not exceea

+0.1 g for small weights and +1 g for large weights from the
- standard weights.

wn
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oH Maver Calibrate the cH meter. iftar wasning the eiectrodges tigrougniy
~ith gistiiled water. using the tnree buffer soiutions, ;H 4.0,
7.0 ana 10.0. ~“ollow tne 1nstructions supplied with the
instrument ana ejectrcae. <eep the pH electroge soakea n
aither distillea water or in the pd buffer 4.0 when not 7 use.

dven Check whether tha temserature controiler of the aven is working
properiy. The temperature snouid te within +3C of the setting.

Sampie Characterization Xequirements

“wig -ast requires |{.

2 xg oF I
Jtapcara! 9 canguet zacn ¢ ok

$$InG throuan No.» screen {(U.S.
risiicate.

o
a
Nt

[14]
ot

- The soil sampie (7 kg) snhiopeq G the Jaboratoery snouid be in airtight
containers ¢ preserve the original moisture content,

- Chemical composition of the soil. even when available from ths snipper,
shouid be confirmed by the laboratory performing the screening tasts.

Test Sampie and Wash Sclutions Preparation

Recordg all data in the iaboratory note book.

3.1 Well mix tha soil (7 kg) by shaking and tumpling in a S-gailen rail
fitted with a iid.

9.2 Pour the content of the pail on a clean heavy-duty quartering canvas.
Remove (hand picking) all large (6.4 mm or 0.25 inch) graveis and
stones and all other foreign materials, for exampie, pieces of cloth,
slastics, tree parts, and other debris.

Place all rejects in tha disposal drum.
Jatermina tha weight of the dabris-free soil.

9.3 A grocedure similar to ASTM 02216 is used for moisture content
determination.

Weigh close to 300 g of the debris-free soil with an accuracy of
=l g, in a preweigned aluminum weighing dish ana dry at 11045C in the
cven overnight to ccnstant weignt {less than 5% weight change).

6
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lecorg the weights cF tha sampie vefore and after crying.

Jetermine the moisture content of the soil as follows (Table 2):

v Wt. of wat sotl - Wt. ar dry soil
% Moisture content = ] X 109
Wt. ot ary so1l

¢.4 Sieve tha debris-free so1i threugh a No. ¢ screen using the s:ave
shaker.
= collect ail <017 cassing tarougn the No.4 screen.
~eign ON the IIZ lading saiance.
V Zecora the weignt.
- 9.5 3iffle tha screenea sampie (ASTM 0421} ciose to 1300 g.
Reserve 50 ¢ for chemical analysis of ccntaminants of interest,
= Notg: If the soil characteristics pravent screening through th
No. 4 screen, follow Step 9.6 instead of Steps 9.4 ang 9.5.
- 9.6 Pour the debris-free soil (from Step 9.2) on a clean quartering

canvas and reduce, using a clean trowei, the volume of the soii
sample waighing approximately 1000 g.

Reserve 50 g of the samole for chemical anaiysis of contaminants of
interest.

9.7 ;regg;e 3 L of the wasn solution according to the direction provided
y .

- Store in a polyethylene carboy with spigot.

Record the pH of the wash solution.

9.8 Store rinse fluid (potable water) in a separats carboy.

10, Test Procedure

- (0.1 Jetermination of Approximate Composition of Soil

This test detqrmines. under standard conaitions. the relative
- proportions of sang ana clay-like fines in soils that pass through

7
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~ha No. 4 (4.7% mm) sieve or debris-free quartered sampie. This
srgcegure determines thg smount of sample requirea for tre
scrgening protocoi - Z0C g of sandy soils or 113 g of aitner silt
ar clayey soils. Soils ccntaining less than 60% ciay are
considarea sanay so11s ana soils containing 60 or greater cercent
clay are considersa ciayey sotls. A proceaure similar t3 ASTM
72419 (sand equivaient vaiue of spils ana fine aggregates) is used
for this determinaticn,

0.1..  {eign cut, nearest ¢ 0.] g, c0+2 g of the representative
soil {from Step $.% ¢or 9.%) on a weigning dish.

T“ransfer Tn@ wRigred $211 .1a & wide mouth Tunnei ‘nte a
$3ang ecuivalient measurement Syliinger.

Mgasure :20+% ~L of potable water. in a graguatad
cylinaer.

Add the measursa water to the soil in the sand eauivalent
measurement cylinder (normal

Soil:Potanie water = 1:3).

10.1.2 Agitate the slurry using the mechanical sand equivalent
shaker for a period of 451 s.

:0.1.3 Remove the cylinder from the shaker.

Keep the cylinder vertical and the base in contact with
the worx surface.

Start the timer.

10.1.4 Allow the cylinder to stand undisturbed for 20+5 minutes.
10.1.5 At the end of the 20 minutes sedimentation period,

visually define, either by color or texture, or both, the
soil fractions.

Racord the number of phases formed. Sand will be at the
bettom and clay on top of the sand phase.

Record. from the cylinder graduations, the voiumes of the
fractions in Table 3.

?ecord any floating suostances at the top of the water
ayer.

10.1.6  Zmpty the content of the cylinder in the disposai drum.

8
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10.2  .aboratory Scaie Soil Wasning

The attacned flow aiagram (Figure 1) summarizes the iaboratory
scale s011 wasning protocoi. These screening tests are carrted
- out {n triplicate ana in sequencs.

10.2.1 Thorougnly ciean the sieves using a phosonata frae
laboratory cetergent Foiloweq by distilleq water.

Make sure that no soifds remain aagheredq to the screens.
- Cry the sc¢reens t9 constant weignt at [10+5C.

Recera tha weignts o7 eacn screen ang mark the screens
- for tzentification.

Notg: Soecral precautions shouid be taken wnhen using
corrostive iiquids. Tor exampie. acidic. basic or highiy
concentrated sait soiutions. In case of corrosive iiguid
it may De nscessary tQ use sieves made of either
stainiess steel or poiyethylene instead of brass.

Note: 0o not force soil particles through the screen
aeither by a spatula or brush or water stream. Place the

- screen upside down in the sink and then pour water over
the screen to dislodge any soil particles from the
screen,

- 10.2.2  Weigh with an accuracy of =0.1 ¢ of the well mixed and
representative soil {from Step 9.5 or 9.6), close to
115 g of clayey soil or 200 g of sandy soil, in an

v-— aluminum dish.

[Yelle]

10.2.3  Stack the three sets of marked sieves and the collection
- pans in the order shown in Figure 1.

Place the whole assembly secureiy on the shaker.

10.2.4  Transfer the weighed soil frem the weighing dish to the
1.5 L beaker.

- 10.2.5 Measure wash solution (600 mi for sandy soils or 345 miL

for clayey soils) using a graduated cylinder (normal
Sotl:Wasn solution = 1:3).

Use wash solution to transfer any residue from weighing
dish to the 1.5 L beaker.
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Add rest o7 the wash solution to the soil.

Stir the siurries using the mechanical stirring system
for a perica of 5+l minutes.

Adjust the stirring rate, using the speea controiler, o
that 311 sciids remain fn suspension.

Recora the satting of the speed controiler ang use the
same sstting for all tasts.

Transter <ne entire content of each beaker onte the
screen assemoly {“igure 1}.

Jse the rusger Cciiceman or scrapper <o transter 2.
residue rrcm the peaker to the scraens.

Allow the screen assemdiy to stand for 103l minutes <2
drain all the liguids into the coilecting pan assisted by
gentle tapping of the sides of the screen assemoly.

Note: Do not use any rinse 19quid to transfer the residue
from tha peaker ts the screens.

Assemble the Buchner funnel, filter paper and flask and
connect to either a vacuum pump or an aspirator.

Adjust the vacuum so that the filtration takes place
smoothly. Too high a vacuum may cause the filter paper
to deveiop leaks.

Transfer the slurry from the collecting pan, with the aid
of a glass rod, into the Buchner funnel-filter paper-
flask assembly.

Filter under vacuum either using a vacuum pump or an
aspirator.

Measure and record the volume and pH of the filtrate.

Note the color and any other characteristic (clear or
cloudy) of the filtrata.

Transfer a portion of the filtrate in the borosilicata
glass vial and preserve them appropriately (Appendix A)
for anaiysis.

11
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Weign the wet so011 on the filter paper and recora the
weight.

Then ary the soil on the fiiter paper t0 constant weight
at 110+5C.

Recorg the weight.

Note: f compiete transfer of the sotl from the pan to
the filter paper is not possible, weigh the pan with the
5011 ang recerd the weignt.

Then ary <he pan ana ‘75 content at !1C+8C ang cetermine
the weignt <7 *the ary sail.

Combine thase two weights 1o report the total weignt o7
soil in the pan. This is uyseg to get the suspengeg
solids concentration.

Put @ new preweighed pan underneath the screen assemply
(Figure 1) to start the rinse cycle.

Use the washing bottles for the rinse cycles.
Mark the bottles (uniess graduated) in 100 mL intervals.

Transfer any residua from the baaker (Step 10.2.7) using
a wasning bottle to the No.l0Q screen.

Soray the 10, 60 and 230 mesn screens in saquence

(Fi?ure 1), with 100 mL of potable water for each rinse
cycle.

Screen the soil by shaking the stacked sieves on a sieve
shaker for 5t1 minutes for each rinse cycle.

Notg: Xeep the rinse water volume to a total of 100 mi fin
each cycle (water for transfer of soil residue from the
beaker + spraying the scresns). Same collecting pan is
use? for callecting 1iquids for all the three rinse
cycles.

Filter contents of the pan via the Buchner filtering set
up.

Measure and record the total volume and pH of the
filtrate.

12
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Collect a portion of the filtrate in borosilicate giass
vial for analysts.

Weigh the wet soil on the filter paper ang recora the
weight.

Then ary the soil cn the filter paper tJ constant weignt
at 110+5C ang record the weight.

Note: [f complete transfer ¢¥ the so1l from the pan to
the fiitar capar 5 not possicle, weign tha pan with tha
s0il zno recorg the weight.

-~

Then ¢ry Tne pan ang 1ts content it
‘he weignt -7 %he cry soil.

1.2+5C ana determina

Comoine thase two weights (3 report the ictai weight of
soil in the pan. This is useg to get the suspenged
soiids concantration.

Weigh esach screen (No. 10, Ho. &0, ana No. Z30) together
with %he soil ana record the wet weights of each screen.

Ory all the screens in the oven to constant weight at
110+5C.

Record the dry weights of each soil fraction.

Oifference Cetween tha dry and wet weights is the weight
of filtrate attacned to the soil.

Notg: Place a large sheet of aiuminium foil underneath
each screen when placing in the oven for drying. Any
solid collecting on the aluminum sheets should ba addea

to the respective soils to determine the total weights of
dry soils.

Note: The volume of the filtrate attached to the soil can
be ootained by dividing its weight by its specific
gravity. The specific gravity of tha filtrate can be
obtained either using a hydrometer or a pycnometer

(ASTH D1429) (see Table 2 for calculation).

Place the dried soiis (three screens and the filter

papers) into four separate and marked 4 0z glass jars for
analysis.

13
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10.2.15 Decontaminate ail equipment and glassware Dy wasning with

a phosonate free laboratory detergent ana then rinsing
with potable water.

Store ail ths wasnings in the disposal drum.
10.2.16 Anaiyze ail camplies as soon as possible.

Consuit USEPA SW-846 guideiines for samole preservation

technique, hoiding time. sna analyticai procedures
(Appenaix A).

Recors zii the anaiytical resuits 1n Tadbie 3.

calcutationsData Keduct:zn

211

11.2

Approximate csmposition of soil

Table 3 shows the data sheet for the determination of "approximate
ohysical composition’ of soil.

11.1.1 Record the volumes of all the soil fractions.
11.1.2 Compute the percantage of clay as follows:

clay voiume
Percantage of clay = x 100

(¢clay+sang) volume

For exampie, if the volume of the clay fraction is 18 mL
and that of the sand layer is 35 mL, then the percentage
of clay is equal to 15/(15+35) X 100 = 30%.

Soil washing

Tables 4 and 5 show the data sheets for recording the resuits of
soil washing.

11.2.1 Record the volumes and weights of wash and rinse
filtrates.

11.2.2 Record the weights of wet materials remaining on each
stave and in the pan.

14
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Recora the weights of dry materiais remaining on each
sieve and in the pan.

Calcuiate the gifference between the wet and dry weignts
for each sieve and can.

Convert *he weights t2 volumes using the spacific gravity.

Add ail the volumes.
This 1s the amount of “ree moisture in the wet soils.

idd +he voiumes of wasn ang rinse ftiltrates ang ccmpare
with <he ¢riginai volume.

This is to getect any i9ss ¢f licuild in the soil wasninag
Jrocedure. An exampie of data sneet is shown in Table &

(Assume that the moisture content of the soil {s 10% ana
the specific gravity of filtrate is 1.023).

Add tha dry weights of soil fractions remaining on each

sfeve and in the pan and compare with the original
weight.

This s to detect any loss of soil in the washing
procedure. A loss of more than 10% by weight is
considered unsatisfactory. .n that case, repetition of
the test may be necessary.

Compute the percant of soil retained on each sieve by
dividing the dry weight ratained on each sieve Oy the
original sample weight. ror example, from the Qispiayed
data sheet in Table 7, the quantity retained on No. IO
steve is (34.1/200) x 100 = 17.05 percent. Similariy,

percents retained on screens No. 60 and 230 are 68.70
and 9.25, respectively,

Compute the suspended solids concentration by dividing
the dry weight of the soil, in mg, in the pan, by the
total vaolume of the filtrate.

12.1 Grain size distribution {s reported grapnically (Figure 2),

by plotting the cumulative weight percent as a function of
particle size (mm).

15
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12.2 Zoncentrations of the contaminant(s) in bulk soil and in the
wasnea soil fractions are gisplayed in tabular form in Table 8
and as histogram in Figure 3.

Aasts/Decontamination

Compute the total amount of wastes generated from the voiumes or liauids
ana the weights of soiids recoraed in Steps 9.2, 9.3. 9.4, 3.5, 9.6,
10...5, 10.2.8, i0.2..5. :0.2.1% ana 10.2.15 (Tables 4 ana §5).

Tost Projection
~3R0C

Approximately 16 hours each of two technicians’ time will be needsag to
»un the soil washing laboratory scale screening study in tripiicate.

Te gsal

Disposal costs are dependant on the nature of the washing fluids, for
example, acidic/basic/presence of surfactants or chelating agents, etc.
used. Conventional wastewater treatment such as granular activated
carpeon, chemical precipitaticn may not work.

The total volume of the waste (including the 7 kg of soil received)
generated in this test procedure will be approximataly [7 L or 4.5
gailons. However, any unused sample can be. according to 40 CFR Chaoter
1, 261.4(f), returnea tc the originator. [n that case the voiume of the
waste generated will be recucea.

Also, the transportation cost, tha major item in the disposal of wastes,
depends largely on the location of the disposal site.

In general the wastes in the treatability facility are stored either in
55 gallon drums or in larger containers and cost of disposal of larger
containers are less on per volume basis than those of drums. Assuming

total dispesal cost of $250/drum, the cost of disposal of ¢ > gallons of
waste will be approximately $21.00.

Uei1d

Utilities such as chemicals, water ang electricity needed for the

triplicate tests are minimal and shouid be included in the laboratory
qverhead.

16-
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FIELD AND LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

Procedures

To assess the integrity of field sampling techniques, quality assurance samples were collected
and analyzed. Additionally, quality control and quality assurance was performed by the
analytical laboratories. Field and laboratory quality assurance data was evaluated to ensure
compliance with EPA-approved or California Administrative Code (CAC) Title 22/26 methods.
Analytical data discrepancies were identified during the course of this evaluation and their
possible effects on environmental samples was determined. The results of field quality
assurance samples and the evaluation of laboratory quality assurance procedures is provided
below. A summary of all samples collected for the treatability study are summarized on Table 1.

Field Quality Assurance Results

The collection and analysis of environmental quality assurance samples provides quality control
checks on the representativeness of the environmental samples collected, the precision of
sample collection and handling procedures. and the thoroughness of field equipment
decontamination procedures. During the treatability study, duplicate samples were collected
and analyzed.

Laboratory Quality Assurance Resuits

Analytical quality control procedures are implemented to identify possible introduction of
contaminants into environmental and quality control samples as a result of equipment
contamination and/or analytical procedures, and to assess the validity, accuracy, and precision
of analytical results. Specific quality control procedures for each analytical method were
evaluated to ensure that accuracy, precision. representativeness, and completeness data quality
objectives were met. The evaluation process is generally referred to as data validation. This
section presents a overview of the data validation process and a summary of the
laboratory/analytical quality assurance results.

Data Validation Overview and Results

One focus of the data validation process is to assess the accuracy and precision of the analytical
methods and procedures used. Accuracy is determined by evaluating matrix spike recovery
limits. A matrix spike is a sample with a known concentration of certain compounds of interest
(spike) added to a sample matrix. The amount, or percent, of the spike compound that is
recovered is used to assess the accuracy of the analysis. The matrix spike recovery limits must
be within control limits established by historical matrix spike values (historical laboratory values
must also be within ranges established by the EPA). Sample results that fall outside of the
quality control limit range do not meet accuracy standards and are flagged accordingly.

Precision is determined by evaluating the recovery results obtained by a second analysis of the
matrix spike (matrix spike duplicate). The recovery values, or recovery percent, are evaluated
by calculating the relative percent difference (RPD) between the two samples. Just as the
control limits set forth for matrix spike recovery limits, or accuracy, must be within set control
limits. the relative percent difference between the matrix spike and the matrix spike duplicate
must also be within established acceptance criteria for precision.

Draft Treatability Study Report Page 1
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Table 1

Summary of Samples
Collected for the
Alark Hard Chrome Treatability Study

. in of
URS Sample Number  Sample Description L%;:;,a;:: y Cu?;gg; (;\Io. Analyses Requested:
T-5-3-@4' Initial Soil Sample Collected from TS-3 at ~4' CE02576 89686 Sulfate
WET and Total Cr, CrVI, Ni, Pb, Cd
CR2-and -CR3-@5' Initial Composite Soil Sample Collected from CE02577 89686 Sulfate
CR2 and CR3 at ~5' WET and Total Cr, CrVI, Ni, Pb, Cd
7-5-1-@5' Initial Soil Sample from TS-1 at ~5' CE02578 89686 Sulfate
WET and Total Cr, CrVI, Ni, Pb, Cd
T-S-1-@30' Initial Soil Sample from TS-1 at ~30' CE02579 89686 Sulfate
WET and Total Cr, CrVi, Ni, Pb, Cd
UTS--- Untreated Soil - Composite of Initial Soil CF00045 13567 Title 22 Metals
Samples from Boring TS-1 Cr, CrVl, Cd, Ni, Pb STLC
Fe-SO4-1- Post Ferrous Sulfate Reduced, Pre-immobilized  CF00294 014413 Hexavalent Chromium
Soil
Fe-SO4-2- Post Ferrous Sulfate Reduced, Pre-immobilized  CF00295 014413 Hexavalent Chromium
Soil
ITE-1-- Post Sodium Hydrosulfite Reduced Soil CF00296 014413 Hexavalent Chromium
ITE-3-- Post Sodium Hydrosulfite Reduced Soil CF00297 014413 Hexavalent Chromium
ITE-3-D- Post Sodium Hydrosulfite Reduced Soil, CF00298 014413 Hexavalent Chromium
Duplicate
1--- 3N Nitric, 15 Minuite Wash, +60 Mesh Soil CF00499 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, Pb
2--- 3N Nitric, 15 Minuite Wash, +230 Mesh Soil CF00500 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, Pb
3--- 3N Nitric, 15 Minute Wash, Pan Soil CF00501 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, Pb
4... Plain Waler, 15 Minute Wash, +60 Mesh Soil CF00502 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, Pb
5--- Plain Water, 15 Minute Wash, +230 Mesh Soil  CF00503 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, Pb
6--- Plain Water, 15 Minute Wash, Pan Soil CF00504 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, Pb
7 3N Nitric, 7 Minute Wash, +60 Mesh Soil CF00505 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, PB
8--- 3N Nitric, 7 Minute Wash, +230 Mesh Soil CF00506 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, PB
9... 3N Nitric, 7 Minute Wash, Pan Soil CF00507 S/E #1 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, PB
10--- Plain Water, 7 Minute Wash, +60 Mesh Soil CF00508 S/E #1 Total Cr, CrVI, Cd, Ni, Pb

WET Cr, CrVI, Cd, Ni, PB
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Table 1 (cont.)
Summary of Samples
Collected for the
Alark Hard Chrome Treatability Study

URS Sample Number  Sample Description L%):;,abf:: 4 Cuc;lt,g(ll'; % o. Analyses Requested:
11--- Plain Water, 7 Minute Wash, +230 Mesh Soil CF00509 S/E #2 Total Cr, CrVi, Cd, Ni, Pb
WET Cr, CrVi, Cd, Ni, PB
12--- Plain Water, 7 Minute Wash, Pan Soil CF00510 S/E #2 Total Cr, CrVI, Cd, Ni, Pb
WET Cr, CrVI, Cd, Ni, PB
3/8"--- Screened Soil, Untreated Soil Fraction CF00515 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
100--- Screened Soil, Untreated Soil Fraction CF00516 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
20--- Screened Soil, Untreated Soil Fraction CF0o0517 S/E #4 Total Cr, CrVi, Cd, Pb, Ni
230-Pan-- Screened Soil, Untreated Soil Fraction CF00518 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
40--- Screened Soil, Untreated Soil Fraction CF00519 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
#230- - - Screened Soil, Untreated Soil Fraction CF00520 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
4... Screened Soil, Untreated Soil Fraction CF00521 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
10--- Screened Soil, Untreated Soil Fraction CF00522 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
60--- Screened Soil, Untreated Soil Fraction CF00523 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
Wash-Water-- Water Used to Screen Soil CF00524 S/E #4 Total Cr, CrVI, Cd, Pb, Ni
13--- 6N Nitric, 7 Minute Wash, +60 Mesh Soil CF00535 S/E #3 Total Cr, CrVI, Cd, Pb, Ni
WET Cr, CrVI, Cd, Pb, Ni
14--- 6N Nitric, 7 Minute Wash, +230 Mesh Soil CF00536 S/E #3 Total Cr, CrVI, Cd, Pb, Ni
WET Cr, CrvI, Cd, Pb, Ni
15.--- 6N Nitric, 7 Minute Wash, Pan Soil CF00537 S/E #3 Total Cr, CrVI, Cd, Pb, Ni
WET Cr, CrVi, Cd, Pb, Ni
16--- 6N Nitric, 15 Minute Wash, +60 Soil CF00538 S/E #3 Total Cr, CrVI, Cd, Pb, Ni
WET Cr, CrVI, Cd. Pb, Ni
17--- 6N Nitric, 15 Minute Wash, +230 Soil CF00539 S/E #3 Total Cr, CrVI, Cd, Pb, Ni WET Cr,
CrVI, Cd, Pb, Ni
18--- 6N Nitric, 15 Minute Wash, Pan Soil CF00540 S/E #3 Total Cr, CrVI, Cd, Pb, Ni
WET Cr, CrVI, Cd, Pb, Ni
19--. Soil Washing Water Before Water Treatment CF00541 S/E #3 Total Cr, CrvI, Cd, Pb, Ni
Alkalinity
i
#20--- Soil Washing Water After Water Treatment CF00542 S/E #3 Total Cr, CrVI, Cd, Pb, Ni

Alkalinity
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Table 1 (cont.)
Summary of Samples

Collected for the
Alark Hard Chrome Treatability Study

URS Sample Number

Sample Description

Analyses Requested:

21--

22---

Fe-SO4-Port-10%

FeSO4-Port-10%-SS

FeSQO4-Port-40%-

FeSO4-Port-40%-SS

FeSO4-FA-10%-

FeSO4-FA-10%-55

Fe-SO4-40%-

Fe-SO4-40%-SS

ITE-Port-10%-

ITE-Port-10%-SS

ITE-Port-40%-

ITE-Port-40%-SS

ITE-FA-10%-

ITE-FA-10%-SS

ITE-FA-40%-

ITE-FA-40%-SS

Waste Water Sludge (Precipitate)
Duplicate, Washed Soil

Ferrous Sulfate Reduced, Portland Cement 10%
Immobilized Soil

Ferrous Sulfate Reduced, Portland Cement
10%, Soluble Silicate Immobilized Soil

Ferrous Sulfate Reduced, Portland Cement
40%, Immobilized Soil

Ferrous Sulfate Reduced, Portland Cement
40%, Soluble Silicate Immobilized Soil

Ferrous Sulfate Reduced, Fly Ash 10%
Immobilized Soil

Ferrous Sulfate Reduced, Fly Ash 10%, Soluble
Silicate Immobilized Soil

Ferrous Sulfate Reduced, Fly Ash 40%
Immobilized Soil

Ferrous Sulfate Reduced, Fly Ash 40%, Soluble
Silicate Immobilized Soil

Sodium Hydrosulfite Reduced, Portland Cement
10% Immobilized Soil

Sodium Hydrosulfite Reduced, Portland Cement
10%, Soluble Silicate Immobilized Soil

Sodium Hydrosulfite Reduced, Portland Cement
40% Immobilized Soil

Sodium Hydrosulfite Reduced, Portland Cement
40%, Soluble Silicate Immobilized Soil

Sodium Hydrosulfite Reduced, Fly Ash10%
Immobilized Soil

Sodium Hydrosullite Reduced, Fly Ash10%
Soluble Silicate Immobilized Soi/

Sodium Hydrosulfite Reduced, Fly Ash 40%
Immobilized Soil

Sodium Hydrosulfite Reduced, Fly Ash 40% ,
Soluble Silicate Immobilized Soil

Laboratory  Chain of
Number  Custody No.

CF00543 S/E #3

CF00544 S/E #3

CF00745 014414
CF00746 014414
CF00747 014414
CF00748 014414
CF00749 014414
CF00750 014414
CF00751 014414
CF00752 014414
CF00753 014414
CF00754 014414
CF00755 014414
CF00756 014415
CF0o0757 014415
CF00758 014415
CF00759 014415
CF00760 014415

Total Cr, CrVI, Cd, Pb, Ni
WET Cr, CrVI, Cd Pb, Ni

Total Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVi, Cd, Pb, Ni

WET Cr, CrViI, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVi, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVi, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVi, Cd, Pb, Ni

WET Cr, CrVI, Cd, Pb, Ni

WET Cr, CrVi, Cd, Pb, Ni
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Samples that fall outside of these control limits do not meet precision standards and are also
flagged.

The data validation process also evaluates the possibility of external contamination of
environmental or quality assurance samples in the laboratory. This assessment is accomplished
through the use of method blank analyses. Method blanks are used to identify any contaminants
introduced to the sample during analytical procedures. Method blanks are simply blank samples
(e.g.. do not contain target analytes) that are analyzed by the same method as the
environmental samples. Each environmental and quality assurance sample has a corresponding
method blank that is analyzed for contamination. If contamination is observed, external
contaminants have entered the method blank sample and each of the corresponding
environmental and quality assurance samples are flagged with a qualifier noting that
contamination in the blank is present.

Certain analytical methods require surrogate spikes. Surrogate spikes are used to determine
method accuracy by assessing the percent recovery for the surrogate spike. Surrogate spikes
differ from matrix spikes in that the chemicals used to spike the sample are not compounds of
interest but rather are chemically-similar species. The percentage of the “spiked” species
recovered indicate a loss or gain of accuracy resulting from the analytical equipment or
procedures used. Like other accuracy and precision measurements. surrogate spike recovery
values must fall within established control limits. Surrogate spikes that are outside of the
acceptance criteria range indicate potential accuracy problems and the corresponding
environmental samples are flagged accordingly. During the treatability study, there were no
analytical tests conducted that required the use of surrogate spikes.

The data validation process also evaluates sample holding times. Sample holding time
requirements apply to all samples. The holding time is defined as the maximum allowable time
that can elapse from the time a sample is collected until its extraction or analysis in the
laboratory. Each analytical method has a specific allowable holding time. Samples that violate
the maximum allowable holding time are flagged accordingly, and the analytical results are
generally used for estimation purposes only. All samples collected during the treatability study
met the respective holding times for the metals of concern, with the exception of hexavalent
chromium. The stability of hexavalent chromium in extraction procedures is not completely
understood at this time. Therefore, EPA Method 7196 suggests that hexavalent chromium
sample analyses be conducted within a 24-hour holding time. However, the processes involved
in soil washing and reduction/immobilization as applied in this treatability study automatically
violate the holding time for hexavalent chromium. For example, the time for reduction,
immobilization, and curing can range from 24 hours to 28 days. Hexavalent chromium results
that were obtained outside the 24-hour holding time are flagged accordingly on Tables 2 and 3.

Method blanks associated with the samples collected for the treatability study were all analyte-
free. All matrix spike and matrix spike duplicate samples were within acceptable control limits
(accuracy). Precision values for all elements were within control limits. Surrogate spikes were
not conducted for metals analyses. All associated treatability study sample results are considered
valid and usable, with exception of the hexavalent chromium sample results that were obtained
outside the 24-hour holding time. These data are considered for estimation purposes only.
Analytical and geotechnical laboratory reports are provided in Appendix D.
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Table 2
. Treatability Sample Results
- for Cadmium, Total Chromium, Hexavalent Chromium
Nickel and Lead
(Total Concentrations)

-
Inorganic Constituents*
- 6 .
. cd Cr Cf Ni  Pb
Sample Number Sample Description TTLC 100 2500 500 2000 1000
x
e 7-5-3-@4' Initial Soil Sample Collected from TS-3 at ~4' 8.9 250 18 86 260

™= CR2-and -CR3-@5' Initial Composite Soil Sample Collected from 0.44 73 6.3 n 12
CR2 and CR3 at ~5'
- T-5-1-@5' Initial Soil Sample from T5-1 at ~5' el 4500 028 19 150
R
- 7-5-1-@30' Initial Soil Sample from TS-1 at ~30' 0.27 2000 0.29 71 3.3
e Fe-SO4-2- Post Ferrous Sulfate Reduced, Pre-immobilized - - 940 - -
Soil R
L ITE-1-- Post Sodium Hydrosulfite Reduced Soil - - 920 - -
R
- ITE-3-- Post Sodium Hydrosulfite Reduced Soil - - 1100 - -
R
- ITE-3-D- Post Sodium Hydrosulfite Reduced Soil, Duplicate - - 970 - -
R
t
- 1-e- 3N Nitric, 15 Minuite Wash, +60 Mesh Soil 0.2 150 14 1.7 45
t
- 2--- 3N Nitric, 15 Minuite Wash, +230 Mesh Soil ND 410 84 5.8 28
;
- 3--- 3N Nitric, 15 Minute Wash, Pan Soil 2.6 1900 46 24 37
! t
- 4--e Plain Water, 15 Minute Wash, +60 Mesh Soil 4.0 470 57 2.4 94
-
ND = Not Detecied *Values reported in mg/kg

R = Result £xceeds the TTLC
"~ TTLC - Total Threshold Limit Concentration
L t = Analysis Not Conducted within 24 Hour Holding Time
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Table 2 (cont.)
Treatability Sample Results
for Cadmium, Total Chromium, Hexavalent Chromium
Nickel and Lead
(Total Concentrations)

inorganic Constituents*

cd Cr cf® N Pb

Sample Number Sample Description TTLC 100 2500 500 2000 1000
4
4-.. Plain Water, 15 Minute Wash, +60 Mesh Soil 4.0 470 57 2.4 94
t
5-.. Plain Water, 15 Minute Wash, +230 Mesh Soil 4.4 800 57 8.5 110
1
6--- Plain Water, 15 Minute Wash, Pan Soil 13 2300 470 21 120
t
7--- 3N Nitric, 7 Minute Wash, +60 Mesh Soil 0.5 320 21 1.7 45
t
8--- 3N Nitric, 7 Minute Wash, +230 Mesh Soil 0.6 410 160 6.5 25
1
9... 3N Nitric, 7 Minute Wash, Pan Soil 2.2 1500 ND 19 38
. 1
10--- Plain Water, 7 Minute Wash, +60 Mesh Soil 3.8 620 120 2.7 2.770
. t
11..- Plain Water, 7 Minute Wash, +230 Mesh Soil 3.9 710 160 7.4 110
- . r
12--- Plain Water, 7 Minute Wash, Pan Soil 15 2300 240 26 120
- . f
3/8"--- Screened Soil, Untreated Soil Fraction 2.9 270 6.5 5.5 6.5
t
100--- Screened Soil, Untreated Soil Fraction 4.1 510 51 4.7 130
t
20--- Screened Soil, Untreated Soil Fraction 3.2 830 57 3.0 11
t
230-Pan-- Screened Soil, Untreated Soil Fraction 4.1 780 75 7.0 110
ND = Not Detected *Values reported in mg/kg

R = Result Exceeds the TTLC
TTLC - Total Threshold Limit Concentration
t = Analysis Not Conducted within 24 Hour Holding Time



Table 2 (cont.)
| Treatability Sample Results
- for Cadmium, Total Chromium, Hexavalent Chromium
Nickel and Lead
| (Total Concentrations)

[
: Inorganic Constituents*
- +6 .
L. Cd Cr Cr Ni Pb
, Sample Number Sample Description TTLC 100 2500 500 2000 1000
| ;
L 40--- Screened Soil, Untreated Soil Fraction 3.6 530 56 2.7 120
, t
- #230- - . Screened Soil, Untreated Soil Fraction 5.0 850 86 8.3 120
! t
= 4--- Screened Soil, Untreated Soil Fraction 19 3000 77 1 10
R
i #
L. 10--- Screened Soil, Untreated Soil Fraction 7.9 1300 110 3.3 8.2
\ t
f 60--- Screened Soil, Untreated Soil Fraction 3.8 500 33 34 170
I
-
t
: 13- 6N Nitric, 7 Minute Wash, +60 Mesh Soil 0.7 190 95 2.1 59
|
-
t
14--- 6N Nitric, 7 Minute Wash, +230 Mesh Soil ND 350 73 4.8 30
-
t
15--- 6N Nitric, 7 Minute Wash, Pan Soil 3.3 1500 ND 14 51
- t
16--- 6N Nitric, 15 Minute Wash, +60 Soil 0.2 130 12 1.3 130
- t
17--- 6N Nitric, 15 Minute Wash, +230 Soil 0.6 360 35 6.1 18
" ;
18--- 6N Nitric, 15 Minute Wash, Pan Soil 3.3 1300 ND 13 65
- 21.-- Waste Water Sludge (Precipitate) 2.7 1100 024 2.9 33
g P
i +
- 22--. Duplicate, Washed Soil 5.1 ND ND ND 98
!
-
NUD = Not Detected *Values reported in mg/kg

R = Result Exceeds the TTLC
TTLC - Total Threshold Limit Concentration
t = Analysis Not Conducted within 24 Hour Holding Time

L
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Table 3

Treatability Sample Results
for Cadmium, Total Chromium, Hexavalent Chromium
Nickel and Lead
(WET Concentrations)

Inorganic Constituents*

cd ¢ ¢t Ni Pb

Sample Number Sample Description STLC 1 560 5 20 5
7-S-3-@4 Initial Soil Sample Collected from TS-3 at ~4' 0.80 1 3.9 3.2 15
CR2-and -CR3-@5' Initial Composite Soil Sample Collected ND 31 2.3 0.19 1.6

from CR2 and CR3 at ~5'

T-5-1-@5' Initial Soil Sample from TS-1 at ~5' 1.7 220 0.15 0.40 5.3
R
T-5-1-@30 Initial Soil Sample from TS-1 at ~30' ND 190 0.12 0.18  0.070
uTS--- Untreated Soil - Composite of Initial Soil 097 210 27 t 0.30 3.9
Samples from Boring TS-1 R
.- 3N Nitric, 15 Minuite Wash, +60 Mesh Soil 0.08 5.1 09t ND 0.16
2. 3N Nitric, 15 Minuite Wash, +230 Mesh Soil ND 16 3.7t 0.16 0.20
3-.- 3N Nitric, 15 Minute Wash, Pan Soil 0.32 180 36 7 0.94 0.76
R
4--- Plain Water, 15 Minute Wash, +60 Mesh Soil 0.28 14 52t 0.08 1.9
R
5-.- Plain Water, 15 Minute Wash, +230 Mesh 0.49 25 571 017 6.5
Soil R
6--- Plain Water, 15 Minute Wash, Pan Soil 1.7 96 61 1t 0.67 3.6
R R
R 3N Nitric, 7 Minute Wash, +60 Mesh Soil 0.06 8.2 16 1 0.06  0.92
8--- 3N Nitric, 7 Minute Wash, +230 Mesh Soil 0.05 17 1.2 ¢ 0.17 0.79
9..- 3N Nitric, 7 Minute Wash, Pan Soil 0.24 150 1.0 7 0.73 0.64
ND = Not Detected *Values reported in mg/L

STLC - Soluble Threshold Limit Concentration
t = Not Analyzed within 24 Hour Holding Time



Table 3 (cont.)

Treatability Sample Results
for Cadmium, Total Chromium, Hexavalent Chromium
Nickel and Lead
(WET Concentrations)

Inorganic Constituents*

cd ¢ crt Ni Pb

Sample Number Sample Description STLC 1 560 5 20 5
10--- Plain Water, 7 Minute Wash, +60 Mesh Soil 0.33 17 9'-‘6 4 0.10 1.2
1M-ee Plain Water, 7 Minute Wash, +230 Mesh Soil 0.44 23 1': t 0.18 4.4
12... Plain Water, 7 Minute Wash, Pan Soil 1’.16 94 5R7 t 0.66 3.9
13--- 6N Nitric, 7 Minute Wash, +60 Mesh 5Soil ND 9.1 0.617 0.06 2.4
13--- 6N Nitric, 7 Minute Wash, +230 Mesh Soil ND 20 32t 0.13 0.34
15--. 6N Nitric, 7 Minute Wash, Pan Soil 0.31 170 0.0547 1.2 1.1
16--- 6N Nitric, 15 Minute Wash, +60 Soil ND 7.6 ND f ND 0.46'
17--- 6N Nitric, 15 Minute Wash, +230 Soil ND 18 0.36 7 0.15 0.13
18--- 6N Nitric, 15 Minute Wash, Pan Soil 0.19 120 ND 7 0.97 0.58
19-.- Soil Washing Water Before Water Treatment 1§8 6;0 0.061 1.4 19
#20--- Soil Washing Water After Water Treatment ND 057 ND ! ND ND
21--- ( Waste Water Sludge (Precipitate) 0.52 250 ND t 0.93 1.8
Fe-SO4-Port-10% Ferrous Sulfate Reduced, Portland Cement 0.52 130 4.7 t 0.24 2.3

10% Immobilized Soil

FeSO4-Port-10%-SS Ferrous Sulfate Reduced, Portland Cement 0.49 130 2.4 1 0.25 9.5
10%, Soluble Silicate Immobilized Soil

ND = Not Detected *Values reported in mg/L
STLC - Soluble Threshold Limit Concentration

t = Not Analyzed within 24 Hour Holding Time
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Table 3 (cont.)

Treatability Sample Results
for Cadmium, Total Chromium, Hexavalent Chromium
Nickel and Lead
(WET Concentrations)

Inorganic Constituents*

+6

L. Cd Cr Cr Ni Pb
Sample Number Sample Description STLC 1 560 5 20 5
FeSO4-Port-40%- Ferrous Sulfate Reduced, Portland Cement ND 62 20 1t 0.13 0.69
40%, Immobilized Soil
FeSO4-Port-40%-SS Ferrous Sulfate Reduced, Portland Cement ND 55 o.90t 0.15 0.36
40%, Soluble Silicate Immobilized Soil
FeSO4-FA-10%- Ferrous Sulfate Reduced, Fly Ash 10% 0.53 140 s9 t 0.30 4.9
Immobilized Soil R
FeSO4-FA-10%-5S Ferrous Sulfate Reduced, Fly Ash 10%, 0.56 140 24 1 0.28 5.7
Soluble Silicate Immobilized Soil R
Fe-504.40%- Ferrous Sulfate Reduced, Fly Ash 40% 0.46 120 45 1 0.38 3.2
Immobilized Soil R
Fe-SO4.40%-5S Ferrous Sulfate Reduced, Fly Ash 40%, 0.52 78 54 1 0.40 2.6
Soluble Silicate Immobilized Soil R
ITE-Port-10%- Sodium Hydrosulfite Reduced, Portland 0.51 130 37 ¢ 0.24 2.0
Cement 10% Immobilized Soil R
ITE-Port-10%-SS Sodium Hydrosulfite Reduced, Portland 0.52 130 44 1 0.25 1.8
Cement 10%, Soluble Silicate Immobilized R
ITE-Port-40%- Sodium Hydrosulfite Reduced, Portland ND 69 25 1 0.12 0.9
Cement 40% Immobilized Soil
ITE-Port-40%-SS Sodium Hydrosulfite Reduced, Portland ND 63 171 0.12 1.8
Cement 40%, Soluble Silicate Immobilized
ITE-FA-10%- Sodium Hydrosulfite Reduced, Fly Ash10% 0.54 130 1007 0.27 32
Immobilized Soil R
ITE-FA-10%-SS Sodium Hydrosulfite Reduced, Fly Ash10% 0.49 120 14 ¢t 0.27 2.4
Soluble Silicate Immobilized Soil R
ITE-FA-40%.- Sodium Hydrosulfite Reduced, Fly Ash 40% 0.41 120 25 1 0.37 2.7
Immobilized Soil R
ITE-FA-40%-SS Sodium Hydrosulfite Reduced, Fly Ash 40% 0.42 120 95 0.32 3.3
, Soluble Silicate Immobilized Soil R
ND = Not Detected *Values reported in mg/L

STLC - Soluble Threshold Limit Concentration
t = Not Analyzed within 24 Hour Holding Time
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Data Management

Technical interpretations were based on accurate, timely, and valid data. Data on which
decisions were made must be formalized into a permanent project record. Implementation of a
standard data management system ensured that data accurately and precisely characterized the
conditions and situations on which significant site-specific decision and actions were based.

To assure the accuracy, precision, completeness, representativeness and comparability of field -
and analytical data, processes and procedures were developed for collecting, accessing,
screening, validating, storing, retrieving, transferring, modifying and securing data. These
processes and procedures ensured that data, and the reports in which the data were presented,
are scientifically valid, legally defensible. and of known accuracy and precision.

An effective data management program includes established documentation protocols and
documentation validation procedures. Implementation of a documentation validation process
ensured that field and laboratory data were collected, processed. and documented in
accordance with the protocols set forth in project guidance documents. Data failing to meet
established guidelines may therefore be eliminated from consideration during the treatability
study or may be used for limited purposes only.

During the feasibility study. field observations and raw data were recorded in a bound project
notebook. Photographs were taken when possible. The bound notebook was the repository of
the field activity daily log. Field personnel documented in the project notebook each day, at a
minimum:

B project name,

project number,

data,

treatability activity subject,
description of treatability activities,

changes from plans and specifications. and other special orders and important decisions,

samples collected,

sample preservations, as appropriate

chain-of-custody numbers used, and
8 supervisor's signature.

Data interpretation commenced upon completion of the treatability study. Validated analytical
and geotechnical data was summarized and evaluated to determine the performance of the
treatment process.
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EQUIPMENT AND MATERIAL LIST
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Item

3/8" sieve, stainless
Bottle wash, HDPE
Carboy

Beaker, 2L

Weighing disk, 63 mm

Ploceman

Dynamix Stirrer

Versa Clean Detergent

Stir Rod, 12 inch
pH Test Kit
Thermometer
Filter Paper
Filter Paper
Filter Paper
Bistle Brush, 4"
Bistle Brush, 12"
Carboy
Stoppers, #9
Clamp Holder Swivel
Clamp Holder
Support Stand

Graduated Cylinders, 10 ml
Graduated Cylinders, 250 ml
Graduated Cylinders. 500 ml
Graduated Cylinders, 1,000 ml
Sodium Silicate Solution

Type I/1l Portland Cement

Beaker. 1L

Ferrous Sulfate, Lab Grade
Nitric Acid, ACS grade, 2.5L

Filter Paper
Filter Paper

Manufacturer/Source

Fisher (04-883G)
Fisher (03-409-10E)
Fisher (02-963-6A)
Fisher (02-55E)
Fisher (08-232-5C)
Fisher (14-105A)
Fisher (14-498-45)
Fisher (04-342)
Fisher (11-380C)
Fisher (A998)
Generic

Fisher (09-795E)
Fisher (09-801D)
Fisher (09-803-3E)
Fisher (03-541)
Fisher (03-621A)
Fisher (02-961-10B)
Fisher (14-135N)
Fisher (05-762)
Fisher (05-754)
Fisher (14-675D)
Fisher (08-554-4H)
Fisher (08-552-4D)
Fisher (08-552-4E)
Fisher (08-552-4F)
Fisher (5718-500)
Generic

Fisher (02-539P)
Fisher (F285-500)
Fisher (N500-2.5)
Fisher (09-795-G)
Fisher (09-803-GH)

Page 1
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Alark Hard Chrome

Draft Treatability Study Report

SW

IM

M
M
IM
Sw
SwW
Sw
SW
IM
IM & SW
IM & SW
IM & SW
M
SW

Draft Treatability Study Report
Appendix C

Filter Paper
Fly Ash, Type F Mohave

Sodium Hydrosulfite
(Reactivate)

20 quart Hobart Mixer

S quart Kenwood Mixer
Cylinder Molds

Buchner funnels
Side-arm flasks

Vacuum pump

17-ohm deionized water
17-ohm deionized water
Assorted plastic jugs
Eye droppers

5-gallon plastic buckets
Miscellaneous supplies

Miscellaneous supplies

Fisher (09-803-5G)
Western Ash

Hoechst

Caswell

Kleentek

Smith-Emery Company
Smith-Emery Company
Smith-Emery Company
Smith-Emery Company
Smith-Emery Company
Del Mar Analytical
Amico Scientific
Amico Scientific
Generic

Del Mar Analytical
Smith-Emery Company

Page 2
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SMITH-EMERY COMPANY
The Full Service Independent Testing Laboratory. Established 1904

781 East Washington Boulevard ¢ Los Angeles, California 90021 ® (213)749-3411 ® Fax: (213) 746-7228

P.O. Box 880550, Hunter's Point Shipyard Bldg. 114 @ SanFrancisco, California 94188 @ (415)330-3000 ® Fax: (415) 822-5864

5427 East La Palma Avenue ® Anaheim, California 92807 o (714)693-1026 o Fax: (714) 693-1034
August 13, 1993 SECo File No: 27091

SECo Report No: G-93-5734
Your Project No: 4564213.01

URS Consultants
4675 MacArthur Court, Suite 850
Newport Beach, CA 92668

Attention: Robert Evangelista

RE: Alark Treatability Study

SAMPLE I.D.: 1. FeSO4/Port 40% 3. ITE/Port 40%
2. FeSO4/Port 40%/ss 4. ITE/Port 40%/ss

DATE RECEIVED: August 3, 1993

Smith-Emery Company has completed testing as required. Laboratory
tests required were bulk density, porosity, and unconfined
compressive strength. Pore volume from the bulk density was
calculated with an assumed specific gravity of 2.65. Results of
tests are as follows:

REPORT OF TEST

Sample 1 -- FeSO4(Port 40%

Dry Density 90 pounds per cubic foot

Porosity (n) 0.459

Unconfined Compressive Strength = 102,542 pounds per square foot
Strain = 0.6 Percent

Sample 2 -- FeSO4ZPort 40%/ss

Dry Density 95 pounds per cubic foot

Porosity (n) 0.426

Unconfined Compressive Strength = 299,203 pounds per square foot
Strain = 1.0 Percent

:::gf:g:;i (A)RREF;Ui:g'TED AS THE CONFIDENTIAL PROPERTY OF CLIENTS. AUTHORIZATION FOR PUBLICATION OF OUR REPORT. CONCLUSIONS, OR EX-
G. ING THEM IS RESERVED PENDING OUR WRITTEN APPROVAL AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURS-ELVES



- SmMmitTH-EMERY COMPANY
: The Full Service Independent Testing Laboratory, Established 1904

! 781 East Washington Boulevard ® Los Angeles, California 90021 ® (213)749-3411 e Fax: (213) 746-7228
- P.O. Box 880530. Hunter's Point Shipyard Bldg. 114 @ SanFranasco. California%4188 e (415)330-3000 e Fax: (415) 822-5864

5427 East La Palma Avenue ® Anaheim, California Y2807 ® (714)693-1026 e Fax: (714) 693-1034
[ SECo File No: 27091

SECo Report No: G-93-5734
Your Project No: 4564213.01

-

L TEST RESULTS, CONT,

- Sample 3 -- ITE/Port 40%

I Dry Density = 96 pounds per cubic foot

- Porosity (n) = 0.420
Unconfined Compressive Strength = 254,376 pounds per square foot
Strain = 0.7 Percent

=

' Sample 4 -- ITE/Port 40%/ss

=%

Dry Density 94 pounds per cubic foot

, Porosity (n) = 0.431

L Unconfined Compressive Strength = 244,857 pounds per square foot
Strain = 0.5 Percent

Should you have any questions, please call.
|
(<
L Respectfully submitted,

SMITH-EMERY COMPANY

- ﬂ%% a6
‘ Raf MHutalla
GeoServices Division Manager

RH:cw

| :::;E:S:;i g:ERSUB:IT'TED AS THE CONFIDENTIAL PROPERTY OF CLIENTS. AUTHORIZATION FOR PUBLICATION OF OUR REPORT, CONCLUSIONS. OR EX-
h EGARDING THEM IS RESERVED PENDING OUR WRITTEN APPROVAL AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND QURSELVES
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SMITH-EMERY COMPANY
The Full Service Independent Testing Laboratory, Established 1904

781 East Washington Blvd.
Los Angeies, California gooz1
(213) 749-3412

Fax (213) 746-7228

June 9, 1993 SECo File No.: 72476
SECo Report No.: G-93-5547
Your File No.: 4564213-01

URS Consultants
4675 MacArthur Court, Suite 850
Newport Beach, California 92668

Attention: Robert Evangelista

RE: Alark Treatability Study

SAMPLE I.D.: 1. TS 1 @
2. Ts 1 @

and 20
and 30D

wr U

DATE RECEIVED: June 1, 1993, Soil Sample
were 1in glass jars in dis-
turbed condition.

Laboratory tests required are bulk density, molsture content,
particle size analyses and sand eguivalent. Pore volume from the
bulk density is to be calculated with an assume specific gravity.
Results of test are as follows:

REPORT QF TEST

A. BULX DRY DENSITY /(PQUNDS DPER CUBTC FQOT)

TS1 @ 3 and 30 TS1 @ 5 and 30D
Loose Compacted Loose Compactea
Condition Condition Condition Condition
60 106 58 103
TS1 @ 5 and 30 TS1 @ 5 and 30D
Loose Compacted Loose Compacted
. Condition Condition Condition Condition
Porosity (n) 0.646 0.371 0.656 0.390
Anaheim San Francisco
s427 East La Palma Ave. H } i
Anaheim, Calffomia 92807 e Pome Shf; Ps‘"goxB ?820515[;
{714) 693-1026 Sun Francisco, California 94188
Fax (714) 693-1034 (415) 822-8880

Fax (a1¢) Ron.eRE.
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SMITH-EMERY COMPANY

B. MOISTURE CONTENT (AS RECEIVED)

TS1 @ 5 and 30

Percent Passing
11.3 percent

C. PARTICIE SIZE ANALYSES

Sieve Size/Dia,mm

1/2”
3/8!!
No.
No.
No.
No.
No.
No.
No.
.0686
. 0494
.0454
.0325
.0232
.0166
.0122
.0087
.0062
.0031

4
10
20
<0
60
100
230

TS1 @ 5 and 30
Percent Passing

S OV N 1 W WO O

[SW 2\ I |6 T OF I OV N £ £

URX R OFFUVDWOOOH~NWWWOWWYOo

e

D. SAND EQUIVALENT TEST

Sand Equivalent
Average of 3 test

TS1 @ 5 and 30
Percent Passing

S

TS1 @ 5 and 30D

Percent Passing
11.4 percent

TS1 @ 5 and 30D
Percent Passing

100
99
98
94
86
77
69
63
49
51
44
42
37
34
28
25
22
18
15

TS1 @ 5 and 30D
Percent Passing
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SMITH-EMERY COMPANY

Should +“ou have any guestions, please call.

Respectfully submitted,
SMITH - IMERY COMPANY
(&uﬂ% 2 wteuta

RAF HUTALLA
Geotecrnical Manager

RH/fw
Attachment: Grain size Distribution Craphs

cc: 1 - Themical Department
Rick Young
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4675 MacArthur Court, Suite 850 Received: ,
= Newport Beach, CA 92660 Sample Descript Soil Analyzed: Jun 4, 1993
- Attention: Stephen Niou First Sample #. CF00294 Reported: Jun 17, 1993

2852 Alton Ave., Irvine, CA 92714 [714) 261-1022 FAX (714) 261-1228

~
(‘} Del Mar Analyncal 1014 E. Cooley Dr.. Suite A, Colton. CA 92324 [909) 370-4667 FAX (S09) 370-1046

16525 Sherman Way, Suite C- 11, Van Nuys, CA 91406 {818) 779-1844 FAX (818) 779-1843

URS onsultants roje ampled:

LABORATORY ANALYSIS FOR: CHROMIUM VI (EPA 7196)

Laboratory Sample Sample
Number Description Detection Limit Result
mg/Kg mg/Kg
(ppm) (ppm)
CF00294 FeSO4-1 50 960
CF00295 FeS04-2 50 940
CF00296 fte-1 50 920
CF00297 ite-3 50 1,100
CF00298 ite-3D 50 970

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Gan\Steube
Laboratory Director CF00294.URS <1>



2852 Alton Ave.. Irvine, CA 92714 (714) 261-1022 FAX (714} 261-1228

(;} Del Mar Analytlcal 1014 E. Cooley Dr.. Suite A. Colton. CA 92324 {909] 370-4667 FAX (909) 370-1046

16525 Sherman Way, Suite C-11. Van Nuys, CA 91406 (818} 779-1844 FAX (818) 779-1843

URS Consultants

4675 MacArthur Court, Suite 850
Newport Beach, CA 92660
Attention: Stephen Niou

Analyzed:
Reported:
Matrix:

Jun 4, 1993
Jun 17, 1993
Soil

Analytes reported as N.D.

LABORATORY ANALYSIS FOR: CHROMIUM VI (EPA 7196)

Laboratory Sample
Description Detection Limit Result
ma/Kg mg/Kg
(ppm) (ppm)
Method Blank 0.25 N.D.

were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Gagkstebube

Laboratory Director

CF00294.URS <2>
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P Dl MarAnalytical

URS Consuitants Client Project ID: Alark Site

::4675 MacArthur Court, Suite 850

~Newport Beach, CA 92660
 Attention: Stephen Niou

Sample Descript: Soil, 3/8"
Lab Number: CF00515

EPA STLC TTLC
Analyte Method Max. Limit Max. Limit
mg/L mg/Kg
(ppm) (ppm)
Cadmium 6010 1 100
Chromium (Vi) 7196 5 500
Chromium (Total 6010 5 2,500
Lead 6010 5 1,000
Nickel 6010 20 2,000

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

G;%GIeuge

Laboratory Director

2852 Alton Ave.. Irvine, CA 92714
1014 E. Cooley Dr.. Suite A, Colton, CA 92324
16525 Sherman Way, Suite C-11, Van Nuys, CA 91406

Detection
Limit
mg/Kg
(ppm)

0.1
2.0
0.5
1.0
0.5

TTLC
Sample
Resuit
ma/Kg
(ppm)

2.9
6.5
270
6.5
5.5

{714) 261-1022 FAX(714)261-1228
{909} 370-4667 FAX (309) 370-1046
{818} 779-1844 FAX (818) 779-1843

CF00515.URS <1>
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2852 Alton Ave.. Irvine, CA 92714 (714) 261-1022 FAX(714)261-1228

(} Del Mar Analy‘ncal 1014 E. Cooley Dr.. Suite A, Colton. CA 92324 (909} 370-4667 FAX (909} 370-1046

16525 Sherman Way, Suite C-1 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843

..... R p : .3.-.'{{(~1..
£4675 MacArthur Court, Suite 850 Received:  Jun 4, 1993
“Newport Beach, CA 92660 Sample Descript: Soil, #100 Analyzed: Jun7-16, 1993
“ Attention: Stephen Niou Lab Number: CF00516 Reported: Jun 17, 1993

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Resuit
mg/L mg/Kg mg/Kg mg/Kg
(ppm) (ppm) (pPm) {ppm)
Cadmium 6010 1 100 0.1 41
Chromium (V) 7196 5 500 5.0 51
Chromium (Total 6010 5 2,500 0.5 510
Lead 6010 5 1,000 1.0 130
Nickel 6010 20 2.000 0.5 47

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Gar/yg\Steube

Laboratory Director

CF00515.URS <2>



2852 Alton Ave., Irvine, CA 92714 {714) 261-1022 FAX(714) 261-1228

() Del Mar Analynca' 1014 E. Cooley Dr.. Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX (B18) 779-1843

- onsuitants oj : pled: .
.:4675 MacArthur Court, Suite 850 Received:  Jun 4, 1993
Newport Beach, CA 92660 Sample Descript: Sail, #20 Analyzed: Jun 7-16, 1993

- Attention: Stephen Niou Lab Number: CF00517 Reported: Jun 17, 1993

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Resulit
mg/L mg/Kg mg/Kg mg/Kg
(ppm) (pPm) (ppm) (ppm)
Cadmium 6010 1 100 0.1 3.2
Chromium (V1) 7196 5 500 5.0 57
Chromium (Total 6010 5 2,500 0.5 830
Lead 6010 5 1,000 1.0 11
Nickel 6010 20 2,000 0.5 3.0

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Gar%(ﬁteu;e

Laboratory Director

CF00515.URS <3>



(,; Del Mar Analytical

2852 Alton Ave.. Irvine, CA 92714
1014 E. Cooley Dr.. Suite A, Coiton, CA 92324
16525 Sherman Way. Suite C-11, Van Nuys. CA 91406

(714) 261-1022 FAX(714)261-1228
(909} 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843

4675 MacArthur Court, Suite 850
Newport Beach. CA 92660
Attention: Stephen Niou

Sample Descript:
Lab Number:

EPA STLC
Analyte Method Max. Limit
mg/L
(ppm)
Cadmium 6010 1
Chromium (V1) 7196 5
Chromium (Total 6010 5
Lead 6010 5
Nickel 6010 20

D: Alark Site

Received; Jun 4, 1993
Soil, <#230 (PAN) Analyzed: Jun 7-16, 1993
CF00518 Reported:

TTLC
TTLC  Detection Sample
Max. Limit  Limit Resuit
mg/Kg mg/Kg mg/Kg
(pPm) {ppm) {ppm)
100 0.1 4.1
500 5.0 75
2,500 05 780
1,000 1.0 110
2,000 0.5 7.0

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Gar%Steube

Laboratory Director

CFO0515.URS <4>
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2852 Alton Ave.. Irvine. CA 92714 [714) 261-1022 FAX (714) 261-1228

( ) Del MarAnaIyﬂcal 1014 E, Cooley Dr.. Suite A, Colton. CA 92324  (909) 370-4667 FAX (909) 370-1046

16525 Sherman Way. Suite C-1 1. Van Nuys. CA 91406 {818) 779-1844 FAX (818} 779-1843

l M p . 1)
4675 MacArthur Court, Suite 850 Received:  Jun 4, 1993
Newport Beach, CA 92660 Sample Descript: Soil, #40 Analyzed: Jun 7-16, 1993
Attention: Stephen Niou Lab Number: CF00519 Reported: Jun 17, 1993

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/Kg mg/Kg
{ppm) {ppm) (ppm) {ppm)
Cadmium 6010 1 100 0.1 3.6
Chromium (VI) 7196 5 500 50 56
Chromium (Total 6010 5 2,500 0.5 530
Lead 6010 5 1.000 1.0 120
Nickel 6010 20 2,000 0.5 27

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

7

Ga%Steube

Laboratory Director

CFO0515.URS <5>



2852 Alton Ave., irvine, CA 92714 (714) 261-1022 FAX (714) 261-1228

I
1
-
( } Del Mar Analy‘“cal 1014 € Cooley Dr . Suite A, Colton, CA92324  1909) 370-4667 FAX (909) 370-1046

16525 Sherman Way. Suite C-11. Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843

(S
. URS Consultants Client pled: |
- 3675 MacArthur Court, Suite 850 Received:  Jun 4, 1993
“Newport Beach, CA 92660 Sample Descript: Soil, #230 Analyzed: Jun7-16, 1993:
: Attention: Stephen Niou Lab Number: CF00520 Reported: Jun 17, 19933
| B
b eI
TTLC
: EPA STLC TTLC  Detection Sample
™ Analyte Method Max. Limit  Max. Limit  Limit Result
mg/L mg/Kg mg/Kg mg/Kg
‘ (ppm) (ppm) (Ppm) (ppm)
-
Cadmium 6010 1 100 0.1 5.0
: Chromium (VI) 7196 5 500 5.0 86
’I Chromium (Total 6010 5 2.500 0.5 850
- Lead 6010 5 1,000 1.0 120
Nickel 6010 20 2,000 0.5 83
-
[
-
-
-
-
-
L]
[

Analytes reported as N.D. were not present above the stated limit of detection.

b DELMAR ANALYTICAL, IRVINE (ELAP #1197)
4

‘o
Gary%teube

‘ Laboratory Director
L CFOOS15.URS <6>

r
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2852 Alton Ave . irvine. CA 92714 {714)261-1022 FAX[714)261-1228

( ) Del MarAnaly‘tlcaI 1014 E. Cooley Dr_, Suite A. Colton. CA 92324  (909) 370-4667 FAX (909) 370-1046

16525 Sherman Way, Suite C-11. Van Nuys, CA 91406 [818] 779-1844 FAX (818) 779-1843

“UR

pled: . E
4675 MacArthur Court, Suite 850 Received:  Jun 4, 1993:
‘Newport Beach, CA 92660 Sample Descript: Soil, #4 Analyzed: Jun7-16, 1993

Attention: Stephen Niou Lab Number: CF00521 Reported: Jun 17, 1993:

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Resuit
mg/L mg/Kg mg/Kg mg/Kg
(ppm) (ppm) (ppm) {ppm)
Cadmium 6010 1 100 0.1 19
Chromium (V1) 7196 5 500 5.0 77
Chromium (Total 6010 5 2,500 5.0 3.000
Lead 6010 5 1,000 1.0 10
Nickel 6010 20 2,000 0.5 11

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

.
il

Laboratory Director

CF00515.URS <7>



2852 Aiton Ave.. Irvine, CA 92714 (714) 261-1022 FAX (714) 261-1228

( } Del Mar Ana'y‘tlcal 1014 E. Cooley Dr . Suite A. Colton. CA 92324 {909) 370-4667 FAX {909) 370-1046

16525 Sherman Way. Suite C-11. Van Nuys, CA 91406 (818) 779-1844 FAX {818)779.1843

“URS Consultants Client Project ID: Alark Site Sampled:  Jun 3, 1993
4675 MacArthur Court, Suite 850 Received:  Jun 4, 1993
Newport Beach, CA 92660 Sample Descript: Soil, #10 Analyzed: Jun 7-16, 1993
Attention: Stephen Niou Lab Number: CF00522 Reported: Jun 17, 1993

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/Kg mg/Kg
(ppm) (Ppm) (pPm) (ppm)
Cadmium 6010 1 100 0.1 79
Chromium (V1) 7196 5 500 5.0 110
Chromium (Total 6010 5 2,500 5.0 1,400
Lead 6010 5 1.000 1.0 8.2
Nickel 6010 20 2.000 0.5 3.3

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Lk
Gafy%Steube

Laboratory Director

CFO0515.URS <8>



(i’ Del Mar Analytical

URS Consuitants
4675 MacArthur Court, Suite 850
Newport Beach, CA 92660
Attention: Stephen Niou

Client Project ID:

Sample Descript:
Lab Number:

EPA STLC

Analyte Method Max. Limit

mg/L

(ppm)
Cadmium 6010 1
Chromium (VI) 7196 5
Chromium (Total 6010 5
Lead 6010 5
Nickel 6010 20

2852 Alton Ave.. Irvine, CA 92714
1014 E. Cooiey Dr.. Suite A, Colton, CA 92324
18525 Sherman Way. Suite C- 11, Van Nuys. CA 91406

{7141261-1022 FAX (714) 261-1228
{909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843

Alark Site Sampled:  Jun 3, 1993
Received: Jun 4, 1993
Soll, #60 Analyzed: Jun 7-16, 1993
CF00523 Reported: Jun 17, 1993
TTLC
TTLC  Detection Sampile
Max. Limit  Limit Result
ma/Kg mg/Kg mg/Kg
(ppm) {ppm) (ppm)
100 0.1 3.8
500 5.0 33
2,500 0.5 500
1,000 1.0 170
2.000 05 3.1

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)
r /]

GajSteube

Laboratory Director

CF00515.URS <9>



2852 Alton Ave., Irvine, CA 92714 {714} 261-1022 FAX(T14) 2611228

() Del MarAnalyﬂcal 1014 E. Cooley Dr., Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046

16325 Sherman Way Suite C-11. Van Nuys. CA 91406 (8181779 1844 FAX (818) 779-1843

:URS Consuitants Client Project ID: Alark Si Sampled:
14675 MacArthur Count, Suite 850 Received:  Jun 4, 1993
. Newport Beach, CA 92660 Sample Descript: Water, Wash Water Analyzed: Jun 4-16, 1993

_Attention: Stephen Niou Lab Number: CF00524 Reported: Jun 17, 1993

EPA Detection Sample
Analyte Method Limit Result
mg/L mg/L
{ppm) {pem)
Cadmium 6010 0.005 0.09
Chromium (VI) 7196 0.025 0.20
Chromium (Total 7191 0.05 47
Lead 7421 0.05 0.22
Nickel 6010 0.05 0.11

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Ga%ﬁttube

Laboratory Director

CF00515.URS <10>



P

P

(} Del Mar Analytical

16525 Sherman Way, Suite C- 11, Van Nuys. CA 91406

2852 Aiton Ave . irvine, CA 92714
1014 E. Cooley Dr.. Suite A, Colton, CA 92324

(714) 261-1022 FAX {714} 261-1228
{909] 370-4667 FAX(909) 370-1046
{818} 779-1844 FAX(818) 779-1843

URS Consuitants

4675 MacArthur Court, Suite 850

Newport Beach, CA 92660
Attention: Stephen Niou

Analyzed: Jun 7-16, 1993
Reported: Jun 17, 1993
Matrix: Soil

Analyte

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium (VI)
Chromium (Total
Cobait
Copper

Lead

Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

EPA
Method

6010
6010
6010
6010
6010
7196
6010
6010
6010
6010
7471
6010
6010
6010
6010
6010
6010
6010

STLC
Max. Limit
mg/L
(ppm)

15
5
100
0.75
1
5
5
80
25
5
0.2
350
20
1
5
7
24
250

TTLC
Max. Limit
mg/Kg
(ppm)

500
500
10.000
75
100
500
2,500
8.000
2.500
1.000
20
3,500
2.000
100
500
700
2,400
5,000

Analytes reparted as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

ﬂ .
Ga}r‘yééteu: be

Laboratory Director

Detection
Limit
mg/Kg
(Ppm)

50
1.0
05
0.1
0.1
0.25
0.5
05
0.5
1.0
0.075
0.5
05
1.0
0.5
5.0
056
0.5

TTLC
Sample
Result
mg/Kg
(ppm)

N.D.
N.D.

Z2ZZ2ZZ22222ZZ
lolwivivivivivivEvlwle)

CF00515.URS <11>



2852 Altort Ave.. Irvine, CA 52714 (714} 261 1022 FAX {714} 261-1228

16525 Sherman Way. Suite C-11. Van Nuys. CA 91406 {818) 779-1844 FAX (818) 779-1843

]
[
( ) Del MarAnaIyncal 1014 E. Cooley Dr.. Suite A. Colton, CA 92324 (909) 370-4667 FAX (909} 370-1046
|
I

r r

-

URS Consultants

4675 MacArthur Court, Suite 850 : Analyzed:
Newport Beach, CA 92660 | Reported:
Attention: Stephen Niou Matrix:

Jun 4-16, 1993
Jun 17, 1993

Water

EPA Detection Sample

Analyte Method Limit Result
mg/L mg/L
{ppm) (ppm)
Cadmium 6010 0.05 N.D.
Chromium (VI) 7196 0.025 N.D.
Chromium (Total 7191 0.05 N.D.
Lead 7421 0.05 N.D.
Nickel 6010 0.05 N.D.

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

GaniSteube
Laboratory Director

CF00515.URS <12>



2852 Alton Ave . Irvine, CA 92714 {714) 261-1022 FAX {714} 261-1228

(,) Del Mar/\nalyﬂcal 1014 € Cooley Dr . Suite A, Colton. CA 92324 {909) 370-4667 FAX (909} 370-1046

16525 Sherman Way, Suite C: 1}, Van Nuys. CA 91406 {818) 779-1844 FAX (818) 779-1843

r r

EPA METHOD: 3060/7196

matrix: soil
DATE: 6/7/93
SAMPLE # Blank

MEAN
Anaiyte R1 Sp MS MSD PR1 PR2 RPD PR
ppm  ppm  ppm ppm % % % %

Chromium +6 [0 [ 02 [0154] 0141 | 77% | 71% | 88% | 74% ]
Definition of Terms:
RY. ... o Result of Sample Anaiysis
SP. v Spike Concentration Added to Sample
MS. ... Matrix Spike Result
MSD................... Matrix Spike Duplicate Result
PR1............ .. ..... Percent Recovery of MS; (MS-R1)/SP X 100
PR2....... ... . .. ... Percent Recovery of MSD; ( (MSD-R1) / SP} X 100
RPD.................. Relative Percent Difference; (MS-MSD)/(MS+MSD)/2)) X 100

Del Mar Analytical



r r

—

() Del MarAnalvtical

DATE:
SAMPLE #
Analyte

Chromium

Del Mar Apalytical

2852 Alton Ave.. Irvine, CA 92714 (714)261-1022 FAX (714]261:1228
1014 E. Cootey Dr., Suite A, Cotton, CA 92324 (909) 370-4667 FAX (909) 370-1046
16525 Sherman Way, Suite C- 11, Van Nuys, CA 91406 (818) 779-1844 FAX {818) 779-1843

METHOD Metals

Instrument: AA
6/16/93 Matrix: soil

CF00535

R1 SP MS MSD PR1 PR2 RPD

ppb ppb ppb  ppb % % %
[7761]1000] 2745] 2881 | 98% | 112% | 4.8% ]

............ Resuit of Sample Analysis

............ Spike Concentration Added to Sampie

............ Matrix Spike Result

............ Matrix Spike Duplicate Result

............ Percent Recovery of MS; (MS-R1)/SP X 100
............ Percent Recovery of MSD; ( (MSD-R1) / SP X 100
............ Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2)) X



( # Del Mar Analytical

Date:

SAMPLE #
Analyte

Cadmium
Chromium
Copper
Lead
Nickel
Vanadium
Zinc

Del Mar Analytical

2852 Alton Ave_ Irvine, CA 92714 {714) 261-1022 FAX (714) 261-1228
1014 E. Cooley Dr.. Suite A, Colton. CA 92324 {909} 370-4667 FAX (909] 370-1046
16525 Sherman Way. Suite C-1 1. Van Nuys, CA 91406 (818} 779-1844 FAX (818) 7791843

METHOD Metals
Instrument; ICP
6/15/93 Matrix: SOIL

CF00551

R1 SP MS MSD PR1 PR2 RPD

ppb  ppb ppb  ppb % % %

0 11000 925 930 93% 93% 0.5%
734 | 1000|1831 1800 110% | 107% 1.7%
770 {11000 2024 | 1928 125% | 116% | 4.9%
462 | 1000 | 1424 | 1427 96% 897% 0.2%
501 | 1000 ]| 1448 | 1404 95% 90% 3.2%
2417110003624 | 3610 121% | 119% | 0.4%
2447 | 1000 | 3646 | 3446 120% | 100% 5.6%

........... Result of Sample Analysis

........... Spike Concentration Added to Sample

............ Matrix Spike Result

............ Matrix Spike Duplicate Resuit

............ Percent Recovery of MS; ((MS-R1)/SP) X 100
............ Percent Recovery of MSD; (MSD-R1) / SP) X 100
............ Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2)) X
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' URS Consuitants Client Project ID: Alark Site

‘Sampled: .
4675 MacArthur Court, Suite 850 Received: Jun 4, 1993
' Newport Beach, CA 92660 Sample Descript: STLC Extract of a Soil, 13 Analyzed: Jun9-16, 1993

2852 Alton Ave., Irvine, CA 92714 {7164) 261-1022 FAX (714) 261-1228

16525 Sherman Way. Suite C- 11, Van Nuys, CA 91406 (818) 779-1844 FAX{818) 779-1843

()’ Del Mar Analy‘“cal 1014 E Cooley Dr . Suite A, Colton. CA 92324 (909} 370-6667 FAX (909 370-1046

Attention: Stephen Niou Lab Number: CF00535 Reported:  Jun 18, 1993

STLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/L mg/L
{ppm) (ppm) {ppm) {ppm)
Cadmium 6010 1 100 0.05 N.D.
Chromium (V1) 7196 5 500 0.25 0.61
Chromium (Total) 6010 5 2,500 0.05 9.1
Lead 6010 5 1,000 0.05 24
Nickel 6010 20 2,000 0.05 0.06

Prior to analysis, the sample was extracted using the WET method as described in California Title 22, Section 66261, Appendix Il.
Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)
r 7

Ga&teu’he

Laboratory Director
CF00535.URS <1>



2852 Alton Ave., irvine, CA 92714 {7141 261-1022 FAX {714)261-1228

- .
Q Del Mar Ana'y‘tlca‘ 1014 E Cooley Dr . Suite A. Coiton. CA 92324 (909} 3704667 FAX (909} 370-1046

t

L}

16525 Sherman Way. Suite C-11 Van Nuys. CA 91406 i818) 779-1844 FAX (B818) 779-1843

U onsultants roject 1D: ampled: .
£ 4675 MacArthur Court, Suite 850 Received: Jun 4, 1993

= Newport Beach, CA 92660 Sample Descript: STLC Extract of a Soil, 14 Analyzed: Jun9-16, 1993
i Attention: Stephen Niou Lab Number: CF00536 Reported: Jun 18, 1993
|
-
STLC
| EPA STLC TTLC  Detection Sample
- Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/L mg/L
‘ {ppm) {ppm) (ppm) (ppm)
-
Cadmium 6010 1 100 0.05 N.D.
. Chromium (VI) 7196 5 500 0.5 3.2
L Chromium (Total) 6010 5 2,500 0.05 20
Lead 6010 5 1,000 0.05 0.34
Nickel 6010 20 2.000 0.05 0.13
-
|
-
[
|
o
-
i
-
-
-
- Prior to analysis. the sampie was extracted using the WET method as described in California Titie 22, Section 66261, Appendix It.

Analytes reported as N.D. were not present above the stated limit of detection.

=  DELMAR ANALYTICAL, IRVINE (ELAP #1197)
o]

Gary[St&ube
Laboratory Director

L CF00535.URS <2>



r

:URS Consultants
4675 MacArthur Court, Suite 850 Received: Jun 4, 1993
“Newport Beach, CA 92660 Sample Descript: STLC Extract of a Soil, 15 Analyzed: Jun9-16, 1983
- Attention: Stephen Niou Lab Number: CF00537 Reported:  Jun 18, 1993

2852 Alton Ave.. Irvine. CA 92714 {714} 261-1022 FAX(714)261-1228

15525 Sherman Way, Suite C-11. Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843

(} Del Mar Analy‘“cal 1014 E Cooley Dr . Suite A. Cotton. CA 92324 {909) 370-4667 FAX (909) 370-1046

ient rbject . Alark Site Jun 4,

ampled:

STLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/L mg/L
(ppm) ppm) {(ppm) (ppm)
Cadmium 6010 1 100 0.05 0.31
Chromium (VI) 7196 5 500 0.025 0.054
Chromium (Total) 6010 5 2,500 0.05 170
Lead 6010 5 1.000 0.05 11
Nickel 6010 20 2.000 0.05 1.2

Prior to analysis, the sample was extracted using the WET method as described in California Title 22, Section 66261, Appendix .

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)
£y
o

Gary{ Steube
Laboratory Director

CF00535.URS <3>



- URS Consuitants pled: .

4675 MacArthur Court, Suite 850 Received: Jun 4, 1993
“Newport Beach, CA 92660 Sample Descript: STLC Extract of a Soil, 16 Analyzed: Jun9-16, 1993
;Attention: Stephen Niou Lab Number: CF00538 Reported:  Jun 18, 1993

2852 Alton Ave., Irvine, CA 92714 {714)261-1022 FAX (714)261-1228

16525 Sherman Way, Suite C-11. Van Nuys. CA 91406 18181 779-1844 FAX (818)779-1843

*, .
Q Del Mar Analyﬂcal 1014 € Cooley Dr.. Suite A. Colton. CA 92324 {909) 3704667 FAX (909} 370-1046

“'Cliéﬁt'F"rdject ID: Alark Site un

STLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit  Max. Limit  Limit Resuit
mg/L mg/Kg mg/L mg/L
{ppm) (ppm) (PPm) (Ppm)
Cadmium 6010 1 100 0.05 N.D.
Chromium (VI) 7196 5 500 0.5 N.D.
Chromium (Total) 6010 5 2,500 0.05 76
Lead 6010 5 1.000 0.05 0.46
Nickel 6010 20 2.000 0.05 N.D.

Prior to analysis, the sample was extracted using the WET method as described in California Title 22, Section 66261, Appendix Il.

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

n

Ny

y

Gafyi(Steube

Laboratory Director
CF00535.URS <4>



i
- 2852 Alton Ave . irvine. CA92714 {714} 261-1022 FAX{714) 261-1228

(} Del Mar Analyﬂcal 1014 E. Cootey Dr _Suite A Colton. CA 92324 1909} 3704667 FAX {909) 370-1046

16525 Sherman Way. Suite C-11. Van Nuys. CA 91406 (818) 7791844 FAX {818) 779-1843

[}
: pled: un 4,
4675 MacArthur Court, Suite 850 Received: Jun 4,
- Newport Beach, CA 92660 Sample Descript: STLC Extract of a Soil, 17 Analyzed: Jun9-17,
Attention: Stephen Niou Lab Number: CF00539 Reported:  Jun 18,
STLC
EPA STLC TTLC  Detection Sample
- Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/L mg/L
{ppm) ippm) (ppm) (ppm)
™ Cadmium 6010 1 100 0.05 N.D.
‘ Chromium (V1) 7196 5 500 0.025 0.36
, Chromium (Total) 6010 5 2,500 0.05 18
- Lead 6010 5 1,000 0.05 0.13
Nickel 6010 20 2,000 0.05 0.15
-
'
-
-
-
-
-
[
]
- Prior to analysis, the sample was extracted using the WET method as described in California Title 22. Section 66261, Appendix il.

Analytes reported as N.D. were not present above the stated limit of detection.

=  DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Gary, Steube
Laboratory Director

L CF00535.URS <S>



—

© 4675 MacArthur Court, Suite 850

. Received; Jun 4, 1993
:Newport Beach, CA 92660 Sample Descript: STLC Extract of a Soil, 18 Analyzed: Jun9-17, 1993
Attention: Stephen Niou Lab Number: CF00540 Reported:  Jun 18, 1993

2852 Alton Ave. . Irvine. CA 92714 {714) 261-1022 FAX {714} 261-1228

(4) Del MarAnalyncal 1014 E Cooley Dr . Suite A. Colton. CA 92324 {909} 370-4667 FAX (909} 370-1046

16525 Sherman Way, Suite C- 11, Van Nuys, CA 91406 1818} 7791844 FAX (818) 779-1843

Project ID: Alark Site

STLC

EPA STLC TTLC  Detection Sample

Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/L mg/L
(ppm) {ppm) (Ppm) (ppm)
Cadmium 6010 1 100 0.05 0.19
Chromium (V1) 7196 5 500 5.0 N.D.
Chromium (Total) 6010 5 2,500 0.05 120
Lead 6010 5 1.000 0.05 0.58
Nickel 6010 20 2,000 0.05 0.97

Prior to analysis, the sample was extracted using the WET method as described in California Title 22. Section 66261, Appendix 1l

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

Garp\Stelibe
Laboratory Director

CFO0535.URS <6>



() Del Mar Analvtical

U nsu

4675 MacArthur Court, Suite 850

Newport Beach, CA 92660

Attention: Stephen Niou

Analyte

Cadmium
Chromium (V1)
Chromium (Total)
Lead

Nickel

EPA
Method

6010
7196
6010
7421
6010

Sample Descript: Water, 19
Lab Number:

Detection

Limit
mg/L
(Ppm)

0.005
0.025
0.5
1.0
0.05

CF00541

2852 Alton Ave.. irvine. CA 92714
1014 E Cooley Dr.. Suite A, Colton, CA 92324
*6525 Sherman Way. Suite C-1 1. vVan Nuys. CA 51406

Sample
Resuit
mg/L
{ppm)

1.8
0.06
630

19

1.4

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

4

a
Ga)rﬁsmube

Laboratory Director

mpled: \
Received: Jun 4, 1993
Analyzed: Jun4-17, 1993
Reported: Jun 18, 1993

(714) 261-1022 FAX(714] 261-1228
{909) 370-4667 FAX (909) 370-1046
{818} 779-1844 FAX (818) 779-1843

CFO0535.URS <7>



() Del Mar Analytical

- onsultants ie
4675 MacArthur Court, Suite 850
“Newport Beach. CA 92660
- Attention: Stephen Niou

ojec

Lab Number:

EPA Detection
Analyte Method Limit
mg/L
(ppm)
Cadmium 6010 0.005
Chromium (VI) 7196 0.025
Chromium (Total) 6010 0.005
Lead 7421 0.005
Nickel 6010 0.05

Sample Descript: Water, 20

2852 Afton Ave.. Irvine. CA 92714
1014 €. Cooley Dr., Suite A, Coiton. CA 92324
16525 Sherman Way. Suite C-11 Van Nuys. CA 91406

ark Site s

pled: un 4,
Received: Jun 4, 1993
Analyzed: Jun4-17, 1993

CF00542 Reported:  Jun 18, 1993

Sample
Resuit
mg/L
{ppm)

N.D.
N.D.
0.57
N.D.
N.D.

Analytes reported as N.D. were not present above the stated fimit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)
r

Gary Steube
Laboratory Director

(714) 261-1022 FAX (714] 261-1228
(909) 370-4667 FAX (909) 370-1046
{818) 779-1844 FAX (818] 779-1843

CF00535.URS <8>




M

2852 Alton Ave.. Irvine, CA 92714

(} Del Mar AnaIthcaI 1014 E. Cooley Dr . Suite A, Coiton, CA 92324

16525 Sherman Way. Suite €11, Var Nuys, CA 91406

onsuitants : ampled: un 4,
= 4675 MacArthur Court, Suite 850 Received: Jun 4, 1993
_Newport Beach, CA 92660 Sample Descript: Sludge, 21 Analyzed: Jun 4-18, 1993

. Attention: Stephen Niou Lab Number: CF00543

EPA Detection Sample
Analyte Method Limit Resuit
mg/Kg mg/Kg
(ppm) (ppm)
Cadmium 6010 0.1 2.7
Chromium (V1) 7196 0.025 0.24
Chromium (Total) 6010 5.0 1.100
Lead 6010 1.0 33
Nickel 6010 0.5 2.9

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)
r

I

f

Gany Steube
Laboratory Director

Reported:  Jun 18, 1993

(714) 261-1022 FAX(714) 261-1228
(909) 370-4667 FAX(909) 370-1046
{818) 779-1844 FAX(818) 779-1843

!
i

CF00535.URS <9>



2852 Alton Ave . Irvine. CA 92714 {714) 261-1022 FAX [714) 261-1228

Q Del Mar Analy“cal 1014 E Cooley Dr . Sute A Coiton, CA92326 {909} 370-4667 FAX {909) 370-1046

16525 Sherman Way Suite C-11. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843

U

0 j : pled: un 4,
-4675 MacArthur Court, Suite 850 Received: Jun 4, 1993
Newport Beach, CA 92660 Sample Descript: STLC Extract of a Sludge, 21 Analyzed: Jun9-17, 1993
Attention: Stephen Niou Lab Number: CF00543 Reported:  Jun 18, 199

STLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/L mg/L mg/L
{Ppm) (ppm) (Ppm) (ppm)
Cadmium 6010 1 100 0.05 0.52
Chromium (VI) 7196 5 500 0.025 N.D.
Chromium (Total) 6010 5 2,500 0.05 250
Lead 6010 5 1,000 0.05 1.8
Nickel 6010 20 2,000 0.05 0.93

Prior to analysis, the sample was extracted using the WET method as described in California Title 22, Section 66261, Appendix il.
Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

(“ :
GaﬁSteube

Laboratory Director
CF00535.URS <10>



P Del MarAnalytical

t Project ID:

| su
4675 MacArthur Court, Suite 850

‘Newport Beach, CA 92660 Sample Descript: Soil, 22
: Attention: Stephen Niou Lab Number: CF00544
EPA STLC TTLC
Analyte Method Max. Limit Max. Limit
mg/L mg/Kg
(Ppm) ippm)
Antimony 6010 15 500
Arsenic 6010 5 500
Barium 6010 100 10,000
Beryilium 6010 0.75 75
Cadmium 6010 1 100
Chromium (V1) 7196 5 500
Chromium (Total) 6010 5 2,500
Cobalt 6010 80 8.000
Copper 6010 25 2500
Lead 6010 5 1,000
Mercury 7471 0.2 20
Molybdenum 6010 350 3,500
Nickel 6010 20 2,000
Selenium 6010 1 100
Silver 6010 5 500
Thallium 6010 7 700
Vanadium 6010 24 2,400
Zinc 6010 250 5.000

Analytes reported as N.D. were not present above the stated limit of detection.

DEL N}AR ANALYTICAL, IRVINE (ELAP #1197)

~

[

Gany Steube
Laboratory Director

1014 E Cooley Dr.. Suite A, Cofton. CA 92324
16525 Sherman Way, Suite C-11. Van Nuys. CA 91406

i714) 261-1022 FAX (714} 261-1228
(909) 370-4667 FAX.(3A9) 370-1046
(818) 779-1844 FAX (818) 779-1843

2852 Alton Ave . Irvine. CA 92714

pl

Received; Jun 4: 199
Analyzed: Jun7-16, 199
Reported:  Jun 18, 1993

Detection Sample
Limit Result
mg/Kg mg/Kg
{Ppm) (ppm)

5.0 10
1.0 N.D.
0.5 86
0.1 02
01 5.1
0.25 N.D.
0.5 N.D.
05 2,400
0.5 6.9
1.0 a8
0.075 56
0.5 N.D
05 N.D.
1.0 16
0.5 N.D
5.0 N.D.
0.5 9.1
0.5 66

CF00535.URS <11>
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2852 Aiton Ave. . Irvine, CA 92714

() D@‘ Mar /A\na|ytl()a| 1014 E. Cooley Dr__ Sute A. Calton. CA 92324

15525 Sherman Way. Suite V1, Van Nuys, CA 91406

- Alark Site

: URS Consuitants ient

‘4675 MacArthur Court, Suite 850

roject

Analyte EPA Method Detection Limit

mg/L

(ppm)
ACITRY........oooooooeeee, 305.1 20 e,
AKAINIY.....oeeeeeeeae 310.1 20 s
pH (PH Units) ... 150.1 NA

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

rof
l
Gary Steube

Laboratory Director

Sampled:
Received: Jun 4,
Newport Beach, CA 92660 Sample Descript: Water, 19 Analyzed: Jun 8,
‘Attention: Stephen Niou Lab Number: CF00541 Reported:  Jun 18,

(714} 261-1022 FAX(714)261-1228
1909) 370-4667 FAX (909) 370-1046
{818) 779-1844 FAX (818} 7791843

Sample Result
mg/L
(ppm)

170.000
N.D.

CFO0535.URS <12>
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2852 Aiton Ave.. Irvine, CA 92714

() De‘ Mar Ana\ynca‘ 1014 E. Cooley Dr . Suite A, Colton. CA 92324

16525 Sherman Way. Suite €11, Van Nuys. CA 91406

U pled: ,
4675 MacArthur Court, Suite 850 Received:  Jun 4, 1993:
Newport Beach, CA 92660 Sample Descript: Water, 20 Analyzed: Jun 8, 1993

Attention: Stephen Niou Lab Number: CF00542 Reported:  Jun 18, 1993

LABORATORY ANALYSIS

Analyte EPA Method Detection Limit

mg/L

(ppm)
ACIHItY ..o 305.1 20
Atkalinity.............. 310.1 20

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MI/\R ANALYTICAL, IRVINE (ELAP #1197)

~

i
Gary Steube

Laboratory Director

(714) 2611022 FAX {714) 2611218

1909) 370-4667 FAX [909) 370-1046
{818) 7791844 FAX (818] 779-1843

Sample Result
mg/L
(ppm)

CF00535.URS <13>




#URS Consuitants Client Project ID: Alark Site
4675 MacArthur Court, Suite 850

“Newport Beach, CA 92660 Sample Descript: Siudge, 21
Attention: Stephen Niou Lab Number: CF00543

2852 Aiton Ave . Irvine, CA 92714 {714) 261-1022 FAX (714} 261-1228

16525 Sherman Way, Suite C-11. Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843

(} Del Mar An alytlcal 1014 E Cooley Dr . Suite A Colton, CA 92324 (909) 370-4667 FAX {909) 370-1046

LABORATORY ANALYSIS
Anaiyte EPA Method Detection Limit Sample Result
Percent Solids (%).....c..ccccereverennnn. 160.3 NA e, 15

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

;)

[/ +

Gary Steube
Laboratory Director

CF00535.URS <14>



' 2852 Alton Ave_. Inine. CA 92714 {7141 261:1022 FAX (71412611228
e

( ) 1 1014 E Cooley Dr .Surte A Colton, CA92524 1909, 3104661 FAX{309) 310104
) De‘ Mar Ana‘\/‘t‘ca\ 16525 Sherman Way. Suite C-11, Van Nuys. CA 91406 {818) 779 1844 FAX (81817791843

URS Consultants
4675 MacArthur Court, Suite 850
- Newport Beach. CA 92660

Analyzed: Jun9-17, 1993
Reported: Jun 18, 1993

Attention: Stephen Niou Matrix: Soil
|
(]
STLC
‘ EPA STLC TTILC  Detection Sample
e Analyte Method Max. Limit  Max. Limit  Limit Result
mg/L mg/Kg mg/L mg/L
. (PPm) (ppm) (ppm) {ppm}
- Cadmium 6010 1 100 0.05 N.D.
Chromium (V1) 7196 5 500 0.025 N.D.
' Chromium (Total) 6010 5 2.500 0.05 N.D.
- Lead 6010 5 1,000 0.05 N.D.
Nickel 6010 20 2,000 0.05 N.D.
-
3
-
-
[
L]
{
am
]
- Prior to analysis. the sample was extracted using the WET method as described in California Title 22, Section 66261, Appendix |I.

Anaiytes reported as N.D. were not present above the stated limit of detection.

- DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

L L

Gary Bteube
Laboratory Director

L- CF00535.URS <15>
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2852 Alton Ave , Irvine, CA 92714 [7141261-1022 FAX{7141261-1228

() Del Mar Analytlcal 1014 E. Cooley Dr . Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046

16525 Sherman Way. Suite C-i 1. Van Nuys. CA 91406 1818) 7791844 FAX (818) 779-1843

URS Consuitants

4675 MacArthur Court, Suite 850 Analyzed:
Newport Beach, CA 92660 Reported:
Attention: Stephen Niou Matrix:

Jun 4-18, 1993
Jun 18, 1993

Water

EPA Detection Sample

Analyte Method Limit Result
mg/L mg/L
{(ppm) (ppm)
Cadmium 6010 0.005 N.D.
Chromium (VI) 7196 0.025 N.D.
Chromium (Total 7191 0.005 N.D.
Lead 7421 0.005 N.D.
Nickel 6010 0.05 N.D.

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

~

/

Gary Steube
Labovratory Director

CF00535.URS < 16>



_. - r-

r_ﬁ

«? Del VarAnalytical

2852 Alton Ave . Irvine. CA 92714 {714) 261-1022 FAX (714} 261-1228
1014 € Cootey Dr . Suite A. Coiton. CA 92324 {909) 370-4667 FAX (909) 370-1046
16525 Sherman Way. Suite C- 11, Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843

URS Consuitants

4675 MacArthur Court. Suite 850

Newport Beach, CA 92660
Attention: Stephen Niou

Analyzed: Jun 4-18, 1993
Reported:  Jun 18, 1993

Matrix: Water

EPA
Analyte Method
Cadmium 6010
Chromium (Vi) 7196
Chromium (Total) 6010
Lead 6010
Nickel 6010

Detection

Limit
mg/L
(ppm)

0.005
0.025
0.005
0.005
0.05

Sample

Resuit
mg/L.
(ppm)

N.D.
N.D.
N.D.
N.D.
N.D.

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

o

i"t B
Gaﬁﬁbe

Laboratory Director

CF00535.URS <16>
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2852 Alton Ave _ Irvine, CA 92714

() Del Mar Analytlcal 1014 € Cooley Dr., Suite A. Colton, CA 92324

16525 Sherman Way, Suite C-11. Van Nuys. CA 91406

(7141 261-1022 FAX (714} 261-1228
i909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843

URS Consultants
4675 MacArthur Court, Suite 850
Newport Beach, CA 92660

Attention: Stephen Niou

Analyzed: Jun9-17, 1993
Reported:  Jun 18, 1993
Matrix: Water

STLC

EPA STLC TTLC  Detection Sample

Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/L mg/L mg/L
{ppm) {rpm) (Ppm) (ppm})
Cadmium 6010 1 100 0.05 N.D.
Chromium (V1) 7196 5 500 0.025 N.D.
Chromium (Total) 7191 5 2500 0.05 N.D.
Lead 7421 5 1,000 0.05 N.D.
Nickel 6010 20 2,000 0.05 N.D.

Prior to analysis, the sample was extracted using the WET method as described in California Title 22, Section 66261, Appendix Il

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

~

|

Gary{Steube
Laboratory Director

CF00535.URS <17>



2852 Alton Ave.. Irvine. CA 92714 {714)261-1022 FAX (714) 261-1228

( ) Del MarAnalytlcal 1014 E_ Cooley Dr_. Suite A, Coiton, CA 92324 (309) 370-4667 FAX (909) 3701046

16525 Sherman Way, Suite C-11. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 7791843

URS Consultants
4675 MacArthur Court, Suite 850
Newport Beach, CA 92660

Attention: Stephen Niou

Analyzed: Jun7-16, 1993
Reported:  Jun 18, 1993
Matrix: Soil

TTLC

EPA STLC TTILC  Detection Sample

Analyte Method Max. Limit  Max.Limit  Limit Resuit
mg/L mg/Kg ma/Kg mg/Kg

(ppm) {ppm) (Ppm) (Ppm)
Antimony 6010 15 500 5.0 N.D.
Arsenic 6010 5 500 1.0 N.D.
Barium 6010 100 10,000 05 N.D.
Beryllium 6010 0.75 75 0.1 N.D.
Cadmium 6010 1 100 0.1 N.D.
Chromium (VI) 7196 5 500 0.25 N.D.
Chromium (Total) 6010 5 2,500 0.5 N.D.
Cobalt 6010 80 8,000 0.5 N.D.
Copper 6010 25 2.500 0.5 N.D.
Lead 6010 5 1,000 1.0 N.D.
Mercury 7471 0.2 20 0.075 N.D.
Molybdenum 6010 350 3.500 0.5 N.D.
Nickel 6010 20 2,000 05 N.D.
Selenium 6010 1 100 1.0 N.D.
Silver 6010 5 500 0.5 N.D.
Thallium 6010 7 700 5.0 N.D.
Vanadium 6010 24 2,400 0.5 N.D.
Zinc 6010 250 5,000 05 N.D.

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)
~ 7
o

Gary Steube
Laboratory Director
CF00535.URS <18>



2852 Alton Ave.. Irvine, CA 92714 {714} 261 1022 FAX (714) 261-1228

() Del MarAnaly‘“cal 1014 E Cooley Dr . Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046

16325 Sherman Way Suite C-11 Van Nuys CA 91406 (818) 779 1844 FAX (818) 779-1843

oject

: p . ,

4675 MacArthur Court, Suite 850 Received: Jun 4, 1993
- Newport Beach, CA 92660 Sample Descript: Soil, 13 Analyzed: Jun 7-16, 1993:
“ Attention: Stephen Niou Lab Number: CF00535 Reported:  Jun 18, 1993:

TTLC
EPA STLC TTILC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Resuit
mg/L mg/Kg mg/Kg mg/Kg
(Ppm) (ppm) {ppm) (ppm)
Cadmium 6010 1 100 0.1 0.7
Chromium (V1) 7196 5 500 5.0 85
Chromium (Total) 6010 5 2,500 0.5 190
Lead 6010 5 1,000 1.0 59
Nickel 6010 20 2,000 0.5 2.1

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

LN

!

Gary Steube
Laboratory Director

C JURS <19>



() Del MarAnalytical

, ent Projec
34675 MacArthur Court, Suite 850
Newport Beach, CA 92660

- Attention: Stephen Niou Lab Number:

EPA STLC
Analyte Method Max. Limit
mg/L
(ppm)
Cadmium 6010 1
Chromium (VI) 7196 5
Chromium (Total) 6010 5
Lead 6010 5
Nickel 6010 20

Sample Descript: Soil, 14
CF00536

2852 Alton Ave.. Irvine, CA 92714
1014 E Cooley Dr . Suite A. Colton. CA 92324
16525 Sherman Way. Suite C-11 Van Nuys. CA 91406

TTLC
TTLC  Detection Sample
Max. Limit Limit Resuit
mg/Kg mg/Kg mg/Kg
(ppm) (Ppm) (ppm)
100 0.1 N.D.
500 5.0 73
2,500 0.5 350
1,000 1.0 30
2,000 0.5 48

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)
r !

Gaz Steube
Laboratory Director

Received;
Analyzed:
Reported:

{714) 261-1022 FAX {714) 261-1228
{309) 370-4667 FAX {909 370-1046
(818) 779-1844 FAX (B18) 779:1843

CF00535. <20>



2852 Alton Ave.. Irvine, CA 92714 [714) 261-1022 FAX (714) 261-1228

15515 Sherman Way Suite C-11, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843

() Del MarAnaIyﬂcaI 1014 E Cooley Dr . Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046

ient Project

= URS Consultants
4675 MacArthur Court, Suite 850

~Newport Beach, CA 92660 Sample Descript: Soil, 15

= Attention: Stephen Niou Lab Number: CF00537

EPA STLC TTLC
Analyte Method Max. Limit Max. Limit
mg/L mg/Kg
(Ppm) (ppm)
Cadmium 6010 1 100
Chromium (V1) 7196 5 500
Chromium (Total) 6010 5 2,500
Lead 6010 5 1,000
Nickel 6010 20 2,000

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

4
G;%\Steube

Laboratory Director

Detection

Limit
mg/Kg
(Ppm)

0.1
0.25
0.5
1.0
0.5

ampled:
Received: Jun 4, 199
Analyzed: Jun7-16, 1993
Reported:  Jun 18, 199

TTLC
Sample
Result
mg/Kg
(ppm)

3.3
N.D.
1,500
51
14

>

CF0053b.U <21>




() Del MarAnalytical

-URS Consuitants e
4675 MacArthur Court, Suite 850
=Newport Beach, CA 92660

“ Attention: Stephen Niou

Sample Descript:
Lab Number:

EPA STLC
Analyte Method Max. Limit
mg/L
(ppm)
Cadmium 6010 1
Chromium (V1) 7196 5
Chromium (Total) 6010 5
Lead 6010 5
Nickel 6010 20

v'rzolec D“: 'A'Iér

2852 Aiton Ave.. Irvine. CA 92714

1714) 261-1022 FAX (714} 261.1228
{909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843

1014 E Cootey Dr.. Suite A, Colton. CA 92324
16525 Sherman Way. Suite C- 11, Van Nuys. CA 91406

amp

Received:
Soil, 16 Analyzed:
CF00538 Reported:
TTLC
TTLC  Detection Sample
Max. Limit  Limit Result
mg/Kg mg/Kg mg/Kg
(ppm) {ppm) (Ppm)
100 0.1 0.2
500 5.0 12
2.500 0.5 130
1,000 1.0 130
2,000 0.5 1.3

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

/

Gary|Steube
Laboratory Director




2852 Aiton Ave | Irvine, CA 92714
1014 E Cooley Dr . Suite A, Colton, CA 92324
16525 Sherman Way, Suite C 11 Van Nuys. CA 91406

P Del MarAnalytical

_ URS Consultants

ent roject ID: AIarl;'Si‘t‘eb

24675 MacArthur Court, Suite 850 Received: Jun 4,
“ Newport Beach, CA 92660 Sample Descript: Soil, 17 Analyzed: Jun7-16,
‘Attention: Stephen Niou Lab Number: CF00539 Reported:  Jun 18,
TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/Kg mg/Kg
{ppm) {ppm) (PPm) (Ppm)
Cadmium 6010 1 100 0.1 0.6
Chromium (V1) 7196 5 500 5.0 35
Chromium (Total) 6010 5 2,500 0.5 360
Lead 6010 5 1,000 1.0 18
Nickel 6010 20 2,000 05 6.1

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

i
Ga/:é teube

Laboratory Director

ampl

{7141 261-1022 FAX (714) 2611228
1909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX [B18) 7791843

un

1

CF00535.URS <23>



-

§'UR'S onsultant
:4675 MacArthur Court, Suite 850 Received: Jun 4, 1993
‘Newport Beach, CA 92660 Sample Descript: Soil, 18 Analyzed: Jun 7-16, 1993

2852 Afton Ave . Irvine. CA 92714 {714) 261 1022 FAX(714) 2611228

16525 Sherman Way. S.uite C- 11, Van Nuys, CA 91406 {818) 779-1844 FAX (818) 7791843

() Del MarAnaly‘ncaI 1014 E Cooley Dr . Suite A, Colton, CA 92524 (909) 370-4667 FAX (909) 370-1046

ampled: Jun 4, 1983

Attention: Stephen Niou Lab Number: CF00540 Reported: Jun 18, 1993

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max.Limit  Limit Resulit
mg/L mg/Kg mg/Kg mg/Kg
(ppm) {(ppm) (Ppm}) {ppm)
Cadmium 6010 1 100 0.1 3.3
Chromium (V) 7196 5 500 0.25 N.D.
Chromium (Total) 6010 5 2,500 0.5 1,300
Lead 6010 5 1,000 1.0 65
Nickel 6010 20 2,000 0.5 13

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

{"‘ /\.
Ga%teuge

Laboratory Director

C .URS <24>



(} Del Mar Analytical

Date:

SAMPLE #
Analyte

Cadmium
Chromium
Copper
Lead
Nickel
Vanadium
Zinc

Del Mar Analytical

2852 Alton Ave., Irvine, CA 92714 {714)261-1022 FAX (714)261-1228
1014 € Cooley Dr.. Suite A, Colton, CA 92324 {909) 370-4667 FAX (909) 370-1046
16525 Sherman Way, Suite C-11. Van Nuys. CA 91406 {818) 779-1844 FAX{818]) 779-1843

METHOD Metals
Instrument: ICP
6/15/93 Matrix: SOIL

CF00551

R1 SP M8 MSD PR1 PR2 RPD

ppb  ppb ppb  ppb % % %

0 | 1000| 925 930 93% 93% 0.5%
734 [1000[1831] 1800 | 110% | 107% 1.7%
770 | 1000|2024 | 1928 125% | 116% [ 4.9%
462 | 1000 [ 1424 | 1427 96% 97% 0.2%
501 [ 1000 [ 1449 | 1404 95% 80% 3.2%
2417 | 1000|3624 [ 3610 [ 121% | 119% | 0.4%
2447 1000 | 3646 | 3446 120% | 100% | 5.6%

............ Result of Sample Analysis

............ Spike Concentiration Added to Sample

............ Matrix Spike Result

............ Matrix Spike Duplicate Resuit

............ Percent Recovery of MS; ((MS-R1)/ SP) X 100
............ Percent Recovery of MSD; ((MSD-R1) / SP) X 100
............ Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2)) X



2852 Alton Ave., Irvine, CA 92714 1714) 261-1022 FAX(714) 261-1228

(> Del Mar Analy'“ca' 1014 E. Cooley Dr.. Suite A, Colton, CA 92324 {909) 370-4667 FAX {909) 3701046

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843

EPA METHOD: 3060/7196

matrix: soil
DATE: 6/7/93
SAMPLE # Blank

MEAN
Analyte R1T Sp MS MsD PR1 PR2 RPD PR
ppm ppm ppm ppm % % % %

Chromium +6 [0 T 02T0.154] 0141 | 77% | 71% | 8.8% | 74% |
Definition of Terms:
R1............. ... ... Result of Sample Analysis
Sp. e Spike Concentration Added to Sample
MS........ ... Matrix Spike Result
MSD................... Matrix Spike Duplicate Result
PR1............ ... .. Percent Recovery of MS; (MS-R1) / SP X 100
PR2............ ....... Percent Recovery of MSD; ( (MSD-R1) / SP) X 100
RPD................... Relative Percent Difference; ((MS-MSD)/(MS+MSD)/2)) X 100

Del Mar Analytical
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2852 Alton Ave.. Irvine. CA 92714 (714) 261-1022 FAX(714) 2611228
1014 E. Cooley Dr . Suite A, Colton, CA 92324 (909) 370-4667 FAX {909) 370-1046
1€525 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX [B18) 779-1843

(} Del Mar Analytical

~URS Consultants
4675 MacArthur Court, Suite 850 Received: Jun 4, 1993
“Newport Beach, CA 92660 Sample Descript: Soil, 1 Analyzed: Jun 7-16, 1993
_Attention: Stephen Niou Lab Number: CF00499 Reported: Jun 18, 1993

Client Project ID:  Alark Site Sampled:  Jun 3,

r—

r—

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/Kg mg/Kg
(ppm) (ppm) {ppm) (ppm)
Cadmium 6010 1 100 0.1 0.2
Chromium (VI) 7196 5 500 2.0 14
Chromium (Total 6010 5 2,500 0.5 150
Lead 6010 5 1.000 1.0 45
Nickel 6010 20 2.000 0.5 1.7

Analytes reported as N.D. were not present above the stated limit of detection,

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

e

Gary{Steube

Laboratory Director

CFO0499.URS <1>
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«? Del VarAnalytica

:URS' Consul ahté
"4675 MacArthur Court, Suite 850

:Newport Beach, CA 92660
- Attention: Stephen Niou

Analyte

Cadmium
Chromium (V1)
Chromium (Total
Lead

Nickel

EPA

Method

6010
7196
6010
6010
6010

nt Pfojéé

Sample Descript:
Lab Number:

STLC
Max. Limit

mg/L
(ppm)

Rooo =

. Alar

Soil, 2
CF00500

2852 Aiton Ave . Irvine. CA 92714 {716)261-1022 FAX {714)261-1228
1014 E. Cooley Dr_. Suite A, Colton, CA 92324 {9091 370-4667 FAX (909) 370-1046
16525 Sherman Way, Suite C- 1. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 7179-18453

TTLC Detection
Max. Limit Limit
ma/Kg mg/Kg
(Ppm) (ppm)
100 0.1
500 5.0
2,500 0.5
1,000 1.0
2,000 05

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

s

Ga%Steube

Laboratory Director

pled:  Jun 3,
Received: Jun 4, 1993
Analyzed: Jun 7-16, 1993

Reported: Jun 18, 1993

TTLC
Sample
Result
mg/Kg
{ppm)

N.D.
84
410
28
58

CFO0499.URS <2>



2852 Alton Ave., Irvine, CA 92714 (714) 261-1022 FAX (714} 261-1228

( } Del MarAnaIyﬂcal 1014 E. Cootey Dr.. Suite A, Colton, CA 92324 (909) 370-4667 FAX {309) 3701046

16525 Sherman Way, Suite C-11. Van Nuys, CA 91406 (818) 779-1844 FAX(818) 779-1843

- URS Consultants Client Project ID:

Alark Si :
4675 MacArthur Court, Suite 850 Received:  Jun 4, 1993
- Newport Beach, CA 92660 Sample Descript: Soil, 3 Analyzed: Jun 4-16, 1993
Attention: Stephen Niou Lab Number: CF00501 Reported: Jun 18, 1993

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Result
mg/L mg/Kg mg/Kg mg/Kg
{ppm) {ppm) (PPm) (ppm)
Cadmium 6010 1 100 0.1 2.6
Chromium (V) 7196 5 500 2.5 46
Chromium (Total 6010 5 2,500 5.0 1,800
Lead 6010 5 1,000 1.0 37
Nickel 6010 20 2,000 05 24

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1 197)

e/

Ga%Steube

Laboratory Director

CFD0499.URS <3>



2852 Alton Ave.. Irvine. CA 92714 (714)261-1022 FAX (714)261-1228

() Del MarAnaly‘“cal 1014 E Cooley Dr.. Suite A. Coiton. CA 92324 (909) 370-4667 FAX {909) 370-1046

16325 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1B44 FAX (818) 779-1843

Client Project ID:  Alark : ,

4675 MacArthur Court, Suite 850 Received:  Jun 4,
. Newport Beach, CA 92660 Sample Descript: Soil, 4 Analyzed: Jun 7-16,
~ Attention: Stephen Niou Lab Number: CF00502 Reported: Jun 18,

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Resuit
mg/L mg/Kg mg/Kg mg/Kg
(ppm) (ppm) (ppm) (ppm)
Cadmium 6010 1 100 0.1 4.0
Chromium (VI) 7196 5 500 5.0 57
Chromium (Total 6010 5 2,500 0.5 470
Lead 6010 5 1,000 1.0 94
Nickel 6010 20 2,000 0.5 2.4

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

o

Gary{Steube
Laboratory Director

CF00499.URS <4>



(} Del Mar Analytical

nt Project ID:

=URS Consultants
4675 MacArthur Count, Suite 850

“Newport Beach, CA 92660 Sample Descript: Soil, 5
~Attention: Stephen Niou Lab Number: CF00503

Cl Alark

EPA STLC TTLC
Analyte Method Max. Limit Max. Limit
mg/L mg/Kg
(ppm) (ppm)
Cadmium 6010 1 100
Chromium (VI) 7196 5 500
Chromium (Total 6010 5 2,500
Lead 6010 5 1.000
Nickel 6010 20 2,000

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

'
\

Gary{Steube
Laboratory Director

2852 Alton Ave.. Irvine, CA 82714

1014 E. Cooley Dr.. Suite A, Coiton. CA 92324

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406

Received:
Analyzed: Jun 7-16, 1993
Reported: Jun 18, 1993

[714) 2611022 FAX (714) 261-1228
[909) 370-4667 FAX (909) 370-1046
(818) 779-1844 FAX (818) 779-1843

“Jun 3. 1993
Jun 4, 1993

Detection
Limit
mg/Kg
(ppm)

0.1
5.0
0.5
1.0
0.5

TTLC
Sample
Result
mg/Kg
(ppm)

4.4
57
800
110
8.5

CF00499.URS <5>



2852 Alton Ave.. irvine. CA 92714 (714) 261-1022 FAX (716)261-1228

() Del Mar An alyﬂcal 1014 E. Cooley Dr.. Suite A, Coiton. CA 92324  (909) 370-4667 FAX (909) 370-1046

16525 Sherman Way, Suite C-11, Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843

Alark

nt Project ID: pled: ,
- 4675 MacArthur Court, Suite 850 Received:  Jun 4, 1993
~Newport Beach, CA 92660 Sample Descript: Soil, 6 Analyzed: Jun 7-16, 1993

~ Attention: Stephen Niou Lab Number: CF00504 Reported: Jun 18, 1993

TTLC
EPA STLC TTLC  Detection Sample
Analyte Method Max. Limit Max. Limit  Limit Resuit
mg/L mg/Kg mg/Kg mg/Kg
(ppm) (ppm) {ppm) {Ppm)
Cadmium 6010 1 100 0.1 13
Chromium (VI) 7196 5 500 25 470
Chromium (Total 6010 5 2,500 5.0 2,300
Lead 6010 5 1,000 1.0 120
Nickel 6010 20 2,000 0.5 21

Analytes reported as N.D. were not present above the stated limit of detection.

DEL MAR ANALYTICAL, IRVINE (ELAP #1197)

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>