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SUPPLEMENTAL FEASIBILITY STUDY REPORT
FOR KAISER MEAD NPL SITE

-FINAL-

1.0 INTRODUCTION

1.1 OBJECTIVE

This report has been prepared to comply with the directive by the Washington Department of
Ecology (Ecology) to Mead Custodial Trust (MCT) dated November 9, 2012, to proceed
with preparation of a Supplemental Feasibility Study (SFS) for the Kaiser Mead NPL Site
(Kaiser Mead). The purpose of the SFS is to develop and evaluate groundwater remedial
action alternatives for the Kaiser Mead Site.

1.2 BACKGROUND

The directive to proceed with this SFS is the outcome of the findings of a Groundwater
MTCA/CERCLA Performance Evaluation conducted in 2012 (Hydrometrics, 2012). The
Performance Evaluation was conducted pursuant to Task 4 of the Remedial Action Plan
(RAP) for the Kaiser Mead Site. The RAP is attached to the Consent Decree Relating to
Mead Aluminum Reduction Works entered in In re Kaiser Aluminum Corporation, Case No.
02-10429 (JKF) (US Bankr. Ct. Del.) (2004). Task 4 of the RAP requires one or more
Performance Evaluations to determine whether cyanide and fluoride concentrations in
groundwater have attained MTCA and CERCLA requirements in wells located at the
downgradient southwestern edge of the parcel located north of the former Kaiser facility that
is currently owned by Kaiser Aluminum Properties, Inc., including the area that borders State
Highway 2 (Compliance Wells) (Figure 1-1). The Performance Evaluation concluded that
after the requisite five-year groundwater monitoring period following completion of certain

remedial actions at the Kaiser Mead facility the groundwater cleanup requirements at the
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FIGURE 1-1. KAISER MEAD NPL SITE LOCATION
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Compliance Wells had not yet been attained. Under Task 5 of the RAP, the Mead Custodial
Trust (MCT or Trust) is to prepare an SFS if the Performance Evaluation indicates that
cyanide or fluoride concentrations in groundwater do not meet MTCA and CERCLA
requirements at the Compliance Wells. Ecology directed the Trust to perform the SFS to
evaluate additional groundwater remedial actions at the Site. Additional Site characterization,
including continued groundwater compliance monitoring, aquifer sediment and groundwater
testing, and groundwater modeling conducted as part of this SFS, indicate that absent
additional groundwater remedial actions, groundwater cleanup requirements likely will not

be achieved for several decades.
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2.0 IDENTIFICATION OF CLEANUP STANDARDS

2.1 ARARS AND PREVIOUS CLEANUP ACTION PLAN

Applicable or relevant and appropriate requirements (ARARs) for the Site based on federal
and State laws were identified in the 1993 FS (RETEC, 1993) and the 2002 Cleanup Action
Plan (CAP; Ecology, 2002). Ecology determined in the CAP that the groundwater cleanup
levels for the Site were based on the drinking water maximum contaminant level (MCL).
These levels were adopted by Ecology and are listed in the 2002 CAP as 4 mg/L fluoride and
0.2 mg/L cyanide (free).

2.2 REVIEW OF CLEANUP STANDARDS IN PERFORMANCE EVALUATION

A component of the MTCA/CERCLA Performance Evaluation (Hydrometrics, 2012) was to
determine MTCA/CERCLA requirements (cleanup standards) for the Site applicable at the
time. The Performance Evaluation review of MTCA/CERCLA requirements revealed that
requirements had not changed and that the 2002 groundwater cleanup levels were still

appropriate for the Site as MCL values for fluoride and cyanide have not changed.

The cleanup levels for groundwater at the Compliance Wells are:

e 4 mg/L fluoride; and
e 0.2 mg/L cyanide (free).

As per the Consent Decree governing this cleanup action (Task 5 of the RAP), this SFS is
focused on addressing groundwater contamination at the Compliance Wells (see Figure 1-1)
at the downgradient western border of Parcel 6, currently owned by Kaiser Aluminum

Properties, Inc. (area that borders State Highway 2).

! Note that the cyanide standard refers to “free” cyanide. Free cyanide refers to the sum of HCN and CN ions in
a sample and is the most toxic form of cyanide. Weak to moderately strong metal-cyanide complexes are
compounds that dissociate and release HCN under mildly acidic conditions. The WAD (weak acid dissociable)
method was developed to quantify available cyanide, which measures the weak and moderately strong metal
cyanide complexes plus free cyanide (Lipps). The Remedial Action Plan attached to the Consent Decree (Task
2) between Ecology and MCT specifies that WAD CN be analyzed in the groundwater monitoring program.
Ecology elected to use the WAD CN method as they determined the analytical method for WAD CN provided
more consistent results at low levels than free CN methods and its use is consistent with the state clean water act
for surface water (WAC 173-201A-240). Since that time newer methods for analysis of free CN that are more
reliable than current WAD CN methods have been approved by US EPA. Therefore, Ecology has directed MCT
to adopt free CN analysis in lieu of WAD CN at Kaiser Mead (Ecology, 2016).
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3.0 SITE CONDITIONS

3.1 FACILITY HISTORY AND BACKGROUND

The Kaiser Mead facility is a former a prebake aluminum smelter that was constructed during
WWII in 1942. The smelter facility covered approximately 270 acres, of which
approximately 50 acres are owned by the Trust (Figure 1-1). The Trust property consists of
an approximately twenty-five (25) acre pile (SPL Pile) of spent potlining (SPL), solid waste
rubble and butt tailings that Kaiser Aluminum and Chemical Corporation consolidated and
covered with a low permeability capping system during interim actions in 2001 (Ecology
Order DE 01 TCPIS-2075) and an approximately twenty-five (25) acre existing wet scrubber
sludge bed to the east of the SPL Pile.

During operation of the smelter, waste materials including spent potlining, a listed RCRA
hazardous waste (designated K088) and dangerous waste under WAC 173-303-9904 that
contains high concentrations of fluoride and cyanide, was disposed in the northwest corner of
the smelter facility in the vicinity of the current SPL pile. Process water from smelter
operations, including fluoride- and cyanide-rich water used to soak and remove spent
potlining from the smelting pots, and stormwater, was disposed in the waste material disposal
area. Process water, stormwater, and water from leaking water pipelines area leached fluoride
and cyanide from the waste materials and carried the contaminants to the underlying
groundwater. The groundwater contaminant plume from the Site historically and currently
extends from the area of the SPL pile to the northwest to the Compliance Wells and beyond
toward the Little Spokane River.

3.2 SITE CHARACTERIZATION

Site conditions were characterized in detail by Hart Crowser in 1988 and their work (and
work by others previously) was the basis for selection of the source control (waste capping
and pipe repairs) and groundwater pump and treat as the remedial alternatives of choice by
RETEC in their 1993 Feasibility Study. Site characterization identified the waste material in
the northwest plant Site area, primarily SPL, as the primary source of fluoride and cyanide to
groundwater. Leaching of fluoride and cyanide from the waste material to groundwater was
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exacerbated by exposure of the waste material to rainfall, stormwater, and leaking water
lines. Remedial alternatives in the 1993 Feasibility Study included technologies to control the
leaching of the fluoride and cyanide source materials (waste consolidation and capping and

pipeline repair, monitoring, and maintenance) and groundwater pumping and treatment.

The cleanup alternative selected by Ecology in the 2002 Cleanup Action Plan (Ecology,
2002) included waste capping, pipe repairs, groundwater pump and treat, institutional
controls, and long-term monitoring and cap maintenance. Additional work by MFG, Inc.
concluded that completion of source control remedial actions without groundwater pump and
treat would result in attainment of cleanup levels at the Compliance Wells in a five-year time
frame (MFG, 2004). The 2004 Consent Decree did not require groundwater pump and treat,
but retained the option for supplemental groundwater remedial action if MTCA/CERCLA
requirements were not met (Task 5 of the RAP). The failure of the cleanup model to
accurately predict a cleanup time frame revealed the need to assess the present condition of
the Site and update the conceptual Site model as part of this SFS. Additional Site
characterization activities and an updated conceptual Site model are described in Sections 3.4
and 3.5 below.

3.3 PAST REMEDIAL ACTIONS

Since the discovery of groundwater contamination associated with spent potliner (SPL)
management practices in 1978, a number of actions have been taken to address the issues
contributing to the migration of identified contaminants. Table 3-1 below lists the actions
taken to date.

As a result of these actions, transport of contaminants by process waters has been eliminated
and leaching of waste materials within the SPL pile by rainfall/snowmelt and stormwater is
believed to be greatly reduced, if not eliminated, by the engineered, low permeability SPL
pile cap. The plant water pipe systems have been replaced and/or lined and pressure and
gravity-line transported waters are assumed to be contained within the vicinity of waste

storage and impacted sediments.
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TABLE 3-1. REMEDIAL ACTIONS COMPLETED AT KAISER MEAD

Date Action

Use of sludge bed, pot soaking operations, discharge of sewage effluent to

1978
sludge bed ceased.

1979 SPL material covered with asphalt cap.

1979 Pot cleaning activities conducted on asphalt pad.

1981 SPL handling and storage activities moved into SPL building.

1981 Tharp Lake unlined settling basin abandoned.

1983 Pipe leak repaired.

1986 Pot cleaning activities moved to building.

1986 Area 2 capped with asphalt.
Interim Action Agreed Order DE 01 TCPIS-2075 resulted in waste materials

2001 (butt pile, rubble pile, asphalt covered SPL pile) consolidated into the current
SPL pile and capped with synthetic liner.

2002 Cured-in-place liners installed in stormwater and sanitary sewer lines.

2005 Semi-annual inspections of SPL and asphalt cap areas and surface water
drainage features.

2005 Compliance monitoring well network installed.

2006 Pressure main water supply pipelines replaced and sanitary sewer line break
repaired above shallow aquitard.

2005 - Present Ongoing groundwater and surface water monitoring and inspection and
maintenance of source controls.

Also as a result of these actions, the current contaminant migration pathways differ from the
historic (pre-actions) pathways as 1) there is no longer any process water being infiltrated to
the groundwater system; 2) waste material has been substantially isolated from precipitation
infiltration by the SPL pile cap; and 3) there is less water from plant water and piping
systems being infiltrated to the groundwater system from the SPL pile area. The current
primary migration pathway is leaching of contaminated aquifer sediments (beneath the SPL
pile and extending to the Compliance Wells and likely beyond) by groundwater. The
leaching of contaminated aquifer sediments constitutes a secondary contaminant source (i.e.,
a contaminant source separated in space or location from the area where the contaminant was
initially released) was identified by supplemental Site characterization activities described in
Section 3.4, below.

The CAP (Ecology, 2002) selected institutional controls consisting of a covenant to ensure

that no groundwater is removed for domestic purposes from the contaminant plume, prevent
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Kaiser from taking actions that interfere with the integrity of the SPL pile cap and control
exposure of future site workers to the Site contaminants. This covenant was specified in the
Task 6 of 2004 Consent Decree Scope of Work and subsequently executed as an Easement
Agreement between Kaiser Aluminum Properties, Inc. and MCT for the property upgradient
(southeast) of the Highway 2 and the Compliance Wells. No institutional controls for
properties downgradient of the Compliance Wells were included in the CAP or Consent
Decree. Ecology (2016) reviewed the status of off-Site institutional controls and identified
State and Spokane County restrictions on groundwater use and concluded that sufficient
protective measures are in place to protect human health and the environment from exposure
to contaminated groundwater from the Kaiser Mead facility. These identified measures
include State Department of Health regulation of public water supply systems and Spokane
County final plat dedications regarding provision of public water supply systems and

prohibition of use of private wells.

3.4 SUPPLEMENTAL SITE CHARACTERIZATION ACTIVITIES, PILOT TESTS,
AND TREATABILITY STUDIES

A review of Site data compiled in the 1980s and 1990s revealed information gaps in the
characterization of Site geochemistry and hydrology and Site-specific testing of remedial
technologies. From 2013 through 2016, a series of field and laboratory activities were
undertaken to supplement the data that was collected and evaluated 20 to 30 years ago,
including aquifer testing; ex situ treatability testing; in situ treatability testing; Site borings
and testing of aquifer sediment and groundwater; a grout wall pilot test; development of a
numeric groundwater flow model and a sediment:groundwater partitioning and mass balance

model. These activities are described further below.

3.4.1 Aquifer Testing

The hydrogeology of the Site consists of a mixed glacial outwash package of fine to coarse
sands with minor gravel, and thin intervening layers of silt and clay. The glacial outwash
sequence is approximately 285 feet thick in the vicinity of the Site and underlain by a
regional aquitard. Previous investigators have divided the aquifer stratigraphy into three

zones for purposes of defining contaminant transport at the Site. The uppermost zone, A
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Zone, is composed of fine to coarse and/or medium to coarse sand with discrete zones of silt
and very fine sand. The A Zone is approximately 10 to 20 feet thick and underlain by a silt
and clay layer that is present beneath the SPL pile but is laterally discontinuous to the west
and is not present in the Compliance Wells area. A Zone is the shallowest aquifer in the
vicinity of the SPL pile and is the most highly contaminated. The B Zone consists of fine
sand, fine to medium sand, and/or medium to coarse sand, sometimes silty or with silt layers
and is underlain by a silt/clay layer. The B Zone is reported in boring logs to range from 6 to
20 feet in thickness. B Zone is not contaminated in the area of the SPL pile but is
contaminated in the area of the Compliance Wells where the aquitard separating the A and B
Zones is absent.

In the 1980s and early 2000s, a limited amount of aquifer testing was conducted by Hart
Crowser and MFG, Inc., respectively, to characterize the hydrogeology beneath the Site,
primarily the contaminated A Zone aquifer. The failure of prior cleanup actions conducted
from 2000 to 2006 to meet the anticipated cleanup time frames predicted by the MFG (2004)
groundwater model prompted questions as to the level of understanding of aquifer
characteristics of the A Zone aquifer. In order to supplement the information collected by
those efforts, Hydrometrics conducted field tests in 2013 to better define aquifer
characteristics and support more accurate contaminant transport predictions and groundwater
capture analyses to be used in assessing remedial technologies as potential cleanup
alternatives. The results of the field tests were previously submitted in the Aquifer
Characterization and Groundwater Capture Analysis (Hydrometrics, 2013). This work was
supplemented in 2015 and 2016 and the results of the supplemental work are presented in the

Groundwater Model Report, which is included as Appendix A to this SFS.

3.4.2 Ex Situ Treatability Testing

In 1993 and 2002, ex situ groundwater cleanup technologies (pump and treat) were evaluated
as part of the recommended cleanup alternative for the Site. RETEC (1993) recommended
alkaline hydrolysis for destruction of cyanide followed by treatment with calcium chloride to
precipitate and remove fluoride. RETEC’s recommendation was based on a literature search
and not on actual testing of Site groundwater. MFG (2002) recommended chemical

H:\FilessMEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065
3-5 10/16/2018 11:47 AM



precipitation as the most effective means of treatment for both cyanide and fluoride, using
ferrous chloride and calcium chloride respectively for each contaminant. MFG’s
recommendation was based on testing on Site groundwater, but cleanup levels were not used

to gauge the effectiveness of the individual treatment tests.

To expand upon the earlier evaluations, additional laboratory treatment tests on Site
groundwater were conducted in 2013 and 2016. Hydrometrics (2013) testing indicated that
several treatment methods were effective and capable of reducing WAD cyanide®
concentrations to below the cleanup level of 0.2 mg/L. Chemical precipitation by ferrous
sulfate addition and chemical oxidation by peroxide addition were selected as the most
effective and implementable for inclusion in potential water treatment process trains. None of
the primary fluoride removal methods were capable of reducing concentrations to the cleanup
level of 4 mg/L. However, a polishing treatment by ion exchange (IX) was found to be
effective in reducing fluoride concentrations to the cleanup level. Alum/XSORBX, with and
without 1X polishing, were selected for fluoride removal in the potential treatment process
trains. A full report on the Hydrometrics’ ex situ treatability study is included as Appendix B

in this report.

The chemical precipitation treatment methods tested by Hydrometrics (2013) have
potentially significant shortcomings of excessive cost and treatment waste generation. An
alternative wetland + electrocoagulation (EC) treatment process train was identified to
potentially avoid these shortcomings. In 2016 MCT contracted with Arconic to perform a
treatability study using a laboratory-scale wetland for cyanide destruction and EC technology
for treatment of fluoride. Site groundwater was used in the tests and results indicate effective
treatment to established cleanup levels is possible if initial water quality is within a

contaminant concentration range similar to that occurring upgradient of the Compliance

2 At the time of these studies, Ecology specified monitoring of WAD cyanide, rather than free cyanide for
determination of compliance with groundwater cleanup standards (0.2 mg/L as free cyanide). Thus, the focus of
the study was treatment of WAD and total cyanide. Since that time, newer methods for analysis of free CN have
been approved by US EPA that are more reliable than current WAD CN methods and Ecology directed MCT to
adopt free CN analysis in lieu of WAD CN at Kaiser Mead (Ecology, 2016).
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Wells. A full report on the Arconic ex situ treatability study is included as Appendix C in this

report.

3.4.3 In Situ Treatability Testing

In the 1993 FS, RETEC excluded in situ groundwater treatment methods during the initial
technology screening exercise due to lack of documented experience treating cyanide and the
challenges of treating groundwater at the depths required. Advances in situ treatment
technologies in the 20 years since the RETEC feasibility study prompted a new evaluation of
in situ treatment for Site groundwater. In 2013, Hydrometrics performed laboratory proof of
concept treatability testing on Site groundwater using both solid and liquid reagents. Three
reagents for cyanide treatment (zero valent iron (ZVI), ferrous sulfate treatment and
hydrogen peroxide oxidation (potentially with copper sulfate catalyst)) were retained as
potentially viable technologies because they were demonstrated to be effective in lab tests
and were likely to be implementable. Two reagents for fluoride treatment (calcium phosphate
and bone char) were retained as potentially viable in situ technologies. A full report on the in

situ treatability study is included as Appendix D.

As described in Appendix D, further evaluation of the in situ reagents identified prohibitive
problems with implementation of in situ treatment and thus no in situ treatment methods are
retained for consideration in remedial alternatives. Both identified reagents for treatment of
fluoride contain phosphorus compounds which would likely result in the addition of
phosphorus to groundwater and the Little Spokane River which conflicts with the established
Total Maximum Daily Load (TMDL) for phosphorus in the Spokane River (Ecology, 2010).
Although no prohibitive problems were encountered for cyanide treatment, the inability to
treat both fluoride and cyanide by in situ methods is considered to preclude in situ treatment

alternatives.
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3.4.4 Site Borings and Testing of Aquifer Sediment and Groundwater

Previous Site characterization efforts by Hart Crowser (1988) identified potential
contaminant sources in unsaturated sediments beneath the SPL pile and determined that a
remaining pathway for contaminant migration was facility-introduced water from pipe leaks
traveling along an identified shallow aquitard (SAQ) and interacting with contaminated
unsaturated sediments beneath the SPL pile area. However, the full extent and distribution of
potential subsurface contaminant sources in sediments beneath the SPL pile area and areas
outside of the footprint of the SPL pile were not well characterized. In addition, there was a
general lack of knowledge regarding the geochemistry of saturated sediments in the A Zone
aquifer. In an effort to close these data gaps, during 2013 through 2016 a number of borings
were drilled in and around the SPL pile and samples were collected and tested to further
characterize saturated and unsaturated sediments and groundwater in and above the SAQ and
A Zone aquifer. Methods and results of the groundwater and sediment characterization
studies are summarized in the Data Report on Additional Field Characterization for the
Kaiser Mead Facility (Hydrometrics, 2017a). Evaluation of the supplemental characterization
data is described in an appendix (Supplemental Site Characterization Analysis) to the

Conceptual Site Model (Appendix E in this report).

Supplemental Site characterization efforts in 2013 revealed the following:

e Auvailable data appeared to rule out the identified SAQ as either a significant pathway
for contaminants or a source of groundwater capable of mobilizing contaminants
within an unsaturated sediment secondary source; and

e A potential significant secondary source (i.e., a source that has been transported from
its original or primary location) for fluoride was identified in saturated A Zone
sediments beneath the SPL pile but the areal extent of the secondary source was not
fully identified.

In 2015 and 2016, additional borings/wells were drilled northwest of the SPL pile (along the
track of the identified contaminant plume) from the northern border of the Bonneville Power

power line right-of-way to the Compliance Wells to characterize groundwater and saturated
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sediment contamination from the SPL pile to the Compliance Wells. The 2015 and 2016 field
and laboratory activities revealed:

e Fluoride-enriched sediments extend from the SPL pile to at least the Compliance
Wells, and likely beyond;

e Cyanide-enriched sediments occur in the highest concentration areas of the
groundwater plume; and

e The levels of fluoride and cyanide contamination in A Zone saturated sediments and
B Zone saturated sediments (near the Compliance Wells) are contributing to
groundwater contamination to an extent that generates the observed current
groundwater concentrations and without further remedial action will likely sustain
levels of fluoride and cyanide in groundwater exceeding cleanup levels for a very

long time (30 to 130 years) in the future.

3.4.5 Grout Wall Pilot Test

The identification of ongoing sources to groundwater, including a secondary source in
aquifer sediments, led to consideration of hydraulic controls/containment in the form of a
grout wall as a potentially viable technology option. However, the approximately 160-foot
depth of the A Zone aquifer is near the limit of implementability of grout walls. To determine
if hydraulic control in the form of a grout wall could be implemented on Site, a pilot test of a
grout wall installation was completed in 2015 as described in Appendix G to this SFS.
Following installation of the grout wall, aquifer testing was done to determine the effects of
grout wall on groundwater flow and to estimate the hydraulic performance of the grout wall.
Overall conclusions of the pilot test were that a wall could be installed and although some
defects would be expected, a grout wall is a potentially effective technology for the Site.
Information obtained from the grout wall pilot test is used to determine potential costs and
performance of a full-scale grout wall for comparison with other technologies and

alternatives.

H:\FilessMEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065
3-9 10/16/2018 11:47 AM



3.4.6 Numeric Groundwater Flow Model

In 2004, MFG prepared a groundwater flow and contaminant transport model to predict
effects of remedy implementation. This model proved inaccurate as it predicted attainment
of groundwater cleanup levels at the Compliance Wells in a very short time (see discussion
in the current CSM report (Appendix E). As part of the SFS, additional groundwater flow
models were developed to supplant the earlier model. In 2013, a simple analytical simulation
of the flow field in the A Zone aquifer was developed to show the potential effects of the
grout curtain on groundwater flow in the SPL area (Hydrometrics, 2013). In 2015 and 2016,
Hydrometrics developed a numeric groundwater flow model to predict the effects of
implementing remedial alternatives (grout wall and pumping/ ex situ treatment). The model
utilized MODFLOW-USG (Panday et al., 2013) to simulate the physical flow system.
MODFLOW-USG is an updated version of the U.S. Geological Survey’s modular 3D finite
difference groundwater flow model, MODFLOW (McDonald and Harbaugh, 1988). A full
description of the model is provided in the Groundwater Model Report included as Appendix
A of this SFS.

3.4.7 Sediment:Groundwater Partitioning and Mass Balance Model

In 2016 and 2017, a Sediment:Groundwater Partitioning and Mass Balance Model
(Partitioning Model) was developed to simulate behavior of fluoride, total cyanide® and free
cyanide in the aquifer sediment:groundwater system at the Kaiser Mead Site and to predict
the effects of remedial alternatives on contaminant concentrations in groundwater. The
Partitioning Model is based on the Conceptual Site Model (CSM) for the Kaiser Mead Site
and in particular results of laboratory-based sediment:groundwater partitioning experiments
(leach and desorption testing of sediments and Site groundwater). The Partitioning Model is a
relatively simple spreadsheet-based model (Excel) that performs a series of partitioning and
mass-balance calculations to simulate transfer of fluoride and cyanide from groundwater to
sediment, and vice versa, with removal of groundwater fluoride and cyanide mass by
groundwater flow. The Partitioning Model report describing the conceptual and mathematical

basis of the model and results of model simulations forecasting or estimating the effects of

® Total cyanide is a measure of all cyanide dissociable by strong acid and includes WAD cyanide, free cyanide
plus strong-cyanide complexes such as iron cyanide compounds.
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remedial alternatives is included as Appendix F to this SFS. Forecasts of the model regarding
the time required to meet cleanup levels under remedial alternatives are presented in Sections

4 through 6 of this SFS as part of alternative evaluation and comparison.

3.5 CONCEPTUAL SITE MODEL

At the conclusion of the supplemental Site characterization work in 2016, the conceptual Site
model (CSM, see Appendix E) was updated to reflect changes in the understanding of the
Site and the sources and causes of ongoing elevated concentrations of cyanide and fluoride in
groundwater. A graphical representation of the current CSM is shown in Figure 3-1. The
primary differences between the current CSM and the earlier Hart Crowser (1988) CSM and
MFG (2004) CSM and groundwater model are:

1. Prior CSMs assumed that all migration pathways from contaminant sources in the
capped SPL pile and underlying sediment were completely eliminated. The current
CSM acknowledges that although active water sources have not been identified, it is
possible that there are unknown water sources that are still actively leaching
contaminated sediment beneath the SPL pile and that have not been entirely
controlled by remedial actions. Thus there is the possibility that groundwater
contaminant loading from the SPL area may continue at some unknown, likely small
rate. The rate of loading from these sources is believed to be insignificant relative to
secondary sources in aquifer sediment, and thus the remedial alternatives developed
in this SFS do not include additional actions to control these sources, only continued
maintenance and monitoring of existing controls.

2. Prior CSMs did not identify any contaminant sources and migration pathways from
secondary contaminant sources in aquifer (saturated) sediment. The current CSM
identifies extensive secondary contaminant sources within the aquifer sediments in
the area of the groundwater contaminant plume (based on test wells and borings
completed in 2013, 2015, and 2016) and that these secondary sources are the primary

ongoing contributors of cyanide and fluoride to groundwater. Thus, the remedial
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FIGURE 3-1. CURRENT CONCEPTUAL SITE MODEL POTENTIAL CONTAMINANT PATHWAYS
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alternatives developed in this SFS are focused on providing control actions for these

secondary sources.

Currently, cyanide and fluoride can potentially migrate to groundwater by three mechanisms:

1. Leaching of impacted sediments in the unsaturated zone beneath the SPL Pile by an
unidentified water source (i.e., leaching of sediments by zones of saturated flow
within the otherwise unsaturated zone above the regional water table, such as could
occur above a shallow aquitard or adjacent a leaky pipe);

2. Leaching of impacted sediments within the saturated zone of the A Zone aquifer and
downgradient B Zone aquifer by groundwater; and

3. Contaminant release to unsaturated flow of soil moisture through the vadose zone.

Of these three potential mechanisms, leaching of impacted aquifer sediments by groundwater
(bullet 2) is believed to be dominant. Although plausible, leaching of sediment above the A
Zone aquifer as described in bullets 1 and 3 is believed to be minor due to the lack of a

significant documented water source.

Once in the groundwater system, cyanide and fluoride migrate through groundwater flow and
are transported through the A Zone aquifer to the northwest, toward the Compliance Wells
and ultimately toward the Little Spokane River. The A Zone aquitard is discontinuous in the
vicinity of monitoring well KM-4, allowing contaminated groundwater within the A Zone to
mix with the underlying B Zone aquifer upgradient of the Compliance Wells. The B Zone
aquifer transports cyanide and fluoride to the downgradient Compliance Wells and beyond.
Within the groundwater system, the transport of cyanide and fluoride is controlled by the
aquifer properties. Average linear velocity of groundwater flow is approximately 3 to 5 ft/day
and estimated groundwater travel time from the SPL pile to the Compliance Wells (a distance

of approximately 2,000 feet) is approximately one to two years.

During groundwater transport, cyanide and fluoride are subject to dilution by mixing and

dispersion and react with the aquifer sediments through the chemical processes of mineral
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dissolution, mineral precipitation, adsorption/desorption, and ion-exchange. These physical
and chemical processes cause cyanide and fluoride transport to be retarded (or slowed)
relative to groundwater transport velocity. These mechanisms also resulted in the formation
of secondary contaminant sources within the aquifer sediment beneath and downgradient of

the SPL pile area.

3.6 CURRENT AND FUTURE GROUNDWATER CONDITIONS

Distributions and concentrations of free cyanide and fluoride in groundwater are shown on
Figures 3-2 and 3-3, respectively. Groundwater concentrations currently exceed cleanup
levels for free cyanide and fluoride at the Compliance Wells and in a contaminant plume that
extends from the Compliance Wells upgradient to the SPL pile. Although not documented by
groundwater monitoring data, extrapolation of data from the Compliance Well area suggests

that concentrations likely exceed cleanup levels downgradient of the Compliance Wells also.

Overall, cyanide and fluoride concentrations within the groundwater contaminant plume
appear to have declined slightly since the implementation of the cleanup remedy, particularly
near the SPL area and in some downgradient locations near the plume center (e.g., near
monitoring wells KM-5 and KM-6). Thus it appears that contaminant loading to groundwater
from the SPL area and the mass of contaminants present in groundwater may have been
reduced by remedial actions between 2001 and 2006 as the observed reductions in
groundwater concentrations may represent a groundwater response to the implemented
source control actions. However, aquifer sediments comprise a secondary contaminant source
in the form of adsorbed and/or mineral precipitated fluoride and cyanide. The secondary
sources of fluoride and cyanide are being slowly leached by groundwater and groundwater
concentrations are expected to decline as the secondary source contaminant mass is
diminished. The observed reductions in groundwater concentrations in the SPL and plume
center areas likely also represent groundwater responses to the ongoing leaching of the

secondary aquifer sediment source.
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FIGURE 3-2. FREE CN CONCENTRATION IN GROUNDWATER
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FIGURE 3-3. FLUORIDE CONCENTRATION IN GROUNDWATER
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Absent additional remedial actions, groundwater contaminant concentrations are likely to
decrease slowly, due to continued leaching and diminishment of the secondary contaminant
sources in the aquifer sediments, such that concentrations may be reduced to cleanup levels
at the Compliance Wells in approximately 30 to 80 years for cyanide and 50 to 130 years for
fluoride. This estimated time to attain cleanup levels is based on the observed rates of decline
in cyanide and fluoride concentrations within the groundwater contaminant plume since the
implementation of the cleanup remedy and on partition model simulations of cleanup rates
using cyanide and fluoride sediment:groundwater partitioning ratios developed through
laboratory testing of sediment in 2015 and 2016. Further discussion of changes in
groundwater concentrations over time are presented in the CSM (Appendix E) and in the
Supplemental Site Characterization Analysis (Appendix A to the CSM).
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4.0 IDENTIFICATION AND SCREENING OF CLEANUP TECHNOLOGIES

4.1 INTRODUCTION

This section presents the identification and screening of technologies that were evaluated to
supplement the previously implemented remedies for the Kaiser Mead Site. Screening of
cleanup technologies was done in steps as follows:

1. As discussed in Section 3.0, a number of remedial technologies were investigated,
and in some cases Site-specific testing was conducted, to determine potential
applicability to Kaiser Mead Site conditions. These investigative efforts resulted in an
initial screening of technologies. The following sections present the technologies
(monitored natural attenuation, containment, and ex situ treatment) that were found to
be potentially effective in meeting cleanup requirements. In situ remedies were
administratively excluded from further consideration for the reasons described in
Section 3.4.3 above and Ecology, 2015a.

2. There are multiple options within the containment and ex situ treatment technologies.
In the second phase of screening (Section 4.2), technology options are described and
evaluated for effectiveness, implementability, and cost.

3. Section 4.3 describes and identifies the most effective and implementable technology
options that are retained for inclusion in the remedial action alternatives.

4. Section 4.4 describes the eight remedial action alternatives formed by combining the
retained technology options. These alternatives are evaluated in Section 5 for Model
Toxics Control Act (MTCA; WAC 173-340-360) requirements and a comparison of

alternatives is provided in Section 6.

4.2 SCREENING OF CLEANUP TECHNOLOGIES

The types of cleanup technologies which were retained for further consideration are:

e Monitored Natural Attenuation — includes continued groundwater monitoring,
maintenance of previously implemented remedies such as cap maintenance (includes

inspection and testing), sewer lines inspection and testing, testing of specific buried
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The

water pressure mains, institutional controls, and the ongoing attenuation of
contaminants that is naturally occurring;

Containment/Physical Barriers — includes technologies to isolate potential source
areas from groundwater or reduce the effects of groundwater flow through potential
source areas;

Ex Situ Groundwater Treatment — includes extraction (pumping) of groundwater from
the contaminant plume area, on-Site treatment with chemicals or constructed wetland
for cyanide removal; treatment with chemicals, ion exchange, reverse osmosis or
electrocoagulation (EC) for fluoride removal; and discharge of treated water to
groundwater or municipal sewer; and

Excavation, Consolidation, and Disposal.

initial screening included evaluating the technologies against three criteria:

effectiveness, implementability, and cost. MTCA (WAC 173-340-350(8)(b)(i)) allows for
elimination of cleanup action alternatives that, based on a preliminary analysis, so clearly do

not meet the minimum requirements in WAC 173-340-360 that a more detailed analysis is

unnecessary. These include alternatives that are not technically possible at the Site and

alternatives for which costs are clearly disproportionate to benefits. The criteria and

questions considered during the initial screening include:

Effectiveness — Does the technology have the demonstrated potential to attain, or
significantly contribute to the attainment of, cleanup levels or significant contaminant
mass reduction?

Implementability — Can the technology be reliably constructed, installed,
implemented, operated and maintained?

Cost — What are the capital and operation and maintenance (O&M) cost of the
technologies? Estimated costs are intended to provide a relative comparison between
alternatives, and are considered to be +/-25 percent of actual costs.
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4.2.1 Monitored Natural Attenuation

EPA (1999) and MTCA (WAC 173-340-200) defines natural attenuation as “a variety of
physical, chemical, or biological processes that, under favorable conditions, act without
human intervention to reduce the mass, toxicity, mobility, volume, or concentration of
hazardous substances [contaminants] in soil or groundwater. These in-situ processes include
biodegradation; dispersion; dilution; sorption; volatilization; radioactive decay; and chemical
or biological stabilization, transformation, or destruction of hazardous substances
[contaminants].” EPA (1999) defines “Monitored natural attenuation” as “the reliance on
natural attenuation processes (within the context of a carefully controlled and monitored site
cleanup approach) to achieve site-specific remediation objectives within a time frame that is

reasonable compared to that offered by other more active methods.”

Monitored natural attenuation (MNA) at the Kaiser Mead Site would rely on the attenuation
of contaminants that is naturally occurring; maintenance of the capped SPL pile; and
continuation of other previously implemented remedial actions including continued
inspection of specific subsurface pipelines to control the introduction of pipeline water to
impacted unsaturated sediments; and continuation of the groundwater monitoring program
that is now conducted by the MCT. Although MNA alone may not meet minimum
requirements for cleanup actions (see further discussion in Section 5.3.8), it is retained as a

technology option for the following reasons:

1. Since MNA is already being implemented, it serves as the no additional action
alternative for this Site (note that all technology options and alternatives include
previously implemented source controls);

2. MNA will continue under all remedial alternatives; and

3. The estimated times to attain cleanup levels by MNA are comparable to other more

active technologies.

The estimated time to attain cleanup levels in the Compliance Wells by MNA are 33 to 80
years for cyanide and 52 to 130 vyears for fluoride based on forecasts by the

sediment:groundwater Partitioning Model (Appendix F). Forecasted future groundwater
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concentrations in the Compliance Wells under MNA (Base Case Model Simulations) are
shown in Figures 4-1 and 4-2. As for all forecast or prediction models, the Partitioning
Model includes uncertainties in the accuracy and representativeness of the conceptual model,
model algorithms, and model parameters that represent aquifer and groundwater properties.
The ranges in estimated time to attain cleanup levels and groundwater concentrations in the

Compliance Wells reflect the uncertainties in the Partitioning Model.

FIGURE 4-1. ESTIMATED TIME TO CLEANUP
(CYANIDE) BY MNA (BASE CASE)

Point of Compliance Area
Cyanide Base Case/MNA Model Simulations
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FIGURE 4-2. ESTIMATED TIME TO CLEANUP
(FLUORIDE) BY MNA (BASE CASE)
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Fluoride Base Case/MNA Model Simulations
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4.2.2 Containment/Physical Barriers

As capping of the significant waste material and source areas by Kaiser Aluminum in 2000
and 2001 was fairly comprehensive, physical containment technologies remaining to be
considered are limited to subsurface barrier walls. Results of the screening of containment
technologies are summarized in Table 4-1 and are further described as follows:

1. A total of five technology options were considered, including three aquifer/location
options (shallow perched aquifer (SAQ) area at SPL pile; A Zone aquifer at SPL Pile
only; and A Zone at SPL Pile plus Plume Center) and two construction method
options (trenching and injection). The Compliance Wells area was not considered for
application of this technology due to physical constraints (e.g., increased depth of
aquifers and heterogeneity of Site geology) that reduce the likelihood of constructing

an effective grout wall in this area.
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TABLE 4-1. GROUNDWATER PHYSICAL CONTAINMENT TECHNOLOGIES SCREENING

Estimated Time
To Meet Cleanup
Capital Cost | Levels in Compliance
Technology Option Effectiveness Implementable? ($ Million) Wells (years)* Retained?
SAQ Slurry Wall Minimal, due to lack Yes, common at $9.4, for 2,000 .
(Trench) of groundwater flow depths < 65 feet linear feet Not estimated No
A Zone Slurry Wall Unknown Unlikely, Unknown, but
(Trench) unproven at high Not estimated No
depths required

SAQ Grout Wall Minimal, due to lack Unknown
(Inject) of saturation and Yes Not estimated No

groundwater flow.
A Zone Grout Wall Pilot test indicates an $15.5, for Fluoride — 52 to 115:
(Inject); SPL Pile Area | effective wall is Yes 3,400 linear _ No

possible. feet Cyanide — 41 to 64
A Zone Grout Wall Pilot test indicates an $28.1 for 5,900 Fluoride — 31 to 51;
(Inject); SPL and effective wall is Yes linear feet Yes
Plume Center Area possible. Cyanide—-0to 70

Notes:

*Partitioning Model estimated time to attain 4 mg/L fluoride and 0.2 mg/L free cyanide in Compliance Wells. Range in estimated time is due to
uncertainty in model parameters. See Appendix F for model simulation descriptions. Estimated costs are intended to provide a relative comparison
between alternatives, and are considered to be +/-25 percent of actual costs.
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2. One technology option (A Zone grout wall installed by injection) was retained for
implementation at one location/configuration, the A Zone aquifer around the SPL pile
and center of the groundwater plume. This option would reduce the flux of
groundwater through potential source areas in saturated sediments beneath and
downgradient of the consolidated SPL pile and was demonstrated to be effective and
implementable based on pilot-scale testing in 2015 as described below and in
Appendix G.

3. A smaller A Zone grout wall around only the SPL pile area would have very limited
effectiveness in controlling contaminant sources as the majority of the secondary
fluoride and cyanide sources in sediment are downgradient of the SPL pile. Although
this option is lower cost than the larger grout wall, the cost/benefit of this option is
judged to be worse than the larger grout wall and thus this location option is not
retained.

4. A trenched slurry wall or injected grout wall to divert flow at the SAQ are expected to
have little effect due to lack of saturated flow above the SAQ and therefore are not
retained as the costs are deemed excessive for the benefit received.

5. A trenched grout wall in the A Zone is likely not implementable due to depth to the
aquifer and is likely excessively expensive.

The two configurations of grout walls in the A Zone aquifer (Figure 4-3) were evaluated for
cost, implementation, and potential effectiveness by a field pilot study and by simulations
with the groundwater numeric model and Partitioning Model. In 2015, a pilot test using high-
pressure grout injection was conducted on the Site as described in Appendix G. Estimated
costs and effectiveness of a grout wall are based on results of the pilot test and groundwater
flow modeling (Appendix A). Overall conclusions of the pilot test were that a wall could be
installed although a defect rate of approximately 0.7 percent would be expected. Defects
would consist of spots where the grout wall would be thin or missing.

H:\FilessMEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065
4-7 10/16/2018 11:47 AM



FIGURE 4-3. GROUNDWATER PLUME CONTAMINATION AND GROUT WALL ZONES
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Based on the modeled groundwater flux results, the Partitioning Model was used to estimate
cleanup time frames for the two A Zone grout wall configurations with closed ends®. Model
simulation results are summarized in Table 4-2. The smaller SPL-only grout wall is predicted
to achieve a relatively high reduction in groundwater flux of approximately 94 percent with a
defect rate of 0.6 (slightly lower than observed in the 2015 pilot test). In spite of the high flux
reduction, the Partitioning Model predicts that the SPL-only grout wall will have little benefit
in terms of estimated time to reach cleanup levels because a large portion of the secondary
contaminant source occurs downgradient of the SPL area and therefore would not be
controlled or contained within the grout wall. For this reason, the smaller SPL-only grout
wall is not retained for further evaluation. Figures 4-4 and 4-5 show the time to cleanup
curves of the combined SPL area and Plume Center area grout wall for fluoride and cyanide,

respectively.

TABLE 4-2. SIMULATED GROUNDWATER FLUX AND ESTIMATED TIME TO
CLEANUP FOR A ZONE GROUT WALL CONFIGURATIONS

Percent
Reduction of Estimated Time To
Ambient Flux With Flux Through | Meet Cleanup Levels in
Grout Wall Groundwater | Grout Wall | Area with Grout Compliance Wells
Configuration Flux (gpm) (gpm) Wall (years)*
Fluoride — 52 to 130;
None -- -- --
Cyanide — 33 to 80
Fluoride — 52 to 115;
SPL Area 64 4 94
Cyanide — 41 to 64
Fluoride — 31 to 51;
iPL + Plume Center 110 24 79
rea Cyanide —<21t0 70

Note: Assumed grout wall defect of 0.6 and 0.7 percent for SPL and SPL+Plume Center grout walls,
respectively. See Appendix A for further details. Range in estimated time to meet cleanup levels is due to
uncertainty in model parameters.

* As described in Appendix A, grout wall configurations with open ends were also modeled and were found to
be much less effective than closed configurations. Thus open ended grout walls were eliminated from
consideration in the SFS.
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FIGURE 4-4. FLUORIDE TIME TO CLEANUP SPL AND
PLUME CENTER AREA GROUT WALL
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FIGURE 4-5. CYANIDE TIME TO CLEANUP SPL AND
PLUME CENTER AREA GROUT WALL
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4.2.3 Ex Situ Groundwater Treatment

Ex Situ treatment technologies include:

e Technologies for extraction of water from the contaminated aquifer;
e Technologies for removal of cyanide from groundwater;
e Technologies for removal of fluoride from groundwater, and

e Technologies for discharge or release of treated water.

The evaluation and screening of potential ex situ treatment technologies are summarized in
Tables 4-3 through 4-6. One of the key factors determining potential cost and effectiveness
of ex situ treatment options is the pumping and treatment rate. For purposes of technology
screening and comparison of treatment options, a treatment rate of 100 gpm is assumed as
this extraction rate was determined to result in a very high level of groundwater plume
capture as described in the groundwater flow model (Appendix A) and would achieve
cleanup levels at the compliance wells in a few years as described in the sediment-
groundwater partitioning and mass balance model (Appendix F).

Potentially effective and implementable extraction technologies consist of conventional
water wells and horizontal wells. Many monitoring wells have been installed at the Site using
conventional water well technologies (e.g., air-rotary or rotosonic drilling) and therefore this
technology is demonstrated to be implementable. Horizontal wells are technically feasible

but have high costs and therefore are not retained (Table 4-3).

TABLE 4-3. EXSITU TREATMENT GROUNDWATER
EXTRACTION TECHNOLOGIES

Retained for
Effective? | Implementable Cost Inclusion in Trefatment
Process Train?

Conventional $15,000 per well
water wells Yes Yes ($1,000 per foot of Yes

screened aquifer)
Horizontal $500,000 per well
wells Yes Yes ($500/foot of No

screened aquifer)
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Potential treated water discharge technologies (Table 4-4) include groundwater injection
wells, discharge to municipal sewer, and groundwater infiltration pond(s). All of these
technologies are technically feasible but infiltration ponds or sewer connections would likely
have the lowest costs and would be easiest to implement; thus only infiltration ponds and
municipal sewer are retained. Injection wells may be subject to clogging and would be
difficult to operate and maintain, potentially requiring very high level of water filtration prior
to injection and/or frequent replacement of wells. Infiltration ponds are much less subject to
clogging than wells (due to much larger infiltration surface area) and are more easily
operated and maintained by excavation and removal of accumulated fine material. Municipal

sewer lines are available near (approximately 1,000 feet to the northwest) the MCT property.

Since infiltration ponds and municipal sewer have different potential advantages and
limitations, both are retained and it is expected that the final selection of disposal method
would be made during engineering design of the final remedial alternative. In particular,
discharge to infiltration ponds has the advantage of likely lower capital and O&M costs but
may require additional or more restrictive discharge permit requirements. For discharges to
groundwater, AKART (*all know and reasonable methods of treatment;” RCW 90.48.010,
RCW 90.48.520); defines the effluent limits (WA Ecology, 2015b). Discharge to municipal
sewer may have higher costs but simpler discharge permit requirements as Spokane County
has an Ecology-approved Pre-treatment Program for industrial dischargers under NPDES
Permit WA-0093317. Moreover, the Spokane County treatment plant is considered to be
AKART for municipal wastewater (WA Ecology, 2011).

TABLE 4-4. EXSITU TREATMENT GROUNDWATER
DISPOSAL TECHNOLOGIES

Retained for Inclusion

Effective? | Implementable Cost in Treatment Process
Train?
Injection Wells Yes Yes, bUt.d'ff.'CUIt $20,000 per well No
to maintain

Infiltration Yes Yes $20,000 c_apl_tal plus Yes

Pond land acquisition cost

Municipal Yes Yes $3,000 to $10,000 Yes

Sewer
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A variety of potential water treatment methods for cyanide and fluoride removal were
laboratory-tested on Site groundwater using chemical reagents during ex situ treatability
testing in 2013. Details of test methods and results and an evaluation of the effectiveness,
implementability and estimated cost of the technologies are described in the Ex Situ
Treatability Report (Appendix B). In 2016 additional treatability testing was done by Arconic
(with EC testing subcontracted to Baker Corporation) (described in Appendix C) with a
laboratory scale wetland (8.75 sg. ft wetland area treating 0.002 to 0.006 gpm) for cyanide
removal followed by electrocoagulation (EC) for fluoride removal. Tables 4-5 and 4-6
(below) summarize the effectiveness of the treatment methods tested in 2013 and 2016. For
purposes of this assessment, effectiveness of treatment is defined as the ability to meet
cleanup levels for cyanide and/or fluoride; or to contribute to removal of cyanide and/or
fluoride such that cleanup levels can be met when combined with other treatment methods in
a multi-step process. Treatment methods that were effective were then combined into several
potential water treatment process trains for removal of both cyanide and fluoride. Evaluation

and screening of the water treatment process trains is described in Table 4-7 (below).

Several treatment methods including iron (ferrous sulfate) precipitation, hydrogen peroxide
oxidation, and wetland treatment were found in treatability tests to be effective and capable
of reducing WAD and free cyanide concentrations to below the cleanup level of 0.2 mg/L
(Table 4-5). Of the effective cyanide treatment methods using chemicals, chemical
precipitation by ferrous sulfate addition and chemical oxidation by peroxide addition were
selected as the most effective and implementable for inclusion in potential water treatment
process trains. The wetland pilot study demonstrated that wetland treatment is effective when
cyanide concentrations in the influent are similar to groundwater concentrations in the
Compliance Wells. Although some minor toxicity to plants (mild browning of shoots from
fluorosis) was observed with high strength water from the plume center area (see discussion
page 4-20, Appendix C), this high strength water is not proposed to be treated, rather lower
strength water from the Compliance Wells is proposed. In addition to removing WAD and
free cyanide, ferrous sulfate precipitation and wetland methods also removed the majority of

the total cyanide, which upon exposure to sunlight, may convert to free cyanide.
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TABLE 4-5. EX SITU CYANIDE TREATMENT TECHNOLOGIES

Retained for Inclusion in
Effective? Treatment Process Train?
Ferrous sulfate precipitation Yes' Yes
Ferric chloride precipitation No No
Ferrous sulfate + ferric chloride No No
precipitation
Hydrogen peroxide oxidation Yes Yes
Activated alumina adsorption No No
Sorbster adsorption No No
Wetland Yes Yes
Notes:

1) Effective in reducing WAD cyanide concentrations to less than 0.2 mg/L. Free cyanide was not measured
in the testing as cleanup level was interpreted to be based on WAD at time of testing. Since free cyanide is
a fraction of WAD cyanide, free cyanide concentrations would be expected to also meet cleanup levels.

None of the primary fluoride removal methods using chemical reagents (Table 4-6) were
capable of reducing concentrations to the cleanup level of 4 mg/L; however, Alum and
several adsorption media (XSORBX, activated alumina, sorbster) achieved significant
fluoride reduction. Two polishing treatments (reverse osmosis (RO) and ion exchange (1X))
were also evaluated and 1X was found to be effective in reducing concentrations to the
cleanup level while RO was found to be ineffective/not implementable due to fouling of the
RO membrane. Alum/XSORBX with IX polishing was selected for inclusion in the potential

treatment process trains.

The EC system (treating effluent from the wetland) was capable of reducing fluoride
concentrations to the cleanup level of 4 mg/L, although effectiveness was dependent upon
fluoride concentration in the wetland effluent. Similar to wetland treatment, EC is effective
when treating groundwater with fluoride contaminant concentrations similar to the
Compliance Wells levels (less than 20 mg/L). EC was paired with both wetland treatment
and ferrous sulfate treatment for cyanide removal for inclusion in the potential treatment

process trains.
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TABLE 4-6. EXSITU FLUORIDE TREATMENT TECHNOLOGIES

. .1 Retained for Inclusion in

Primary Treatment Effective? Treatment Process Train?
Calcium chloride precipitation No No
Lime No No
Alum Yes Yes
Alum/XSORBX Yes Yes
Activated Alumina No No
Sorbster No No
Aluminum chlorohydrate No No
Electrocoagulation Yes Yes

_ . Retained for Inclusion in

Polishing Treatment Effective? Treatment Process Train?
Reverse 0smosis No No
lon exchange Yes Yes
Electrocoagulation Yes Yes

Notes:

1) Only electrocoagulation reduced fluoride concentration to the cleanup level. Primary methods deemed
effective achieved >80 percent concentration reduction.

A discharge of treated waters to ground must meet the requirements of Chapters 90.48 RCW
and 173-216 WAC, including the need to apply AKART. To date, there have been several
engineering evaluations (Retec, 1993; MF&G, 2004; Hydrometrics, 2013; Arconic, 2017) of
treatment methods for cyanide and fluoride. Three of these evaluations included bench-scale
tests (MF&G, 2004; Hydrometrics, 2013; Arconic, 2017). Thus, it is assumed that the
evaluations and data collected to date constitute proof that these treatment methods meet
AKART for cyanide and fluoride. Additional AKART demonstration may be necessary for
other parameters during engineering design. In particular, concentrations of nitrate exceed
the WA groundwater quality standard (10 mg/L) throughout the plume, ranging from
approximately 100 mg/L in the plume center to 20 to 40 mg/L at the compliance wells. An
advantage of the wetland treatment system is the potential for nitrogen compounds such as
nitrate to be treated and removed during cyanide treatment. Although the laboratory testing
of the wetland system did not consider nitrate removal, treatment of nitrate in wetland
systems is well documented (EPA, 2000; Kadlec and Wallace, 2009) and it is expected that

some degree of nitrate removal would occur in the cyanide treatment system.
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The degree of ammonia and nitrate removal in a cyanide treatment wetland is difficult to
predict without actual testing, but extrapolation of results from other wetlands suggests that
treated concentrations could range from <10 to 30 mg/L, equivalent to 25 to >50 percent
removal efficiency. As preliminary designed and described in Appendix C, the cyanide
treatment wetland would have a hydraulic retention time of 7 days and volume of
approximately 0.88 acres/10 gpm of inflow. Assuming an influent concentration equivalent
to water in KMCP-3B (36 mg/L nitrate as N; 0.5 mg/L ammonia as N, 44 mg/L cyanide or
17 mg/L cyanide as N) this inflow equates to a total nitrogen mass loading of approximately
300 g N/m2/yr or 7.3 Ib N/acre/day. This preliminary nitrogen loading rate is within the
range of typical nitrogen loading rates of 2 to 9 Ib N/acre/day reported by EPA (2000) for
nitrogen removal wetlands. EPA (2000) reports typical wetland systems to remove about 50
percent of the nitrogen and yield effluent concentrations of 1 to 10 mg/L nitrate and total
nitrogen. Kadlec and Wallace (2009) compiled performance characteristics from 116 free
water surface wetlands and found a fairly good correlation between total nitrogen and nitrate
loading and total nitrogen and nitrate effluent concentrations. Based on these correlations and
the preliminary design nitrogen loading rate of 300 g N/m2/yr, an effluent concentration of 5

to 30 mg/L total nitrogen is estimated.

A comparison and screening of ex situ treatment process trains are presented in Table 4-7.
Capital costs range from $4.6 million (Peroxide-Alum-1X) to $7.5 million (Wetland-EC) for
100 gpm treatment capacity. All treatment processes have high annual O&M costs that yield
estimated 30-year total costs (capital plus 30 years of O&M) ranging from $65.6 million
(Wetland-EC) to $102.2 million (Ferrous sulfate-EC).
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TABLE 4-7. EXSITUWATER TREATMENT PROCESS TRAINS

. Technology
Procgss Effective? | Implementable? Caplt?l 30 Ye?r 80 Yefi‘r Process Train
Train Cost Cost Cost .
Retained?
Ferrous $5.8 $1027 | $264.0 | No, excessive
sulfate- Yes Yes o o A
million million million O&M cost

Alum-IX

Peroxide- Y(]ec:é;‘or Yes $4.6 $93.3 $241.1 | No, excessive

Alum-1X ) million million* million* | O&M cost

cyanide

Iron Yes, very high

Precipitation $6.8 $77.5 $195.4 | O&M, but

Yes Yes oy - o
(Ferrous million million million | lowest non-
sulfate) - EC wetland cost
Yes, very high

Wetland — Yes Yes $7.5 $65.6 $162.8 | O&M:; but

EC® million million million | lowest 30 & 80

year cost

Notes:

1) Capital cost includes equipment cost as outlined in Ex Situ Treatability Study (Appendices B and C) plus
WA sales tax (8%), legal and administration (5%), engineering (20%), mobilization and bonding (7%),
contingency (20%). Costs do not include groundwater pumping or discharge.

2) Cost assumes treatment of 100 gpm for 30 years (capital cost plus O&M). Cost does not include
monitoring. Cost assumes disposal of treatment waste as hazardous waste at $195/ton (solid) and $609/ton
(semi-solid).

3) Wetland-EC capital cost includes 10 gpm pilot scale test cost of $1 million.

4) The Ex Situ Treatability Report assumed treatment residual/sludge would be disposed as non-hazardous
waste at a cost of $67/ton. Costs shown are adjusted to reflect disposal cost of $195/ton.

5) Estimated costs are intended to provide a relative comparison between alternatives, and are considered to
be +/-25 percent of actual costs.

6) Cost assumes treatment of 100 gpm for 80 years (capital cost plus O&M). Cost does not include

monitoring. Cost assumes disposal of treatment waste as hazardous waste at $195/ton (solid) and $609/ton
(semi-solid).

As was done for MNA and grout wall technologies, the sediment:groundwater Partitioning

Model was used to estimate the amount of time required to attain compliance for ex situ

treatment. Figures 4-6 and 4-7 show the time to cleanup curves for fluoride and cyanide,

respectively, assuming groundwater pumping from a location approximately 300 feet

upgradient of the Compliance Wells and treatment at a rate of 100 gpm. For both fluoride

and cyanide, pumping and treatment of 100 gpm is predicted to result in attainment of

cleanup levels at the Compliance Wells within a few years. Base case Partitioning Model
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FIGURE 4-6. FLUORIDE TIME TO CLEANUP FOR EX SITU
TREATMENT OF 100 GPM
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FIGURE 4-7. CYANIDE TIME TO CLEANUP FOR EX SITU
TREATMENT OF 100 GPM
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simulations (representing conditions if ex situ treatment or other remedial actions were not
conducted; shown by solid curves in Figures 4-6 and 4-7) indicate that fluoride and cyanide
concentrations in groundwater at the Compliance Wells will continue to exceed cleanup
levels for approximately 52 to 130 years (fluoride) and 33 to 80 years (cyanide); thus it is
estimated that pumping and treatment would need to be continued for greater than 30 years in
order to maintain compliance with cleanup levels at the Compliance Wells. For comparison
and screening purposes, Table 4-7 presents costs for assuming 30 years and 80 years of ex
situ treatment, representing best case (30) and worst case (80) estimate durations for cyanide
treatment and shorter than best case to intermediate case conditions for fluoride treatment.
Because of the potentially long period that ex situ treatment would have to be conducted to
meet cleanup levels, the primary factor determining long-term cost of treatment is operation
and maintenance cost. Although the capital cost of the wetland-EC option is not the lowest of
the options, it has the lowest 30-year and 80-year costs and thus is retained for inclusion in
remedial alternatives. Iron Precipitation (Ferrous sulfate) — EC is also retained as it has the

lowest 30-year and 80-year cost of the non-wetland treatment options.

4.2.4 Excavation, Consolidation, and Disposal

Excavation, consolidation, and disposal was identified during initial screening as a
technology that could possibly meet requirements of a permanent cleanup action as defined
by WAC 173-340-200 that is capable of achieving cleanup levels at the standard point of
compliance, which is throughout the Site from the uppermost level of the saturated zone
extending vertically to the lowest depth that could potentially be affected by the Site (WAC
173-360-720(8)(b)). Because the secondary source in the aquifer sediments constitutes an
ongoing source, the only method to achieve cleanup at the standard point of compliance
would be to excavate and remove the secondary source. This technology is deemed to be
impractical and is not retained. Conceptually, this technology would at a minimum require
the following:

1. Re-location and disposal of the SPL pile to allow access to the underlying sediments;
2. Excavation and disposal of unsaturated and saturated sediments beneath the SPL pile

to depth of approximately 150 feet; and
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3. Excavation and disposal of saturated sediments within the groundwater contaminant
plume to a depth of approximately 150 feet.

This technology is impractical due to the excessively large amount of material that would
need to be excavated and disposed. Preliminary estimates are that an area of approximately
80 acres would have to be excavated to a depth of approximately 150 feet; generating a
sediment volume of approximately 20 million cubic yards of material, of which
approximately 8 million cubic yards would be considered to be hazardous waste. Disposal
cost alone for hazardous material alone is estimated to exceed $1 billion, if disposed off-Site.
This technology clearly has disproportionate cost under WAC 173-340-360(3)(e) and
although permanent, is not retained, as allowed under WAC 173-340-350(8)(b)(i).

4.3 DESCRIPTION OF RETAINED CLEANUP TECHNOLOGIES
The technologies that will be retained and combined to form remedial alternatives include:

e MNA with continued maintenance and monitoring of previously implemented and
existing remedial actions;

e Grout wall;

e Exsitu treatment (aka pump and treat) with water treatment by Wetland-EC; and

e Exsitu treatment with water treatment by Iron Precipitation-EC.

4.3.1 Monitored Natural Attenuation (MNA)

The technologies in this category include the currently occurring natural attenuation of
cyanide and fluoride, continued operation and maintenance of the remedies implemented
under the 2002 Cleanup Action Plan and 2004 Consent Decree, and continued groundwater
monitoring. The groundwater monitoring program includes wells strategically positioned to

monitor groundwater cleanup (Ecology, 2002).

4.3.2 Grout Wall
The technology retained in this category is the injection of a grout wall in the A Zone. The

bottom of the grout wall would be keyed into the aquitard that separates the A Zone from the
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underlying B Zone aquifer and the wall will extend vertically up to a height of approximately
10 feet above the recorded A Zone high water table elevation. The anticipated effects of the
grout wall are to significantly reduce the groundwater flux through the saturated A Zone
beneath the footprint of the SPL pile and downgradient in the Plume Center area. This would
effectively divert a significant portion of groundwater flow around contaminated sediments
beneath the SPL pile and in the most highly contaminated portion of the groundwater
contaminant plume; thereby reducing interaction with contaminated aquifer sediments in the
potential source areas and lowering the rate of contaminant migration from this impacted
area. The location of the grout wall configuration is shown in Figure 4-7. Monitoring wells
positioned between the grout wall and Compliance Wells should provide an early indication
of the effectiveness of this technology. Implementability, potential cost, and effectiveness of
this technology were evaluated in a pilot scale test conducted in 2015 (described in Appendix
G). Full-scale effectiveness of a grout wall was simulated and evaluated with the
groundwater model (Appendix A) and sediment:groundwater Partitioning Model (described

in Appendix F).

4.3.3 Ex Situ Groundwater Treatment

The ex situ groundwater treatment option consists of the combination of technologies:

e Groundwater extraction by conventional water wells;

e Water treatment in a constructed wetland for cyanide removal;

e Water treatment by iron precipitation (ferrous sulfate) for cyanide removal;

e Water treatment by electrocoagulation (EC) for fluoride removal; and

e Discharge/release of treated water either to groundwater via an infiltration pond, or to
the Spokane municipal water reclamation facility for further treatment and subsequent

discharge to the Spokane River.

The groundwater extraction component would consist of approximately four water wells
(with associated pumps, piping, and controls) constructed in a line perpendicular to
groundwater flow direction across the groundwater contaminant plume approximately 200 to
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300 feet upgradient of the Compliance Wells (Figure 4-8). Wells would be completed in the
B Zone aquifer. Location of wells in this area rather than in the plume center area has the
advantages of shorter time to meet cleanup levels at the Compliance Wells, greater saturated
thickness of the aquifer to sustain pumping, and minimizing the contaminant mass
transported past the Compliance Wells. Additionally, the selected pumping location has
lower groundwater cyanide and fluoride concentrations to allow treatment by the wetland

system.

A groundwater capture analysis of the aquifer system (Groundwater Model Report, Appendix
A) predicts that pumping rates of 100 gpm could be achieved with one or more extraction
wells at the proposed location. As described in Section 4.2.3 and Appendix F, pumping and
treatment of 100 gpm from a location upgradient of the Compliance Wells is estimated to
attain cleanup levels for fluoride and cyanide within a few years. Pumping/treatment of lower
flow rates could be selected or implemented for several reasons including:

1. Ifitis found that adequate control is achieved with a lower pumping/treatment rate;

2. If 100 gpm treatment cost is determined to be disproportionate to benefit; and

3. If pilot-scale testing indicates a significantly larger wetland area is required to attain
the desired level of treatment and land costs or access issues preclude expansion of

the wetland.

For these reasons, a range of pumping rates (25, 50, and 100 gpm) is considered for ex situ
treatment options. The principal uncertainties in the pumping rate that would be needed to
meet compliance levels in a short time arise from a) uncertainty and variations in
groundwater concentrations in the proposed extraction well locations; and b) uncertainty
about how Compliance Well concentrations will respond to groundwater extraction. It is
anticipated that these two uncertainties would be addressed during engineering design. As
illustrated by Figure 4-9, fluoride concentrations (and similarly cyanide concentration) are
quite variable near the Compliance Wells and the exact contaminant concentrations in the
specific extraction well locations are not fully known and fluoride concentrations in existing

wells are variable. This uncertainty in extraction well contaminant concentrations could be
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FIGURE 4-8. GROUT WALL CONFIGURATION
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FIGURE 4-9. POTENTIAL EXTRACTION WELL AND WETLAND LOCATIONS
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addressed by installing and testing extraction wells early in ED so that this uncertainty is

eliminated prior to final design and construction.

The uncertainty regarding the effect of pump and treat on Compliance Well concentrations is
difficult or impossible to eliminate at this Feasibility Study phase without long term
operation of the pump and treat system, that can only be done after the full scale pump and
treat system is fully built. Long term pumping tests could largely eliminate this uncertainty,
but all water pumped must be disposed as dangerous waste unless treated, which makes this
approach impractical. A practical approach is to use the data obtained from the extraction
wells completed during early phases of engineering design (based on short-term tests) to
refine the understanding of the relationship between Compliance Well concentrations and
upgradient concentrations and refine estimates of the effects of pumping and contaminant
mass removal. Refinements could include updates to the conceptual model, hydrogeologic
cross-sections, partitioning and mass balance model, and numeric groundwater model.
Additionally, the potential need to operate the pump and treat systems at higher or lower
rates than the nominal design rate could be considered in engineering design and
incorporated to the extent that it is practical (i.e., flexibility in rates could be designed and
built into the system where it is possible to do so without incurring excessive cost).

Ex situ water treatment would consist of either a constructed wetland or iron precipitation
(ferrous sulfate) water treatment system for cyanide (total, WAD, and free) removal and an

electrocoagulation (EC) system for removal of fluoride.

The wetland treatment system would consist of one or more constructed wetland cells. The
cell(s) would be lined with a low permeability liner (e.g., geocomposSite liner) and would
have a water depth of approximately six to eight inches with planted and volunteer emergent
and submergent plant species. Final sizing of the wetland pond would be based on field
pilot-scale testing (Alternative C(100) only) or initial start-up testing (Alternatives C(50) and
C(25)) to determine optimal hydraulic retention time for the Site groundwater chemistry and

environmental factors. Based on the results of the laboratory scale pilot test (Appendix C), it
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Is estimated that approximately six acres of wetland would be required to treat 100 gpm of
groundwater at the Mead Site.

Final location of the wetland treatment system for cyanide removal would be selected based
on the size of the treatment area required and land ownership considerations. Within the
MCT property, the candidate area is the paved area west of the SPL pile. This area is
advantageous from a land ownership perspective and would make use of previously
unutilized area. However, the paved area is limited in size. Other possible locations for the
constructed wetland include areas to the north of the sludge pond (Kaiser Aluminum
Properties, Inc. property), land within the BPA transmission corridor easement, and land west
or south of MCT property that is owned by Spokane Recycling. Figure 4-9 shows the relative
size of a six-acre wetland compared to the surrounding area. An additional consideration for
location is the presence of contaminated sediments in the vicinity of the SPL pile. Location
of the wetland above uncontaminated sediments and over areas not underlain by the shallow
aquitard is preferred to avoid the potential for leaching of contaminants by leakage from the

wetland.

The iron precipitation (ferrous sulfate) treatment system for cyanide removal would use a
ferrous iron reagent to form an iron cyanide solid precipitate. The iron cyanide precipitates
would then be separated from the water by aeration and flocculation in a clarifier. The iron
cyanide particles would then be dewatered to form a sludge that could be handled as a solid.
The system would require a building to house the system as well as piping, pumps, reaction
tanks, and storage tanks that would be co-located with the EC treatment system.

The fluoride removal system would consist of electrocoagulation (EC). The system would
require a building to house the system as well as piping, pumps, reaction tanks, and storage
tanks. The treated water discharge system would consist of an unlined infiltration pond
excavated into the native sandy soil materials in the area. Because of the relatively high
infiltration rate of the native sand, a relatively small infiltration pond system (approximately
2,500 square feet) would be required for an infiltration capacity of 100 gpm. Final size of the
pond would depend on the rate of groundwater extraction and treatment. The infiltration
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pond could be located in a variety of areas. Potential options include adjacent to the water
treatment system to reduce piping costs and disturbance; or upgradient of, or within, the
footprint of the groundwater contaminant plume to minimize potential deleterious effects of
treated water to un-impacted groundwater (treatment processes target only cyanide and
fluoride, untreated and treated water is anticipated to have high total dissolved solids and
nitrate concentrations that could reduce the suitability of groundwater for drinking water
use). Potential impacts to plume capture would be an important consideration in location of

the infiltration pond.

Remaining uncertainties regarding ex situ treatment technologies that would need to be

addressed during final design of a remedial alternative include:

1. Optimal location and required number of extraction wells;

2. Required groundwater extraction rate;

3. Efficiency and effectiveness of the wetland and EC treatment systems under Site
conditions;

4. Size and location of the wetland system;

5. Efficiency and effectiveness of the iron precipitation and EC treatment systems when
employed in a combined process train; and

6. Size and location of the water disposal infiltration pond system.

4.4 IDENTIFICATION OF CLEANUP ALTERNATIVES

Eight remedial alternatives (MNA, Grout Wall, Ex Situ Treatment by Wetland-EC (at rates
of 25, 50, and 100 gpm), and Ex Situ Treatment by Iron Precipitation-EC (at rates of 25, 50,
and 100 gpm)) have been preliminarily identified as potentially feasible for cleanup of
groundwater at Kaiser Mead. These identified cleanup alternatives were developed from
technologies that were screened in Section 4.2 and detailed in Section 4.3. The remedial
alternatives are summarized in Table 4-8 and the remainder of this subsection and are

evaluated in detail for compliance with MTCA requirements in Section 5 of this SFS.

H:\FilessMEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065
4-27 10/16/2018 11:47 AM



TABLE 4-8.

SUMMARY OF REMEDIAL ALTERNATIVES

Alternative

Description of Cleanup
Technologies

Capacity/Size

Estimated
Cost
($ Million, 30
years, NPV)*

Estimated Cost
($ Million, 80
years, NPV)!

Estimated Time to
Attain Cleanup Levels
at Compliance Wells

After Full

Implementation (years)

Monitored Natural Attenuation F:52t0 130
A (MNA) - $0.674 $1.528 CN- 33 t0 80
5,900 feet wall length E: 31051
B Grout Wall + MNA encompassing SPL and $28.9 $30.1 ™
CN:0to 70
Plume Center area
Pump & Treat (w/Wetland-EC) + _ F: <2
C(100) MNA 100 gpm; 7 acre wetland $55.8 $123.4 CN: <2
Pump & Treat (w/Wetland-EC) + . F: 381080
C(50) MNA 50 gpm; 3.5 acre wetland $29.4 $61.7 CN- 28 10 40
Pump & Treat (w/Wetland-EC) + _ F: 46 to 110
C(25) MNA 25 gpm; 1.75 acre wetland $15.9 $31.6 CN: 32 10 66
D(100) Pump & Treat (w/lron-EC) + MNA 100 gpm $71.3 $152.9 C|2:N<<22
F: 3810 80
D(50) Pump & Treat (w/Iron-EC) + MNA 50 gpm $39.1 $83.1 CN- 28 10 40
F:46t0 110
D(25) Pump & Treat (w/lron-EC) + MNA 25 gpm $22.5 $47.3 CN: 32 t0 66

Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to provide a relative comparison between alternatives, and
are considered to be +/-25 percent of actual costs. The 30-year and 80-year costs represent approximate durations of remedial actions under approximate
best case (30) and worst case (80) conditions for cyanide and intermediate case (80) conditions for fluoride treatment. For ex situ treatment alternatives,

cost estimates assume treatment for both cyanide and fluoride for the duration of the estimate period (30 or 80 years).
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The MTCA cleanup regulation, WAC 173-340-350(8)(c), requires that a reasonable number
and type of remedial alternatives be evaluated, including at least one permanent alternative

and at least one alternative with a standard point of compliance. For groundwater, MTCA

(WAC 173-340-360(2)(c)) requires that a permanent cleanup action be used to achieve

cleanup levels at the standard point of compliance where a permanent cleanup action is

practicable or determined by Ecology to be in the public interest. Ecology also recommends

that a no action alternative be considered. The selected alternatives are judged to satisfy

Ecology requirements for the following reasons:

None of the alternatives are permanent groundwater cleanup actions because they will
not achieve cleanup levels at the standard point of compliance, which is throughout
the site from the uppermost level of the saturated zone extending vertically to the
lowest depth that could potentially be affected by the site (WAC 173-360-720(8)(b)).
A permanent technology (excavation, consolidation, and disposal) was screened as
described in Section 4.2.4 and cost was determined to be clearly disproportionate to
benefits. WAC 173-340-350(8)(c)(ii)(B)(I1I) allows that a feasibility study does not
have to include a permanent cleanup action alternative where the cost is clearly
disproportionate.

The eight alternatives vary in the extent of permanence as defined by WAC 173-340-
360(3). Evaluation of the alternatives for the permanence and disproportionate cost
analysis criteria is detailed in the following Section 5.

All alternatives can achieve cleanup levels at the Compliance Wells; however,
restoration time frames (i.e., time to attain cleanup levels at the Compliance Wells)
vary between alternatives.

A “no action” alternative is not included as all alternatives include continued
monitoring and maintenance of previous remedial action components (i.e.,
maintenance of existing SPL cap, etc.). Alternative A (MNA) may be considered a
“no additional action” alternative as it includes no additional groundwater controls

beyond those previously implemented.
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Inclusion of technologies and alternatives in the alternatives evaluation does not necessarily

mean that the technologies/alternatives meet MTCA requirements or pass DCA.

Alternative A — MNA
The MNA alternative allows for continued monitoring of the groundwater plume, continued

inspection and maintenance of the previously completed remedial actions (waste
consolidation under the cap and pipe repairs/replacements), and routine monitoring of pipe
leaks and repair as needed. An Easement Agreement between Kaiser Aluminum Properties,
Inc. and MCT precludes groundwater use from the groundwater contaminant plume except
for testing or monitoring. In addition, under the MNA alternative, deed restrictions will be
recorded on the MCT property if not presently in place. This alternative relies on
continuation of the presently occurring natural attenuation of cyanide and fluoride in the

groundwater contaminant plume.

Two configurations are evaluated for the groundwater monitoring program as part of the
remedy selection. The first configuration would be implemented should MNA (with remedy
operations and maintenance) be selected. The modified groundwater monitoring program
would focus on the two Compliance Wells that continue to exceed established cleanup levels
and the program would be reduced to monitoring of background well KM-3 and Compliance
Wells KMCP-3B and KMCP-4B. The current monitoring program operates on a quarterly
schedule. The modified program under this first configuration would be reduced to a one-

time sampling per year (annual) schedule.

Under the second configuration, the groundwater monitoring program would continue under
its present scope and schedule (11 wells monitored quarterly). This second configuration

would be used to monitor remedy effects if another alternative is selected.

Alternative B — Grout Wall Plus Alt A

This alternative installs a grout wall around the SPL pile source area and the Plume Center

area in the A Zone aquifer. The grouting would install a low permeability “wall” from the A
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Zone aquitard to a specified distance above the water table of the A Zone. Alternative A
(MNA) will also be a component of this alternative.

Alternative C(100) — Ex Situ Treatment (with Wetland-EC) at Rate of 100 gpm Plus Alt A
This alternative effects plume treatment by extracting groundwater in the contaminant plume

near the Compliance Wells via extraction wells, treatment (destruction) of the cyanide
component of the contamination through photolytic and biologic degradation in a wetland
system and treatment of the fluoride component through electrocoagulation. Fluoride
removed by EC treatment would form treatment residuals (sludge) that would be disposed as
waste at a licensed and approved off-Site hazardous waste facility. A pumping rate of 100
gpm is estimated to capture all or most of the plume such that attainment of cleanup levels at
the Compliance Wells would occur within a few years. Treated water would be released to a
shallow subsurface infiltration pond for return to the groundwater system. This alternative
requires field pilot testing to verify wetland design elements. Alternative A (MNA) will also

be a component of this alternative.

Alternative C(50) — Ex Situ Treatment (with Wetland-EC) at Rate of 50 gpm Plus Alt A

Alternative C(50) is identical to Alternative C(100) with the exception that water would be
pumped and treated at a rate of 50 gpm, which would capture approximately half of the
contaminant plume. Because the plume would not be fully captured, compliance with
cleanup levels at the Compliance Wells would not be attained in a short time, however,
contaminant mass would be removed from the aquifer. Due to relatively similar size of the
proposed 10 gpm pilot test to the full scale 50 gpm wetland, a pilot test is not included with
this alternative. Instead, it is expected that wetland optimization would occur during the start-

up period. Alternative A (MNA) will also be a component of this alternative.

Alternative C(25) — Ex Situ Treatment (with Wetland-EC) at Rate of 25 gpm Plus Alt A
Alternative C(25) is identical to Alternative C(100) with the exception that water would be

pumped and treated at a rate of 25 gpm which would capture approximately one quarter of
the contaminant plume. Because the plume would not be fully captured, compliance with

cleanup levels at the Compliance Wells would not be attained in a short time, however,
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contaminant mass would be removed from the aquifer. Due to relatively similar size of the
proposed 10 gpm pilot test to the full scale 50 gpm wetland, a pilot test is not included with
this alternative. Instead, it is expected that wetland optimization would occur during the start-

up period. Alternative A (MNA) will also be a component of this alternative.

Alternative D(100) — Ex Situ Treatment (with Iron-EC) at Rate of 100 gpm Plus Alt A

Alternative D(100) is identical to Alternative C(100) except iron precipitation would be used
instead of a constructed wetland for cyanide removal. The cyanide removed from the water
would be stabilized as iron cyanide solids. Identical to Alternative C(100), this alternative
would remove fluoride by EC. Cyanide and fluoride removed by water treatment would form
treatment residuals (sludge) that would be disposed as waste at a licensed and approved off-
Site hazardous waste facility. A pumping rate of 100 gpm is estimated to capture all or most
of the plume such that attainment of cleanup levels at the Compliance Wells would occur
within a few years. Treated water would be released to a shallow subsurface infiltration pond
for return to the groundwater system. Alternative A (MNA) will also be a component of this

alternative.

Alternative D(50) — Ex Situ Treatment (with Iron-EC) at Rate of 50 gpm Plus Alt A
Alternative D(50) is identical to Alternative D(100) with the exception that water would be

pumped and treated at a rate of 50 gpm which would capture approximately half of the
contaminant plume. Because the plume would not be fully captured, compliance with
cleanup levels at the Compliance Wells would not be attained in a short time, however,
contaminant mass would be removed from the aquifer. Alternative A (MNA) will also be a
component of this alternative.

Alternative D(25) — Ex Situ Treatment (with Iron-EC) at Rate of 25 gpm Plus Alt A
Alternative D(25) is identical to Alternative D(100) with the exception that water would be

pumped and treated at a rate of 25 gpm which would capture approximately one quarter of
the contaminant plume. Because the plume would not be fully captured, compliance with
cleanup levels at the Compliance Wells would not be attained in a short time, however,
contaminant mass would be removed from the aquifer. Alternative A (MNA) will also be a
component of this alternative.
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5.0 EVALUATION OF CLEANUP ALTERNATIVES

In Section 4, eight cleanup alternatives were identified which include combinations of
potentially feasible technologies for remediation of groundwater at Kaiser Mead. The
alternatives are evaluated in this section according to the requirements identified in WAC
173-340-360 (Selection of Cleanup Actions). MTCA identifies specific criteria against which
alternatives are to be evaluated and categorizes them as either “threshold” or “other”
requirements. All cleanup actions must at a minimum meet the threshold requirements. The
other MTCA requirements are considered when selecting from among the alternatives that
fulfill the threshold requirements. Additionally, MTCA requires that a cleanup action use
permanent solutions to the maximum extent practicable as determined based on a
disproportionate cost analysis (DCA; WAC 173-340-360(3)). The eight remedial alternatives
are evaluated against the MTCA threshold criteria in Section 5.1, a description of other
MTCA criteria and DCA criteria is provided in Section 5.2, and alternatives are evaluated for
the other MTCA criteria and DCA evaluation criteria in Sections 5.3 through 5.5.

Alternatives are compared with respect to DCA criteria, costs, and benefits in Section 6.

5.1 MTCA MINIMUM REQUIREMENTS FOR CLEANUP ACTIONS
WAC 173-340-360 (2) describes the MTCA minimum requirements as:

All cleanup actions shall meet the following requirements. Because cleanup actions will
often involve the use of several cleanup action components at a single Site, the overall
cleanup action shall meet the requirements of this section. The department recognizes that
some of the requirements contain flexibility and will require the use of professional
judgment in determining how to apply them at particular Sites.

(a) Threshold requirements. The cleanup action shall:
(i) Protect human health and the environment;
(ii) Comply with cleanup standards (see WAC 173-340-700 through 173-340-760);
(iii)Comply with applicable state and federal laws (see WAC 173-340-710); and
(iv) Provide for compliance monitoring (see WAC 173-340-410 and 173-340-720
through 173-340-760).
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The overall protectiveness that the cleanup alternatives provide depends on their ability to
meet cleanup standards for cyanide and fluoride. Cleanup standards include a cleanup level
(4 mg/L fluoride and 0.2 mg/L free cyanide) and a location (i.e., Compliance Wells) where
compliance with the cleanup level must be demonstrated. All of the eight alternatives except
possibly Alternative A MNA are expected to meet threshold criteria, although the estimated
time required to achieve compliance with cleanup levels at the Compliance Wells varies
among the alternatives. Alternative A MNA relies primarily on monitored natural
attenuation, institutional controls and monitoring. WAC 173-340-370 (Expectations for
Cleanup Action Alternatives) describes specific conditions where natural attenuation may be
appropriate. Alternative A is judged to meet some of these conditions as detailed in Section
5.3, but the determination of whether Alternative A meets the Expectations is dependent on

the DCA which is not final, pending Ecology review as described in Section 6.

5.2 MTCA CRITERIA FOR EVALUATION AND COMPARISON OF CLEANUP
ALTERNATIVES

MTCA requirements for evaluation and selection of alternatives that meet the minimum

threshold requirements include:

e “Other requirements” for permanent solutions to the maximum extent practicable and
reasonable restoration time frames;
e Permanent groundwater actions where practicable; and

e Permanence determined by a disproportionate cost analysis (DCA).

5.2.1 Other MTCA Requirements
The other MTCA requirements are considered when selecting from among the alternatives

that fulfill the threshold requirements.

(b) Other requirements. When selecting from cleanup action alternatives that fulfill the
threshold requirements, the selected action shall:
(i) Use permanent solutions to the maximum extent practicable (see subsection (3) of

this section);
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(if) Provide for a reasonable restoration time frames (see subsection (4) of this
section); and
(iii)Consider public concerns (see WAC 173-340-600).

The maximum extent practicable criteria for permanent solutions are detailed in Section
5.2.3. Disproportionate Cost Analysis, ranking, and scoring of alternatives for DCA criteria

are described in Section 6 and detailed in Appendix H.

Several factors are to be considered in determining whether a cleanup action provides for a
reasonable restoration time frame (see WAC 173-340-360(4)). Moreover, the reasonableness
determination is closely tied to the determination of permanence and disproportionate cost.
Restoration time frames, permanence, and cost are further discussed in Section 6
Comparison of Alternatives, but a final judgment based on these criteria will be made by
Ecology.

Consideration of public concerns is beyond the scope of this SFS and is anticipated to be

addressed during the public comment period for this SFS or any future cleanup action plans.

5.2.2 Permanent Groundwater Actions

For groundwater cleanup actions, there is an additional requirement for permanent actions:
“A permanent cleanup action shall be used to achieve the cleanup levels for ground water in
WAC 173-340-720 at the standard point(s) of compliance (see WAC 173-340-720(8)) where
a permanent cleanup action is practicable or determined by the department to be in the
public interest.” WAC 173-340-360(2)(c)(i).

A permanent cleanup action is a “cleanup action in which cleanup standards of WAC 173-
340-700 through 173-340-760 can be met without further action being required at the Site
being cleaned up or any other Site involved with the cleanup action, other than the approved

disposal of any residue from the treatment of hazardous substances.” WAC 173-340-200.
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5.2.3 Disproportionate Cost Analysis
MTCA specifies in WAC 173-340-360(3)(e) that the disproportionate cost analysis must be

used in order to determine whether a cleanup action uses permanent solutions to the

maximum extent practicable. The disproportionate cost analysis compares the costs and

benefits of the cleanup alternatives evaluated in the feasibility study. Costs are

disproportionate to benefits if the incremental costs of the alternative over that of a lower

cost alternative exceed the incremental degree of benefits achieved by the alternative over
that of the other lower cost alternative (WAC 173-340-360(3)(e)(i)). The costs and benefits
to be compared are the evaluation criteria identified in WAC 173-340-360(3)(f):

Protectiveness: overall protectiveness of human health and the environment,
including the degree to which existing risks are reduced, time required to reduce risk
at the facility and attain cleanup standards, on-Site and off-Site risks resulting from
implementing the alternative, and improvement of the overall environmental quality.
Permanence: the degree to which the alternative permanently reduces the toxicity,
mobility, or volume of hazardous substances, including the adequacy of the
alternative in destroying the hazardous substances, the reduction or elimination of
hazardous substance releases and sources of releases, the degree of irreversibility of
waste treatment process, and the characteristics and quantity of treatment residuals
generated.

Cost: the cost to implement the alternative, including the cost of construction, the net
present value of any long-term costs, and agency oversight costs that are recoverable.
Long-term costs include operation and maintenance costs, monitoring CoOsts,
equipment replacement costs, and the cost of maintaining institutional controls. Cost
estimates for treatment technologies shall describe pretreatment, analytical, labor, and
waste management costs. The design life of the cleanup action shall be estimated and
the cost of replacement or repair of major elements shall be included in the cost
estimate.

Effectiveness over the long term: the degree of certainty that the alternatives will be
successful, the reliability of the alternative during the period of time hazardous

substances are expected to remain on-Site at concentrations that exceed cleanup
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levels, the magnitude of residual risk with the alternative in place, and the
effectiveness of controls required to manage treatment residues or remaining wastes.
The following types of cleanup action components may be used as a guide, in
descending order, when assessing the relative degree of long-term effectiveness:
Reuse or recycling; destruction or detoxification; immobilization or solidification; on-
Site or off-Site disposal in an engineered, lined and monitored facility; on-Site
isolation or containment with attendant engineering controls; and institutional
controls and monitoring.

e Management of short-term risks: the risk to human health and the environment
associated with the alternative during construction and implementation, and the
effectiveness of measures that will be taken to manage such risks.

e Technical and administrative implementability: consideration of whether the
alternative is technically possible, availability of necessary off-Site facilities, services
and materials, administrative and regulatory requirements, scheduling, size,
complexity, monitoring requirements, access for construction operations and
monitoring, and integration with existing facility operations and other current or
potential remedial actions.

e Consideration of public concerns: whether the community has concerns regarding the
alternative and, if so, the extent to which the alternative addresses those concerns.
This process includes concerns from individuals, community groups, local
governments, tribes, federal and state agencies, or any other organization that may

have an interest in or knowledge of the Site.

5.2.4 Use of Evaluation Criteria
The use of the first six criteria listed in Section 5.2.3 to evaluate the eight cleanup
alternatives for the Kaiser Mead Site is described below. The seventh criterion, consideration

of public concern, will be addressed through a public comment period.

Protectiveness
Alternatives will be evaluated under this criterion by focusing on the relative reduction in

risk by implementation of the alternatives. Risk factors include estimated time to attain
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cleanup levels at the Compliance Wells, mass of contaminants removed from the
groundwater system, and reduction in the mass flux of contaminants across the Compliance
Wells.

Permanence

This criterion judges the alternative’s ability to permanently remove the contaminants from
the environment. Alternatives that reduce the mass of contaminants, by removal or
destruction, will be ranked higher than alternatives that leave the contaminants in the

environment.

Cost

Costs estimated for this criterion include capital costs (costs to design/engineer and
construct/implement the alternatives) and operating costs (operating labor, power, reagents,
waste disposal, and analytical).

Operating costs are carried out to life of remedy operation, estimated to range from 30 to 80
years for all alternatives for cost comparison. The 30-year remedial action duration
corresponds to a “best case” situation where fluoride and cyanide concentrations are reduced
by MNA at rates equal or better than Partitioning Model simulations that yield the shortest
estimated time to meet cleanup levels at Compliance Wells. The 30-year remedial action
duration also corresponds to the estimated shortest duration that pumping and treatment
would be required under ex situ treatment alternatives. The 80-year remedial action duration
corresponds to a “worst case” situation for cyanide treatment and an *“average case” situation
for fluoride. For cyanide, the 80-year duration assumes that concentrations are reduced by
MNA at rates equal to Partitioning Model simulations that yield the longest estimated time to
meet cleanup levels at Compliance Wells. For fluoride, the 80-year duration assumes that
concentrations are reduced by MNA at rates equal to Partitioning Model simulations that
yield the mid-range estimated time to meet cleanup levels at Compliance Wells. The 80-year
remedial action duration corresponds to the estimated longest duration that pumping and

cyanide treatment would be required under ex situ treatment alternatives and the average
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duration that pumping and fluoride treatment would be required under ex situ treatment

alternatives.

Net present value costs are based on a discount rate of 0.7 percent per the most recent federal
recommended discount rates (USOMB, 2016). Estimated costs are intended to provide a
relative comparison between alternatives, and are considered to be +/-25 percent of actual

costs. No agency oversight costs are included.

The estimated costs are considered to be reasonably accurate as they are based on lab scale
and field pilot scale testing of technologies: lab scale testing of iron precipitation water
treatment for cyanide in 2013 (Appendix B), field pilot scale test of grout wall in 2015
(Appendix G), and lab scale testing of wetland cyanide treatment and electrocoagulation
fluoride treatment in 2016 (Appendix C). Estimated costs for the technologies were then
combined to form estimated costs for the alternatives described in this Section 5 and Section
6. In some cases, costs for the technologies were adjusted so that the basis for the alternatives

would be comparable (e.g., similar electricity cost, waste disposal cost, treatment rate, etc.).

Estimated costs assume that water treatment residuals (i.e., sludge) would require handling
and disposal as hazardous waste as the waste is derived from spent potliner which is a listed
hazardous waste (K088), even though sludge does not appear to be a characteristic hazardous
waste based on testing that was conducted during the lab-scale treatability tests (Appendices
B and C). Under the contained-in policy, Ecology could determine that environmental media
(soil and groundwater) containing K088 waste need not be managed as hazardous waste, as
long as concentrations of cyanide or fluoride in the media do not exceed the applicable
cleanup level. If Ecology made a contained-in determination for the Mead Site, then any
environmental media with concentrations of cyanide and fluoride below their respective
cleanup levels removed during the remedial action could be managed as solid waste, not
hazardous waste. If treatment residuals were determined to be non-hazardous, estimated
operation and maintenance costs for pump and treat alternatives C(100), C(50), C(25),
D(100), D(50), and D(25) would be approximately 20 to 30 percent less than currently
estimated.
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Long-Term Effectiveness

This criterion judges the degree of certainty that the alternatives will be able to achieve
required cleanup levels at the Compliance Wells and the residual risk from groundwater that
exceeds cleanup levels upgradient and downgradient of the Compliance Wells. The
alternatives will also be assessed according to how they compare with Ecology preference for

types of cleanup action, in descending order;

Reuse or recycling;
Destruction or detoxification;
Immobilization or solidification;

On-Site or off-Site disposal in an engineered, lined and monitored facility; and

SR A

Institutional controls and monitoring.

Management of Short Term Risks

Under this criterion, the alternatives will be judged on the relative risks to human health and
the environment during construction and implementation of the alternatives. Measures taken

to manage the identified risks will be discussed.

Technical and Administrative Implementability

Alternatives will be judged according to the relative certainty that they can be effectively
implemented. Alternatives that can be implemented without additional pilot testing will
ranked higher than alternatives that require additional pilot testing. A second assessment will
be conducted as the alternatives are evaluated against administrative implementability. This
second assessment identifies non-technical requirements such as permitting and access to

lands for purposes of monitoring or remedy implementation.

5.3 ALTERNATIVE A: MONITORED NATURAL ATTENUATION (MNA)

5.3.1 Process Description

This alternative maintains the remedies (waste containment and isolation measures)
performed from 2001 to 2006 and continues monitoring of groundwater at the well network
installed by MCT. Maintenance includes periodic inspection of cap areas, pressure water
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mains, and sewer lines (storm water and sanitary), and performance of repairs as necessary.
As a stand-alone alternative, the scope of groundwater monitoring will be reduced to annual
monitoring of one background well, one plume center well and the two Compliance Wells
that continue to exceed the cleanup levels. An Easement Agreement between Kaiser
Aluminum Properties, Inc. and MCT precludes groundwater use from the groundwater
contaminant plume except for testing or monitoring controls®. In addition, under the MNA

alternative, deed restrictions will be recorded on the MCT property if not presently in place.

This alternative relies on continued natural attenuation to clean up the groundwater such that
contaminant concentrations will be reduced over time and cleanup levels are ultimately
attained at the Compliance Wells. Consolidation of spent potliner waste beneath an
engineered cap has already occurred and other former waste areas have been covered with an

asphalt cap thereby eliminating any direct contact exposure pathways.

5.3.2 Protectiveness

Estimated time to meet cleanup levels at Compliance Wells

Based on current knowledge of contaminant loading rates from aquifer sediment, cleanup of
groundwater at the Compliance Wells by Alternative A is expected to take 33 to 80 years for
cyanide and 52 to 130 years for fluoride.

Mass of contaminants removed from groundwater system

No contaminants would be removed from groundwater.

Reduction in mass flux beyond the Compliance Wells

The mass flux of contaminants across the Compliance Wells would not be reduced beyond
the natural decrease that would occur from groundwater leaching and flushing of the

sediments.

® Article 3 of the October 7, 2004 Easement Agreement between Kaiser Aluminum Properties and MCT
prevents extraction or use of groundwater from within the plume on Parcel 6, the property immediately
downgradient of the MTCA property, except for testing, monitoring or other purposes such as treatment
required by laws, regulations, or orders.
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5.3.3 Permanence

Destruction of hazardous substances

This alternative does not destroy any hazardous substances.

Reduction or elimination of hazardous substance releases and sources of releases

This alternative does not permanently or actively remove contaminants from the
environment. Natural attenuation mechanisms including sorption and/or mineralization of
fluoride and cyanide on aquifer sediments would continue to limit the mobility of cyanide

and fluoride in groundwater.

Degree of irreversibility of waste treatment process

This alternative does not treat source materials or contaminated groundwater.

Characteristics and qguantity of treatment residuals generated

This alternative does not generate treatment residuals.

5.3.4 Cost

Costs estimated for this alternative include annual inspection and monitoring costs and
periodic maintenance costs for asphalt repairs and weed control on the SPL pile for the next
30 to 80 years.

The estimated future costs for this alternative are based on current costs as shown in Table
5-1.°

® The costs of this alternative are already being incurred, and will continue to be incurred, in accordance with
the requirements of the Consent Decree.
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TABLE 5-1. ALTERNATIVE A (MNA) COST ESTIMATE

Activity Annual Cost
Groundwater Monitoring (3 wells) $1,600
Surface water Monitoring $830
Cap Inspections $1,465
Pressure Mains Leak Survey $1,120
Cap Maintenance $10,000
Sub Total $15,015
30-year Cost Estimate (NPV?) $674,771
80-year Cost Estimate (NPV?) $1,528,329

Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to provide
a relative comparison between alternatives, and are considered to be +/-25 percent of actual costs. The 30-
year and 80-year costs represent approximate durations of remedial actions under approximate best case
(30) and worst case (80) conditions for cyanide and intermediate case (80) conditions for fluoride.

5.3.5 Long-Term Effectiveness

Under this alternative, the time to achieve cleanup at the Compliance Wells is expected to be
long, 33 to 80 years for cyanide and 52 to 130 years for fluoride. According to Ecology order
of preference, this alternative will score lowest of the preferred cleanup methods.

Degree of certainty that alternative will be successful

Groundwater monitoring data, laboratory testing of aquifer sediment, and the Partitioning
Model simulations demonstrate with a high level of certainty that groundwater
concentrations will continue to decrease over time such that cleanup levels are ultimately

attained at the Compliance Wells.

Reliability
The actions of monitoring and maintenance required in this Alternative are currently ongoing

and will reliably be continued in the future.

Residual risk
Groundwater concentrations within the contaminant plume area, upgradient of the
Compliance Wells (southeast of Hwy 2) on properties owned by MCT and Kaiser Aluminum
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Properties, are predicted by the Partitioning Model to exceed cleanup levels for 33 to 80
years for cyanide and 52 to 130 years for fluoride. Over time, the areal extent of the
groundwater contaminant plume would shrink and the concentrations of fluoride and cyanide
would decline. The residual risk from groundwater concentrations exceeding cleanup levels
is estimated to be low as institutional controls will restrict access to groundwater upgradient

of the Compliance Wells.

Groundwater concentrations downgradient of the Compliance Wells is not monitored by
MCT and was not simulated with the Partitioning Model. However, groundwater conditions
downgradient of the Compliance Wells can be qualitatively estimated by extrapolation of
observed and model-simulated upgradient groundwater concentrations and trends. By
extrapolation, groundwater concentrations for some distance downgradient of the
Compliance Wells is expected to exceed cleanup levels for a roughly a similar amount of
time as for upgradient areas, from a few to several decades. The residual risk from
groundwater concentrations exceeding cleanup levels is estimated to be low as State and
Spokane County restrictions on groundwater use will restrict access to groundwater

downgradient of the Compliance Wells.

Management of treatment residuals

This alternative generates no treatment residuals.

5.3.6 Management of Short-Term Risks

This alternative does not require construction or handling of potential waste, except for purge
water from the groundwater monitoring activity. Purge water exceeding cleanup levels is
classified as hazardous and is sent off-Site for proper disposal at a hazardous waste facility.
Institutional controls will restrict access to groundwater upgradient of the Compliance Wells.
State and Spokane County restrictions on groundwater use will restrict access to groundwater

downgradient of the Compliance Wells.
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5.3.7 Technical and Administrative Implementability
As this alternative is already in place and is being implemented, there are no concerns with
technical and administrative implementability. This alternative will score highest under this

criterion.

5.3.8 MTCA Expectation for MNA
WAC 173-340-370 Expectations for Cleanup Action Alternatives describes specific

conditions where natural attenuation may be appropriate:

(7) The department expects that natural attenuation of hazardous substances may be
appropriate at Sites where:
(a) Source control (including removal and/or treatment of hazardous substances) has
been conducted to the maximum extent practicable;
(b) Leaving contaminants on-Site during the restoration time frame does not pose an
unacceptable threat to human health or the environment;
(c) There is evidence that natural biodegradation or chemical degradation is
occurring and will continue to occur at a reasonable rate at the Site; and
(d) Appropriate monitoring requirements are conducted to ensure that the natural
attenuation process is taking place and that human health and the environment are

protected.

An assessment of Alternative A for these criteria is:

a) Alternative A partially meets the source control criterion (a) as the primary sources
continue to be controlled by the previous remedial alternatives (capped SPL pile,
asphalt pavement, and water controls). Alternative A addresses the secondary sources
in aquifer sediment through natural attenuation, but perhaps not to the “maximum
extent practicable” as defined by MTCA and determined based on a disproportionate
cost analysis (DCA) as described in Section 6. Because the DCA is preliminary, the
extent to which Alternative A meets the source control criterion cannot be judged at

this time.
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b) Alternative A includes institutional controls that preclude the use of groundwater and
thus human exposure to Site groundwater contaminants and thus meets criterion (b).

c) The natural attenuation processes that affect fluoride and cyanide are believed to be
largely adsorption and retention of the contaminants on aquifer sediment which
retards the release and transport of the contaminants. Sorption of contaminants is
considered to be chemical degradation, thus Alternative A does comply with criterion
(©).

d) Alternative A fully complies with criterion (d) as effective monitoring is provided.

5.4 ALTERNATIVE B: GROUT WALL PLUS ALTERNATIVE A

5.4.1 Process Description

This alternative diverts a substantial portion of the groundwater flow of the A Zone aquifer
around the secondary source of impacted A Zone sediments that lie beneath the SPL pile and
within the center of the contaminant plume. The groundwater diversion will be achieved by
placement of a grout wall (approximately 5,900 feet in length) encircling the SPL pile and
central portion of the groundwater contaminant plume (an area of approximately 40 acres)
and extending from the bottom of the A Zone aquitard to a level approximately ten feet
above the recorded high water table elevation. This groundwater diversion will decrease
groundwater flow through the zone of most-highly impacted sediments resulting in a
reduction in the leaching and transport of contaminants from the secondary source area, and
thereby increasing the effects from mixing and attenuation of contaminants in the
groundwater system downgradient of the containment area. The reduction in the flow of
contaminants will allow cleanup levels to be attained at the Compliance Wells in a somewhat
shorter time than Alternative A. However, because the flow of groundwater flushing the
contaminated sediments will be reduced, contaminant concentrations in groundwater within
the containment area will be elevated for a longer period of time than under Alternative A
and the six ex situ treatment alternatives (see Figures 4-4 and 4-5). Since the natural flushing
of contaminant load is reduced, the overall time that contaminant remobilization to
groundwater occurs also will be increased. The net effect of Alternative B is to reduce

groundwater concentrations at the Compliance Wells and beyond in the short- and long-term
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while maintaining high contaminant concentrations within the containment area on Kaiser

Aluminum Properties, Inc. and MCT properties in the long-term.

This alternative employs grout wall treatment technologies proven to be effective and
implementable based on the success of a field pilot-scale test (approximately 100 lineal feet
of grout wall, emplaced from 160 to 135 feet below the surface) in 2015 (described in
Appendix G). Overall conclusions of the pilot test were that a wall could be installed
although a defect rate of approximately 0.7 percent would be expected. Defects would
consist of spots where the grout wall would be thin or missing. Although the pilot test grout
wall was small relative to the proposed Alternative B wall, the small size required abrupt
corners which proved to be difficult to install. For this reason and in this respect, the pilot test
results likely overestimate full-scale defect rate. Conversely, since the pilot test was small the
pilot installation was likely done in an area with fairly uniform geologic conditions. In this
respect, the pilot test may underestimate the effect of geologic heterogeneity on defect rates.
In spite of these limitations, the pilot scale test results provide the best available estimate of
likely full-scale wall performance and potential defect rate. Full-scale effectiveness of a grout
wall was simulated and evaluated with the groundwater model (Appendix A) and
sediment:groundwater Partitioning Model (described in Appendix F). A grout wall with 0.7
percent defect rate would reduce groundwater flux within the containment area by
approximately 79 percent. If the defect rate were higher or lower than expected, groundwater

flux reduction and wall effectiveness would be increased or decreased accordingly.

5.4.2 Protectiveness

Under Alternative B, groundwater contaminant concentrations outside the grout wall and at
the Compliance Wells would improve (decrease) at a faster rate than under Alternative A
MNA, while groundwater quality inside the grout wall would improve at a slower rate than
Alternative A. Thus, implementation of this alternative has the effect of reducing the risk in
groundwater beyond the containment area as the concentrations of contaminants in
groundwater water downgradient of grout wall are expected to be reduced. Additionally, the

mass flux of contaminants beyond the Compliance Wells would be reduced.
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Estimated time to meet cleanup levels at Compliance Wells

The time needed to meet cleanup levels at the Compliance Wells is estimated to be
approximately 31 to 51 years for fluoride and <2 to 70 years for cyanide, after
implementation. This alternative would require approximately one year to complete full-scale

implementation after final design.

Mass of contaminants removed from groundwater system

The same as under Alternative A MNA, this alternative would not remove any contaminants

from the groundwater system.

Reduction in mass flux beyond the Compliance Wells

Compared to Alternative A MNA, the grout wall is estimated to reduce the mass of fluoride
and cyanide (all forms) transported in groundwater past the Compliance Wells by 44 percent

and 70 percent, respectively over 30 years; and 48 and 52 percent over 80 years.

5.4.3 Permanence
Destruction of hazardous substances

Alternative B does not permanently or actively remove contaminants from the environment.
Thus, Alternative B is ranked similar to Alternative A and lower than Alternatives C(100),
C(50), C(25), D(100), D(50), and D(25).

Reduction or elimination of hazardous substance releases and sources of releases

This alternative will not provide further control of contaminant releases to Site groundwater
above that currently provided by Alternative A. Alternative B will reduce the rate of
transport of contaminants to groundwater beyond the containment area to the Compliance

Wells and beyond, relative to Alternative A.

Degree of irreversibility of waste treatment process

This alternative does not treat source materials or contaminated groundwater.
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Characteristics and quantity of treatment residuals generated

This alternative will generate spoils or cuttings (removed sediments) from the injection
process. Approximately 53,000 tons of waste will require management and disposal, of

which approximately 27,000 tons is expected to be considered hazardous.

5.4.4 Cost

Costs estimated for this alternative include costs associated with the Alternative A
component; i.e., annual inspection and monitoring costs and periodic maintenance costs for
asphalt repairs and weed control on the SPL pile for the next 30 years. Costs for the
implementation of the grout wall are based on a proposal by Hayward Baker, the contractor
that installed the pilot-scale test wall in 2015. Once installed, there are no operating or
maintenance costs for the grout wall (other than Alternative A) and thus NPV cost for grout
wall implementation is same as capital/construction cost. Estimated costs for Alternative B
are shown in Table 5-2.

TABLE 5-2. ALTERNATIVE B COST ESTIMATE

Activity Cost"
Grout Wall Implementation Cost $28,090,000
Alternative A (MNA) 30-year Cost (NPV) $904,000°
Alternative A (MNA) 80-year Cost (NPV) $2,047,000°
Total Alternative B 30-year Cost (NPV) $28,994,000
Total Alternative B 80-year Cost (NPV) $30,137,000

Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to
provide a relative comparison between alternatives, and are considered to be +/-25 percent of
actual costs.

2) Cost reflects monitoring of 11 wells.

5.4.5 Long-Term Effectiveness
This alternative relies on a combination of natural attenuation and reduced flux through
secondary source areas in aquifer sediment to reduce the time required to attain cleanup

levels at the Compliance Wells. Relative to Ecology preferences for types of cleanup action
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described in WAC 173-340-360(3)(f)(iv), this alternative ranks better than Alternative A as
Alternative B provides some immobilization and retention of contaminants within the grout
wall, but lower than the six ex situ treatment alternatives which would remove some

contaminants from the environment.

Deqgree of Certainty that Alternative will be Successful

The use of grout walls to lower the groundwater flux around an area of contamination is a
common method of controlling the flow of contaminated groundwater. What separates this
Site from the more common application of grout walls is the substantial depth of the aquitard
(approximately 160 feet) in which the grout wall will be keyed. Experience gained through
the pilot-scale grout wall installation in 2015 demonstrates that the grout wall can be installed
effectively, although some defects in the wall would likely occur. Groundwater model
simulations of the pilot test grout wall suggest a wall defect rate of 0.7 percent of the wall
area exposed to the aquifer. Numeric groundwater flow model simulations (Appendix G and
summarized in Table 4-2) indicated that a wall with this expected defect rate would still
reduce groundwater flux by approximately 79 percent. Partition model simulations of the
full-scale grout wall with this same defect rate of 0.7 percent indicate that the wall will be
effective at reducing the chemical mass flux of cyanide and fluoride in spite of these defects.
Achieving this low level of defects can be achieved through an effective construction quality
assurance/quality control program. The estimates of time to meet cleanup levels for
alternative B (approximately 31 to 51 years for fluoride and <2 to 70 years for cyanide)
derived with the Partitioning Model assumed a defect rate of 0.7 percent. However, if the
grout wall were to have a higher defect rate than observed in the pilot test then the grout wall
effectiveness would be more limited, and time to meet cleanup levels at the Compliance

Wells would be longer than estimated.

Reliability
Assuming that the grout wall is properly installed with a low level of defects, the reliability

of the grout wall is high as no further operation or maintenance would be required.
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Residual Risk

Within the containment area, inside the grout wall, groundwater concentrations would exceed
cleanup levels for a very long time, greater than the 200-year simulation period of the
Partitioning Model. Outside of the grout wall, groundwater concentrations would clean up
more quickly. Groundwater concentrations within the portion of the contaminant plume,
upgradient of the Compliance Wells and downgradient of the grout wall containment area on
property owned by Kaiser Aluminum Properties, are predicted by the Partitioning Model to
exceed cleanup levels for <2 to 70 years for cyanide and 31 to 51 years for fluoride. Over
time, the areal extent of the portion of the groundwater contaminant plume outside the grout
wall would shrink and concentrations of fluoride and cyanide would decline. The residual
risk from groundwater concentrations exceeding cleanup levels is estimated to be low as

institutional controls will restrict access to groundwater.

Groundwater concentrations downgradient of the Compliance Wells is not monitored by
MCT and was not simulated with the Partitioning Model. However, groundwater conditions
downgradient of the Compliance Wells can be qualitatively estimated by extrapolation of
observed and model-simulated upgradient groundwater concentrations and trends. By
extrapolation, groundwater concentrations for some distance downgradient of the
Compliance Wells is expected to exceed cleanup levels for a roughly a similar amount of
time as for upgradient areas, perhaps a few to several decades. The residual risk from
groundwater concentrations exceeding cleanup levels is estimated to be low as State and

Spokane County restrictions on groundwater use will restrict access to groundwater.

Management of Treatment Residuals

This alternative reduces the generation and migration of contaminated groundwater rather
than treatment or removal of source materials. Therefore, treatment residuals are not
generated but the areas of potential source materials and the grout wall that surrounds them
should be protected by maintaining existing controls. Alternative B will generate spoils or
cuttings (removed sediments) from the injection process. Approximately 53,000 tons of
waste will require management and disposal, of which approximately 27,000 tons is expected

to be considered hazardous.
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5.4.6 Management of Short-Term Risks

This alternative requires handling of waste generated from the injection of cement grout into
the geologic materials comprising the A Zone aquifer and underlying aquitard. The grout
injection process returns spoils to the surface which is a mix of cement grout and native
geologic materials. If the spoils are considered hazardous because they have come in contact
with K088 hazardous waste, they will require disposal at a permitted hazardous waste
disposal facility unless Ecology makes a contained-in determination allowing spoils with
cyanide or fluoride concentrations below the applicable cleanup level to be managed as solid
waste. Approximately 53,000 tons of waste will require management and disposal, of which

approximately 27,000 tons is expected to have come in contact with K088 hazardous waste.

5.4.7 Technical and Administrative Implementability

Construction of a grout wall to depths of greater than 150 feet over a continuous length of
approximately 5,900 feet will present challenges to ensure the integrity of the wall. A portion
of the grout wall north of the SPL pile will be installed beneath high voltage power
transmission lines and implementation may require alternative methods to avoid safety issues
with the power lines. Administratively, there are no permits required, but the grout wall
extends beyond Trust-controlled property across land used by Bonneville Power
Administration for overhead high-voltage transmission and onto undeveloped land owned by
Kaiser Aluminum Properties, Inc. Other than institutional controls on groundwater use, there

should be no restrictions on land use above the grout wall by property owners.

5.5 ALTERNATIVE C(100) - EX SITU TREATMENT (WETLAND-EC) AT RATE
OF 100 GPM PLUS ALTERNATIVE A

5.5.1 Process Description

Ex situ groundwater treatment by wetland-EC would consist of extraction of contaminated

groundwater by conventional water wells at a rate of approximately 100 gpm, water

treatment by a constructed wetland-electrocoagulation (EC) system, and treated water

disposal either by discharge to the Spokane municipal sewer system or by infiltration pond to

return water to the groundwater system. This alternative employs water treatment

H:\FilessMEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065
5-20 10/16/2018 11:47 AM



technologies proven to be effective and implementable based on the success of a laboratory
pilot-scale test (8.75 sq. ft wetland area treating 0.002 to 0.006 gpm) conducted with Site
groundwater in 2016 (described in Appendix C) and a full-scale system (200 gpm flow)
currently operating at ALCOA’s Tennessee Site (Dzombak et al, 2006 and Ghosh, pers.
Comm.). Field pilot-scale testing of Site waters and Site conditions (principally climate)
would be required to confirm design parameters for a full-scale system. Full-scale
implementation of Alternative C(100) would require approximately four years (two years to
complete the field pilot test, one year for final design and regulatory approval and one year

for construction and maturation of the wetland vegetation).

Table 5-3 compares the size, estimated costs, estimated time to meet cleanup levels in
Compliance Wells, and contaminant mass removal for the pump and treat Alternatives
C(100), C(50), and C(25) that employ wetland-EC. For the six ex situ treatment alternatives,
once cleanup levels are met, continued operation of the pumping and treatment systems is
required to maintain cleanup levels at the Compliance Wells. The duration of continued ex
situ treatment is estimated based on the Partitioning Model to range from approximately 30

to 80 years for cyanide and 50 to 130 years for fluoride.

The groundwater extraction component would consist of approximately four water wells
(with associated pumps, piping, and controls) constructed in a line perpendicular to
groundwater flow direction across the groundwater contaminant plume, approximately 200 to
300 feet upgradient of the Compliance Wells, completed in the B-Zone aquifer (see Figure
4-9 in Section 4.3.3 for approximate well locations).

Ex situ water treatment would consist of a wetland water treatment system for cyanide
removal and an electrocoagulation (EC) system for removal of fluoride. The wetland
treatment system would consist of a constructed wetland where cyanide would be removed,
first by photodegradation of iron cyanide complexes, followed by phytoremediation/
biological degradation of WAD and free cyanide. The majority of the cyanide compounds

(approximately 76 percent based on laboratory pilot testing) will be permanently and
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TABLE 5-3. ALTERNATIVE C(100), C(50) AND C(25) SIZING COMPARISON

Estimated Estimated Time to Cleanup .
Cost at Compliance Wells Estlrr_]ated Mass (kg) of
Treatment ($ Million Following Implementation Contaminants Removed from
. . : Groundwater in 30 years
Capacity Size of 30 years, (years)
Alternative (gpm) Wetland? NPV)! F CN F CN
C(100) 100 gpm 6 acres $55.8 <2 <2 82,068 134,345
C(50) 50 gpm 3 acres $28.4 3810 80 28 t0 40 41,034 67,189
C(25) 25 gpm 1.5 acres $14.8 46to 110 32 to 66 20,517 33,595
Estimated . . Estimated Mass (kg) of
Cost Estimated Tl_me to Cleanup Contaminants Removed from
- at Compliance Wells )
Treatment ($ Million, . i Groundwater in 80 years
. . Following Implementation
Capacity Size of 80 years, (years) - CN
Alternative (gpm) Wetland? NPV)* Y
C(100) 100 gpm $123.4 148,881 212,173
C(50) 50 gpm As above $60.7 As above 73,578 106,086
C(25) 25 gpm $30.5 34,968 53,043
Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to provide a relative comparison between alternatives,
and are considered to be +/-25 percent of actual costs. The 30-year and 80-year costs represent approximate durations of remedial actions (pumping,
treatment and disposal) under approximate best case (30) and worst case (80) conditions for cyanide and intermediate case (80) conditions for fluoride.

2) Estimated size of wetland treatment cell based on results of laboratory scale testing as described in Appendix C. Assumes disposal of EC sludge as
hazardous waste.
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irreversibly destroyed. The wetland system would be lined with a low permeability liner
(e.g., geocomposite liner) and would have a water depth of approximately 1 foot with planted

and volunteer emergent and submergent plant species.

Field pilot-scale testing would be required to verify effectiveness, implementability, proper
sizing, and final estimated cost of the 100 gpm system. Final sizing of the full-scale wetland
pond would be based on field pilot testing to determine optimal hydraulic retention time for
the Site groundwater chemistry and environmental factors. There are several options for
sizing, scheduling and implementing the pilot scale test. The wetland-EC treatability study
(Appendix C) recommended a pilot-scale size of 0.58 acres to treat 10 gpm and the estimated
cost in this SFS are based on that size. However, it may be desirable to conduct a larger pilot
scale test (e.g., 25 or 50 gpm) so that the pilot scale wetland cell could function as part or all

of a full-scale system if high treatment effectiveness is achieved.

The fluoride removal system will consist of EC after treatment of cyanide. In the EC
defluoridation system, the contaminated groundwater will flow through an electrolytic cell
containing aluminum anodes. As electrical current is applied to the cell, the aluminum
electrodes release aluminum ions (AI**) that react with hydroxide and fluoride to form solid
aluminum-fluoride-hydroxide flocs (aggregation of suspended particles) that are separated
from water by coagulation and settling. The EC process will generate fluoride-bearing
aluminum hydroxide sludge (treatment residual) that will be classified as hazardous. The EC
system would require a building to house the system as well as piping, pumps, reaction tanks,
and storage tanks.

The treated water discharge system would consist of either an unlined infiltration pond
excavated into the native sandy soil materials in the area or discharge to the Spokane
municipal sewer system. Because of the relatively high infiltration rate of the native sand, a
relatively small infiltration pond system (approximately 0.5 acres) would be required to
accommodate 100 gpm. Final size of the pond would depend on the rate of groundwater
extraction and treatment. The infiltration pond could be located in a variety of areas.
Potential options include adjacent to the water treatment system to reduce piping costs and
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disturbance; or upgradient of, or within, the footprint of the groundwater contaminant plume
to minimize potential deleterious effects of the release of treated water to un-impacted
groundwater (treatment processes target only cyanide and fluoride, treated water is
anticipated to have high total dissolved solids and nitrate concentrations that could reduce the
suitability of groundwater for drinking water use). The wetland treatment system has the
potential to ameliorate impacts from nitrate as nitrogen compounds could be removed
through biologic uptake within the wetland cell, however, the likelihood and extent of
nitrogen removal has not been determined based on testing but is estimated to range from 25
to >50 percent removal (see discussion in Section 4.2.3) and would be evaluated during pilot

testing.

5.5.2 Protectiveness
Estimated Time to Meet Cleanup Levels at Compliance Wells

Alternative C(100) would attain cleanup levels in groundwater for both fluoride and cyanide
at the Compliance Wells in approximately two years following full implementation. Once
cleanup levels are met, continued operation of the pumping and treatment systems is required
to maintain cleanup levels at the Compliance Wells. The duration of continued ex situ
treatment is estimated based on the Partitioning Model to range from approximately 30 to 80
years for cyanide and 50 to 130 years for fluoride.

Reduction in Mass Flux Beyond the Compliance Wells

This alternative will remove contaminant mass from the groundwater system and reduce the
mass flux of contaminants to groundwater downgradient of the extraction wells, and to and
beyond the Compliance Wells. Relative to Alternative A MNA, Alternative C(100) would
reduce the mass flux of fluoride and cyanide by approximately 99 percent over 30 years of

operation; and 98 to 99 percent over 80 years of operation.

Mass of Contaminants Removed from Groundwater System
Alternative C(100) would remove approximately 82,000 kg of fluoride and 134,000 kg of

cyanide from the groundwater system over 30 years of operation; and 149,000 kg of fluoride
and 212,000 kg of cyanide over 80 years of operation.
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5.5.3 Permanence

Destruction of Hazardous Substances

Fluoride is an element and thus cannot be destroyed by this or any other alternative. This
alternative removes fluoride from groundwater and produces fluoride-bearing sludge that will
be disposed in an off-Site hazardous waste landfill. This alternative will destroy free, WAD
and total cyanide in a stepwise fashion, first by photo-degradation of iron cyanide complexes,

followed by phytoremediation/biological degradation of WAD and free cyanide.

Reduction or Elimination of Hazardous Substance Releases and Sources of Releases

Release of contaminants from wastes on the MCT property to groundwater is currently
controlled by previously completed and maintained remedial actions (e.g., containment of
waste in the capped SPL pile, monitoring and maintenance of water lines, etc.). This
alternative will not provide further control of contaminant releases to groundwater above that

currently provided by Alternative A-MNA.

Degree of Irreversibility of Waste Treatment Process

This alternative treats contaminated groundwater rather than source materials. The majority
of the cyanide compounds (approximately 76 percent based on laboratory pilot testing) will
be permanently and irreversibly destroyed. As noted above, fluoride is an element and cannot

be destroyed.

Characteristics and Quantity of Treatment Residuals Generated

Table 5-4 summarizes the quantities of treatment residuals generated by the three wetland-
EC alternatives C(100), C(50), and C(25). Ex situ treatment will create treatment residuals
consisting of fluoride-bearing sludge that will be disposed off-Site in a hazardous waste
landfill. Following the wetland’s operational life, wetland media will need to be reclaimed in

placed or disposed.
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TABLE 5-4. ALTERNATIVES C(100), C(50), AND C(25)
TREATMENT RESIDUAL GENERATION

EC Sludge Wetland Media
Treatment Generated in EC Sludge To Be Disposed at
Capacity Size of 30 Years Generated in 80 | End of Treatment
Alternative (gpm) Wetland? (tons)* Years (tons)’ Period (tons)
C(100) 100 gpm 7 acres 62,000 165,000 6,000
C(50) 50 gpm 3.5 acres 31,000 82,000 3,000
C(25) 25 gpm 1.75 acres 15,500 41,000 1,500

Notes:

1) Sludge mass at 91.4 percent moisture.
2) Includes treatment cell(s) plus adjacent area sufficient for construction and operation.

5.5.4 Cost

Costs estimated for this alternative include:

e Costs associated with the Alternative A component (i.e., annual inspection and
monitoring costs and periodic maintenance costs for asphalt repairs and weed control
on the SPL pile for the next 30 to 80 years);

e Costs for a 2-year field pilot test of the wetland and EC technologies (assumes leasing
of equipment and personnel);

e Final design and engineering of the full-scale wetland-EC treatment system; and

e Construction and operation of the pumping system and wetland-EC treatment

technologies for an estimated 30 to 80 years.

Costs for this alternative are derived from estimated full-scale implementation costs based on
results of the wetland laboratory pilot test and quotes from Baker Corporation for a full-scale
EC operation (Appendix C). Table 5-5 shows capital and operating expenses for the wetland-
EC alternatives at pumping and treatment rates of 25, 50, and 100 gpm systems. Table 5-6
shows estimated NPVs for construction and 30 to 80 years of operation for the wetland-EC

alternatives at pumping and treatment rates of 25, 50, and 100 gpm systems.
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TABLE 5-5. ASSUMPTIONS FOR ALTERNATIVES C(100),
C(50) AND C(25) ESTIMATED COSTS

Alternative C(100) Alternative C(50) Alternative C(25)
Treatment Rate of | Treatment Rate of | Treatment Rate of
100 gpm 50 gpm 25 gpm
Capital Costs
Wetland Construction $1,248,000 $624,000 $312,000
EC Process Equipment $3,000,000 $1,800,000 $1,000,000
Land Acquisition $350,000 $175,000" $87,500"
Extraction Wells and Pumps $107,000 $89,000 $71,000
Infiltration Pond Construction
or Pipeline to Municipal $3,300 $3,300 $3,300
Sewer
Pilot Test $1,025,000 None None
Tax, fees, engineering, etc.” $2,825,000
Total® $7,533,000 $4,306,000 $2,358,000
Operation and Monitoring Costs (annual)
Estimated by Alcoa/Arconic
based on operating full-scale $1,944,000 $972,000 $486,000
system

Notes:

1) Smaller treatment systems could potentially be located on MCT property such that land acquisition is not
required. Land cost assumes $50,000/acre.
2) Capital costs include WA sales tax, legal and administrative fees, engineering, mobilization, and bonding and
contingencies. Costs rounded to nearest $1,000.
3) Pilot test not proposed for 50 and 25 gpm systems as optimization would be done during start up.

TABLE 5-6. ALTERNATIVES C(100), C(50) AND C(25)

ESTIMATED COSTS (30 AND 80 YEAR LIFE)

Alternative C(100) Alternative C(50) | Alternative C(25)
Treatment Rate of | Treatment Rate of | Treatment Rate of
100 gpm 50 gpm 25 gpm

Pilot Test cost $1,025,000 None None
Capital cost $7,533,280 $4,306,080 $2,358,080
O&M cost /year $1,944,088 $972,000 $486,000
Alternative A Cost $903,786 $903,786 $903,786
Total cost for 30 years (NPV) $55,822,344 $28,366,527 $14,831,240
Total cost for 80 years (NPV) $123,351,819 $60,659,458 $30,527,182

Notes:

Estimated costs are intended to provide a relative comparison between alternatives, and are considered to be
+/-25 percent of actual costs. The 30-year and 80-year costs represent approximate durations of remedial actions
under approximate best case (30) and worst case (80) conditions for cyanide and intermediate case (80)
conditions for fluoride.
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5.5.5 Long-Term Effectiveness

Alternative C(100) ranks highest of the alternatives relative to Ecology’s order of preference
for types of cleanup action as it results in destruction of the majority of cyanide forms and
immobilization of the remainder of the cyanide and the fluoride contaminants by removing
them from the environment/groundwater system at rates that are estimated to capture all or

most of the groundwater contaminant plume.

Degree of Certainty that Alternative will be Successful

The methods of treatment provided in Alternative C(100) (pumping of conventional wells for
groundwater extraction; removal of cyanide by wetland treatment; removal of fluoride by
EC) are well established and commonly employed for water treatment. The level of
effectiveness of the wetland system under the specific climatic conditions of the Site was
simulated in the laboratory pilot test (including cold weather conditions) but has not been
verified under actual field conditions. Additional verification of the effectiveness of these
treatments will be determined during field pilot-scale testing. The likelihood that the field
pilot test will indicate that the wetland will not function under Site conditions is believed to
be very low. If the wetland were found to be significantly less effective than observed in the
laboratory, this could be mitigated by increasing the hydraulic residence time of the wetland
system which would result in either an areal expansion of the wetland (with higher costs) or a
reduction in the flow rate that could be treated (with lower than currently estimated
effectiveness of the alternative in terms of meeting cleanup levels at the Compliance Wells

and removing contaminant mass from the environment).

Reliability

The reliability of this alternative is good and will depend on providing adequate hydraulic
retention time within the wetland system to allow photolytic and biological degradation of
cyanide to occur and on proper operation and maintenance of the EC system. Wetland
biological treatment of cyanide is successfully employed in the mining industry (Mudder and
Smith, 1991; Dzombak et al, 2006) and is demonstrated to be reliable by ALCOA at a full-
scale treatment system. EC treatment of fluoride is also a commonly employed method of
fluoride removal that has been used by ALCOA on aluminum plant wastewater.
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Identification of optimal wetland retention time and proper EC operational parameters will be
determined during field pilot testing prior to implementation. This alternative assumes

employment of 1.5 full-time operators for operation and maintenance of the system.

Residual Risk
Implementation of this alternative would reduce risk by reducing concentrations of cyanide

and fluoride in groundwater downgradient of the extraction wells.

Residual risk would vary with location and would be similar to Alternative A MNA
upgradient of the extraction wells and lower than Alternative A downgradient of the
extraction wells and Compliance Wells. This alternative does not provide any additional
controls than Alternative A upgradient of the extraction wells. Identical to Alternative A,
upgradient of the extraction wells, groundwater concentrations within the contaminant plume
area (approximately 30 acres) are predicted by the Partitioning Model to exceed cleanup
levels for 33 to 80 years for cyanide and 52 to 130 years for fluoride. Over time, the areal
extent of the groundwater contaminant plume would shrink and the concentrations of fluoride
and cyanide would decline. The residual risk from groundwater concentrations exceeding
cleanup levels is estimated to be low as institutional controls will restrict access to

groundwater.

Within the contaminant plume from the extraction wells to the Compliance Wells, an area of
approximately 3 acres, groundwater concentrations would be cleaned up to cleanup levels for
fluoride and cyanide within approximately two years following full implementation of ex situ
treatment. The residual risk from groundwater in this area is low as groundwater
concentrations would be better than cleanup levels and MCLs and institutional controls will

restrict access to groundwater.

Groundwater concentrations downgradient of the Compliance Wells is not monitored by
MCT and was not simulated with the Partitioning Model. However, groundwater conditions
downgradient of the Compliance Wells can be qualitatively estimated by extrapolation of
observed and Partitioning Model-simulated upgradient groundwater concentrations and
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trends. By extrapolation, groundwater concentrations for some distance downgradient of the
Compliance Wells is expected to meet cleanup levels in roughly a similar amount of time as
for upgradient areas, perhaps two to five years. The residual risk is estimated to be low as
groundwater concentrations would be better than cleanup levels and MCLs and State and

Spokane County restrictions on groundwater use will restrict access to groundwater.

Pumping of groundwater to the surface for treatment would increase potential human and
wildlife exposure to the contaminated water, most notably in the wetland where the water
will necessarily be open and exposed to sunlight and the atmosphere. This risk would be
mitigated through institutional controls (e.g., fencing, signage, bird netting etc.) to prohibit
human contact and limit wildlife contact with water in the wetland; however, it is not

practical to prevent all wildlife contact.

Management of Treatment Residuals

Ex situ treatment will create treatment residuals (quantified in Table 5-4 above) consisting of
cyanide and fluoride-bearing sludge during operation and wetland media at the cessation of
treatment. These residuals will be disposed off-Site in permitted hazardous waste landfills
and will not pose further risk. Media within the wetland system (soil and vegetation) at the
end of treatment would be reclaimed in place at the end of its operational life.

5.5.6 Management of Short-Term Risks

This alternative will require installation of approximately four groundwater extraction wells
which will expose workers to sediment and water containing cyanide and fluoride. Workers
would also be exposed to purge water from well monitoring activities. During these
activities, worker exposure would be limited by the use of proper personal protective
equipment (PPE). Purge water with concentrations exceeding cleanup levels has been
classified as hazardous and will be sent off-Site for proper disposal at a permitted facility.

Certain reagents (e.g., sodium hydroxide) that might be employed may be harmful if
mishandled or spilled. Proper engineering controls, PPE and standard operating procedures
will be developed for storage, handling and use of potentially harmful chemicals.
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The wetland will provide potential habitat for aquatic species, waterfowl, and other wildlife.
Field pilot testing will be required to confirm that cyanide and fluoride concentrations in the
wetland do not cause risk to ecological receptors. Waterfow! could be excluded through the
use of bird netting as is commonly employed for industrial and waste water treatment ponds.
The need for bird netting would be further evaluated during engineering design based on the
actual concentrations of contaminants in the wetland and available toxicity data. The wetland
will also potentially attract human visitors and therefore will be fenced and signed to prevent

non-authorized access.

5.5.7 Technical and Administrative Implementability

This alternative is technically possible although there are uncertainties regarding optimal
operating conditions of the wetland-EC system that would be addressed during field pilot
testing. This alternative requires access to land outside MCT property for groundwater
extraction well installation and maintenance and monitoring. This alternative requires
approximately 7.5 acres of land for the wetland treatment system and groundwater
infiltration pond if that disposal option is selected during engineering design. Agreements for
land access for the wetland system and infiltration pond will be needed unless the system is
located on Mead Custodial Trust property. Possible locations for the wetland ponds include
areas to the north of the sludge pond (Kaiser Aluminum Properties, Inc. property), west and
south of the SPL pile (Spokane Recycling property) and land within the BPA power line
easement. This alternative may require an easement for pipeline access to the municipal
sewer system if that disposal option is selected during engineering design. The Trust
currently has an easement across Parcel 6 that would provide access to the municipal waste
line. There is potentially a cheaper access to the waste line that would require a new

easement.

This alternative would require a permit, or meeting the substantive requirements of a permit,
for discharge to either groundwater through an infiltration pond or to the Spokane County
Riverside Park Water Reclamation Facility and subsequently to the Spokane River. A
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summary of the potential permit requirements for these two treated water disposal options is
as follows:

e Discharge to Groundwater

0 A State Waste Discharge Permit is required for discharge of wastewater to
groundwater. Revised Code of Washington (RCW) 70.105D.090(1) exempts
parties conducting MTCA cleanups under order or decree from obtaining certain
permits including state waste discharge permits. However, the substantive
requirements of the permit, including requirements to meet groundwater quality
standards and apply AKART would still apply.

o An NPDES (National Pollutant Discharge Elimination System) Permit may be
required if it is determined that there is “hydraulic continuity” such that discharge
to groundwater also results in a discharge to surface water. The determination of
hydraulic continuity is based on “whether pollutants discharged to the
ground(water) can be traced to surface water” (WA Ecology, 2015b). Since
cyanide and fluoride from the Site are documented to discharge from springs to
the Little Spokane River, it is likely that hydraulic continuity is established and an
NPDES Permit would be required. Discharges under MTCA are not exempt from
NPDES permits.

e Discharge to Spokane County Riverside Park Water Reclamation Facility
0 Spokane County has an NPDES Permit (WAQ0093317) for discharge of treated

municipal water to the Spokane River. As part of the Permit, Spokane County

administers a Pre-Treatment Program whereby dischargers of industrial
wastewater to the municipal system are not required to obtain individual NPDES
Permits, instead dischargers must meet Pre-Treatment Discharge Permit from

Spokane County and meet Local Limits.

A comparison of expected treated water quality for this alternative and groundwater quality
standards and Spokane County Local Limits is provided in Table 5-7. With the possible
exception of nitrate in discharge to groundwater, the quality of treated water is not expected

to pose any impediments to discharge permitting.
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TABLE 5-7. COMPARISON OF EXPECTED TREATED WATER

QUALITY WITH POTENTIAL DISCHARGE LIMITS

Spokane
Potential Municipal Treat- Basis for
Groundwater ment System Pre- Estimate of
Discharge Limit treatment Expected Treated Expected
(MTCA Method Program Local Water Quality Effluent
Parameter B or SCL) (2) Limits (mg/L) (mg/L) Quality
Total Cyanide None 1.9 <0.5 A
Free Cyanide 0.2 None <0.2 A
Fluoride 4 None <4 A
pH std. units (6.510 8.5) 5t011 6108 A
Temperature None 130 F 351080 F A
Nitrate 10 None <10 to 30 F
Ammonia None None <0.5 C
TDS (500) None 2,000 C
Spec. Conductivity None None 3,500 c
(umhos/cm)
Sulfate (250) None <300 C
Chloride (250) None <40 C
TPH 3) 100 Believed absent D, E
BTEX (sum) 3) 14 Believed absent D, E
Arsenic 0.01 0.41 <0.02 A
Barium 1.0 None <0.02 A
Cadmium 0.008 0.11 <0.01 A
Chromium 0.1 5 <0.02 A
Copper 0.64 1.9 0.3 A
Iron (0.3) None <0.2 A
Lead 0.015 0.32 <0.02 A
Manganese (0.05) None <0.05 A
Mercury 0.002 0.05 <0.0002 B
Molybdenum 0.08 1.5 <0.02 A
Nickel 0.32 3.98 <0.02 A
Selenium 0.05 1.0 <0.02 A
Silver 0.08 1.7 <0.01 A
Zinc 0.48 5.6 <0.05 A
Bis(2- 6 6 <0.5101.2 E
ethylhexyl)phthalate ) )
Notes:

1 — No limit except general prohibition of interference with the municipal treatment plant.
2 — CLARC Data Table — July 2015 https://fortress.wa.gov/ecy/clarc/CLARCDataTables.aspx. If not MTCA B value
exists, value in parentheses are secondary contaminant limits in Table 1 WAC 173-200-040.
3 — Limits for individual petroleum components.
A — Laboratory testing of wetland-EC system (See Appendix F).

B — Concentration in groundwater at plume center well KM-6 (October 2006).

C - Concentration in groundwater at Compliance Wells KMCP-3B and -4B (May 2013).
D — Petroleum hydrocarbons (fuels or wastes) were not identified as waste materials in the Site Characterization
Analysis (Hart Crowser, 1988) or Feasibility Study (RETEC, 1993).
E — Results of analysis of groundwater samples collected from wells KMCP-3B, KMCP-4B, KM-16, and KM-5 on

September 24, 2018.

F — Wetland performance based on literature reports. See discussion in Section 4.2.3.
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This alternative would not require a water right provided that no water is beneficially used
(WA Ecology, 2018). No beneficial use of water is required in this alternative.

5.6 ALTERNATIVE C(50) - EX SITU TREATMENT (WETLAND-EC) AT RATE OF
50 GPM PLUS ALTERNATIVE A

5.6.1 Process Description

The process for Alternative C(50) would be identical to Alternative C(100) as described in
Section 5.5.1 with the exception that pumping and treatment of water would be done at a rate
of 50 gpm. Based on the retention times evaluated in the laboratory pilot test it is estimated
that approximately 3.0 acres of wetland would be required to treat 50 gpm of groundwater at
the Mead Site. Total land requirement for the wetland treatment system is 3.5 acres to allow

room for construction and maintenance of the wetland cell.

5.6.2 Protectiveness

Estimated Time to Meet Cleanup Levels at Compliance Wells

Alternative C(50) would attain cleanup levels in groundwater at the Compliance Wells in an
estimated in an estimated 28 to 40 years for cyanide and 38 to 80 years for fluoride. Once
cleanup levels are met, continued operation of the pumping and treatment systems is required
to maintain cleanup levels at the Compliance Wells. The duration of continued ex situ
treatment is estimated based on the Partition Model to range from approximately 30 to 80

years for cyanide and 50 to 130 years for fluoride.

Mass of Contaminants Removed from Groundwater System

Alternative C(50) would remove approximately 41,000 kg of fluoride and 67,000 kg of
cyanide from the groundwater system over 30 years of operation; and 74,000 kg of fluoride

and 106,000 kg of cyanide over 80 years of operation.

Reduction in Mass Flux Beyond the Compliance Wells

This alternative will remove contaminant mass from the groundwater system and reduce the
mass flux of contaminants to groundwater downgradient of the extraction wells, to and
beyond the Compliance Wells. Relative to Alternative A MNA, Alternative C(50) would
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reduce the mass flux of fluoride and cyanide by approximately 50 percent over the 30 to 80

years of operation.

5.6.3 Permanence

Alternative C(50) is less permanent than alternatives that use higher pumping and treatment
rates (i.e., Alternatives C(100) and D(100)) as lower masses of fluoride and cyanide will be
removed from groundwater. Consequently, lower quantities of treatment residuals will also

be generated.

Destruction of Hazardous Substances

Fluoride is an element and thus cannot be destroyed by this or any other alternative. This
alternative removes fluoride from groundwater and produces fluoride-bearing sludge that will
be disposed in an off-Site hazardous waste landfill. This alternative will destroy free, WAD
and total cyanide in a stepwise fashion, first by photo-degradation of iron cyanide complexes,

followed by phytoremediation/biological degradation of WAD and free cyanide.

Reduction or Elimination of Hazardous Substance Releases and Sources of Releases

Release of contaminants from wastes on the MCT property to groundwater is currently
controlled by previously completed and maintained remedial actions (e.g., containment of
waste in the capped SPL pile, monitoring and maintenance of water lines, etc.). This
alternative will not provide further control of contaminant releases to groundwater above that

currently provided by Alternative A-MNA.

Degree of Irreversibility of Waste Treatment Process

Degree of irreversibility is identical to Alternative C(100) as identical treatment processes

will be used, but at a lower pumping and treatment rate.

Characteristics and Quantity of Treatment Residuals Generated

This alternative will generate approximately 31,000 tons of cyanide and fluoride-bearing EC

sludge over 30 years and 82,000 tons over 80 years (see Table 5-4, Section 5.5.3 for
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comparison with other wetland-EC alternatives). Following the wetlands operational life,
approximately 3,000 tons of wetland media will need to be reclaimed in place or disposed.

5.6.4 Cost
Costs estimated for this alternative include:

e Costs associated with the Alternative A component (i.e., annual inspection and
monitoring costs and periodic maintenance costs for asphalt repairs and weed control
on the SPL pile for the next 30 to 80 years);

¢ Final design and engineering of the full-scale wetland-EC treatment system; and

e Construction and operation of the pumping system and wetland-EC treatment

technologies for an estimated 30 to 80 years.

Costs for this alternative are derived from estimated full-scale implementation costs based on
results of the wetland laboratory pilot test and quotes from Baker Corporation for a full-scale
EC operation. Table 5-5 in Section 5.5.4 shows capital and operating expenses for the
wetland-EC alternatives at pumping and treatment rates of 25, 50, and 100 gpm systems.
Table 5-6 in Section 5.5.4 shows estimated NPVs for construction and 30 to 80 years of
operation for the wetland-EC alternatives at pumping and treatment rates of 25, 50, and 100

gpm systems.

5.6.5 Long-Term Effectiveness

Alternative C(50) ranks high relative to Ecology’s order of preference for types of cleanup
action as it results in destruction of cyanide and immobilizes a portion of the cyanide and
fluoride contaminants by removing them from the environment/groundwater system at rates
that are estimated to capture approximately 50 percent of the groundwater contaminant

plume.

Degree of Certainty that Alternative will be Successful

The methods of treatment provided in Alternative C(50) (pumping of conventional wells for
groundwater extraction; removal of cyanide by wetland treatment; removal of fluoride by
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EC) are well established and commonly employed for water treatment as described above for
Alternative C(100) in Section 5.5.5.

Reliability
The reliability of Alternative C(50) is good and similar to reliability of Alternative C(100)

described in Section 5.5.5, above.

Residual Risk
Implementation of this alternative would reduce risk by reducing concentrations of cyanide

and fluoride in groundwater downgradient of the extraction wells.

Residual risk would vary with location and would be similar to Alternative A MNA
upgradient of the extraction wells and lower than Alternative A downgradient of the
extraction wells and Compliance Wells. This alternative does not provide any additional
controls than Alternative A upgradient of the extraction wells. Identical to Alternative A,
upgradient of the extraction wells, groundwater concentrations within the contaminant plume
area (approximately 30 acres) are predicted by the Partitioning Model to exceed cleanup
levels for 33 to 80 years for cyanide and 52 to 130 years for fluoride. Over time, the areal
extent of the groundwater contaminant plume would shrink and the concentrations of fluoride
and cyanide would decline. The residual risk from groundwater concentrations exceeding
cleanup levels is estimated to be low as institutional controls will restrict access to

groundwater.

Within the contaminant plume from the extraction wells to the Compliance Wells, an area of
approximately 3 acres, groundwater concentrations would be cleaned up to cleanup levels
within 28 to 40 years for cyanide and 38 to 80 years for fluoride following full
implementation of ex situ treatment. Prior to attainment of cleanup levels, risk in this area
would be lower than under Alternative A as groundwater concentrations would be lower.
After attainment of cleanup levels in 28 to 80 years, residual risk from groundwater in this
area is low as groundwater concentrations would be better than MCLs and institutional

controls will restrict access to groundwater.

H:\FilessMEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065
5-37 10/16/2018 11:47 AM



Groundwater concentrations downgradient of the Compliance Wells is not monitored by
MCT and was not simulated with the Partitioning Model. However, groundwater conditions
downgradient of the Compliance Wells can be qualitatively estimated by extrapolation of
observed and Partitioning Model-simulated upgradient groundwater concentrations and
trends. By extrapolation, groundwater concentrations for some distance downgradient of the
Compliance Wells is expected to exceed cleanup levels for a roughly a similar amount of
time as for upgradient areas, perhaps a few to several decades. The residual risk from
groundwater concentrations exceeding cleanup levels is estimated to be low as State and

Spokane County restrictions on groundwater use will restrict access to groundwater.

Pumping of groundwater to the surface for treatment would increase potential human and
wildlife exposure to the contaminated water, most notably in the wetland where the water
will necessarily be open and exposed to sunlight and the atmosphere. This risk would be
mitigated through institutional controls (e.g., fencing, signage, bird netting etc.) to prohibit
human contact and limit wildlife contact with water in the wetland; however, it is not

practical to prevent all wildlife contact.

Management of Treatment Residuals

Ex situ treatment will create treatment residuals (quantified in Table 5-4 above) consisting of
cyanide and fluoride-bearing sludge during operation and wetland media at the cessation of
treatment. These residuals will be disposed off-Site in permitted hazardous waste landfills
and will not pose further risk. Media within the wetland system (soil and vegetation) at the
end of treatment is not expected to be hazardous and the wetland system would be reclaimed

in place at the end of its operational life.

5.6.6 Management of Short-Term Risks
Short-term risks for Alternative C(50) are similar to those described for Alternative C(100) in

Section 5.5.6, above:

1. Installation of groundwater extraction wells will expose workers to sediment and
water containing cyanide and fluoride. Worker exposure would be limited by the use

of proper personal protective equipment (PPE).
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2. Purge water with concentrations exceeding cleanup levels has been classified as
hazardous and will be sent off-Site for proper disposal at a permitted facility.

3. Certain reagents (e.g., sodium hydroxide) that might be employed may be harmful if
mishandled or spilled. Proper engineering controls, PPE and standard operating
procedures will be developed for storage, handling and use of potentially harmful
chemicals.

4. The wetland will provide potential habitat for aquatic species, waterfowl, and other
wildlife. Testing during system startup will be required to confirm that cyanide and
fluoride concentrations in the wetland do not cause risk to ecological receptors.
Waterfowl could be excluded through the use of bird netting as is commonly
employed for industrial and waste water treatment ponds. The need for bird netting
would be further evaluated during engineering design based on the actual
concentrations of contaminants in the wetland and available toxicity data. The
wetland will also potentially attract human visitors and therefore will be fenced and

signed to prevent non-authorized access.

5.6.7 Technical and Administrative Implementability

This alternative is technically possible although there are uncertainties regarding optimal
operating conditions of the wetland-EC system that would be addressed during system start
up. This alternative requires access to land outside MCT property for groundwater extraction
well installation and maintenance and monitoring. This alternative requires approximately
3.5 acres of land for the wetland treatment system and groundwater infiltration pond (if this
disposal option is selected during engineering design) and because of smaller size than
Alternative C(100) possibly could be Sited on MCT property to the west of the SPL pile.
Agreements for land access for the wetland system and infiltration pond will be needed
unless the system is located on Mead Custodial Trust property. Possible locations for the
wetland ponds include areas to the north of the sludge pond (Kaiser Aluminum Properties,
Inc. property), west and south of the SPL pile (Spokane Recycling property) and land within
the BPA power line easement. This alternative may require an easement for pipeline access
to the municipal sewer system if that disposal option is selected during engineering design.
The Trust currently has an easement across Parcel 6 that would provide access to the
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municipal waste line. There is potentially a cheaper access to the waste line that would

require a new easement.

As described in Section 5.5.7 for Alternative C(100), this alternative also would require a
permit, or meeting the substantive requirements of a permit, for discharge to either
groundwater through an infiltration pond or to the Spokane County Riverside Park Water
Reclamation Facility and subsequently to the Spokane River. A comparison of expected
treated water quality for this alternative and groundwater quality standards and Spokane
County Local Limits is provided in Table 5-7 in Section 5.5.7. With the possible exception of
nitrate in discharge to groundwater, the quality of treated water is not expected to pose any

impediments to discharge permitting.

This alternative would not require a water right provided that no water is beneficially used
(WA Ecology, 2018). No beneficial use of water is required in this alternative.

5.7 ALTERNATIVE C(25) - EX SITU TREATMENT (WETLAND-EC) AT RATE OF
25 GPM PLUS ALTERNATIVE A

5.7.1 Process Description

The process for Alternative C(25) would be identical to Alternative C(100) as described in
Section 5.5.1 with the exception that pumping and treatment of water would be done at a rate
of 25 gpm. Based on the retention times evaluated in the laboratory pilot test it is estimated
that approximately 1.5 acres of wetland would be required to treat 25 gpm of groundwater at
the Mead Site. Total land requirement for the wetland treatment system is 1.75 acres to allow

room for construction and maintenance of the wetland cell.

As described in Section 5.5.1, a pilot test is anticipated prior to construction and design of the
Alternative C(100) 100 gpm system. However, since the proposed pilot test rate of 10 gpm is
relatively close to the treatment rate of Alternative C(25), it may be desirable and more cost
effective to omit the 10 gpm pilot scale test before building the 25 gpm wetland system. In
this implementation approach, the 25 gpm system would serve as the pilot-scale test and if

found to function adequately would then serve as the full-scale system. If the pilot scale test
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identified the need for modifications, then the 25 gpm system would be expanded or
modified to serve as the full-scale system.

5.7.2 Protectiveness
Estimated Time to Meet Cleanup Levels at Compliance Wells

Alternative C(25) would attain cleanup levels in groundwater at the Compliance Wells in an
estimated in an estimated 32 to 66 years for cyanide and 46 to 110 years for fluoride. Once
cleanup levels are met, continued operation of the pumping and treatment systems is required
to maintain cleanup levels at the Compliance Wells. The duration of continued ex situ
treatment is estimated based on the Partition Model to range from approximately 30 to 80

years for cyanide and 50 to 130 years for fluoride.

Mass of Contaminants Removed from Groundwater System

Alternative C(25) would remove approximately 20,000 kg of fluoride and 34,000 kg of
cyanide from the groundwater system over 30 years of operation; and 37,000 kg of fluoride

and 58,000 kg of cyanide over 80 years of operation.

Reduction in Mass Flux Beyond the Compliance Wells

This alternative will remove contaminant mass from the groundwater system and reduce the
mass flux of contaminants to groundwater downgradient of the extraction wells, to and
beyond the Compliance Wells. Relative to Alternative A MNA, Alternative C(25) would
reduce the mass flux of fluoride and cyanide by approximately 25 percent over the 30 to 80

years of operation.

5.7.3 Permanence

Alternative C(25) is less permanent than alternatives that use higher pumping and treatment
rates (i.e., Alternatives C(100), D(100), C(50), D(50)) as lower masses of fluoride and
cyanide will be removed from groundwater. Consequently, lower quantities of treatment

residuals will also be generated.
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Destruction of Hazardous Substances

Fluoride is an element and thus cannot be destroyed by this or any other alternative. This
alternative removes fluoride from groundwater and produces fluoride-bearing sludge that will
be disposed in an off-Site hazardous waste landfill. This alternative will destroy free, WAD
and total cyanide in a stepwise fashion, first by photo-degradation of iron cyanide complexes,
followed by phytoremediation/biological degradation of WAD and free cyanide.

Reduction or Elimination of Hazardous Substance Releases and Sources of Releases

Release of contaminants from wastes on the MCT property to groundwater is currently
controlled by previously completed and maintained remedial actions (e.g., containment of
waste in the capped SPL pile, monitoring and maintenance of water lines, etc.). This
alternative will not provide further control of contaminant releases to groundwater above that

currently provided by Alternative A-MNA.

Degree of Irreversibility of Waste Treatment Process

Degree of irreversibility is identical to Alternatives C(100) and C(50) as identical treatment

processes will be used, but at a lower pumping and treatment rate.

Characteristics and Quantity of Treatment Residuals Generated

This alternative will generate approximately 16,000 tons of cyanide and fluoride-bearing EC
sludge over 30 years and 41,000 tons over 80 years (see Table 5-4, Section 5.5.3 for
comparison with other wetland-EC alternatives). Following the wetlands operational life,
approximately 1,500 tons of wetland media will need to be reclaimed in place or disposed.

5.7.4 Cost
Costs estimated for this alternative include:

e Costs associated with the Alternative A component (i.e., annual inspection and
monitoring costs and periodic maintenance costs for asphalt repairs and weed control
on the SPL pile for the next 30 to 80 years);

e Final design and engineering of the full-scale wetland-EC treatment system; and
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e Construction and operation of the pumping system and wetland-EC treatment

technologies for an estimated 30 to 80 years.

Costs for this alternative are derived from estimated full-scale implementation costs based on
results of the wetland laboratory pilot test and quotes from Baker Corporation for a full-scale
EC operation. Table 5-5 in Section 5.5.4 shows capital and operating expenses for the
wetland-EC alternatives at pumping and treatment rates of 25, 50, and 100 gpm systems.
Table 5-6 in Section 5.5.4 shows estimated NPVs for construction and 30 to 80 years of

operation for the wetland-EC alternatives at pumping and treatment rates of 25, 50, and 100

apm.

5.7.5 Long-Term Effectiveness

Alternative C(25) ranks high relative to Ecology’s order of preference for types of cleanup
action as it results in destruction of cyanide and immobilizes a portion of the cyanide and
fluoride contaminants by removing them from the environment/groundwater system at rates
that are estimated to capture approximately 25 percent of the groundwater contaminant

plume.

Deqgree of Certainty that Alternative will be Successful

The methods of treatment provided in Alternative C(25) (pumping of conventional wells for
groundwater extraction; removal of cyanide by wetland treatment; removal of fluoride by
EC) are well established and commonly employed for water treatment as described above for
Alternative C(100) in Section 5.5.5.

Reliability
The reliability of Alternative C(25) is good and similar to reliability of Alternative C(100)
described in Section 5.5.5, above.

Residual Risk
Implementation of this alternative would reduce risk by reducing concentrations of cyanide

and fluoride in groundwater downgradient of the extraction wells.
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Residual risk would vary with location and would be similar to Alternative A MNA
upgradient of the extraction wells and lower than Alternative A downgradient of the
extraction wells and Compliance Wells. This alternative does not provide any additional
controls than Alternative A upgradient of the extraction wells. Identical to Alternative A,
upgradient of the extraction wells, groundwater concentrations within the contaminant plume
area (approximately 30 acres) are predicted by the Partitioning Model to exceed cleanup
levels for 33 to 80 years for cyanide and 52 to 130 years for fluoride. Over time, the areal
extent of the groundwater contaminant plume would shrink and the concentrations of fluoride
and cyanide would decline. The residual risk from groundwater concentrations exceeding
cleanup levels is estimated to be low as institutional controls will restrict access to

groundwater.

Within the contaminant plume from the extraction wells to the Compliance Wells, an area of
approximately 3 acres, groundwater concentrations would be cleaned up to cleanup levels
within 32 to 66 years for cyanide and 46 to 110 years for fluoride following full
implementation of ex situ treatment. Prior to attainment of cleanup levels, risk in this area
would be lower than under Alternative A as groundwater concentrations would be lower.
After attainment of cleanup levels, residual risk from groundwater in this area is low as
groundwater concentrations would be better than MCLs and institutional controls will restrict

access to groundwater.

Groundwater concentrations downgradient of the Compliance Wells is not monitored by
MCT and was not simulated with the Partitioning Model. However, groundwater conditions
downgradient of the Compliance Wells can be qualitatively estimated by extrapolation of
observed and Partitioning Model-simulated upgradient groundwater concentrations and
trends. By extrapolation, groundwater concentrations for some distance downgradient of the
Compliance Wells is expected to exceed cleanup levels for a roughly a similar amount of
time as for upgradient areas, perhaps a few to several decades. The residual risk from
groundwater concentrations exceeding cleanup levels is estimated to be low as State and

Spokane County restrictions on groundwater use will restrict access to groundwater.
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Pumping of groundwater to the surface for treatment would increase potential human and
wildlife exposure to the contaminated water, most notably in the wetland where the water
will necessarily be open and exposed to sunlight and the atmosphere. This risk would be
mitigated through institutional controls (e.g., fencing, signage, bird netting etc.) to prohibit
human contact and limit wildlife contact with water in the wetland; however, it is not

practical to prevent all wildlife contact.

Management of Treatment Residuals

Ex situ treatment will create treatment residuals (quantified in Table 5-4 above) consisting of
cyanide and fluoride-bearing sludge during operation and wetland media at the cessation of
treatment. These residuals will be disposed off-Site in permitted hazardous waste landfills
and will not pose further risk. Media within the wetland system (soil and vegetation) at the
end of treatment is not expected to be hazardous and the wetland system would be reclaimed

in place at the end of its operational life.

5.7.6 Management of Short-Term Risks
Short-term risks for Alternative C(25) are similar to those described for Alternative C(100) in

Section 5.5.6, above:

1. Installation of groundwater extraction wells will expose workers to sediment and
water containing cyanide and fluoride. Worker exposure would be limited by the use
of proper personal protective equipment (PPE).

2. Purge water with concentrations exceeding cleanup levels has been classified as
hazardous and will be sent off-Site for proper disposal at a permitted facility.

3. Certain reagents (e.g., sodium hydroxide) that might be employed may be harmful if
mishandled or spilled. Proper engineering controls, PPE and standard operating
procedures will be developed for storage, handling and use of potentially harmful
chemicals.

4. The wetland will provide potential habitat for aquatic species, waterfowl, and other
wildlife. Testing during system startup will be required to confirm that cyanide and
fluoride concentrations in the wetland do not cause risk to ecological receptors.
Waterfowl could be excluded through the use of bird netting as is commonly
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employed for industrial and waste water treatment ponds. The need for bird netting
would be further evaluated during engineering design based on the actual
concentrations of contaminants in the wetland and available toxicity data. The
wetland will also potentially attract human visitors and therefore will be fenced and

signed to prevent non-authorized access.

5.7.7 Technical and Administrative Implementability
This alternative is technically possible although there are uncertainties regarding optimal

operating conditions of the wetland-EC system that would be addressed during system start

up.

This alternative requires access to land outside the MCT property for groundwater extraction
well installation and maintenance and monitoring. This alternative requires approximately
2.25 acres of land for the wetland treatment system and groundwater infiltration pond if that
disposal option is selected during engineering design. Agreements for land access for the
wetland system and infiltration pond will be needed unless the system is located on Mead
Custodial Trust property. Possible locations for the wetland ponds include areas to the north
of the sludge pond (Kaiser Aluminum Properties, Inc. property), west and south of the SPL
pile (Spokane Recycling property) and land within the BPA power line easement. This
alternative may require an easement for pipeline access to the municipal sewer system if that
disposal option is selected during engineering design. The Trust currently has an easement
across Parcel 6 that would provide access to the municipal waste line. There is potentially a

cheaper access to the waste line that would require a new easement.

As described in Section 5.5.7 for Alternative C(100), this alternative also would require a
permit, or meeting the substantive requirements of a permit, for discharge to either
groundwater through an infiltration pond or to the Spokane County Riverside Park Water
Reclamation Facility and subsequently to the Spokane River. A comparison of expected
treated water quality for this alternative and groundwater quality standards and Spokane

County Local Limits is provided in Table 5-7 in Section 5.5.7. With the possible exception of
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nitrate in discharge to groundwater, the quality of treated water is not expected to pose any
impediments to discharge permitting.

This alternative would not require a water right provided that no water is beneficially used

(WA Ecology, 2018). No beneficial use of water is required in this alternative.

5.8 ALTERNATIVE D(100) - EX SITU TREATMENT (IRON PRECIPITATION-EC)
AT RATE OF 100 GPM PLUS ALTERNATIVE A

5.8.1 Process Description

Alternative D(100) is the same as Alternative C(100) with the exception that Alternative
D(100) would employ iron precipitation (FeP) for the removal of total, WAD and free
cyanide rather than a constructed wetland system as in Alternative C(100). Alternative
D(100) is the same as Alternatives D(50) and D(25) with the exception that in Alternative
D(100) water is treated at a higher rate (100 gpm) to accommodate capture of all or most of
the groundwater contaminant plume. Because similar levels of cyanide and fluoride treatment
and removal would be provided by Alternatives D(100) and C(100), similar environmental
benefits (contaminant mass reduction and attainment of cleanup levels at the Compliance
Wells) are estimated for the two alternatives. Because Alternative D(100) provides a higher
rate of extraction and treatment than other pump and treat Alternatives D(50), D(25), C(50),
and C(25); Alternative D(100) provides greater potential environmental benefits than these

alternatives, albeit at greater cost.

Ex situ groundwater treatment in Alternative D(100) would consist of extraction of
contaminated groundwater by conventional water wells, water treatment by an iron-
precipitation (FeP)-electrocoagulation (EC) system, and treated water discharge either to the
Spokane municipal sewer or to infiltration pond to return water to the groundwater system.
The cyanide removal technology (FeP) was proven to be effective and implementable based
on the success of laboratory-scale tests on Site groundwater in 2013 (described in Appendix
B). The fluoride removal technology (EC) was proven to be effective and implementable by
laboratory-scale testing on Site groundwater in 2016 (described in Appendix C). Although
these technologies have been tested individually they have not been tested as a complete
process train. Additionally, free cyanide removal was not determined in the 2013 testing as
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the relevant cyanide form at the time was WAD cyanide (see footnote 1, page 2-1 for
description of forms of cyanide for regulatory purposes). Thus additional laboratory or field-
scale testing of Site waters would be required to confirm design parameters for a full-scale
system. Full-scale implementation of Alternative D(100) would require approximately one to
two years for confirmation testing, final design, contracting and bidding, regulatory approval,

and construction and start-up.

Table 5-8 compares the size, estimated costs, estimated time to attain compliance, and
contaminant mass removal for the iron-precipitation-EC Alternatives D(100), D(50), and
D(25). For the ex situ treatment alternatives, once cleanup levels are met, continued
operation of the pumping and treatment systems is required to maintain cleanup levels at the
Compliance Wells. The duration of continued ex situ treatment is estimated based on the
Partitioning Model to range from approximately 30 to 80 years for cyanide and 50 to 130
years for fluoride.

TABLE 5-8. ALTERNATIVE D(100), D(50), AND D(25) SIZING COMPARISON

Estimated Estimated Time to Estimated Mass (kg) of
Cost Cleanup at Compliance | Contaminants Removed
Treatment | ($ Million, Wells Following from Groundwater
Capacity 30 years, Implementation (years) in 30 years
Alternative (gpm) NPV)* F CN F CN
D(100) 100 gpm $71.3 <2 <2 82,068 134,345
D(50) 50 gpm $39.1 38 to 80 28 t0 40 41,034 67,189
D(25) 25 gpm $22.5 46 t0 110 32 t0 66 20,517 33,595
Estimated Estimated Time to Estlmat_ed Mass (kg) of
Cost Cleanup at Compliance Contaminants Removed
Treatment | ($ Million, P P from Groundwater
. Wells Following .
Capacity 80 years, - in 80 years
. 1 Implementation (years)
Alternative (gpm) NPV) F CN
D(100) $152.9 148,881 212,173
D(50) As above $83.1 As above 73,578 106,086
D(25) $47.3 34,968 53,043
Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to provide a
relative comparison between alternatives, and are considered to be +/-25 percent of actual costs. The 30-year
and 80-year costs represent approximate durations of remedial actions (pumping, treatment, and disposal) under
approximate best case (30) and worst case (80) conditions for cyanide and intermediate case (80) conditions for
fluoride. Assumes sludge disposal as hazardous waste.
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The groundwater extraction component would be identical to Alternative C(100) as described
in Section 5.5.1, above.

Ex situ water treatment would consist of an iron precipitation circuit for total, WAD and free
cyanide removal and an electrocoagulation (EC) system for removal of fluoride. The fluoride
removal system will consist of EC as described for Alternative C(100) in Section 5.5.1,

above.

The treated water discharge system would consist of either an unlined infiltration pond or
discharge to Spokane municipal sewer as described for Alternative C(100) in Section 5.5.1,

above.

5.8.2 Protectiveness

Estimated Time to Meet Cleanup Levels at Compliance Wells

Alternative D(100) would attain cleanup levels in groundwater for both fluoride and cyanide
at the Compliance Wells in approximately two years following full implementation. Once
cleanup levels are met, continued operation of the pumping and treatment systems is required
to maintain cleanup levels at the Compliance Wells. The duration of continued ex situ
treatment is estimated based on the Partitioning Model to range from approximately 30 to 80

years for cyanide and 50 to 130 years for fluoride.

Reduction in Mass Flux Beyond the Compliance Wells

This alternative will remove contaminant mass from the groundwater system and reduce the
mass flux of contaminants to groundwater downgradient of the extraction wells, and to and
beyond the Compliance Wells. Relative to Alternative A MNA, Alternative D(100) would
reduce the mass flux of fluoride and cyanide by approximately 99 percent over 30 years of
operation; and 98 to 99 percent over 80 years of operation.
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Mass of Contaminants Removed from Groundwater System

Identical to Alternative C(100), Alternative D(100) would remove approximately 82,000 kg
of fluoride and 134,000 kg of cyanide from the groundwater system over 30 years of

operation; and 149,000 kg of fluoride and 212,000 kg of cyanide over 80 years of operation.

5.8.3 Permanence

Destruction of Hazardous Substances

Fluoride is an element and thus cannot be destroyed by this or any other alternative. This
alternative will convert the more toxic free and WAD forms of cyanide to stable iron cyanide
solids. This alternative removes fluoride and cyanide from groundwater and produces
cyanide and fluoride-bearing sludge that will be disposed in an off-Site hazardous waste
landfill.

Reduction or Elimination of Hazardous Substance Releases and Sources of Releases

Release of contaminants from wastes on the MCT property to groundwater is currently
controlled by previously completed and maintained remedial actions (e.g., containment of
waste in the capped SPL pile, monitoring and maintenance of water lines, etc.). This
alternative will not provide further control of contaminant releases to groundwater above that

currently provided by Alternative A-MNA.

Degree of Irreversibility of Waste Treatment Process

This alternative treats contaminated groundwater rather than source materials. Fluoride and
cyanide removed from groundwater will be concentrated into a sludge that will be disposed

off-Site in a hazardous waste landfill.

Characteristics and Quantity of Treatment Residuals Generated

Table 5-9 summarizes the quantities of treatment residuals generated by the iron-
precipitation-EC treatment Alternatives D(100), D(50), and D(25). Ex situ treatment will
create treatment residuals consisting of cyanide and fluoride-bearing sludge that will be
disposed off-Site in a hazardous waste landfill.
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TABLE 5-9. ALTERNATIVES D(100), D(50), AND D(25)

TREATMENT RESIDUAL GENERATION

5.8.4

Iron
EC Sludge Precipitation Total Sludge
Treatment Generated in | Cyanide Sludge | Generated in
Capacity 30 Years Generated in 30 30 Years
Alternative (gpm) (tons)* Years (tons) (tons)
D(100) 100 gpm 62,000 14,600 76,600
D(50) 50 gpm 31,000 7,300 38,300
D(25) 25 gpm 15,500 3,600 19,100
Iron
EC Sludge Precipitation Total Sludge
Treatment Generated in | Cyanide Sludge | Generated in
Capacity 80 Years Generated in 80 80 Years
Alternative (gpm) (tons)* Years (tons) (tons)
D(100) 100 gpm 165,000 39,000 204,000
D(50) 50 gpm 83,000 19,000 102,000
D(25) 25 gpm 41,000 9,600 51,000
Notes:

1) Sludge mass at 91.4 percent moisture.

Cost

Costs estimated for this alternative include:

Costs for this alternative are derived from estimated full-scale implementation costs based on
results of the 2013 Ex Situ treatability study (Appendix B) and quotes from Baker
Corporation for a full-scale EC operation. Table 5-10 shows capital and operating expenses

for the iron precipitation-EC alternatives at pumping and treatment rates of 25, 50, and 100

Costs associated with the Alternative A component (i.e., annual inspection and
monitoring costs and periodic maintenance costs for asphalt repairs and weed control
on the SPL pile for the next 30 to 80 years);

Costs for a pilot test and final design/engineering of the iron precipitation and EC

technologies; and

Construction and operation of the pumping system and iron precipitation-EC

treatment technologies for an estimated 30 to 80 years.
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gpm systems. Table 5-11 shows estimated NPVs for construction and 30 to 80 years of

operation for the iron precipitation-EC alternatives at pumping and treatment rates of 25, 50,

and 100 gpm systems.

TABLE 5-10. ASSUMPTIONS FOR ALTERNATIVES D(100),
D(50) AND D(25) ESTIMATED COSTS

Alternative D(100) | Alternative D(50) | Alternative D(25)
Treatment Rate of | Treatment Rate of | Treatment Rate of
100 gpm 50 gpm 25 gpm
Capital Costs
Iron precipitation process $1,043,078 $656,843 $656,843
equipment
EC process equipment $3,000,000 $1,800,000 $1,000,000
Extraction wells and pumps $107,000 $89,000 $71,000
Infll'gra}tlon pond or plpeI!ne to $3,300 $3.300 $3,300
municipal sewer construction
Pilot Test $100,000 $100,000 $100,000
WA Sales Tax (8%) $340,270 $211,931 $146,491
Legal & Admin (5%) $212,669 $132,457 $91,557
Engineering (20%) $850,676 $529,829 $366,229
Mobilization/Bonding (7%) $297,736 $185,440 $128,180
Contingency (20%) $850,676 $529,829 $366,229
Total Capital Costs $6,805,404 $4,238,628 $2,929,828
Operation and Monitoring Costs (annual)
| $2,357,952 | $1,257,865 | $693,332
TABLE 5-11. ALTERNATIVES D(100), D(50) AND D(25)
ESTIMATED COSTS (30 AND 80 YEAR LIFE)
Alternative C(100) Alternative C(50) Alternative C(25)
Treatment Rate of Treatment Rate of | Treatment Rate of
100 gpm 50 gpm 25 gpm
Pilot Test cost $100,000 $100,000 $100,000
Capital cost $6,805,404 $4,238,628 $2,929,828
O&M cost /year $2,357,952 $1,257,865 $693,332
Alternative A Cost $903,786 $903,786 $903,786
Total cost for 30 years (NPV) $71,314,096 $39,072,871 $22,536,010
Total cost for 80 years (NPV) $71,314,096 $39,072,871 $22,536,010

Notes:

Estimated costs are intended to provide a relative comparison between alternatives, and are considered to be
+/-25 percent of actual costs. The 30-year and 80-year costs represent approximate durations of remedial actions
under approximate best case (30) and worst case (80) conditions for cyanide and intermediate case (80)
conditions for fluoride.
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5.8.5 Long-Term Effectiveness

Alternative D(100) ranks high relative to Ecology’s order of preference for types of cleanup
action as it results in immobilization of the cyanide and fluoride contaminants by removing
them from the environment/groundwater system at rates that are estimated to capture all or

most of the groundwater contaminant plume.

Deqgree of Certainty that Alternative will be Successful

The methods of treatment provided in Alternative D(100) (pumping of conventional wells for
groundwater extraction; removal of cyanide by iron precipitation treatment; removal of
fluoride by EC) are well established and commonly employed for water treatment. The level
of effectiveness of the treatment methods was verified under laboratory conditions as
described in Appendices B and C, but the combination of the iron precipitation process with
the EC process has not been verified. Although no problems are anticipated by combination
of these processes, additional verification of the effectiveness of these combined treatments

will be determined during confirmation testing prior to final design.

Reliability

The reliability of this alternative is predicted to be good, provided that appropriate process
equipment is utilized and operators have sufficient training and experience in utilizing the
process equipment. This alternative assumes employment of 1.5 full-time operators for
operation and maintenance of the system.

Residual Risk

Implementation of this alternative would reduce risk by reducing concentrations of cyanide
and fluoride in groundwater downgradient of the extraction wells. Residual risk of alternative
D(100) would be similar to but slightly less than alternative C(100) due to the absence of the

C(100) wetland treatment system and associated potential for human and wildlife exposure.

Residual risk would vary with location and would be similar to Alternative A MNA
upgradient of the extraction wells and lower than Alternative A downgradient of the
extraction wells and Compliance Wells. This alternative does not provide any additional
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controls than Alternative A upgradient of the extraction wells. Identical to Alternative A,
upgradient of the extraction wells, groundwater concentrations within the contaminant plume
area (approximately 30 acres) are predicted by the Partitioning Model to exceed cleanup
levels for 33 to 80 years for cyanide and 52 to 130 years for fluoride. Over time, the areal
extent of the groundwater contaminant plume would shrink and the concentrations of fluoride
and cyanide would decline. The residual risk from groundwater concentrations exceeding
cleanup levels is estimated to be low as institutional controls will restrict access to

groundwater.

Within the contaminant plume from the extraction wells to the Compliance Wells, an area of
approximately 3 acres, groundwater concentrations would be cleaned up to cleanup levels
for fluoride and cyanide within approximately two years following full implementation of ex
situ treatment. The residual risk from groundwater in this area is low as groundwater
concentrations would be better than cleanup levels and MCLs and institutional controls will

restrict access to groundwater.

Groundwater concentrations downgradient of the Compliance Wells is not monitored by
MCT and was not simulated with the Partitioning Model. However, groundwater conditions
downgradient of the Compliance Wells can be qualitatively estimated by extrapolation of
observed and Partitioning Model-simulated upgradient groundwater concentrations and
trends. By extrapolation, groundwater concentrations for some distance downgradient of the
Compliance Wells is expected to meet cleanup levels in roughly a similar amount of time as
for upgradient areas, perhaps two to five years. The residual risk is estimated to be low as
groundwater concentrations would be better than cleanup levels and MCLs and State and

Spokane County restrictions on groundwater use will restrict access to groundwater.

Management of Treatment Residuals

Ex situ treatment will create treatment residuals (quantified in Table 5-9 above) consisting of
cyanide and fluoride-bearing sludge during operation. These residuals will be disposed off-

Site in permitted hazardous waste landfills and will not pose further risk.
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5.8.6 Management of Short-Term Risks

This alternative will require installation of approximately four groundwater extraction wells
which will expose workers to sediment and water containing cyanide and fluoride. Workers
would also be exposed to purge water from well monitoring activities. During these
activities, worker exposure would be limited by the use of proper personal protective
equipment (PPE). Purge water with concentrations exceeding cleanup levels has been

classified as hazardous and will be sent off-Site for proper disposal at a permitted facility.

Certain reagents (e.g., sodium hydroxide) that might be employed may be harmful if
mishandled or spilled. Proper engineering controls, PPE and standard operating procedures

will be developed for storage, handling and use of potentially harmful chemicals.

5.8.7 Technical and Administrative Implementability
This alternative is technically possible although there are uncertainties regarding optimal
operating conditions for the combined iron precipitation - EC system that would be addressed

during pilot testing.

This alternative requires access to land outside the MCT property for groundwater extraction
well installation and maintenance and monitoring. This alternative requires approximately
0.5 acres of land for the groundwater infiltration pond if that disposal option is selected
during engineering design. Agreements for land access for the infiltration pond will be
needed unless the system is located on Mead Custodial Trust property. Possible locations for
the infiltration pond includes areas to the north of the sludge pond (Kaiser Aluminum
Properties, Inc. property), west and south of the SPL pile (Spokane Recycling property) and
land within the BPA power line easement. This alternative may require an easement for
pipeline access to the municipal sewer system if that disposal option is selected during
engineering design. The Trust currently has an easement across Parcel 6 that would provide
access to the municipal waste line. There is potentially a cheaper access to the waste line that

would require a new easement.
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As described in Section 5.5.7 for Alternative C(100), this alternative also would require a
permit, or meeting the substantive requirements of a permit, for discharge to either
groundwater through an infiltration pond or to the Spokane County Riverside Park Water
Reclamation Facility and subsequently to the Spokane River. A comparison of expected
treated water quality for this alternative and groundwater quality standards and Spokane
County Local Limits is provided in Table 5-7 in Section 5.5.7. With the possible exception of
nitrate in discharge to groundwater, the quality of treated water is not expected to pose any

impediments to discharge permitting.

This alternative would not require a water right provided that no water is beneficially used

(WA Ecology, 2018). No beneficial use of water is required in this alternative.

5.9 ALTERNATIVE D(50) — EX SITU TREATMENT (IRON PRECIPITATION-EC)
AT RATE OF 50 GPM PLUS ALTERNATIVE A

5.9.1 Process Description

The process for Alternative D(50) would be identical to Alternative D(100) as described in

Section 5.8.1 with the exception that pumping and treatment of water would be done at a rate

of 50 gpm.

5.9.2 Protectiveness

Estimated Time to Meet Cleanup Levels at Compliance Wells

Alternative D(50) would attain cleanup levels in groundwater at the Compliance Wells in an
estimated in an estimated 28 to 40 years for cyanide and 38 to 80 years for fluoride. Once
cleanup levels are met, continued operation of the pumping and treatment systems is required
to maintain cleanup levels at the Compliance Wells. The duration of continued ex situ
treatment is estimated based on the Partitioning Model to range from approximately 30 to 80

years for cyanide and 50 to 130 years for fluoride.
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Mass of Contaminants Removed from Groundwater System

Alternative D(50) would remove approximately 41,000 kg of fluoride and 67,000 kg of
cyanide from the groundwater system over 30 years of operation; and 74,000 kg of fluoride

and 106,000 kg of cyanide over 80 years of operation.

Reduction in Mass Flux Beyond the Compliance Wells

This alternative will remove contaminant mass from the groundwater system and reduce the
mass flux of contaminants to groundwater downgradient of the extraction wells, to and
beyond the Compliance Wells. Relative to Alternative A MNA, Alternative D(50) would
reduce the mass flux of fluoride and cyanide by approximately 50 percent over the 30 to 80

years of operation.

5.9.3 Permanence

Alternative D(50) is less permanent than alternatives that use higher pumping and treatment
rates (i.e., Alternatives C(100) and D(100)) as lower masses of fluoride and cyanide will be
removed from groundwater. Consequently, lower quantities of treatment residuals will also

be generated.

Destruction of Hazardous Substances

Fluoride is an element and thus cannot be destroyed by this or any other alternative. This
alternative will convert the more toxic free and WAD forms of cyanide to stable iron cyanide
solids. This alternative removes cyanide and fluoride from groundwater and produces
cyanide and fluoride-bearing sludge that will be disposed in an off-Site hazardous waste
landfill.

Reduction or Elimination of Hazardous Substance Releases and Sources of Releases

Release of contaminants from wastes on the MCT property to groundwater is currently
controlled by previously completed and maintained remedial actions (e.g., containment of
waste in the capped SPL pile, monitoring and maintenance of water lines, etc.). This
alternative will not provide further control of contaminant releases to groundwater above that

currently provided by Alternative A-MNA.
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Degree of Irreversibility of Waste Treatment Process

This alternative treats contaminated groundwater rather than source materials. Fluoride and
cyanide removed from groundwater will be concentrated into a sludge that will be disposed

off-Site in a hazardous waste landfill.

Characteristics and Quantity of Treatment Residuals Generated

This alternative will generate approximately 38,000 tons of cyanide and fluoride-bearing
water treatment sludge over 30 years and 101,000 tons over 80 years (see Table 5-9, above
comparison with other FeP-EC alternatives).

5.9.4 Cost
Costs estimated for this alternative include:

e Costs associated with the Alternative A component (i.e., annual inspection and
monitoring costs and periodic maintenance costs for asphalt repairs and weed control
on the SPL pile for the next 30 to 80 years);

e Costs for a pilot test and final design/engineering of the iron precipitation and EC
technologies; and

e Construction and operation of the pumping system and iron precipitation-EC

treatment technologies for an estimated 30 to 80 years.

Costs for this alternative are derived from estimated full-scale implementation costs based on
results of the 2013 Ex Situ treatability study (Appendix B) and quotes from Baker
Corporation for a full-scale EC operation. Table 5-10 in Section 5.8.4 above shows capital
and operating expenses for the iron precipitation-EC alternatives at pumping and treatment
rates of 25, 50, and 100 gpm systems. Table 5-11 in Section 5.8.4 shows estimated NPVs for
construction and 30 to 80 years of operation for the iron precipitation-EC alternatives at

pumping and treatment rates of 25, 50, and 100 gpm systems.
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5.9.5 Long-Term Effectiveness

Alternative D(50) ranks moderately high relative to Ecology’s order of preference for types
of cleanup action as it results in immobilization of the cyanide and fluoride contaminants by
removing them from the environment/groundwater system at rates that are estimated to

capture approximately one half of the groundwater contaminant plume.

Degree of Certainty that Alternative will be Successful

The methods of treatment provided in Alternative D(50) (pumping of conventional wells for
groundwater extraction; removal of cyanide by iron precipitation treatment; removal of
fluoride by EC) are well established and commonly employed for water treatment. The level
of effectiveness of the treatment methods was verified under laboratory conditions as
described in Appendices B and C, but the combination of the iron precipitation process with
the EC process has not been verified. Additional verification of the effectiveness of these

treatments will be determined during confirmation testing.

Reliability

The reliability of this alternative is predicted to be good, provided that appropriate process
equipment is utilized and operators have sufficient training and experience in utilizing the
process equipment. This alternative assumes employment of 1.5 full-time operators for

operation and maintenance of the system.

Residual Risk
Implementation of this alternative would reduce risk by reducing concentrations of cyanide

and fluoride in groundwater downgradient of the extraction wells.

Residual risk would vary with location and would be similar to Alternative A MNA
upgradient of the extraction wells and lower than Alternative A downgradient of the
extraction wells and Compliance Wells. This alternative does not provide any additional
controls than Alternative A upgradient of the extraction wells. Identical to Alternative A,
upgradient of the extraction wells, groundwater concentrations within the contaminant plume

area (approximately 30 acres) are predicted by the Partitioning Model to exceed cleanup
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levels for 33 to 80 years for cyanide and 52 to 130 years for fluoride. Over time, the areal
extent of the groundwater contaminant plume would shrink and the concentrations of fluoride
and cyanide would decline. The residual risk from groundwater concentrations exceeding
cleanup levels is estimated to be low as institutional controls will restrict access to

groundwater.

Within the contaminant plume from the extraction wells to the Compliance Wells, an area of
approximately 3 acres, groundwater concentrations would be cleaned up to cleanup levels
within 28 to 40 years for cyanide and 38 to 80 years for fluoride following full
implementation of ex situ treatment. Prior to attainment of cleanup levels, risk in this area
would be lower than under Alternative A as groundwater concentrations would be lower.
After attainment of cleanup levels in 28 to 80 years, residual risk from groundwater in this
area is low as groundwater concentrations would be better than MCLs and institutional

controls will restrict access to groundwater.

Groundwater concentrations downgradient of the Compliance Wells is not monitored by
MCT and was not simulated with the Partitioning Model. However, groundwater conditions
downgradient of the Compliance Wells can be qualitatively estimated by extrapolation of
observed and Partitioning Model-simulated upgradient groundwater concentrations and
trends. By extrapolation, groundwater concentrations for some distance downgradient of the
Compliance Wells is expected to exceed cleanup levels for a roughly a similar amount of
time as for upgradient areas, perhaps a few to several decades. The residual risk from
groundwater concentrations exceeding cleanup levels is estimated to be low as State and

Spokane County restrictions on groundwater use will restrict access to groundwater.

Management of Treatment Residuals

Ex situ treatment will create treatment residuals (quantified in Table 5-9 above) consisting of
cyanide and fluoride-bearing sludge during operation. These residuals will be disposed off-

Site in permitted hazardous waste landfills and will not pose further risk.
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5.9.6 Management of Short-Term Risks

This alternative will require installation of approximately four groundwater extraction wells
which will expose workers to sediment and water containing cyanide and fluoride. Workers
would also be exposed to purge water from well monitoring activities. During these
activities, worker exposure would be limited by the use of proper personal protective
equipment (PPE). Purge water with concentrations exceeding cleanup levels has been

classified as hazardous and will be sent off-Site for proper disposal at a permitted facility.

Certain reagents (e.g., sodium hydroxide) that might be employed may be harmful if
mishandled or spilled. Proper engineering controls, PPE and standard operating procedures

will be developed for storage, handling and use of potentially harmful chemicals.

5.9.7 Technical and Administrative Implementability

This alternative is technically possible although there are uncertainties regarding optimal
operating conditions for the combined iron precipitation - EC system that would be addressed
during conformational testing. This alternative requires access to land outside the MCT
property for groundwater extraction well installation and maintenance and monitoring. This
alternative requires approximately 0.5 acres of land for the groundwater infiltration pond (if
this disposal option is selected during engineering design). Agreements for land access for
the infiltration pond will be needed unless the system is located on Mead Custodial Trust
property. Possible locations for the infiltration pond includes areas to the north of the sludge
pond (Kaiser Aluminum Properties, Inc. property), west and south of the SPL pile (Spokane
Recycling property) and land within the BPA power line easement. This alternative may
require an easement for pipeline access to the municipal sewer system if that disposal option
is selected during engineering design. The Trust currently has an easement across Parcel 6
that would provide access to the municipal waste line. There is potentially a cheaper access

to the waste line that would require a new easement.

As described in Section 5.5.7 for Alternative C(100), this alternative also would require a
permit, or meeting the substantive requirements of a permit, for discharge to either
groundwater through an infiltration pond or to the Spokane County Riverside Park Water
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Reclamation Facility and subsequently to the Spokane River. A comparison of expected
treated water quality for this alternative and groundwater quality standards and Spokane
County Local Limits is provided in Table 5-7 in Section 5.5.7. With the possible exception of
nitrate in discharge to groundwater, the quality of treated water is not expected to pose any

impediments to discharge permitting.

This alternative would not require a water right provided that no water is beneficially used

(WA Ecology, 2018). No beneficial use of water is required in this alternative.

5.10 ALTERNATIVE D(25) - EX SITU TREATMENT (IRON PRECIPITATION-EC)
AT RATE OF 25 GPM PLUS ALTERNATIVE A

5.10.1 Process Description

The process for Alternative D(25) would be identical to Alternative D(100) as described in

Section 5.8.1 with the exception that pumping and treatment of water would be done at a rate

of 25 gpm.

5.10.2 Protectiveness

Estimated Time to Meet Cleanup Levels at Compliance Wells

Alternative D(25) would attain cleanup levels in groundwater at the Compliance Wells in an
estimated in an estimated 32 to 66 years for cyanide and 46 to 110 years for fluoride. Once
cleanup levels are met, continued operation of the pumping and treatment systems is required
to maintain cleanup levels at the Compliance Wells. The duration of continued ex situ
treatment is estimated based on the Partition Model to range from approximately 30 to 80

years for cyanide and 50 to 130 years for fluoride.

Mass of Contaminants Removed from Groundwater System

Alternative D(25) would remove approximately 20,000 kg of fluoride and 34,000 kg of
cyanide from the groundwater system over 30 years of operation; and 37,000 kg of fluoride

and 58,000 kg of cyanide over 80 years of operation.
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Reduction in Mass Flux Beyond the Compliance Wells

This alternative will remove contaminant mass from the groundwater system and reduce the
mass flux of contaminants to groundwater downgradient of the extraction wells, to and
beyond the Compliance Wells. Relative to Alternative A MNA, Alternative C(25) would
reduce the mass flux of fluoride and cyanide by approximately 25 percent over the 30 to 80
years of operation.

5.10.3 Permanence

Alternative D(25) is less permanent than alternatives that use higher pumping and treatment
rates (i.e., Alternatives C(100), D(100), C(50), D(50)) as lower masses of fluoride and
cyanide will be removed from groundwater. Consequently, lower quantities of treatment

residuals will also be generated.

Destruction of Hazardous Substances

Fluoride is an element and thus cannot be destroyed by this or any other alternative. This
alternative will convert the more toxic free and WAD forms of cyanide to stable iron cyanide
solids. This alternative removes cyanide and fluoride from groundwater and produces
cyanide and fluoride-bearing sludge that will be disposed in an off-Site hazardous waste
landfill.

Reduction or Elimination of Hazardous Substance Releases and Sources of Releases

Release of contaminants from wastes on the MCT property to groundwater is currently
controlled by previously completed and maintained remedial actions (e.g., containment of
waste in the capped SPL pile, monitoring and maintenance of water lines, etc.). This
alternative will not provide further control of contaminant releases to groundwater above that

currently provided by Alternative A-MNA.

Degree of Irreversibility of Waste Treatment Process

This alternative treats contaminated groundwater rather than source materials.

H:\FilessMEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065
5-63 10/16/2018 11:47 AM



Characteristics and Quantity of Treatment Residuals Generated

This alternative will generate approximately 16,000 tons of cyanide and fluoride-bearing
water treatment sludge over 30 years and 41,000 tons over 80 years (see Table 5-9, Section

5.8.3 for comparison with other FeP-EC alternatives).

5.10.4 Cost

Costs estimated for this alternative include:

e Costs associated with the Alternative A component (i.e., annual inspection and
monitoring costs and periodic maintenance costs for asphalt repairs and weed control
on the SPL pile for the next 30 to 80 years);

e Costs for a pilot test and final design/engineering of the iron precipitation and EC
technologies; and

e Construction and operation of the pumping system and iron precipitation-EC

treatment technologies for an estimated 30 to 80 years.

Costs for this alternative are derived from estimated full-scale implementation costs based on
results of the 2013 Ex Situ treatability study (Appendix B) and quotes from Baker
Corporation for a full-scale EC operation. Table 5-10 in Section 5.8.4 above shows capital
and operating expenses for the iron precipitation-EC alternatives at pumping and treatment
rates of 25, 50, and 100 gpm systems. Table 5-11 in Section 5.8.4 shows estimated NPVs for
construction and 30 to 80 years of operation for the iron precipitation-EC alternatives at
pumping and treatment rates of 25, 50, and 100 gpm.

5.10.5 Long-Term Effectiveness

Alternative D(25) ranks moderately high relative to Ecology’s order of preference for types
of cleanup action as it results in immobilization of the cyanide and fluoride contaminants by
removing them from the environment/groundwater system at rates that are estimated to

capture approximately 25 percent of the groundwater contaminant plume.
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Deqgree of Certainty that Alternative will be Successful

The methods of treatment provided in Alternative D(25) (pumping of conventional wells for
groundwater extraction; removal of cyanide by iron precipitation treatment; removal of
fluoride by EC) are well established and commonly employed for water treatment. The level
of effectiveness of the treatment methods was verified under laboratory conditions as
described in Appendices B and C, but the combination of the iron precipitation process with
the EC process has not been verified. Additional verification of the effectiveness of these

treatments will be done during confirmation testing.

Reliability

The reliability of this alternative is predicted to be good, provided that appropriate process
equipment is utilized and operators have sufficient training and experience in utilizing the
process equipment. This alternative assumes employment of 1.5 full-time operators for
operation and maintenance of the system.

Residual Risk
Implementation of this alternative would reduce risk by reducing concentrations of cyanide

and fluoride in groundwater downgradient of the extraction wells.

Residual risk would vary with location and would be similar to Alternative A MNA
upgradient of the extraction wells and lower than Alternative A downgradient of the
extraction wells and Compliance Wells. This alternative does not provide any additional
controls than Alternative A upgradient of the extraction wells. Identical to Alternative A,
upgradient of the extraction wells, groundwater concentrations within the contaminant plume
area (approximately 30 acres) are predicted by the Partitioning Model to exceed cleanup
levels for 33 to 80 years for cyanide and 52 to 130 years for fluoride. Over time, the areal
extent of the groundwater contaminant plume would shrink and the concentrations of fluoride
and cyanide would decline. The residual risk from groundwater concentrations exceeding
cleanup levels is estimated to be low as institutional controls will restrict access to

groundwater.
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Within the contaminant plume from the extraction wells to the Compliance Wells, an area of
approximately 3 acres, groundwater concentrations would be cleaned up to cleanup levels
within 32 to 66 years for cyanide and 46 to 110 years for fluoride following full
implementation of ex situ treatment. Prior to attainment of cleanup levels, risk in this area
would be lower than under Alternative A as groundwater concentrations would be lower.
After attainment of cleanup levels, residual risk from groundwater in this area is low as
groundwater concentrations would be better than MCLs and institutional controls will restrict

access to groundwater.

Groundwater concentrations downgradient of the Compliance Wells is not monitored by
MCT and was not simulated with the Partitioning Model. However, groundwater conditions
downgradient of the Compliance Wells can be qualitatively estimated by extrapolation of
observed and Partitioning Model-simulated upgradient groundwater concentrations and
trends. By extrapolation, groundwater concentrations for some distance downgradient of the
Compliance Wells is expected to exceed cleanup levels for a roughly a similar amount of
time as for upgradient areas, perhaps a few to several decades. The residual risk from
groundwater concentrations exceeding cleanup levels is estimated to be low as State and

Spokane County restrictions on groundwater use will restrict access to groundwater.

Management of Treatment Residuals

Ex situ treatment will create treatment residuals (quantified in Table 5-9 above) consisting of
cyanide and fluoride-bearing sludge during operation. These residuals will be disposed off-
Site in permitted hazardous waste landfills and will not pose further risk.

5.10.6 Management of Short-Term Risks

This alternative will require installation of approximately four groundwater extraction wells
which will expose workers to sediment and water containing cyanide and fluoride. Workers
would also be exposed to purge water from well monitoring activities. During these
activities, worker exposure would be limited by the use of proper personal protective
equipment (PPE). Purge water with concentrations exceeding cleanup levels has been

classified as hazardous and will be sent off-Site for proper disposal at a permitted facility.
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Certain reagents (e.g., sodium hydroxide) that might be employed may be harmful if
mishandled or spilled. Proper engineering controls, PPE and standard operating procedures

will be developed for storage, handling and use of potentially harmful chemicals.

5.10.7 Technical and Administrative Implementability
This alternative is technically possible although there are uncertainties regarding optimal
operating conditions for the combined iron precipitation - EC system that would be addressed

during confirmation testing.

This alternative requires access to land outside the MCT property for groundwater extraction
well installation and maintenance and monitoring. This alternative requires approximately
0.5 acres of land for the groundwater infiltration pond (if this disposal option is selected
during engineering design). Agreements for land access for the infiltration pond will be
needed unless the system is located on Mead Custodial Trust property. Possible locations for
the infiltration pond includes areas to the north of the sludge pond (Kaiser Aluminum
Properties, Inc. property), west and south of the SPL pile (Spokane Recycling property) and
land within the BPA power line easement. This alternative may require an easement for
pipeline access to the municipal sewer system if that disposal option is selected during
engineering design. The Trust currently has an easement across Parcel 6 that would provide
access to the municipal waste line. There is potentially a cheaper access to the waste line that

would require a new easement.

As described in Section 5.5.7 for Alternative C(100), this alternative also would require a
permit, or meeting the substantive requirements of a permit, for discharge to either
groundwater through an infiltration pond or to the Spokane County Riverside Park Water
Reclamation Facility and subsequently to the Spokane River. A comparison of expected
treated water quality for this alternative and groundwater quality standards and Spokane
County Local Limits is provided in Table 5-7 in Section 5.5.7. With the possible exception of
nitrate in discharge to groundwater, the quality of treated water is not expected to pose any
impediments to discharge permitting.
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This alternative would not require a water right provided that no water is beneficially used

(WA Ecology, 2018). No beneficial use of water is required in this alternative.
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6.0 COMPARISON OF CLEANUP ALTERNATIVES

As per the Consent Decree governing this cleanup action (Task 5 of the RAP), the purpose of
this SFS is to develop and evaluate groundwater remedial action alternatives for the Kaiser
Mead Site. The Oversight Agency (Ecology) has the authority to select a Supplemental
Groundwater Remedial Action based on the SFS, the administrative record for the Site, and
in accordance with the applicable MTCA and CERCLA regulations. This Section
summarizes the comparative evaluation of the eight remedial alternatives described in
Section 5 and provides a qualitative/semi-quantitative evaluation of each alternative with
respect to the MTCA criteria included in WAC 173-340-360(3)(e) as part of the DCA

procedures.

6.1 DISPROPORTIONATE COST ANALYSIS (DCA)
MTCA requirements for conducting a DCA (WAC 173-340-360(3)(e)(ii)(A)) specify that:

“alternatives evaluated in the feasibility study shall be ranked from most to least
permanent, based on the evaluation of the alternatives under [the criteria listed above].
The most practicable permanent solution evaluated in the feasibility study shall be the
baseline cleanup action alternative against which cleanup action alternatives are
compared. If no permanent solution has been evaluated in the feasibility study, the
cleanup action alternative evaluated in the feasibility study that provides the greatest

degree of permanence shall be the baseline cleanup alternative.”

MTCA further notes (WAC 173-340-360(3)(e)(ii)(C)) that:

The comparison of benefits and costs may be quantitative, but will often be qualitative
and require the use of best professional judgment. In particular, the department has the
discretion to favor or disfavor qualitative benefits and use that information in selecting a

cleanup action.

Ecology provided the scoring, rationale, and category weighting for the DCA provided in this

Section based on a review of the information in the draft SFS (Hydrometrics, 2017b).
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DCA scoring matrices for each criterion are included in Appendix H. Figures 6-1 and 6-2 and
Table 6-1 summarize the DCA results in graphical and tabular format. The DCA analysis

was conducted as follows:

1. Each DCA criterion was given a weighting factor:
a. 30% for protectiveness;
b. 25% for permanence;
c. 25% for long-term effectiveness;
d. 10% for short-term risks; and
e. 10% for technical and administrative implementability.

2. Weighted criteria scores were calculated for each alternative.

3. Overall Preliminary Environmental Benefit (EB) Score was calculated as the sum of
the weighted criteria scores for each alternative. The highest possible Preliminary
Environmental Benefit Score is 10.

4. The Alternatives were ranked according to Preliminary EB Score (rank of 1 for
highest score, 8 for lowest score).

5. Two DCA criteria, cost and public concerns, were not scored and included in the EB
Score. Costs are scaled versus the EB Score in the DCA. Public concerns will be
considered by Ecology following public comment.

6. Costs were based on 30-year and 80-year net present value (NPV) costs. Estimated
costs are intended to provide a relative comparison between alternatives, and are
considered to be +/-25 percent of actual costs. Costs are carried out to life of remedy
operation, estimated to range from 30 to 80 years for all alternatives for cost
comparison. The 30-year remedial action duration corresponds to a “best case”
situation where fluoride and cyanide concentrations are reduced by MNA at rates
equal or better than Partitioning Model simulations that yield the shortest estimated
time to meet cleanup levels at Compliance Wells. The 30-year remedial action
duration also corresponds to the estimated shortest duration that pumping and

treatment would be required under ex situ treatment alternatives. The 80-year
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FIGURE 6-1. COMPARISON OF ESTIMATED 30 YEAR NPV COST
AND ENVIRONMENTAL BENEFIT FOR CLEANUP ALTERNATIVES
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FIGURE 6-2. COMPARISON OF ESTIMATED 80 YEAR NPV COST

AND ENVIRONMENTAL BENEFIT FOR CLEANUP ALTERNATIVES

Ascending Benefit Score and 80 Year NPV

10

Environmental Benefit Score

MNA Iron Precip EC 25  Wetland EC 25
gpm gpm

Grout Wall

Iron Precip EC 50  Wetland EC 50

= Environmental Benefit

H:\Files\MEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065

6-4

gpm

w80 Year NPV

gpm

Iron Precip EC 100 Wetland EC 100

Bpm

Bpm

180

160

140

120

100

80

60

40

20

Net Present Value ($ Million)

10/16/2018 11:47 AM



TABLE 6-1. SUMMARY OF PRELIMINARY DISPROPORTIONATE COST ANALYSIS

Remedial Alternative

Alternative A-MNA

Alternative B Grout
wall

Alternative C(100)
Wetland EC 100 gpm
Alternative C(50)
Wetland EC 50 gpm
Alternative C(25)
Wetland EC 25 gpm
Alternative D(100) Iron
Precip EC 100 gpm

Alternative D(50) Iron
Precip EC 50 gpm

Alternative D(25) Iron
Precip EC 25 gpm

Scoring of Environmental Benefit by Evaluation Criteria (WAC 173-340-360(3)(f)

Technical and
Administrative
Implementability

Long-Term Short Term Risk

Protectiveness Permanence Effectiveness ~ Management
30% 25%
(30%) (25%) (25%) (10%)
) 2 2 10
7 5 5 8
10 8 8 9
7 6 6 9
5 4 4 9
9 7 / 9
6 5 > 9
4 3 3 9

(10%)

10

Environmental Benefit Score

8.6

6.8

5.2

8.0

6.1

4.5

COST

30 yr cost ($ Millions, NPV)
80 yr cost ($ Millions, NPV)

$ 07 S 15
$29.0 $ 301
$ 55.8 $1234
$ 284 S 607

$ 148 S 305

$ 713 $1529

$39.1 $§ 831

$225 S 473
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remedial action duration corresponds to a “worst case” situation for cyanide treatment
and an “average case” situation for fluoride. For cyanide, the 80-year duration
assumes that concentrations are reduced by MNA at rates equal to Partitioning Model
simulations that yield the longest estimated time to meet cleanup levels at
Compliance Wells. For fluoride, the 80-year duration assumes that concentrations are
reduced by MNA at rates equal to Partitioning Model simulations that yield the mid-
range estimated time to meet cleanup levels at Compliance Wells. The 80-year
remedial action duration corresponds to the estimated longest duration that pumping
and cyanide treatment would be required under ex situ treatment alternatives and the
average duration that pumping and fluoride treatment would be required under ex situ

treatment alternatives.

The DCA scoring process is qualitative to semi-quantitative and requires subjective
judgments to rank or score the alternatives. The primary uncertainties or variables in the

DCA scoring process are:

1. Weighting of criteria — MTCA includes no guidance on weighting of the criteria. The
selected weighting factors were prepared with input from Ecology.

2. Some criteria are qualitative in nature but must be represented numerically. Thus, the
scoring requires quantification of qualitative descriptors (e.g., good = 5, better = 7
etc.). The approach that was taken in this preliminary scoring was to establish the best
and worst alternative for each criterion; establish an estimated range of numeric
values (e.g., 5 for worst, 9 for best), and then assign intermediate scores to
intermediate ranked alternatives. In these cases, the selection of range (ex., 5t0 9 vs 0
to 10, or 8 to 10) and the relative scoring of qualitative descriptors exerts a strong

control on overall final scores.

6.2 SUMMARY OF ENVIRONMENTAL BENEFITS AND COSTS
The purpose of this section is to summarize several key factors that were considered in the
DCA: time to meet cleanup levels, contaminant mass removed from groundwater,

contaminant mass remaining in aquifer sediment, and reduction in the flux of contaminants
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past the Compliance Wells to downgradient groundwater over 30 and 80 year operational life
of the Alternatives. Tables 6-2 through 6-5 summarize the environmental benefits for these

key factors that are predicted to be attained by each alternative for fluoride and cyanide.

Figures 6-3 through 6-6 show the fate and distribution of sediment contaminant mass after 30
and 80 years for each alternative. Because it is assumed that all ex situ treatment alternatives
would achieve similar levels of contaminant removal, alternatives C(100) and D(100); C(50)
and D(50); and C(25) and D(25) are predicted to perform identically with respect to these

key factors.
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TABLE 6-2. ESTIMATED COST AND ENVIRONMENTAL BENEFITS FOR FLUORIDE OVER 30 YEARS

Mass of Percent
Estimated Time Fluoride in Mass of Reduction in
to Meet Cleanup Aquifer Fluoride Mass of Mass of
Estimated Levels at Sediment Removed from Fluoride Fluoride
Cost Compliance Upgradient of | Groundwater | Flowing Past | Flowing Past
($ Million, Wells After Compliance by Pump & Compliance Compliance
30 years, Implementation | Wells after 30 | Treat over 30 | Wells over 30 | Wells over 30
Alternative NPV)* (years) years (kQ) Years (kg) Years (kg) Years®
A - MNA $0.674 52 to 130 103,653 None 81,377 -
B + A Grout Wall + MNA $28.99 31to51 137,748 None 45,563 44%
C(100) Pump & Treat Wetland- 0
EC @ 100 gpm + MNA $55.8 <2 101,066 82,068 1,170 96%
C(50) Pump & Treat Wetland-EC 0
@ 50 gpm + MNA $28.4 3810 80 102,360 41,034 40,911 50%
C(25) Pump & Treat Wetland-EC 0
@ 25 gpm + MNA $14.8 46 to 110 103,006 20,517 60,781 25%
D(100) Pump & Treat (w/Iron
Precipitation-EC) @ 100 gpm + $71.3 Same as Alternative C(100)
MNA
D(50) Pump & Treat (w/lron
Precipitation-EC) @ 50 gpm + $39.1 Same as Alternative C(50)
MNA
D(25) Pump & Treat (w/Iron
Precipitation-EC) @ 25 gpm + $22.5 Same as Alternative C(25)

MNA

Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to provide a relative comparison between alternatives, and are

considered to be +/-25 percent of actual costs.
2) Reduction relative to Alternative A-MNA.
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TABLE 6-3. ESTIMATED COST AND ENVIRONMENTAL BENEFITS FOR CYANIDE OVER 30 YEARS

Mass of
Total
Cyanide Mass of Percent
Estimated Time Remaining | Mass of Total Total Reduction in
to Meet Cleanup | in Sediment Cyanide Cyanide Mass of Total
Estimated Levels at Upgradient | Removed from | Flowing Past Cyanide
Cost Compliance of Groundwater | Compliance | Flowing Past
($ Million, Wells After Compliance by Pump & Wells over Compliance
30 years, Implementation Wells after | Treat over 30 30 Years Wells over 30
Alternative NPV)! (years) 30 years (kg) | Years (kg) (kg) Years?
A - MNA $0.674 3310 80 88,523 None 130,725 -
B + A Grout Wall + MNA $28.99 <2t070 179,629 None 39,765 70%
C(100) Pump & Treat Wetland-
EC @ 100 gpm + MNA $55.8 <2 87,611 134,345 <1 >99%
C(50) Pump & Treat Wetland-EC
@ 50 gpm + MNA $28.4 2810 40 87,035 67,189 66,012 50%
C(25) Pump & Treat Wetland-EC
@ 25 gpm + MNA $14.8 32t0 66 87,611 33,595 99,035 24%
D(100) Pump & Treat (w/Iron
Precipitation-EC) @ 100 gpm + $71.3 Same as Alternative C(100)
MNA
D(50) Pump & Treat (w/lron
Precipitation-EC) @ 50 gpm + $39.1 Same as Alternative C(50)
MNA
D(25) Pump & Treat (w/lron
Precipitation-EC) @ 25 gpm + $22.5 Same as Alternative C(25)
MNA
Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to provide a relative comparison between alternatives, and are
considered to be +/-25 percent of actual costs.
2) Reduction relative to Alternative A-MNA.
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TABLE 6-4. ESTIMATED COST AND ENVIRONMENTAL BENEFITS FOR FLUORIDE OVER 80 YEARS

Mass of Percent
Estimated Time Fluoride Mass of Reduction in
to Meet Cleanup | Remaining in Fluoride Mass of Mass of
Estimated Levels at Sediment Removed from Fluoride Fluoride
Cost Compliance Upgradient of | Groundwater | Flowing Past | Flowing Past
($ Million, Wells After Compliance by Pump & Compliance Compliance
80 years, Implementation | Wells after 80 | Treat over 80 | Wells over 80 | Wells over 80
Alternative NPV)! (years) years (kg) Years (kg) Years (kg) Years®
A - MNA $1.53 52 to 130 32,350 None 151,865 -
B + A Grout Wall + MNA $30.1 31t051 106,319 None 78,650 48%
C(100) Pump & Treat Wetland- 0
EC @ 100 gpm + MNA $123.4 <2 32,336 148,881 3,087 98%
C(50) Pump & Treat Wetland-EC 0
@ 50 gpm + MNA $60.7 3810 80 32,336 73,578 78,390 48%
C(25) Pump & Treat Wetland-EC 0
@ 25 gpm + MNA $30.5 46 to 110 32,336 34,968 117,000 23%
D(100) Pump & Treat (w/lron
Precipitation-EC) @ 100 gpm + $152.9 Same as Alternative C(100)
MNA
D(50) Pump & Treat (w/Iron
Precipitation-EC) @ 50 gpm + $83.1 Same as Alternative C(50)
MNA
D(25) Pump & Treat (w/Iron
Precipitation-EC) @ 25 gpm + $47.3 Same as Alternative C(25)
MNA
Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to provide a relative comparison between alternatives, and are
considered to be +/-25 percent of actual costs.
2) Reduction relative to Alternative A-MNA.
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TABLE 6-5. ESTIMATED COST AND ENVIRONMENTAL BENEFITS FOR CYANIDE OVER 80 YEARS

Mass of Mass of Percent
Estimated Time Total Mass of Total Total Reduction in
to Meet Cleanup Cyanide Cyanide Cyanide Mass of Total
Estimated Levels at Remaining | Removed from | Flowing Past Cyanide
Cost Compliance in Aquifer Groundwater | Compliance | Flowing Past
($ Million, Wells After Sediment by Pump & Wells over Compliance
80 years, Implementation after 80 Treat over 80 80 Years Wells over 80
Alternative NPV)* (years) years (kg) Years (kg) (kg) Years’
A - MNA $1.53 331080 7,044 None 212,491 -
B + A Grout Wall + MNA $30.1 <210 70 117,996 None 101,398 52%
C(100) Pump & Treat Wetland-
EC @ 100 gpm + MNA $123.4 <2 6,820 212,173 543 >99%
C(50) Pump & Treat Wetland-EC
@ 50 gpm + MNA $60.7 28 t0 40 6,932 106,086 106,517 50%
C(25) Pump & Treat Wetland-EC
@ 25 gpm + MNA $30.5 3210 66 6,988 53,043 159,504 25%
D(100) Pump & Treat (w/lron
Precipitation-EC) @ 100 gpm + $152.9 Same as Alternative C(100)
MNA
D(50) Pump & Treat (w/Iron
Precipitation-EC) @ 50 gpm + $83.1 Same as Alternative C(50)
MNA
D(25) Pump & Treat (w/lron
Precipitation-EC) @ 25 gpm + $47.3 Same as Alternative C(25)

MNA

Notes:

1) Net Present Value (NPV) assuming discount rate of 0.7 percent. Estimated costs are intended to provide a relative comparison between alternatives, and are

considered to be +/-25 percent of actual costs.
2) Reduction relative to Alternative A-MNA.
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FIGURE 6-3. FLUORIDE MASS DISTRIBUTION AFTER 30 YEARS OF CLEANUP ACTION

Fluoride Mass Distribution

Alternatve A- MNA

Alternative C(100) Wetland-EC
Ex Situ Treatment @ 100 gpm

3,087

Alternative C(50) Wetland-EC Ex
Situ Treatment @ 50 gpm

Alternative C(25) Wetland-EC Ex
Situ Treatment @ 25 gpm

Alternative B- Grout Wall

Alternative D(100) Iron Precip-EC
Ex Situ Treatment @100 gpm

3,087

Alternative D(50) Iron Precip-EC
Ex Situ Treatment @ 50 gpm

Alternative D(25) Iron Precip-EC
Ex Situ Treatment @ 25 gpm

B F mass (kg) remaining in sediment upgradient of Compliance Wells in 30 years

= F mass (kg) removed by pump and treat in 30 years

B F mass (kg) transported by groundwater past Compliance Wells in 30 years
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FIGURE 6-4. FLUORIDE MASS DISTRIBUTION AFTER 80 YEARS OF CLEANUP ACTION

Fluoride Mass Distribution

Alternatve A- MNA

Alternative C(100) Wetland-EC
Ex Situ Treatment @ 100 gpm

Alternative C(50) Wetland-EC Ex
Situ Treatment @ 50 gpm

Alternative C(25) Wetland-EC Ex
Situ Treatment @ 25 gpm

Alternative B- Grout Wall

Alternative D(100) Iron Precip-EC
Ex Situ Treatment @100 gpm

Alternative D(50) Iron Precip-EC
Ex Situ Treatment @ 50 gpm

Alternative D(25) Iron Precip-EC
Ex Situ Treatment @ 25 gpm

B F mass (kg) remaining in sediment upgradient of Compliance Wells in 80 years

1 F mass (kg) removed by pump and treat in 80 years

B F mass (kg) transported by groundwater past Compliance Wells in 80 years
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FIGURE 6-5. TOTAL CYANIDE MASS DISTRIBUTION AFTER 30 YEARS OF CLEANUP ACTION

Total Cyanide Mass Distribution

Alternative A - MNA

Alternative C(100) Wetland-EC
Ex Situ Treatment @ 100 gpm

Alternative C(50) Wetland-EC
Ex Situ Treatment @ 50 gpm

Alternative C(25) Wetland-EC Ex
Situ Treatment @ 25 gpm

Alternative B - Grout Wall

Alternative D(100) Iron Precip-EC
Ex Situ Treatment @ 100 gpm

Alternative D(50) Iron Precip-EC
Ex Situ Treatment @ 50 gpm

Alternative D(25) Iron Precip-EC Ex
Situ Treatment @ 25 gpm

B TCN mass (kg) remaining in sediment upgradient of Compliance Wells in 30 years

B TCN mass (kg) removed by pump and treat in 30 years

B TCN mass (kg) transported by groundwater past Compliance Wells in 30 years
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FIGURE 6-6. TOTAL CYANIDE MASS DISTRIBUTION AFTER 80 YEARS OF CLEANUP ACTION

Total Cyanide Mass Distribution

Alternative A - MNA

Alternative C(100) Wetland-EC
Ex Situ Treatment @ 100 gpm

6,820. 543

Alternative C(50) Wetland-EC
Ex Situ Treatment @ 50 gpm

6,932

Alternative C(25) Wetland-EC Ex
Situ Treatment @ 25 gpm

6,988

Alternative B - Grout Wall

Alternative D(100) Iron Precip-EC
Ex Situ Treatment @ 100 gpm

6,843

Alternative D(50) Iron Precip-EC
Ex Situ Treatment @ 50 gpm

6,932

Alternative D(25) Iron Precip-EC Ex
Situ Treatment @ 25 gpm

6,988

B TCN mass (kg) remaining in sediment upgradient of Compliance Wells in 80 years

1 TCN mass (kg) removed by pump and treat in 80 years

B TCN mass (kg) transported by groundwater past Compliance Wells in 80 years

H:\FilessMEADC\9088\SFS Report\Final\R18 SFS Report.Docx\HLN\10/16/18\065

6-15

10/16/2018 11:47 AM




6.3 REASONABLE RESTORATION TIMEFRAME

MTCA (WAC 173-340-360(2)(b)(ii)) requires that cleanup alternatives “Provide for a
reasonable restoration time frame.” Under MTCA, “restoration time frame” means “the
period of time needed to achieve the required cleanup levels at the points of compliance
established for the Site.” Thus, the values for “Estimated Time to Meet Cleanup Levels at
Compliance Wells After Implementation™ given in Tables 6-3 through 6-6 (above) are the
restoration time frames for the remedial alternatives. For the ex situ treatment alternatives
C(100), C(50), C(25), D(100), D(50), and D(25), once cleanup levels are attained at the
Compliance Wells, maintaining concentrations at cleanup levels requires continued operation
of the pumping and treatment for an estimated 30 to 80 years for cyanide and 50 to 130 years

for fluoride.

To determine whether a cleanup alternative provides for a reasonable restoration time frame,
MTCA (WAC 173-340-360(4)(b)) specifies consideration of the following factors:

e Potential risks posed by the Site to human health and the environment;

e Practicability of achieving a shorter restoration time frame;

e Current use of the Site, surrounding areas, and associated resources that are, or may
be, affected by releases from the Site;

e Potential future use of the Site, surrounding areas, and associated resources that are,
or may be, affected by releases from the Site;

e Auvailability of alternative water supplies;

o Likely effectiveness and reliability of institutional controls;

e Ability to control and monitor migration of hazardous substances from the Site;

e Toxicity of the hazardous substances at the Site; and

e Natural processes that reduce concentrations of hazardous substances and have been

documented to occur at the Site or under similar Site conditions.

As described in Tables 6-3 through 6-6 (above), potential restoration time frames range from
relatively short periods of a few years for Alternatives C(100) and D(100) to relatively long

periods of greater than 30 years for all other alternatives.
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GROUNDWATER MODEL REPORT
KAISER MEAD NPL SITE
MEAD, WASHINGTON

1.0 INTRODUCTION

A groundwater flow model of the Kaiser Mead NPL site (Kaiser Mead) was constructed as
one aspect of the continuation of the Supplemental Feasibility Study (SFS) per the request by
the Washington Department of Ecology (Ecology, 2014). The purpose of the SFS is to
develop and evaluate cleanup action alternatives for the contaminated groundwater stemming
from Kaiser Mead and to summarize the feasibility of the different remedial alternatives to

achieve compliance with cleanup requirements established for this site.

1.1 MODEL OBJECTIVES
The following modeling objectives were developed in coordination with Ecology to evaluate

potential remedial alternatives:

e Support refinement of the site conceptual model with respect to groundwater flow;

e Estimate groundwater flow rates within the A and B-Zone aquifers;

e Assess the effects on the groundwater flow system from potential remedies that
impact flow through identified source areas by installation of a low permeability
barrier (grout wall) or operation of extraction wells;

e Provide a tool that in conjunction with empirical data can assist in design of selected
potential remedial alternatives (e.g., location, permeability and height of grout wall or
location and number of capture wells); and

e Provide the ability to assess the effectiveness of an implemented alternative(s)

(e.g., water level response to grout walls or extraction wells).
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1.2 PREVIOUS MODELS

Groundwater models were constructed prior to the one presented in this report. In 2004,
MFG prepared a model to predict effects of remedy implementation. This model proved
inaccurate as discussed in the current CSM report (Hydrometrics, 2016a). In 2013, a simple
analytical simulation of the flow field in the A-Zone aquifer was developed to show the
potential effects of the grout curtain on groundwater flow in the SPL area (Hydrometrics,
2013a).
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2.0 CONCEPTUAL MODEL

2.1 REGIONAL SETTING

The Kaiser Mead site is located approximately seven miles north of downtown Spokane in
the western end of the Spokane Valley-Rathdrum Prairie (SVRP) aquifer near the northern
end of the Hillyard Trough (Figure 2-1). The site lies at an elevation of 1930 to 1940 feet
above mean sea level (amsl). The local alluvial aquifer system underlying the site is bound
to the south by the Spokane River (5.5 miles from site), to the west by the Little Spokane
River (2.5 miles from site), and Deadman Creek to the north (1.5 miles from site). The
alluvial system is bound by bedrock uplands to the east.

2.2 GEOLOGIC SETTING

The SVRP aquifer is known as one of the most productive aquifers in the United States and
is considered a “Sole Source Aquifer” as it is the only significant source of quality water
supply in the Spokane Valley (Kahle et. al., 2005). The aquifer was formed from deposition
of sand, gravel, cobble, and boulder sized material from a series of catastrophic glacial flood
deposits from Glacial Lake Missoula. The high energy depositional environment resulted in
a coarse grained aquifer system through the center of the SVRP aquifer (Kahle and Bartolino,
2007). The Kaiser Mead site is located on the surface of the Hillyard Trough, which is a
unique component of the SVRP aquifer. The deposition in the Hillyard Trough is generally
finer and typically consists of sands and fine gravels with layers of finer grained silts and
clay that act as confining/semi-confining units and is reported to be approximately 255 to 280
feet thick (Kahle and Bartolino, 2007). The deposition of the finer grained material is likely
due to “eddy” effect that occurred in this area during the catastrophic floods. The finer
grained deposition has been well documented in the numerous monitoring wells and

boreholes that have been completed beneath the Kaiser Mead Site.

The stratigraphy beneath the site is shown in multiple cross-sections compiled from historic
and more recent drilling activities. The locations of the cross sections are shown on Figure

2-2 and the cross-sections are included on Figures 2-3 through 2-5. The aquifer is
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predominantly made up of fine to coarse grained sand with intervening layers of
thin/discontinuous silts and clay. A thick (100 to 150 feet) unsaturated zone above the
aquifer consists of fine to coarse grained sands and thin layers of sandy gravels and silt/clay
lenses. A silt/clay lens is present at approximately 50 to 60 feet below ground surface (bgs)
along the northern and eastern portion of the spent pot liner (SPL) pile, as shown in the E-E’
and F-F’ cross sections in Figure 2-4.

Previous investigations have divided the aquifer stratigraphy into three zones for purposes of
defining contaminant transport at the site. The uppermost zone, A-Zone, is composed of fine
to coarse sand with discrete zones of silt and very fine sand. The saturated portion of the
A-Zone is generally 10 to 20 feet thick and underlain by a silt and clay layer that is laterally
discontinuous to the west. The A-Zone aquifer thins to approximately 6 feet near the western
edge of the underlying fine-grained layer. The B-Zone consists of fine to coarse sand,
sometimes silty or with silt layers (MFG, 2000). B-Zone thickness reported in boring logs
ranges from 6 to 24 feet and is underlain by a silt/clay layer. The C-Zone is the lower most
zone identified as part of the contaminant transport; it consists of fine to medium sands or
fine to coarse sands with some gravel. Sediments in the lower half of the C-Zone are cleaner
and coarser-grained containing coarse sand and fine to coarse gravel with boulders. The
C-Zone is up to 100 feet thick, however, the few monitoring wells on the site that are
completed in this zone only penetrate the upper 10 to 25 feet. To the northwest of the site,
near the line of compliance wells, there is a perched groundwater system that appears to be a

source of un-impacted groundwater to the B-Zone aquifer.

2.3 HYDRO-STRATIGRAPHIC UNITS

The modeled hydro-stratigraphic units are associated with the two upper zones (A and B) of
the shallow aquifer described in Section 2.2. Only the A-Zone, B-Zone, and the silt/clay
aquitards separating the two zones were included in the model as these are the zones with

known contamination associated with the Kaiser Mead site.

Aquifer testing has been conducted on wells within all three aquifer zones. The range of
hydraulic conductivities for the A-Zone and the B-Zone is summarized in Table 2-1. The
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hydraulic conductivity at monitoring well HC-12 (0.5 ft/day) is much lower than other
A-Zone wells. Well HC-12 is completed in silty sand and represents the lower conductivity
heterogeneities in the A-Zone aquifer. The higher conductivity sands appear to make up a
majority of the aquifer and similarly dominate groundwater flow and contaminant transport.

The B-Zone aquifer appears to be slightly more conductive than the A-Zone aquifer.

TABLE 2-1. SUMMARY OF HYDRAULIC
PROPERTIES OF MAJOR AQUIFER ZONES

Hydrogeologic Hydl’al.,lh.C 1 Specific Specific
Unit Conductivity Yield Storage (ft™)
(ft/day)
A-Zone Sand 75-300 0.15-0.25 1.10°-1.10°
B-Zone Sand 270-640 0.15 - 0.25 1.10°-1.10°
Silty Sand 0.1-10 0.05-0.2 1.10°-1.107
Silt/Clay 0.001 - 0.01 0.02 - 0.05 1-10°-1+107

1. Hydraulic conductivities derived from tests that did not adequately stress the aquifer are not reported.

A-Zone

The aquifer is unconfined across the site and is typically saturated between 140 to 150 feet
bgs and is 10 to 20 feet thick. Numerous aquifer tests have been conducted on wells
completed in this zone with reported hydraulic conductivities ranging from approximately
0.5 to 900 ft/day. The lower hydraulic conductivity is from well HC-12, which is
characteristic of the fine-grained heterogeneities present in the A-Zone. The majority of the
wells are completed in higher conductivity material than present at HC-12. Some A-Zone
wells completed in sandy material have hydraulic conductivities that are higher than typical
literature values for well sorted sand/glacial outwash, which are reported to range from 3 to
300 ft/day (Fetter, 2001). Aquifer tests have been completed at the site that did not
adequately stress the aquifer resulting in estimates of hydraulic conductivities that are much
greater than the typical values for the materials encountered in the aquifer. Therefore,
hydraulic conductivity values from these tests are not included in Table 2-1. More recent
aquifer test results from the site indicate hydraulic conductivities of approximately 75 to 300
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ft/day for A-Zone wells (Hydrometrics, 2013b) and specific yields of approximately 1% to
25%.

A-Zone Aquitard
The A-Zone aquitard lies immediately below the A-Zone sand aquifer and is composed of

0.5 to 9.5 feet thick grey silt and clay with minor sand. The aquitard is typically encountered
at depths of 160 to 165 feet beneath the site. The A-Zone aquitard is limited in extent and
appears to pinch out approximately 800 feet downgradient of the SPL pile (near monitoring
wells KM-4 and KM-15). A flexible wall permeameter test was conducted on an undisturbed
sample from the A-Zone aquitard to estimate the hydraulic conductivity of the silt/clay. The
resultant hydraulic conductivity (1.1x10™ ft/day) is approximately six orders of magnitude

lower than the A-Zone sands.

B-Zone

The B-Zone is generally coarser grained than the A-Zone, which is represented in higher
hydraulic conductivities (270 to 640 ft/day). The B-Zone is a confined to semi-confined
aquifer beneath the SPL pile as the A-Zone aquitard acts as a confining layer. The aquifer
becomes unconfined approximately 800 feet northwest of the SPL pile. The B-Zone aquifer
ranges between 16 and 20 feet thick where it is confined and 15 to 25 feet where it is

unconfined.

B-Zone Aquitard

The B-Zone aquitard separates the B-Zone aquifer from the underlying C-Zone aquifer. Few
wells penetrate the B-Zone aquitard. It is similar in composition to the A-Zone aquitard;
dominantly grey clay plus or minus sand and silt. Noted thicknesses range from
approximately 1 foot to approximately 7 feet. There is no known measurement of the
hydraulic conductivity of the B-Zone aquitard.
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2.4 GROUNDWATER FLOW CONDITIONS

Groundwater flows to the northwest in the A-Zone aquifer as shown in Figure 2-6. There is a
more northerly trend in the immediate vicinity of the SPL pile. The average hydraulic
gradient across the A-Zone aquifer is approximately 0.005, the hydraulic gradient is more flat
in the vicinity of the SPL pile (0.003) and more steep near KM-4 (0.01).

The larger hydraulic gradient observed near KM-4 is likely due to the flow of A-Zone water
into the underlying B-Zone in the area, which also leads to the smaller saturated thickness

observed in the area (Figure 2-4).

The general groundwater flow direction in the B-Zone aquifer is to the west and northwest in
the northeast portion of the facility and to the north in the western portion of the facility. The

hydraulic gradient in the B-Zone aquifer ranges from 0.003 to 0.007.

There is a general downward vertical hydraulic gradient between the A-Zone and B-Zone
aquifers as shown in the potentiometric surfaces shown on Figure 2-6 and in cross sections
on Figures 2-3 through 2-5. Based on the May 2013 water level elevations in KM-1
(1785.49), completed in the A-Zone aquifer and OB-1 (1772.15 feet), completed in the
B-Zone aquifer, the vertical hydraulic gradient between and A-Zone and B-Zone aquifers is

approximately 0.5 near the northwest corner of the SPL.

Groundwater flux at the site was estimated based on Darcy’s Law (Q=KAi). Due to
variations across the site in hydraulic conductivity, hydraulic gradient, and saturated
thickness, estimates of the groundwater flux through the A-Zone and B-Zone aquifers
beneath the site produce a large range of potential values (Table 2-2). A-Zone estimates of
groundwater flux range from 0.02 gpm per linear foot width of aquifer to 0.09 gpm/ft.
B-Zone estimates of groundwater flux range from 0.13 gpm per linear foot width of aquifer
to 0.30 gpm/ft. The groundwater flux through the fluoride plume (width of 1,400 feet) in the

A-Zone aquifer ranges between approximately 30 and 130 gpm. Regional studies of the
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Spokane Valley Rathdrum Prairie aquifer focus on deeper water producing layers than those
of concern at the Kaiser site and therefore do not provide regional estimates of the hydraulic

gradient or flux.

TABLE 2-2. ESTIMATED GROUNDWATER FLUX

Hydraulic Average | Average Estimated
Aquifer | Conductivity | Thickness | Hydraulic | Groundwater
(ft/day) (ft) Gradient | Flux (gpm/ft)
A-Zone 75-300 12 0.005 0.02 t0 0.09
B-Zone 270-640 18 0.005 0.13t00.30

2.5 AREAL RECHARGE

Infiltration of rainfall and snow melt is the primary sources of areal recharge to the
groundwater system in the SVRP Aquifer. Areal recharge of the SVRP aquifer was
evaluated by the USGS using multiple methods at several weather stations; the closest station
to the Kaiser Mead site was the Spokane Weather Service Office (WSO) Airport. Average
annual recharge for the entire SVRP aquifer varied greatly between methods with the highest
recharge being about 10 in/yr (64% of precipitation) and the lowest being 0 in/yr (0% of
precipitation) and an average recharge between the methods of approximately 3 in/yr (15%
of precipitation) (Bartolino, 2007). However, the recharge estimates for the entire SVRP
aquifer includes infiltration of storm water, which likely increases the recharge compared to
natural conditions. The recharge in the vicinity of the Kaiser Mead site is likely to be less
than 15% of precipitation there are not any known large storm water infiltration areas in the
vicinity of the site. Assuming recharge in the vicinity of the site is approximately 10% of
precipitation the groundwater flux flowing into the Kaiser Mead site is much greater than the
recharge from precipitation. Recharge only accounts for 3.5 gpm (assuming recharge is 10%
of annual precipitation) in the plume center, which is only 3 to 12% of the estimated A-Zone

groundwater flux through the plume.
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3.0 MODEL DESIGN

3.1 MODEL SELECTION AND APPROACH

The model utilized MODFLOW-USG (Panday et al., 2013) to simulate the physical flow
system. MODFLOW-USG is an updated version of the U.S. Geological Survey’s modular
3D finite difference groundwater flow model, MODFLOW (McDonald and Harbaugh,
1988). MODFLOW-USG was chosen for the current model of the Kaiser Mead site due to
its flexibility in grid design (unstructured grids), which can be used to focus resolution at
areas of interest, and its ability to fully pinch-out individual model layers to better represent
hydro-stratigraphic units. To facilitate model development and data processing, the flow
model was implemented utilizing the software program GMS (Groundwater Modeling
System, version 10.1; Aquaveo, 2015). MODFLOW-USG and GMS were selected because
of their comprehensive capabilities for simulating flow in the groundwater systems under a

wide range of hydrogeological conditions.

3.2 MODEL DOMAIN

The model domain encompasses the saturated portions of the A-Zone and B-Zone aquifers.
Due to the limited extent of detailed data and the desire for a relatively high-precision model,
this model was constructed as a local model. The model was built with the understanding
that the precision of the model must be balanced with ensuring there are no superfluous
boundary effects. The horizontal extent of the model was set so that boundary effects do not
unrealistically alter/control the flow within the model domain. The model domain is 6,472
feet by 10,681 feet with the long dimension approximately parallel to the regional
groundwater flow direction (southeast to northwest). The model domain is shown in Figure
3-1. The southeast edge of the model is near N. Market St. and the northwest extent is
approximately 2,100 feet to the northwest of the compliance wells. The northeast and
southwest boundaries of the model are approximately 2,710 and 3,780 feet, respectively,

from the center of the SPL pile.
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The model incorporates a variable spaced quadtree grid with 261,564 cells in the model with
cell sizes ranging from approximately 0.5 x 0.5 feet to 300 x 300 feet. The unstructured grid
is more tightly refined around the SPL pile and downgradient of the SPL pile to have the

greatest precision where remedial alternatives may be implemented (Figure 3-1).

The model is discretized vertically using eight layers. The A-Zone sand is represented by
layers one through five; layer six represents a transition between the A-Zone sand and
A-Zone aquitard. The transition layer was inserted to increase model stability at the
boundary between the low permeability clay and the relatively high permeability sand. The
A-Zone aquitard is represented by layer seven and the underlying B-Zone is modeled as layer
eight. The A-Zone was modeled with multiple layers in an effort to provide better calibration
to observed water levels and in order to provide flexibility in defining horizontal flow
barriers discussed further in Section 3.4.3. Layers 1-7 extend from the southeast boundary of
the model to approximately 800 feet downgradient of the SPL pile, where the A-Zone
aquitard pinches out and the A-Zone water mixes with the B-Zone. A cross section of the
model grid along the plume center is shown in Figure 3-2. The range in thickness of each
layer is summarized in Table 3-1. Horizontal refinement was kept constant through the eight
layers within the model.

TABLE 3-1. LAYER THICKNESS SUMMARY

Minimum | Maximum | Average
Layer | Thickness | Thickness | Thickness
(ft) (ft) (ft)
1 0.2 24 5
2 0.2 15 5
3 0.1 8 5
4 0.1 7 5
5 0.1 8 5
6 0.5 20 4
7 0.2 14 4
8 5 43 15
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3.3 MODEL BOUNDARY CONDITIONS

Boundary conditions are used to simulate hydrogeologic conditions at the extents of the
model domain. Constant head boundaries are used to simulate the groundwater flux in and
out of the model on the eastern (groundwater inflow) and western (groundwater outflow)
boundaries, respectively (Figure 3-1). The constant head on the eastern boundary represents
groundwater flow into the A-Zone and B-Zone aquifers along with the aquitard between
(model layers 1-8), whereas the constant head on the western boundary represents only flow
out of the B-Zone (model layer 8). Constant heads were estimated by extending the water
table/potentiometric surface obtained from the May 2013 water level measurements to the
upgradient and downgradient boundaries; the heads assigned to the upgradient boundaries
were 1,811 (layers 1-6), 1815 (layer 7), and 1788 (layer 8) and the head assigned to the
downgradient boundary was 1,762 feet (layer 8). No-flow boundaries are utilized for the
north and south edges of the model domain where the flow direction is assumed to be parallel
to the model boundary.

3.4 MODEL INPUT VARIABLES

3.4.1 Aquifer Properties

Aquifer properties for the different hydro-stratigraphic units were applied to the model for
different material types. These include A-Zone Sands, a transition material, A-Zone
Aquitard, and B-Zone Sands/Gravel. The initial aquifer properties applied to each material
property were based on the data summarized in the conceptual model (Section 2.3). The
material properties were adjusted during steady state and transient calibration. The final
properties used in the calibrated model are summarized in Table 3-2. The changes in aquifer
properties from the initial values are discussed further in the Model Calibration summary and

sensitivity analysis (Sections 4.0 and 6.0).
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TABLE 3-2. CALIBRATED MODEL HYDRAULIC PROPERTIES

. Horizor}tz_il Verticgl_ Horizontal Vertical Specific | Specific
Material Conductivity | Conductivity Anisotropy | Anisotropy | Storage Yield
(ft/day) (ft/day)

A-Sand 1 100 5 1 20 1E-07 0.005
A-Sand 2 100 5 1 20 1E-07 0.005
A-Sand 3 100 5 1 20 1E-07 0.005
A-Sand 4 100 5 1 20 1E-07 0.005
A-Sand 5 100 5 1 20 1E-07 0.005
Transition 20 1 1 20 1E-07 0.005
Aquitard 0.0001 2.5E-06 1 40 1E-07 0.005

B-Sand 225 225 1 10 1E-07 0.005

3.4.2 Sources and Sinks
Sources and sinks included in the steady state model consist of areal recharge from
precipitation. Areal recharge for the majority of the model domain was applied as a
percentage of precipitation.

Western Regional Climate Center (WRCC) site 457933 from 1981 to 2010 is approximately

The average annual precipitation for Spokane, Washington

20 inches (WRCC, 2016). Assuming the site specific recharge is 7% of the average annual
precipitation yields a recharge rate 1.44 inches per year, which is within the range calculated
by the USGS (see Section 2.5). Consolidated waste materials were most recently capped in
the current SPL pile area in 2001. A past estimate of recharge to the aquifer below the
capped SPL pile is 0.1 inch per year (2.3E-5 ft/day), which was utilized in the model for the
capped area (MFG, 2004).

Extraction wells were simulated as part of the transient calibration. The extraction wells
were simulated using the Well package in MODFLOW. Details of the transient calibration

are discussed in Sections 4.2.
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3.4.3 Horizontal Flow Barriers

The Horizontal Flow Barrier (HFB) package was utilized to simulate installation of a grout
wall as a remedial alternative. The HFB package simulates a discrete barrier between two
cells by limiting the cell to cell conductance. This is done by assigning the wall a hydraulic
characteristic, which is defined as the barrier hydraulic conductivity divided by the thickness
of the barrier. Therefore, a grout wall with a hydraulic conductivity of 1x10° cm/s (0.0028
ft/day) and a thickness of 3 feet has a hydraulic characteristic of 9.45x10™ per day. The HFB
is applied between adjacent model cells; therefore, the barrier geometry is aligned with the

cell geometry and refinement (Figure 3-3).
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4.0 MODEL CALIBRATION

The numerical groundwater flow model was developed as described in Section 3.0 above,
and the model parameters (primarily hydraulic conductivity) were refined within established
ranges from aquifer test data and literature values to optimize the degree to which the model
simulations match observed potentiometric data and estimated groundwater flux through
specific zones. A steady-state model calibration was quantified based on the difference in
simulated versus observed heads used to calibrate the model with a target set based on 10%
of the difference in observed heads used in the model calibration, which is a typical standard
used in groundwater modeling (Anderson and Woessner, 1992). A transient calibration was
conducted on the numerical flow model to calibrate the model to a known stress applied to
the flow system, which allows for improved certainty in the hydraulic conductivity used in
the vicinity of the aquifer test and allows for calibration of aquifer storage in the model. The
calibration targets used for the steady-state and transient model are as follows:

e Simulated Heads: +/- 2.3 feet;

e Groundwater Flux: within range in estimated flux;

e Match general flow direction and gradient; and

e Transient Calibration — Qualitative Calibration — trend and magnitude of drawdown

curve from 24 hour pumping test.

4.1 STEADY-STATE CALIBRATION

The groundwater flow model was calibrated to May 2013 observed water level elevations
from 20 observation sites. The May 2013 data was selected as it is the most comprehensive
data set for the site. In general, the hydraulic conductivities applied to the A-Zone layers
were reduced from the initial values, as higher values resulted in higher heads in the A-Zone
observation wells. The B-Zone hydraulic conductivities were also reduced to near the lower
end observed from aquifer tests, as higher values resulted in lower heads in the B-Zone
observation points. The steady state calibration results can be evaluated through residual
heads (observed — simulated heads) for each observation site. The calibrated potentiometric
surface and residuals for the A-Zone and B-Zone are shown on Figures 4-1 and 4-2 and are
tabulated in Table 4-1.
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TABLE 4-1. CALIBRATION STATISTICS

Well Name Model | Observed | Computed Rilsé(;léal
Layer | Head (ft) | Head (ft) (ft)

HC-1 5 1789.15 | 1789.391 | -0.241
HC-12 4 1785.42 | 1785.855 | -0.435
HC-2A 4 1789.66 | 1789.472 0.188
HC-7 3 1784.83 | 1782.592 2.238
KM-2 6 1786.7 1785.888 0.812
KM-2A 5 1787.49 1787.049 0.441
KM-3 5 1790.24 | 1790.329 | -0.089
KM-4 5 1778.22 | 1776.052 2.168
KM-5 2 1783.23 | 1782.569 0.661
KM-6 6 1784.26 1784.61 -0.35
KM-6A 5 1784.93 1785.544 -0.614
OB-1 8 1772.15 1774.154 -2.004
TH-1 4 1789.34 | 1789.766 | -0.426
TH-2 3 1787.41 | 1787.608 | -0.198
TH-7B 8 1770.34 1771.275 -0.935
KMCP-1B 8 1772.11 1770.759 1.351
KMCP-2B 8 1769.73 | 1769.921 | -0.191
KMCP-3B 8 1769.22 | 1769.248 | -0.028
KMCP-4B 8 1767.8 1768.475 | -0.675
KMCP-5B 8 1767.2 1768.605 | -1.405
Mean Residual (Head) 0.01
Mean Absolute Residual (Head) 0.77
Root Mean Squared Residual (Head) 1.03

Range of Observations (KM-3 to KMCP-5B) 23.04
Mean Absolute Residual / Range of Observations 3.3%

H:\FilessMEADC\9088\GW Model Report\R17 GW Model Rpt.Docx\\2/22/17\065

4-4

2/22/17\8:30 AM



The simulated heads of the steady state calibrated model are within the calibration target at
all observation points (Table 4-1). The mean absolute residual of all of the observations
points (0.8 feet) is approximately 3.5% of the change in head in the observed values (Table
4-2), which is much less than our calibration target of 10%. The greatest discrepancy in
simulated and observed heads was near the area where the A-Zone aquitard pinches out. The
simulated potentiometric surface of the A-Zone has a similar flow direction (northwest) and
gradient (0.0048) as observed in May 2013 (Figure 4-1). Similarly, the simulated heads in
the B-Zone reproduced the observed flow direction and gradient (Figure 4-2). The observed
versus simulated heads for the observation points are shown in Figure 4-3. This graph shows
that the observed and simulated heads are mostly distributed on either side of the 1:1

correlation line with a slight distribution bias above the line in the lower elevations.

TABLE 4-2. CALIBRATED MODEL FLUX SUMMARY

Sources/Sinks FI?W In FIOQN out

(ft°/day) (ft°/day)

CONSTANT HEAD 157,255.0 -178,069.5
RECHARGE 20,814.6 0.0

Total Source/Sink | 178,069.6 -178,069.5

Summary (Ifr;3/dczll;/; % difference

Sources/Sinks 0.12 0.000069
Cell To Cell 0.00 0.00

Total 0.12 0.000069

The model predicted flux through the A-Zone and B-Zone aquifers compares well to the
estimated flux through the model domain (model width is approximately 6,500 feet, see
Table 2-2). The simulated flux through the A-Zone is approximately 380 gpm, which is
within the estimated range in flux through the A-Zone (130 to 580 gpm). The flux leaving
the model through the B-Zone is 925 gpm, which is near the lower range of the estimated
flux through the B-Zone (840 to 1,940 gpm). The model has less than 0.01% discrepancy in
the volumetric flow budget into and out of the model domain showing that the model is

numerically stable.
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4.2 TRANSIENT CALIBRATION

A 24-hour pumping test was performed on COTW-1 to determine the aquifer reaction to
pumping prior to construction of a pilot test grout wall. Details of the aquifer test were
described in the Grout Wall Pilot Test Report (Hydrometrics, 2016b). Data from the 24-hour
pumping test were used to conduct a transient calibration to simulate the observed drawdown
at each of the observation wells. Material properties for the model layers and horizontal flow
barrier (grout wall) were adjusted to match the drawdown curves observed at four
observation points (COTW-1, COMW-1, COMW-2, and COMW-3). The locations of the
pumping and observation wells are shown on Figure 4-4. The COTW-1 pumping test was
simulated by applying a 25 gpm pumping rate to the model at the COTW-1 location for 24
hours. The transient simulation was conducted for 48 hours to evaluate how the simulated
pumping and recovery curves match those observed in the four wells. Changes to hydraulic
conductivities were applied to the steady state model prior to running the pumping test
simulations to be able to evaluate drawdown in the observation wells from steady state
conditions. The parameters were adjusted to match both steady state observations and the

transient drawdown curves.

The observed and simulated drawdown and recovery curves at the four observation points are
shown on Figure 4-5. The drawdown simulated at the pumping well (COTW-1) do not
match the magnitude of drawdown observed. This is expected due to the efficiency of the
pumping well being approximately 41% at 25 gpm (Hydrometrics, 2016b) and the fact that
drawdown simulated by the model represents the average drawdown within the area of the
cell containing the pumping well, rather than the drawdown within the pumping well itself.
The model provides a better representation of the water levels at monitoring points where
stresses are not applied to that specific cell. Therefore, observation wells COMW-1,
COMW-2, and COMW-3 were used to evaluate the transient calibration of the model.
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The observed drawdown in the three observation wells stabilized relatively quickly (4 to 6
hours after pumping began) and remained stable until approximately 18 hours into the test
when drawdown started to increase. Evaluation of the background data suggests that the
increase in drawdown is likely due to an unidentified stress on the groundwater system
(Hydrometrics, 2016b). The model does not include the unidentified stress, therefore, the
transient calibration focuses on the portion of the curve prior to the increase in drawdown.
Simulated drawdown and recovery trends at COMW-2 and COMW-3 are a good match to
those observed during the pumping test with both sites being within approximately 0.1 feet of
the observed drawdown. Simulated drawdown at COMW-1 are approximately two times
greater than observed during the pumping phase; this is likely due to heterogeneities in the
A-Zone aquifer that are not represented in the numerical model as there is insufficient
information on the vertical and horizontal extent of the heterogeneities to properly model
them. Observed drawdown and recovery values stabilized sooner than simulated values,
which might indicate that aquifer storage properties in the model are too high; however,
aquifer storage properties do not impact steady-state predictive model simulations. The
aquifer characteristics applied to the steady state and transient calibrations are summarized in
Table 4-3.

TABLE 4-3. PRE-WALL TRANSIENT
CALIBRATION AQUIFER COEFFICIENTS

Horizontal Ve|;<t|cal Horizontal | Vertical Specific | Specific

K (ft/day) (f/day) Anisotropy | Anisotropy | Storage | Yield
A-Sand 1 100 5 1 20 1.00E-07 | 0.005
A-Sand 2 100 5 1 20 1.00E-07 | 0.005
A-Sand 3 100 5 1 20 1.00E-07 | 0.005
A-Sand 4 100 5 1 20 1.00E-07 | 0.005
A-Sand 5 100 5 1 20 1.00E-07 | 0.005
Transition 20 1 1 20 1.00E-07 | 0.005
A-Aquitard 0.0001 2.5E-06 1 40 1.00E-07 | 0.005
B-Sand 225 22.5 1 10 1.00E-07 | 0.005
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4.3 EVALUATION OF GROUT WALL CHARACTERISTICS

As noted in Section 3.4.3, the Horizontal Flow Barrier (HFB) package is used to simulate the
grout wall. A pilot test grout wall was installed northeast of the SPL pile. Pre and Post wall
aquifer tests were conducted to evaluate the effectiveness of the grout wall installation
method in limiting groundwater flux. Details of the grout wall pilot test construction and
aquifer testing are described in the Grout Wall Pilot Test Report (Hydrometrics, 2016b).
Hydraulic conductivity of the grout wall was evaluated during the wall installation through
laboratory permeability testing of soil/grout returns during injection of the cement grout;
laboratory results ranged from 2.8x10° to 2.8x10™ ft/day (1x10° to 1x10® cm/sec;
Hydrometrics 2016b). Based on inspection of a shallow test panel installed prior to injection
of the pilot test wall, the grout wall panels range in thickness from about 1 to 6 feet. The
characteristics observed from the grout wall installation were used to parameterize the HFB
to simulate the pilot test grout wall. The models ability to simulate the grout wall pilot test
was evaluated by simulating the post-wall aquifer test conducted as part of the grout wall
pilot test.

The drawdown curve from observation well COMW-2 (located within the grout wall box) is
shown in Figure 4-6. The observed recovery in well COMW-2 was used to evaluate the
models ability to simulate the grout wall aquifer test. The observed drawdown during the
pumping phase was not used to evaluate the effectiveness of the model to simulate the grout

wall for the following reasons:

e The pumping rate was varied throughout the test resulting in short term drawdown
effects due to changes in stress on the aquifer; short term effects are not readily
simulated in a groundwater flow model due to the averaging of heads across a cell;

e Drawdown in the pumping well and observation well results in drying of some model
cells (not the layer to which pumping is assigned—Ilayer 5), which can cause
drawdown in the model to be greater than observed in the natural system; and

e Pumping simulated in the model adds an additional variable that may affect the
drawdown; the recovery phase does not include this additional variable making it the
most reliable characteristic to evaluate the effectiveness of the HFB to simulate the

grout wall.
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In addition to matching the observed recovery trends, the ability for the HFB to simulate the
grout wall pilot test was evaluated based on the estimated flux into the grout wall box during
the recovery phase. The flux into the grout wall box during recovery was estimated based on
the relatively steady recovery slope seen in Figure 4-6 between approximately 1,600 and
2,100 minutes (7.56 ft/day), which results in a flow rate into the box of 3.5 to 5.2 gpm
(Hydrometrics, 2016b). A flow rate into the box between 3.5 and 5.2 gpm suggests the wall
permeability is much higher than the laboratory data or there is a flaw in the wall. As noted
in the Grout Wall Pilot Test Report (Hydrometrics, 2016b), the grout wall contractor
indicated that there was a potential flaw in the wall near the northwest corner of the grout

wall box.

Data from the post-wall pump tests were compared with output from the groundwater model
in order to estimate the permeability of the completed grout wall. Data from the post-wall
pump test are represented in the water level drawdown and recovery chart for monitoring
well COMW-2 (Figure 4-6), the well adjacent to the pumping well and located within the
area enclosed by the grout wall box. Numerous modeling scenarios were investigated when
attempting to fit output from the groundwater flow model to the observed COMW-2 recovery
data. The best fit to the observed recovery curve was simulated with a grout wall
permeability of 2.83x10° ft/day, a thickness of 3 feet, and a defect in the wall near the
northwest corner of the grout wall box. The defect in the grout wall was simulated by
removing the HFB in layer 3 of the model in the northwest corner of the grout wall box
(Figure 4-7). The simulated and observed drawdown and recovery curves are shown on
Figure 4-8.

During the pumping phase, simulated drawdown was greater than observed at COMW-2; this
may be due to the effects dry cells have on the drawdown curve or the other factors discussed
above regarding the potentially inaccurate modeling of the pumping phase. The simulated
recovery curve provides a reasonable fit to the key data observed in COMW-2. The initial
steep recovery likely represents the filling of the drawdown cone within the grout wall box;

although the curves are offset due to the pumping phase the magnitude and slope of this
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portion of the recovery are similar to the initial observed recovery. A second relatively
constant slope representing a constant flux into the wall (which was used to calculate the flux
into the grout wall box) is seen in the simulated recovery; however, the duration of the
constant recovery and slope deviate slightly from that observed. The simulated groundwater
flux into the grout wall box associated with this portion of the recovery curve ranged
between 3.6 and 4.2 gpm, which compares well to the estimated groundwater flux from the
observed recovery curve. The constant slope is followed by a short-term steep recovery that
likely represents the water levels recovering to the elevation of the defect in the wall and
groundwater flux through the defect becomes saturated flow from the outside to the inside of
the box. This steep recovery is present in the simulated recovery, but it occurs sooner in the
simulated recovery curve and is slightly greater than that observed; which are likely due to
the model not simulating unsaturated flow and/or the defect being larger in the model than in
the pilot test grout wall box. Lastly, the recovery curve returns to a more gradual recovery
which decreases in slope over time. This is also seen in the simulated recovery; however, the

timing in slightly different due to the potential discrepancies noted above.

In summary, the calibrated model provides a detailed evaluation of its ability to match
observed heads and fluxes under both steady state conditions and under stresses applied to
the groundwater system. The steady state calibrated model met head calibration criteria
throughout the model domain and the simulated groundwater flux in the A-Zone and B-Zone
aquifers are within the range of estimated flux. The model was also able to simulate similar
response in heads and flux during the grout wall pilot test. All of these factors represent a
well calibrated model for the purpose of evaluating the selected remedial alternatives.
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5.0 REMEDIAL ALTERNATIVE FORECASTING ANALYSIS

The calibrated numerical model was used to evaluate multiple remediation alternatives
through steady state forecasting analyses. One of the remedial alternatives evaluated in 2013
included a combination of a grout wall and extraction wells. This alternative was not
evaluated in the groundwater model because saturated thicknesses downgradient of highest
concentration of the plume are too thin (5 to 8 feet) for extraction wells; additionally, the
saturated thickness is decreased downgradient of the grout wall limiting the feasibility of
extraction wells in the center of the highest concentrations of the plumes. Due to the limited
saturated thickness downgradient of the plume center, remedial alternatives evaluated with
this numerical model were limited to evaluation of grout walls to limit flow through the
plume area, pumping from the A-zone near the center of the plume without a grout wall in

place, and pumping from the B-Zone upgradient of the compliance line.

5.1 FINDINGS OF PRELIMINARY MODELING

In 2015, a steady state calibrated model was developed (prior to the pump tests discussed in
Section 4) as a preliminary framework for development of the model presented in this report.
Although the preliminary model differed in the number of layers and hydraulic properties
from the final model utilized for analysis of potential remedial alternatives, the findings from
the preliminary model provided important insights on how grout wall construction may affect
flux reduction. The preliminary model was calibrated to within the calibration targets noted
above prior to conducting any predictive analyses. Development of the preliminary model
resulted in findings that guided simulation of potential remedial alternatives. A summary of
these findings is presented prior to discussing the modeling analyses of remedial alternatives

associated with installation of a grout wall.

The preliminary model was utilized to determine the relationship between barrier
conductivity and the amount of flow reduction through the area enclosed by a barrier (grout
wall). The effect of the wall was quantified by comparing the total flux leaving two zones

(zone #2 and zone #3) within the area enclosed by the barrier (Figure 5-1). The two zones
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were utilized because water flows through the wall to a varying degree based on the
orientation of the wall relative to the direction of groundwater flow and because flow tends to
wrap around the open ends of the wall, which results in higher flux into and out of zone #3
versus zone #2. For the purpose of this evaluation, the grout wall was simulated around three
sides of the SPL pile area with the downgradient end remaining open. Simulations were run
with a range of barrier hydraulic conductivities (2.84x10™ to 2.84x10™ ft/day).

The percent reduction was evaluated based on the flux out of zone #3. As seen in Table 5-1
and Figure 5-2, the reduction in flow ranged from 14% to 80% for the range in hydraulic
conductivities applied to the grout wall. The simulations show there is a large difference in
flux reduction between barrier hydraulic conductivity of 2.84x10™ ft/day (14%) and
2.84x10 ft/day (57%) and between 2.84x107 ft/day (57%) and 2.84x107 ft/day (79%),
however, the difference between 2.84x10° ft/day (79%) and 2.84x10™ ft/day (80%) is
relatively small.

TABLE 5-1. GROUT WALL PERMEABILITY SUMMARY

Wall Flux Flux Reduction Head
Model Conductivit out of out of Vs Drawdown | Mounding | Difference
Scenario (f/day) Y| Zone#2 | Zone #3 No Wall (ft) (ft) Across
(gpm) | (gpm) Wall (ft)
No Wall NA 124 175 NA NA NA NA
Wall-1 2.84x10™ 0.7 35 80% 9.9 2.3 12.2
Wall-2 2.84x10° 5 38 79% 9.3 2.2 115
Wall-3 2.84x10° 35 75 57% 6.0 1.7 7.7
Wall-4 2.84x10" 88 150 14% 1.7 0.8 2.5

The drawdown downgradient of the wall and the mounding upgradient of the wall was
recorded for each simulation. The difference from one side of the wall to the other varied
from 2.5 to 12.2 feet. At the target barrier hydraulic conductivity (2.84x107 ft/day), the
mounding was 2.2 feet and the drawdown was 9.3 feet, which indicates the grout wall should
be built to extend more than five feet above the highest water table (assumes a factor of
safety of 2).
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As noted above, drawdown downgradient of a barrier has potential implications for pumping
as part of an ex-situ treatment alternative since it reduces already small saturated thicknesses.

In order to determine the potential effects of imperfect wall construction, simulations were
conducted with a barrier of variable conductivity. The model grid in the area of the barrier
was refined with less than 1-foot cells faces so that small scale imperfections could be
modeled. The HFB package allows individual cell length portions of the barrier to be turned

off (a complete void in the wall) or have a different hydraulic characteristic.

For this analysis, a version of a full scale grout curtain was modeled at various conductivities
to establish a baseline for the given barrier shape (see Figure 5-3). Next, the varying impact
of a single flaw at different locations in the barrier was investigated by simulating one flaw at
a time at different locations and comparing the flux leaving the area enclosed by the barrier.
The barrier was modeled with a hydraulic conductivity of 2.84x10° ft/day and the flaw was
modeled with a hydraulic conductivity of 2.84 ft/day. The flawed portion is one cell wide
(~1-foot) and covers the entire height of the barrier (model layers 1 and 2—approximately 35
feet—note, the preliminary model utilized for this analysis was a four layer model with two
layers representing the A-Zone). This analysis showed that the most sensitive portion of the
barrier to a flaw is that which is most perpendicular to the direction of groundwater flow
(Flaw #3). The increase in flux leaving the area enclosed by the barrier ranged from 0% to

1.2%, or up to 3.7 gpm due to Flaw #3.

Finally, two simulations were conducted with many flaws spread equally across the length of
a barrier (different barrier shape than utilized in previous analyses). The total length of the
barrier is approximately 2,510 feet. The first simulation modeled approximately 1% of the
wall length being flawed (flaw conductivity of 2.84 ft/day versus a barrier conductivity of
2.84x10° ft/day). The un-flawed wall with a barrier conductivity of 2.84x107 ft/day resulted
in a 79.4% reduction in flux leaving the area enclosed by the barrier versus the simulation
with no barrier. The same barrier with 1% of the length being flawed resulted in a 69.8%
reduction in flux leaving the area enclosed by the barrier versus the simulation with no

barrier, which is approximately 10% or about 28 gpm higher than the un-flawed wall.
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The second simulation modeled approximately 10% of the wall length being flawed (flaw
conductivity of 2.84 ft/day versus a barrier conductivity of 2.84x107 ft/day). The simulation
with 10% of the length being flawed resulted in a 30.4% reduction in flux leaving the area

enclosed by the barrier versus the simulation with no barrier, which is approximately 50% or

143 gpm higher than the un-flawed wall (see Table 5-2).

TABLE 5-2. SUMMARY OF FLAWED GROUT WALL ANALYSES

Model Wall Flaw Total flux out of zone Per%eun);tage

Scenario Conductivity | Conductivity budget area #2 reduction vs

3 .

(ft/day) (ft/day) (ft°/day) no wall

No wall NA NA 56051 NA
Full wall 2.84 NA 53189 5.1
Full wall 0.284 NA 40707 27.4
Full wall 0.0284 NA 17954 68.0
Full wall 2.84x10° NA 11520 79.4
Full wall 2.84x10* NA 11039 80.3
Flaw #1 alone 2.84x10° 2.84 11544 79.4
Flaw #2 alone 2.84x10° 2.84 11977 78.6
Flaw #3 alone 2.84x10° 2.84 12238 78.2
Flaw #4 alone 2.84x10° 2.84 12092 78.4
Flaw #5 alone 2.84x10° 2.84 11603 79.3
~10% of wall length 2.84x10° 2.84 39023 30.4
~1% of wall length 2.84x107 2.84 16934 69.8

Subsequent transient calibration of the final model to the pilot test box post-wall aquifer test
data indicated a best-fit to the observed data when approximately 2.9% of the box wall length
was flawed (no grout). A more informative way of looking at the amount of flawed or
defective wall is by area not length. The best fit was achieved when approximately 0.7%

(10.8 ft?) of the wall area contained no grout.
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5.2 FULL SCALE GROUT WALL REMEDIAL ALTERNATIVES

5.2.1 Grout Wall Simulation Model Construction

Two full scale grout wall configurations were evaluated for final analyses. The two
alternatives include a wall around the capped spent potliner (SPL) pile and a larger wall
around the SPL pile and the downgradient groundwater plume center area (Figures 5-4 and
5-5, respectively). The modeled SPL only wall was approximately 2,950 feet long and the
larger SPL and plume center wall was approximately 4,940 feet long. A grout wall around
the plume center was intended to route groundwater around some of the secondary source
area confirmed by wells installed in 2015 and 2016 (KM-8 through KM-18). The grout walls
were modeled under steady-state conditions utilizing the aquifer coefficients obtained during
model calibration (Table 4-1).

The two grout wall configurations were evaluated with and without defects and with and
without fully enclosing the wall on the downgradient side. In areas without flaws, it is
assumed that a full scale grout wall will be constructed with similar results seen in the pilot
test; therefore, the grout wall simulations were completed with a 2.84x10° ft/day grout wall
hydraulic conductivity and a thickness of 3 feet; resulting in a hydraulic characteristic of
9.45x10™ day™.

For simulations with defects, the percent of wall with defects was based on the transient
model calibration to the post pilot wall aquifer test. As described in Section 4.3, simulation
of the post pilot wall aquifer test data was achieved by simulating 10.8 ft? of void in the grout
wall or 0.7% of the total wall area exposed to the aquifer. This same percentage of open area
was targeted when simulating defects in the grout wall scenarios. Based on the limitations of
fixed cell sizes and varying water levels, which result in varying defect open area, an exact
match to the defect area simulated for the pilot test wall was not obtainable for grout wall
scenarios. Defects were modeled at a hydraulic conductivity equal to the native aquifer
material (100 ft/day) with the remainder of the wall at 2.84x107 ft/day.
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The SPL pile grout wall was simulated with one defect spanning all layers resulting in
approximately 0.7% of the wall having defects. The plume center grout wall included two
voids, each one cell wide and including all layers in the A-Zone resulted in an approximate

void area of 1% of the total grout wall, which is slightly more than the targeted 0.7%.

Preliminary modeling discussed in Section 5.1 indicated that defects in a grout wall made the
largest impact to flux when the defect was located on an upgradient portion of the wall where
the wall is most perpendicular to flow. Therefore, the defects were placed on the upgradient
wall faces around the SPL pile so that they would have the largest potential impact on the
flux through the wall.

5.2.2 Grout Wall Simulation Results

Grout wall alternatives were evaluated based on the percent reduction in groundwater flux
through three specific areas—the SPL pile, the plume center area immediately downgradient
of the SPL pile, and the B-Zone aquifer leading up to the compliance line wells. Each grout
wall alternative was compared to the steady state calibration of the model discussed in
Section 4.1. Figure 5-6 shows the three areas analyzed for flux reduction and the ambient
groundwater flux into each area. The same areas were utilized in geochemical modeling of
remedial alternatives described in the Draft Kaiser Mead Sediment:  Groundwater
Partitioning and Mass Balance Report (Hydrometrics, 2016¢). The reduction in flux for each

of the grout wall constructions and defect analyses are discussed below.

SPL Pile Grout Wall

Four simulations were conducted to evaluate the effectiveness of a grout wall around the SPL

pile, which included two configurations (open on downgradient end and fully enclosed) and
both configurations simulated with and without a defect as described in Section 5.2.1. The
results of the SPL pile grout wall simulations are summarized in Table 5-3.
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TABLE 5-3. FLUX REDUCTION FROM SPL PILE GROUT WALL

. Flux with % Ambient
Ambient .
Model Area Groundwater Grout v : Remaining
Flux (gpm) Wall Reduction | after Grout
(gpm) Wall
SPL Pile Wall Open West End — No Defects
Total into SPL 64 6 91% 9%
Total into Plume Center 46 33 27% 73%
Total into Compliance Line 98 97 1% 99%
SPL Wall Fully Enclosed - No Defects
Total into SPL 64 1 98% 2%
Total into Plume Center 46 32 30% 70%
Total into Compliance Line 98 97 1% 99%
SPL Wall Open West End - 0.7% Defect
Total into SPL 64 43 32% 68%
Total into Plume Center 46 43 6% 94%
Total into Compliance Line 98 97 1% 99%
SPL Wall Fully Enclosed — 0.6% Defects
Total into SPL 64 4 94% 6%
Total into Plume Center 46 32 30% 70%
Total into Compliance Line 98 97 1% 99%

The simulation of the open ended SPL pile grout wall without defects resulted in a 91%
reduction in flux into the SPL area. The flux reduction was only 27% into the downgradient
plume center area as groundwater flowed around the wall and back into the plume center. At
the compliance line area, there was a 1% reduction in flux versus the ambient condition with
no wall. Installation of the grout wall resulted in mounding upgradient of the wall and
lowering of the water table downgradient of the wall. The maximum difference in water
level from one side of the wall to the other was approximately 8.6 feet; with 1.7 feet of
mounding upgradient of the wall and a lowering of the water level by 6.9 downgradient of

the wall.

Closing the west end of the wall added approximately 480 feet to the length of the wall. The
flux into the SPL pile area was reduced an additional 7% to a total flux reduction of 98%
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versus the ambient condition. Flux into the plume center area was decreased an additional
3%, and flux into the compliance line area did not change. The maximum difference in water
level from one side of the fully enclosed wall to the other was approximately 5.4 feet. In this
case, the maximum difference occurred at the downgradient or west end of the wall where
there was 3.7 feet of mounding within the closed wall and a lowering of the water level by
1.7 feet on the downgradient outside of the wall. The model does not simulate any mounding
above the grout wall; this is likely due to the very low recharge rate under the capped SPL

pile which is less than the leakage through the wall.

Adding a defect to the grout wall on the eastern side resulted in much greater flow through
the SPL pile area (43 gpm, 32% reduction) and plume center (43 gpm, 6% reduction) than
without defects. However, if the wall is enclosed on the downgradient end, the reduction in
flow is similar to the wall without defect; with flow being reduced by 94% in SPL area and
30% in the plume center. With no defect in the downgradient end of the wall, minimal flux
enters the upgradient defect as the water level inside and outside the wall reach a state of
equilibrium. A fully enclosed grout wall is more sensitive to defect location than a grout

wall with an open downgradient end.

SPL Pile and Plume Center Grout Wall

The grout wall extended around the plume center area was simulated to encompass the

known and projected secondary sources based on sediment data and water quality data.
Similar to the SPL pile grout wall, the extended grout wall to the plume center was evaluated
with an open end on the downgradient side and a fully enclosed wall. The open and enclosed
wall configurations were simulated with and without defects. The results of the simulations

and the corresponding reduction in groundwater flux are summarized in Table 5-4.
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TABLE 5-4. FLUX REDUCTION FROM EXTENDED GROUT WALL

o .
Ambient Flux with Percent é)eénr:izliennt
Model Area Groundwater | Grout Wall ducti g
Flux (gpm) (gpm) Reduction | after Grout
Wall
SPL and Plume Center Wall Open West End — No Defects
Total into SPL 64 4 93% 7%
Total into Plume Center 46 6 87% 13%
Total into Compliance Line 98 96 2% 98%
SPL and Plume Center Wall Open West End — 1.0% Defects
Total into SPL 64 41 35% 65%
Total into Plume Center 46 29 36% 64%
Total into Compliance Line 98 102 -4% 104%
SPL and Plume Center Wall Fully Enclosed — 0.7% Defects
Total into SPL 64 14 78% 22%
Total into Plume Center 46 10 79% 21%
Total into Compliance Line 98 96 2% 98%

The open ended extended grout wall with no defects simulation resulted in a similar
reduction in groundwater flux into the SPL area (93%) as seen in the SPL Pile grout wall.
The groundwater flux through the plume center area was greatly reduced (87% reduction)
when the grout wall was extended to the plume center. At the compliance line area, there
was a 2% reduction in flux versus the ambient condition with no wall. If defects are present
in the open ended extended grout wall, the reduction in groundwater flux in the SPL pile area
and plume center areas is much less 35% and 36%, respectively.

The open ended extended grout wall with no defects wall had a maximum difference in water
level from one side of the wall to the other of approximately 11.6 feet; with 2.3 feet of
mounding upgradient of the wall and a lowering of the water level by 9.3 feet downgradient
of the wall. The fully enclosed extended grout wall with defects had a maximum difference
in water level from one side of the wall to the other of approximately 8.7 feet, which
occurred at the downgradient (west) end of the wall; with 7 feet of mounding inside the

enclosed area and 1.7 feet of drawdown outside the grout wall. The same defects were
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modeled in the open ended and enclosed grout wall scenarios; thus, the differing percentage
of the entire wall being defective in Table 5-4. Fixed cell sizes and varying water levels
result in varying defect open area. An exact match to the defect area simulated for the pilot

test wall was not obtainable for predictive grout wall scenarios.

Water levels in the simulation of a fully enclosed extended grout wall without defects are
predicted to rise above the top of the model at the inside downgradient end of the grout wall,
which indicate areal recharge is greater than the flux through the wall. If recharge to the
plume center area is greater than the leakage through the grout wall, an enclosed grout wall
would eventually result in water mounding above the top of the grout wall. Since this model
does not simulate the unsaturated zone and cannot simulate flow over the grout wall, the
modeled flux reduction for the enclosed wall without defects does not represent the actual

flux in and out of the grout wall; therefore, these results were not reported for this scenario.

5.3 EX-SITU PUMPING REMEDIAL ALTERNATIVES

Ex-situ pumping remedial evaluations included extraction systems near the highest
concentrations of the cyanide and fluoride plume in the A-Zone, and an extraction system
upgradient of the compliance line in the B-Zone. The purposes of the pumping simulations

were to:

e Estimate the pumping rates and drawdown that the aquifer may sustain at the two
locations; and

e Estimate the approximate capture area at varying pumping rates

5.3.1 A-Zone Plume Center Pumping

Extraction wells were located along a transect between monitoring wells KM-14 and KM-6.
A minimum of eight feet of saturated thickness during steady-state pumping was desired to
allow sufficient water over the pump and five feet of well screen. KM-10 was utilized as the
limiting well in the vicinity due to a measured saturated thickness of approximately 12.7 feet;
thus, drawdown was limited to 4.7 feet at KM-10. Extracted water was infiltrated back into
the groundwater system through the recharge package via a conceptual infiltration basin

(~4,132 square feet) located to the west of the warehouses west of the SPL pile.
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Three scenarios were modeled: four wells pumping 25 gpm each (Wells 1, 2, 3, and 4), two
wells pumping 25 (Wells 2 and 3) gpm each, and one well pumping 25 gpm (Well 5) (Figure
5-7). Four wells pumping 25 gpm each resulted in a steady-state drawdown at KM-10 of 4.4
feet and a maximum drawdown at a pumping well of 7.5 feet (Well 3) (Figure 5-8). Two
wells pumping 25 gpm each resulted in a steady-state drawdown at KM-10 of 2.1 feet and a
maximum drawdown at a pumping well of 4.9 feet (Well 3) (Figure 5-9). One well pumping
25 gpm resulted in a steady-state drawdown at KM-10 of one foot and a maximum
drawdown at a pumping well of 3.7 feet (Well 5) (Figure 5-10). Actual drawdown within a
well would be greater than model predicted due to well efficiency not accounted for in the

model.

Capture areas shown on Figures 5-8 through 5-10 indicate water sources for each extraction
scenario. All extraction wells are located near the highest concentration portion of the plume
(>50 ppm fluoride); however, capture areas for the two northern wells (Well 3 and Well 4)
extend primarily into low contaminant concentration areas to the east and northeast of the
SPL pile. Heterogeneities in the A-Zone aquifer are not represented in the numerical model
as there is insufficient information on the vertical and horizontal extent of the heterogeneities
to properly model them. Heterogeneities would affect capture areas and thus the
concentration of contaminants in the pumped water. The rate of groundwater reaction with
sediment near the extraction wells would also affect the concentration of fluoride and

cyanide in pumped water.

5.3.2 B-Zone Pumping

An extraction well was inserted into the model at the apparent narrowing of the cyanide and
fluoride plume seen near KM-16 in Figure 5-7. The single extraction well was modeled
pumping 100 gpm and 50 gpm with 2.5 feet and 1.2 feet, respectively, of drawdown in the
pumped well. Saturated thickness in KM-16 and KM-17 averages approximately 22 feet,
which would support higher pumping rates. Vertical flow from the A-Zone to the B-Zone
does not significantly increase due to increases in pumping rate from the B-Zone. Increased
B-Zone pumping rates result in larger contributions from upgradient (relatively

uncontaminated) portions of the B-Zone.
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6.0 SENSITIVITY ANALYSIS

A sensitivity analysis was conducted to assess the effects to the model from input parameter
uncertainty. The sensitivity of the model was evaluated qualitatively through the calibration
process. The residual heads at the observation points in the steady state model were most
sensitive to changes in hydraulic conductivities of the A-Zone sands in layers one through
five and to a lesser degree to changes in hydraulic conductivity of the B-Zone material. In
addition to A-Zone hydraulic conductivity, the transient calibration was also sensitive to

changes in vertical anisotropy (Kn/Ky) and specific yield.

The sensitivity of the model was further evaluated by quantitatively assessing parameter
sensitivity using manual techniques on parameters listed in Table 6-1. The manual analysis
included an evaluation of the sensitivity of parameters to the observed head at project area
observation points. The quantitative sensitivity analysis of the steady state model ability to
match observed heads is summarized in Table 6-2. Similar to the qualitative analysis, the
model was most sensitive to changes in changes in hydraulic conductivity of the A-Zone
layers, with heads typically decreasing with lower hydraulic conductivities and increasing
with higher conductivities. The steady state model was not particularly sensitive to changes
in vertical anisotropy or changes in recharge. However, as noted above the transient model
was sensitive to vertical anisotropy. The lack of sensitivity to recharge reinforces that
infiltration of precipitation is a minor component of the groundwater flow system in the

vicinity of the site.

TABLE 6-1. SUMMARY OF SENSITIVITY PARAMETER ADJUSTMENT

Parameter Steady Low Low High High
State | Adjustment1 | Adjustment 2 | Adjustment 1 | Adjustment 2
A-Zone Hydraulic
Conductivity (ft/day) 100 S0 NA 200 500
Vertical Anisotropy
20 1 10 50 100

(Kw/Kv)
B-Zone Hydraulic
Conductivity (ft/day) 225 100 NA 400 650
Recharge (in/yr) 1.45 0.9 NA 1.8 3.0
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TABLE 6-2. SENSITIVITY ANALYSIS SUMMARY

Calibrated
Model Simulation| Model KH-1 KH-2 KH-3 | Kh/Kv-1| Kh/Kv-2 [ Kh/Kv-3 | Kh/Kv-4| BK-1 BK-2 BK-3 R-1 R-2 R-3
Parameter NA A-Zone Hydraulic Conductivity A-Zone Vertical Anisotropy (Ku/Ky) B-Zone Hydraulic Conductivity Recharge
Sensitivity Factor'| — NA 0.5 2 5 0.05 0.5 25 | s 0.4 1.8 2.9 0.6 1.2 2.1
A-Zone Observation Point Residual Head’

HC-1 -0.24 0.38 -1.16 -3.53 0.53 -0.05 -0.49 -0.65 -1.09 0.00 0.12 -0.02 -0.42 -0.95
HC-12 -0.44 0.52 -1.65 -4.47 0.37 -0.24 -0.72 -0.92 -1.40 -0.17 -0.03 -0.25 -0.59 -1.05
HC-2A 0.19 0.84 -0.76 -3.18 1.02 0.39 -0.06 -0.22 -0.69 0.44 0.57 0.42 0.01 -0.52

HC-7 2.24 4.04 0.31 -3.67 3.68 2.52 1.92 1.72 0.72 2.69 2.91 2.39 2.09 1.69
KM-2 0.81 1.86 -0.48 -3.44 1.74 1.02 0.54 0.37 -0.23 1.11 1.26 1.00 0.65 0.19
KM-2A 0.44 1.32 -0.70 -3.44 1.31 0.65 0.17 0.00 -0.53 0.71 0.85 0.65 0.28 -0.21
KM-3 -0.09 0.49 -0.97 -3.28 0.73 0.10 -0.32 -0.47 -0.94 0.16 0.28 0.15 -0.27 -0.82
KM-4 2.17 3.17 0.27 -6.56 2.56 2.26 2.06 2.00 0.46 2.48 2.62 2.22 2.07 1.86
KM-5 0.66 2.18 -0.94 -4.10 1.40 0.82 0.45 0.32 -0.38 0.95 1.10 0.80 0.54 0.19
KM-6 -0.35 0.74 -1.65 -4.51 0.41 -0.17 -0.62 -0.80 -1.31 -0.08 0.05 -0.18 -0.49 -0.90
KM-6A -0.61 0.35 -1.82 -4.63 0.16 -0.42 -0.90 -1.11 -1.56 -0.35 -0.22 -0.43 -0.76 -1.21

TH-1 -0.43 0.17 -1.31 -3.63 0.34 -0.24 -0.67 -0.83 -1.26 -0.19 -0.07 -0.20 -0.60 -1.14

TH-2 -0.20 0.64 -1.30 -3.98 0.68 0.01 -0.46 -0.64 -1.15 0.08 0.21 0.01 -0.36 -0.86

B-Zone Observation Point Residual Head?

OB-1 -2.00 -0.79 -4.24 -9.80 -1.71 -1.95 -2.06 -2.08 -5.19 -0.81 -0.19 -1.93 -2.09 -2.30

TH-7B -0.94 0.33 -3.27 -8.89 -0.76 -0.91 -0.96 -0.97 -4.33 0.34 1.01 -0.86 -1.02 -1.23
KMCP-1B 1.35 2.62 -0.96 -6.46 1.45 1.36 1.35 1.34 -2.01 2.63 3.30 1.43 1.27 1.06
KMCP-2B -0.19 0.91 -2.22 -1.22 -0.09 -0.18 -0.20 -0.20 -3.15 0.93 1.50 -0.12 -0.26 -0.45
KMCP-3B -0.03 0.95 -1.84 -6.51 0.07 -0.02 -0.03 -0.04 -2.68 0.96 1.47 0.04 -0.09 -0.26
KMCP-4B -0.68 0.16 -2.26 -6.54 -0.60 -0.67 -0.67 -0.67 -3.01 0.18 0.62 -0.61 -0.73 -0.88
KMCP-5B -1.41 -0.59 -2.97 -7.33 -1.33 -1.40 -1.40 -1.39 -3.73 -0.56 -0.13 -1.34 -1.46 -1.61

Model Area Mean Absolute Residual®
Model Domain 0.77 1.15 1.55 5.26 1.05 0.77 0.80 0.84 1.79 0.79 0.92 0.75 0.80 0.97
A-Zone 0.68 1.29 1.02 4.03 1.15 0.68 0.72 0.77 0.90 0.72 0.79 0.67 0.70 0.89
B-Zone 0.94 0.91 2.54 7.53 0.86 0.93 0.95 0.96 3.44 0.92 1.17 0.90 0.99 1.11

1) Sensitivity Factor represents the factor by which each parameter was changed from the calibrated model
2) Residual Head is the difference between the observed and simulated heads (Obs. - Sim.). Negative residual indicates the modeled head is higher than the observed. Residual heads that exceed the calibration target (+/- 2.3 feet) are bolded
red for low simulated heads and bolded blue for high simulated heads

3) Mean Absolute Residual are bolded black if they are greater than the calibration target (2.3 feet)
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The models sensitivity to changes in A-Zone hydraulic conductivity suggests the bulk
permeability of the A-Zone aquifer is likely near the lower end of observed conductivities;
however, there may be discrete areas or channels of higher permeability within the aquifer.
If the extent of these areas is not expansive and it does not connect to a drain of the A-Zone
aquifer they likely have little effect on the rate of transport of contaminants. However, if
there are high permeable channels that extend to where the A-Zone connects to the B-Zone
aquifer the rate and transport of contaminants would likely be much faster. It is uncertain
what affects higher permeable areas or channels may have on the grout wall; potential effects

to the groundwater system are as follows:

e Higher permeable wall in these areas leading to more leakance through the wall;
e Greater mounding upgradient of the wall within the higher permeable material; and

e Additional drawdown downgradient of the wall.

There is insufficient data to determine the location and extents of these higher permeable
zones; therefore, it is not possible to model them in the groundwater model to quantify the

potential affects they may have on the system.
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7.0 DISCUSSION

A groundwater model of the Kaiser Mead NPL site (Kaiser Mead) has been completed as one
aspect of the continuation of the SFS as requested by the Washington Department of Ecology
(Ecology, 2014). The purpose of the SFS is to develop and evaluate cleanup action
alternatives for the contaminated groundwater at Kaiser Mead and to recommend a remedial
alternative to be implemented to achieve compliance with cleanup requirements established
for this site. The model evaluated changes in the groundwater flow system and advective

transport as a result of potential grout wall designs.

Two full scale grout wall alternatives—a wall around the SPL pile and a wall around the SPL
pile and plume center area—were analyzed. The primary metric for evaluating effectiveness
of the grout wall alternatives was the amount of groundwater flux reduction through the area
enclosed by the wall. Reduction in flux values ranged from 32% to 93% through the
enclosed area versus ambient flow conditions for grout walls that were open on the
downgradient (west end). For grout walls with closed downgradient ends (fully enclosed),

reduction in flux versus ambient flow conditions varied from 78% to 98%.

A properly placed grout wall with no defects and a grout hydraulic conductivity of 1x10°®
cm/s or less will reduce the flux through an area by approximately 90%. The pilot test grout
wall completed during the summer of 2015 showed that defects in wall construction can
occur. The amount of flux reduction is highly dependent on the size and location of any
defects in a grout wall.

The model is currently being used to evaluate additional remedial alternatives, specifically a
capture well system. This report does not include this analysis as the analysis is not
complete. However, it should be noted that there is limited feasibility for capture wells to be
used in the A-Zone as the saturated thickness is approximately 5 to 8 feet downgradient of
the center of the plume. Assuming a minimum screen length of five feet would leave 0 to 3
feet available for the pump intake and available drawdown, which is not sufficient in
developing a capture system. A capture analysis will be evaluated for the B-Zone aquifer.
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APPENDIX B

EXSITU TREATABILITY STUDY FOR CLEANUP
ACTIONS AT THE KAISER MEAD NPL SITE - DRAFT
DECEMBER 2013

Note: The following report and supporting studies were completed in December 2013. At the
time of these studies, Ecology specified monitoring of WAD cyanide, rather than free
cyanide for determination of compliance with groundwater cleanup levels (0.2 mg/L as free
cyanide). Thus the focus of this report is treatment of WAD and total cyanide. Since that
time, newer methods for analysis of free CN have been approved by US EPA that are more
reliable than current WAD CN methods. Therefore, Ecology directed MCT to adopt free CN
analysis in lieu of WAD CN at Kaiser Mead (Ecology, 2016).
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EXSITU TREATABILITY STUDY FOR CLEANUP ACTIONS
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-DRAFT-

Prepared for:
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Hydrometrics, Inc.
3020 Bozeman Avenue
Helena, MT 59601

December 2013
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EXSITU TREATABILITY STUDY FOR CLEANUP ACTIONS
AT THE KAISER MEAD NPL SITE

-DRAFT-

1.0 INTRODUCTION

This Ex Situ Treatability Study (Study) has been conducted on behalf of Mead Custodial
Trust (MCT) as a component of the Supplemental Feasibility Study (SFS) for the Kaiser
Mead NPL site (the Site), as identified in the Draft Work Plan for Supplemental Feasibility
Study for Cleanup Actions at the Kaiser Mead NPL Site that was approved by the
Washington Department of Ecology on November 9, 2012.

This Study was undertaken as outlined in the Work Plan for Ex Situ Water Treatability Study
for Cleanup Actions at the Kaiser Mead NPL Site (Work Plan) (Hydrometrics, 2013) that
was approved by the Washington Department of Ecology on May 14, 2013.

1.1 PURPOSE AND SCOPE
The purpose of this Study is to further develop and evaluate ex situ water treatment
technologies for contaminated groundwater at the Site. As described in the Work Plan, the

Study was structured to meet the following goals and objectives for the Site:

e The discharge effluent from the treatment system will meet identified groundwater
compliance levels (4 mg/L fluoride; 0.2 mg/L WAD cyanide).

e The list of treatment methods studied will be based upon a review of previous work
related to the site and proven methods for similar applications.

e Waste residuals produced by the water treatment processes will be evaluated for

chemical, volume, and disposal characteristics.
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The scope of the treatability testing focuses on four main treatment processes as described in
the Work Plan:

1. Chemical/physical separation to include chemical precipitation, oxidation, filtration,
and sludge recycling;

2. Adsorption and sludge recycling;

3. lon exchange; and

4. Membrane using reverse 0Smosis.

The Study also includes simulation and evaluation of re-injection of treated water to the
groundwater system through a series of batch mixing tests with treated water, groundwater

and sediment from the Site. The purpose of this testing is to evaluate:

1. The potential for injected waters to mix and react with groundwater to form insoluble
precipitates (either common minerals or contaminant-bearing minerals) or to leach
contaminants from sediments; and

2. The potential for injected water to mix and react with groundwater causing

degradation or formation of different cyanide species.

1.2 WASTE STREAM DESCRIPTION

Samples for the treatability testing were collected from existing monitoring well KM-2 that is
routinely sampled as part of the quarterly groundwater monitoring program. The well
initially identified in the Work Plan as the source for testing was KM-6 which typically
exhibits the highest levels of all contaminants of concern. Well KM-2 was selected instead
because based on its location (near the SPL pile), its water quality would likely be more
representative of water extracted from a capture system. It is recognized that final design of
ex situ treatment systems will need to be based on anticipated water characteristics from a
full-scale extraction system which may include groundwater from a variety of wells with
variable water quality. However, results from testing of a single water source will allow an
evaluation of treatment options and associated costs that will be suitable for feasibility study
detail. Groundwater quality of KM-2 groundwater on May 17, 2013 is summarized in the
following Table 1-1.

H:\Files\MEADC\9088\SFS Report\Draft\Appendices\Appendix B Exsitu\R13 Ex Situ Treatability Report -Draft 12-2013.Docx\HLN\11/16/17\065
1-2 11/16/2017 2:19 PM



TABLE 1-1. WATER QUALITY OF GROUNDWATER
USED IN TREATABILITY TESTING

Parameter Concentration (mg/L)
Total Cyanide 66.9
WAD Cyanide 0.532
Fluoride 56.1
pH 9.79

Groundwater sampled collected May 17, 2013.

The samples were pumped from the well using low flow methods and a dedicated bladder
pump in the well. The pump discharge was collected in clean 5 and 7-gallon containers until
a total of 32 gallons of sample was collected. Field parameters (pH, specific conductance,
and temperature) for each 5-gallon subsample were recorded. The sample (unpreserved) was
delivered to SVL Analytical in Kellogg, Idaho where the treatability testing was conducted.

Chain-of-custody protocols were followed.

1.3 SUMMARY OF PREVIOUS TREATABILITY STUDIES

Previous treatability studies for the Site include chemical precipitation for removal of
cyanide and fluoride, UV oxidation for treatment of cyanide, alkaline hydrolysis for
treatment of cyanide, and reverse osmosis for treatment of cyanide and fluoride. Treatability
studies were conducted on the first three methods while the evaluation of reverse osmosis
was limited to literature search and discussions with technology manufacturers.

The Work Plan contains a detailed description of these previous treatability studies

conducted on the waste stream collected from the Site.
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2.0 TEST METHODS

2.1 WATER TREATMENT

The Work Plan identified four types of treatment processes for testing, including:

1. Chemical/physical separation to include chemical precipitation, oxidation, filtration,
and sludge recycling;

2. Adsorption and sludge recycling;
lon exchange (IX); and

4. Membrane using reverse osmosis (RO).

A summary of the treatability tests performed are listed in Table 2-1.

All treatability testing and water/sludge analyses were performed at the SVL Analytical in
Kellogg, ID. Water chemistry analyses were conducted on the un-treated well water and the
treated water samples produced in the study. All water chemistry analyses performed by
SVL are included in Appendix A. The un-treated well water was first analyzed for the
parameters listed in Table 2-2. This list of parameters is based on analytical work previously
conducted on Site groundwater and was developed to identify the concentrations of minerals
and compounds that may impact the efficacy of a particular treatment process. This provided
us with sufficient information to develop a range of chemical dosages to utilize in the jar
tests.

During initial jar tests for each of the chemical/physical separation processes, only the
primary constituent being targeted (i.e., total or weak-acid dissociable [WAD] cyanide or
fluoride) was analyzed in order to determine correct chemistry dosages and reaction times.
Once those dosages were determined and a preferred treatment process train was established,
the treated sample from the preferred process train was analyzed for the parameters listed in
Table 2-2.
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TABLE 2-1. TREATABILITY STUDY MATRIX

Target Primar Polishin
Treatment Process and Chemical Reagent Used® Constituent Y g
Treatment | Treatment
(CN/F)
Chemical precipitation-ferrous sulfate CN X
Chemical precipitation-ferric chloride CN X
Chemical precipitation-combination of ferrous+ferric+copper sulfate (depending CN X
on results of individual ferric and ferrous tests)
Oxidation-hydrogen peroxide + copper sulfate CN X
Chemical precipitation-calcium chloride F X
Chemical precipitation-lime F X
Chemical precipitation-alum F X
Chemical precipitation-aluminum chlorohydrate (ACH) F X
Chemical precipitation-combination of calcium chloride+alum/ACH F X X
Chemical precipitation-Xsorbex® coagulant F X
Specialty media (MAR®) adsorption F X X
Activated Alumina adsorption F X X
Reverse Osmosis CN+F X
lon Exchange F X

! Acid and/or caustic will be used to optimize pH for all tests as required.
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Analytes

Proposed Reporting Limit
(ug/L unless specified)

Bench Parameters

ORP (Redox; Eh or pe)

Dissolved Oxygen

Major Minerals

Calcium 1000
Magnesium 1000
Sodium 1000
Hardness as CaCO3 Calculated
Total Alkalinity as CaCO3 1000
Carbonate 1000
Bicarbonate 1000
Hydroxide 1000
Chloride 1000
Fluoride 100
Sulfate 1000
pH 0.1 standard pH units
Total Dissolved Solids 10 mg/L
Silica (dissolved) 100
Total Organic Carbon
Chemical Oxygen Demand
Nitrogen Compounds
Nitrate plus Nitrite as “N” 10
Total Kjeldahl Nitrogen 500
Cyanide Forms
Total Cyanide (manual 5
distillation)
WAD Cyanide 5
Dissolved Metals
Iron 50

2-3
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The testing was intended to indicate whether or not a treatment process is suitable to achieve
the desired results, e.g., meet a target effluent limit, or reduce the mass of a target constituent.
This information is achieved by trying various process types, a range of reagent dosages
based on previous experience and literature reports, and typical reaction times. The tests
were not designed to optimize a treatment process by testing and selecting exact chemical
dosages and reaction times that give optimal treatment effectiveness. Further evaluation of
these optimization criteria is recommended for select processes at the next stage of process

design if ex-situ treatment is selected as a component of the selected remedy.

Test procedures used to conduct the tests listed in Table 2-1 are described below. Table 2-3
lists general information about the individual tests. Section 3 provides details for the

individual tests and test results.

2.1.1 Test Procedures

1. Solutions were prepared for ferrous sulfate, copper sulfate, acids, and caustic.

2. A gang stirrer apparatus was used with one liter square jars to test cyanide treatment
processes (Figure 2-1). Testing was done to try to minimize reagent dosages and reaction
times. Testing was started at a low ferrous iron to total cyanide ratio of 0.5:1 for cyanide
precipitation at unaltered pH and then at the expected ideal pH of 6.5.

3. Ferric chloride was tested as the total cyanide and WAD cyanide precipitant with and
without sludge recycle.

4. Additional jar tests were run using peroxide and copper sulfate as oxidation catalyst and
also precipitant. This test was also done with ferric chloride at different dosages
and conditions.

5. The initial test results for cyanide removal were rather poor, so much higher ferrous iron
to total cyanide ratios were tested. Tests using a 10:1 ferrous iron to total cyanide at pH
6.5 were completed.
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TABLE 2-3. TREATABILITY TESTS CONDUCTED

Test ID Process Summary Cozi{igﬁfen t Water Tested
1 Ferrous Precipitation Cyanide Raw water
2 Ferrous Precipitation Cyanide Raw water
3 Ferric Precipitation Cyanide Raw water
4 Ferric Precipitation Cyanide Raw water
5 Peroxide Oxidation Cyanide Raw water
6 Peroxide Oxidation Cyanide Raw water
7 Peroxide Oxidation Cyanide Raw water
8 Peroxide Oxidation Cyanide Raw water
9 Ferrous/Ferric Precipitation Cyanide Raw water
10 Ferrous/Ferric Precipitation Cyanide Raw water
11 Ferric Precipitation Cyanide Raw water
12 Ferric Precipitation Cyanide Raw water
13 Ferrous Precipitation Cyanide Raw water
14 Ferrous Precipitation Cyanide Raw water
15 Peroxide Oxidation Cyanide Raw water
18 Test 13 (repeat) + Test K (repeat) (F:IBL %r;li(cjii & Raw water
A Calcium Chloride Precipitation Fluoride Raw water
B Calcium Chloride Precipitation Fluoride Raw water
C Alum Precipitation Fluoride Raw water
D ACH Precipitation Fluoride Raw water
E XSORBX 100 Precipitation Fluoride Raw water
F XSORBX 100 Precipitation Fluoride Raw water
G XSORBX 100 Precipitation Fluoride Raw water
H Lime Precipitation Fluoride Raw water
I Calcium Chloride Precipitation Fluoride Raw water
J Alum Precipitation Fluoride Raw water
K Alum/XSORBX 100 Precipitation Fluoride Raw water
I Activated Alumina Adsorption Cyani_de & Raw Water

Fluoride
I Activated Alumina Adsorption Cyani_de & Raw Water
Fluoride
I Sorbster F Adsorption Cyani_de & Raw Water
Fluoride
. Cyanide & Test 13 + Test
IX lon Exchange Polish FI{Joride K water
RO Reverse Osmosis Polish Cyani_de & Test 18 water
Fluoride
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FIGURE 2-1. GANG STIRRER DURING CYANIDE PRECIPITATION TESTING

6.

10.

Jar tests were run using ferrous sulfate and ferric chloride with and without sludge
recycle at relatively low dosages. Ferric chloride by itself was also tested with and
without sludge recycle.

Samples were provided to SVL Analytical for cyanide analysis to determine effectiveness
of treatment process including pH and chemical dosages.

Jar tests were next performed for fluoride removal. Initially calcium precipitation at
different pHs was tested. Tests were also performed using alum and aluminum
chlorohydrate (ACH) at a relatively low dosages based upon the literature and
experience. Figure 2-2 shows the gang stirrer and jars during this test period.

Site water was then jar tested for fluoride removal with a proprietary rare earth coagulant,
XSORBX-100™ AT various concentrations and pH conditions.

Adsorption testing using a packed column was done as a primary treatment for fluoride
removal using activated aluminum and Mar Systems Sorbster F, a proprietary adsorption
media. Three bed volumes were circulated through the column and then water was

sampled for analysis of fluoride.
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FIGURE 2-2. GANG STIRRER DURING FLUORIDE PRECIPITATION TESTING

11. lon exchange (IX) resin was tested as a polishing treatment step using 1.5-inch inside
diameter x 23-inch column at a flow rate of 20 — 40 ml / min (Figure 2-3). A chelating
resin, where the hydrogen exchange sites were close to being exhausted with aluminum,
was used for the testing. Aluminum replaces the hydrogen sites and holds the fluoride to
the exchange site. This polishing test was run on water having been previously treated
using chemical precipitation for cyanide and fluoride removal.

12. RO was tested as a polishing treatment using a Filmtec TW30-2026 membrane (2-inch
diameter x 26-inch long) set up for about 70% recovery (Figure 2-3). Permeate flow was
around 20 mls per minute. The RO membrane fouled almost immediately due to the
water chemistry, which accounts for the low flow rate used. However, a sufficient
amount of water was pushed through the membrane to provide a water sample for
analysis. This polishing test was run on water having been previously treated using
chemical precipitation for cyanide and fluoride removal.
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13. On the final day of testing, several gallons of effluent from two successful treatment
process trains (ferrous precipitation+alum+1X and peroxide) was created for subsequent
use during mixing tests with treated water, groundwater, and sediment as described in
Section 2.3.

FIGURE 2-3. ION EXCHANGE AND RO TEST APPARATUS

Tables 2-4 and 2-5 provide details of the individual cyanide and fluoride tests conducted.
These data tables data also include operating details as utilized and noted during the tests.
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TABLE 2-4. CYANIDE TREATABILITY TEST DETAILS

Ferrous | Ferric | g 400 | Sor Sulfate | Mix | Hes161
Test Start | Adjusted | Final Sulfate Chloride g 10% Peroxide .
Process Summary Added (ppm) Time Floc Color Remarks
ID pH pH pH (ppm) (ppm) mis) | 12804 1 (ppm) |l | (miny | (ppm)
Fe++ Added | Fet+++ Added (mls)
Added
1 | Ferrous Precipitation | 9.79 9.70 34 30 2 Orange Small Floc, grew over time
2 | Ferrous Precipitation | 9.79 6.50 7.13 34 16.2 30 2 Bright blue | Large floc, but blue. Turned yellow with NaOH preserve
3 | Ferric Precipitation 9.79 9.05 7.00 80 10.0 30 Brown Large floc, good settling
4 | Ferric Precipitation 9.79 9.05 80 200 10.0 30 Dark Brown | Large floc, good settling
5 | Peroxide Oxidation 9.79 9.00 300 13.4 30 Yellow Lots of bubbles, no solids formed
6 | Peroxide Oxidation 9.79 9.00 300 13.4 30 Orange Few bubbles, no solids
7 Peroxide Oxidation 9.79 9.00 100 8 30 Yellow Lots of bubbles, no solids formed
8 | Peroxide Oxidation 9.79 9.00 100 8 30 Orange Few bubbles, no solids
g | Ferous/Ferric 9.79 | 9.00 8.90 2 80 8.5 45 1 Yellow | Medium floc, slow to settle
Precipitation
10 | Ferrous/Ferric 9.79 | 9.00 8.94 2 80 200 8.0 45 1 Dark Brown | Good floc and settling
Precipitation
11 | Ferric Precipitation 9.79 9.00 8.92 80 8.6 45 1 Yellow Fine floc, poor settling
12 Ferric Precipitation 9.79 9.00 8.88 80 200 8.0 45 1 Dark Brown | Good floc and settling
13 | Ferrous Precipitation | 9.79 6.50 6.77 670 ?? 2 Green/Brown | Good floc and settling
14 | Ferrous Precipitation | 9.79 6.50 6.62 2010 7? 2 Brown Good floc and settling
15 | Peroxide Oxidation 9.79 9.00 ?? 300 13.4 30
18 Test 13(repeat)+ Test See results from Test 13 above, and Test K in Table 2-5
K (repeat)
I Actlvate_d Alumina 9.79
Adsorption
I Activated Alumina g
Adsorption
i Sorpster F 5
Adsorption
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TABLE 2-5.

FLUORIDE TREATABILITY TEST DETAILS

Calcium
. . ! 10N 10% 50% 50% 2% - H-6161 | H-6131
Tlest Process Summary S;ﬁt Adjpul_s|ted F{')T_?' C(r;)lgrrT:;je NaOH | H2SO4 | Alum | ACH XSO(I;I?;)( 1001 | ime Ml()r(n-lrr:;n ¢ Floc Floc | Color Remarks

Ca Added (mls) (mls) | (ppm) | (ppm) (mls) (ppm) | (ppm)

A Calcium Chloride Precipitation | 9.79 9.67 170 45 2 White | Small particles and small amount of floc.
Frosted sides of jar

B Calcium Chloride Precipitation 9.79 12.50 12.4 34 5 45 2 White | Small floc and small volume
C Alum Precipitation 9.79 6.5 6.58 15.0 2240 45 1 Gray Large and good settling floc, 50 - 100 mls
D ACH Precipitation 9.79 2240 45 1 White | Very fluffy and voluminous floc, 400 mls
E XSORBX 100 Precipitation 9.79 9.27 2.5 45 1 2 Poor, slow settling floc, 300 mls
F XSORBX 100 Precipitation 9.79 7.00 7.34 10.0 25 45 1 Good floc and clarity, 100 mls
G XSORBX 100 Precipitation 9.79 8.50 9.50 8.0 25 45 1 Good floc and clarity, 150 mls
H Lime Precipitation 9.79 12.2 12.19 120.0 45 1 2 Very fine, poor settling, 25 mls
[ Calcium Chloride Precipitation 9.79 8.00 1000 9.0 No Floc. Did not sample
J Alum Precipitation 9.79 6.50 6.89 2.5 5600 90 2 Good floc and clarity
K ';‘::g?él)t(;gsBx 100 9.79 6.50 6.92 4.0 3360 25 45 2 Good floc and clarity
I Activated Alumina Adsorption 9.79
1 Activated Alumina Adsorption 8
1] Sorpster F Adsorption 6
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2.2 SLUDGE
Sludge from the cyanide (Test 13) and fluoride (Test K) precipitation testing was de-watered
and the volume measured for sludge management and disposal calculations. A sample of the

sludge was analyzed for the parameters in Table 2-6.

TABLE 2-6. ANALYTICAL LIST FOR SLUDGE

Test or Parameter Test Method

TCLP metals (arsenic, barium, cadmium,

: . . EPA Method 1311 (SW846)
chromium, lead, mercury, selenium, silver)

Corrosivity — pH EPA Method 9045D (SW846)
Total cyanide EPA Method 9012 (SW846)
Total fluoride EPA Method 300.0 (SW846)

2.3 SIMULATION OF INJECTION OF TREATED WATER TO GROUNDWATER

Simulation of the injection of treated water into Site groundwater was evaluated through:

e Mixing treated water from the treatability tests with impacted groundwater (formation
water collected from monitoring well KM-2) to simulate re-introduction of treated
water to groundwater; and

e Leaching of aquifer sediments (collected during the installation of test well TW-1A as
described in the SFS Work Plan) with mixtures of treated water (from treatability

testing) and groundwater from well KM-2.

A summary of the tests conducted is provided in Table 2-7.

H:\Files\MEADC\9088\SFS Report\Draft\Appendices\Appendix B Exsitu\R13 Ex Situ Treatability Report -Draft 12-2013.Docx\HLN\11/16/17\065
2-11 11/16/2017 2:19 PM



TABLE 2-7. SUMMARY OF TREATED

WATER INJECTION SIMULATION TESTS

Test Treated Water to Sediment

D Treated Water Process Ground_vvater Present
Ratio
1 Test 18 Iron-Alum-1X (treated \%v.gter only) 2509/1.5L
2 Test 18 Iron-Alum-1X 1:1 2509/1.5L
3 Test 15 Peroxide (treated \%Qgter only) 2509/1.5L
4 Test 15 Peroxide 1:1 2509/1.5L
5 Test 18 Iron-Alum-1X None None
6 Test 15 Peroxide None None
7 Test 18 Iron-Alum-1X 1:1 None
8 Test 15 Peroxide 1:1 None
0:1

; None (groundwater only) None
10 Test 18 Iron-Alum-1X 1:4.63 None
11 Test 15 Peroxide 4711 None

2.3.1 Materials Tested

Groundwater used in the tests was collected from well KM-2 on May 17, 2013 as described
in Section 1.2. Treated water for testing was collected from treatability tests 15 (peroxide
oxidation/precipitation) and 18 (ferrous iron/alum/XSORBX 100 precipitation; see Tables
2-3 through 2-4, above) conducted on May 22, 2013. Water from these treatment processes

was selected because both processes provided good WAD cyanide and fluoride removal.

Sediment sample was collected during installation of Test Well 1A on January 16, 2013.

2.3.2 Test Procedures
Mixing tests with treated water and groundwater were conducted as follows:

1. Samples of treated water and groundwater were submitted to SVL Analytical for

analysis of initial water quality prior to mixing of waters.
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2. Samples were mixed at the ratios described in Table 2-6 and samples were placed in 1
liter polyethylene bottles. Bottles were filled as full as possible to minimize air in the
headspace (estimated air volumes were 1 to 5 mL).

3. Bottles were agitated by shaking and inverting and placed in the dark at room
temperature (approximately 23° C).

4. At selected intervals (15, 45 and 90 days), solution pH and ORP/Eh is measured and
sample aliquots are removed and analyzed for total cyanide, WAD cyanide, and
fluoride. Headspace is re-filled with nitrogen gas and bottle is returned to dark

storage.

Sediment leach testing with treated water and groundwater were conducted as follows:

1. Samples of treated water and groundwater were submitted to SVL Analytical for
analysis of initial water quality prior to mixing of waters as described above.

2. 1.5 liters of water (either treated water or a combination of treated water and
groundwater as described in Table 2-6) and 250 grams of sediment were placed in
opaque 2 liter plastic (HDPE or polyethylene) extraction bottles.

3. Air space in the extraction bottles was displaced with nitrogen gas (10 liters/minute
for 2 minutes).

4. Sample bottles were placed on a rotary extractor (see Figure 2-4) and rotated at 30
rpm in a temperature-controlled room (23° C).

5. At selected intervals (15, 45 and 90 days), solution pH and ORP/Eh was measured
and sample aliquots were removed and analyzed for total cyanide, WAD cyanide, and
fluoride. Headspace was re-filled with nitrogen gas and bottle was replaced on the

rotary extractor.

H:\Files\MEADC\9088\SFS Report\Draft\Appendices\Appendix B Exsitu\R13 Ex Situ Treatability Report -Draft 12-2013.Docx\HLN\11/16/17\065
2-13 11/16/2017 2:19 PM



FIGURE 2-4. ROTARY EXTRACTOR APPARATUS

2.4 DEVIATIONS FROM THE APPROVED WORK PLAN
Treatability testing is experimental and somewhat exploratory in nature. During the testing,
factors and conditions were encountered that required minor modifications and

improvements of procedures in the approved Work Plan. These changes were as follows:

1. Groundwater from well KM-2 rather than KM-6 was used for testing as described
above.

2. Ferrous iron was not analyzed in water samples. Based on discussion with SVL labs,
the ferrous iron method was deemed to be inappropriate for site waters due to the
high cyanide concentrations and presence of iron cyanide complexes that would

interfere with the colorimetric analytical technique.
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3. Dissolved oxygen was not measured during testing as it was felt that Eh
characterization was sufficient.

4. Mixing tests to evaluate injection of treated water were conducted on two potential
water treatment process trains (Test 18 Iron-Alum-IX and Test 15 Peroxide) rather
than one process train as proposed in the Work Plan.

5. The ratios of treated water to groundwater in the injection simulation tests were
modified. This was done primarily to allow testing of the additional treatment
process water with the limited amount of treated water that was generated.

6. The ratios of treated water and groundwater to sediment were modified to use only 1
water:sediment ratio (5:1). This was also done to allow testing of the additional
treatment process water with the limited amount of treated water that was generated.

7. The reaction time for the re-injection tests (i.e., time between mixing of the samples
and sampling and analysis) was increased to allow more time for chemical reactions
to proceed. Longer times are believed to be more representative of potential reaction

times during groundwater transport.
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3.0 WATER TREATMENT RESULTS

3.1 RAW (UNTREATED) INFLUENT GROUNDWATER

Raw groundwater chemistry, prior to treatment testing, is shown in Table 3-1.

TABLE 3-1. RAW WATER ANALYSIS

Analyte Result (mg/L)
Bench Parameters
Eh 202 mV
Dissolved Oxygen Not Analyzed
Major Minerals
Calcium 0.529
Magnesium 1.75
Sodium 1440
Hardness as CaCO3 8.55
Total Alkalinity as CaCO3 2470
Carbonate 1510
Bicarbonate 964
Hydroxide <1.0
Chloride 34.3
Fluoride 56.1
Sulfate 323
pH 9.96
Total Dissolved Solids 3650
Silica (dissolved) 11.9
Total Organic Carbon 36.7
Chemical Oxygen Demand 63.4
Nitrogen Compounds
Nitrate plus Nitrite as “N” 74.7
Total Kjeldahl Nitrogen 47.7
Cyanide Forms
Total Cyanide (manual
distillation) 66.9
WAD Cyanide 0.532
Dissolved Metals
Iron 24.8
Ferrous Iron Not Analyzed
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3.2 CYANIDE REMOVAL
Analytical results and removal efficiencies for the cyanide treatability tests are listed in Table
3-2. WAD cyanide data listed in red exceeds the cleanup level of 0.2 mg/l established for

groundwater at the point of compliance (POC).

TABLE 3-2. CYANIDE TREATABILITY TEST RESULTS

Initial Einal Total Initial | Final WAD
Test Process Summar Total CN CN WAD WAD CN
ID y CN (mg/l) Removal CN CN Removal
(mg/l) g (%) (mg/l) | (mg/l) (%)
q | Ferrous 669 | 712 | -6.4% 0532 | 0.119 | 77.6%
Precipitation
2 Ee”c.’“.s . 66.9 | 445 | 335% 0532 | 0.188 | 64.7%
recipitation
3 | Ferric Precipitation 66.9 59.8 10.6% 0.532 | 0.209 60.7%
4 Ferric Precipitation 66.9 53.4 20.2% 0.532 | 0.231 56.6%
5 Peroxide Oxidation 66.9 64.8 3.1% 0.532 0.142 73.3%
6 Peroxide Oxidation 66.9 63.7 4.8% 0.532 0.289 45.7%
7 Peroxide Oxidation 66.9 66.4 0.7% 0.532 0.190 64.3%
8 Peroxide Oxidation 66.9 66.3 0.9% 0.532 0.303 43.0%
g | Ferrous/Ferric 669 | 682 | -1.9% 0532 | 0132 | 75.2%
Precipitation
10 | Ferrous/Ferric 669 | 639 | 45% 0532 | 0122 | 77.1%
Precipitation
11 | Ferric Precipitation 66.9 67 -0.1% 0.532 | 0.129 75.8%
12 | Ferric Precipitation 66.9 83 -24.1% 0.532 | 0.119 77.6%
13 | Ferrous 669 | 0.956 | 98.6% 0532 | 0.163 | 69.4%
Precipitation
14 | Ferrous 66.9 | 0573 | 99.1% 0.532 | 0.338 | 36.5%
Precipitation
15 | Peroxide Oxidation 66.9 58.1 13.2% 0.532 0.966 -81.6%
Ferrous
18 | Precipitation 66.9 0.474 99.3% 0.532 0.369 30.6%
(Repeat Test 13)
Activated Alumina
I Adsorption Not Analyzed
) | Activated Alumina | oo 6r 4 | 6704 0532 | 0287 | 46.1%
Adsorption
| Sorbster F 66.9 | 586 | 12.4% 0532 | 0.340 | 36.1%
Adsorption
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3.3 FLUORIDE REMOVAL
Analytical results and removal efficiencies for the fluoride treatability results are listed in
Table 3-3. Fluoride data listed in red exceeds the cleanup level of 4 mg/l established for

groundwater at the POC.

TABLE 3-3. FLUORIDE TREATABILITY TEST RESULTS

Initial . F
Tlest Process Summary F F(:;S}I;: Removal
(mg/l) (%)
A Calcium Chloride Precipitation 56.1 44.3 21.0%
B Calcium Chloride Precipitation 56.1 57.6 -2.7%
C Alum Precipitation 56.1 20.1 64.2%
D ACH Precipitation 56.1 36.7 34.6%
E XSORBX 100 Precipitation 56.1 39.6 29.4%
F XSORBX 100 Precipitation 56.1 20.2 64.0%
G XSORBX 100 Precipitation 56.1 30.2 46.2%
H Lime Precipitation 56.1 41.2 26.6%
I Calcium Chloride Precipitation Not Analyzed
J Alum Precipitation 56.1 9.01 83.9%
AlUm/XSORBX 100 561 | 833 | 85.2%
K Precipitation
| Activated Alumina Adsorption 56.1 15.8 71.8%
I Activated Alumina Adsorption 56.1 16.8 70.1%
Il Sorbster F Adsorption 56.1 16.8 70.1%
Alum/XSORBX 100 561 | 5 | 911%
18 Precipitation (Repeat of Test K)

3.4 COMBINED PROCESSES AND POLISHING

Polishing treatment using 1X and RO were tested on pre-treated water. Water treated for
cyanide using Test 13 (ferrous precipitation) was then treated for fluoride using Test K
(Alum/XSORBX 100 precipitation) and finally was then polished using IX. A repeat sample
of water treated using Test 13 and Test K methods (labeled Test 18) was polished using RO.
Analytical results and removal efficiencies of the RO treatment are shown in Table 3-4. The
results for WAD cyanide and fluoride meet the cleanup levels established for groundwater at
the POC.

H:\Files\MEADC\9088\SFS Report\Draft\Appendices\Appendix B Exsitu\R13 Ex Situ Treatability Report -Draft 12-2013.Docx\HLN\11/16/17\065
3-3 11/16/2017 2:19 PM



TABLE 3-4. COMBINED PROCESSES AND POLISHING RESULTS

Initial : Final Final . . ; Final . . . .
Intermediate® 0 Initial | Intermediate” | Final | , Initial | Intermediate” | Final Final
Test | Process | Total Total CN Total | % Total WAD WAD CN wap | Yo WAD = = = % F
ID | Summary | CN (mg/l) CN | _CN | en (mg/l) cN | o CN L (man) (mg/) (mg/l) | Removal
(mg/l) (mg/l) | Removal Removal
Test 13 +
IX | TestK+ 66.9 0.956 0.083 99.9% 0.532 0.163 0.014 | 97.4% 56.1 8.33 0.43 99.2%
IX
Test 18 +
RO RO 66.9 0.474 0.01 99.99% 0.532 0.369 0.010 98.1% 56.1 5.0 0.15 99.7%

(1) Sample taken upstream of polishing process.
(2) Test 13 = ferrous sulfate precipitation; Test K = Alum/XSORBX 100 precipitation; Test 18 = repeat of Test 13 +Test K.
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Water treated using the protocol for Test 18 (ferrous sulfate+Alum/XSORBX100
precipitation) polished by IX was utilized for the groundwater and sediment mixing tests
(Section 3.3 below). A complete water chemistry analysis of the 1X polish testing (Test 18 +
IX) is shown in Table 3-5.

TABLE 3-5. IXPOLISHING WATER CHEMISTRY

Analyte Result (mg/L)
Bench Parameters
Eh 2.5mV
Dissolved Oxygen Not Analyzed
Major Minerals
Calcium 3.12
Magnesium 1.97
Sodium 1700
Hardness as CaCO3 15.9
Total Alkalinity as CaCO3 <1.0
Carbonate <1.0
Bicarbonate <1.0
Hydroxide <1.0
Chloride 579
Fluoride <1.0
Sulfate 3180
pH (1) 3.28
Total Dissolved Solids 5380
Silica (dissolved) 2.29
Total Organic Carbon 7.54
Chemical Oxygen Demand 24.8
Nitrogen Compounds
Nitrate plus Nitrite as “N” 57.9
Total Kjeldahl Nitrogen 16.1
Cyanide Forms
Total Cyanide (manual
distillation) 0.339
WAD Cyanide 0.235
Dissolved Metals
Iron 0.782
Ferrous lron Not Analyzed

(1) The resin used for testing contained H* ions and was not fully regenerated,
hence the low pH. When sequenced in an operational setting, the pH would
be buffered to near neutral following IX.
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3.5 SLUDGE
Analytical data for the cyanide and fluoride sludge are listed in Table 3-6. All constituents
analyzed had values better than the Toxicity Characteristic Leaching Procedure (TCLP)

regulatory limits.

TABLE 3-6. SLUDGE TEST RESULTS

Cyanide Fluoride -
Analyte Sludge from Sludge from TCLI(Dl;"m't

Test 13 Test K
pH (S.U.) 6.38 6.25 No limit
Cyanide (total) (mg/kg) 210 7.9 No limit
Fluoride (mg/kg) 35.2 13.9 No limit
Dry Solids (%) 13.4 14.6 No limit
Final pH
(S.U. after TCLP extraction) 518 5.60 >2
Arsenic (mg/l extract) <0.50 <0.250 5
Barium (mg/I extract) <1.0 <2.00 100
Cadmium (mg/l extract) <0.0100 <0.0200 1.0
Chromium (mg/I extract) <0.0500 <0.0600 5.0
Lead (mg/l extract) <0.0500 0.239 5.0
Selenium (mg/l extract) <0.050 <0.400 1.0
Silver (mg/l extract) <0.0500 0.15 5.0
Mercury (mg/l extract) <0.00020 <0.00020 0.2

(1) 40 CFR 261.22 and 261.24.
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3.6 GROUNDWATER AND SEDIMENT MIXING AND LEACHING

Groundwater and sediment mixing tests were conducted as described in Section 2.3 and
summarized in Table 2-7. Tests consisted of mixing two types of treated water (Test 18
representing Iron-Alum-1X treatment process and Test 15 representing Peroxide treatment
process) with untreated groundwater and/or sediment. Initial composition of the waters used
in this testing has been previously described in this report as follows:

e Raw groundwater is described in Table 3-1;
e Test 18 treated water is described in Table 3-5; and

e Test 15 total and WAD cyanide content is in Table 3-2.

Cyanide and fluoride content of the sediment sample used in the tests is provided in Table
3-7. Laboratory analytical reports and a tabulation of data for this phase of the testing are in
Appendix B.

TABLE 3-7. CYANIDE AND FLUORIDE
CONTENT OF SEDIMENT USED IN TESTING

. . Method 300 Water
Sediment Sample (;Otlil Ci))llram(:s) (erA/\E Cf)¥an|cri$) Soluble Fluoride
g/kg or pp g/kg or pp (mg/kg or ppm)
TW-1A @ 145’ 30.7 <0.5 16.3

3.6.1 Test 18 (Iron-Alum-1X) Results

Test 18 water was analyzed for a full constituent list prior to the test and at the end of the 68
day test period. On days 15 and 47 of the test period, water sample aliquots were tested for
Eh, pH, fluoride, total cyanide and WAD cyanide. Full constituent results (days 0 and 68)

are summarized in Table 3-8.

During the test with only treated water, little change in major ion composition was observed
during the course of the 68 day test period (Table 3-8). At the beginning of the test, the

treated water was acidic (pH 3.12), had very low alkalinity, and sodium and sulfate were the
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TABLE 3-8. TEST 18 TREATED WATER COMPOSITION AFTER 68 DAYS OF AGING

Relative Percent Relative Percent
Initial (Day 0) Treated Water after Difference between 'I_'reated Water + Difference between
Analyte Treated Water Result 68 days of aging Treated Water and Sed|men]E aft_er 68 days Treated Water and
(mg/L) (mg/L) Treated Water after oraging 'I_'reated \Water +
68 days of aging (mg/L) Sediment aft_er 68 days
of aging
Bench Parameters
Eh (millivolts) 2.5 516 165
Dissolved Oxygen Not Analyzed
Major Minerals
Calcium 3.12 3.21 3% 22.3 151%
Magnesium 1.97 1.91 -3% 9.81 133%
Sodium 1700 1540 -10% 1540 -10%
Hardness as CaCO; 15.9 15.9 0% 96 143%
Total Alkalinity as CaCO3 <1.0 <1.0 0% 222
Carbonate <1.0 <1.0 0% 43.4
Bicarbonate <1.0 <1.0 0% 179
Hydroxide <1.0 <1.0 0% <1
Chloride 579 557 -4% 537 -8%
Fluoride <1.0 <25 0% 6.47 >647%
Sulfate 3180 3100 -3% 3030 -5%
pH (1) 3.28 3.44 5% 8.87 92%
Total Dissolved Solids 5380 5250 -2% 5550 3%
Silica (dissolved) 2.29 2.39 4% 7.76 109%
Total Organic Carbon 7.54 8 6% 7.57 0%
Chemical Oxygen Demand 24.8 22.6 -9% 20.1 -21%
Nitrogen Compounds
Nitrate plus Nitrite as "N" 57.9 64.3 10% 63.7 10%
Total Kjeldahl Nitrogen 16.1 14.9 -8% 21.6 29%
Cyanide Forms
Total Cyanide (manual distillation) 0.339 0.463 31% 5.38 176%
WAD Cyanide 0.235 0.326 32% 0.074 -104%
Dissolved Metals
Iron | 0.782 | 1.26 | 47% | 1.95 | 86%

(1) The IX resin used for testing contained H" ions and was not fully regenerated, hence the low initial pH. When sequenced in an operational setting, the pH would be buffered
to near neutral following IX.
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predominant ions present. As noted above, the low pH of the treated water is a residual
effect of insufficient regeneration of the 1X resins prior to the treatment tests. This low pH
condition is not expected to occur in a fully operational 1X system. At the end of the test, the
water remained acidic (pH 3.21) with low alkalinity and high sodium and sulfate. Under the
conditions of this test, there was no observable significant loss of dissolved ions, indicating
that the treated water is chemically stable and did not precipitate minerals.

During the test with treated water and sediment, changes in major ion composition indicate
that the acidic low pH treated water reacted with the sediment to dissolve minerals from the
sediment. During the 68 day period, pH rose from 3.12 to 8.87 and total alkalinity increased
from <1 to 222 mg/L. Calcium and magnesium also rose, suggesting that the increase in pH
and carbonate alkalinity may have been due to the dissolution of calcium carbonate and
magnesium carbonate from the sediment. Similar to the water only test, there was no
observable significant loss of dissolved ions, indicating that in the presence of aquifer

sediment, the treated water did not precipitate minerals.

Figures 3-1 through 3-3 present results for cyanide and fluoride for days 0, 15, 47, and 68 of
the test. During the test, the raw groundwater sample served as a “control” sample to provide
an indication of the wvariability or uncertainty in replicate laboratory procedures/
measurements and the variation or changes that might occur in natural untreated water over
the course of the test period. A comparison of results for raw groundwater (red line in
figures) with treated water results thus may be used to determine whether changes in other
waters are potentially significant (i.e., significantly greater than raw groundwater variations).

Fluoride concentration variations in raw groundwater were approximately 3 mg/L or 5
percent. Variations in fluoride concentrations in treated water, treated water plus sediment,
treated water mixed with groundwater, and treated water mixed with groundwater plus
sediment were within 3 mg/L of initial concentrations and thus there is no evidence of
significant changes in fluoride concentrations due to mixing with groundwater or

groundwater plus sediment.
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FIGURE 3-1. TEST 18 GROUNDWATER MIXING
AND SEDIMENT LEACHING FLUORIDE RESULTS

Test 18 Ferrous Sulfate - Alum/XSORBX100 - IX
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FIGURE 3-2. TEST 18 GROUNDWATER MIXING
AND SEDIMENT LEACHING TOTAL CYANIDE RESULTS
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FIGURE 3-3. TEST 18 GROUNDWATER MIXING
AND SEDIMENT LEACHING WAD CYANIDE RESULTS

Test 18 Ferrous Sulfate - Alum/XSORBX100 - IX
Groundwater Mixing and Sediment Leaching
WAD Cyanide Results
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Total cyanide concentration in raw groundwater varied approximately 7 mg/L during the test
(Figure 3-2). With one exception (test 18 + groundwater + sediment), variations in total
cyanide concentrations in treated water, treated water plus sediment, treated water mixed
with groundwater, and treated water mixed with groundwater plus sediment were within 7
mg/L of initial concentrations and thus there is no evidence of significant changes in total
cyanide concentrations due to mixing with groundwater or groundwater plus sediment. For
the test mixture that included test 18 treated water plus groundwater and sediment, total
cyanide concentration decreased approximately 17 mg/L, a potentially significant change,
over the course of the test. This test result suggests that treated water may react with
groundwater in the presence of sediment to remove additional total cyanide from
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groundwater. The fate of the total cyanide lost from the treated water/groundwater/sediment
mixture is not known with certainty as there were no significant changes in other chemical
constituents that coincide with the loss of total cyanide, as would be expected if cyanide
mineral precipitates were forming (e.g., pH, Eh, dissolved iron remained nearly stable, or
shifted to conditions (higher pH and Eh) favoring dissolution of iron cyanide minerals).
Based solely on the lack of evidence of cyanide mineral precipitation, it is speculated that

cyanide may have been removed by adsorption to the sediment.

WAD cyanide concentrations in the raw groundwater control sample varied (declined)
greatly (from approximately 0.5 mg/L to 0.1 mg/L) over the course of the test (Figure 3-3).
WAD cyanide concentrations of the treated water/groundwater/sediment mixtures varied
somewhat less than in raw groundwater and generally declined in three mixtures and
increased slightly in two mixtures. Given the high variability in WAD cyanide
concentrations in the raw groundwater control sample, the apparent changes in the treated

water/groundwater/sediment mixtures are not considered to be significant.

3.6.2 Test 15 (Peroxide) Results

Test 15 water was analyzed for Eh, pH, total cyanide and WAD cyanide on days 0, 15, and
47 (end) of the test period. Figures 3-4 and 3-5 present test results for total and WAD
cyanide. As described above for Test 18, the raw groundwater sample served as a “control”
sample during the test and provides an indication of the variability or uncertainty in replicate
laboratory measurements and the variation or changes that might occur in natural untreated
water over the course of the test period. A comparison of results for raw groundwater (red
line in figures) with treated water results thus may be used to determine whether changes in
other waters are potentially significant (significantly greater than raw groundwater

variations).

Total cyanide concentration in raw groundwater varied approximately 7 mg/L during the test
(Figure 3-4). Variations in total cyanide concentrations in test mixtures with only Test 15

treated water or treated water and groundwater were within the variation of the control (raw
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FIGURE 3-4. TEST 15 GROUNDWATER MIXING

AND SEDIMENT LEACHING TOTAL CYANIDE RESULTS
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FIGURE 3-5. TEST 15 GROUNDWATER MIXING
AND SEDIMENT LEACHING WAD CYANIDE RESULTS

Test 15 Peroxide Treatment Groundwater 