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Bench-Scale Test Workplan
Installation Restoration Site 28

Alameda Point, Alameda, California

ACRONYMS AND ABBREVIATIONS

ASTM American Society for Testing and Materials

BOD biological oxygen demand
BEI Bechtel Environmental, Inc.
bgs below ground surface

CaS5 calcium polysulfide
CCC Criterion continuous concentration
cm centimeter

COD chemical oxygen demand
Cr+6 chromium (VI)
CTR California Toxics Rule
CuS copper sulfide

DO dissolved oxygen
DQO Data Quality Objective(s)

EPA United States Environmental Protection Agency

FS Feasibility Study

g grams

IR28 Installation Restoration Site 28
ITSI Innovative Technical Solutions, Inc.

kg kilogram(s)
kg/L kilograms per liter

MCL Maximum Contaminant Level

gg/L micrograms per liter
mgikg milligrams per kilogram
mg/L milligrams per liter
mL milliliters

MRC TM Metals Remediation Compound
mV millivolts

Na28205 Sodium metabisulfite

ORP oxidation-reduction potential

psi pounds per square inch
PP Proposed Plan
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Bench-Scale Test Workplan
Installation Restoration Site 28

Alameda Point, Alameda, California

ACRONYMS AND ABBREVIATIONS (Continued)

PVF polyvinyl fluoride
RAO Remedial Action Objective(s)
RD Remedial Design
RI Remedial Investigation

SAP Sampling and Analysis Plan
SM Standard Method

TOC total organic carbon

USGS United States Geological Survey

VOC volatile organic compounds

WET Waste Extraction Test

ZVI zero-valent iron
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_' 1.0 PROJECT APPROACH AND OBJECTIVES

InnovativeTechnical Solutions, Inc. (ITSI)has prepared this Bench-Scale Test Workplanfor

InstallationRestorationSite 28 (IR28) at AlamedaPoint, Alameda, Californiaaspart of aData

Gap Investigationat the site. A RemedialInvestigation (RI)was conductedat IR28 in 2002 to

characterizethenature andextent of contaminationat the site (Bechtel Environmental,Inc.

[BEI],2004); a FeasibilityStudy (FS) was subsequentlypreparedto develop andevaluate

remedialalternativesto addressthe identifiedcontamination(BEI, 2005). TheNavy's preferred

remedialalternativefor groundwater,as discussedin theProposed Plan (Navy,2006),

recommends injectionof a metals-reducingchemicalinto the subsurfaceto immobilizecopper in

orderto preventmigrationto the Bay, therebyprotectingaquaticreceptors. TheRemedial

Action Objective (RAO) for groundwater is stated in the Draft Record of Decision (Navy,2007)

as follows: "Prevent potential exposure of aquatic offshore receptors (in the Oakland Inner

Harbor) to copper in surface water at the point of exposure exceeding the California Toxics Rule

(CTR) criterioncontinuous concentration (CCC) of 3.1 micrograms per liter (gg/L)."

_f' The Bench-scale testing described in this Workplan will be conducted to: validate the

effectiveness of the selected remedy, compare the effectiveness of different chemical reagents

for the precipitation and stabilization of copper, and select the optimal injection chemical(s) for

site-specific conditions. An evaluation of the Data Quality Objectives (DQOs) for this Bench-

Scale Test was conducted in accordance with Environmental Protection Agency (EPA) guidance

(2006). These project-specific DQOs are describedin Section 1.5 of the Sampling and Analysis

Plan (SAP) included as Attachment 1 to this Workplan. The SAP for this Workplan was

generated as Addendum 1 to the SAP originallyproduced for the Data Gap Sampling

Investigation Workplan (ITSI, 2007). It describes the sampling and analysis protocol for the

collection of the soil and groundwater samples needed for the bench-scale testing and consists

only of sections which describe additions to the protocol included in the original Data Gap

Investigation SAP.

This Workplan describesthe batch testing activities that have been designed to evaluate the

relative effectiveness of five different chemicals in immobilizing copper by binding it into stable,

_P' relatively insoluble sulfur or phosphate compounds. In addition, it describes control tests that
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will be conducted to evaluate the effect of changing the Eh (a parameter which approximately

represents redox conditions) and the pH conditions independent of the addition of reactive '_

chemicals. The bench-scale test studies proposed in this Workplan will be conducted in a

controlled laboratory setting using actual site soil and groundwater. This will allow the proposed

treatment chemicals to be evaluated under geochemical conditions consistent with those at the

site. Soil and groundwater contaminant concentrations and geochemical conditions will be

compared before and after the addition of the treatment chemicals, as well as before and after the

Eh and pH are altered for the control tests.

The Eh adjustment test will help determine the effectiveness of creating a reducing chemical

environment on copper immobilization (without the addition of reactive chemicals), and also

provide data on whether site soils yield significant quantities of iron and other metals under such

conditions. Lactate, a non-toxic, reducing, non-sulfide-bearing chemical, will be added to the

sample slurry in the laboratory to reduce the Eh to levels similar to those generated during the

other bench tests using sulfide-bearing chemicals. The liberation of iron and other metals is a

concern at IR28 because the availability of certain metals could alter the effectiveness of the

treatment or produce unintended impacts; Attachment 2 describes the potential for mobilization

of arsenic as a result of the treatment. If significant concentrations of dissolved iron are

generated within the system during treatment, the sulfur in the treatment chemical could react

with this iron rather than the copper, thus reducing the effectiveness of the treatment process.

The pH adjustment test (a pH increase by the addition of a base) will help determine whether pH

adjustments alone might render copper immobile and thus achieve the same result as the addition

of reagent chemicals. To understand whether the copper remains immobile, the pH adjustment

will be. followed by the addition of fresh site groundwater and the dissolved copper concentration

will subsequently be re-analyzed.

The results of the bench-scale testing will provide data to assist in the selection of the most

appropriate and effective of the five tested chemicals to use for site remediation, along with the

optimal concentration and other parameters. These data will support the development of a

Remedial Design (RD) document, which will describe in detail how to implement the selected

remedy.
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2.0 SAMPLE COLLECTION FOR BENCH-SCALE TESTING

Representativegroundwaterandsaturatedsoil samples foruse in the bench-scale testingwill be

collected from within the proposedtreatmentareato replicateactualsite conditionsexpected

duringimplementationof the remedy. The samplecollection locationsforthe bench testing

were selectedbased on an understandingof the natureand extent of contaminationatthe site,

site geology, and groundwatercharacteristics. Proceduresfor the field samplingandlaboratory

analysis of these samplesare describedin greaterdetail in Attachment1, the SAPAddendum.

Soil sampleswill be collected froma soil boringto be installedas partof the datagap sampling

investigationnortheastof well 28SW03, where the highest concentrationsof copperat IR28have

been detectedduringgroundwatermonitoringevents. Saturatedsoil is expectedto be

encounteredat a depth of approximately8 feet below groundsurface,based on observations

documentedduringthe installationof the well.

Historicalsamplingresultsthatrepresentsite conditionsin the vicinityof the proposedtreatment

zone aresummarizedin the following table:

_€ TABLE 1: HISTORICAL SAMPLING RESULTS

Copper in IR28 Soil
Highest Detected Concentrations (Bechtel, 2004)

6,370 milligrams per kilogram (mg/kg) in the northeast part of IR28
(boring 28B25 at 3.5 feet below ground surface [bgs])

3,450 mg/kg in the northeastpart of IR28 (boring 28B28 at 5.0 feet bgs)

Copper in IR28 Groundwater
Maximum Detected Concentration (ITSI, 2006)

210 gg/L in the northeastpart of IR28 (Well 28SW03; Summer 2005)

Copper in Groundwater in the Same Well
Most Recent Sampling Event

95 _tg/L at Well 28SW03 (Winter 2006)

Additional data from the Same Well

pH: 7.54 atWell 28SW03 (Fall2006)

ORP: 132.3 atWell 28SW03 (Fall2006)

Groundwater samples will be collected from two permanent IR28 well locations to represent

different parts of the groundwater plume. Groundwater from well 28SW03, the well with the

highest copper concentrations, will be collected for use in the initialbench-scale testing to
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evaluate the ability of the immobilizing chemicals to reduce copper concentrations.

Groundwater from well 28SW04, located in an upgradient area, will be collected for use in a

follow-up step of the bench test to represent the groundwater that will flow onto the site after the

remedy has been implemented. This post-treatment step will be used to evaluate whether the

copper remains immobilized over time as the treated area is subject to continued influx of

upgradient groundwater.

Soil and groundwater sample collection is detailed in the Workplan for the Data Gap Sampling

Investigation (ITSI, 2007), as well as in Attachment 1, the SAP Addendum. The soil sample

collection for the Data Gap Investigation has been conducted concurrently with the sample

collection for the bench testing. The total volumes of soil from the saturated zone, groundwater

from the contaminated area, and groundwater from upgradient needed to conduct the five bench

tests plus the two control tests are as follows:

• Soil: approximately 12 kilograms (kg) of soil, or about 18 6-inch long sections of
2-inch diameter soil cores (if large particles are prevalent in these cores,
additional soil will be collected).

• Groundwater: 20 liters of groundwater will be collected from well 28SW03, and
an additional 6 liters of groundwater will be collected from well 28SW04 for use
in the follow-up testing.

The solid material from the field will be mixed in the laboratory to create a composite sample

which will be used in the bench testing, as described in Section 5.0 of this Workplan.

3.0 RATIONALE AND SELECTION OF IMMOBILIZING CHEMICALS
FOR BENCH-SCALE TESTS

Technologies that are used to treat industrial effluents before they are released into the

environment are also frequently used to remediate environmentally contaminated sites. These

waste treatment and remediation technologies and products will be evaluated for their ability to

stimulate the chemical precipitation processes identified in the Proposed Plan as the remediation

strategy for IR28. The following five immobilizing chemicals will be evaluated for their ability

to reduce copper concentrations at IR28, using laboratory bench-scale testing.

• Metals Remediation Compound (MRC TM)
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• EHC-M TM

• Sodium metabisulfite (Na2S205)

• Calcium polysulfide (CaSs)

• Apatite II

MRC TM, a proprietary Regenesis product, was the immobilizing chemical proposed in the

FS (BEI, 2005). The alternative chemicals listed above will also be evaluated for their possible

effectiveness and efficiency. These chemicals have been selected based on their availability and

their ability to reduce metals, including copper, in contaminated soil, groundwater, or wastewater

during applications at other sites. In these uses, immobilizing chemicals are added to the media

of concern and typically react with the soluble metals present to create sulfides, phosphates, and

other compounds such as hydroxides and carbonates. The sulfides are the most insoluble, as

shown on the solubility graph (Figure 1) from the United States Environmental Protection

Agency (EPA, 1981). This graph illustrates that copper sulfide (CuS) is able to precipitate at low

concentrations at a pH of about 6.7. Due to the affinity of copper for sulfur, four of the

immobilizing chemicals (MRC TM, sodium metabisulfite, and calcium polysulfide, EHC-M TM)

selected for this bench test contain large quantities of chemically available sulfur that is expected

to bond with the copper in the IR28 soil and groundwater to precipitate a very insoluble copper

sulfide compound. Alternatively, Apatite II is expected to generate stable copper phosphate

compounds.

Previous uses of sulfur-containing and phosphate-containing immobilizing chemicals to treat

transition metals have been described by Thomasser and Rouse (2001), EPA (2000), Guertin,

Jacobs, and Avakian (2005), Chen, Wright, Conca, and Peurrung (1997), and Stanforth and

Chowdhury (1994). The immobilization of chromium (VI) (Cr+6)is the most common use of

sulfur-containing treatment chemicals, while immobilization of lead is the most common use of

phosphate-containing chemicals. The use of these chemicals to immobilize copper may not be as

common, but similar, favorable chemistry is anticipated.

Eh and pH control tests will also be conducted during the bench testing to evaluate whether, in

the absence of treatment reagent chemicals: (1) the creation of a reducing chemical environment
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(Eh adjustment) will cause site soils to yield significant quantities of iron and other metals, and

(2) changes in pH to more basic conditions might render copper immobile.

A brief description of the selected immobilizing chemicals to be evaluated in the bench-scale

testing and the rationale for their use follows.

3.1 METALS REMEDIATION COMPOUND (MRC TM)

MRC TM is a product manufactured by Regenesis (www.regenesis.com) specifically for use in

groundwater remediation. MRC TM directly affects biogeochemical processes to remove certain

metals, such as Cr+6,from groundwater. MRCTM contains a polylactate polymer and a benign

(nontoxic) organosulfur compound (which acts as a direct chemical reductant for soluble metals).

According to the manufacturer, the MRC TM compound is formulated to allow a controlled, slow

release of its active components over a long period of time. In addition, by providing lactic acid,

which is rapidly metabolized by subsurface microbes, the aquifer will move toward more

reducing conditions, creating ferrous iron and sulfide species that are known to chemically

reduce many metals to insoluble compounds. Although copper should precipitate out of solution

in a reducing environment in the presence of sulfide, the manufacturer does not claim copper

contamination will be successfully treated with MRCa'M;therefore, bench testing using actual site

soil and groundwater will be conducted to validate whether or not the use ofMRC TM should be

specified in the remedial design for IR28.

3.2 EHC-M TM

EHC-M TM is a product manufactured by Adventus Americus, Inc. (www.adventusgroup.com) for

in-situ treatment of groundwater and saturated soil impacted by heavy metals. This metal

remediation compound encourages the precipitation and adsorption of dissolved metals to limit

their movement downstream of the treatment zone. The compound creates a strongly reducing

environment in the subsurface (i.e., yields a redox potential in the -500 to -650 millivolt [mV]

range) using a controlled-release, integrated carbon and zero-valent iron (ZVI) source, along

with a source of sulfate and other additives. The controlled-release feature of the carbon is

intended to provide extended longevity and assist in maintaining reducing conditions.

Remediation methods for applying EHC-M TM include direct injection, hydraulic fracturing,

pneumatic fracturing, soil mixing, and direct emplacement in trenches and excavations. For
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injection applications, which are the most commonly used, the EHC-M TM is available from

Adventus as a dry powder that can be mixed with water on site to produce a slurry.

3.3 SODIUM METABISULFITE (Na2S2Os)

Sodium metabisulfite is an agent commonly used in industrial wastewater treatment and other

industrial processes (such as treating process solutions from metal finishing and plating

operations) to chemically reduce and immobilize metals. Sodium metabisulfite has also been

used successfully for in-situ groundwater remediation of certain metals, as discussed further in

Section 3.5, Case Studies. Sodium metabisulfite (a white or off-white, dry, finely crystalline

granular powder with a faint sulfur dioxide odor) forms sodium bisulfite when added to water. It

has a bulk density between 1.0 and 1.15 kilograms per liter (kg/L) and a density of 1.33 (for a

38% solution). Additional information on the physical properties and possible uses may be

found at the manufacturer's web site

(http ://www.bas f.com/businesses/chemicals/pdfs/sodmeta.pdf).

3.4 CALCIUM POLYSULFIDE (CaSs)

Calcium polysulfide, known as Cascade TM, is manufactured by Best Sulfur Products for fixating

uranium and chromium in soils in-situ as well as for precipitating heavy metals and treating

cyanide in water. The chemical has been used to stabilize metals in recirculated groundwater at

a wood treating site, transforming hexavalent chromium to trivalent chromium at a rapid rate

(HazTECH News, 1999). It has also been used to immobilize various other metals, including

copper, lead, uranium, selenium, and arsenic (Jacobs, Hardison, and Rouse, 2001). Calcium

polysulfide is water soluble and has a specific gravity of 1.273; it is commercially available as a

29% active ingredient solution with a pH of 11.3 to 11.5.

3.5 APATITE II

Metals can be stabilized in place in a Phosphate-Induced Metal Stabilization (PIMS TM) process

using apatite minerals. An effective and inexpensive apatite, known as Apatite II

[Cal 0-xNax(PO4)6-x(CO3)x(OH)2, where x < 1], has been developed for metals remediation by

UFA Ventures. The remediation product is generated from fish bones from the commercial

fishing industry (U.S. Patent #6,217,775).
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The remediation technology stabilizes metals by chemically binding them into new stable

phosphate phases (apatite minerals) and other relatively insoluble phases. Remediation treatment

using apatites has been successful with contaminated range soils, groundwaters, and wastewaters

for aluminum, cadmium, copper, lead, uranium, and zinc, and has stabilized between 5% and

50% of its weight in metals depending upon the metal and the environmental conditions.

Specific metals can enter the apatite mineral structure during precipitation of new solids or by

exchanging with calcium in an existing calcium-apatite. Nucleation on existing apatite and non-

specific adsorption can also be important. Metals sequestered in apatite minerals have been

shown in previous studies to have great durability and leach resistance because the apatite

mineral structure is very stable over a wide range of environmental conditions for geologically

long time periods.

Treatment is possible using existing emplacement technologies, such as auguring into

contaminated soils, slurry injection, excavation and backfill, a permeable reactive barrier, or

above-ground treatment of contaminated groundwater.

3.6 CASE STUDIES

Five case study summaries are provided in Table 2 below. While it is expected that the

chemicals to be included in these bench tests will provide sufficient available sulfur to react with

copper (to create copper sulfide), this is not certain without conducting the tests. The case

studies demonstrate that the conditions required to initiate reactions that reduce metals in situ

have been created using these chemicals and that the levels of sulfur available have been

sufficient to immobilize chromium, lead, and arsenic, as well as copper at various sites.

Although these case studies do not all focus on reducing copper, the likelihood that copper was

also reduced at these sites (even though it might not have been a contaminant of concern) is very

high because similar conditions are required for the immobilizing and precipitating reactions to

Occur.
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TABLE 2: CASE STUDIES

Case Study 1: Former Copper Smelter, Southeastern Australia (Miller, 2006). This site has acidic groundwater
(pH 3 - 4) andhigh concentrationsof copper (upto 3,000 milligramsper liter[mg/L]), with lower concentrationsof
cadmium,lead,manganese,nickel, sulfate,and zinc. To date, only bench-scalebatch and leachingtestshave been
conductedusing sitematerials. Due to the extreme acidityof the groundwater,sodiumhydroxidehas been addedfirst,
to reduceacidityandimmobilizesome metals. This has been followed by use of calcium polysulfide, which has
effected sulfideprecipitationof metals,providedfurtheracidneutralization,andhelpedcreate reducing conditions.
Leachingtests indicatelow reboundof copperandothermetalswhentreatedmaterialis exposed to background
groundwater.Pilot testingis planned.

Case Study 2: Queen Street Metals Site, Vertex Environmental Solutions, Southern Ontario, Canada. In-situ
remediationof a metalsplume in groundwaterwas conductedto treatcopper,cobalt, andnickelcontamination. EHC-
VITM and a reactivegas were injectedasa slurryinto the subsurfaceundermoderatepressureusing threeiterations.
Sulfatereducingconditionswere observedduringpost-treatmentmonitoring. Remediationobjectives (the Ontario
Ministryof the Environmentgroundwatercriteria)weremet for copper within 10days of the final injection. Cobalt
andnickelobjectives were met within55 and 139 days, respectively.

Case Study 3: Former Wood Treating Plant, Windsor, California. In-situtreatmentof this areawas conducted
with calcium polysulfide (CaSs)using Geoprobe injections. Priorto injection,groundwaterconcentrationsof Cr+6

.... +6
were between 8 mg/L and 16mg/L. Two years following the rejection of calcmm polysulfide, the Cr was reduced to
less than the detection level. Copper was present at this site and was likely reduced as well.

Case Study 4: Valley Wood Preserving Plant, Turlock, California. Both calcium polysulfide and sodium
metabisulfite were considered at this site during bench tests performed prior to the in-situ application. Sodium
metabisulfite was selected and injected during the remedial action. The plume size and mass of the dissolved Cr+6was

reduced by 98% in less than two years of in-situinjection.

Case Study 5: Eller-Whitlock Landfill Site, Brunswick, Georgia (Willett, 2005). This active disposal facility had
cadmium in groundwater at concentrations above the maximum contaminant level [MCL] of 5 gg/L; corrective
measures were required in order to attain compliance with the operating permit. The site is underlain by clayey silt to
sand, and treatment of a 15-foot interval was accomplished using MRC TM, which was injected at nine direct-push
points. Cadmium was reduced to below the detection limit (and well below the MCL) within 96 days. Treatment was
accompanied by strong reductions in ORP (from +200 to -300 mV) and increases in total organic acids (from 0 to
275 rag/L), both of which are believed to be conducive to metals immobilization.

Case Study 6: Bunker Hill and Success Mines, Idaho. Lead, cadmium, zinc, and copper were present in soil and
groundwater from these mine sites, with copper present in groundwater at approximately 20 parts per million. The
metal-stabilization potential of reactive phosphates from different sources was investigated along with other materials
for remediation of contaminated soil and groundwater. Apatite II outperformedthe other additive materials tested
such as zeolites (clinoptilolite and chabazite), compost, various polymers, iron filings, and other apatites. The
bioavailability of the metals from the contaminated soil was greatly reduced during the test even when the metal was
not in an apatite phase. Leachates from untreated soils prior to testing were in the hundreds to thousands ofppm range
for many metals, well in excess of MCLs for drinking water. After the test, results showed that the leachates from
treated soils were below the detection limits for lead, zinc, and cadmium (copper results were not available).

4.0 FIELD AND LABORATORY ANALYSES

Representative soil and groundwater samples will be collected for sampling and bench testing as

described in Section 2.0 and in Attachment 1. Metals stabilization and/or mobilization in the

environment are largely controlled by Eh and pH conditions in the aquifer (as demonstrated by
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Figure 1). Eh and pH can vary significantly across relatively short distances in the subsurface,

and thus measurement of these parameters in the field can be useful in characterizing the

subsurface environment with respect to metals mobility. Eh can be assessed by measuring the

closely related parameter ORP, which is measured in millivolts. ORP values for groundwater,

along with pH, dissolyed oxygen (DO), and other parameters, will be measured in the field using

portable meters at the time of groundwater sample collection.

Soil and groundwater samples will be analyzed at an off-site analytical laboratory for metals

including copper, arsenic, lead, cadmium, chromium, iron, and mercury. Groundwater samples

will also be analyzed at the analytical laboratory for general minerals, nitrates, sulfates, and

sulfide, as well as biological oxygen demand (BOD) and chemical oxygen demand (COD).

Additional soil analysis needed to supplement the RD will include total organic carbon (TOC)

and particle size (sieve) analysis.

Additional groundwater analysis of ORP, pH, iron (II), and sulfate will be conducted in the

bench-testing laboratory using portable meters (for ORP and pH) and a Hach field analytical kit

(for iron and sulfate). The leachability of copper for the untreated (pre-test) and treated (post-
test) soil will be estimated by conducting a California Waste Extraction Test (WET).

The analyses to be conducted for the bench-scale test are summarized in Table 3.

TABLE 3 - SUMMARY OF FIELD AND LABORATORY ANALYSES

PARAMETER FIELD/LAB STAGE METHOD COMMENTS
ANALYSIS

Temperature/ Field Before(GWonly) YSIFieldMeter
Conductivity/ Measurement
DO
pH/ORP Field Before, During, and YSI Field Meter/

Measurement and After (GW only) Portable Probe
Bench Testing
Laboratory
Measurement

Iron(II) BenchTesting Before,During,and HachKit
(soluble),and Laboratory After(GWonly)
sulfate Measurement
General Laboratory Before(GWonly) VariousStandard
Minerals Analysis Methods
Nitrate,Sulfate, Laboratory Before(GWonly) EPA300.0/376.2
andSulfide Analysis
BOD Laboratory Before (GW only) SM5210Bor Unpreserved
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Analysis EPA 405.1

COD Laboratory Before (GW only) SM5220D Sulfuric Acid
Analysis

Copper Laboratory Before (Soil and GW), EPA 6010/6020 Filtered water samples
Analysis During (GW only), for dissolved copper

and After (GW only)
Arsenic, Lead, Laboratory Before (Soil and GW), Metals, dissolved; Nitric acid preservative;
Cadmium, Analysis During (GW only), EPA 6010/6020/ filtered water sample for
Chromium, Iron and After (GW only) 7470 dissolved metals
and Mercury
Copper Bench Testing Before, During, and WET
Leachability Laboratory After (Soil only)

Measurement

TOC Laboratory Before (Soil only) EPA 415.2
Analysis

Particle Size Laboratory Before (Soil only) ASTM D422-63
Analysis (2002)

ASTM = American Society for Testing and Materials (2002)
SM = Standard Method

5.0 PROCESS DESCRIPTION FOR BENCH TESTS

The bench testing to be conductedshould satisfythe following specific studyobjectives:

• evaluating the removal of copper from groundwater by MRC TM, ECH-M TM,

calcium polysulfide, sodium metabisulfite, Apatite II, sodium lactate (to decrease
Eh), and sodium hydroxide (to increase pH);

• assessing the effects of each chemical reagent on secondary water quality;

• determining how much copper in untreated soil can be easily leached;

• determining whether treatment reduces the leachability of copper from soil;

• measuring the buffeting capacity of site soil.

An important result of the bench testing will be determining whether the copper in solution prior

to treatment precipitates out of solution as a result of the treatment, or whether solid-phase

copper is put into solution.

5.1 PREPARATION AND CHARACTERIZATION OF SOIL AND GROUNDWATER

Inpreparationfor the bench testing,soil will be removed from the 6-inch tubesand composited

under anitrogenblanketto minimize the intrusionof oxygen. Large particles(> 4 mesh) will be

removed. A soil slurrywill be mixed in a bucket with a glassor stainlesssteelstirrer using

representativesoil mixed with site groundwateras the wettingagent. The minimumamountof

_ water required to saturate the soil is typically several milliliters.(mL) for each 10 grams (g) of
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soil or a few hundred mL of groundwater for each kg of soil (approximately 200 mL/kg). The

slurry will be prepared in a manner that does not significantly alter the geochemistry of the _'

mixture by oxygenating the sample, yet provides a well-mixed sample. A representative sample

of the initial (pre-test) soil slurry, along with a sample of representative groundwater, will be

submitted to a laboratory and analyzed for the metals listed in Table 3. Additional

measurements will be conducted in the bench test laboratory, as shown on Table 3 and described

in Section 6.0.

5.2 EVALUATION OF STABILIZATION CHEMICALS

The bench testing laboratorywill prepare37 reactors containing soil andgroundwater in a 1:2

soil to liquidratio. Headspace in reactorvessels will be minimized. Tests will be set up under

nitrogen in order to minimizeintrusionof oxygen. A highdose anda low dose of each chemical

will be tested. MRCTM, calcium polysulfide, sodium metabisulfite,EHC-MTM, Apatite II,

sodiumlactate (to decreaseEh), and sodiumhydroxide (to increasepH) will be addedto the

reactor vessels as neededto achievethe initialconditions listed in Table 4. Each reagent

chemicalwill be tested for two or threedifferentreaction times, as listed in Table 4.

Appropriate dosing will be determined based on the results of the pre-treatment laboratory

analysis for copper in the soil and groundwater; MRCTM and EHC-MTM will be mixed according

to the manufacturer's recommendations.

During the planned field remediation at IR28, the injection of immobilizing chemicals is

expected to occur at pressures of approximately 200 pounds per square inch (psi). In addition,

groundwater moves in response to hydraulic (pressure) gradients. To roughly simulate

groundwater movement, the reactor vessels will be agitated slightly at atmospheric pressure just

enough to move the immobilizing chemical into the soil slurry (approximately one minute).

After about 30 minutes, one reactor will be destructively sampled and the aqueous phase

analyzed for copper. In an attempt to enhance the efficiency of the reactions, the remaining

reactors will be shaken by hand approximately twice per day and the reactions will be allowed to

proceed for up to 4 weeks, as shown in Table 4. Because some of the test chemicals may react

slowly in groundwater, requiring several days or weeks to affect changes in ORP or pH, reactors

will be sampled over time and the aqueous phase analyzed for copper, ORP, and pH (as shown in

Table 4). Groundwater samples for post-treatment analysis will be collected from the test
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chambers after each appropriate time frame and submitted to an off-site, state-certified analytical

laboratory using a standard 10-day turn-around time. Groundwater samples will be filtered by

the analytical laboratory.

TABLE 4: INIT_ CONDITIONS _ LENGTH OF REACTION FOR t
STABILIZATION TESTS

TEST # REPLICATES STABILIZING AGENT REACTION TIME

Time 0 1 None 0

Control 4 None 48hrs, 1wk,2 wks,4 wks
MRC TM - LD 3 MRC TM low dose 1 wk, 2 wks, 4 wks

MRC TM - HD 3 MRC TM high dose 1 wk, 2 wks, 4 wks
CaS5 - LD 2 CaS5 low dose 48 hrs, 1 wk
CaS5 - HD 2 CaS5 high dose 48 hrs, 1 wk
Na2S205 - LD 2 Na2S205 low dose 48 hrs, 1 wk
NazS205 - HD 2 NazS205 high dose 48 hrs, 1 wk
EHC-M TM - LD 3 EHC-M low dose 1 wk, 2 wks, 4 wks
EHC-M TM - HD 3 EHC-M high dose 1 wk, 2 wks, 4 wks

Apatite II - LD _ Apatite II low dose _ wk, _ wks, _ wks
Apatite11- HD ApatiteII highdose _ wk,_ wks,_ wks
Lactate- LD 3" Lactatelowdose 1wk, 2 wks, 4 wks
Lactate- HD 3 Lactatehigh dose 1wk, 2 wks, 4 wks

AlkalinepH
pH - 9 3 NaOH,pH- 9 1wk,2 wks,4 wks
pH - 11 3 NaOH,pH- 11 1wk,2 wks,4 wks

The MRCTM and lactate reactors will be connected to Tedlar®polyvinyl fluoride (PVF) vapor

bags, sealed with a rubber stopper, with tubing leading from the inside of the stopper through the

stopper and into the external Tedlar®bag. The remaining reactors will be capped, but off-gases

will not be collected since it is unlikely that any will be generated. In the event that gases are

generated within the test vessels attached to Tedlar®bags, the vapor bags will be used to collect

and characterize the gas generated. A photoionization detector will be used to measure organic

vapors, if present. A hand-held gas analyzer or gas grab-sample detection tubes will also be used

in the bench testing laboratory for rough measurements of CO2,CH4 and H2S concentrations.

The volume of gas in the Tedlar_ bags will be estimated using a water displacement method. If

more than one liter of gas is collected, the Tedlar® bag will be submitted to a State-certified

laboratory for analysis of volatile organic compounds (VOCs) by EPA Method TO-15.
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5.3 EFFECT OF TREATMENT ON SECONDARY WATER QUALITY
To assess the effect of treatment on selected secondary water quality parameters, the aqueous

phase samples from the tests described in Section 5.2 will be submitted to an analytical

laboratory for metals analysis, and measurements will be conducted on-site at the bench testing

laboratory for ferrous iron, sulfate, ORP, and pH, as indicated in Table 3.

5.4 LEACHABILITY OF COPPER--UNTREATED SOIL

The amount of copper thatcan easily be leached from untreatedsite soil will be estimated by

repeatedly extracting untreated soil withwater. Soil andwater will be combinedin a 1:10 soil to

liquidratio, thenplaced on a shakertable. After 48 hours,the aqueousphase will be decanted

andanalyzed for total copper. Waterwill be addedto the soil and the soil and water againmixed

for 48 hours, after which copper in the aqueousphasewill be analyzedagain. Theprocess will

be repeateduntil the soil has been extracted and analyzeda total of four times.

5.5 LEACHABILITY OF COPPER--TREATED SOIL

Treated soil from the final post-treatment sample for each set of constraints will be subjected to

the California WET test for copper. The final post-treatment soil samples in the reactor vessels

will also be extracted using upgradient site groundwater (which has low to nondetect

concentrations of dissolved copper) and the extract analyzed for copper.

5.6 ADDITIONAL TESTING

As a second phase of the bench testing process, the two chemicals with the most promising

results in the initial testing will be selected for further study. Using sequential batch testing and

soil from the selected reactor vessels, additional upgradient site groundwater will be added to the

saturated soil that was previously treated in the first phase of bench testing. An amount of

groundwater equivalent to approximately three pore volumes will be mixed with and removed

from the system. After an appropriate reaction time (based on the first phase of testing), soil and

groundwater samples will be collected and re-tested for metals; groundwater measurements for

other pertinent parameters (such as ORP and pH) will also be performed. These results will be

evaluated to understand the possible effects that might occur over time after the actual field

implementation of the immobilization remedy, as groundwater continues to move through the

treated area.
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At the end of each phase of the bench testing, Observationswill be made and documented as to

the physical characteristics and volumes of the precipitates remaining in the test chambers.

6.0 DATA ANALYSIS AND REPORTING

After the conclusionof the experiments,groundwaterand soil sampleresults for copperand the

othermetals listed in Table 3 will be evaluatedfor each of the fourfirst-phasebench tests and for

the two second-phasetests. The finalcopperresultswill be comparedto the pretreatmentcopper

concentrationsto evaluatethe effectivenessof eachof the treatmentchemicals. Pre-andpost-

treatmentconcentrationsof arsenic,cadmium,chromium,lead, iron, andmercurywill alsobe

evaluatedto assess whether or notthe concentrationsof these metalschanged as a resultof the

additionof the fourimmobilizingchemicals to the system. The kineticsfor each of the reactions

will also be evaluatedand these resultsdocumentedin the finalreport.

The resultsof the laboratorybench testingwill be documentedin a writtenreport,which will

include:

• a descriptionof the bench-scale testingactivities;

• a summaryof the analyticalresults in tabularand in diagrammaticform;

• an evaluationof the results,which will comparepre- and post-testcopper
concentrationsaswell as the concentrationsof othermetals;and

• a recommendationas to the most effectivechemical foruse in full-scale
remediation.

7.0 WASTE DISPOSAL

Any unusedIR28waste soil or groundwatermaterialwill be returnedto the site by the bench-

scale testingsubcontractorforproperdisposalby ITSI.

8.0 SAFETY ISSUES

Personalprotectiveequipmentwill includechemical-resistantgloves andsafety glasses.

Adequateventilationwill be provided by performingthe bench testswithin a properlyvented

chemical fumehood in the laboratory.An applicableChemicalHygiene Plan and/orWorker
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Health and Safety Plan will be requested from the bench-testing laboratory and reviewed for

adequacy. _'
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ATTACHMENT 1

ADDENDUM 1 TO THE SAMPLING AND ANALYSIS PLAN
(Field Sampling Plan and Quality Assurance Project Plan)
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Addendum 1to the Sampling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

AlamedaPoint, Alameda, California

ACRONYMS AND ABBREVIATIONS

ASTM American Society for Testing and Materials

BEI Bechtel Environmental, Inc.
BOD biochemical oxygen demand

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
COD chemical oxygen demand
CTO Contract Task Order

DQO Data Quality Objectives

EPA U.S. Environmental Protection Agency

ID identification
IR28 Installation Restoration Site 28
ITSI Innovative Technical Solutions, Inc.

mL milliliter

NAVFAC Naval Facilities Engineering Command

ORP oxidation reduction potential

PE polyethylene
Prima Prima Environmental, Inc.

RD Remedial Design
RPM Remedial Project Manager
SAP Sampling and Analysis Plan
SOW Scope of Work

TBD to be determined
TCLP Toxicity Characteristic Leaching Procedure
TDS Total dissolved solids
TOC Total organic carbon
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Addendum 1 to the Sampling and Analysis Plan
Data Gap Sampling at InstallationRestorationSite 28

Alameda Point, Alameda, California

1.0 INTRODUCTION

Innovative Technical Solutions, Inc. (ITSI) has prepared this document as an addendum to the

Final Sampling and Analysis Plan (SAP) (ITSI, 2007b) for the data gap sampling project at

Installation Restoration Site 28 (IR28) at Alameda Point, Alameda, California.

The purpose of this SAP Addendum is to describe the sampling and analysis protocol for

additional work to be performed in support of this project. The additional work involves

conducting a.bench-scale test to evaluate the effectiveness of various remediation chemicals in

removing copper from groundwater in the contaminant source area to support development of the

Remedial Design (RD). These activities will be conducted as described in the Bench-Scale Test

Workplan (ITSI, 2007c).

This document contains only changes to the original SAP. All original procedures and

specifications not referenced in this document remain applicable.

The following sections from the original SAP are modified as indicated below:

The following text is added to Section 1.0 in the original SAP, after: "The technical approach

presented in this SAP has been designed to:"

• Compare the effectiveness of different remediation chemicals for the precipitation and
stabilization of copper in order to select the optimal injection chemical(s) for site-specific
conditions.

The following text is added to Section 1.0 in the original SAP, after: "The primary project tasks

covered by this Plan and the purpose for each task are:"

• Additional soil and groundwater will be collected for laboratory bench-scale testing to
evaluate the ability of five different immobilizing chemicals to reduce copper
concentrations at IR28.

• In addition to metals, the laboratory analysis to be performed on the soil collected
specifically for the bench-scale tests will include: total organic carbon (TOC), Metals
Leachability by Toxicity Characteristic Leaching Procedure (TCLP), and particle size
analysis. These analyses will support the bench-scale testing and the RD.
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Addendum 1to the Sampling and AnalysisPlan
Data Gap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, California

• In addition to metals, the laboratory analysis to be performed for groundwater samples will

include: nitrate/sulfate/sulfide, hardness, alkalinity, chloride, total dissolved solids (TDS), ,_,
biological oxygen demand (BOD), and chemical oxygen demand (COD). These
groundwater analyses will support the bench-scale testing and the RD.

Table A-l, has been revised with an implementation schedule for the bench-scale testing activities

and is included with this addendum.

1.2.8: ANALYTICAL LABORATORY

The following text is added to the end of the section:

Bench-scale testing activities will be conducted by remediation testing laboratory Prima
Environmental, Inc. (Prima). Analytical tests associated with the bench-scale testing will
be subcontracted by Prima to Alpha Analytical of Sparks, Nevada.

1.2.9: DATA VALIDATION SUBCONTRACTOR

The following text is added to the end of the section:

Analyses conducted in support of the bench-scale testing will be used as screening level
data for comparison purposes in interpreting the results of the bench-scale testing.
Therefore, these data will not be validated.

1.3.1: PROBLEM TO BE SOLVED

The following text is added to the end of the section:

Bench-scale testing will be conducted because selected remediation and waste treatment
technologies and products need to be evaluated for their ability to stimulate the chemical
precipitation processes identified in the Proposed Plan as the groundwater remedy for
IR28.

1.3.2: PURPOSE OF THE ACTIVITIES

The following text is added to the end of the section:

The results of the bench-scale testing and the associated analyses will provide data to
support the development of an effective site remediation strategy and assist in the selection
of the most appropriate of the tested chemicals for use at IR28.

1.4: PROJECT DESCRIPTION

The following text is added to the end of the section:
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Addendum1 to the San_ling andAnalysis Plan
Data Gap Sampling at InstallationRestorationSite28

Alameda Point, Alameda,Califomia

Bench-scale testing activitiesand associated analyticaltests are beingproposed to collect
data to support the selection of an effective chemical for use in groundwater remediation to
immobilize copper at the site.

1.5: DATA QUALITY OBJECTIVES

The following Data Quality Objectives (DQOs) apply to the bench-scale testing and are

incorporated in addition to the existing DQOs included in the original SAP. This text is added to

the end of the section:

Step 1: State the Problem
Describe the Problem:

As part of the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) process, a remedial design will be developed for IR28 to describe in detail how to
implement the selected remedy. Bench-scale testing is needed to ensure the selection of an
effective copper immobilization compound for addressing groundwater contamination. As
detailed in Section 5.0 of the Bench-scale Test Workplan (ITSI, 2007c), testing will include
the addition of five copper-immobilizing compounds to separate reactor vessels containing site
soil and groundwater, performed at a treatability laboratory. The purpose of this testing is to
select the most effective compound for future use in site remediation.

Establish the Planning Team:

DQO Planning Team Members include the Navy Remedial Project Manager (RPM), Navy
technical staff, contractors, and other stakeholders including Regulatory Agencies. The Navy
is the lead agency at the site; the primary decision-maker is the Navy in consultation with the
regulatory agencies.

Describe the Conceptual Model of thepotential hazard:
Based on data from previous investigations (Bechtel Environmental, Inc. [BEI], 2004),
elevated copper in IR28 soil occurs in a localized band along the historical shoreline that was
present while the former Todd Shipyard was operating. Shipyard activities that left behind
paint chips in the soil are the presumed source of copper contamination at the site. (Copper

• and other metals are frequently used as anti-fouling agents in bottom paints for marine
vessels.) The process of dissolution and mobilization of copper duringprecipitation events has
resulted in contamination from the paint chips impacting groundwater. The migration of
copper-contaminated groundwater to San Francisco Bay represents an unacceptable risk to
aquatic life.

ldenti_ Critical Resources, Constraints, and Deadlines:
The Navy has provided funds and assigned Contract Task Order (CTO) 0024 to conduct data
gap sampling and to generate an RD for the selected remedy at IR28. In accordance with the
Scope of Work (SOW), the bench-scale test will be conducted prior to and in support of the
RD. The tasks associated with this CTO are projected to be completed by mid-March 2008.
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Addendum 1 to the Sampling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

AlamedaPoint,Alameda,California

Step 2: Identify the Goals of the Study

Specif_ the Principal Study Questions:
1. Will one or more of the metal immobilization compounds effectively reduce copper

concentrations in site groundwater in the laboratory?

2. If one or more of the tested chemicals is effective in precipitating and stabilizing copper,
which reagent is optimal for site conditions?

3. How will the treated soil be affected by the influx of additional upgradient groundwater over
time?

Specify the Alternative Outcomes orActions that Can Occur upon Answering the Principal
Questions:
1. Copper concentrations from post-treatment groundwater are not significantly reduced as a

result of laboratory bench-scale testing, suggesting that the treatment chemicals tested are not
capable of immobilizing copper in site groundwater.
OR
Copper concentrations from post-treatment groundwater are significantly reduced as a result of
laboratory bench-scale testing, suggesting that the treatment chemicals tested are capable of
immobilizing copper in site groundwater.

2. A comparison of the percent reduction in copper concentrations supports the conclusion that
one of the tested chemicals is the most effective choice for immobilizing copper in site
groundwater.
OR
A comparison of the percent reduction in copper concentrations is not conclusive, suggesting
that none of the tested chemicals is more effective than the others for immobilizing copper in
site groundwater.

3. The addition ofupgradient groundwater to the treated soil in the laboratory causes re-
mobilization of copper from the soil into the groundwater.
OR
The addition of upgradient groundwater to the treated soil in the laboratory causes no change
in copper concentrations in the groundwater.

Develop Decision Statements:
1. The change in copper concentrations that result from the addition of various treatment

chemicals to site groundwater needs to be evaluated in the bench test laboratory.

2. The percent reductions for each of the tested treatment chemicals need to be compared to
evaluate their relative effectiveness.

3. After completion of the treatment tests and analyses, upgradient groundwater (with a known
copper concentration) should be added to the soil in the system, and the water re-analyzed for
copper after an appropriate amount of elapsed time to understand the likelihood of post-
treatment rebound.
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Addendum 1 to the Sampling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

AlamedaPoint, Alameda, California

Step 3: Identify Information Inputs

Identify the T!_pesof Information that are Needed to Resolve Decisions
The analytical results of pre- and post-treatment copper sampling are needed to evaluate the
effectiveness of the treatment.

Identify the Sources of Information that are Needed to Resolve Decisions
Analytical data from the testing conducted for this investigation, along with data from the previous "
site-specific plans and reports listed below, will be used to resolve decisions.

• Final Remedial Investigation Report for IR Site 28 (BEI, 2004)
• Final Feasibility Study, IR Site 28 (BEI, 2005)
• Scope of Work, Remedial Design and Data Gap Sampling, IR Site 28 (Naval Facilities

Engineering Command [NAVFAC], 2006)
• Proposed Plan, Site 28 (Navy, 2006).
• Alameda Basewide Annual Groundwater Monitoring Report for Spring 2006 (ITSI, 2006)

IdentO_Appropriate Sampling and Analysis Methods for Generating the Information
Representative soil and groundwater samples will be collected from the portions of the site where
copper contamination has been highest. Groundwater samples will be collected from the IR28
monitoring well where previous sampling events consistently detected the maximum
concentrations of copper at the site (28SW03). Soil sampleswill be collected from nearby
locations, where maximum soil contamination has been detected. The sampling locations were
selected based on information from previous soil and groundwater sampling efforts and

information on the groundwater flow direction in the area from the documents in the above bullet
list.

Soil and groundwater samples will be analyzed for copper and other metals that might be affected
by the treatment using Environmental Protection Agency (EPA) Method 6010/6020. The
detection limits associated with the method are expected to be sufficiently sensitive to evaluate
changes in concentrations that occur as a result of the treatment.

Step 4: Define the Boundaries of the Study
Specil_ the Target Population o_flnterest:
The target population of interest consists of representative soil and groundwater samples from the
portion of IR28 that characterizes the area of maximum copper contamination.

Speci_ the Spatial and Temporal Boundaries and Other Practical Constraints:
The geographic extent of this study is limited to the area in the immediate vicinity of the sample
collection locations, as shown on scaled figures in the Data Gap Investigation Workplan
(ITSI, 2007a). The vertical extent is the bottom of the shallow water-bearing zone.

Temporally, the bench-scale testing portion of this study may be conducted over several weeks in
August 2007. The entire effort, including development of the RD document, is expected to last
through March, 2008, in accordance with the contract task order, unless extended by the Navy.
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Addendum 1to the Sampling and Analysis P_n
Data Gap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, California

Speci_ the Scale of Inference for Decision Making:

Any expected analytical error associated with the laboratory precision and accuracy is expected to
be far less than the accuracy required to estimate a 20-percent reduction in copper concentrations.

Step 5: Develop the analytic approach
Specfv Appropriate Population Parametersfor Making Decisions
Individualresultsfrom specificbatch tests, ratherthanthe population,will be evaluatedto
determinepercentreductionandwill be comparedto resultsfromother batch tests to decide the
relativeeffectiveness of each chemical.

Specify the Action Level
A 20 percent reduction in copper concentrationswill be used to define a significant reduction.
This action level represents a change that is of sufficient magnitude that it would not be
attributable to random variability in analysis or variations in sample collection techniques, but
would represent a true change in contaminant concentration.

Specify the Decision Rule
1. If the addition of a treatment chemical results in a significant percent reduction in copper

concentrations (greater than a 20 percent reduction), then conclude that the treatment chemical
is capable of immobilizing the copper in that sample, else conclude that the attempt at copper
immobilization has not been successful.

2. If the percent reduction for one of the tested treatment chemicals is greater than for the others,
then conclude that the chemical with the greatest percent reduction is the most promising for
site remediation, else conclude that the none of the treatment chemicals is more promising than
the others.

3. If the copper concentration in the groundwater added to the treated soil increases more than 20
percent, then conclude that copper is being remobilized from the soil, else conclude that the
immobilized copper is stable.

Step 6: Specify Performance or Acceptance Criteria
Specify the Decision Rule as a Statistical Hypothesis Test
A judgmentalsampling scheme has been performedfor selection of the sample locations in this
bench-scale testinvestigation. The locationswere selectedbased onprevious sampling results.
Because inputsare subjective, decision errors cannotbe rigorouslyquantifiedin a statistical
hypothesis test.

The decision criterionof a 20 percentreductionin the copperconcentrationwas selected based on
the fact that 20 percentis a statisticallysignificant enough change in concentrationto be
reasonably certainthatthe differenceis not due to sample variabilityor analyticalerror.

Step 7: Develop the Plan for Obtaining Data
Specify the Sampling Design:
Representative soil samples will be collected in a judgmental sampling scheme from one location
in the area where previous sample data suggest that the soil copper concentrations are the highest
found at site IR28. Groundwater samples will be collected from existing monitoring well _'
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Addendum 1to the Sarr_ling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, California

28SW03, where previous copper concentrations have been consistently the highest and from
upgradient monitoring well 28SW04, where much lower copper concentrations have been
detected.

1.7.5: REPORTS GENERATED

The following text is added to the second paragraph of this section:

A stand-alone report will be generated to describe the bench-scale testing activities, present
the results of the testing, and recommend the optimal injection chemical(s) for site-specific
conditions. This report (in its entirety or portions thereof) may later be incorporated into
the remedial design document.

2.0 DATA GENERATION AND ACQUISITION

The generation and acquisition of data for the bench-scale testing will be conducted in accordance

with the original SAP, with the following changes and additions.

2.1.1: SOIL AND GRAB GROUNDWATER SAMPLING

The following text is addedto the endof this section:

Forthe bench-scale test, soil sampleswill be collectedin accordancewith the originalSAP
using direct-pushmethodologyfroma co-locatedboring adjacentto 28HP002 (referto
Worksheet 18 on PageA-9 of this SAPAddendumand Figure3 from the original SAP).
The samples will be shippedto Primaandput onhold pending finalizationof this SAP
Addendumand collection of the groundwatersamples. Every attemptwill be made to
conductthe analysiswithinthe six-monthholding time; if the holdingtimeis exceeded,the
soil will be discardedand additionalsoil collected. The soil analyses listed in Section 1.0
will be conductedby Alpha Analytical,a subcontractorto Prima,with the exceptionof
TCLPandparticle size analysis,which will be conductedby TestAmerica(formerly
knownas STL Sacramento)and STLBurlington,respectively.

2.1.2: MONITORING WELL GROUNDWATER SAMPLING

The following text is added to the end of this section:

For the bench-scale test, groundwater samples will be collected from two existing wells
(28SW03 and 28SW04); the locations are shown on Figure 3 of the original SAP. The
samples will be shipped to both TestAmericaand to Prima. Prior to the beginning of the
bench-scale testing, the groundwaterfromwell 28SW03 will be analyzed by TestAmerica
for the following analyses: nitrate/sulfate/sulfide,hardness, alkalinity, chloride, TDS,

BOD, and COD. Metals analyses will be conducted for the samples from both wells
before and after the bench-scale testing by Alpha Analytical, a subcontractor to Prima.
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Addendum I to the Sampling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

AlamedaPoint, Alameda, California

Samples and associated analyses are specified on Worksheet 18 on Page A-9 of this SAP
Addendum. Additional manual measurements, such as pH and oxidation reduction
potential (ORP), will be performed iteratively by the bench-scale test laboratory to monitor
the testing process.

2.1.4: BENCH-SCALE TESTING ACTIVITIES

The following text replaces this section:

As part of the information needed to develop the RD, bench-scale testing will be conducted
by Prima, a subcontracted treatability testing laboratory. Tests will be conducted after the
completion of the data gap sampling. The objective of the testing is to evaluate the
effectiveness of several proposed chemical reagents for immobilizing copper as a site
remedy. As described in greater detail in the Bench-scale Test Workplan (ITSI, 2007c),
the testing to be conducted by Prima will evaluate five copper-immobilizing compounds,
by adding each compound to a reactor vessel containing IR28 soil and groundwater. The
vessels will be agitated and, after the reaction times specified in the Workplan, samples
will be removed for analysis. Based on the results of the metals analysis to be conducted
by Alpha Analytical before and after the bench-scale testing, the calculated percent
reduction in copper concentrations will be used to select the most effective of the five
compounds. Representative site soil and groundwater for use in the reactor vessels will be
collected as follows: approximately 12kilograms of soil from within the impacted area, 20
liters of groundwater from within the impacted area, and 6 liters of groundwater from an
upgradient well. Soil samples will be collected by direct-push at boring location 28HP002
during the data gap investigation sampling. Groundwater samples will be collected during
a separate sampling event a few weeks after the completion of the data gap sampling
activities just before the start of the bench-scale tests. Soil sampling will be conducted in
accordance with Section 2.2.2 of the original SAP, and groundwater sampling will be
conducted in accordance with Section 2.2.5 of the original SAP, except that existing wells
28SW03 (within the impacted area) and 28SW04 (upgradient) will also be sampled.

2.2.10: SAMPLE CONTAINERS, COLLECTION SEQUENCE, AND HOLDING TIMES
The following text is addedto the end of this section:

In addition to the containers used for metals analysis described in the original SAP, refer to
the revised Table A-6 and Worksheet 19 of this SAP Addendum for sample containers
specific to the bench-scale testing. Note that soil sample sleeves cut into approximately 1-
foot sections with the ends capped will be utilized in addition to amber glass jars for soil
samples destined for bench-scale testing.
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f _ Addendum 1to theSampling and_[g: sis Plan
Data GapSamplingatInstallationRestorationSite 28

AlamedaPoint, Alameda,California

SAP Workshoot #18 (UFP-QAPP Manual Section 3.1.1) -- Sampling Locations and MethodslSOP
Requirements Table
List all site locations that will be sampled and include sample/ID number, if available. (Provide a range of sampling locations or ID
numbers if a site has a large number.) Specify matrix and, if applicable, depth at which samples will be taken. Only a short reference for
the sampling location rationale is necessary for the table. The text of the QAPP should clearly identify the detailed rationale associated
with each reference. Complete all required information, using additional worksheets if necessary

Sampling Locations/IDs, Sample Depths, Sample Analyses and Sampling Procedures Table

Sampling Location/ Depth Sampling
ID Number Matrix (feet) Analytical Group Reference 1

Dissolved Metals 2(EPA 6010B/6020/7470A),
nitrate/sulfate/sulfide (EPA 300.0/376.0), hardness,
alkalinity, chloride, TDS, pH, conductivity, BOD (SM5210B

28SW03 Groundwater or EPA 401.1), and COD (SM5220D) Section 2.2

28SW04 Groundwater Dissolved Metals 2(EPA 6010B/6020/7470A), Section 2.2
Metals z (EPA 6010B/6020/7470A), Metals Leachability by
TCLP, TOC (EPA 415.2), and particle size (ASTM D422-

28HP002 Soil TBD 63) Section 2.2

Notes:
l SAP Section that describes the sample collection procedures (original SAP).
2Copper is the primary metal of concern. Other metals are analyzed to provide baseline data to support the RD; metals data will be used to monitor possible
changes in geochemical conditions that could occur as a result of the implementation of the remedy in the future.

ASTM = American Society for Testing andMaterials
BOD = biochemical oxygen demand
COD = chemical oxygen demand
EPA = U.S. Environmental Protection Agency
ID = identification
TBD = to be determined

TCLP = Toxicity Characteristic Leaching Procedure
TDS = total dissolved solids

TOC = total organic carbon
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Addendum 1 to the Sampling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, California

SAP Worksheet #19 (UFP-QAPP Manual Section 3.1.1) --Analytical SOP Requirements Table
Analytical Methods, Containers, Preservatives, and Holding Times Table

PreservationContainers

Analytical Analytical and (number, size, Requirements Maximum Holding TimeMatrix Group Preparation Method. (chemical, (preparation/analysis)
type) temperature, etc3

Groundwater Dissolved 500-mL PE HNO3 to pH < 2,
Metals' EPA 6010B/6020/7470A Cool at 44-2°C 180 days

Groundwater Nitrate EPA 300.0 250 mL PE Cool at 44-2°C 48 hours
Groundwater Sulfate EPA 300.0 250 mL PE Cool at 4+2 °C 28 days

NaOH + ZnAc
Groundwater Sulfide EPA 376.2 500 mL PE Cool at 4+2 °C 7 days
Groundwater BOD SM 5210B or EPA 401.1 500 ml PE Cool at 44-2°C 48 hours

H2SO4 28 daysGroundwater COD SM 5220D 250 ml PE Cool at 4+2 °C

HNO3 180 daysGroundwater Hardness Various 250 mL PE Cool at 44-2°C
Groundwater Alkalinity Various 250 mL PE Cool at 44-2°C 14 days
Groundwater Chloride Various 250 mL PE Cool at 4±2 °C 28 days
Groundwater TDS Various 250 mL PE Cool at 4+2 °C 7 days

Soil Metals_ EPA 6010B/6020/7470A 500 mL amber Glass Cool at 4+2 °C
prep 1311 (TCLP) and/or acetatesleeves 180 days

500 mL amber Glass H2SO4Soil TOC EPA 415.2
and/or acetate sleeves Cool at 44-2°C 28 days
500 mL amber Glass

Soil Particle Size ASTM D422-63 (200) and/or acetate sleeves Cool at 44-2°C 180 days
Notes:

1Copperis theprimarymetal ofconcem. Othermetalsmonitoredfor informationalpurposesonly.

ASTM= AmericanSocietyforTestingMaterials mL= milliliter
BOD= biochemicaloxygendemand PE= polyethylene
COD= chemicaloxygendemand TCLP= ToxicityCharacteristicLeachingProcedure
EPA= U.S.EnvironmentalProtectionAgency TDS= totaldissolvedsolids
ID = identification TOC--totalorganiccarbon
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Addendum 1 to the Sampling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, California

2.4: ANALYTICAL METHODS AND REQUIREMENTS

The following text is added to the end of this section:

Alpha Analytical, the analytical laboratory subcontracted by Prima to perform some of the
chemical analyses of environmental samples in support of this sampling effort, is certified
by the State of California and has been approved by the Navy.

2.4.2: LABORATORY ANALYTICAL METHODS

The following text is added before the last paragraph of this section:

In addition to metals listed in the original SAP, the laboratory analysis to be performed in
support of the bench-scale tests and the RD will include the following tests for soil
samples:

• TOC by EPA Method 415.2

• TCLP for metals by EPA Method 1311

• Particle size analysis according to American Society for Testing Materials (ASTM)
procedure D422-63.

The laboratory analyses to be performed for groundwater in support of the bench-scale
testing and the RD will include:

• Nitrate/sulfate/sulfide

• hardness, alkalinity, chloride, and TDS

• BOD

• COD.

Target analyte lists and reporting limits for metals are presented in Table A-2 of the
original SAP, while precision and accuracy criteria for metals are included in Tables A-4
and A-5 of the original SAP. The remaining analytes will be used for screening-level
purposes to monitor the bench-scale testing and in support of the RD. The analytes listed
in the preceding bullets, therefore, will not require validation or be subject to Quality
Control performance criteria.
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Addendum 1 to the Sampling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, California

4.0: DATA VALIDATION AND USABILITY

The following text is added to the end of this section:

Metals results will be the only definitive data collected for the bench-scale test. These data
will be validated as outlined in Section 4.0 of the original SAP. Since the use of the metals
data may include the evaluation of the success of the remedial action to be conducted in the
future, validation of the data is considered prudent, although not mandatory. As noted in
Section 2.6, above, the results of the remaining analyses will be used to monitor the bench-
scale testing and to support the RD, and will not be validated.

5.0: REFERENCES

The following additional references are added to this section:

Innovative Technical Solutions, Inc. (ITSI), 2005, Basewide Monitoring Program Evaluation and
Recommendations, Alameda Point, Alameda, California.

ITSI, 2007a. Final Workplan Data Gap Sampling Investigation, Installation Restoration Site 28,
Alameda Point, Alameda, California, June.

ITSI, 2007b. Final Sampling and Analysis Plan, Data Gap Sampling, Installation Restoration
Site 28, Alameda Point, Alameda, California, June. (Appendix A to the Final Workplan)

ITSI, 2007c. Final Bench-Scale Test Workplan, Data Gap Sampling Investigation, Installation
Restoration Site 28, Alameda Point, Alameda, California, July.

Shaw, 2004. Work Plan for Basewide Groundwater Monitoring Program, Alameda Point,
Alameda, California.
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TABLES

The following tables supersede and replace the corresponding tables in the original SAP
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Addendum 1 to the Sampling and Analysis Plan
Data Gap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, California

TABLE A-1

Implementation Schedule for Field Activities Associated with Bench-scale Testing
IR28 Data Gap Sampling, Alameda Point

Direct Push Drilling, Soil Sampling of Borings June 25, 2007 June 26, 2007 2
(COMPLETED)

Groundwater Sample collection for Bench Testing September 26, 2007 September 26, 2007 1

Notes:
l Duration in working days, unless otherwisenoted
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Alameda Point, Alameda,California

TABLE A-6

Sample Preservation and Storage Requirements
IR28 Data Gap Sampling, Alameda Point

This Table contains information similar to that found on UFP Worksheet

EPA Metals water analysis - 180 days 500 mL plastic HNO3 to pH < 2, 500 mL
6010B/6020/7470A Store at 4+2 °C

EPA 300.0 Nitrate water analysis - 48 hours 250 mL plastic Store at 4-4-2°C 250 mL

EPA 300.0 Sulfate water analysis - 28 days 250 mL plastic Store at 44-2°C 250 mL

EPA 376.2 Sulfide water analysis - 7 days 500 mL plastic NaOH + ZnAc 500 mL
Store at44-2°C

SM 5210B401.1orEPA BOD water analysis - 48 hours 500 mL plastic Store at 44-2°C 500 mL

SM 5220D COD water analysis - 28 days 250 mL plastic H2SO4 250 mL
Store at 44-2°C

Various Hardness water analysis - 180 days 250 mL plastic H2SO4 250 mLStore at 44-2°C

Various Alkalinity water analysis - 14 days 250 mL plastic Store at 44-2°C 250 mL

Various Chloride water analysis - 28 days 250 mL plastic Store at 44-2°C 250 mL

Various TDS water analysis - 7 days 250 mL plastic Store at 44-2°C 250 mL

EPA Metals soil analysis - 180 days 500 mL amberGlass Store at44-2°C 2 grams6010B/6020/7470A

prep 1311(TCLP)

EPA 415.2 TOC soil analysis - 28 days 500 mL amberGlass H2SO4 25 gramsStore at 44-2°C

ASTM D422-63 (2002) Particle size soil analysis - 180 days 500 mL amber Glass Store at 4+2 °C 500 grams

ASTM = American Society for Testing and Materials (2002) mL = Milliliter
BOD = biochemical oxygen demand TCLP = Toxicity characteristicLeaching Procedure
COD = chemical oxygen demand TDS = total dissolved solids
C= Celsius TOC = total organic carbon
EPA = US Environmental Protection Agency
g = gram
ICP-MS= Inductively coupled plasma - mass spectroscopy

_ Innovative
Technical

1R28 SAP Addenl_Final,doc Page 1 of 1 Solutions,Inc.



ATTACHMENT 1

UFP-QAPP WORKSHEETS

Each of the following UFP QAPP Worksheets supersedes and replaces the corresponding
UFP QAPP Worksheet in the original SAP
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Addendum I to the San_ ld Analysis Plan
Data Gap Sampling at Installa_ .astoration Site 28

Alameda Point, Alameda, California

SAP Worksheet #11 (UFP-QAPPManual Section 2.6.1) -- Project Quality Objectives/Systematic Planning Process
Statements

Who will use the data?
The data will be used primarily by the Navy and its subcontractors (including ITSI), and also by regulatory stakeholders
including USEPA, California Regional Water Quality Control Board-San Francisco, and California Department of Toxic
Substances Control.

What will the data be used for?
The data will be used to help acquire operational and effectivenessdata to feed into the Remedial Design at IR Site 28.
See the text of the project-specific SAP Addendum for the full discussion of Data Quality Objectives.

What types of data are needed (matrix, target analytes, analytical groups, field screening, on-site analytical or off-
site laboratory techniques, sampling techniques)?
Collectionof representativegroundwaterandsoilsamplesfor inorganicanalysis. The targetanalytesforwater are:
filteredmetalsby EPA6010/6020/7470A, nitrate.sulfate/sulfideby EPA300.0/376.0, hardness,alkalinity,chloride,TDS,
ph, conductivity, BOD by SM5210B or EPA 401.1, and COD by SM 5220D. The target analytes for soil are: metals by
EPA 6010B/6020/7470A, metals leachability by TCLP, TOC by EPA 415.2, and particle size by ASTM Methold D422-63.
Groundwater sampling will be conducted using low-flow sampling protocol.

Matrix: Soil and Groundwater

How "good" do the data need to be in order to support the environmental decision?
Data mustbe scientificallyand legallydefensible. Sample collectionandanalysismethodshavebeen selectedto provide
data of sufficientqualityforthe projectobjectives.

How much data are needed (number of samples for each analytical group, matrix, and concentration)?
Soil samples will be collected from a boring to approximately 25 feet bgs;definitive groundwater data will be collected
from 2 existing wells screened in the shallow saturated zone.
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Addendum 1 to the Sampling and Analysis Plan
DataGap San'_plingat Installation Restoration Site 28

Alameda Point, Alameda, California

SAPWorksheet#11 (UFP-QAPPManualSection2.6.1)-- ProjectQualityObjectives/SystematicPlanningProcess
Statements(continued)

Where, when, and how should the data be collected/generated?
The samplesandvisualobservationswillbe collectedatthe sitewithintwomonthsof approvalof thisplan. The sample
anddata analysiswillbe performedaccordingtoapprovedSOPs and finaldata from the projectwillbe presentedinthe
remedialdesign.

Who will collect and generate the data?
InnovativeTechnologicalSolutions,Inc. (ITSI), on behalfof Naval FacilitiesEngineeringCommand,SouthwestDivision
(NAVFAC SW), will collect and report the data.

How will the data be reported?
Data willbe reportedin electronicformatas specifiedby ITSI and the QualityAssuranceProjectPlan (QAPP), andreports
willbe retainedin "pdf"formatfor archiving.The projectteam willhave accessto the data andreportsat their
convenience. Data for reviewandfinalreportswillbe clearlyidentifiedandwillbe reportedina RemedialDesign
Documentto be distributedto the Navyandotherstakeholders.

How will the data be archived?
Data willbe archivedelectronicallyusingCD-ROM. Computerreadableelectronicdata filesand reportsare assuredfor
at least5 years fromprojectinitiation.Hardcopiesof all finalreportsfromthe siteare retainedbythe NAVFACtechnical
representativeto ensurelong-termaccessto the information.
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( Addenduml to the Saq nd AnalysisPlanData Gap Sampling at Install_ .estoration Site 28
Alameda Point, Alameda, California

SAP Worksheet #14 (UFP-QAPP Manual Section 2.8.1) -- Summary of Project Tasks
Providea briefoverviewof the listedprojectactivities.Thefollowingtablemustbecompletedfor each projectarea.

Sampling Tasks: Collect soil samples for metals analysis and bench-scaletesting at one boring. Collect groundwater
samples for dissolved metals analysis and bench-scale testing at two existing monitoring wells.

Analysis Tasks: Groundwater samples will be analyzed for metals by EPA method 6010B/6020/7470A; for nitrate/
sulfate/sulfide by EPA method 300.0/376.0; for hardness, alkalinity, chloride, TDS, pH, and conductivity by various
methods; for BOD by SM5210B or EPA 401.1; and for COD by SM 5220D. Soil samples will be analyzed for metals by
EPA method 6010B/6020/7470A.

Quality Control Tasks: Laboratories will perform the applicable QC described in the analytical methods they employ,
including initial calibrations, continuing calibrations, tuning, reagent blanks, surrogates, replicates, control spikes, and
others as necessary. Media-specific field quality control samples, includingsource water blanks, equipment rinsate
samples, trip blanks, and field duplicates, will be used to measure total process performance, as described in Section
2.6.2 of the SAP.

Secondary Data: Previously obtained data from wells historically present within the IR 28 area; data presented in the
Work Plan for Basewide Groundwater Monitoring Program, Alameda Point,Alameda, Califomia (Shaw, 2004a); the
Technical Memorandum, Basewide Monitoring Program Evaluation and Recommendations, Alameda Point, Alameda,
California (ITSI, 2005); and preliminary data from the data gap sampling investigation conducted by ITSI in July 2007.

Other Data: Frequent manual measurements of standard field parameterswill be performed to monitor the bench-scale
testing process.

Data Management Tasks: Analytical data generated by the fixed laboratories will be reviewedby the laboratories using
three levels of document review and reporting. Review processes will be documented using appropriate checklists, forms,
or logbooks that will be signed and dated by the reviewer. Analytical and field data will uploaded to the Navy's NIRIS
database via NEDD. Analytical data validation will be performed for metals analysis only by an independent data
validation firm.

i
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Addendum 1 to the Sampling and Analysis Plan
DataGap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, California

SAPWorksheet#14 (UFP-QAPPManualSection2.8.1) -- Summaryof ProjectTasks(continued)

Documentationand Records: Allrelevantrawdataanddocumentation,including(butnotlimitedto)logbooks,data
sheets,electronicfiles,andfinalreports,willbe maintainedbythefixedlaboratoryforat leastfiveyears. ITSIwill
maintainelectroniccopiesof allpurgeforms,chain-of-custodyforms,andallNavyElectronicDataDeliverables(NEDDs).
Alldata,fieldnotes,rawanalyticalinformation,etc.willbe storedinhardcopyandelectronicformatbyITSIina central
projectfilefortheperiodspecifiedinthecontract.A hardcopyof theanalyticaldatawillbeforwardedtotheNavy's
AdministrativeRecordsDivision.

Assessment/Audit Tasks: During projectactivities, ongoingassessmentswill include peer review,qualitycontrol
reviews,auditsof field operations,checksto see that projectpersonnelhavereadappropriateplanningdocumentsand
are followingdocumentedprocedures,and reviewsto ensure thatclearanceactivitiesandpreliminaryworkhave been
satisfactorilycompleted. Laboratoryauditsare notscheduledto occurin conjunctionwiththisproject.

Data Review Tasks: All analytical data generated by subcontract laboratories in support of this project will be reviewed
internally by the laboratory prior to reporting, to assure the validity of reported data. This internal laboratory process will
consist of data reduction and three levels of document review. As the analytical data are received by ITSI, the project
chemist will compare the generated data with project goals and objectives to ensure that project DQO'scan be met by the
data.
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( Addendum 1 to the San_ ad Analysis Plan
Data Gap Sampling at Installa_ .restoration Site 28

Alameda Point, Alameda, California

SAP Worksheet #30 (UFP-QAPP Manual Section 3,5.2.3) -- Analytical Services Table

Sample DataPackage LaboratoryI Organization BackupLaboratory!
Matrix Analytical Concentra- Locations/ Analytical OrganizationTurnaround

Group tion Level IDNumber SOP (name and address,contactpersonTime and telephone number) (name and address, contact
personandtelephonenumber)

Water Dissolved Low Wells 28SW03 EPA 6010B/ 21 Days Prima Environmental, Inc. Curtis & Tompkins, Ltd.
metals and 28SW04 6020/7470A 10265 Old Placerville Road, 2323 Fifth St.

Suite 15, Berkeley, CA 94710
Sacramento, CA 95827 Ph: 1-800-522-1878
Ph: (916) 363-8798 Contact: John Goyette
Contact: Dr. Cindy Schreier

Water Nitrate Low Well 28SW03 EPA 300.0 21 Days Test America, Inc. Curtis & Tompkins, Ltd.
880 Riverside Parkway
West Sacramento, CA 95605
Ph: 916-374-4443
Contact: Robert Weidenfeld

Water Sulfate Low Well 28SW03 EPA 300.0 21 Days Test America, Inc. Curtis & Tompkins, Ltd.

Water Sulfide Low Well 28SW03 EPA 376.2 21 Days Test America, Inc. Curtis & Tompkins, Ltd.

Water BOD Low Well 28SW03 SM 5210B or 21 Days Test America, Inc. Curtis & Tompkins, Ltd.
EPA 401.1

Water COD Low Well 28SW03 SM 5210B or 21 Days Test America, InC. Curtis & Tompkins, Ltd.
EPA 401.1

Water Hardness Low Well 28SW03 Various 21 Days Test America, Inc. Curtis & Tompkins, Ltd.

Water Alkalinity Low Well 28SW03 Various 21 Days Test America, Ine. Curtis & Tompkins, Ltd.

Water Chloride Low Well 28SW03 Various 21 Days Test America, Inc. Curtis & Tompkins, Ltd.

Water TDS Low Well 28SW03 Various 21 Days Test America, Inc. Curtis & Tompkins, Ltd.

Soil Metals Low 28ITP002 EPA 6010B/ 21 Days Prima (Subcontracted to Alpha Curtis & Tompkins, Ltd.
6020/7470A Analytical)

Soil TOC, TCLP, Low 28HP002 EPA 6010B/ 21 Days Test America, Inc. Curtis & Tompkins, Ltd.
particle size 6020/7470A

_ nnovative
Technical
Selutlons,Inc.



Addendum I to the Sampling and Analysis Plan
DataGap Sampling at Installation Restoration Site 28

Alameda Point, Alameda, Califomia

SAP Worksheet #30 (UFP-QAPP Manual Section 3.5.2.3) -- Analytical Services Table (Continued)

Notes:

BOD = biochemical oxygen demand
CA = California

COD = chemical oxygen demand

EPA = U.S. Environmental Protection Agency
ID = identification

NA -- not available

Ph = phone number
SM = Standard Method

SOP = standard operating procedures
TDS = total dissolved solids
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POTENTIAL FOR MOBILIZATION OF ARSENIC DUE TO REMEDIAL
_' TREATMENT

IR28 is an area of Alameda Point where arsenic is a potential concem, based on the fact that the

highest arsenic concentrations at Alameda Point are from one well at IR28 (well 28SW04). This

attachment evaluates the possibility that arsenic could be mobilized during performance of the

selected remedy.

The mobility of arsenic in the subsurface depends on a variety of geochemical factors,

particularly pH, redox conditions (assessedby Eh, or its proxy, oxidation-reduction potential

[ORP]), the presence of metal hydroxide particles (especially iron hydroxide particles) to which

arsenic can sorb, and the presence of sulfide. Arsenic can exist in four different oxidation states,

but in soil and groundwater arsenic generally exists in the +3 or +5 valence state. In both of

these states, arsenic exists in ionic complexes bound with oxygen as either arsenite (As[III]O33-,

particularly its protonated form H3As[III]O3) or arsenate (As[V]O43-,particularly its protonated

forms H2As[V]O4-or HAs[V]O42-).These complexes all have a tendency to adsorb to iron and

aluminum hydroxide particles, with the extent of sorption strongest at low to moderate pH. The

charged complexes of the As[V] anions tend to bind most strongly, which accounts for their

lower mobility in water compared to As[III].

In reduced waters, dissolved iron can attain high concentrations due to its presence

predominantly in its reduced (+2 or ferrous) valence state, which is significantly more soluble

than the +3 (ferric) state. The iron in iron oxide particles exists primarily in the +3 ferric state.

These iron oxides are not stable in chemically reducing waters, and tend to dissolve and form

ferrous iron. The lack of iron oxide particles in reducing waters implies that arsenic does not

sorb as extensively as in oxidizing waters; thus, arsenic is present at higher concentrations in

reduced waters. Finally, a major caveat to the mobility of arsenic in reduced waters is that

sulfide, where present in sufficient quantity in settings such as reduced bottom muds, can form a

stable precipitate with arsenic.

As reported from many other groundwater contamination sites, arsenic in groundwater at

Alameda Point is most abundant in chemically reduced waters in which dissolved iron is present
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at high concentrations in the ferrous (+2) state. These waters are low in dissolved oxygen and

ORP, measures of which are available from the basewide sampling program. In nearly every

case, wells containing arsenic at concentrations above the MCL (10 gg/L) are marked by high

iron (generally 1,000 to 10,000 gg/L) and manganese (greater than 500 gg/L), along with low

dissolved oxygen (less than 1 rag/L) and oxidation-reduction potential (ORP) (less than 0 mV).

IR28 well 28SW04 is consistent with this pattern.

The use of a chemically reducing reagent such as those under consideration for bench testing

would likely alter local geochemical conditions in several ways. One effect wouldbe creation of

more reducing chemical conditions, which would tend to increase the mobility of arsenic (absent

other effects). However, the treatment chemicals contain reduced sulfur; for example, MRC

contains an organosulfur compound that forms metal-organosulfur complexes with arsenic and

other metals. With time, the organic portion of this complex is biodegraded, leaving the metal

sulfide compound behind in the soil. Based on limited data available from Regenesis, the

experimental use of MRC has shown significant reduction (98%) of dissolved arsenic to a

precipitated form. Based on experimental flushing of the MRC-treated soil by oxidized

solutions, Regenesis postulated that the precipitated arsenic sulfide was stable enough to not

yield leachable arsenic over extended time periods (Regenesis website).

Thus the reagent chemicals are expected to exert two contrasting effects on the mobility of

arsenic in groundwater at IR28: (1) increased arsenic mobility due to more-reduced conditions,

and (2) decreased arsenic mobility due to addition of excess sulfide. However, it is likely that

the addition of sulfur (or sulfide) would be the dominant influence, possibly resulting in

precipitation of much of the dissolved arsenic within the radius of influence of the treatment

chemical. The United States Geological Survey (USGS) (2000) and others (O'Day et al., 2004)

report that arsenic sulfide often precipitates in soils and acts as a sink for dissolved arsenic,

effectively removing it from groundwater. Further evidence on arsenic mobility is available

from the Alameda basewide groundwater sampling program. For all wells where sulfide is

present at concentrations of 1.0 mg/L or greater, arsenic concentrations are relatively low (below

the MCL of 10 gg/L); conversely, where arsenic concentrations are high (greater than about

10 gg/L), sulfide concentrations are low (much less than 1 mg/L). Thus at Alameda Point there

is an inverse relationship between arsenic and sulfide, as there is with iron and sulfide,
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presumably due to the fact that arsenic and sulfide (similar to iron and sulfide) have high affinity

for each other and tend to form stable precipitates.

Taken together, the above-noted published evidence and the analytical observations fxomthe

Alameda Point basewide monitoring program support the idea that addition of any of the sulfide-

containing reagent chemicals under consideration would tend to immobilize groundwater-borne

arsenic as well as the target metal, copper. As for long-term stability, in an area such as

Alameda Point where groundwater flow-through is not substantial, arsenic sulfide will likely be

very stable, such that arsenic will remain in the solid state, maintaining sufficiently low

concentrations of dissolved arsenic in groundwater.
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