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Dear Mr. Skyllingstad:

On behalf of Kaiser Aluminum & Chemical Corporation (Kaiser), MFG, Inc. is pleased to submit
three (3) copies of the enclosed Technical Memorandum on the evaluation of groundwater
extraction and reinjection alternatives. This submittal is in compliance with Agreed Order Number
DE 99TCPIS-95. The primary objective of the study was to select the design parameters for a
groundwater pump and treat system that would be one component of the remedy to address
groundwater contamination from spent potliner. The other components, addressed in the
Engineering Design Report (MFG, Inc., November 2000), are characterized as source control
measures and include consolidation/capping of waste piles and various measures to eliminate water
and sewer line leaks. The major effect of these source control measures will be to substantially
reduce or eliminate infiltration of water that could mobilize residual SPL constituents in the soil
beneath the piles and some adjacent areas.

A calibrated, numerical groundwater flow and transport model was developed and used to simulate
the effects of alternative pump and treat remedies, which included simulations of the effects of
other components of the remedy. Additional data were collected and hydrogeologic conditions
were re-evaluated in support of the modeling effort. Based on the results of the modeling, we are
recommending that the remedial measures be implemented in a phased manner over a two-year
period. The implementation of the consolidation/capping and water/sewer line leak repairs,
combined with an intensive groundwater monitoring program, should be done on an accelerated
basis and the effects of these source (infiltration) controls monitored. If specific criteria are not
met within two years of their implementation (50% reduction in contaminant mass transport at the
northern plant boundary) then the groundwater extraction, treatment , and re-injection system
would be implemented. A system that extracts 25 gallons per minute from the basal portion of the
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Zone A sand is the least intrusive (impacts due to re-injection) and most effective (treatment plant
performance) configuration. '

If you should have any questions, please call Deborah Lambert or Doug Frick at (425) 921-4000.
Kaiser and we would be happy to sit down with you and other reviewers and answer any questions
that may arise.

Sincerely,
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1.0 INTRODUCTION

This technical memorandum, prepared by MFG, Inc. on behalf of Kaiser Aluminum & Chemical
Corporation (Kaiser), describes the results of a groundwater modeling project for the Mead Works facility
north of Spokane, Washington and presents recommendations for the design of a groundwater
remediation system. Kaiser operates an aluminum smelting plant at the facility, which was constructed in
1942 and taken over by Kaiser in 1947. Historic handling practices for spent potlining material (SPL)
resulted in contaminant releases to soil and groundwater, The contamination was first discovered in 1978
and attention has been focused on cyanide and fluoride. Since 1978, various remedial actions have been
taken by Kaiser to reduce contaminant releases. In addition, various investigations have been conducted,
including periodic groundwater monitoring, at the facility and in off-site areas. The contaminant plume,
generally defined by the 100 ppb total cyanide level, extends northward 2.5 miles to the Little Spokane
River (Figure 1).

The Feasibility Study (ReTec, 1993) identified remedial actions to address soil and groundwater
contamination associated with releases of SPL constituents from the facility. The selected remedy
included: 1) consolidation/capping of waste piles; 2) repair of plant water lines; and 3) extraction and
treatment of groundwater, with re-injection of treated water. The “pump and treat” aspect of the remedy
was to be implemented after 10 years if monitoring data indicated that the cleanup objectives had not
been achieved. Department of Ecology (Ecology) Agreed Order No. DE 99TCPIS-95, effective January
10, 2000, required Kaiser to prepare and submit an Engineering Design Report (EDR) with construction
plans and specifications for the cleanup project. The EDR for the consolidation and capping of the SPL
Pile, the Rubble Pile, and the Butt Tailings Pile was submitted to Ecology in August 2000. The pump and
treat portion of the remedy will be addressed in a separate EDR.

This report is organized as follows:

Section 1.2 presents a brief discussion of previous investigations. The cleanup objectives for the selected
cleanup action are presented in Section 1.3. Section 1.4 describes the evaluation of disposal options for
treated groundwater. Section 2 includes descriptions of the regional and local hydrogeologic settings,
including the conceptual hydrogeologic model. The construction and calibration of the numerical
groundwater flow model are described in Section 3. The fate and transport modeling of extraction/re-
injection alternatives is presented in Section 4. Section 5 presents the recommended design parameters
for the groundwater remediation system. Recommendations for effectiveness and compliance monitoring
are presented in Section 6.
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1.1 Purpose and Objectives

The necessity for this project arose during the initial design phase for the groundwater treatment system.
Treatability studies confirmed that potential cyanide and fluoride treatment technologies could achieve
significant levels of cyanide and fluoride removal; however, capital and operational costs associated with
the treatment technologies could be extremely large depending on the groundwater extraction rate, the
influent concentrations of cyanide, fluoride and other constituents, and the degree of removal required for
each constituent prior to discharge. In addition, equipment, chemical handling, waste management and
other system requirements for treatment of groundwater impacted by SPL constituents begin to exceed the
limits of engineering feasibility at higher groundwater extraction rates, due to the inherent difficulties
associated with removing these constituents from groundwater. Thus, Kaiser was at the point in the
design process for the groundwater treatment system where it was essential to optimize the extraction
system parameters.

Various extraction rates were estimated during previous feasibility analyses (ReTec, 1993 and 1996),
ranging from 200 to 600 gpm for plume capture based on free cyanide and fluoride cleanup standards,
respectively. Given the high potential costs and feasibility limitations associated with groundwater
treatment at the Site, it was considered essential at this early stage in the treatment design process to
define clear objectives for the extraction system and refine the previous estimates of pumping rates and
treatment requirements. The crucial need was to optimize the extraction system to recover the
contaminant mass consistent with meeting the cleanup objectives. This optimization would consider the
effects on contaminant concentrations of both the source reduction and pump and treat components of the
remedy at the points of compliance (POCs). For clarification, source reduction means remedial measures
that reduce the transport of residual SPL constituents in the subsurface soils beneath portions of the piles
and surrounding areas to the water table. These source reduction measures can be characterized as
infiltration controls.

In order to proceed with the design of the treatment system and complete the extraction system design,
additional data collection and analysis were necessary to define the optimum configuration of the
extraction and re-injection systems, the total extraction rate, and the expected contaminant concentrations
(total cyanide, fluoride and other constituents) in the treatment plant influent. To facilitate the evaluation
of system alternatives for extraction/re-injection and to support the subsequent detailed design of the
extraction/re-injection and treatment systems, the following tasks were recommended:

9] installation of extraction test and observation wells in Zone A;

2) pumping and re-injection tests to provide data for refinement of aquifer hydraulic properties and
estimation of extraction and re-injection well efficiency;

W:\20055\GW Treatment\ModelingRPT\model_rpt_final.doc 2



3) development of a calibrated, numerical groundwater flow model for simulation of various
extraction and re-injection well arrays and modeling of contaminant transport;

4) fate and transport modeling for prediction of the effects on water quality of selected alternatives;
and
5) submission to Ecology, for review and approval, of a technical memorandum with supporting

documentation that describes the results of this work and presents recommended design

parameters.

Detailed design of the groundwater remediation system would proceed after Ecology approval of the
system design parameters. The latter include the points of compliance and cleanup objectives, the
contaminant removal efficiency, the location and rates of groundwater extraction, the location and rates of
treated groundwater re-injection, and criteria for terminating system operation.

1.2 Previous Investigations

Following the 1978 discovery of groundwater contamination at the Mead Works, Kaiser conducted a
number of investigations to evaluate the nature and extent of contamination, the source of contaminants at
the plant and the transport mechanisms to and within the groundwater system. In addition, a series of
independent remedial actions were taken to reduce the release of contaminants to soil and groundwater.
The results of these studies and the effects of the remedial actions were reported and analyzed in the
Remedial Investigation report prepared in 1988 (Site Characterization Analysis, Hart Crowser, Inc.,
December 1988), and in periodic monitoring reports over the period of 1981 to the present.

The general transport mechanisms of cyanide and fluoride to groundwater were described in the RI (Hart
Crowser, 1988) and subsequent monitoring reports (Hart Crowser, 1982 to 1997). The primary
assumptions for this transport theory were as follows:

° Historic SPL handling practices (prior to 1980) resulted in the transport of cyanide and fluoride
into soils around and beneath the waste piles, temporary storage areas and other areas.

° Infiltration of natural precipitation was not believed to have mobilized cyanide and fluoride in the
soils or waste piles in sufficient quantities to have resulted in the observed concentrations in the
Zone A sands.

o Up until its closure in 1981, leakage of an estimated 60 gpm from the unlined settling basin,
referred to as Tharp Lake, was believed to move laterally along the shallow aquitard surface and
remobilize cyanide in the soil beneath the potlining handling area.
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o Infiltration of ponded water and leakage from water and sewer lines are believed to have
contributed, and continue to contribute, to downward migration of SPL constituents in soils to
groundwater in a similar manner to the Tharp Lake seepage.

13 Cleanup Objectives

The Feasibility Study (ReTec, 1993) identified proposed cleanup standards for soil and groundwater. The
proposed cleanup levels for groundwater were 0.32 mg/L free cyanide and 4 mg/L fluoride. A
conditional point of compliance (POC) for groundwater was identified as the plant property boundary.

The Department of Ecology clarified its position on groundwater cleanup levels and points of compliance
in a letter to Mr. Mike Sawatzky (Paul Skyllingstad, December 8, 1999). Two points of compliance were
identified: one conditional POC at the plant’s northern property boundary; and a second conditional
POC at a series of springs, which are located at and around 13607 North Minihdoka Trail. The latter
POC was characterized as the point where groundwater becomes surface water. The cleanup standards
proposed for these two conditional POCs are as follows:

Northern Plant Property Boundary
200 pg/L free cyanide (drinking water MCL)
4 mg/L fluoride (drinking water MCL)

Downgradient POC at Springs

5.2 pg/L free (WAD) cyanide (chronic fresh water criteria)
0.96 mg/L fluoride (MTCA Method B)

1.4 Evaluation of Disposal Options for Treated Groundwater

Kaiser has evaluated four options for disposal of treated groundwater: direct discharge to the Little
Spokane River; discharge to the Spokane wastewater treatment facility; discharge to Kaiser’s wastewater
system under the existing National Pollutant Discharge Elimination System (NPDES) permit, and re-
circulation/re-injection to groundwater.

Direct discharge to the Little Spokane River would involve constructing a pipeline from the plant to the
river and would require that the treated water meet fresh water aquatic standards. Treatment technologies
that have been evaluated during this investigation will not produce treated groundwater that meets those
standards. Direct discharge to the-Little Spokane River is likely not feasible.
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The Mead plant is located outside the Spokane city limits and outside the sewer service boundaries.
Discharge to the City of Spokane’s wastewater treatment facility would involve construction of a pipeline
from the plant to a sewer line with adequate capacity, obtaining an agreement between the City and the
County to reserve future treatment facility capacity, and possible annexation of Kaiser’s property to the
City. Concerns regarding current treatment facility capacity and biosolids quality would likely preclude
discharge of treated groundwater until the next phase of treatment facility capacity is constructed in
approximately five years. Discharge to the City of Spokane’s wastewater treatment facility, therefore, is
likely not feasible.

Kaiser holds an NPDES permit that allows treated wastewater discharge to Deadman Creek. Review of
historic water quality and flow data indicates that there is capacity within the current NPDES permit to
discharge limited quantities (10 to 25 gpm) of treated groundwater to Kaiser’s wastewater system.
During storm events discharge of treated groundwater may be further limited. Additional evaluation of
wastewater and groundwater quality, such as whole effluent toxicity, is required to confirm the feasibility
of this discharge option.

On-site re-circulation/re-injection of treated groundwater would require installation of injection wells and

approval of Ecology. Concerns regarding potential bio-fouling would also need to be addressed. Re-
circulation/re-injection of treated groundwater appears to be technically feasible.
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2.0 HYDROGEOLOGIC SETTING

The Remedial Investigation for the Site presented the characterization of the site hydrogeology,
contaminant sources and contaminant migration (Site Characterization Analysis, 1988, Hart Crowser).
Subsequent to the RI, additional studies were conducted in 1989-90 to further characterize the distribution
of a shallow aquitard believed to create perched water conditions and to have a significant effect on
contaminant transport to the water table (Hart Crowser, 1989 and 1990). Other sources of information
included published reports, logs for area water wells, and periodic groundwater monitoring reports for the
Site. The above sources were used in conjunction with field data collected during the current study to
update and revise the site characterization.

2.1 ' Regional Hydrogeology

The Spokane Aquifer extends from the Idaho border, where it is contiguous with the Rathdrum Prairie
Aquifer, westward to along the Spokané River to Nine Mile Falls, northwest of Spokane. North of
Spokane, a mesa composed of consolidated rocks separates the aquifer into the Hillyard Trough to the
east and the Lower Spokane River Valley to the west. The unconsolidated sediments that comprise the
Spokane Aquifer are bounded laterally and below by consolidated rocks, except in the Hillyard Trough,
where low permeability fluviolacustrine deposits underlie the aquifer. The Mead Works lies over the
Hillyard Trough segment of the Spokane Aquifer. The general hydrogeologic conditions are illustrated in
a regional cross section extending from the Mead Works to the Little Spokane River (Figure 2).

The aquifer is composed primarily of poorly sorted, reworked sands and gravels of glaciofluvial origin
deposited in a bedrock valley. Cobbles and boulders occur frequently in the lower portion of the aquifer.
Lenses and beds of finer-grained sediments (silty clay, sandy silt, clay) are also present. The aquifer in
the area of the Hillyard Trough is generally finer and more stratified than the eastern part of the aquifer.
The aquifer is bounded below by the regional aquitard, also of glaciofluvial origin but composed
predominantly of clays and silts with occasional sand and gravel zones.

The depth below ground to the base of the aquifer ranges from about 285 feet at the plant to less than 50
feet near the Little Spokane River. The change in depth is primarily a function of lowering topography
northward toward the river rather than change in bottom elevation. The regional water table is
encountered at a depth of about 150 feet at the plant, decreasing northward to the surface where
groundwater discharges from springs above the Little Spokane River. The water table elevation decreases
from about 1,780 feet MSL at the plant to less than 1,700 feet MSL near the Little Spokane River.
Groundwater flow is unconfined, although semi-unconfined conditions may exist locally where silt and
clay lenses are extensive. Flow from the plant area is strongly toward the northwest to the discharge areas
associated with the springs and the river (Figure 1). The approximate average gradient is 0.007 ft/ft (35
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feet per mile). The aquifer water budget for the regional groundwater flow model, prepared by
CH2MHILL for the Spokane Aquifer Joint Board (CH, 1997) to support the wellhead protection program,
predicted a discharge rate from the Spokane Aquifer of 182 cfs to the Little Spokane River Valley at the
north end of the Halyard Trough.

Recently, studies by several water districts have identified the presence of a deeper confined aquifer
below the regional aquitard in the northern portion of the Hillyard Trough and the Little Spokane River
Valley. Available data on the thickness and continuity of aquitard and differences in water levels suggest
minimal hydrologic connection between the Spokane Aquifer and this deeper confined zone.

2.2 Plant Area Hydrogeologic Units

Approximately 285 feet of sands and gravels with some silts, clays and cobbles underlie the Site and are
bounded below by the regional aquitard. The lower 140 to 150 feet of these unconsolidated sediments are
saturated and comprise the Spokane Aquifer. Beneath the Site, the stratigraphy of the saturated zone
consists of alternating beds of permeable sand and gravel and less permeable silt and clay that separate
the three identified water-bearing zones (Zones A, B, and C from top to bottom) observed in monitor well
borings and some plant production well borings on site. The site stratigraphy and hydrogeologic
characteristics are illustrated in cross sections A-A’ and B-B’ (Figures 4 and 5, respectively). The cross
section locations are shown on Figure 3. Zone C is generally much thicker and coarser-grained than the
upper zones. The plant production wells are completed in Zone C, which is approximately 90 to 100 feet
thick. The Zone A and B sands occur in the upper part of the Spokane Aquifer. A silty clay unit
separates the Zone A sand from the Zone B sand. The confining bed between the Zone B sand and the
underlying Zone C sand was characterized generally as silty clay.

Monitoring well construction data and recent water level measurements are summarized in Table 1.

22,1 Field Investigation

Aquifer testing was conducted at the facility to obtain hydraulic property data for the Zone A sand. This
data was necessary to allow estimation of the hydraulic properties of the Zone A sand in the area of the
planned groundwater extraction system. Previous aquifer tests of Zone A were of short duration (3 hours
or less) and not optimally located for this purpose. The selected aquifer test site was at the location of
monitoring wells TH-8 and TH-3A, adjacent to the northern side of the plant boundary near the center of
the contaminant plume. One test well (KM-1) was installed in the Zone A sand and one observation well
was completed in the Zone B sand. Existing Zone A monitoring wells TH-8 and TH-3A were used as
observation wells. The well completions and aquifer testing were accomplished during the period of
August 14-26, 2000. The testing program included a step-drawdown test, a 24-hour pumping test, a 3-1/2
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hour pumping test, and an injection test. Five water samples were collected from the pumping test
discharge during the course of the 24-hour test and analyzed for total cyanide and fluoride. The testing
program and results are presented in Appendix A. The test results are summarized in Section 2.2.3.1.

MFG and Kaiser personnel completed a field survey of selected area wells and springs on September 7-8,
2000. A GPS unit was used to verify the approximate locations of data locations used in the numerical
flow model. Subsequently in early November, most of the site monitoring wells were surveyed to obtain
horizontal coordinates and elevations for the wells. Water level measurements were taken on November
1* and 2" to facilitate preparation of a current Zone A potentiometric map. At that time, a water sample
was collected from well OB-1, which is screened in the Zone B sand, and analyzed for total cyanide,
fluoride, total dissolved solids, conductivity and pH.

2.2.2 Unsaturated Zone

The unsaturated zone at the Site extends from the surface to a depth of approximately 145 to 155 feet,
where the regional water table is encountered. Fine to coarse sands are dominant, ranging from clean
sands to more poorly sorted deposits containing variable amounts of silt and/or gravel. Occasional lenses
or beds of silty clay, sandy silt or silty fine sand are present within the unsaturated zone. The water
content, as measured in numerous soil samples from borings, of the sandy strata is typically between 2
and 6 percent. Water contents are often much higher (greater than 20 percent) in or above thin zones of
fine-grained strata where the downward unsaturated flow of infiltrating water is restricted. Hart Crowser
(1983) evaluated the unsaturated flow conditions beneath the facility and concluded from the distribution
of water content and the measured unsaturated hydraulic conductivities that groundwater recharge is very
small (less than 0.1 inch per year).

An extensive drilling program was carried out in 1989-90 to map the extent of one particular low
permeability horizon occurring at depths of around 60 feet. This horizon, called the shallow aquitard, was
found to have a perched water zone that was thought to intercept infiltrating water associated with various
water line leaks and channel the water under the central portion of the paved SPL pile. These flow
conditions were believed to be associated with a trough in the shallow aquitard surface.

The degree of saturation above the shallow aquitard was found to be quite variable both areally and
temporally in wells completed in this perched interval. Recent measurements (1997-99) indicate that
most of the accessible wells show dry conditions and those wells that do contain water, only have a few
inches. Shallower and/or deeper thin zones of saturation have been noted in the boring logs for a number
of other wells at the Site.
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2.2.3 Saturated Zone

The subsurface conditions at the site are depicted in two cross sections (Figures 4 and 5). These cross
sections are based on the November 2000 survey of wells by a licensed surveyor and re-interpretation of
stratigraphic correlations.

2.2.3.1 Transmissive Zones
Zone A sand

The Zone A sand is comprised of fine- to coarse-grained sand with some silty sand. The saturated
thickness varies from 10 to 20 feet, and is dependent on the elevation of the underlying clay unit relative
to the water table surface elevation. The saturated thickness of the Zone A sand thins to the northwest,
where it is about five feet at TH-6A. Based on stratigraphic correlation of boring logs for TH-6 and TH-
5, the Zone A sand grades from sand to “sand, silt and clay” at TH-5 (Figure 4). The latter interval is
correlative with both the Zone A sand and the underlying confining bed at TH-6.

Two short-term (2-3 hours) pumping tests were conducted by Hart Crowser in Zone A sand monitoring
wells ES-9 and ES-10 (Hart Crowser, 1988). The estimated hydraulic conductivities from their analysis
of the test results were 240 to 374 ft/day at ES-10 and 548 to 642 ft/day at ES-9. Longer-term tests were
conducted in August 2000 using a newly-constructed Zone A sand test well, KM-1. Water level
measurements were taken throughout the testing program in the test well and in two existing Zone A sand
monitoring wells, TH-3A and TH-8, and a new Zone B sand observation well, OB-1. Analysis of the test
results, which are summarized in Appendix A, yielded hydraulic conductivity values ranging from about
250 to 650 ft/day, with a representative value of 500 ft/day, and a storage coefficient of 0.10.

Zone B sand

The Zone B sand was encountered in seven borings from early environmental investigations at the Site
and in one boring completed for this investigation (OB-1). The Zone B sands are described as fine sand,
fine to medium sand, and/or medium to coarse sand, sometimes silty or with silt layers. The thickness
reported in boring logs ranged from 6 to 20 feet. With the exception of ES-9 in the eastern part of the
plant and ES-10 south of the SPL Pile, the borings that penetrated the Zone B sand are all north of the
plant boundary. The smallest sand thickness was found at ES-9 (7 feet) and ES-10 (6 feet).

Zone C sand

The top of the Zone C sand was encountered in five borings drilled as part of the initial environmental
investigations in 1978. All five of these borings were located north of the SPL Pile and the Rubble Pile.
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The upper Zone C sands were described as fine to medium sands or fine to coarse sands with some gravel.
Zone C wells were completed in two of these borings as the lowermost of three nested wells (TH-6C and
TH-7C).

The descriptions of Zone C in drillers’ logs for four plant water supply wells indicate predominantly
medium to coarse sand and fine to coarse gravel with some boulders. Minor clay streaks or beds are
noted in two logs. These wells are completed in the lower half of Zone C where the sediments are more
productive (cleaner and coarser). Test pumping data for these wells after completion at rates of 1,000 to
5,000 gallons per minute (gpm) indicated specific capacities of 80 to 500 gpm per foot of drawdown.
These specific capacity values generally correspond to a transmissivity range of about 20,000 to 100,000
ft*/day (U.S. Dept. of Interior, 1977), or a hydraulic conductivity range of 250 to 1,250 ft/day.

2.2.3.2 Confining Beds

Zone A clay

The base of the Zone A sand is defined by a fine-grained unit separating the sand from the underlying
Zone B sand. This unit is typically a silty clay to clayey silt, although at some locations it is described as
a clayey, silty sand, sand and clay, or a fat clay. Eight borings penetrated this unit’s full thickness, which
ranged from three to 13 feet. This confining bed is not present in the southwest part of the plant (see
Figure 5) and also appears to grade from predominantly clay to more permeable strata north of the plant
(see Figures 4 and 5).

Zone B clay

The Zone B clay lies between the Zone B sand and the underlying Zone C sands and is described as clay
with sand, clay, sandy clay, clayey silt or silty clay. Based on the seven borings which penetrated the full
thickness of this unit, it ranges in thickness from 1 to 13 feet, but is typically 3 to 5 feet thick. The lateral
extent of this unit is not well defined. It is present in those borings that are deep enough to encounter it,
however, and appears to be present over much of the plant area and to the north of the plant.

2.3 Water Levels and Groundwater Flow Conditions

Two Zone A water level elevation maps were presented in the RI (Hart Crowser, 1988) for the periods
September 1981 and August 1988. The 1988 map, which is reproduced in this report as Figure 6, is
generally consistent with the 1981 map. The 1988 water level elevation contours indicate that the
horizontal component of groundwater flow in the Zone A sand is generally westward in the eastern part of
the Mead Works and northwest to west-northwest in the western part of the facility and north of the plant
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boundary. Apparent horizontal gradients range from about 0.0032 (16 feet per mile) in the eastern part of
the plant to 0.006 (31 feet per mile) in the vicinity of the SPL Pile.

Static water levels were measured in many of the Site monitoring wells on November 1 and 2, 2000. In
addition, the located monitoring wells were surveyed for horizontal coordinates (0.01 accuracy) and
elevation (0.01 foot accuracy). The surveyed well locations are shown on Figure 3. The depth to water
and static water level elevations are listed in Table 1. The water level elevations are plotted on Figure 7,
which also depicts the potentiometric contours for the Zone A sand.

Groundwater flow in the Zone A sand is variable across the Site. In the eastern half of the plant, the
November, 2000 water level data indicate a flow direction slightly to the north of due west at a gradient of
0.0030 (17 feet per mile). Further west in the vicinity of the SPL Pile, flow is to the west-northwest at a
gradient of 0.0032 (16 feet per mile). The flow direction changes to the northwest at a steeper gradient
(0.0072 or 38 feet per mile) to the north of the Rubble Pile. Using these gradients, a hydraulic
conductivity of 500 feet/day and an effective porosity of 10-20%, the average linear groundwater flow
velocity ranges from about 8-16 feet per day in the plant area to 18-36 feet per day north of the Rubble
Pile.

Water level data for the few monitoring wells screened in Zones B and/or C indicate a generally
northwest flow direction at a gradient of about 0.0020 (11 feet per mile).

Downward vertical gradients are evident at three locations where monitoring wells are completed in both
the Zone A sand and the Zone B sand. At the test well location just north of the Rubble Pile, the vertical
gradient between the Zone A sand and the Zone B sand is 2.43 feet/foot. The difference in water level
elevation is over 14 feet, with a confining bed thickness of six feet. Approximately 1,050 feet further
downgradient at the TH-6 and TH-7 well clusters, the vertical gradients are from 2 to 3.4 feet/foot,
respectively. The difference in water level elevation is about 10 feet, with a confining bed thickness of 3
to 5 feet. The confining bed is described in the boring logs as medium-grained silty sand at TH-6 and
clay at TH-7.

The steepening of the Zone A gradient northwest of the Rubble Pile reflects the apparent facies change in
the Zone A sand and underlying confining bed between TH-6 and TH-5, described in Section 2.2.3.1 (see
Figure 4), and increased downward flow from Zone A to Zone B between TH-6 and TH-5. At the latter
well, which is screened across Zones B and C and extends several feet up into the Zone A interval, it is
probable that the Zone A interval is unsaturated.

An upward gradient exists between the Zone C sand and the Zone B sand at the TH-6 location. The Zone

C water level elevation is approximately 1.7 feet higher than in the Zone B, with a gradient of 0.85
feet/foot. Boring logs indicate the two zones are separated by two feet of clay at TH-6.
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24 Groundwater Quality

The specific conductance (SC) of groundwater in the Spokane Aquifer averages about 300
micromhos/cm, which indicates an average total dissolved solids (TDS) of about 150 mg/L, based on a
relationship between SC and TDS for the Spokane Aquifer (Vaccaro & Bolke, 1983). As reported in the
RI, the measured SC in three wells downgradient of the Site was around 240 micromhos/cm, correlating
to a TDS of about 110 mg/L (Hart Crowser, 1988). The chloride concentration in these three wells
ranged from 5 to 10 mg/L, which is consistent with the regional average of 4 mg/L.

Extensive sampling and analysis of groundwater from site monitoring wells and downgradient wells and
springs have been conducted on a periodic basis since the discovery of contamination in 1978. The
primary monitoring constituents have been total cyanide, free cyanide and fluoride. The concentrations of
total cyanide and fluoride with time at selected wells are shown on Figures B-1, B-2 and B-3 in Appendix
B. These graphs are presented in three groups: wells upgradient of the potential source areas; wells
within and immediately downgradient of the source areas; and wells further downgradient. In the RI and
groundwater monitoring reports, fluctuations in the concentrations of total cyanide and fluoride with time
at individual wells have been attributed primarily to the effects of recharge events (from pipe leakage or
pond seepage), remedial actions taken to reduce infiltration, and plume shifting as a result of pond
closure.

The concentrations of total cyanide and fluoride in groundwater samples collected from monitoring wells
at the Site in September 1999, except as noted, are shown on Figure B-4. Most of the wells are completed
in the Zone A sand. The contaminant plume is centered on the waste piles, generally between wells HC-8
on the west and well TH-2 on the east. The highest concentrations of total cyanide (62 to 202 mg/L) and
fluoride (27.6 to 138 mg/L) are downgradient of the SPL Pile and the eastern half of the Rubble Pile
(wells TH-2, HC-9A, HC-12, TH-3A, TH-8 and KM-1).

Total cyanide concentrations are much lower at the western end of the SPL Pile (well ES-10) and east of
the Rubble Pile (HC-7 and HC-8). Fluoride concentrations show a similar pattern, except that the fluoride
concentrations (2.18 to 12.3 mg/L) are considerably higher than total cyanide (0.02 to 4.9 mg/L) in these
three wells. At the Zone A well about 1050 feet downgradient of the piles (TH-6A), the fluoride
concentration (10.6 mg/L) exceeds the total cyanide concentration (3.12 mg/L).

Two Zone B wells are located downgradient of the SPL Pile and the Rubble Pile: OB-1 and TH-6B. The
concentrations of total cyanide and fluoride are similar at OB-1 (6.02 and 7.05 mg/L, respectively) and
somewhat higher downgradient at TH-6B (13.6 and 19.3 mg/L, respectively). Well TH-6C, completed in
the Zone C sands adjacent to TH-6A and TH-6B, has very low total cyanide and fluoride concentrations
(0.006 and 0.17 mg/L, respectively). Well TH-5, which is completed in the B and Zone Cs approximately
1650 feet northwest of well HC-12, exhibits relatively low concentrations of total cyanide and fluoride
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(0.311 and 0.34 mg/L, respectively). The concentrations at TH-5 may not be representative of the
contaminant concentrations in the aquifer at that distance downgradient, primarily due to the long screen
interval within the Zone B and Zone C sands.

In addition to the variations in water quality between the three zones, substantial chemical stratification is
evident within the Zone A sand. A number of Zone A monitoring wells are screened across only part of
the full saturated thickness of the Zone A sand. At the aquifer test site, existing well TH-3A is screened
through nearly all the full thickness of the Zone A saturated sand (approximately 18 feet), while well TH-
8 is screened across a five foot section at the base of the sand. Concentrations of total cyanide and
fluoride are significantly lower in TH-3A than in TH-8. Based on data collected during the period of
1983 to 1999, the average concentrations of total cyanide and fluoride are 81% and 56% higher in TH-8
than in well TH-3A: 137,141 versus 75,657 mg/L total cyanide and 128 mg/L versus 82 mg/L fluoride.
Fluoride and total cyanide concentrations in water samples collected during the aquifer test from well
KM-1, which is screened across the full saturated thickness of the Zone A sand, were consistent with the
lower concentrations found historically at TH-3A. This chemical stratification is likely related to density
effects associated with the higher dissolved solids content of the contaminated groundwater and
stratigraphic conditions that inhibit downgradient flow of the more dense water at the base of the sand.
The latter include an apparent increase in elevation of the Zone A basal clay downgradient from TH-3A
and the finer-grained character of the basal Zone A sands, which would inhibit flushing of the denser,
more contaminated water. Groundwater inflow from upgradient that is relatively low in total dissolved
solids may be confined primarily to the upper part of the Zone A saturated sand.

The conditions described above may also be applicable to the observed concentrations of total cyanide
and fluoride at wells HC-12 and TH-2, both of which have relatively short screen sections at the base of
the Zone A sand and exhibit high concentrations. The actual average concentrations within the Zone A
sand are likely significantly lower than indicated by the analytical data for samples collected from these
two wells.

Downgradient monitoring of groundwater at wells and spring discharge points indicates much lower
concentrations of total cyanide and fluoride. The highest concentrations have historically occurred at
sampling location W-195, a spring at 13607 North Minihdoka Trail south of the Little Spokane River.
Based on data collected from 1983 to 1999, total cyanide, free cyanide and fluoride concentrations at W-
195 have averaged 921 pg/L, 52 pg/L and 0.83 mg/L, respectively. Concentrations at other downgradient
locations have been much lower than measured at W-195. The approximate width of the plume, based on

a total cyanide concentration of 100 pg/L. as measured in 1988, is shown on Figure 1.

The ratio of total cyanide to free cyanide at downgradient locations is generally around 20 to 1. The ratio
of total cyanide to free cyanide concentrations in wells in the source areas and immediately downgradient
generally range from about 90 in the eastern part of the plume where total cyanide concentrations exceed
50 mg/L to 20 to 30 in the western portion where total cyanide concentrations are typically much lower.
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2.5 Conceptual Hydrogeologic Model

The clay intervals that define Zones A, B, and C at the Site are not laterally extensive (i.e., they were not
observed in wells situated downgradient from TH-5 nor were they observed in the two southernmost,
upgradient Kaiser water supply wells).

Of the three water-bearing zones observed beneath the site, Zone C is comprised of relatively coarse
sands and gravels that rest on top of the underlying regional aquitard. These sands and gravels extend as
a single hydraulically connected unit to the Little Spokane River where discharge occurs through springs.
As the regional water table declines northwestward toward the river, the Zone A sands and then the Zone
B sands become unsaturated.

The local groundwater flow system in the Zone A sands beneath the piles is relatively complex. Detailed
evaluation of the stratigraphy, water level data, flow directions and water chemistry suggest the
possibility that more highly contaminated water is present in the basal portion of the Zone A sand and that
this water may be moving downgradient at a slower rate than estimated from the overall flow rate for the
Zone A sand.

Regionally, recharge to the Spokane-Rathdrum Prairie Aquifer is primarily from the upgradient portion of
the aquifer which extends eastward into Idaho. Infiltration of incident precipitation is believed to be quite

small and not significant relative to the upgradient inflow.

The unconfined Spokane Aquifer rests on top of a continuous clay aquitard unit that separates the upper
unconfined Spokane Aquifer from a possible deeper confined unit.
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3.0 GROUNDWATER FLOW MODEL

3.1 Model Construction

The model was conceptualized as an unconfined aquifer with spring discharge maintaining constant heads
adjacent to the Little Spokane River. The model assumes that the Zone A sand is part of a single aquifer
comprised of three hydraulically connected water-bearing zones beneath the site. Precipitation infiltration
and groundwater flow from upgradient portions of the aquifer provide recharge into the aquifer beneath
the site. The underlying regional aquitard is assumed to be a no-flow boundary. Likewise, since
groundwater flow is directed strongly toward the river, the sides of the model are assumed to be no-flow
boundaries. Five layers were used in the model to accommodate simulation of the two discontinuous clay
layers and three water-bearing zones observed beneath the site.

3.1.1 Model Area and Grid

The groundwater flow model area is depicted in Figure 8. Water well driller logs for private and public
water wells in the surrounding area were used to supplement stratigraphic data from Kaiser monitor well
borings to construct a finite difference grid for the flow model (Figure 8). A five layer, 91 x 81 finite
difference grid was designed for the model (Figure 9). The horizontal grid spacing varies from
approximately 75 feet at the Kaiser Facility to 600 feet at the edge of the model grid. The model grid was
aligned with the direction of groundwater flow to facilitate model construction. Average thicknesses of
seven feet and four feet were assigned to the basal Zone A clay and basal Zone B clay, respectively, based
on the clay thicknesses observed in monitor well borings. The base of the model was defined as the top
of the regional aquitard as observed in the Hillyard Trough.

3.1.2 Boundary Conditions

A constant-head boundary value of 1,795 feet was assigned to grid nodes situated at the upgradient (i.e.
southeast) perimeter of the model (Figure 9). Likewise, constant head boundaries were assigned to grid
nodes situated at the northwest perimeter of the model, where spring discharge to the Little Spokane

River occurs.

Constant-head values were assigned to the northwestern perimeter of the model (adjacent to Little
Spokane River) based on topographic elevation of the springs. Thus, the constant-head values for the
springs ranged from 1,700 feet (at Wandermere Spring) to 1,640 feet near Dartford (spring W-195) to
1,660 feet near Waikiki Springs. Groundwater discharge was assumed to occur adjacent to the Little
Spokane River at an elevation of 1,640 feet between Dart Hill (a bedrock feature located adjacent to and
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immediately southwest of Wandermere Lake) and Waikiki Springs. Dart Hill was included as an area of
no-flow. A constant-head value of 1,795 feet was assigned to grid nodes at the southeastern perimeter of
the model based on calibration to water levels observed in Zone A at the Site. Since the direction of
groundwater flow is parallel to the sides of the model, the model sides were assumed to be no-flow
boundaries. Likewise, the base of the model was assumed to be a no-flow boundary to represent the
contact between the base of the Zone C sand and the regional clay aquitard.

3.1.3 Hydraulic Properties

Hydraulic properties used in the model were derived from the results of aquifer testing described in
Section 2.2.1 and Appendix B and information used for the regional groundwater flow model, prepared
by CH2MHill for the Spokane Aquifer Joint Board (CH2MHill, 1997).

The distribution of hydraulic conductivity in the model is depicted in cross sectional view in Figure 10. A
conductivity value of 500 ft/day was selected to represent the Zone A Sand (Layer 1, beneath the site).
Aquifer testing of deeper sands (Zone C equivalent) performed by CH2MHill revealed hydraulic
conductivity ranging from 500 ft/day to 3,500 ft/day at a location situated approximately three miles
southeast (upgradient) from the site (CH2ZMHill, 1997). Consequently, for their regional flow model,
CH2MHill used 2,000 ft/day as hydraulic conductivity for the northern part of the unconfined Spokane
Aquifer (CH2MHill, 1997). Based on the information described above, a value of 1,500 ft/day was
assigned to layer 5 for Zone C in the model. A value of 750 ft/day was assigned to layer 3 grid nodes
beneath the site to represent the Zone B sand. The remaining intermediate hydraulic conductivity values
shown in Figure 10 were derived indirectly through calibration of the flow model with observed water
levels in the simulation area. Storage and effective porosity is 10% for the Zone A sands and 20% for the
other sands.

The hydraulic conductivity of the clays in the model range from 0.01 ft/day to 5 ft/day. A value of 0.1
ft/day was assigned to the basal clay of the Zone B sand. Hydraulic conductivity of the basal Zone A clay
varies from 0.01 ft/day to 1 ft/day to facilitate the simulation of vertical gradients that are observed
between the Zone A and Zone B. Furthermore, the hydraulic conductivity of the Zone A basal clay was
increased to 5 ft/day in the model where the Zone A sand becomes unsaturated between TH-6 and TH-5.
The clays were assigned a value of 5% for effective porosity and storage. In general, a vertical to
horizontal conductivity ratio of 1:10 was used in the model.

3.1.4 Recharge Parameters

A regional recharge value of 1 inch per year was used in the model based on the results of sensitivity
analysis (described in Section 3.2) that showed that the flow model is not sensitive to precipitation
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recharge. However, a value of 0.1 inch per year applied over the Kaiser Facility location based on results
of the unsaturated zone study performed by Hart-Crowser in 1983. Recharge was held constant
throughout the simulation.

3.2 Madel Calibration and Sensitivity Analyses

The flow model was calibrated with five water level data points. Three calibration data points represent
contemporaneous water levels measured in April 1996. These data were obtained from the water level
database that was developed for regional flow model developed by CH2MHill (CH2MHill, 1997). These
data points include one well completed in the Zone C sand (Well No. 17J1) situated approximately 2,000
feet southwest from the site, a second well completed by Kaiser (TH-5) within the Zone B and Zone C
sand and situated approximately 1,000 feet northwest (downgradient) from the site, and a third well (7G2)
completed in the shallow unconfined aquifer approximately 10,000 feet northwest from the site.

An additional downgradient calibration point was included based on a static water level observed during
completion of the Spokane County Water District’s Helena Well #1 (HW#1) during February of 1998
Likewise, an additional on-site calibration point (KM-1) was included to represent water levels in the
Zone A Sand. Data collected during the September 2000 aquifer test at KM-1 were used for model
calibration.

The results of model calibration are summarized in Table 2. Figures 11, 12, and 13 depict the calibrated
potentiometric surfaces for the Zone A, Zone B, and Zone C intervals, respectively. The model was
calibrated by adjusting model inputs for hydraulic conductivity and recharge within a range of reasonable
values and comparing simulated water levels with water levels observed at the calibration points
described above. The MODFLOW calibration package was used to perform linear regression of observed
head vs. simulated heads. A normalized root-mean square (RMS) value of less than 10% was considered
a reasonable calibration target. The final calibrated flow model reflects a mean error of 3.3 feet and an
RMS value of 7.3%. Simulated heads were within four feet of observed values at four of the five
calibrations points. The simulated head at HW#1 was thirteen feet below the observed static water level
at HW#1. However, uncertainty in ground surface elevation and depth to water measurement at HW#1
likely accounts for much of this discrepancy.

The results of sensitivity analysis are summarized in Table 3. Sensitivity analysis was performed by
systematically increasing and decreasing values of hydraulic conductivity, recharge, and storage by 50%
and recording the simulated heads and mass-balance information. The model sensitivity to storage was
evaluated using transient simulations during which 1,450 gallons per minute (gpm) were pumped from
the Kaiser supply well (Kaiser Well No. 2). Analysis of head differences during the sensitivity analysis
reveal that simulated heads are most sensitive to estimates of hydraulic conductivity in Zone C, whereas
the model is least sensitive to hydraulic conductivity of Zone B and estimates of precipitation recharge.
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Overall, downgradient calibration point 7G2 revealed the greatest change in head corresponding to
variability in Zone C hydraulic conductivity.

Model mass-balance was also recorded during sensitivity analysis. The simulated fluxes into and out of
the model varied in a predictable manner such that increases in conductivity and recharge resulted in
corresponding increases in flux out of the model through constant-head nodes. Additionally, the mass-
balance output show that the percent discrepancy tends to increase when transient pumping is simulated.

3.3 Capture Zone Analysis

MODPATH was used to evaluate complete capture of the plume (> 4 mg/L fluoride). The capture zone
analysis was premised on the results of the Substantial and Disproportionate Cost Analysis performed by
MFG in which four “flow-tubes” containing elevated concentrations of fluoride and cyanide in Zone A
were evaluated for capture and treatment. The calibrated MODFLOW groundwater flow model and
MODPATH (particle tracking model) were used to simulate complete capture of flow within all four of
the flow-tubes in Zone A. Additionally, complete capture of flow within two of the flow-tubes shown to
contain most of the estimated contaminant mass in Zone A was simulated. The locations of simulated
cutoff wells and pathlines are shown in Figures 14 and 15. The results indicate that eight cutoff wells
pumping a total of 336 gpm are needed to provide complete capture of the plume within the Zone A sand.
Likewise, five wells pumping a total of 250 gpm are needed to capture the plume within flow-tubes 3 and
4 in Zone A.
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4.0 FATE AND TRANSPORT MODELING

MT3D99 was used to simulate chemical fate and transport for the purpose of evaluating the effects of
source reduction as well as the various components of the pump and treat remedy discussed in Section
1.1. MT3D99 is a fully three-dimensional fate and transport code that simulates the effects of advection,
dispersion, adsorption and chemical reaction on the fate of chemicals transported in groundwater. For
this study, MT3D99 was used to simulate the growth of the plume to its current extent in order to estimate
the current loading of cyanide and fluoride into the aquifer. Following the simulation of current
conditions, the model was used to evaluate a variety of source reduction and groundwater pump and treat
scenarios.

4.1 Input Parameters

MT3D99 requires inputs to describe the source of chemicals in the aquifer (e.g. constant concentration,
infiltration, point sources) as well as chemical sinks (e.g. springs or wells that remove contaminated
groundwater and chemical mass from the system), physical aquifer parameters (e.g. dispersion), and
chemical properties (e.g. partition coefficients, decay constants).

Historical data indicate that concentrations of total cyanide and fluoride have generally fluctuated
between about 40 and 100 mg/L in groundwater samples taken from the one well (TH-3A) screened
across the full thickness of the Zone A sand immediately downgradient of the source areas. The
variations likely reflect both fluctuations in source contributions and some shifting of the plume from
west to east. Since one of the objectives of modeling is to simulate variable source-area contributions to
the aquifer, a group of point sources placed in the area of the waste piles at the site was used to simulate
the source. For the total cyanide current condition simulation, the mass loading of total cyanide into the
Zone A aquifer was simulated with eleven point source wells each contributing 1 gpm of 1,200 mg/L total
cyanide. The location of the source points represents the general area where SPL constituents reach the
water table, and consequently, the area of highest concentrations of SPL constituents in groundwater.

Advection describes the process by which a dissolved chemical will be transported downgradient in
groundwater. Dispersion is the process whereby the dissolved chemical mass is spread within
groundwater beyond the area it would occupy due to advection alone. MT3D99 simulates dispersion in
three dimensions, and thus requires inputs to describe longitudinal, lateral and vertical dispersion. The
inputs for longitudinal and lateral dispersion were derived in part from the results of water quality
modeling and dispersivity calibration performed by Vaccaro & Bolke (1983) in their study of
groundwater quality and two-dimensional solute fate and transport in the Spokane Aquifer. Additional
model calibration described below in Section 4.2 was used to identify a value of 150 ft for longitudinal
dispersivity with 0.1 horizontal and 0.01 vertical dispersivity ratios used in this model.
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Historical dissolved-phase concentration data collected from monitor wells HC-12 and TH-5 reveal that
concentrations of total cyanide and fluoride have fluctuated between low and high concentrations with a
pattern that suggests that downgradient total cyanide peak concentrations occur sooner relative to fluoride
(Hart-Crowser, 1985). This information would indicate that total cyanide and fluoride transport rates are
influenced by sorption to the aquifer matrix, provided that the concentration peaks are related to
contemporaneous changes in total cyanide and fluoride loading at the source area. Sorption to the aquifer
matrix causes an overall reduction in rate of chemical transport relative to the velocity of a non-sorbing
particle within the aquifer. The chemical-specific soil-water partition coefficient (K4) describes the
propensity for a dissolved-phase chemical to adsorb to the aquifer matrix.

Based on an elapsed time of about 1,000 days between peak concentrations of total cyanide observed at
HC-12 and TH-5 between 1984 and 1987, and an estimated groundwater particle velocity of 10 ft/day, a
chemical-specific retardation of 5 was estimated for total cyanide. A chemical-specific Kq value of
3.5x10” L/mg was derived for use in the model using an assumed dry-bulk density of 1.7 kg/L.. A K4
value of 7.0x107 (twice the value for total cyanide) was used for fluoride. The derivation of chemical-
specific K4 values is premised on the assumption that the peak concentrations of total cyanide observed at
HC-12 and TH-5 between 1984 and 1987 are related to a shift in the direction of the total cyanide plume
after closure of Tharp Lake in 1981.

Given the uncertainty in aquifer physical parameters such as dry bulk density and total porosity, and the
uncertainty in observed plume migration rates between HC-12 and TH-5, the estimates of K4 described
above are also uncertain. Consequently, further discussion of the model sensitivity to K, is provided
below.

4.2 Calibration and Sensitivity Analysis

Calibration and sensitivity analysis were performed by varying mass loading rates, dispersivity and Ky
values and observing the corresponding effects on plume growth. As discussed in Section 4.1, for the
total cyanide current condition simulation, the mass loading of total cyanide into the Zone A aquifer was
simulated with eleven point source wells each contributing 1 gpm of simulated leakage. For the
calibration of current conditions, the concentrations of total cyanide and fluoride in the leakage were
varied, through trial and error, until the model provided a good simulation of the observed concentrations
at the source area and at the springs. As discussed in Section 4.3, concentrations of 1,200 mg/L total
cyanide and 800 mg/L fluoride provided good simulations of the current condition plume.

Dispersivity values were varied between 150 and 1,500 feet for longitudinal dispersivity and 0.0001 to
0.1 for lateral and veritical dispersion. The results showed a correlation between increased dispersivity
and increased plume length, width, and downgradient concentrations. The USGS regional water quality
modeling report showed calibration results suggesting use of 300 feet and a ratio of 0.3 for lateral
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dispersivity (Vaccaro & Bolke, 1983). Calibration and sensitivity analysis for dispersivity inputs showed
that the values of 150 feet for longitudinal dispersivity and ratios of 0.1 and 0.01 for lateral and vertical
dispersivity resulted in a simulated plume width of about 2,400 to 2,800 feet for the 0.1 mg/L fluoride
plume, which compares well with the apparent width of the 0.1 mg/L fluoride plume observed in 1992
based on data collected from wells located near Hastings Road (ReTec,1993). However, the simulated
plume appears to overestimate the width of the plume downgradient from Hastings Road.

The method of deriving the K4 values used in the model is described above in Section 4.1. A sensitivity
analysis for the simulation of total cyanide current conditions was performed in which the K4 value used
in the current condition simulation was doubled. The results showed an increase in time for the plume to
achieve steady-state; however, the simulated concentrations were unchanged. Since first order decay or
chemical reaction kinetics are not simulated, the selection of K, values primarily affects contaminant
travel time such that plume migration is slower with larger Kq values.

4.3 Current Condition Simulations

Prior to performing simulations of groundwater remediation, the model was used to simulate the release
of total cyanide and fluoride into Zone A and subsequent downgradient transport in order to provide a
reasonable “initial condition” plume with which alternative treatment systems could be simulated and
compared. As discussed in Section 4.1, the mass loading of total cyanide into the Zone A Sand was
simulated with eleven point sources each contributing 1 gpm of 1,200 mg/L total cyanide. Likewise, the
mass loading of fluoride into the Zone A Sand was simulated with the same eleven point sources each
contributing 1 gpm of 800 mg/L fluoride. The point source locations are shown in Figure 16 and Figure
19. The loading rates reflect a mass loading of 72 kg/day and 48 kg/day for total cyanide and fluoride

respectively.

The results of current condition simulations for the total cyanide and fluoride plumes are shown in
Figures 16 through 21. Three concentration observation points were located at critical points in the model
to record simulated concentrations over time (Figures 17,18,20 and 21). The first observation point (Obs
1) was located in model layer 1 (Zone A) at the Kaiser-Mead Facility northern perimeter, south of HC-12.,
The second observation point (Obs 2) was located in model layer 2 (Zone B) near S.H 2, downgradient
from TH-5 on property owned by Kaiser. The third observation point (Obs 3) was placed in layer 3 in
line with the axis of the simulated plume near spring No. W-195. The observation points were located so
that Obs1 and Obs3 represent the locations of the conditional compliance points described in Section 1.3.
Plots of simulated concentrations over time are included as Figures 22 and 23 for total cyanide and
fluoride, respectively. Simulated dissolved-phase total cyanide and fluoride concentrations at these
observation points were compared with dissolved-phase total cyanide and fluoride data collected between
1996 and 1999 at the Kaiser monitor wells and at the springs.
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The results of the current condition simulation for total cyanide indicates that a mass loading of 72 kg/day
produces a plume that reflects between 40 and 70 mg/L in the source area and about 1.6 mg/L at the
springs. These simulated concentrations compare well with average concentrations observed at TH-3a
(60 mg/L) near the source area and concentrations at Spring W-195 (between 0.9 and 1.3 mg/L) during
1997 and 1998. Steady state concentrations were achieved at Obs 1 after about 1,000 days. Steady state
conditions at the springs were achieved at about 3,000 days. The results of the current condition
simulation for fluoride indicates that a mass loading of 48 kg/day produces a plume that reflects between
30 and 50 mg/L at the source area and about 1.0 mg/L at the springs. Likewise, these simulated fluoride
concentrations compare well with concentrations observed at the source area (45 mg/L, based on an
average of fluoride concentration data from TH-3A, HC-9A, and HC-12, between 1996 and 1999) and
concentrations at Spring W-195 (between 0.7 and 1.1 mg/L) during 1997 and 1998. Steady-state plume
conditions at the springs were achieved after about 4,500 days for fluoride.

The results of current condition simulation indicate that the total cyanide model slightly overestimates
concentrations of total cyanide near the springs while providing a good match to source area
concentrations, whereas the fluoride model provides a reasonably accurate representation of
concentrations observed at the springs and near the source area. However, since both of the models show
elevated concentrations over a much larger area beneath the waste piles, both models provide a
conservative characterization of current total cyanide and fluoride plumes.

4.4 Transient Model

The simulated current condition plumes described above were used as initial conditions for the evaluation
of several different remedy options, including source area reduction alone and source area reduction
coupled with pump-and-treat options that reflect alternative extraction and re-injection rates, well
locations, and treatment levels for total cyanide and fluoride. For clarification, source reduction means
remedial measures that reduce the transport of residual SPL constituents in the subsurface soils beneath
portions of the piles and surrounding areas to the water table. These source reduction measures, which
include consolidation/capping of waste piles and repair of water lines, can be characterized as infiltration
controls.

4.4.1 Description and Rationale

The fate and transport models described in Section 4.3 were used to evaluate the relative effects of source
reduction, groundwater extraction, and re-injection locations on the concentrations of total cyanide and
fluoride in groundwater near the downgradient springs and at the source area so that alternative remedies
(including source reduction and source reduction with groundwater extraction and treatment) could be
identified that would achieve the cleanup goals for cyanide and fluoride presented in Section 1.3.
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The first step in the modeling process was to evaluate the effects of reducing ongoing SPL constituent
sources of concentrations of these constituents in downgradient aquifer areas. In this way, the
effectiveness of source area controls alone could be evaluated without any level of groundwater extraction
and treatment. A series of transient fate and transport simulations were performed in which the point
source mass loading rates (identified during model calibration phase discussed in Section 4.3) were
reduced to reflect varying degrees of source reduction measures (i.e. capping of the waste piles, repair of
leaking water lines) proposed for the Site. For each simulation, the ongoing sources were reduced to
reflect the percent reduction being evaluated (100%, 90%, and 80%) and the model was run to simulate
the corresponding effect on downgradient concentrations. The results of the source area reduction

simulations are discussed later in this section.

The next step was to evaluate the combined effects of source controls and groundwater extraction and
treatment. As discussed earlier in Section 3.3, it is estimated that groundwater extraction rates greater than
300 gpm are required to hydraulically control the plume downgradient of the source. However, treating
this much SPL-impacted groundwater likely exceeds the limits of economic and technical feasibility due
to the cost of equipment, the amount of chemicals required, the amount of waste generated, and other
system requirements. The results of the treatability testing performed at the Site suggest that attempting
to treat more than 100 gpm of SPL-impacted groundwater would likely exceed the economic and
technical limits of feasibility. However, some benefit may be realized through lower rates of groundwater
extraction focused near the source areas to remove cyanide and fluoride mass from the aquifer system.
Therefore, groundwater pumping and re-injection of treated water were simulated in addition to the
source loading reduction so that the relative effects of pumping, treatment, and source reduction could be
evaluated. For the pumping and re-injection scenarios, five extraction wells were placed in Layer 1 (Zone
A) at locations shown in Figure 26 and pumped at either 5, 10 or 20 gpm each. Likewise, five injection
wells were placed at upgradient locations in Layer 1 (Zone A) and Layer 5 (Zone C) and at downgradient
locations in Layer 3 (Zone B). The model was used to re-inject treated water with concentrations of total
cyanide ranging from 1 to 10 mg/L and concentrations of fluoride ranging from 10 to 15 mg/L into either
Zone A, Zone B or Zone C so that the relative effects of re-injection location could be evaluated. Lastly,
since the treatment process for total cyanide and fluoride will produce elevated levels of total dissolved
solids (TDS) and iron in treated water prior to re-injection, the fate and transport of TDS and iron were
simulated to estimate the downgradient levels of these treatment by-products due to re-injection.

442 'Total Cyanide

Five different source reduction scenarios and eleven different source reduction and treatment options
were simulated, The results are summarized in Table 4, First, a simulation of 100% source reduction was
performed to evaluate the time to achieve the cleanup goals for total cyanide. Since total cyanide was
simulated rather than free cyanide, the ratios of total cyanide concentrations to free cyanide
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concentrations observed at the source area and springs were used to develop surrogate goals of 19 mg/L
and 0.1 mg/L for total cyanide at the source area and at the springs, respectively. The results indicate that
the cleanup objective for the source area is achieved within the first year after a 100% reduction in source
inputs (Figure 24). Whereas, due to the distance between the source area and the springs, a reduction in
total cyanide concentration to levels close to the cleanup objective at the springs is not observed until
after approximately 4 years.

The results of a series of different source reduction and extraction/re-injection simulations for a period of
2,500 days are summarized in Table 4. These results reveal three notable characteristics: 1) there is a
linear relationship between source reduction and predicted concentrations at the observation points, 2) the
relative reduction in predicted concentrations due to increased pumping rates is significantly less than that
due to reduced source loading rates, and 3) the selection of re-injection interval (Zone A or Zone C) has
little impact on predicted concentrations at the springs; however, re-injection of treated water to Zone C
upgradient of the extraction wells or in Zone B downgradient from the extraction wells may result in a
slightly lower concentration at the springs.

443 Fluoride

Three different source reduction scenarios and/or treatment options were simulated for fluoride. The
results are summarized in Table 5. First, a simulation of 90% source reduction was performed to evaluate
the time to achieve the cleanup goals for fluoride due to source controls in the absence of pumping. The
results indicate that the cleanup goal of 4 mg/L is achieved at Obs 1 with 90% source reduction alone
after about 2,700 days (Figure 25).

The results of a series of two different source reduction and extraction/re-injection simulations for a
period of 4,500 days are summarized in Table 5. These simulations were performed primarily to evaluate
the relative effects of re-injecting treated groundwater at locations situated both upgradient and
downgradient from the extraction wells. The results indicate that there is a benefit of slightly lower
concentrations at the springs from re-injection of treated groundwater in Zone B downgradient from the
extraction wells. However, the simulations for both fluoride and total cyanide show that the cleanup
goals are achieved at the springs with 90% source reduction regardless of the re-injection location.

4.4.4 Iron and TDS

As discussed briefly in Section 4.4.1, the fate and transport of TDS and iron was performed to estimate
the downgradient concentrations of these constituents that will be introduced to the aquifer as a by-
product of groundwater treatment. Two separate simulations of TDS and iron were performed based on
the results of the groundwater treatability study, which indicate that the treatment of cyanide and fluoride
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could produce groundwater discharge with up to 23,300 mg/L TDS and 3,260 mg/L of iron. For these
simulations, TDS and iron were simulated as conservative chemicals (i.e. no chemical reactions or
sorption); therefore, the same model was used for both simulations. A background concentration of 0
mg/L was assumed for both TDS and iron and, therefore, the results reflect an incremental impact.

The model was used to estimate the concentrations of TDS and Iron at Obs 1, Obs 2, and Obs 3 due to the
of injection of 25 gpm of water containing 23,300 mg/L TDS and 3,260 mg/L iron into Zone B. Since the
model evaluated the injection of solute into Zone B, the results may underestimate concentrations that
would occur at Obs 1. However, since the simulation does not account for the extraction of injected water
in the vicinity of Obs 1, the simulation results provide an overall conservative estimation of potential
concentrations at downgradient portions of the aquifer.

The results showed that there is a linear relationship between concentration injected and simulated
concentrations at the observation points. Thus, the results of the two simulations described above were
used to develop a table of possible concentrations at Obs 1, Obs 2 and Obs 3 based on a range of injected
solute concentrations. The results are summarized in Table 6. The results indicate that re-injection of
TDS and iron may cause an increase in respective concentrations at the springs that will not exceed 68
mg/L for TDS and 9 mg/L for iron.

4.5 Discussion of Modeling Results

The results of fate and transport modeling described in Section 4.4 indicate that the cleanup objectives
may be achieved through a combination of source reduction and extraction/re-injection measures, or with
source reduction alone. However, in order to further evaluate the benefit from extraction and treatment,
further analysis of model output will focus on the 90% source reduction simulations for total cyanide
where treated water (i.e. treated to 1 mg/L total cyanide) is re-injected to Zone A.

Table 7 presents a summary of mass-balance output at different time-steps in the transient fate and
transport model for 25 gpm, 50 gpm, and 100 gpm extraction/re-injection scenarios. The results reveal
that on a kilogram per day basis and for each simulated pumping rate, the greatest rate of mass removal
occurs within the first 600 days of extraction, after which the mass removal rate decreases to a constant
rate ranging from 0.54 kg/day to 1.92 kg/day. Furthermore, with less than 100% source reduction, after
about 2,500 days for total cyanide, a steady-state plume is established, with reduced concentrations
relative to current conditions. |

Table 8 presents a summary of total concentration reduction at different time-steps in the transient fate

and transport model for 25 gpm, 50 gpm, and 100 gpm extraction/re-injection scenarios. The results
reveal that the net reduction in concentration at Obs 1 and Obs 3 is greatest due to source reduction,

W:\20055\GW-Treatment\ModelingRPT\model_rpt_final.doc 23



whereas, the additional reduction in concentrations at Obs 1 and Obs 3 with increased pumping rates is
minimal (less than one percent of total reduction).

The results of fate and transport modeling show that source reduction (i.e., reducing the contaminant flux
reaching the water table) will provide the greatest reduction in contaminant flux to the springs (points of
groundwater discharge) along Little Spokane River. Groundwater extraction, treatment, and re-injection
will provide additional reduction in mass near the source areas, and consequently, reduced contaminant
mass transported downgradient; however, pump and treat would be cost effective during the first one to
two years of operation. It was previously noted that an accumulation of highly-impacted, more saline,
and less mobile water may exist at the base of the Zone A sand. Ifthis is the case, groundwater extraction
at the base of the Zone A sand near the source areas will likely accelerate achievement of cleanup goals.
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5.0 RECOMMENDED ACTION

The results of groundwater fate and transport modeling presented in Section 4.6 suggest that the most
effective remedy, in terms of both mass reduction and treatment costs, is source area controls to reduce
contaminant flux to groundwater. Therefore, we recommend a phased, but interrelated, implementation
of remedial measures be undertaken. The initial efforts will focus on the compression of the schedule for
the consolidation/capping of the piles into the 2001 construction season and the expansion of the scope to
eliminate water leaks. The latter program will be accelerated to complete the slip lining of gravity lines
and revisions to pressure piping in the spring of 2001. In the interim, every effort should be made to halt
water discharge into storm drains and to isolate, where possible, water mains in critical infiltration areas
(i.e., areas in the general area of the piles where infiltration could drive residual contaminants in soil to
the water table).

The groundwater monitoring systems, as described in Section 6.0, should be initiated by the summer of
2001 to facilitate collection of baseline (pre-remedy) data as well as data to document the effects of the
source control measures. The fairly rapid and pronounced drop in contaminant concentrations in the Zone
A sand following closure of Tharp Lake indicates the effects of the source control measures should
become evident within about a year of implementation, followed by rapid improvements in water quality.
Therefore, we recommend that the design of the extraction, treatment and re-injection system be
completed, but a decision to install and operate a pump and treat system be deferred until late 2002 to
allow time to demonstrate the effectiveness of the infiltration control measures. The criteria for
proceeding with the groundwater system would be the failure to achieve a 50 percent reduction in total
cyanide mass transport at the northern plant boundary, as indicated by the data from the conditional POC
monitoring wells and the effectiveness calculations discussed in Section 6.1, unless non-technical factors
dictate otherwise. A second decision point for implementation of groundwater pump and treat at four
years (2006) would be based on achievement of an 80 percent reduction in contaminant mass transport.

The simulation results suggest that combined with effective source controls, an extraction/re-injection
system designed to treat a smaller amount of water (i.e. 25 gpm) to the lowest achievable treatment level
(i.e. 1.0 mg/L total cyanide and 15 mg/L fluoride) will provide a net reduction in contaminant flux to the
river that is comparable to that achieved by a system pumping at a larger rate (i.e. 100 gpm). Therefore,
we recommend a system designed to treat a maximum of 25 gpm of contaminated groundwater.

The proposed locations of the extraction and re-injection wells are shown in Figure 26. Figure 26 depicts
five extraction wells situated about 200 feet downgradient from the waste piles and five injection wells
located adjacent to the southeastern corner of the waste pile. The proposed extraction and injection well
locations may be modified on the basis of initial data collected from the proposed groundwater
monitoring systems. Although five extraction wells and five injection wells are shown, an alternative
number of wells could be used, provided that they produce and re-inject a total of 25 gpm. The wells
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should be completed in the basal portion of the Zone A sand to recover the more highly contaminated
water, resulting in greater mass removal than simulated for fully penetrating wells.
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6.0 GROUNDWATER MONITORING RECOMMENDATIONS

A compliance monitoring plan is required for cleanup actions performed under the Model Toxics Control
Act regulations (WAC 173-340). The specific requirements are provided in section 173-340-410 and
compliance monitoring typically includes:

° Protection monitoring to confirm that human health and the environment are adequately protected
during construction and the operation and maintenance period of a cleanup action

o Performance monitoring to confirm that the cleanup action has attained cleanup standards and, if
appropriate, other performance standards

° Confirmational monitoring to confirm the long-term effectiveness of the cleanup action once
cleanup standards, and, if appropriate, other performance standards have been attained

The cleanup action for the Kaiser Mead facility has two major components: 1) source control; and 2)
groundwater extraction and treatment. The source control measures include pipeline retrofitting to
eliminate leakage of water into the subsurface and consolidation and capping of the SPL Pile, the Rubble
Pile and the Butt Tailings Pile. The pipeline retrofitting, which is currently underway and will be
completed by spring of 2001, is designed to eliminate the suspected primary mechanism for transport of
residual SPL constituents contained in the soils around and beneath the piles to groundwater. No specific
protection or performance monitoring requirements are applicable to the pipeline retrofits. The
consolidation and capping of the piles, which is detailed in the draft Engineering Design Report (August
2000), is planned for completion in 2001. Protection and performance monitoring methods for
consolidation/capping are described in the EDR.

The groundwater monitoring recommendations presented here are intended to accomplish two purposes.
The first is to track the effectiveness of the source control measures in reducing contaminant migration to
groundwater. The second is to satisfy the requirements for performance (compliance) monitoring of the
cleanup action.

6.1 Effectiveness Monitoring

As described in Sections 4 and 5, reducing the transport of residual SPL constituents in soils to
groundwater by eliminating infiltration represents the primary means to achieve the cleanup goals
downgradient of the site. Groundwater extraction, treatment and re-injection, if implemented, would have
only a limited incremental benefit beyond that provided by source reduction. It is important, therefore, to
institute a monitoring program to verify and document the effects of the source reduction components of

the cleanup action.
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The duration of the lag time between implementation of the source (infiltration) control measures and the
elimination or substantial reduction in the migration of contaminants to groundwater is not known. Based
on the characterizations of flow and contaminant transport in the unsaturated zone that were presented in
the RI (Hart Crowser, 1988), however, the termination of transient and constant water leaks or seepage
will in turn result in a fairly rapid decrease in the transport of contaminants to the water table. Given the
relatively high groundwater flow velocity in the Zone A sand, the effects on groundwater quality should
be evident within a relatively short period of time after the residual effects of ongoing seepage have
dissipated. The distance across the current footprint of the piles in the Zone A flow direction is
approximately 1000 feet. Assuming an average linear velocity of 8 to 16 feet per day, the travel time
along that transect is about two to four months.

A network of six monitoring wells completed in the Zone A sand should be established around the
perimeter of the consolidated pile (Figure 27) to facilitate tracking of the effects of source reduction
measures. The proposed network includes existing wells KM-1 and HC-7, and four new wells. Wells
along the northern side, coincident with the plant boundary, will also serve as conditional point of
compliance wells, as discussed in Section 6.2. Monitoring of the perimeter wells should be initiated prior
to completion of the consolidation/capping and continued on a bimonthly basis. Samples should be
analyzed for total cyanide, fluoride, chloride, total dissolved solids and pH. The initial round of samples
should include analysis of other general chemistry parameters to establish baseline geochemical
conditions. The recommended additional parameters for the initial round of monitoring are calcium,

magnesium, sodium, potassium, aluminum, total alkalinity, sulfate, nitrate, iron and manganese,

Additional groundwater monitoring is proposed downgradient of the extraction wells to facilitate
evaluation of the combined effects of source reduction measures and the extraction system, as well as to
better define the contaminant plume north of the plant boundary (Figure 27). Groundwater monitoring is
proposed at the TH-6 well cluster (wells completed in Zones A, B and C), the TH-7 cluster (wells
completed in Zones A and B) and three new well clusters north of the plant boundary. At the latter three
locations, wells will be completed in Zones A (if present), B and C. These wells should be sampled once
every four months for the same parameters as the pile perimeter wells.

Water quality changes will be evaluated by preparing time-concentration plots. Contaminant mass flux
rates through the Zone A plume cross-sectional area near the plant boundary will be calculated for each
monitoring period and compared to both the baseline condition and to historic data. In addition to
groundwater sampling and analysis, water levels should be measured in all wells on a bimonthly basis,
including the shallow aquitard monitoring wells, and potentiometric maps prepared.

The frequency of monitoring for the wells identified in this section should be reduced to semi-annual once

the effectiveness of the source area controls, and groundwater extraction, treatment and re-injection if
implemented, are demonstrated and relatively stable water quality conditions are attained.
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6.2 Compliance Monitoring

The Department of Ecology has defined two conditional points of compliance (POCs) for the cleanup
action, one at the northern plant boundary, which is generally coincident with the northern perimeter of
the consolidated, capped pile, and one at the springs located above the Little Spokane River at and around
13607 North Minihdoka Trail. Ecology has also specified the cleanup standards to for each POC. The
cleanup standards at the plant boundary conditional POC are the drinking water MCLs for free cyanide
(200 pg/L) and fluoride (4 mg/L). The cleanup standards at the downgradient conditional POC are the
chronic fresh water criteria for free (WAD) cyanide (5.2 pg/L) and the MTCA Method B value for
fluoride (0.96 mg/L).

The conditional POC at the plant boundary is located upgradient of the proposed line of groundwater
extraction wells. Three monitoring wells completed in Zone A (existing well KM-1 and two new wells)
and one monitoring well completed in Zone B (existing well OB-1) are proposed for the plant POC. The
proposed locations are shown on Figure 27. These wells will be monitored quarterly for total cyanide,
free cyanide, fluoride, chloride, total dissolved solids and pH. The initial round of samples should
include analysis of other general chemistry parameters to establish baseline geochemical conditions. The
recommended additional parameters for the initial round of monitoring are calcium, magnesium, sodium,
potassium, aluminum, total alkalinity, sulfate, nitrate, iron and manganese.

Three monitoring locations are recommended for the downgradient conditional POC at the springs near
the Little Spokane River. These include locations W-195, W-2326, and W-7591. A quarterly monitoring
frequency is recommended. Samples should be analyzed for total cyanide, free (WAD) cyanide, fluoride,
chloride, total dissolved solids and pH. The initial round of samples should include analysis of other
general chemistry parameters to establish baseline geochemical conditions. The recommended additional
parameters for the initial round of monitoring are calcium, magnesium, sodium, potassium, aluminum,
total alkalinity, sulfate, nitrate, iron and manganese.
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TABLE 2

GROUNDWATER FLOW MODEL CALIBRATION DATA

Calibration Point Observed Head (ff) | Simulated Head (ft) | Head Difference (ft) |
7G2 1706 1704 -2
HW#1 1755 1743 -12
TH-5 1761 1760 -1
KM « 1776 ~ 1776 0.2
1711 1779 1777 -3
Summary Statistics’ Mean error -3.3 (feet)
Normalized RMS” 7.3%
Notes:

! statistics calculated using MODFLOW Calibration Package

2
root mean squared
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TABLE 7

SUMMARY OF TOTAL CYANIDE MASS-BALANCE' OUTPUT - 90% SOURCE REDUCTION WITH EXTRACTION
90% Source Reduction - Img/L total cyanide re-injection

25 GPM 50 GPM 100 GPM
In “In Out In Out In Out
Remediation Source Inj. Well Ext. Well Inj. Well Ext. Well Inj. Well Ext. Well

Time (days) (kg/day) | (kg/day) | (kg/day) (kg) (kg/day) | (kg/day) (kg) (kg/day) | (kg/day) | (kg)
1 72 0.13 5.50 5.50 0.26 11.0 11.0 0.54 22.0 22.0

50 7.2 0.13 5.50 275 0.26 11.0 548 0.54 21.6 1081

175 72 0.13 5.06 908 0.26 92.92 1788 0.54 18.9 3442

365 72 0.13 3.58 1588 0.26 6.74 3068 0.54 12.0 5714

500 72 0.13 2.19 1884 0.26 3.99 3607 0.54 6.72 6621

600 7.2 0.13 1.55 2039 0.26 2.79 3886 0.54 4.61 7082

1000 72 0.13 0.71 2404 0.26 1.30 4549 0.54 2.28 8206

1300 72 0.13 0.58 2586 0.26 1.11 4892 0.54 2.00 8823

1750 72 0.13 0.54 2832 0.26 1.03 5363 0.54 1.92 9693
2500 72 0.13 0.54 3233 0.26 1.03 6134 0.54 1.92 11130

! Excludes mass removal through constant-head nodes. Mass-balance error in each simulation was less than 0.01%
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Source: Bose map token from Adams & Clark, Inc. Surveyed Map, November 8, 2000.
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APPENDIX A

AQUIFER TEST INFORMATION



APPENDIX A

As discussed in Section 1.1 Purpose and Objectives, MFG, Inc. performed a 24-hour
pumping test, a 3-hour pumping test and an injection test in the Zone A sand at the Kaiser Mead
Facility. The selected aquifer test site was at the location of monitoring wells TH-8 and TH-3A,
adjacent to the northern side of the plant boundary near the center of the contaminant plume. One
4” PVC test well (KM-1) was installed in the Zone A sand and one 2’ PVC observation well was
completed in the Zone B sand. Well completion diagrams are included as Attachment A-1.
Existing Zone A monitoring wells TH-8 and TH-3A were used as observation wells. The well
completions and aquifer testing were accomplished during the period of August 14-26, 2000. The

following sections describe the aquifer tests performed at pumping well KM-1.

Pump Test No. 1: 24-Hour Constant Discharge Pumping Test — Zone A Sand

A 24-hour pumping test was initiated at KM-1 on August 23, 2000. Recovery data were
collected on August 24, 2000. A Hermit 3000™ data logger and 50-psi transducers were used to
measure the drawdown in the pumping and observation wells. The transducers were factory-
calibrated; therefore, the calibration data for each transducer (offset, linearity, scale) were entered
into the data collection software prior to running the pumping test. The transducers were tested

during the evening of August 22, 2000.

Pumping in KM-1 began at 09:40 hours on August 24, 2000. Drawdown in KM-1, TH-8
and TH-3A relative to elapsed pumping time was monitored on a computer. A pumping rate of
16.75 gallons per minute was maintained during the pumping test. Water levels measured in OB-

1 during the pumping test revealed no measurable drawdown in the Zone B sand.

At about 10 hours into the pumping test, the water level data from TH-8 and TH-3A
reveal a significant increase in rate of drawdown in the Zone A sand. Likewise, hand-measured
data from OB-1 reveal measurable drawdown in the Zone B sand at about ten hours into the
pumping test. It is likely that the observed change in drawdown rate reflects the influence of an
industrial water supply well that temporarily produces about 1,500 gpm from the lower portion of
the Zone C sand during periods of demand at the Kaiser Mead Facility. Alternatively, a
hydrologic boundary related to aquifer heterogeneity may influence drawdown if the boundary is

situated near the pumping well. Therefore, only the early data for the 24-hour pump test (i.e. the



first 10 hours of data) were used to estimate hydraulic conductivity of the Zone A sand. The
pump was turned off at 09:49 on August 24, 2000. Recover data were collected between 09:49
and 14:10 hours.

The results of aquifer test data analysis for the 24-hour pumping test (Pumping Test No. 1
and Recovery Test No. 1) are summarized in Attachment A-2. The drawdown data and type
curve matching plots are included in Attachment A-3. The pumping test data were analyzed
using the Theis unconfined method and the Cooper-Jacob straight-line. Likewise, the recovery
data were analyzed using the Theis recovery method and the Cooper-Jacob straight-line method.
The data reveal an average hydraulic conductivity ranging from 280 ft/day (KM-1) to 900 ft/day
(TH-3a) and storage value ranging from 0.06 (TH-8) to 0.14 (TH-3A).

Pump Test No. 2: Three-Hour Constant Discharge Pumping Test — Zone A Sand

A 3-hour pumping test was performed at KM-1 on August 24, 2000. A Hermit 3000™
data logger and 50-psi transducers were used to measure the drawdown in the pumping and
observation wells. Pumping in KM-1 began at 11:24 hours on August 25, 2000. Drawdown in
KM-1, TH-8 and TH-3A relative to elapsed pumping time was monitored on a computer. A
pumping rate of 28.74 gallons per minute was maintained during the pumping test. The pump
was turned off at 14:47 on August 24, 2000. Recovery data were collected between 14:47 and
15:20 hours.

The results of aquifer test data analysis for Pump Test No.2 and Recovery Test No. 2 are
summarized in Attachment A-2. The drawdown data and type curve matching plots are included
in Attachment A-3. The data were analyzed using the same methodology used for Pump Test No.
1 data analysis. The data reveal an average hydraulic conductivity ranging from 241 ft/day (KM-
1) to 890 ft/day (TH-3A) and storage value between 0.05 (TH-8) and 0.11 (TH-3A).



Injection Test — Zone A Sand

A 20-hour injection test was initiated at KM-1 on August 25, 2000. A Hermit 3000™
data logger and 50-psi transducers were used to measure the drawdown in the pumping and
observation wells. A grunfos pump was used to return discharged groundwater (which was
collected during the pumping test) to the Zone A aquifer through KM-1 with an injection rate of
20.5 gallons per minute. Pumping into KM-1 began at 16:25 hours on August 25, 2000. Depth to
water in KM-1, TH-8 and TH-3a relative to elapsed pumping time was monitored on a computer.
The pumping rate of 20.5 gpm was maintained throughout the injection test. The injection test

ended at 12:11 hours on August 26, 2000.

The results of aquifer test data analysis for the 3-hour pumping test are summarized in
Attachment A-2. The data were analyzed using the same methods used to analyze Pump Test No.
1 data. The drawdown data and type curve matching plots are included in Attachment A-3. The
data from TH-3A and TH-8 reveal a change in drawdown rate at about 10 hours into the injection
test similar to that seen during the 24-hour pumping test. The data reveal an average hydraulic
conductivity ranging from 219 ft/day (TH-8) to 320 ft/day (KM-1).

Summary of Aquifer Test Results

The results of aquifer tests data analysis are summarized in Attachment A-3. Based on
the aquifer test results described above, a value of 500 ft/day and a value of 0.1 were used to
describe hydraulic conductivity and storage, respectively, in the groundwater flow model
discussed in Section 3. Groundwater quality data collected during the aquifer test are presented

in Attachment A-4.



ATTACHMENT A-1

Well Completion Diagrams
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MFQG, Inc.
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LOG OF BORING KM-1

(Page 1 of 6)

Kaiser Aluminum
Mead Works
Mead, Washington

MFG Project No.: 020055

Drilling Agency

Drill Rig

Drilling Method

Drill Bit Type
Sampler Type

: Environmental West Exploration
: Foremost Mobile B-90

: Air Rotary

: Tubex (DHH)

: 2.5" SPT Split-Spoon

Start/Complete Date  : 8-16-00 / 8-18-00
Northing/Easting Coord: 15383.41/11796.50
Surface Elevation 1 1927.06 ft AMSL
Logged / Reviewed By : T. Mullen

Depth
in
Feet

DESCRIPTION

Uscs

'GRAPHIC

Samples

REMARKS

Blow Count
Recov. (ft)

Well: KM-1
TOC Elev.: 1929.84

Cover
—

2.62 ft PVC Stick-Up

2
3
4 4
5 .
6
7
8 -
9
10 4
11 4
12 4
13 -
14 4
15 -
16
17 4
18 4
19 -
20 4
21 4
22 4
23
24 -
25
26 -
27
28 -
29 |

SAND, very fine to fine sand, dry, dusty.

SAND, medium- to coarse-grained sand;
5% to 10% gravel up to 1 inch size,
rounded to subrounded, slightly moist.

SAND, medium- to coarse-grained sand,;
<5% gravel up to 1/2 inch size.

SAND, grayish brown (2.5Y 4/2),

medium-grained sand, some coarse-grained

sand (<15%) and fine-grained sand
(<20%).

SP

Lithology based
on cuttings
return over
10-foot intervals
0-147 ft bgs
and 5-foot
intervals
147-161 ft bgs.

6" Dia. Steel Casing

Cement/Bentonite Seal

Zm 2" SCH 40 PVC Casing

I— Bentonite Seal
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MEG, Inc.

w Consulting Scientists and Engineers

LOG OF BORING KM-1

(Page 2 of 6)

Kaiser Aluminum Drilling Agency

Mead Works Drill Rig

Mead, Washington Drilling Method

MFG Project No.: 020055 Drill Bit Type

Sampler Type

: Environmental West Exploration
. Foremost Mobile B-80

. Air Rotary

: Tubex (DHH)

. 2.5" SPT Split-Spoon

Start/Complete Date  : 8-16-00 / 8-18-00
Northing/Easting Coord: 15383.41 / 11796.50
Surface Elevation 1 1927.06 ft AMSL
Logged / Reviewed By : T. Mullen

Depth
in
Feet

DESCRIPTION

Uscs

GRAPHIC

Samples

REMARKS

Blow Count
Recov. (ft)

Well: KM-1
TOC Elev.: 1929.84

29 |
30 4
31
32
33
34
35
36 A
37 4
38 -
39
40 -
41 |
42 |
43 |
44 |
45 |
46 -
47 -
48 -
49 |
50

SAND, fine- to medium-grained sand, <5%
coarse-grained sand and gravel, dusty.

SAND, fine- to medium-grained.

SP

51 4
52
53

CLAY, light olive brown (2.5Y 5/3), low
plasticity, moist.

CL

54 4
55
56
57
58

GRAVELLY SAND, well graded, fine- to
coarse-grained sand with 15-20%
subrounded gravel up to 1/2 inch size,
some silt.

sw

Inject water to
lift cuttings.

57 ftto 67 ft
bgs, dusty
return.

2" SCH 40 PVC Casing

— Bentonite Seal
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MFG, Inc.

Consulting Scientists and Engineers

LOG OF BORING KM-1

(Page 3 of 6)

Kaiser Aluminum
Mead Works
Mead, Washington

MFG Project No.: 020055

Drilling Agency
Drill Rig
Drilling Method
Drill Bit Type
Sampler Type

. Environmental West Exploration
. Foremost Mobile B-90

: Air Rotary

: Tubex (DHH)

: 2.5" SPT Split-Spoon

Start/Complete Date : 8-16-00 / 8-18-00
Northing/Easting Coord: 15383.41 / 11796.50
Surface Elevation 1 1927.06 ft AMSL
Logged / Reviewed By : T. Mullen

Depth
in
Feet

DESCRIPTION

USCS
GRAPHIC

Samples

REMARKS

Blow Count
Recov. (ft)

Well: KM-1
TOC Elev.: 1929.84

B i smmomimirmsamemnis oo S—

59 4
60
61 4
62
63 -
64 -

sSwW

65
66
67
68
69
70 4
71 4
72 4
73 4
74 4
75 4
76 4
77 4
78 4
79 4
80 A
81
82

SAND, fine- to medium-grained sand,

slightly moist.

SP

83
84
85 -
86 -
87

SILT, light olive brown (2.5Y 5/3), low

plasticity, moist.

ML

I

SP

F—— 2" SCH 40 PVC Casing

- Bentonite Seal




MFG, Inc. LOG OF BORING KM-1

Consulting Scientists and Engineers

(Page 4 of 6)

Kaiser Aluminum Drilling Agency : Environmental West Exploration Start/Complete Date  : 8-16-00 / 8-18-00
Mead Wofks Drill Rig : Foremost Mobile B-90 Northing/Easting Coord: 15383.41 / 11796.50
Mead, Washington Drilling Method : Air Rotary Surface Elevation : 1927.06 ft AMSL

MFG Project No.: 020055 Drill Bit Type : Tubex (DHH) Logged / Reviewed By : T. Mullen

Sampler Type 1 2.5" SPT Split-Spoon

Well: KM-1
Depth TOC Elev.: 1929.84

in DESCRIPTION

Feet

REMARKS

USCS
GRAPHIC
Samples
Blow Count
Recov. (ft)

i:\jobs\020055\gwater\logsikm-1.bor

11-28-2000

87 1 GRAVELLEY-SAND, medium- to coarse-
grained sand, 25% subrounded to rounded
88 1 gravel up to 1/2 inch size.

89 |
90 |
91 -
92 -

SP

93 |
94
95
96

BT s s e

98 - <5% rounded gravel up to 1/4 inch size,
wet

99
100 -
101 /L2 SCH 40 PVC Casing
1021 | Bentonite Seal
103 ]
104 1
105
106
107
108 -

109 4

SP

110 H

111 +
112 4
113
114 4
115 4

4B v




MFQG, Inc.

Consulting Seientists and Engineers

LOG OF BORING KM-1

(Page 5 of 6)
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11-28-2000

Kaiser Aluminum
Mead Works
Mead, Washington

MFG Project No.: 020055

Drilling Agency
Drill Rig
Drilling Method
Drill Bit Type
Sampler Type

: Environmental West Exploration
: Foremost Mobile B-90

: Air Rotary

: Tubex (DHH)

1 2.5" SPT Split-Spoon

Start/Complete Date  : 8-16-00/ 8-18-00
Northing/Easting Coord: 15383.41 / 11796.50
Surface Elevation : 1927.06 ft AMSL
Logged / Reviewed By : T. Mullen

Depth
in
Feet

DESCRIPTION

uscs

GRAPHIC

Samples

REMARKS

Blow Count
Recov. (ft)

Well: KM-1
TOC Elev.: 1929.84

LR S

117 4
118 4
119 4
120 -
121
122
123 +
124 -
125 -
126
127
128
129 {
130 +
131 -
132 -
133 4
134 -
135 -
136
137

Coarse sand fraction increases.

SP

138 |
139 -
140 -
141 1
142 1
143 1
144
145 -

SAND, medium- to coarse-grained sand,
<5% rounded gravel up to 1/4 inch size,
wet.

At 142 ft bgs, SILT, light yellowish brown,
platy.

SwW

117 ftto 127
bgs, dusty.

Driler notes
cool, damp air
return.

SWL 141.2 1t
bgs at
completion of
borehole.

I— Bentonite Seal

»4— 2" SCH 40 PVC Casing

- 10x20 Silica Sand Pack
+—140.3 ft bgs

14— 141.2 ft bgs SWL

Ll 0.010 Slot PVC Screen
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LOG OF BORING KM-1

(Page 6 of 6)

Kaiser Aluminum
Mead Works
Mead, Washington

MFG Project No.: 020055

Drilling Agency

Drill Rig

Drilling Method

Drill Bit Type

Sampler Type

: Environmental West Exploration Start/Complete Date  : 8-16-00/ 8-18-00

: Foremost Mobile B-90 Northing/Easting Coord: 15383.41 / 11796.50
: Air Rotary Surface Elevation 1 1927.06 ft AMSL

: Tubex (DHH) Logged / Reviewed By : T. Mullen

: 2.5" SPT Split-Spoon

Depth
in
Feet

DESCRIPTION

USCs

GRAPHIC

Samples

Well: KM-1
TOC Elev.: 1929.84
REMARKS

Blow Count
Recov. (ft)

145 4
146
147

sw

148 -
149 -
150 -
151 -
152 -
153 -
154 |
155
156 |
157
158
159 -
160

SAND, medium- to coarse-grained sand,
<5% rounded gravel up to 1/4 inch size,
wet.

SAND, fine- to medium-grained sand,
saturated.

SP

161 -
162 -
163 -
164 -
165 -
166 4
167
168 -
169 -
170 -
171 4
172
173 -
174

CLAY, gray (H6), to dark greenish gray

(5.6Y 4/1), soft consistency, high plasticity,

tough threat, high dry strength, moist.

CL

Ul B el )

0.010 Slot PVC Screen

1st water = 2" SCH 40 PVC Casing

encountered at
5/ 150 ft bgs.

o 150 ftto 161 ft
bgs, heaving
sands.

%—0.010 Slot PVC Screen
'—10x20 Silica Sand Pack

1

I

-Th—2" SCH 40 PVC Casing

I

L

-l 0.010 Slot PVC Screen

I R T S 1 O

- H~1—159.6 ft bgs
L F=— Sump

L

Total depth of borehole = 162.0 feet below

ground surface.
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? ﬂ? Consulting Scientists and Engineers

MEFG, Inc.

LOG OF BORING OB-1

(Page 1 of 6)

Kaiser Aluminum Drilling Agency : Environmental West Exploration Start/Complete Date  : 8-14-00 / 8-14-00

Mead Wolrks Drill Rig : Foremost Mobile B-90 Northing/Easting Coord: 15382.57 / 11786.79
Mead, Washington Drilling Method : Air Rotary Surface Elevation :1927.27
MFG Project No.: 020055 Drill Bit Type : Tubex (DHH) Logged / Reviewed By : T. Mullen
Sampler Type 1 2" SPT Split-Spoon
o =] _ Well: OB-1
Depth | . § E TOC Elev.: 1929.96
in w oL | 3 Cover

-, DESCRIPTION 8|5 |E |z § REMARKS ~ 2 26 HPVG Stk

20 |w |m| @ ' P
0 on

14
2 4
3
4
5
6 4
7 4
8 4
9
10 4
11 4
12
13
14
15
16 4
17 4
18
19 4
20 4
21
22 4
23 |
24
25 |
26
27 4
28 |
29 |
30 4
31 -
32

SAND, olive brown (2.5Y 4/3), very fine- to
fine- grained sand, trace siit,<5%; rounded,
gravel 1/8 inch to 1/2 inch size.

SAND, olive brown (2.5Y 4/3), medium
grained sand, <5% subrounded to
subangular gravel, up to 3/8 inch size, dry.

SAND, fine- to medium-grained sand.

SAND, olive brown (2.5Y 4/3), fine- to
medium-grained sand, subangular to
subrounded, slightly weathered grains, dry
to slightly moist.

SP

6" Dia. Steel Casing

1t |- Cement/Bentonite Seal
" | 42" sCH 40 PVC Casing
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11-28-2000

Mead Works
Mead, Washington

MFG Project No.: 020055

Drill Rig
Drilling Method
Drill Bit Type
Sampler Type

: Foremost Mobile B-90
. Air Rotary

- Tubex (DHH)

: 2" SPT Split-Spoon

© 2
@4‘% MFG, Inc. LOG OF BORING OB-1
% Consulting Scientists and Engineers
] (Page 2 of 6)
Kaiser Aluminum Drilling Agency : Environmental West Exploration Start/Complete Date  : 8-14-00 / 8-14-00

Northing/Easting Coord: 15382.57 / 11786.79
Surface Elevation 1 1927.27
Logged / Reviewed By : T. Mullen

Depth
in
Feet

DESCRIPTION

uscs

GRAPHIC

Samples

REMARKS

Blow Count
Recov. (ft)

Well: OB-1
TOC Elev.: 1929.96

32 4
33 4
34
35 |
36 4
37 4
38 4
39
40 4

42 |
43 |
44 |
45 |
46 |
47 |
48 |
49 |
50

SAND, dark gray (5Y 4/1), fine- to medium-
grained sand, slightly moist.

SP

51
52 4

CLAY, light olive brown (2.5Y 5/3), trace
silt/very fine sand, low plasticity, weak
thread, moist.

CL

53
54
55
56 -
57 -
58 -
59
60

SAND, dark grayish brown (2.5Y 4/2), fine-
to coarse-grained, subrounded to rounded,
slightly elongated grains, <56% gravel, up to
1/8 inch size.

sw

61 4
62 4
63 4
64 -

SANDY GRAVEL, gray (2.5Y 6/1),
subrounded, up to 1/2 inch size; coarse-
grained sand with some medium-grained
sand, dry.

GP

1t "\~ Cement/Bentonite Seal

1 =—2" SCH 40 PVC Casing
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MFG, Inc.

Consulting Scientists and Engineers

LOG OF BORING OB-1

(Page 3 of 6)

Kaiser Aluminum Drilling Agency

Mead Works Drill Rig

Mead, Washington Drilling Method

MFG Project No.: 020055 Drill Bit Type

Sampler Type

. Environmental West Exploration Start/Complete Date  : 8-14-00 / 8-14-00

: Foremost Mabile B-80 Northing/Easting Coord: 15382,57 / 11786.79
: Air Rotary Surface Elevation 1 1927.27

: Tubex (DHH) Logged / Reviewed By : T. Mullen

: 2" SPT Split-Spoon

Depth
in
Feet

DESCRIPTION

Uscs

GRAPHIC

Samples

Well: OB-1
TOC Elev.: 1929.96
REMARKS

Blow Count
Recov. {ft)

64 -
65 -
66 -
67 -
68 -
69
70

GP

71 4
72 |
73 4
74 |
75 4
76 4
77 4
78 J
79
80

SAND, dark gray (10YR 4/1), fine-grained
sand, dry to slightly moist.

SP

81 4
82
83 4
84
85 4
86
87 4
88
89
90 4
91
92
93 4
94 |
95 |
96 |

SILT, light olive brown (2.5 Y 5/8), <5%
medium- to coarse-grained sand, slightly

ML

plastic, no thread, moist to wet.

SAND, dark gray (2.5Y 4/1), medium- to
coarse-grained sand, <56% subangular to
subrounded gravel up to 1/4 inch size.

SP

'} Cement/Bentonite Seal

«'| F4H—2" SCH 40 PVC Casing




Consulting Scientists and Engineers

LN
% & MFG, Inc. LOG OF BORING OB-1

(Page 4 of 6)

Kaiser Aluminum Drilling Agency : Environmental West Exploration Start/Complete Date  : 8-14-00 / 8-14-00
Mead WOI.'kS Drill Rig : Foremost Mobile B-90 Northing/Easting Coord: 15382.57 / 11786.79
Mead, Washington Drilling Method : Air Rotary Surface Elevation :1927.27

MFG Project No.; 020055 Drill Bit Type : Tubex (DHH) Logged / Reviewed By : T. Mullen

Sampler Type : 2" SPT Split-Spoon

Well: OB-1
Depth TOC Elev.: 1929.96
in DESCRIPTION

Feet

REMARKS

USCS
GRAPHIC
Samples
Blow Count
Recov. (ft)

i:\jobs\020055\gwater\logs\cb-1.bor

11-28-2000

T
97
98
99 -

100 { SAND, dark grayish brown (2.5Y 4/2), fine-
to medium-grained sand, grades to fine
101 1 sand, slightly moist.

102
103
104 -
105
106
107
108 -
109

110 4 SAND, dark grayish brown (2.5Y 4/2), fine-
to medium- grained sand, well sorted,
11 4 slightly moist.

-— i | -1 k2L 2" scH 40 PVC Casing
113_ ERC i .

114 4
115 -
116 -
117 -
118 -
119 -
120 4 SAND, dark gray (2.5Y 4/1), very fine- to
— fine-grained sand, dry.

122 -
123 -
124 -

= CLAY, light yellowish brown (2.5Y 6/3),
126 4 low plasticity, moderate dry strength.

SP

'{— Cement/Bentonite Seal

CL

127 4
428 e

SP
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LOG OF BORING OB-1

(Page 5 of 6)

Kaiser Aluminum
Mead Works
Mead, Washington

MFG Project No.: 020055

Drilling Agency
Drill Rig
Drilling Method
Drill Bit Type
Sampler Type

. Environmental West Exploration
: Foremost Mobile B-90

: Air Rotary

: Tubex (DHH)

1 2" SPT Split-Spoon

Start/Complete Date  : 8-14-00 / 8-14-00
Northing/Easting Coord: 15382.57 / 11786.79
Surface Elevation 11927.27

Logged / Reviewed By : T. Mullen

Depth

Feet

DESCRIPTION

UsCs

GRAPHIC

Samples

REMARKS

Blow Count
Recov. (ft)

Well: OB-1
TOC Elev.: 1929.96

e e VUV

129 -
130 4
131 4
132 |
133 4
134
135 4
136 4
137 4
138 -
139 -
140 |
141 |
142
143
144
145
146 |
147
148
149 |
150 4
151 -
152 |
153 |
154
155
156 -
157 4
158 |
159
160 -

SAND, dark gray (2.5Y 4/1), very fine- to
fine-grained sand, trace silt, slightly moist.

SAND, dark grayish brown (2.5Y 4/2), fine-
to medium-grained sand, slightly moist.

At 140 ft bgs, SILT, light yellowish brown
(2.5Y 6/3), soft consistency, low plasticity.

SAND, dark grayish brown {2.5Y 4/1),
medium- to coarse-grained sand, moist to
wet.

SAND, dark grayish brown (2.5Y 4/2), fine
grained sand, dark grayish brown, wet to
saturated.

SP

First water at
149 feet bgs

Minimal air
return. Loss of
ari circulation.
Sand heave.

10/
24"

|- Cement/Bentonite Seal

[+ 1 -4—2" SCH 40 PVC Casing

vl [1 149 ft bgs SWL
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LOG OF BORING OB-1

(Page 6 of 6)

Kaiser Aluminum Drilling Agency

Mead Works Drill Rig

Mead, Washington Drilling Method

MFG Project No.: 020055 Drill Bit Type

Sampler Type

: Environmental West Exploration Start/Complete Date  ; 8-14-00 / 8-14-00

: Foremost Mobile B-90 Northing/Easting Coord: 15382.57 / 11786.79
: Air Rotary Surface Elevation 1 1927.27

: Tubex (DHH) Logged / Reviewed By : T. Mullen

1 2" SPT Split-Spoon

Depth
in
Feet

DESCRIPTION

UscCs

GRAPHIC

Samples

Well: OB-1
TOC Elev.: 1929.96
REMARKS

Blow Count
Recov. (ft)

160 -

SP

161
162
163
164
165 -
166

167 t m;mmm e m oo _____

168 -
169 -
170 S
171 4
172 4
173 -
174 -
175 4
176 +
177 +
178 S
179 S
180
181
182
183

CLAY, gray (H6) to dark greenish gray
(5.6Y 4/1), soft consistency, high plasticity,
tough thread, high dry strength, moist.

SAND, gray (H5), medium- to coarse-
grained sand, <5% silt.

SAND, dark gray (5Y 4/1), fine- to medium-
grained sand, well sorted, wet.

CH

NANNNNNE

SP

184 4
185

CLAY, greenish gray (5.6Y 8/1), soft
consistency, moist.

CH

Sandheave 86—
feet up inside
casing)

‘| b '}~ Cement/Bentonite Seal

Loss of air -
circulation. g
Inject water to Lo b

clean inside of L | =+ 2" SCH 40 PVC Casing
casing. I

i— Bentonite Seal

173.3 ft bgs

N Y

T A R

L 10x20 Silica Sand Pack

0.020 Slot PVC Screen

No sand heave.

LI b v v T [T TTT

’ 182.3 ft bgs
|5 Sump

186 -
187 -
188 -
189
190
191
192 4

Total depth of borehole = 185.0 feet below
ground surface.
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TABLE A-4
Summary of Aquifer Test Results
Kaiser Aluminum, Mead Washington

Transmissivity Hydraulic Conductivity Storativity
(sq. ft/day) (ft/day)
Pump Test No. 1
KM-1 NA NA NA
TH-3A 8530 533 0.14
TH-8 14225 737 0.07
Recovery Test No. 1
KM-1 5123 278 NA
TH-3A 14346 897 0.11
TH-8 15429 799 0.06
Pump Test No. 2
KM-1 NA NA NA
TH-3A 7995 500 0.11
TH-8 9686 502 0.06
Recovery Test No. 2
KM-1 4443 241 NA
TH-3A 14242 890 0.10
TH-8 ; 16462 853 0.06
Injection Test
KM-1 NA NA NA
TH-3A 3987 249 0.003

TH-8 4246 220 0.002
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ATTACHMENT A-4

Water Quality Data



11/18/2888 17:56 15899249298 NORTH CREEK ANALYTIC PAGE 82
Seanle 11720 North Creek Pkwy N, Suitc 400, Bothull, WA 98011-8223
425.420.9200 fax 425.420.9210
™ Spokana East 17115 Mantqamery, Suite B, Spokanc, WA 98206+4776

509.924,9200 fax 509.924.9290

Partland 9405 $W Nimbus Avenue, Beaverton, OR 97008-7132
603.806.9200 tax 503.806.9210

Bead 20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
www.ncalabs.com 541,383.0310 fax 541.382.7588

McCulley, Frick & Gilman, [nc.. Seaule Project: Kaiger Pumnp Test Sampled: 11/1/00
19203 36th Ave. W 101 Project Number:  020055-6 Reccived: 11/1/00
Lvnnwood, WA 98036 Project Manager: . Doug Frick Reparted: |1/10/00 16:35

ANALYTICAL REPORT FOR SAMPLES:

Date Sampled

Samiplc Description Laboratory Sample Number Sample Matrix

0OB-1 S011008-01 Watcr 11/1/00

North Creck Analytical - Spokanc The results in this report apply to the samples analy=ed in accordance with the chain of custody document.

This analytical report must be repraduced in ity entirefy.

\ [ L B - North Cresk Analytical, Ine. Page | of §

Dennis D W}l!s. Laboratory Director Enviranmental Laboratory Networik

."__..




11/18/28088 17:56 15699243296 NORTH CREEK ANALYTIC PAGE 83

Seantle 11720 Narth Creek Plwy N, Suite 400, Bothell, WA 38011-8223
425.420.9200 fax 425.420.9210

: ™ Spakane East 11115 Montgomery, Suit¢ B, Spokant, WA 85206-4776
509,924.9200 fax 508.824.9230
Pordand 9405 SW Nimbus Avenue, Besveron, OR 97008-7132
£03.806.8200 fax 503.906.9210
Bend 20332 Empire Avenue, Sulte F-1, Bend, OR 97701-5711

www.ncalabs.com 561,383,930 (ax 541.382.7588

Project: Kaiser Pump Test Sampled: 11/]/00
0200355-6 Received: 11/1/00
Reported:  11/10/00 16:35

McCulley. Frick & Gilman, Inc., Scattle
19203 36th Ave. W 101 Project Number:
Lynnwood, WA 98036 PProject Manager:  Doug Frick

Conventional Chemistry Parameters by APHA/EPA Methods
North Creek Analytical - Spokane

Batch Date Date Specifle Reporting
Analyte Number Prepared  Analyzed  Method Limit Result Units Notes*
0OB-1 S011008-01 Water
pH 1100009  11/5/00 11/3/00 EPA 150.1 7.86 pIl Units

Nonh Creek Analytical - Spokane’ “Refer 1o end of report for text of notes and definilions.

(\A L&)ﬂﬂ Q S Pagc 2 o[ 8

Dennis D WelIs, Laboratory Dircelor North Creek Analytical, Inc.
Envirenmental Laboratory Nefwark




11/18/2888 17:56 150992492908 NORTH CREEK ANALYTIC PAGE B4

Sesnle 11720 North Crark Pkwy N, Suita 400, Bathell, WA 88011-8223
425.420.9200 fax 6254209210

T™ Spokane East 11115 Montgomery, Suite B, Spakane, WA 89206-4776
i 509.924.9200 fax 509.924.9290
Portland 9405 SW Nimbus Avenue, Beavertan, OR 87008-7132
\ 503906.9200 fax §03.906.9210
Bend 20332 Bmpire Avenue, Suite F-1, Bend, OR 97701-5711

www.nealabs.com 541.383.9310 fux 541,362.7508

McCulley. Frick & Gilman, Inc., Scatle Project: Kaiser Pump Test Sa.m?lcd: 11/1/00
19203 36th Ave. W 10! Project Number: 020055-6 Received: 11/1/00 .
Reported:  11/10/00 16:35

l.ynnwood, WA 98036 Project Manager:  Doug Frick

Physical Parameters by APHA/ASTM/EPA Methods
' North Creek Analytical - Spokane

Balch Date Datc Specifie Reporting )
| Analytec Number Prepared  Analyzed  Method Limit Result Units Notes*
0B-1 S011008-01 Water
Specific Conductivity 1100027  11/7/00 11/7/00 LPA 120.1 1.00 1030 uS/em

North Creck Analytical - Spokane *Refer to end of report for iext of notex and definitions.

m,{ LL ),o_LL | ‘
Page 3 of 8

Dennis D %"é'. Laboratory Dircctor North Creek Analytical, Inc.
Environmental Laboratory Network




11/18/2888 17:56

15899249238

@ n cam
www.ncalabs.com

NORTH CREEK ANALYTIC

PAGE @5

Seamle 11720 North Craak Pkwy N, Suite 400, Bothel), WA 98011-8223

4254209400 fax 425.020.8210

Spokane East 11115 Montgomery, Suite B, Spokane, WA 99206-4776

509.924.9200 fax 509.924.8290

Poriland 9405 SW Nimbus Avenue, Beaverton, OR 97008-7132

503,906,9200 fax 503.906.9210

Bsnd 20332 Empire Avenuc, Suite F-1, Bend, 0R 97701-5711

541.383,9310 fax 541.382.7508

McCulley. Frick & Gilman. Inc., Seattlé Project:  Raiser Pump Test San11?led: 1171700
19203 36th Ave. W 101 Project Number:  020055-6 Reccived: 11/1/00
Lynnwood, WA 98036 Project Manager: - Doug Frick Reporied:  11/10/00 16:35
Conveational Chemistry Paramcters by APHA/EPA Mecthods
North Creek Analytical - Bothell

Batch Date Date Specilic Reporting _
Analyte Number Prepared  Analyzed  Method Limit Result Units Notes* |
0B-1 S011008-01 Water
Total Dissolved Solids 0K 10020 11/8/00 [1/10/00  EPA 160.1 10 680 mg/1
Cyanide (total) 0K03026  11/6/00 | 1/6/00 EPA 335.2 0.200 6.02 "
Fluoride 0KOBO23  11/8/00 1 1/8/00 EPA 3302 0.100 7.05 "

North Creek Analyviical - Spokane

mu\ L de A

l)ﬁnnis b] wgls. Laboratory Dirccior

*Refer 10 end nf report Jor 1ext of roles and definitions.

Norsth Creek Analytical, Inc.

Pape 4 of B

Environmental Lahoratory Network




13/18/2800 17:56 15899245230 NORTH CREEK ANALYTIC PAGE @6

Spatle 11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8223
425.420.920D fax 425,420.9210

™ Spokane [ast 11115 Mantgomery, Suile B, Spoksne, WA 93206-4776
509,524,9200 1ex 509.924.9280
Panland 9405 SW Nimbus Avenue, Beavertan, OR 87008-7132
503.906.9200 fux 503,906.9210
Bend 20332 Empire Avenue, Suile F-1, Bend, OR 87701-5711

www.ncalabs.com 541,383.9310 fax 541,382,758

McCulley, Frick & Giliman, Inc., Scaule Project: Kauiser Pump Test Sarn?lcd: 11/1/00
19203 36th Ave. W 101 Project Number:  020055-6 Received:  11/1/00
Lynnwaood, WA 98036 Praject Manuger: Doug Frick Reported: 11/10/00 16:35

onventlonal ‘Chemistry Parameters by APHA/EPA Methods/Quality Control
North CreekAnalytlcal ‘Spokane O RS . B

Date Spike Sample QC Reporting Limit Recov. RPD RPD
Analyte Analyzed level Result Result: Units Recov. Limits % Limit % WNotes*
Batch: 1100009 Date Prepared: 11/3/00 Extraction Method; Wet Chem
Duplicate 1100009-DUPI $010092-03
pH 11/3/00 7.22 7.26 pll Units 20.0 0.832

North Creek Analytical = Spokance *Tea/er lo cnd of report for text of notes and dafinitions.

l LA )ﬂ_ﬂﬂ/‘-‘ Page Sol 8

Donnis 1) WA, Laborawry Director North Creek Analytical, Inc.
Environmentsi Labaratory Network
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158952492908

<anca
www.ncalabs.com

NORTH CREEK ANALYTIC

Seanle

Spokane

Ponland

Bend

PaGE @7

11720 North Creek Pkwy N, Suite 200, Bothell, WA 96011-8223

425.420.9200 faxA25.420.9210

East 11115 Montgomery, Suite B, Spokana, WA 99206+4776

509.924,9200 fax 509.924.9290

8105 SW Nimbus Avenue, Beaverton, OR 97008-1132

503.006.9200 fax 503.906,9210

20332 Empire Avenug, Suitc F-1, Bend, OR 87701-5711

5413839310 fax 541.362.7588

McCulley, Frick & Gilman, Inc., Scatlle Project:  Kuiser Pump Test Sam!:lccl: 11/1/00
19203 36t Ave. W 10] Project Number:  020055-6 Received: 1171700 ‘
Lynnwood, WA 98036 Project Manaocr: Doug Frick Reported: 11/10/00 16:35

"".. Physieal Parameters by APHA/ASTM/EPA’ Methods/Quality Control ‘ |
n North Creck Analytical - Spokane

Date Spike Sample QC Reporting Limit Recov. RPD RPD
Anglyte Analyzed Lovel Result Result Units Recov, Limits "%  Limil % Notcs*
Batch: 1100027 Date Prepared: 11/7/00 Extraction Method: Wet Cheri
Blank 1100027-BLK1
Specific Conductivity 11/7/00 ND uS/em 1.00
Duplicate 1100027-DUP1 S010090-08

11/7/00 575 570 uSfem 4,00 0.873

Specific Conduclivity

North Creck Analytical - Spokanc

m | Y.

Dennis O Wefls. LaBoratory Dircctor

“Refer to end of report for text of notes and defiaitions.

North Creek Analytical, Inc.
Environmental Laboratory Network

Page 6 of 8
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15899243298

<nca
www.ncalabs.com

NORTH CREEK ANALYTIC

PAGE &8

Seanle 11720 North Creek Plwy N, Suite 400, Bothall, WA 38011-8223

425.420.9200 fax 425.420.9210

Spakano East11115 Montgomery, Suite B, Spokane, WA 99206-4776

509.924.9200 fox 509.924.9290

Ponland 8405 SW Nimbus Avenue, Beaverten, OR 87008-7132

503,906,200 fax 503.906.9210

Bend 20332 Empire Avenue, Suit¢ F-1, Bend, QR 97701-5711

£41.383.8310 fax 541.382.7588

McCulley, Frick & Gilman, Inc., Scaule Project; Kaiser Pump Test Sampled: 11/1/00
19203 36th Ave. W 101 Project Number: 020055-6 Recejved: 11/1/00
Reported: 11/10/00 16:35

Projcct Manager: - Doug Frick

Lynnwood, WA 98036

“Gomarional Chemistry Parameters-by APHA/EPA Miéthods/Quiality Control:
R - North Creck Analyfical - Bothell T

Date Spike Sample QcC Reporting Limit Recov. RPD RPD
Analyle Analvzed |evel Result Result Unils Recov. Limits %  Limit % Notes*
Batch: 0K03026 Date Prepared: 11/2/00 Extraction Method: General Preparation
Blank 0K03026-BLK1
Cyanide (Lotal) 11/2/00 ND ma/l 0.0100
Blank 0K03026-BLIK3
Cyanide (lotal) 11/6/00 ND mg/l 0.0100
1.CS 0K03026-BS1
Cyanide (1otal) 11/200 0.0500 0.0502 mgil 75-125 100
LCS 0K03026-BS3
Cyanide (lotal) 11/6/00 0.0300 0.0398 ml 75-125  79.6
Duplicate 0K03026-DUP 1 B0.J0752-05
Cyanide (total) 11/2/00 ND ND mg/l 21
Matrix Spike NK03026-MS1 B0J0752-05
(:yanidc (total) 1 1/2/00 0.0500 ND Q.0513 I'ug./l 75-125 103
Batch: (0K08(23 Date Prepared: 11/8/00 Extraction Method: General Preparation
Blank 0K08023-BLKI
Fluoride 11/8/00 ND mp/l 0.100
LCS 0K08023-BS1
Fluaride 11/8/00 2.00 1.88 mg/] 78-113 940
Duplicate NK08023.DUPIT SO11008-01
Fluoride i 1/8/00 7.05 7.13 mg/l 25 1.13
Matrix Spilie 0KO0R023-MS1 5011008-01
Fluoride [1/8/00 2.00 7.05 2.61 mgfl 75-125 78.0
Batch: 0110020 Date Prepared: 11/8/00 Extraction Method: _General Preparation
Blank OK_]GDZU-BLKI -
Talal Dissolved Solids [ 1710/00 ND me/l 10
Duplicate 0K10020-DUPL  BOKO0009-01
Total Digsolved Solids 11/10/00 150 150 mg/l 17 0

North Creek Analytical - Spokane

L 08

Dénnis 12 Wels, Laboratory Dircetor

*Refer to end of report for lext of notes and definitions.

North Creek Analytical, Inc.

{ Page 7o0f 8
Envirenmental Laboratory Network



11/18/2008

158932439298

17:56

@ n caTM
www.ncalabs.com

NORTH CREEK ANALYTIC

PAGE @3

Seamle 11720 North Creek Plwy N, Suite 400, Bothell, WA 48071-8223
4254208200 fax425.420.9210
Spokaue East 11115 Mantgamery, Suite B, Spokang, WA 932064776

509.924.9200 fax 509.924.9290

Portland 9405 SW Nimbus Avenue, Beaverton, OR 87008-7132
503,506,900 fax 503.906.9210

Bend 20332 Empire Aveaue, Suite F-1, Bend, OR 97701-5711
541,383.9310 fux541382.7568

McCulley, Frick & Gilman. Jnc., Seatile Project: Kaiser Pump Test Sam!:lcd;' 1 ;;1/3({]’
19203 36th Ave, W 101 Project Number: 020055-6 Received: 1171/ .
Lynnwood, WA 98036 Project Manager; - Doug Frick Reported:  11/10/00 1 35

Notes and Deflinitions

# Nale

DET Analyte DETECTED

ND Analyte NOT DETECTED at or above the reporting limit
NR Not Reported

dry Sample results reported on a dry weight basis

Recov, Recovery

RPD Relative Pereent Difference

North Creek Analytical « Spakane

mlu )L,Lde

Dennis [ Wel } L.aborilory Direclor

North Creek Analytical, Inc. Page 8 of 8

Environmental Laboratory Network
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Seattle 11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8223
425.420.9200 fax 425.420.9210
Spokane East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
508.924.9200 fax 500.924.9290
Portland 9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200 fax 503.906.9210
Bend 20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310 fax 541.382.7588

McCulley, Frick & Gilman, Inc., Seattle Project: Kaiser Pump Test Sampled: 8/23/00 to 8/24/00
19203 36th Ave. W 101 Project Number: 020055-6 Received: 8/24/00
Lynnwood, WA 98036 Project Manager: Deborah Lambert Reported:  9/7/00 10:22

ANALYTICAL: REPORT FOR SAMPLES:

Sample Description Laboratory Sample Number Sample Matrix Date Sampled
KM-1-1 S008090-01 Water 8/23/00
KM-1-2 $008090-02 Water 8/24/00

| KM-1-3 5008090-03 . Water 8/24/00

North Creek Analytical - Spokane The results in this report apply to the samples analyzed in accordance with the chain of custody document.
This analytical report must be reproduced in its entirety.

m \ (/L)._LQ,Q/ North Creek Analytical, Inc.

Dennis D Well}fLa’boratory Director Environmental Laboratory Network Page | of 4
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Seattle

Spokane

Portland

Bend

11720 North Creek Pkwy N, Suite 400, Bathell, WA 98011-8223

425.420.9200 fax 425.420.9210

East 11115 Montgomery, Suite B, Spakane, WA 99206-4776

509.824.9200 fax 509.924.9290

9405 SW Nimbus Avenue, Beaverton, OR 97008-7132

503.906.9200 fax 503.906.9210

20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310 fax 541.382.7588 ’

McCulley, Frick & Gilman, Inc., Seattle Project: Kaiser Pump Test Sampled: 8/23/00 to 8/24/00
19203 36th Ave. W 101 Project Number:  020055-6 Received: 8/24/00
Lynnwood, WA 98036 Project Manager: Deborah Lambert Reported:  9/7/00 10:22
Conventional Chemistry Parameters by APHA/EPA Methods
North Creek Analytical - Bothell
Batch Date Date Specific Reporting
Analyte Number Prepared  Analyzed Method Limit Result Units Notes*
KM-1-1 5008090-01 Water
Cyanide (total) 0H28042  8/30/00 8/30/00 EPA 335.2 2.00 56.4 mg/l
Fluoride 0H31019  8/31/00 8/31/00 EPA 340.2 1.00 57.1 "
| KM-1-2 008090-02 Water
Cyanide (total) 0H28042  8/30/00 8/30/00 EPA 335.2 2.00 55.2 mg/l
Fluoride 0H31019  8/31/00 8/31/00 EPA 340.2 1.00 56.7 "
.1-3 0-0. Water
Cyanide (total) 0H28042  8/30/00 8/30/00 EPA 335.2 2.00 57.4 mg/l
Fluoride 0H31019  8/31/00 8/31/00 EPA 340.2 1.00 59.1 !

North Creek Analytical - Spokane

' oI

Dennis D WEITs, Laboratory Director

*Refer to end of report for text of notes and definitions.

North Creek Analytical, Inc.

Environmental Laboratory Network

Page 2 of 4



Seattle
Spolkane
Partland

Bend

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8223

425.420.9200 fax 425.420.9210

East 11115 Mantgomery, Suite B, Spokane, WA 99206-4776

509.924.9200 fax 509.524.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.806.9200 fax 503.906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310 fax 541.382.7588

19203 36th Ave. W 101
Lynnwood, WA 98036

McCulley, Frick & Gilman, Inc., Seattle

Project:
Project Number:
Project Manager:

020055-6

Kaiser Pump Test

Deborah Lambert

Sampled: 8/23/00 to 8/24/00

Received: 8/24/00

Reported:  9/7/00 10:22

Date Spike Sample QC Reporting Limit Recov. RPD RPD

Analyte Analyzed Level Result Result Units Recov. Limits % Limit % Notes*
Batch: 0H28042 ate Prepared: 8/28/00 Extraction : General Preparati
Blank 0H28042-BLK
Cyanide (total) 8/28/00 ND mg/] 0.0100
Blank 0H28042-BLK2
Cyanide (total) 8/28/00 ND mg/l 0.0100
Blank 0OH28042-BLK3
Cyanide (total) 8/30/00 ND mg/l 0.0100
LCS 0 -BS1
Cyanide (total) 8/28/00 0.0500 0.0414 mg/l 75-125  82.8
LCS H2 -BS2
Cyanide (total) 8/28/00 0.0500 0.0388 mg/l 75-125 77.6
LCS 0H28042-BS3
Cyanide (total) 8/30/00 0.0500 0.0539 mg/l 75-125 108
Duplicate 0H28042-DUP1  B0H0391-03
Cyanide (total) 8/28/00 ND “ND © mg/l 21

atrix Spik 0H28042-MS1 B0OH0391-03
Cyanide (total) 8/28/00 0.0500 ND 0.0497 mg/l 75-125 994

atch: 0H3101 Date Prepared: 8/31/00 Extraction Method: General Preparation
Blank 0H31019-BLK1
Fluoride 8/31/00 ND mg/l 0.100
LCS H31019-BS1
Fluoride 8/31/00 1.00 0.988 mg/l 78-113  98.8
Duplicate 0H31019-DUP1 B0H0483-01
Fluoride 8/31/00 0.208 0.190 mg/l 25 9.05

rix Spilc 0H31019-MS1 BOH0483-01

Fluoride 8/31/00 1.00 0.208 1.15 mg/l 75-125  94.2

North Creek Analytical - Spokane

mﬂjx Joo o

Dennis D Well¥, Laboratory Director

*Refer to end of report for text of notes and definitions.

North Creek Analytical, Inc.
Envirenmental Laboratory Network

Page 3 of 4




Seattle
Spokane
Portland

Bend

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8223
425.420.9200 fax 425.420.9210

East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
509.924.9200 fax 509.924.9290

9405 SW Nimbus Avenue, Beaverton, OR 47008-7132
503.906.9200 fax 503.906.9210

20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310 fax 541.382.7588

McCulley, Frick & Gilman, Inc., Seattle Project: Kaiser Pump Test
19203 36th Ave. W 101 Project Number:  020055-6
Lynnwood, WA 98036 Project Manager: Decborah Lambert

Sampled: 8/23/00 to 8/24/00
Received: 8/24/00
Reported:  9/7/00 10:22

Notes and Definitions

# Note

DET Analyte DETECTED

ND Analyte NOT DETECTED at or above the reporting limit
NR Not Reported

dry Sample results reported on a dry weight basis

Recov. Recovery

RPFD Relative Percent Difference

North Creek Analytical - Spokane

C\«(.u)uu?/\/

Dennis D Vﬂells, Laboratory Director

North Creek Analytical, Inc.

4
Environmental Laboratory Network Page 4 of
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Seattle 11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8223
425.420.9200 fax 425.420.9210
Spokane East 11115 Montgomery, Suite B, Spokane, WA 95206-4776
509.924.9200 fax 509.924.9290
Portland 9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200 fax 503.906.9210
Bend 20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310 fax 541.382.7588

i McCulley, Frick & Gilman, Inc., Seattle Project: Kaiser Pump Test Sampled: 8/25/00

l 19203 36th Ave. W 101 Project Number: 020055-6 Received: 8/25/00
Lynnwood, WA 98036 Project Manager: Deborah Lambert Reported:  9/12/00 09:42

| ANALYTICAL: REPQRT FOR SAMPLES:
Sample Description Laboratory Sample Number Sample Matrix Date Sampled
KM-1-4 $008096-01 Water 8/25/00
KM-1-5 5008096-02 Water 8/25/00

North Creek Analytical - Spokane

( }\JUZ_,@_—

Déhnis D W4lls, Laboratory Director

The results in this report apply to the samples analyzed in accordance with the chain of custody document.

This analytical report must be reproduced in its entirely.

North Creek Analytical, Inc. Page 1 of 4
Environmental Laboratory Network &



Seattle
Spokane
Portland

Bend

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8223

425.420.9200 fax 425.420,9210

East 11115 Montgomery, Suite B, Spokane, WA 99206-4776 -

509.924.9200 fax 509.924.9290

9405 SW Nimbus Avenue, Beaverton, OR 97008-7132

503.906.9200 fax 503.906.8210

20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711

541.383.9310 fax 541.382.7588

McCulley, Frick & Gilman, Inc., Seattle Project: Kaiser Pump Test Sampled: 8/25/00
19203 36th Ave. W 101 Project Number: 020055-6 Received: 8/25/00
Lynnwood, WA 98036 Project Manager: Deborah Lambert Reported:  9/12/00 09:42
Conventional Chemistry Parameters by APHA/EPA Methods
North Creek Analytical - Bothell )
Batch Date Date Specific Reporting .

Analyte Number Prepared  Analyzed Method Limit Result Units Noteg*

-1- S$008096-01 Water
Cyanide (total) OH31040  8/31/00 8/31/00 EPA 335.2 2.00 58.8 mg/l
Fluoride OH31019 " ! EPA 340.2 1.00 61.3 "
KM-1-5 . 5008096-02 Water
Cyanide (total) 0H31040  8/31/00 8/31/00 EPA 3352 2.00 56.8 mg/l
Fluoride O0H31019 " ) EPA 340.2 1.00 60.3 "

North Creek Analytical - Spokane

T,

Dennts D Weys, Laboratory Director

*Refer to end of report for text of notes and definitions.

North Creek Analytical, Inc.

Environmental Laboratory Network

Page 2 of 4



| www. ncalabs com

Seattle 11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8223
425.420.9200 fax 425.420.9210
Spokane East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
509.924.9200 fax 509.924.9290
Portland 9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200 fax 503.906.9210
Bend 20332 Empire Avenue, Suite F-1, Band, OR 97701-5711
541.383.9310 fax 541.382.7588

McCulley, Frick & Gilman, Inc., Seattle Project: Kaiser Pump Test Sampled: 8/25/00
19203 36th Ave. W 101 Project Number:  020055-6 Received: 8/25/00
Lynnwood, WA 98036 Project Manager: Deborah Lambert Reported:  9/12/00 09:42

Date Spike Sample . QC Reporting Limit Recov. RPD RPD

Analyte Analyzed Level Result Result Units Recov. Limits %  Limit % Notes*
| Batch: 0H31019 ate ared: 00 ion Method: eral Pre ion

Blank 0H31019-BLK1

Fluoride - 8/31/00 ND mg/l 0.100
| LCS 0H31019-BS1

Fluoride 8/31/00 1.00 0.988 mg/l 78-113  98.8
| Duplicate 0H31019-DUP1  BOHO0483-01

Fluoride 8/31/00 0.208 0.190 mg/l 25 9.05

Matrix Spike 0H31019-MS1 B0H0483-01 .

Fluoride 8/31/00 1.00 0.208 1.15 mg/l 75-125 942

Batch: 0H31040 Date Prepared: 8/31/00 Extraction Method: General Preparation

lan 0H31040-BLK1

Cyanide (total) 8/31/00 ND mg/l 0.0100

LCS 040-B

Cyanide (total) 8/31/00 0.0500 0.0440 mg/l 75-125  88.0

Duplicate 0H31040-DUP1 BOF0257-07

Cyanide (total) 8/31/00 0.800 0.815 mg/l 21 1.86

Matrix Spike 0H31040-MS1  BOF0257-07

Cyanide (total) 8/31/00 0.0500 0.800 0.880 mg/l 75-125 160 1

North Creek Analytical - Spokane

(\A Uil

Dennis D We)s 'Laboratory Director

*Refer to end of report for text of notes and definitions.

North Creek Analytical, Inc.

Environmental Laboratory Network Page 3 of 4




Seattle 11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8223
| 425,420.9200 fax 425.420.9210
T ST ; Spokane East 11115 Montgomery, Suite B, Spokane, WA 99206-4776

509.924.9200 fax 509.924.9290

Portland 9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200 fax 503.906.9210

Bend 20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310 fax 541.382.7508

| [McCulley, Frick & Gilman, Inc., Scattle Project: Kaiser Pump Test Sampled: 8/25/00
' [19203 36th Ave. W 101 Project Number: 020055-6 Received: 8/25/00
Lynnwood, WA 98036 Project Manager: Deborah Lambert Reported: 9/12/00 09:42

Notes and I_)eﬁnitions

# Note

1 Analyses are not controfled on matrix spike RPD and/or percent recoveries when the sample concentration is significantly higher
than the spike level.

DET Analyte DETECTED

ND Analyte NOT DETECTED at or above the reporting limit
NR Not Reported

dry Sample results reported on a dry weight basis

Recov. Recovery

RPD Relative Percent Difference

North Creek Analytical - Spokane

(\/I/ u-)ﬂ_/e/\ Narth Creek Analytical, Inc.

Denniis D WG)S,' Laboratory Director Environmental Laboratory Network Page 4 of 4
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APPENDIX B

GROUNDWATER QUALITY



Total Cyanide (PPB)

Fluoride (ppm)

Up Gradient Well History
Total Cyanide Versus Time

10000 += -
LA B ;
1000 {—= — - -
1 s el PRRINEC i | e | 'HC-1
100 =V — et ——fa =k HO:2A
EP—X] i W W i o | | At i T | B \ —pA= | — ThH-1
B i AN ™~ LN [EL TR vAN ie—ta
e B v —
10 e ———1 X = —y \1 & ii —
T ——— A
I L
1 . ‘ . - ‘ .
Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan-
83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99
Date

100

Up Gradient Well History
Fluoride Versus Time

10

0

83

84 85 86 87 88

Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan-

89 90 91 92 93 98

Date

94 95 96 97 99

Figure B-1



Total Cyanide (PPB)

Fluoride (PPM)

Potential Source Areas & Downgradient
Total Cyanide Versus Time
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Down Gradient Well/Spring History
Total Cyanide Versus Time
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The dote samples collected on other than September 1999
are provided in "( )". All wells are completed in the A Zone
unless otherwise specified.
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EXPLANATION

HC-11@® Monitoring Well

Locations of Butt
Tailing, Rubble and
SPL Piles

Base map taken from Adams & Clark, Inc. Surveyed Map, November 8, 2000.

545 ~ Total Cyanide (mg/L)

Y\ Fluoride (mg/L)

KAISER ALUMINUM - MEAD FACILITY

Figure B—4
TOTAL CYANIDE AND
FLUORIDE IN GROUNDWATER
SAMPLES, SEPTEMBER 1999
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