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ExecutiveSummar AdrianBrown

Teck Corporation is proposing to develop the Pogo gold orebody, located east of Fairbanks, Alaska,
using underground mining methods. In the proposed development, the Pogo Orebody will be mined, and
the mine void will be filled with cemented and uncemented tailings, being a mixture of flotation tailings
and cyanide-processed tailings. After closure, the mine voids will refill with water, and groundwater will
then flow through the backfill materials. Post-closure flow through the mine will be predominantly to
the northwest. Groundwater will ultimately flow through the mine voids, and move slowly through the
country rock. As this flow passes through the rockmass downgradient of the mine, the dissolved
concentration of the constituents dissolved in the moving groundwater will reduce due to interaction
with the bedrock, dilution, and dispersion. The groundwater flow will ultimately emerge in the alluvium
of the Goodpaster River, and will there mix with the groundwater flowing in the alluvium. The
combined seepage will finally be discharged to and mix with the flow in the Goodpaster River, at and
downstream of the minesite.

Post-closure groundwater chemistry conditions have been quantified by modeled integration of
groundwater hydrology information obtained from the site, the proposed development and closure
strategy, and the chemical characteristics of the orebody, host rock, and backfill, In particular, chemical
fate and transport parameters for key chemical species have been determined by testing of site materials
with pore fluids released by the mine backfill materials; these parameters have been used in the
evaluation.

As a result of discharges of dissolved species from the mine backfill, concentrations of dissolved species
will be temporarily increased in bedrock groundwater downgradient of the mine. However, the hydraulic
conductivity of the materials in this area has been shown to be sufficiently low as to prevent usable
water supply flows to be obtained from these materials, and the pre-mining quality of these waters in
general exceed drinking water standards. Accordingly, these changes are not considered to be significant
due to the lack of accessibility and potability of the water,

The first locations where groundwater could be extracted for consumption or emerge at the surface are
the alluvium of the Goodpaster River valley or the surface water flow of the Goodpaster River. The
expected post-mining changes in concentration of selected key species in the alluvium and surface water
of the Goodpaster River are presented in the following table, together with the time for the peak
concentration to be reached:

Parameter: TDS CN As Cd Ni Sb Se
Slope {mg/L) 291 0.023 <0.001 <0.001 <0.001 <0.001 <0.001
Valley (mg/l) 16 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
River (mg/L) 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0,001
Time (years) 140 140 270,000 1,420,000 | 270,000 30,000 82,500

There are predicted to be small but generally undetectable elevations in concentrations of major ion
specles and metals in the alluvium and surface water of the Goodpaster River. The changes would occur
in approximately a century for unretarded species (such as total dissolved solids and cyanide), to
miliennia for trace metals. In general, these predicted changes will not cause the water quality status in
the alluvium or the Goodpaster River or the alluvium to change.
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1. Introduction

Teck Corporation (Teck) is developing the Pogo Project, a gold mine and processing facility located 90
miles east of Fairbanks, Alaska. This project comprises an underground mine, a milling facility, and a
surface dry-stack tailings storage facility. Mining will be by underground stoping; stopes will be
backfilled with either cemented or uncemented tailings. After mining is completed, the mine will be
decommissioned, the access drifts and shafts will be piugged, and the backfilled mine will be allowed to
resaturate with groundwater. This report presents an evaluation of the post-closure impact of the mine to
water resources in the vicinity of the mine.

2. Setting

2.1 Topography

The Pogo orebody is located on the east flank of the valley of the Goodpaster River, between Liese
Creek and Pogo Creek (Plate 1). Surface drainage from the orebody area is primarily to Liese Creek.

2.2 Climate

The climate of the project is cold and dry. The average maximum summer temperatures are 68°F to
77°F. Temperatures of less than -40°F occur on an average of 14 days per year.

Precipitation is light. Teck believes site and regional data supports a precipitation estimate
approximating 12 inches on an annual average. Published USGS maps for the region indicaie a value of
approximately 19 inches on an annual average. For the purposes of this evaluation, the 19-inch value
will be used.

Evapotranspiration is highly seasonal, with a total annual evapotranspiration estimated to be 9.20 inches

(EBA, 1998).
2.3 Geology

The geology of the orebody area has been evaluated in detail, based on surface drilling, installation of an
underground exploration drift, and the drilling of in excess of 20,000 feet of underground exploration
coreholes. The ore is located in two approximately parallel tabular quartz vein systems, averaging
approximately 15 feet thick, and separated by approximately 400 feet vertically. The upper orebody is
located approximately 400 feet below ground surface. The extent of the orebodies is indicated in Platel,
and two sections through the orebodies are shown in Plate 3.

The quartz ore veins are located within a metamorphic rock package, of which the predominant rock
type is gneiss. The geologic system is complexly folded and faulted (Teck, 1999).

The geologic investigation and inspection of the development drift indicates that there are large scale
faults and fault zones located in the host rockmass; one major fault zone intersects the orebody from
north to south (the Mid-Ridge Fault), and another appears to run approximately parallel to the
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exploration drift. A structural feature also appears to lie approximately beneath Liese Creek (the Liese
Creek Fault). These features have been intersected in underground exploration developments and
underground drilling, and generally appear to be barriers to flow across the features (ABC, 2001). The
Liese Creek Fault and the Mid-Ridge Fault strike approximately northwest, and have been identified as
being associated with zones of enhanced permeability and measurable inflows to the underground
openings, and to drill holes extending from those openings. The significance of these features to
underground flow has been evaluated in detail in the mine inflow evaluation (ABC, 2001).

2.4 Groundwater

2.4.1 Groundwater Head and Flow

Before mining development, groundwater was encountered at a depth of approximately 300 feet below
ground surface at the orebody location. The pre-mining piezometric surface in the site area has been
determined based on the available data, and is shown on Plate 2. Permafrost is present above
approximately this level on the north-facing slopes; intermittent permafrost exists on the south-facing
slopes to approximately the same depth.

The groundwater contours show that the flow in the groundwater system is generally to the west-
northwest, with flow from the mines passing through country rock, and ultimately entering the alluvial
material in the valley of the Goodpaster River. Flow near the Liese Creek fault disrupts the general flow
pattern in the vicinity of Liese Creek, resulting in a portion of the underground flow being captured in
the alluvium of the creek. Based on pre-mining groundwater quality data (see Section 2.7.1 below), it
appears that little bedrock flow enters the Liese Creek alluvium or surface flow.

2.4.2 Hydraulic conductivity

Testing of the site area hydrogeology has been performed over the life of the development. The testing
programs that have been undertaken are as follows:

1. Alluvial area well tests (Golder, 1998; Teck-Sumitomo, 2000). A number of pumping tests of
groundwater flow were conducted in 1998 to determine the availability of groundwater resources
for project development, and the effects of injection of treated project discharge water to the
alluvium of the Goodpaster River. In summary, the testing indicated that the hydraulic
conductivity of the alluvial materials in the valley of the Goodpaster River averaged
approximately 50,000 fi/yr', with a considerable range due to heterogeneities in the valley fill
materials.

! The units used for hydraulic conductivity in this report are feet per year (ft/yr). This is consistent with the vse of the Imperial unit system
for the report. Conversion to metric units can be made using the following factors:

1 fiyr = 1.0 x 10°® cro/sec
1 ftfyr = 1.0 x 10°® m/fsec
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2. Surface well tests of bedrock (Golder, 1998). During the drilling of the surface exploration
program, a total of 41 hydrogeology tests were performed exploration coreholes, in particular
those that were vertical. This testing comprised hydraulic conductivity testing using packer
technology, and installation of permanent completions to allow measurement of groundwater
pressure. The tested holes were concentrated in the vicinity of the orebodies. The median
hydraulic conductivity of the rock evaluated in these tests was 5 ft/yr, with values ranging from
0.01 fi/yr to 500 ft/yr. In general the higher values were encountered in the rock down to 500 feet
below ground surface, and the lower values were encountered at deeper levels, in the vicinity of
the orebody.

3. Tailings area tests (Agra, 1999). The shallow bedrock in the vicinity of the proposed paste
tailings disposal area to the southeast of the orebody has been extensively tested for hydraulic
conditions, using tests in a total of 14 drill holes. The conductivity is approximately an order of
magnitude higher than the deeper rock values, with an arithmetic mean hydraulic conductivity of
approximately 50 fi/yr.

4. Underground testing (ABC, 2001). As a part of the study that comprised this evaluation,
extensive testing of the rockmass was undertaken from the underground exploration drift system.
This testing comprised measurement of flow and water quality to the drift, and testing of a total
of in excess of 50 drill holes. This testing comprises both single-hole flow tests and multi-well
flow response tests. The geometric mean hydraulic conductivity from the single-hole tests was
4.9 fifyr, with a median of 19 fi/yr. Most of these drill holes intersected the relatively high
permeability ore materials, which range in hydraulic conductivity from 10-100 ft/yr, while
hydraulic conductivities measured in holes drilled in country rock range from 0.1 to 1 ft/yr.

The results of analysis of all the bedrock test data are presented in cumulative form in . The gneiss rocks
that characterize the site have a low effective hydraulic conductivity; for this evaluation a range of 0.2
fi/yr to 0.75 ft/yr has been used, to reasonably bracket the impact of transport of dissolved constituents
to the Goodpaster Valley. Within these rocks are located the tabular quartz veins that comprise the
orebody, which have a relatively high hydraulic conductivity in the order of 100 fi/yr; before mining
these units acted as conduits for groundwater flow within the system. However, this material is largely
removed and replaced by backfill during mining, so its characteristics are replaced by the characteristics

of the backfill.
2.4.3 Storage characteristics

Groundwater storage in the alluvial materials is expected to be high; a value of 30% is assumed for the
purpose of computing volume of water in the alluvium.

Groundwater storage in the rockmass is limited. Based on the response of the groundwater system to the -
driving of the access decline for underground development, the drainable porosity of the rock appears to
be in the order of 0.3% (ABC, 2001). Based on testing being performed in the underground
development, the drainable porosity of the rockmass appears to be in the order of 0.1% (ABC, 2001).

These relatively low values are consistent with the generally low hydraulic conductivity of the
rockmass.
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2.5 Surface Water

The site is located adjacent to and east of the Goodpaster River. To the north of the orebody is Liese
Creek, and to the south is Pogo Creek. Both creeks are considered to be perennial, although surface flow
does not always occur in the siream channels, due to flow in the moderate to highly permeable valley fill
sediments, and due to infiltration into fan deposits at the mouths of each creek.

Regional evaluations indicate that the flow in streams is related to catchment area. Average streamflow
is estimated to total the equivalent of 7.46 inches annual runoff (EBA, 1998). Most of the runoff occurs
in the spring freshet. Flow in the Goodpaster River has been gauged downstream of the Pogo site at Big
Delta since 1998. For the period of August 1998 to September 2000, the average flow in the Goodpaster
River for the 677 square mile catchment has been 356 cubic feet per second (cfs), which is the
equivalent of 7.15 inches per year of productivity.

Baseflow in streams in the area has been evaluated using stream flows in the period December to March,
when surface flow to the streams is at a minimum, and most of the streamflow is expected to be the
result of emerging groundwater. Using the baseflow as a gauge of deep groundwater infiltration, stream
baseflow is estimated to be equivalent to a production rate of 1.0 inches per year (ABC, 2001).

Baseflow in the Goodpaster can be estimated from the three years of available record. For the months of
January through March, the average flow in the Goodpaster (at Delta Junction, downstream of the site)
is 33.3 cfs, which is the equivalent of 0.67 inches per year basin productivity. For the lowest flow month
(March), the average flow is 24.8 cfs, or 0.50 inches per year.

2.6 Water Quality

A large number of water quality samples have been taken at the Pogo Project. These samples include
coverage of the surface water in the Goodpaster River, the groundwater in the Goodpaster Alluvium,
groundwater in the country rock, and groundwater in the orebody materials. A summary of the average
water quality for waters of significance to this evaluation is presented in Table 2.

Surface water quality in the project area is good. The surface water is calcium-sulfate dominated, with
total dissolved solids content of approximately 70 mg/L. Dissolved metal concentrations in the surface
water are generally below or close to detection levels.

Groundwater in the valley sediments at the site area has a somewhat higher dissolved content, grading
from 600 mg/L near the valley slope (“slope alluvium™) to 300 mg/L near the river (“valley alluvium”).
The chemistry of these waters is predominantly calcium-magnesium-bicarbonate-sulfate, with some iron
and traces of other metals.

Groundwater in the gneiss rock away from the orebody is higher in dissolved solids with approximately -
550 mg/l. TDS. The water is calcium-magnesium-sulfate-bicarbonate water, and is hard. Arsenic is
present in the water, at a concentration in the order of 0.05 mg/L. Other metals are predominantly below
detection levels in this water.

Groundwater from locations where there is no orebody displays‘moderate dissolved solids content, with
approximately 500 mg/I. TDS. This is calcium-magnesium-sulfate-bicarbonate water, and is quite hard.

AR

543A.010624 '
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Arsenic i1s somewhat elevated in this water, averaging 0.05 mg/L. Some other metals are also present in
the water at low levels, in particular iron, aluminum, cobalt, strontium, and zinc.

Groundwater in and near the orebody displays the highest dissolved solids content of all project waters,
with approximately 1000 mg/L TDS calcium-magnesium-sulfate-bicarbonate water, and is very hard.
Arsenic is elevated in this water, at concentrations ranging between 0.5 mg/L. to 4 mg/L, and averaging
around 1.6 mg/L.. Some other metals are also present in the water at low levels, in particular zinc.

2.7 Water Dating

In order to obtain an understanding of the flow regime that exists at the Pogo site, a program of isotopic
sampling and evaluation was performed in February 2001. Samples of water were taken from surface
streams, shallow monitor wells, deep monitor wells, and from inflows to the underground exploration
facility, and sent for chemical and isotopic analysis. The results are presented below (for species that
showed significant differences between sample locations):

LOCATION Q0UD98C 00uU098D 00U099 00uU100 I LT-009 SW-23
Under-groundiUnder-ground
l;l‘ml:ie:-glr-c_)und Lrl‘n?e[-g[c?und geolog;g-drain geologg-drain “Shglllow 1 | Goodpaster
DESCRIPTION g r: ef: F;eus; g r: eI? Ffse hole near hole near | & uviaiwe River above
. ult Mid-Ridge | Mid-Ridge beside Liese Camp
(high flow) (low flow) Fault Fauilt Creek
DATE 26-Feb-01 26-Feb-01 26-Feb-01 26-Feb-01 25-Feb-01 28-Feb-01
Tritium 15.80 1.34 13.70 13.00 15.40 16.20
3["°Oxygen](per mil) -19.90 -19.45 -20.08 -19.90 -19.42 -20.22
6[2Hydrogen](per mil) -159.31 -155.04 -158.22 -158.56 -160.90 -160.49
COND-L (uS/cm) 477 1540 503 521 267 140
pH-L. (pH units) 7.93 7.78 7.9 7.96 7.94 7.84
TDS (mga/L) 292 1150 . 315 311 167 82
ALK-T (mg/L) 168 441 170 168 98 47
S04 (mg/L) 99 510 113 119 41 18
NO3 (mg/L) 0.044 0.005 0.005 0.005 1.1 0.365
CA-D {mg/L) 51 148 40 41 40 16
MG-D (mg/L) 24 113 33 35 8 4
NA-D {(mg/L) 10 37 13 15 3 3
AS-D (ug/L) 108 2930 150 217 3.8 0.1
FE-D (mg/L) 0.14 2.48 0.22 0.38 0.03 0.03
MN-D (pg/L) 62 32 32 23 1 4
SR-D (pgil) 978 7200 1250 1330 155 861

2.7.1 Chemical Analysis

The chemical analyses indicate that the pre-mining concentration of constituents in the subsurface
increase as the orebody is approached. The pre-drainage orebody groundwater had water quality that is
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indicated by the underground drain hole 00U98D, a low flow hole drilled into an undisturbed area
northeast of the exploration development. This water is mineralized, with 1540 mg/IL TDS, and a range
of dissolved minerals.

The remainder of the water chemistry indicates that the water entering the underground through the
exploration holes (which have in general been allowed to drain for the last year or more) are relatively
good quality, suggesting recent introduction of that water from the surface. This is consistent with the
head information obtained in wells in the vicinity of the underground development, which show that the
water table near the underground workings has dropped to a location close to the elevation of the
workings.

Finally, the water in the alluvial well close to Liese Creek contains iow concentrations of dissolved
solids. This indicates that the groundwater in this location is predominantly derived from surface water,
with only a small component of deep bedrock groundwater discharge to the alluvium (less than 25%).
Liese Creek is in a groundwater discharge location, based on the groundwater level data, so it was
expected that in the winter period when the sample was taken, bedrock groundwater discharge would
dominate the quality of the water in the alluvium, as there would be no surface water flow available to
dilute the discharge to the alluvium from the bedrock. The results indicate that there is only limited
outflow of groundwater from the bedrock system to the alluvium, which is consistent with the observed
low inflow to the underground workings, the low hydraulic conductivities measured in the country rock
at the site, the low computed infiitration to the bedrock system, and the low baseflow from the bedrock
in the region.

2.7.2 Stable Isotopic Evaluation

The abundances of stable isotopes of hydrogen and oxygen were evaluated for each of the samples
~taken. The results are compared with the isotopic abundances from Standard Mean Qcean Water
(SMOW), and are expressed as differences in parts per thousand (per mil). The data for both the
hydrogen and oxygen isotopes of water indicate that the waters are of very similar origin, and have not

been significantly altered differentially by evaporation or other processes that would alter the isotopic
abundances of the water,

The only water that is somewhat different isotopically is the sample from the low-flow underground
hole, 00U98D. This water appears to have been introduced to the groundwater system when the
precipitation was somewhat isotopically lighter than it has been in recent times. As it takes significant
climatic changes to alter long-term precipitation isotopic abundances in a given location, this difference

suggests that this may be considerably older than the other water in the system (perhaps hundreds or
thousands of years).

2.7.3 Tritium Evaluation

Tritium is an unstable isotope of hydrogen, and has a half-life of 12.4 years. It was introduced into the
atmosphere in large quantity as a result of atmospheric testing of thermonuclear devices from 1952 to
1965. Tritium levels in precipitation peaked in the mid-1960s, at levels in excess of 1,000 tritium units
(TU) worldwide. Today, tritium in precipitation varies, but ranges from 10 to 20 TU. Water that has
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been in the groundwater system for more than 50 years (i.e. pre-bomb water) has essentially no tritium,
due to the low pre-bomb tritium levels (estimated at 5 TU), and subsequent decay.

The tritium testing results provide the following conclusions:
1. Surface water (and presumably precipitation) at the Pogo site has about 16.2 TU.

2. Water in the Liese Creek alluvium has about 15.4 TU, which suggests that this is approximately
5% bedrock water (old) and 95% surface water (new).

3. Groundwater in the vicinity of the underground development, which has been subjected to
drainage, has about 13.5 TU, which suggests that it is approximately 20% old water, and 80%
new. This would be the resuit of removal of the old stored water by the drainage, and drawing of
water infiltrated in the last 50 years into the drainage system.

4. Groundwater in the vicinity of the Liese Creek fault has about 15.8 TU, which is close to the
tritium content of surface water, and higher than the Liese Creek altuvial water. This indicates
that this water is largely surface water that has been transported through the Liese Creek fault
from the Liese Creek alluvium and Liese Creek to the drainhole, and also indicates that the water
removed from the drain hole has been sufficient to remove the (old) pre-exploration water from
the fault.

The tritium data indicates that the Liese Creek fault is permeable, and acts as a conduit for surface water
to enter subsurface workings when they intersect it. It also demonstrates that the drainage that has taken
place to date in the vicinity of the underground exploration has been effective in removing stored water
from the system in that area.

2.8 Mining and Ore Processing

Mining is currently planned to remove gold ore from two orebodies, the L1 and L2, the locations of
which are shown on Plate 1. These orebodies are tabular, approximately 15 feet thick, and dip at
approximately 30° to the northwest. They are separated by approximately 400 feet of country rock, with

the L2 being stratigraphically below the L1. Mining will be by underground stoping, and will involve
essentially total extraction of the orebody materials.

The ore produced by mining will be ground and processed using flotation to produce a sulfide
concentrate, which will comprise approximately 10% of the material processed. The flotation underflow
will be thickened and filtered to produce a flotation tailing paste. The concentrate will be reground and
processed to extract gold by cyanidation. After cyanidation, and the resulting sulfide waste will
processed to remove cyanide, and dewatered to form a sulfide-bearing tailing fraction. This will be
mixed with flotation tailings in the ratio of approximately 1 part sulfide tailings to 4 parts flotation -
tailings, and the resulting mixture will be used for cemented and uncemented backfill for the
underground mine. The remaining (non-sulfide) flotation tailings paste will be disposed of in a surface
facility located in Liese Creek (Plate 1).

The underground mine voids will be backfilled with cemented and uncemented tailings material. At

closure, all remaining underground openings will be backfilled, and all access openings (shaﬁs
declines) will be plugged.

ko o e e e S o e T s A s gt R R s
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The quality of water that will be entrained in the backfill after closure has been tested and evaluated, and
the results of this reconstruction are presented in Table 2. The interstitial water will have concentrations
of TDS, pH, alkalinity, arsenic, molybdenum, and nickel that will be higher than currently exist in the
groundwater in the orebody.

3. Evaluation Method

3.1 Approach

The post-mining groundwater chemistry evaluation has been performed using a mixing-cell geochemical
transport model. This model is as follows:

1. The flow domain from the mine to the Goodpaster River is subdivided into a series of twelve
cells, starting at the L2 orebody location, passing through the L1 orebody location, and
proceeding through the river alluvium to the river, which is the final cell.

2. Groundwater flows downgradient from cell to cell at a rate consistent with the actual flow in the
system, with infiltration to the ground surface in the location of each cell being added to the
flow within the cell. In some cells, flow into the cell from the side (“side flow”) is also
considered (for example flow in the Goodpaster alluvium). The side flow is considered to enter
the cell at right angles to the overall groundwater flow system, and then flows downgradient
within the cell flow system, adding to the flow rate in the direction of the groundwater flow
from the mine to the river.

3. While the water is within each cell, it is mixed and equilibrated with the solid phase material in
that cell, resulting in either the uptake of chemical constituents to the liquid phase from the solid
phase, or the transfer of chemical constituents from the liquid on the solid phase.

4. Water moves downgradient from cell to cell, with the water ultimately discharging from the last
cell of the model (the Goodpaster River opposite the minesite) to the Goodpaster River
downstream of the minesite location.

The mixing cell model has been built within a Microsoft Excel Spreadsheet Workbook. A copy of the
workbook containing the mixing cell model, and summaries of the results of all the analyses performed
for this evaluation, is provided in Attachment 2 to this report.

3.2 Chemistry

3.2.1 Chemical Process Modeled
The chemical processes that are modeled are:

1. Mixing. Mixing of groundwater within each cell is modeled as a conservative process, in which
all constituents are assumed to remain in solution after the mixing occurs.

2. Adsorption. Adsorption of constituents onto the solid phase materials in each cell is modeled as a
first-order linear, reversible equilibrium process. The process is controlled by the lumped

s
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distribution coefficient (Kq) for each constituent and each solid phase material. K4 values have
been determined by laboratory experiment for the Pogo site materials and key chemical
constituents. Distribution of constituents between the solid phase and the liquid phase is
governed by the following equation:

Concentration in solid phase (mg/kg) = K4 * Concentration in the liquid phase (mg/L)

No other chemical processes are explicitly modeled, although the laboratory determination of the
lumped parameter Kq may include the effects of processes in addition to adsorption, including oxidation,
reduction, dissolution, and precipitation. Assuming that all the removal of material from solution in the
laboratory testing is reversible is in general conservative with respect to impact of dissolved materials on
groundwater, in that many of the chemical processes that actuaily occur in the groundwater transport
system have the effect of permanently removing chemical mass from the transport system, reducing the
dissolved concentration of the constituents that precipitate. Oxidation of sulfides is not considered,
because it is not expected that significant oxidation will occur in the mine voids after closure and
refilling.

The possibility that chemical constituents might dissolve from the backfill in perpetuity has been
considered by performing some analyses using a very high K, in the mine backfill material. This has the
effect of creating an essentially permanent source of dissolved constituents at the mine location.

3.2.2 Adsorption behavior

The effective adsorption behavior of the constituents of concern in the groundwater evaluation was
established by laboratory testing of the materials found at the minesite, using liquors that simulate those
that are expected to be created by the mine backfilling process. The laboratory testing performed, and
the results obtained, are presented in detail in Attachment 1. In summary, the testing involved the
following:

1. Crushing of the rock cores of site material.

2. Contacting the crushed material with synthetic liquor that approximates the fluids that will be
encountered at the minesite, in particular lixiviant from the milling and cementing processes.

3. Measuring the changes in the concentrations of the constituents of concern in the liquor after
contact with the crushed rock.

4. Computation of the distribution coefficient for the constituent and the rock type tested.
This process was carried out for the following cases:
1. The range of pH encountered or expected in the Pogo system.
A range of grainsizes of the test sample (to allow application to the rockmass).

2
3. The range of ionic strength solutions expected at the site.
4

The range of rock types found at the site.
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In addition, the site rock materials were tested for leachable metal constituents using a distilled water
lixiviant, to determine if any of the metals of concern were capable of being leached from the site rocks
(as distinct from the mine backfill materials).

The results of the distribution coefficient testing were used to develop the values that are used in the
model; these are presented in Table 1.
3.2.3 Rock and water chemistry

The water chemistry for the components present at the Pogo site was developed from information
obtained at the site, and during testing of the tailings. The components are:

1. Cemented and uncemented backfill. Backfill materials were crushed and tested by leaching®. The
original concentrations of constituents in the interstitial waters in the original backfill materials
were computed by re-concentrating the constituents measured in the initial leach of these
materials in the humidity cell tests back into the original moisture content in the sample’.

2. Country rock. The water quality in the country rock (that is non-ore rock) was evaluated from
analyses of water samples from wells completed in the rock remote from the orebody.

3. Alluvium. Alluvial water quality in the Goodpaster Valley was evaluated from tests of water
sampled from alluvial wells located upgradient from disposal wells at the minesite.

4. Goodpaster River. Water quality in the Goodpaster River was evaluated from tests of surface
water samples taken above and below the minesite during the exploration period.

Rock chemistry was determined by aquaregia digestion tests of the rock material.

The results are presented in Table 2.

3.3 Model

3.3.1 Construction
The model comprises twelve cells, arranged sequentially as shown conceptually in

. The cells are in general tabular, inclined at 30 degrees from the horizontal, generally parallel with the
orebodies and with the steeper surface siopes in the mine area. The cells are oriented normal to the
groundwater flow. Details of the cellular transport mode! are presented in Attachment 2.

? The samples were taken in the initial flush of Humidity Cell Tests of all the materials relevant to the study. This is a 20:1 leach with -

distilled water, which is considered to remove all the leachable material from the sample, and to Jeave only a very limited amount of
sojuble material adsorbed to the backfill material.

* 1t is recognized that in concentrating the leached constituents back into the original porewater volume, some of the constituent
concentralions may exceed the solubility of those constituents in the porewater solution. Assuming that all constituents remain soluble in

the original porewater in the re-concentrated solution is conservative in that it maximizes the concentrations that will report to the
receiving waters in the system,
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3.3.2 Input Parameters

Input parameters for the modeling comprise a “base” case value, which is considered to be the value of
the parameter that best reflects the actual behavior of the site area. In addition, an upper and lower value
has been selected to characterize the range of each parameter; these values represent the reasonable
range of the parameter that could occur at the site. These ranges in general include most of the available
data, and are used in sensitivity evaluations of the system.

The parameters for the model were as follows:

i

54

2.
a.
b.
c.
3.

1. Geometry. The model domain was divided 12 cells, in order to subdivide the model volume into
discrete analysis portions. The cells represented (from upper to lower): the L2 backfilled mine
(15 ft thick); the L1-L2 interburden (400 feet thick); the L1 backfilled mine (15 feet thick);
country rock downgradient of the mine (6 cells totaling 2,800 ft thick); the alluvium of the
Goodpaster River valley close to the siope (the “slope alluvium”, 100 feet thick); the alluvium of
the Goodpaster River valley close to the river (the “valley aliuvium”, 100 feet thick); and the
Goodpaster River itself. Each cell was 2000 feet wide (i.e. the horizontal dimension normal to
the flow direction), while thicknesses and depths varied according to the real material
dimensions. '

Hydraulic conductivity. The following conductivity vaines were selected:

Country Rock. Based on measurement and the results of calibration of the Pogo flow model
(ABC, 2000; ABC, 2001), the hydraulic conductivity of the bedrock was found to be
between 0.2 ft/yr and 0.75 ft/yr; the base case value used in this evaluation was 0.5 ft/yr. This
value enters into the analysis only in the computation of flow from rock above the modeled
domain into the uppermost cell of the model; that is above the location of the L2 orebody.

Siope Alluvium. A base case hydraulic conductivity value of 2,000 ft/yr was used for the
slope alluvium; the range used was 1,000 ft/yr to 5,000 fi/yr. These values are somewhat
lower than measured values of hydraulic conductivity for alluvium, reflecting the expectation
that alluvium close to the edge of the valley will be less permeable than alluvium in the
center of the valiey, for which data have been obtained. This value enters into the evaluation

only in the computation of the “side” flow in the portion of the alluvium close to the edge of
the valley.

Valley Alluvium. A base case hydraulic conductivity value of 40,000 fi/yr was selected for
the valley alluvium, which is the approximate average of measured values for the hydraulic
conductivity of the alluvium. The range of values is from 5,000 ft/yr to 72,000 fi/yr. This

value is only used to compute the “side” flow in the portion of the alluvium adjacent to the
river, '

Porosity. The following base porosity values and porosity ranges were used for the transport

analysis:

a.

b.

Rock: 0.3% (0.1%-0.5%) '
Backfill: 25% (20%-50%)
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c. Alluvium: 30% (25%-40%)

4. Infiltration: A base infiltration rate of 0.5 inches per year was selected, based on the productivity
of the Goodpaster River and other information (ABC, 2001). The infiltration range selected was
0.18 in/yr to 0.75 in/yr, based on modeling and other evaluations of the flow at the Pogo site
(ABC, 2000; ABC, 2001). '

5. Goodpaster River flow. The Goodpaster River flow passes through the final cell in the model as
“side” flow. The flow rate used for this evaluation is 33.3 cfs (14,952 gpm), the average low
flow measured at Big Delta for the period of record.

3.3.3 Source Term

3.3.3.1 Expected source term

The expected source term for each constituent is set equal to the amount of each constituent that is
leachable from the backfill material, using a 20:1 distilled water leach. This leachate was obtained in the
first flush of the Humidity Cell Tests for the site materials, as noted above. The concentration used in the
analysis was computed by numerically re-concentrating the constituents obtained in the leachate back
into the moisture content in the original sample. The source concentrations of constituents thus
computed are presented in Table 3, along with the computed K values used in the analysis. As this is
considered to be the total amount of source constituents in the backfill, in the expected case analysis the
backfill is given a K4 of zero, so that no additional material will be adsorbed onto the backfill (in the
computation). This is equivalent to assuming that no further material is produced by, or leachable from,
the backfill material.

3.3.3.2 Maximum source term

It is possible that after removal of the soluble materials from the backfill, long-term dissolution and/or
decomposition of some of the solids in the backfill may occur. In particular, dissolution of the
cementitious material used in the backfill might occur in the very long term. The maximum amount of
source term material that could be dissolved has been computed for each constituent from the
information in Table 3, using the following assumptions:

1. TDS. It is assumed that all the calcium and magnesium would be dissolved from the matrix as
their respective carbonates, along with the arsenic as arsenite.

2. Metals. It is assumed that the maximum source term for each metal analyzed is the amount of
metal that can be mobilized by aquaregia digestion.

As the source constituents will be leached from the backfill material, in the computation the source term .
was cast in terms of effective Ky (distribution coefficient) values. To achieve this, the computed
available solid-phase source concentration for each constituent was divided by the computed
concentration of each constituent in the interstitial liquid of the backfill material. These maximum
source concentrations of constituents evaluated in this analysis are presented in Table 3, along with the
computed K4 values used in the analysis. This computational approach has the effect that the
constituents are removed or displaced from the backfill initially at the concentration that is computed to
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exist at mine closure ttme. Thereafter, the constituents that are computed to be available in the long term
are removed from the backfill into the groundwater, at gradually decreasing concentrations, until all the
potentially mobilizable materials are transported into the downgradient groundwater system.

4. Results

4.1 Constituents Evaluated

The model was run for seven chemical species: TDS, cyanide, arsenic, antimony, cadmium, nickel, and
selenium. The selected parameters were based on those that were significantly present in the backfill
material, and those for which drinking water and cold water aquatic standards were low. All other
parameters have no human health or environmental impact potential at the concentrations at which they
are present at source, The rationale for selection of these parameters is presented in more detail in the
Bench Scale Testing Report (Attachment 1).

4.2 Flow

The flow conditions in the model are summarized as follows (for the expected case; flows are similar in
all cases):

1. Groundwater inflow from above the mine. The expected groundwater inflow above the mine is
computed to be 7 gallons per minute (gpm) through the mine cross-section.

2. Infiltration to the flow pathway. Infiltration from the ground surface takes place along the entire
flow from the mine to the river. Total infiltration to the flow system in the expected case is 3
gpm. This water results in dilution of the mine water by approximately 1.4:1 by the time the flow
exits the bedrock system.

3. Slope alluvial flow: The flow entering the slope alluvium from the bedrock is approximately 10
gpm. In the slope alluvium cell it mixes with a flow of 28 gpm in the alluvium from up-river.
This mixing results in a dilution of the incoming rock water of 4:1, and a dilution of the original
mine water of about 5:1. All outflow from the cell is assumed to be towards the river®.

4. Valley alluvial flow. The alluvial flow in the center of the valley is computed to be
approximately 1,140 gpm in the expected case, moving parallel to the river in the vicinity of the
mine. This flow is assumed to mix with the 38 gpm of flow from the slope alluvium, resulting in
a dilution at mixing of 30:1, and a total dilution of the original mine water of 170:1.

5. River flow. The expected flow in the Goodpaster River is 33.3 cubic feet per second, or
approximately 15,000 gpm. This is the approximate low flow for the river, A total of 1,178 gpm .
of groundwater flows out of the valley alluvium into the river opposite the minesite in the

* It is recognized that in the real situation most of the discharge frem the cell would be as groundwater flowing parallel to the river.
However the model discharges all the flow from each cell foward the river, to ensure that in the model all the chemical mass from the
vicinity of the mine is discharged into the river adjacent to the minesite. This assumption produces the greatest computed concentration
changes in the river alluvium and the river, 50 is conservative,
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expected case. The river water dilutes this water by a (minimum) factor of approximately 13:1.
As the original mine water is already diluted in the incoming water by a factor of 170:1, the total
(minimum) dilution of the mine water seepage in the river opposite the mine is approximately
2,300:1. These dilutions are minima because the river flow used is the minimum.

4.3 Expected Case

The “expected case” evaluation comprises the expected condition for the post-mining groundwater and
surface water effects resulting from the mining and backfiiling of the Pogo Mine. This case uses the
expected values of each of the parameters that control post-closure groundwater system behavior, and
the expected source term for each constituent. The results are presented for each of the constituents
considered.

The analyzed maximum increases in concentration in the groundwater flow system after the cessation of
mine operation and backfilling are summarized by species in the following table.

Location TDS CN As Cd Ni Sb Se
mg/L mg/L mg/L ma/L mag/l. mg/L mg/L
Backiil 5158 0.4 4.4 <0.001 0.348 0.052 0.049
Bedrock (mid-path) 2591 0.20 0.001 <0.001 <0.001 <0.001 <0.001
Slope Alluvium 291 0.023 <0.001 <0.001 <0.001 <0.001 <0.001
Valley Alluvium 16 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
River 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Years to reach peak 140 140 270,000 |1,420,000] 270,000 | 30,000 82,500

These changes result in the following peak concentrations in the indicated locations:

Location TDS CN As Cd Ni Sb Se

mg/L muy/L. Ma/L mg/L mg/L mg/l mg/L

Backfill 5691 0.4 4.5 <0.001 0.363 0.053 0.050
Bedrock (mid-path) 3124 0.20 0.053 <0.001 0.015 0.001 0.004
Slope Alluvium 892 0.023 0.053 <0.001 0.002 <0.001 0.002
Valley Alluvium 310 0.001 0.030 <0.001 0.002 <0.001 0.001
River 71 <0.001 0.006 <0.001 0.001 <0.001 0.001
Years to reach peak 140 140 270,000 |1,420,000{ 270,000 | 30,000 82,500

The results indicate that there will be some increase in concentrations of species at and close to the
backfilled mine, but these effects are expected to reduce rapidly with distance away from the mine. "
None of these changes in water concentration would cause a change in the use of the water, or would
cause the water to exceed relevant regulatory standards.
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4.3.1 TDS

After closure and refill of the mine voids, materials dissolved in the backfill will be transported
downgradient through the flow system by groundwater flow, resulting in increases in dissolved solids
content downgradient of the mine. The amount of soluble material at source has been computed by
reconcentrating the dissolved solids in a leached sample back into the moisture content of the original
sample.

Total dissolved solids concentrations that are expected in the backfill are 5,691 mg/L, which is
computed from the results of initial leaching of humidity cell testing. This concentration is 5,158 mg/L
higher than the average TDS in groundwater in the country rock. In the Goodpaster alluvium against the
valley wall, the increase in TDS is computed to be 291 mg/L; this would occur in a location where the
groundwater naturally exceeds the TDS drinking water standard. The effect of this water quality change
would be to somewhat increase the area of the alluvium where the TDS exceeds the secondary drinking
standard of 500 mg/L (which the slope alluvium currently exceeds in places). A small increase of 16
mg/L is computed to occur in the alluvium beside the Goodpaster River, while there is computed to be
no detectable concentration change in the Goodpaster. The results are presented in Figure 3.

4.3.2 Cyanide

Total cyanide concentrations are expected to be relatively low in the backfill: an average of 0.4 mg/L in
the interstitial liquid (cyanide destruction will reduce the concentration of cyanide to 2 mg/L
concentration in the sulfide fraction; this is 20% of the backfill material). It is assumed that the same
concentration will exist in the backfill solids. Based on this input, the peak concentration of cyanide in
the slope alluvium is computed to be 0.023 mg/L, and in the valley alluvium is 0.001 mg/L. Neither
value approaches the drinking water concentration of 0.200 mg/L. No measurable change is expected in
the Goodpaster River. It is computed that these peak values will be reached approximately 140 years
after the end of the mining. ' ‘

4.3.3 Arsenic

Arsenic concentrations in the interstitial waters in the backfill are expected to be high: nearly 4.5 mg/L.
This dissolved arsenic will be displaced from the backfill with the seepage through the mine, and will
migrate slowly towards the Goodpaster River, as arsenic is strongly adsorbed to the rockmass materials.
Changes in the concentration of arsenic are expected to be undetectable in the slope alluvium, the valley
alluvium, and the river; any change would take approximately 270,000 years to reach its peak, due to the
high attenuation of arsenic in this system. The computed change in arsenic concentration in the river in
the expected case is provided as Figure 4.

In the actual system, essentially no arsenic will actually be transported through this system to the -
alluvium. The actual source will be significantly lower than the maximum source, and in the long period
of travel it is likely that geochemical processes not evaluated in the testing will occur which would result
in the removal of arsenic from the groundwater. This is occurring now; the pre-mining information
indicates that elevated arsenic only occurs in the groundwater system close to the orebody.
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4.3.4 Other Metals

All the other metals evaluated for the expected case have no detectable increase in concentration in the
alluvium or the water of the Goodpaster River. All changes are below 0.001 mg/L, which would be
below any detectable levels when compared with the background metal levels in the river,

4.4 Maximum Source Case

Greater geochemical impacts result if the maximum source term is assumed for the backfill material.
The summary of the changes in concentration for selected parameters for this case are presented below:

. TDS CN As Cd Ni Sh Se

Location mg/lL | mglL | mgiL | mo/L | mgL | mg/L | mgL
Backiill 5158 0.400 4.432 <0.001 0.348 0.052 0.049
Bedrock (mid-path) 4520 0.334 3.893 <0.001 0.305 0.046 0.042
Siope Alluvium 576 0.042 0.496 <0.001 0.039 0.006 0.005
Valley Alluvium 32 0.002 0.027 <0.001 0.002 <0.001 <0,001
River 2 <0.001 0.002 <0.001 <0.001 <0.001 <0.001

Years to reach peak 1,000 280 1,600,000 | 3,200,000 | 1,400,000 300,000 | 450,000

These changes result in the following peak concentrations in the indicated locations:

Location TDS CN As Cd Ni Sh Se
mg/L myg/L Mg/L. mg/L mg/L mg/l. myg/L
Backfill 5691 0.400 4482 0.000 0.363 0.053 0,050
Bedrock {mid-path) 5053 0.334 3.943 0.000 0.320 0.046 0.043
Slope Aliuvium 1,177 0.042 0.549 0.000 0.041 0.006 0.007
Valley Alluvium 326 0.002 0.057 0.000 0.005 0.000 0.001
River 72 0.000 0.008 0.000 0.001 0.000 0.001
Years to reach peak 1,000 280 1,600,000 | 3,200,000 | 1,400,000 | 300,000 | 450,000
4.4.1 TDS

Under the maximum source term assumption, the TDS concentration in the backfill is still 5,691 mg/L.
In the Goodpaster slope alluvium the increase in TDS is computed to be 576 mg/L, in the valley
alluvium it is 32 mg/L, and in the river it is 2 mg/L. If this maximal source term were to occur, TDS
would somewhat increase the area of the alluvium where the TDS currently exceeds the secondary
drinking standard of 500 mg/L (which the slope alluvium currently exceeds in places). The increases in ‘
the valley alluvium and the river would not be detectable due to current variations in TDS. The results of
the maximum source analysis for TDS are presented in Figure 5.

4.4.2 Cyanide

The peak concentration of cyanide in the slope alluvium for the maximum source is computed to be
0.042 mg/L, and in the valley alluvium is 0,002 mg/L. Neither value approaches the drinking water

1543A.01
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concentration of 0.200 mg/L. No measurable change would occur in the Goodpaster River. It is
computed that these peak values will be reached approximately 280 years after the end of the mining.

4.4.3 Arsenic

Under the maximum source assumption, the peak concentration of arsenic in the slope alluvium is
computed to be 0.549 mg/L, and 0.047 mg/L in the valley alluvium. The computed change 0.002 mg/L
in the river would not be detectable against the background of 0.006 mg/L. It is computed that in this
case the peak value will not be reached for approximately 1,600,000 years after the end of the mining,
due to the high attenuation of arsenic in this system. The results of the analysis are presented in Figure 6.

4.4.4 Other Metals

All the other metals evaluated for the maximum source case have no detectable increase in concentration
in the alluvium or the water of the Goodpaster River. All changes are at or close to detection, except in
the slope alluvium, where concentrations remain below drinking water standards. It is computed to take
hundreds of thousands or millions of years for peak concentrations to be reached under this source
scenario, which would be sufficient time for geologic mineralization processes to occur to remove
metals from solution.

4.5 Sensitivity

The above analysis of the post-closure water quality in the vicinity of the Pogo Underground Mine
presents the expected case, and the maximum source case. Some of the parameters that were used to
develop the results are subject to uncertainty, so a series of sensitivity analyses were conducted to
determine the sensitivity of the results to those uncertainties. The results of these analyses are presented

in Table 4, and the changes in concentrations are summarized for TDS and arsenic in the river materials
below:

Species Change in TDS Change in Arsenic
Location Slope Valley River Slope Valley River
Unit mg/L. mg/L mg/L mg/L mg/L mg/L
Base Case 291 16 1 <0.001 <0.001 <0.001
Low Hydraulic Conductivity 276 53 1 <0.001 <0.001 <0,001
High Hydraulic Conductivity 80 1 2 <0.001 <0.001 <0.001
Low Porosity 345 10 1 <0.001 <0.001 <0.001
High Infiltration 291 16 1 <0.001 <0.001 <0.001
Low Distribution Coefficients 291 16 1 <0.001 <0.001 <0.001
No Adsorption 291 16 1 0.250 0.014 0.001
Maximum Source 576 32 2 0.496 0.027 0.002
Maximum Source, No Kd 577 32 2 0.497 0.027 0.002
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4.5.1 Hydraulic Conductivity

The hydraulic conductivities of all materials including rock and river alluvium were set at the highest
and lowest values consistent with the data. Increasing the hydraulic conductivity increases the mass rate
of transport of dissolved materials from the backfill (by greater flow through the fill) but increases the
dilution by flow in the ailuvial materials. As a result, the high conductivity case decreases the
concentrations in the alluvium, and increases the concentration in the river (and the opposite changes
occur with reduction of the hydraulic conductivity). The changes are modest; below detection in the
river, and not significant with respect to impacts.

4.5.2 Porosity

Reducing the porosity from the expected value to the iowest value in the range for all materials
produced an increase in predicted concentrations in the Goodpaster Valley by up to 12%. These changes
would not be detectable.

4.5.3 Infiltration

Increasing the infiltration to the highest values in the range for all materials produced a reduction in
predicted concentrations in the Goodpaster alluvium of up to 50%, and an increase in predicted
concentrations in the Goodpaster River of up to 50%. Decreasing the infiltration by a corresponding
amount resulted in the opposite effects. None of the computed changes would be detectable.

4.5.4 Distribution Coefficient

Distribution coefficients of all materials were set at the lowest value consistent with the laboratory data.
This reduced the extent to which metals are adsorbed, and increased the speed of transit and increases
the concentrations in the Goodpaster Valley. The results were essentially unchanged, with concentration
changes increasing approximately 2%, which is not detectable.

To evaluate the significance of the laboratory-determined distribution coefficients on the results,
distribution coefficients for all species were set to zero. This eliminates adsorption of the rockmass and
the alluvium. Peak concentration changes in the river valley increased by as much as four orders of
magnitude in some cases as a result of this change; however the concentrations that resulted would still

not be detectable except in the case of arsenic. Transit times for all species also dropped to about a
century.

4.6 Summary

The results of the evaluation of solute transport at the Pogo site after mine closure are as follows:

1. In general, no measurable post-closure increases in concentration of mine-related constituents are
expected to occur in the Goodpaster River or the riverside alluvial materials.
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2. An increase in TDS may occur in alluvium close to the valley wall in about 100 years; this
change may slightly increase the area of the alluvium in which the water exceeds the secondary
drinking water standard for TDS of 500 mg/L.

3. A slight increase in cyanide concentrations may occur in the alluvium close to the valley wall in
about 100 years; the computed change is 0.013 mg/L, which is well below the drinking water
MCL of 0.200 mg/L. However it is expected that the cyanide wiil undergo some degradation in
transit, so no change is likely to be identifiable.

4. A slight increase in arsenic is predicted for the alluvium close to the vailey wall, but this will
take geologic times to occur. This change would not be expected to be identifiable by site
measurement.

5. Consideration of the maximum variation in all site parameters and of the source term does not
significantly change the results of these analyses.

In summary, no significant change is expected to occur in concentrations of groundwater constituents,
and no measurable change is expected to occur in concentrations of surface water constituents as a result
of post-closure seepage through the Pogo Mine backfiil.

5. Conclusions

The impact of backfilling the Pogo Mine with cemented and uncemented processed ore materials has
been evaluated using a solute transport analysis model. As a result of the low hydraulic conductivity of
the host rock, the high ability of the host rock and alluvium to adsorb metals, and the high dilution of the
groundwater flow when it enters the Goodpaster River valley, no significant chemical impacts will occur

to water resources in the Goodpaster River or its alluvium as a result of the backfilling and closure of the
proposed underground mine.
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Table 1 - Laboratory Distribution Coefficients of Site Materials

Analyte TDS CN As Cd Ni Sb Se

Unit miig mi/g mi/g mi/g mi/g ml/g mi/g
Rock 0 0 45 45 4.5 0.5 1.4
Backfill 0 0 3 30 3 0.3 0.9
Alluvium-Slope 0 0 6 60 6 0.6 1.8
Alluvium-Valley 0 0 & 60 & 0.6 1.8
River 0 0 0 0 0 0 0
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Table 2 - Water and Solid Chemistry Results

AdrianBrown

Good- | Valley | Slope Non- 1 5rehody |Cemented| Cemented
. paster | Aluvium | Alluvium | Orebody - . N
Parameter | Unit River Ground- | Ground- | Ground- v(v;;toel:n(ds-) L':‘a:jl:,nrg(z, Talls(;s,ohds
Water (1) | Water (2) | Water (3) | water (4) 4
Conductivity |uSfcm 71 383 854 766 1,416 7081
pH pHunits| 7.37 6.57 6.98 7.90 7.44 9.32 9.3
TDS mg/L 70 204 601 553 087 5691
TSS mg/L 10 13 48 183 20
Turbidity NTU 2 7 224 89 24
Bicarbonate |mg/l. 38.6 75.5 205 410 338
Alkalinity  {mg/L 38.2 74.4 191 369 338 63
[Hardness |mgfL 53.0 188.8 513 408 709
iCa ppm 14.5 486 120 81 117 1545 25,500
IFe ppm 0.04 11.4 27 0.9 1.4 1.0 30,600
K ppm 2.8 2.2 3.0 3.5 3.3 69 2,200
IMg ppm 37 16.3 50 49 99 16 4,100
INa ppm 2.5 6.9 13 30 41 230 100
P ppm 0.02 0.08 0.22 0.30 0.5 0.3 240
Cl ppm 0.4 10.3 1.1 3.8 29
INH3 ppm 0.3 0.35 0.40 0.1
INO3 ppm 0.27 0.09 0.04 0.05 0.1
S04 ppm 15.5 111.3 332 168 431 3714
CN ppm 04
Si ppm 59 57 7.9 13
F ppm 0.1 0.1 - 0.17 1.2 0.6
Ag ppb -0.02 -0.02 -0.02 -0.02 -0.02 181 800
Al ppb 19 69 6 127 6 1,584 | 7,000,000
As ppb 0.30 30 53 50 1,645 4482 [ 7,080,000
IBa ppb 15.6 67.3 173 53 17 109 50,000
IBe ppb 2.1 0.5 0.9 0.7 -0.2 -500
IB ppb 2.8 2.9 11 11 167
IBi ppb 0.5 0.75 0.70 0.6 -0.2 82,000
Cd ppb 0.04 0.07 0.07 0.11 0.034 -0.2 -500
Co ppb 0.1 3.5 0.4 13 1.0 31 12,000
Cr ppb 1.1 4.0 2.6 1.7 4.1 29 164,000
Cu ppb 0.7 1.2 1.8 0.8 1.3 63 198,000
Fe ppb 40 11,432 26,833 859 1,108 1,279 | 30,600,000
Hg ppb 0.05 0.04 0.02 0.02 0.4 -10,000
Mn ppb 4 981 1,089 319 57 4.74 295,000
Mo ppb 0.32 0.31 1.39 12 6.3 783 5,000
Ni ppb 0.82 2.45 1.7 15 6.4 363 22,000
Pb ppb 0.03 0.15 0.08 0.67 0.1 -9 42 000
Sh ppb 0.10 0.14 0.12 0.76 2.4 53 4,000
Se ppb : 1.08 1.5 1.4 1.2 50 200(9)
Sn ppb 0.40 0.12 0.15 0.14 0.1 6
Sr ppb 83 266 843 1,172 4,980 2,070 54,000
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Good- Valley Slope Non-

paster | Alluvium | Alluvium | Orebody Orebody

River Ground- | Ground- | Ground-
Water (1) | Water (2} | Water (3) | water {4)

Cemented| Cemented
Ground- | Tailings |Tails Solids
water (5) | Liquor (6) {7)

Parameter Unit

Ti ppb 0.026 0.085 -10 -43 300,000
Tl ppb 10 10 0 0.02 0.11 -10,000
U ppb 0.41 2.70 8.3 438 20 0.41 -10,000
V ppb 0.40 2.47 1.7 1.5 0.9 23 22,000
Zn ppb 2.36 6.49 76 | 124 8.1 18 36,000
NOTES:

(1) Goodpaster River data averaged from locations SW-23 (upstream} and SW-15 {downstream) (n=26)
(2) Valley alluvium averaged from MW98-03 (shallow) and MW88-15 (deep) (n=20)

(3) Slope alluvium averaged from MW9B-10A (n=6)

(4) Non-ore groundwater from MW98-80, -81, and -82 (n=20). Note elevated cobalt, zinc.

{5) Orebody groundwater samples are taken from fiow from underground drill holes (n=42)

{6} Re-concenirated from initiat Humidity Cell Test leachate

{7) Tailings from Tests 37, 38, and 39 of the Humidity Cell Test sequence; values are for solids

{8} Negative sign means “less than" .

{9} Solid phase selenium value taken from totai tailings analysis

{10} Except as noted, all vaiues are for dissolved concentration (filtered with a 0.45 micron filter)
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Table 3 - Maximum Source Term Constituent Availability

Parameter Cemented Tailings Cemented Tailings Effective Kd (4)
Liquor {mg/L) Solid (mg/Kg) {Distribution Coeff)
(L/Kg)
TDS 5,679 78,000 (1) 14
CN 0.4 04 (2) 1
As 4.5 7,080 1,573
Cd <0.001 (3) <0.5(3) 500
Ni 0.4 22 55
Sb 0.053 4 75
Se 0.050 0.2 4,000

(1) Computed from expected soluble and leachable constituents from Table 2
(2) Solid phase concentration assumed to be the same as liquid phase

(3} Concentrations set at detection limits
(4) Effective distribution coefficient = maximum concentration in solid /concentration in liquid
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Table 4 - Results of Sensitivity Analyses

AdrianBrown

H Highu Low N L High Hy::av:iic Maximum | Maximum
. . . rawiic - i+ ow gl

Species | Location | Unit | Base Case Cz:duct- Distribution | 4 orption | Porosity | infiltration | Conduct- | Source Source,
ivity Coefficients _ ivity No Kd

[ TDS | Backiil | _mgiL 5158 5158 5158 5158 5158 5158 5158 5158 5158
Rock mall 2581 2554 2591 2561 2065 7591 2418 4520 4530

Slope | mgiL 201 80 291 201 345 291 276 576 577

Valley | mglL 16 1 16 16 18 16 53 32 32

Rivar mg/L 1 2 1 \E 1 1 1 2 2

Time | years 140 100 140 14D 80 140 290 1060 350

CN__| Backill | _mglL 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400
Rock ma/L 0201 0.198 0.201 0.201 0.231 0.201 0.186 0.334 0.336

Slope | _mglL 0.023 0.007 0.023 0.023 0027 0.023 0.021 0.042 0.043

valley | “mgil 0.001 0.001 0.001 0,001 0.001 0.001 0.004 0.002 0.002

River | mglL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Time | years 140 100 140 140 &0 140 280 280 250

As | Backiil | mgl 4432 4.432 4.432 4,432 4.432 4,432 4432 4.432 4.432
Rock malL 0.001 0.001 0,002 2236 0.001 0.004 0,001 3.893 3.808

Slope | mglL 0.000 0.000 0.000 0.250 0.000 0.000 0.000 0.496 0.497

Valley | mgit 0.000 0.000 0.000 0014 0.000 0.000 0.000 0.027 0.027

River | mall 0.000 0.000 0.000 0.00% 0,000 0.000 0,000 0.002 0.002

Time | years | 270000 | 180,600 | 190,000 140 270,000 | 270,000 | 540,000 | 4,600,000 720

Cd | Backll | _maglL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Rock g/l 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000

Slope | mgiL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Valley | mgit 6.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000

River | mglt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Time | years | 1420000 | 1420000 | 500000 140 2700000 | 2700000 | 5400000 | 3200000 540

N Backdill | mgiL 0.348 0.348 0.348 0348 0.248 0.348 0.348 0.348 0.348
Rock malL 0.000 0.000 0.000 0.175 0.000 0.000 0.000 0.305 0.306

Slope_ | mgll 0.000 0.000 0.000 0.620 0.000 0.000 0.001 0.039 0.035

Valley | mgiL 0,000 0,600 6.000 0.001 0.000 0.000 0.000 0.002 0.002

River | mg/L 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Time | vears | 270000 | 180000 | 150000 140 370000 | 270000 | 540000 | 1400000 680

Sb_ | Backill | mglL 0.052 0.052 0.052 0.052 G.052 0.052 0,052 0.052 0.052
: Rock mail. 0.000 0.000 0.000 0.026 0.000 0.000 0.000 0.048 0.046
Siope | mglL 0.000 0.000 ©0.000 0.003 0.000 0.000 0,000 0.006 0.006

Valley | mglL 5.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000

River | mgfl 0.000 0.000 0.000 0.000 6.000 0.600 0,000 0.000 0.000

Jime | years 30000 21000 9000 140 30000 30000 60000 300000 620

Se | Backfll | gL 0,049 0,049 0.049 0.049 0.049 0.049 0.049 0.043 0,049
Rock | mgil 0.000 0.000 0.000 0.025 0.000 0.000 0.000 0042 0.043

Slope | mgl 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.005 0.005

Valley | mglL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0000 0.000

River mg/L 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Time years 82500 58500 48000 140 84000 84000 165000 | 450000 600

e L e L
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Figure 1- Hydraulic Conductivity Distributions
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Figure 2 - Schematic of Mixing Cell Model
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Figure 3 — Expected Case - TDS
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Figure 4 - Expected Case — Arsenic
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Figure 5 - Maximum Source - TDS
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Figure 6 - Maximum Source - Arsenic
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1. INTRODUCTION

1.1 Overview and Purpose

The Goodpaster River is beside and downgradient of the proposed Pogo Mine, located 90 miles south-
east of Fairbanks, Alaska. Paste tails which are used to backfill the underground mine void will contact
groundwater as it flows toward the river. Between the Goodpaster River and the proposed mine is a
flow-path of approximately 4000 feet of local bedrock. This bedrock will interact with any chemical
constituents dissolved in groundwater, primarily through chemical adsorption processes.

The purpose of the chemical attenuation test program presented here is to quantify the extent to which
local bedrock will attenuate trace metal concentrations in groundwater. The approach used was to collect
representative bedrock samples from the volume between the proposed mine void and the Goodpaster
River, and to measure the distribution coefficient (K,) of the rock using the standardized method.

1.2 Approach

When an agueous solution contacts a solid, chemical constituents dissolved in the solution will, to vary-
ing extents, adsorb onto the solid. It is commonly observed that as the concentration of a species in solu-
tion increases, the amount of it adsorbed to contacting solid surfaces also increases. A graph of the
amount of species adsorbed as a function of the solution concentration is calied an isotherm. The distri-
bution coefficient, K, is the simplest numerical description of an isotherm. It is defined by the following
equation, with the adsorption reaction at equilibrium:

K concentration of the constituent in the solid phase (mg/kg)
¢ concentration of the constituent in the liquid phase (mg/L.)

A range of factors, including solution pH and salinity, affects the magnitude of Kd. Its magnitude cannot

easily be predicted and is best determined empirically, using materials and conditions that most closely
mirror site circumstances.

The present evaluation of the K, for trace metal interaction with Pogo lithologies considered an expected
base case and a range of variations intended to provide a sensitivity evaluation, increasing the reliability
of the base case measurements and constraining uncertainty. The specifics of the base case and each of
the variations is presented below in a discussion of methods.

2. METHODS

2.1 Evaluation Approach

The present evaluation considered a best or most likely case for determination of K, Additionally, a
range of variations on this base case was considered to provide a sensitivity check on the base case de-
termination. The base case scenario for this evaluation considers paragneiss, the dominant rock type in

I vy .-
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using paragneiss, and a test solution with a pH of 9. Individual experiments were conducted on cach
grainsize.

2.1.4 lonic Strength

As the ionic strength (TDS) of the bulk solution increases, adsorption of trace metals onto mincral sur-
faces would be expected to decrease, as a result of increased interaction of ions in solution and the in-
creased competition for adsorption sites on the mineral surfaces. A check on the effects of ionic strength
was performed in the present evaluation by using paragneiss, a 50/50 grainsize mixture and a bulk solu-
tion pH of 9. A high TDS bulk solution was prepared to be consistent with the TDS anticipated for
porewaters from paste tails. A second TDS solution was used that was consistent with porewater from
paste tails diluted with local groundwater.

2.1.5 Rock Type

Different mineral surfaces have varying capacities for trace metal adsorption and, thus, K. At the Pogo
site, paragneiss is the dominant rock type and, accordingly, forms the foundation for the base case. How-
ever, an orthogneiss and a granitic material are also present. The present evaluation performed tests
using these materials in addition to the tests with paragneiss to characterize their contributions. Tests
were performed using bulk solutions with a pH of 9 and a 50/50 grainsize mixture.

2.1.6 Leach Blank

An evaluation of metal uptake necessarily considers the potential release of metals from tested minerals
due to the action of the bulk solutions. As described above, solutions with elevated pH conditions will
react with silicate minerals in an acid-base reaction to decrease the pH, simultancously dissolving the
mineral. The present evaluation performed a check on the potential release of trace metals from the local
lithologies. The test was performed using paragneiss, at a 50/50 grainsize mixture, and a distilled water
solution adjusted to pH 9 with slaked lime (Ca(OH),). The test was conducted in a procedurally identical
manner to the metal attenuation tests.

2.2 Methods

2.2.1 Testing Procedure

The approach to testing used in this study involved contacting the site bedrock types with synthetically
prepared metal-laden water, with pH and bulk solute concentrations established to be consistent with
expected aqueous chemistry conditions at the Pogo site after mine closure. The specific details and pro-
cedure of the testing methodology are found in Attachment One 1o this report. '

The testing procedure provided for the combination of a selected solid with a selected solution at a ratio
of 100 grams of solid to 500 mL of solution. The mixtures were agitated and allowed 1o remain in con-
tact for 24 hours. At the end of 24 hours, the experimental solutions were filtered through a 0.45-micron
filter and samples were collected for laboratory analysis of dissolved metals. Metals selected for analysis

T ——————————— R
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these standards were included in the testing program. Some elements (e.g. cadmium) did not excecd any
identified standard, but were included as a result of expected environmental sensitivity. Using this proc-
ess, the following trace metals were selected for testing:

Silver
Arsenic
Cadmium
Copper
Antimony
e Seclenium

Table 3a presents the formulations for the test solutions used in the present study. Table 3b presents the
corresponding calculated concentrations. Table 4 (Experimental Results) reports the analytically deter-
mined trace metal concentrations in starting test solutions, as well as their concentrations following test-
ing (discussed below).

2.3 Materials

Figure 1 is a generalized cross-section that incorporates all of the lithological data from the underground
pilot holes and is a reasonable depiction of the relative abundance of the main rock types.

1. Paragneiss. As seen in Figure 1, the most abundant rock type is paragneiss, which includes vari-
ants of biotite-quartz-feldspar gneiss. This material accounts for approximately 5% of the rock
mass between the proposed mine void and the river. Other rock types include sub-equal volumes
of orthogneiss and non-foliated granitic dykes. The sample is from drillhole UP99-2, taken from
a distance of 793 to 800.5 feet from the hole collar,

2. Orthogneiss. The orthogneiss is a heterogeneous rock type that includes augengneiss and textural
varieties of meta-granite. This rock type accounts for approximately 10% of the rockmass be-
tween the proposed mine void and the river. The sample used in the present study is augengneiss
and is from drilthole UP99-2, taken from a distance of 813 to 820 feet from the collar.

3. Granite. Granitic tocks occur in the rockmass as varieties of equigranular granite 1o coarsc-
grained pegmatite. These occur as dykes and sills that average 3 fi thick, but are up to 60 fi thick.
They are widely distributed, and account for approximately 5% of the rockmass between the pro-
posed mine void and the river. Frequently the equigranular granites exhibit pervasive phyllic al-
teration. The sample used in the present study is equigranular granite that exhibits weak phyilic

alteration and comes from drillhole TUP99-2, taken from a distance of 239.5 to 243 feet from the
collar, ‘

All three rock types were received as two-inch core. On receipt, they were scparately milled at two dis-
tinct size fractions: less than 0.25-inch, and less than 0.1-inch. An intermediate size fraction was ob-

tained by mixing equal parts of both of these fractions. Apart from crushing and sieving, the materials
were not pre-treated prior to adsorption testing.

s — R
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Element As Cd Ni Sb Se
Average K,(mL/g) | 96 |>445|~16.7 1 0.9 3.6

The base case results for arsenic and selenium appear in Figure 2 and Figure 3 as diamond shaped
points. For both elements, the mass adsorbed (mg/kg) increases with the concentration in solution
(mg/L), as is expected from theoretical considerations. Note that the points plotted in these figures repre-
sent equilibrium conditions, so the solution concentration plotted is lower than the initial concentration.
The mass adsorbed (mg/kg) represents the mass lost from the volume of the initial solution distributed
over the mass of the solid used in the test. Given the absence of leachable quantities of these clements in
the blank run (see Section 3.7 below), this calculus is validated.

As illustrate in Figure 4 for the case of arsenic, the specific form of the adsorption isotherm is not clearly
defined. This figure illustrates the conventional difference between a site-specific adsorption mechanism
(curved fit) where there is an upper limit to adsorption capacity and a multi-layer mechanism where ad-
sorption capacity rises linearly with solution concentration. Because the present program conducted
measurements with trace element concentrations that exceed the expected site concentrations, cither
mechanistic view is suitable for use in analysis, as there is no need to forecast chemical responses be-
yond the range of that tested.

For simplicity, and to avoid undue consideration of suitability of one isotherm fit over another, the pre-
sent evaluation calculated the K, at each individual measurement point and then averaged them all. for
each element. The individual results and the calculated average are reported in Table 5.

3.3 pH Effects

The effect of changing pH on the value of K, for arsenic and selenium is illustrated on Figure 5. The cf-
fect was more pronounced for arsenic than for selenium. For both elements, a decrease in pH of the ini-
tial solution resulted in an increase in K. Note that the regression lines shown in Figure 5 are for the
purpose of highlighting the trends in the data and do not represent any meaningful chemical relationship.

A summary of results of the variation of K, with pH for otherwise relatively constant conditions (parag-
neiss, medium grainsize, constant ionic strength) is presented below. Values which are indicated with a
“>” sign are for analyses where the initial concentration of the constituent in the test was measurablc, but
the final concentration was below the MDL. Based on these results, it would appear that all test results
are consistent with K, values decreasing with increasing pH in the tested range (7 to 9). Further, the
variation of arsenic and selenium with pH identified in Figure 5 is supporicd by thesc data.

e T T ————— e —
Report 1543A.001030



Pogo Attenuation Testing AdrianBrown

insi K4 (mLig)
Grainsize As Cd Ni Sb Se
Small (0.1 inch) 102 | 4286 | »2.5 0.7 39
Medium (mix of <0.1 and <0.25 inch) 9.7 445 | 1.2 0.9 36
Large (<0.25 inch) 6.3 16.1 | >2.5 0.7 2.7
Estimated rockmass value 5 15 5 0.5 2
Factor: medium {o rockmass value 0.5 0.5 0.5 0.5 05

3.5 lonic Strength Effects

lonic strength affected the measured value of K, in the present evaluation. However, the effect was
poorly constrained and somewhat variable. Ionic strength effects were most noticeable for arsenic than
selenium (Figure 7).

The variation of K, with ionic strength as measured by conductivit_y' is shown below for medium size
paragneiss, for tests restricted to those with final pH within the range 7.9 to 8.1, the table includes an
estimate of the standard deviation of the value of K, for variation over the entire range of ionic strength”:

Conductivity Estimated TDS™ K, (mLig)

(uSlcm) (mgiL) As [ Cd | Ni | Sb | Se
3800 2800 10 45 1" 098 | 36
4400 3200 13 20 >3 13 | 33
5200 3800 8 14 >5 13 29

Estimated standard error on mean K, 10% | 40% | 20% | 30% | 20%

As can be seen, K, generally decreases as TDS and ionic strength increases; this is expected, as competi-
tion for adsorptive sites increases as the ionic strength increase. However, the effect is in general not
great, only cadmium shows any significant reduction, with K dropping from 45 to 14 as the TDS riscs
from 2,800 mg/L to 3,800 mg/L.. Accordingly, the ionic strength dependence is treated as an uncertainty
in the computation of effective K, using the estimated standard error.

3.6 Rock Type Effects

As reported in Table 5, the measured K, values for orthogneiss and granite were lower than the values
obtained for paragneiss. This relationship held for arsenic as well as selenium. Thus, the present evalua-
tion indicates that the predominant rock type in downgradient from the proposed underground mine

I Conductivity is related to Total Dissolved Solids by the approximaic rclauonshlp TDS (mg/L.) = 0.73 Conductivity {uS/cm), which has
been developed from 120 analyses of Pogo groundwalers.

2 The estimated standard error is computed by assuming that the range of Kg values include 95% of the total range (ihat is approximately
4 standard deviations); the value shown is therefore approximately Y of the total range expressed as a percentage of the mean value.
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Element As Cd Ni Sb Se All
Relative Percentage Difference | 22% | 21% | na | 44% | 13% | 20%
Estimated Standard Error 11% { 10% | na | 22% | 7% | 10%

Based on these results, the RPD of all analyses is relatively low. The RPD for Antimony is higher be-
cause the absolute value of the K, (the numerator in the expression for RPD) is iow.

4. CONCLUSIONS

The testing and evaluation presented above has demonstrated that the subsurface geologic material along
the groundwater flow path from the proposed underground Pogo mine workings has an appreciable ca-
pacity to adsorb the trace metals which have been evaluated. Determinations of K, for arsenic, cadmium,
nickel, antimony, and selenium show a moderate sensitivity to fluid pH and ionic strength, and rockmass
grainsize and rock type. These observed effects are consistent with theoretical expectations.

4.1 Rockmass Distribution Coefficients

The overall rockmass K, values for the elements evaluated are computed as follows:

1. The values obtained for the three pH values of 7, 8, and 9 are used as the basc for paragneiss of
medium grainsize (Section 3.3).

2. To convert to the rockmass particle size, the K, values are halved (Section 0).

3. To allow for the (less adsorptive} minor rock types in the orebody, the K, values found for parag-
neiss are multiplied by a factor of 0.9 (Section 3.6).

Making these adjustments, the overall rockmass K, values for each element for the range of pl values of
relevance in the Pogo project are as follows:

pH Rockmass K, (mL/g)

As Cd Ni Sb Se
7 9.0 90.0 8.0 0.9 2.7
8 4.5 45.0 4.5 0.5 14
9 2.3 225 2.3 0.2 0.7

The uncertainty of these values can be estimated by consideration of the variability introduced by the
following factors:

1. Testing. The testing standard error has been estimated as being approximately 10%, based on the
replication of each test; actual values for each element are computed in Section 3.8.

O3Sy —— R
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Based on these considerations, the K, values for backfill are as follows:

Backfill K, (mL/g)

PH As Cd Ni Sb Se
7 59 58 5.9 06 1.8
8 3.0 30 3.0 0.3 0.9
9 1.5 15 1.5 0.1 0.4

The variability of these values is the same as for the rockmass.

4.3 Alluvium

The alluvial materials of the Goodpaster River are made up of a mixture of transported granitic and vol-

canic particles, grading from boulders to fine sand. Accordingly, the distribution coefficicnts for the al-
luvium will also differ from the rockmass, as follows:

4. Size: The size will be equivalent to the medium grind, which is the base case (Section 3.4).

5. pH: The pH of the backfill will be in the order of 7 for the post-closure period; this is considered
in Section 3.3,

6. Rock Type: The rock type of the alluvium is a mix of volcanic and granitic materials. This mix-
ture will have a lower K, than the base rock, paragneiss. The ratio betwecn paragneiss and pran-
ite is 0.2 (Section 3.6), so assuming that the alluvium is 50% granitc and 50% paragneiss, the K,
factor to convert paragneiss to backfill is computed to be 0.6.

Based on these considerations, the K, values for backfill are as follows:

The variability of these values is the same as for the rockmass.

M A
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H Alluvium K, {mL/g)

P As cd Ni Sb Se
7 12 120 12 12 36
8 6 60 6 06 18
) 3 30 3 03 0.9
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Table 2. Estimation of Paste Tails Porewater Chemistry.

Parameter Units Water Chemis[ry Water Standards
Diluted
Cemenied Cemented Fresh Water  Fresh Water
Ground- Tailings Tailings Primary  Secondary Acute LOEL Chronic
water {1} Liquor (2) Liguer{2)| MCL (5} MCL [€)] LOEL (4)

Conductivity  uSfem 1416 7080,67
pH pH units 7.44 $.30 8.372 6.5-8.5 6.5-9.0
TDS mg/L 937 500
TSS mg/l. 20
Turbidity NTU 24 0.5-1.0
Bicarbonate  mg/L 338
Alkalinity mg/L CaCO3 338 63 200.393 20
Acidity g/l CaCO3 0 (.000
Hardness mg/L 709
Anions meg/L 15.35
Cations meq/L 15.66
Emor Y -1%
Ca ppm 17 1545 $31.102
Fe ppm 1.14 1.06 1.071 0.30 1
K ppm 3 &% 36.166
Mg ppm 99 16 57.483
Na ppm 41 230 135.622
P ppm 0.54 0.3 0.420
Cl ppm 2% 14.307 250
NH3 ppm 0.06 0.02 0.00
NO3 ppm 0.1 10
TKN ppm 0.17
S04 ppm 431 3714 2072.517 500 250
CN ppm 0
Si ppm 13 6,263
F ppm (.57 4 2
Ag ppb c.c 181 50.298 100 4.1 012
Al ppb 6.4 1,584 795.124 L 50-200
As ppb 1,645 4,482 3063.750 50 360 190
Ba ppb 17 109 63.143 2,000
Be ppb -0.21 -0.107 4
B ppb 11 167 89.158 L
Bi ppb 0.6 -0,24 G162
Cd ppb 0.0 -0.21 -0.090 5 39 1.1
Co ppb 1.0 31 15.894
Cr ppb 4.1 29 16.354 100
Cu ppb i3 63 32.339 1,30G 1,000 8 12
Fe ppb 1,108 1,279 1193.664 300 1,000
Ga ppb 11 5.730
Hg pob 0.0 043 -0.203 2 2.4 0.012
La ppb -0.,04 -0.021
Mn ppb 57 4.74 30.840 L 50
Mo ppb 6.3 783 394,667 L
Ni ppb 6.4 363 184.593 1060 1,400 160
Pb ppb 0.1 -9 4,260 15 82 3.2
Sb ppb 24 53 27.687 6 9,000 1,600
Sc ppb 4.43 2.210
Se ppb 1.2 50 25.406 50 260 35
Sn ppb 0.1 & 2.891
Sr ppl 4980 2,070 3524.607 L
Ti ppb -43 -21.461
Tl ppb 0.0 0.1 0.069 2 1,400 10
u ppb 20 0.41 10.30] 20
v npb 0.9 23 11.916 T
W ppb M 36.841
Zn ppb B.) 18 13.148 L 5 120 o
NOTES:

(1) Groundwaler samples are taken from flow from underground drifl holes

{2) Humidity Cell Test Liquors are computed concentranens [rom leachate, reconcentrated o origimal moisture content
(3) Tailings solid phase taken from Tests 37, 3%, and 39 of the Humidity Cell Test sequence
(4) "LOEL" means-"lowest observed effect level”
(5)"T" indicates “Tentative (not ofTicially proposed); "L™ = hsted for regulation
{6) Negative sign means less than (for averages means that at least one value was bebow detection and set equal to detection)
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Table 5. Calculated values of Kd

Ag As Cd Cu Ni Sb Se
Base Case- Paragneiss (50/50 mix of grainsizes), pH=9, Hi and Lo analytes
201 Con 83 56.7 25 07 36
202 Con 6.1 566 25 07 28
203 Dil 11.0 324 199 1.1 37
204 Dil 129 324 116 1.1 43
Average 9.6 445 9.1 09 36
pH effects- Paragneiss (50/50 mix of grainsizes), pH= 8§, 7
205 8 199 2164 195 1.6 45
206 8 159 188.9 199 15 36
207 7 13.9 119.7 155 07 43
208 7 199 956 136 14 57
Average
Grainsize effects- pH =9, Hi analytes, Paragneiss- small and large
209 Sm 102 565 25 07 39
210 Sm 10.2 288 25 00 39
211 Lg 50 15.6 25 07 25
212 Lg 7.6 16.7 00 00 29
Average
Ionic strength effects- Paragneiss (50/50 mix of grainsizes), pH=9, Hi and Lo TDS
213 Hi 71 14.2 50 12 29
214 Hi 81 141 50 14 29
215 Lo 11.1 200 25 14 390
216 Lo 156 20.1 25 12 3.6
Average
Rock Type Effects- pH=9, Hi analytes, Ortho gneiss (1) and granite (2)(50/50 size mix)
218 (1) 28 11.8 25 00 14
218 (1) 36 156 25 00 16
220 (2) 1.9 86 25 07 10
220(2) 1.9 38 25 00 10

Average
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1. PURPOSE

This document defines the Standard Operating Procedure (SOP) for iaboratory determination of the
partition coefficient, or Ky. The partition coefficient is used to determine he extent to which dissolved
solutes may adsorb onto the surfaces of solids phases that the solution contacts. It is, a linear
adsorption isotherm and allows for infinite adsorption.

This procedure is designed to provide a determination of K4 using study site solid materials and, when
available, solutions collected at the site. Because the valid value of K, is dependant upon specific solid
phase charactertistics and solution bulk composition, the use of site-specific materials extends the
defensibility of K4 values obtained using this procedure.

This procedure is not suitable for combining low pH solutions with acid neutralizing materials like
limestone, or other forms of calcium carbonate. Attenuation of metals or other solution solutes under
these neutralization conditions is governed more by solubility concerns than simple adsorption.

2. MATERIALS REQUIRED

2.1 Apparatus

¢ 1L polyethylence bottles that have been acid rinsed with a nitric acid solution (~10% will suffice)
e A scale or balance capable of measuring 100£0.5 g

¢ A 500 mL graduated cylinder

s Solution filtration equipment (0.45pm)

2.2 Reagents
¢ Solids collected from the study site

¢ Ground or surface water collected at the study site. If waters are not available from the site, a
synthetic stock solution must be prepared

e 1000+1 mg/L metal standard solutions for the solutes of interest

3. SAMPLE MATERIAL

3.1 Field Sampling

Solids for laboratory analysis may be obtained from surface or subsurface locations, depending on
whether ground or surface water fate and transport of particular interest. Solids should be collected from
locations that are as representative of the solid as possible. For site wide modeling efforts, composite
samples of various lithologies are appropriate to develop representative Kg's.

00O O A
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5. DATA ANALYSIS

The K for solids tested is calculated simply as determining the mass of an element of concemn that is
removed from solution and dividing that mass by the weight of the solid used in the testing. This ratio is
subsequently graphed against the final concentration of the solution used in the test. The data point of 0
mg/kg and 0 mg/L is valid (indicating no adsorption when concentration is zero) and is made part of the
graph. The resulting data are linearly regressed and the slope of the fit is the value of the partition
coefficient, K4. Otherwise, under certain circumstances, a simple average of the K values measured for
each point may be averaged. The specifics of this procedure are presented below.

1.

SOP-TST056.980616

Calculate the difference in concentration between the initial and final solution (Cy ), with the units of
mg/L

Multiply this difference by the volume of the solution used in the experiment (0.5 L) to produce a
value for the mass of the specific element removed from solution (mg).

Divide the value mg by the mass of the solid used in the test (kg) to yield a concentration of the
element adsorbed onto the solid (mg/kg = Cg)

Prepare a graph of Cg against the corresponding Cy, being certain the include the point 0,0.

Produce a linear least squares regression of the graphed data and determine the slope.

Report the Ky for the solid toward the specific element considered as the slope of the best fit.
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ACZ

(CZ Laboratories, Inc. Lab Sample ID:  1L28695-05
2773 Downhill Drive Client Sample ID:  Pogo 105
Steamboat Springs, CO 80487 Client Project ID:  15434-FPogo Mine
(800) 334-5493 ACZ Report ID:  RG127153
Adrian Brown Consultants, Inc. Date Sampled: 08/23/2000 4:30:00 PM
333 W. Bayaud Ave. Date Received:  08/25/2000
Denver, CO 80223 Date Reported:  08/28/2000
Mark Williamson
Sample Matrix: Ground Water
Metals Analysis

Parameter - LPA Method

Antimony, dissclved M204.2 GFAA

Arsenic, dissolved M206.2 GFAA

Cadmium, dissolved M200.7 1CP

Copper, dissolved M200.7 ICP

Nickel, dissolved M200.7 ICP

Selenium, dissolved SM 3500-Se C, AA-Hydride
Silver, dissolved M2010.7 ICP

Inorcanic Qualifiers (bosed on EPA CLY* 3/90) S
U = Analyte was analyzed for but not detected at the indicated MDL

B = Analytc concentration detected at a value between MDL and PQL

PQL. = Practical Quantitation Limit i
I

Page t of 1

STEW-REPIN.01.99.01

Result

0.09
26
0.023

0.04
0.101
0.03

Qual Units MDL. POL Date

Analvet

mg/L 001 005 872672000 it

mg/L 0.1 05 8262000 it

B mg/L 0.006 003 872872000 kr
v mg/L. 002 01 8282000 kr
B mg/L 002 0.1 82872000 ke
mg/L 0005 003  8/2572000 sjs

B mg/L 001 005 B/28/2000 Kk

Ralph Poulsen (VF) / Scott Habermehl (FM)




ACZ

'CZ Laboratories, Inc.

. 773 Downhlil Drive
Steamboat Springs, CO 80487
{800) 334-5493

Adrian Brown Consultants, Inc.
333 W. Bayaud Ave.

Denver, CO 80223

Mark Williamson

Lab Sample 1D:
Client Sampie ID:
Client Project ID:

‘ACZ Report ID:

Date Sampled:
Date Received:
Date Reported:

Sample Matrix:

L28695-03

Pogo 103
1543A-Pogo Mine
RG127151

08/24/2000 2:05:00 PM
08/25/2000
08/28/2000

Ground Water

Metals Analysis
frarameter

EPA Mcthod

Antimony, dissolved M204.2 GFAA 0.08
Arsenic, dissolved M206.2 GFAA kR
Cadmium, dissolved M200.7 ICP 0273
Copper, dissolved M200.7 ICP

Nickel, dissolved M200.7 ICP 020
Sclenium, dissolved SM 3500-Sc C, AA-Hydride 0.104
Silvet, dissolved M200.7 ICP 0.01

tnorganic Qualifiers (bosed on EPA CLP 3150) - - -
U = Analyte was analyzed for but not detected at the indicated MDL

B = Analyte concentration detected at 2 value between MDL. and PQL

PQL = Practical Quantitation Limit

STEW-REPIN.01.99.01

Page 1 of 1

Result

inits
mg/L.
mg/L
mg/L

Qual

mg/L
me/L

MDL TQL Date Analyst
0.0l 005 8262000 il
0.1 0.5 812672000 jl
0006 003 8282000 kr
0.02 0.1 8/2812000 kr
0.02 0.1 82872000 kr
0.005 0.03  8/25/2000 sis
0.0t 0.05  8/282000 kr

Wordon

Ralph Poulsen (VP) !/ Scott Habermeh] (PM)



Anz Analytical Results

. ACZ Laborarories, Inc. Lab Sample ID: L28695-01

2773 Downhill Drive Client Sample ID:  Pogoe 101

Steamboat Springs, CO 80487 Client Project ID:  15434-Pogo Mine

(800) 334-5493 ' ACZ Report ID:  RG127149

Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 2:10:00 PM
333 W. Bayaud Ave. Date Received: 08/25/2000

Denver, CO 80223 Date Reported:  08/28/2000

Mark Williamson .
Sample Matrix: Ground Water

Metals Analysis
I"arameter : . LPA Method Result

Vlnits MDL QL. Date Analyst

Antimony, dissolved M204.2 GFAA 0.08 mg/L 001 0.05 872672000 jl
Arsenic, dissolved M206.2 GFAA 3.6 mp/L 0.1 0.5 82672000 jl
Cadmium, dissolved M200.7 ICP 0.074 mg/L 0006 003 82872000 kr
Copper, dissoived M200.7 ICP U mg/L 002 0.1 87282000 kr
Nickel, dissolved M200.7 ICP 0.03 B mg/L 0.02 0.1 £/2872000 kr
Selenium, dissolved SM 3500-S¢ C, AA-Hydride 0.105 mg/L 0005 003 8252000 sjs
Silver, dissolved M200.7 ICP 0.01 B mg/L 0.01 0.05 82812000 kr

Inorganic Onalifiers (based on E#A CLP 3/90)
U = Analytc was analyzed for but not detected at the indicated MDL

B = Analyte concentration detected at a value between MDL and PQL

Wondier

Ralph Poulsen (VP) / Scott Habermehl (PM) . 1 4 4

PQL = Practical Quantitation Limit

STEW-RERIN.01.99.01 Page t of 1



ACZ

Analytical Results

ACZ Laboraicries, inc. Lab Sample ID: L28695-07
2773 Downhill Drive Client Sample ID:  Poge 201
Steamboat Springs, CO 80487 Client Project ID:  ]5434-Pogo Mine
(B00) 334-5493 ACZ Report ID:  RGI27155
Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 3:05:00 PM
333 W. Bayaud Ave. Date Received: 08/25/2000
Denver, CO 80223 Date Reported:  08/28/2000
Mark Williamson
Sample Matrix: Ground Water
Metals Analysis

aFameter : EPA Method

Antimony, dissolved M204.2 GFAA

Arsenic, dissolved M206.2 GFAA

Cadmium, dissolved M200.7 ICP

Copper, dissolved M200.7 ICP

Nickel, dissolved M200.7 ICP

Sclenium, dissolved SM 3500-S¢ C, AA-Hydride
Silver, dissolved M200.7 ICP

Fnorzanic Qualifiers (based on EPACLY 3/91) S
U = Analyte was analyzed for but not detected at the indicated MDL

B = Anatyte concentration detected at a value between MDL and PQL
PQL = Practical Quantitation Limit J

STEW-REFIN.01.99.01 Page 1 of 1

Result

.07
1.35

0.02
0.061

Qual Units

moo
8
&

MDL TOL  * Date Analyst
0.01 0.05 872672000 j

i

0.05 03 8/26/2000 i

0.006 0.03 8282000 kr
0.02 0.1 872872000 kr

0.02 0.1 8/28/2000 k

0005 0.03 8/2572000 sis
0.01 0.05 82812000 kr

Wl

Ralph Pouisen (VP) / Scott Habermehl (PM)

4 3]



ACZ

ACZ Laborataries, Inc.

2773 Downhill Drive
Steamboat Springs, CO 80487
(800} 334-5493

Adrian Brown Consultants, Inc.
333 W. Bayaud Ave.

Denver, CO 80223

Mark Williamson

Lab Sample ID: L28695-09

Ciient Sample ID:  Pogo 203

Client Project ID:  15434-Pogo Mine
ACZ Report ID:  RGI27157

Date Sampled: 08/24/2000 3:10:00 PM
Date Received: 08/25/2000
Date Reported:  08/28/2000

Sample Matrix: Ground Water

Metals Analysis
Parameler: - © . EPAMothod -

Result

Antimony, dissolved M204.2 GFAA 0.09
Arsenic, dissolved M206.2 GFAA 0.57
Cadmium, dissolved M200.7 ICP
Copper, dissolved M200,7 ICP
Nickel, dissolved M200.7 ICP 0.02
Selenium, dissolved SM 3500-8¢ C, AA-Hydride 0.077
Silver, dissolved M200.7 ICP

Inorganic Qualificrs (bosed on EPA CLP3190) - - Sl R
U = Anaiyte was analyzed for but not detecied at the indicated ML

B = Analyte concentration detected at a value between MDL and PQL |
PQL = Practical Quantitation Limit

STEW-REPIN.01.99.01 Page 1 of 1

Qutal

Units MDL TOQL Date Analysr

mg/L 001 005 862000 1]
mg/L 0.03 0.1 8/26/2000 i
mg/L 0.006 003 87282000 kr
mg/L 002 0.1 82812000 kr
mg/L 002 0.1 8/28/2000 kr
mg/L 0.005 003  8/25/2000 sis
mg/L 001 0.05 8282000 kr

Mofon

Ralph Pouisen (VP) / Scott Habermehl (PM)

1(



AEZ ' Analytical Results

ACZ Laboratories, inc. Lab Sample ID: L28695-11

2773 Downhiil Drive Client Sample ID: Pogo 205

Steamboat Springs, CO 80487 - Client Project ID:  15434-Pogo Mine

(800) 334-5493 . ACZ Report ID:  RG127159

Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 3:20:00 PM
333 W. Bayaud Ave. Date Received: 08/25/2600

Denver, CO 80223 Date Reported: 08/28/2000

Mark Williamson

Sample Matrix: Ground Water

Metals Analysis
Tarameter - = - EPA Mcthod : : Result Qual MDL Date
Antimony, dissolved M204.2 GFAA 0.060 mg/L 0004 0.02 82672000

Anulyst

jl
Arscnic, dissolved M206.2 GFAA 0.61 mg/L 003 0l 812652000 ]
Cadmium, dissolved M200.7 ICP U mg/L. 0006 003 8282000 kr
Copper, dissolved M200.7 ICP U mp/L 0.02 0.1 82812000 kr
Nickel, dissolved M200.7 ICP 0.04 B mg/L 0.02 0.1 82872000 kr
Scienium, dissolved SM 3500-Se C, AA-Hydride 0.054 mg/L 0.005 003  8/252000 sjs
Silver, dissoived M200.7 ICP U mg/L 001 005 B/28/2000 kr

Inorganic Qualifiers (based en.EPA CLP3/%). P
U = Analyte was analyzed for but not detceted at the :ndacatcd MDL

B = Analyle concentralion detected at a value between MDL and PQL W VM,ZM
w va

Raiph Poulsen (VP) / Scoit Habermehl (PM)

PQL = Practical Quantitation Limit

STEW-REPIN.01.99.01 Page 1 of 1



ACZ

Analytical Results

{CZ Laboratories, Inc.

2773 Downhill Drive
Steamboat Springs, CO 80487
(806} 334-5493

Adrian Brown Consultants, Inc.
333 W. Bayaud Ave.

Denver, CO 80223

Mark Williamson

Lab Sample ID: L28695-13
Client Sampie ID:  Pogo 207
Client Project ID:  15434-Pogo Mine
ACZ Report ID:  RGI27161
Date Sampled:  08/24/2000 3:27:00 PM
Date Received: 08/25/2000
Date Reported:  08/28/2000
Sample Matrix: Ground Water

Metals Analysis
Paramcter

LPA Mcethmt

Antimony, dissolved M204.2 GFAA 0.07

Arsenic, dissolved M206.2 GFAA 0.82

Cadmium, dissolved M200.7 ICP 0.017
Copper, dissolved M200.7 ICP

Nickel, dissolved M200.7 ICP 0.10

Seienium, dissolved SM 3500-Se C, AA-Hydride 0.060
Silver, dissolved M200.7 ICP

inorganic Qualilicrs (Dosed on EPA CLP-3/90) - S
U = Analyte was analyzed for bul not detected at Ihc lndlcalcd MDL H

1
|B = Analyte concentration detected at a value between MDL. and PQL

IPQL = Practical Quantitation Limit

STEW-REPIN.01.9%.01 Page 1 of 1

Result

Units MDL YQL Date - Anafyst

mg/L 001 005  8/26/2000 i

mg/L 003 01  826/2000 il
B mg/L 0006 003  8/28/2000 ke
u mg/L 002 01 8282000 K
B mg/L 002 0.1 /2872000 kr

mg/l 0.005 003  8/25/2000 sjs
U me/L 001 005  8/28/2000 ke

Modow

Ralph Poulsen (VP) / Scott Habermehl (PM)

1.



A:Z Analytical Results

ACZ Laboratories, Inc. Lab Sample ID: L28695-15

2773 Downhill Drive Client Sample ID:  Pogo 209

Steamboat Springs, CO 80487 Client Project ID:  1543A4-Pogo Mine

(800} 334-5493 ACZ Report ID:  RG127163

Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 3:40:00 PM
333 W. Bayaud Ave. Date Received: 08/25/2000

Denver, CO 80223 Date Reported:  08/28/2000

Mark Williamson
Sample Matrix: Ground Water

Metals Analysis
Paramefer e ErAMethod Result Qual Units MDL TQL - Date  Analyst

Antimony, dissolved M204.2 GFAA 0.07 mp/L 001 005 826000 i

Arsenic, dissolved M206.2 GFAA 1.18 mg/L 0.03 0.1 8/26/2000 jl
Cadmium, dissolved M200.7 ICP 0.006 B mg/L 0006 0.03  8/2872000 kr
Copper, dissolved M200.7 ICP U mg/L 0.02 0.1 8282000 kr
Nickel, dissolved M200.7 ICP U mg/L 0.02 0.1 8/28/2000 kr
Selenium, dissolved SM 3500-S¢ C, AA-Hydride 0.059 mg/L 0.005 0.03 82572000 sjs
Sitver, dissolved M200.7 ICP U mg/L 001 005  8/2872000 K

Taorganic Qualifiers (bnsed on EPA CLY 391 -
U = Analyte was analyzed for but not detected at thc mdlca(cd MDL

B = Analyte concentration detected at a value between MDL and PQL
[PQL = Practical Quantitation Limit
|

Moulon

Ralph Poulsen (VP) / Scoit Habermehi (PM)

STEW-REPIN.01.99.01 Page 1t of 1



A:z Analytical Results

ACZ Laboratories. Inc. Lab Sample ID:  L28695-17

2773 Downhill Drive Client Sample ID: Pogoe 211

Steamboat Springs. CO 80487 Client Project ID:  15434-Pogo Mine

(800) 334-5493 ACZ Report ID:  RG127165

Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 3:47:00 PM
333 W. Bayaud Ave. Date Received: 08/25/2000

Denver, CO 80223 Date Reported:  08/28/2000

Mark Wiliiamson

Sample Matrix: Ground Water

Metals Analysis

Parameter: - - .. EPADMcthod . . Result Qual Linits QL - Date Analyst

Antimony, dissolved M204.2 GFAA 0.07 mg/L 0.01 0.05 82612000 i1
Arsenic, dissolved M206.2 GFAA 1.8 mg/L 0.1 0.5 872672000 il
Cadmium, dissolved M200.7 ICP 0.013 B mg/L 0006 003 82872000 kr
Copper, dissolved M200.7 ICP U mg/L 0.02 0.1 87282000 kr
Nickel, dissoived M200.7 ICP 0.02 B mg/L 0.02 0.1 872872000 kr
Selenium, dissotved SM 3500-Se C, AA-Hydride 0.070 mg/L 0.005 0.03 812572000 sjs
Silver, dissolved M200.7 ICP [H mg/L Q.01 005  8R82000 ks

Inorganic Qualifiers (based on EPA CLY 3/80) 500 ° -7 -

U = Analyle was analyzed for but not detecied at the indicated MDL

B = Analyte concentration detected at a value between MDL. and PQL i M‘

PQL = Practical titation Limit ) ’

‘ QL= Practical Quantitation Limi | Ralph Poulsen (VP) / Scott Habermeh (PM) 3
STEW-REPIN.01.99.01 Page 1 of 1 1




AEZ Analytical Results

ACZ Laboratories, Inc. - Lab Sample ID: L28695-19

2773 Downbhill Drive Client Sample ID:  Pogo 213

Steamboat Springs, CO 80487 Client Project ID:  15434-Pogo Mine

(800) 334-5493 . ACZ Report ID:  RG127167

Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 4:30:00 PM
333 W. Bayaud Ave. Date Received: 08/25/2000

Denver, CO 80223 Date Reported:  08/28/2000

Mark Williamson

- Sample Matrix: Ground Water

Metals Analysis
Parameter : - - . EPADMethad

Roesult - MDL . FOQL Date Amalyst

Antimony, dissolved M204.2 GFAA 0.073 mg/L 0.008 0.04  8726/2000 i
Arsenic, dissolved M206.2 GFAA 1.07 mg/L 0.03 0.1 812612000 jl
Cadmium, dissolved M200.7 ICP U mg/L 0.006 003 87282000 kr
Copper, dissolved M200.7 ICP U mg/l 0602 01 8/28/2000 kr
Nickel, dissolved M200.7 ICP U mg/L 0.02 0.1 £/282000 kr
Selenium, dissolved SM 3500-S¢ C, AA-Hydride 0.064 mg/L 0.005 003 8252000 sjis
Sitver, dissolved M200.7 ICP U mg/L 001 005 872872000 kr

Inorganic Qualifiers {(bosed on EPA CLY 3/90) i
U = Analytc was analyzed for but not detected at the mdtcalcd MDL

B = Analyte concentration detected at a value between MDL and PQL

Moden

PQL = Practical Quantitation Limit ) - T T
J Ralph Poulsen (VP} / Scott Habermeh! (PM)

STEW-REPIN.01.99.01 Page 1 of 1
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ACZ

Anatlytical Results

'CZ Laboratories, Inc. Lab Sample ID: L28695-21
2773 Downhiil Drive Client Sample ID:  Pogo 215
Steamboat Springs, CO 80487 Client Project ID:  1543A-Pogo Mine
{300} 334-5493 ACZ Report ID: RG127169

Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 4:37:00 PM
333 W. Bayaud Ave. Date Received:  08/25/2000
Denver, CO 80223 Date Reporied:  08/28/2000
Mark Williamson

Sample Matrix:  Ground Water

Metals Analysis

Paramctey . EPA Method

Antimony, dissolved M204.2 GFAA 0.037
Arsenic, dissolved M206.2 GFAA 0.23

Cadmium, dissolved M200.7 ICP

Copper, dissolved M200.7 ICP

Nickel, dissolved M200.7 ICP

Selenivm, dissolved SM 3500-Sc C, AA-Hydride 0.033
Silver, dissolved M200.7 ICP

Inorcanic Qualiliers (hased on EPA CLP 3/40) -
U = Analytc was analyzed for but not detected at the indicated MDL

B = Analyle concentration detected at a value between MDL and PQL I
POL = Practical Quantitation Limit |

STEW-REPIN.01.99.01 Page 10of 1

Result

Cual Unity MDL ITQL Dute Aunlyst

mg/L 0.002 001  8/26/2000 ji

me/L 0.01 005 82672000 il

v mg/L 0006 003 872872000 ke
U mg/L 002 0.1 872872000 K
U mg/L 002 01 87282000 Kk
mg/L 0.001 0005 872572000 sis

U mg/L 001 005 872872000 a

Ralph Poulsen (VP) / Scott Habermehl (PM)




ACZ

ACZ Laboratories, Inc.

2773 Downhill Drive
Steamboat Springs, CO 80487
(800) 334-5493

Adrian Brown Consultants, Inc.
333 W. Bayaud Ave.

Denver, CO 80223

Mark Williamson

Lab Sample ID:  L28695-23
Client Sample ID: Poge 217
Client Project ID:  1543A4-Pogo Mine
ACZReport ID:  RGI27171
Date Sampled: 08/24/2000 4:45:00 PM
Date Received: 08/25/2000
Date Reported:  08/28/2000
Sample Matrix: Ground Water

Metals Analysis
I'arameter .

EPA Metbod

Antimony, dissolved M204.2 GFAA 0.003
Arsenic, dissolved M206.2 GFAA 0.007
Cadmium, dissolved M200.7 ICP

Copper, dissolved M200.7 ICP

Nickel, dissotved M200.7 ICP

Selenium, dissolved $M 3500-Se C, AA-Hydride

Silver, dissolved M200.7 ICP

Inorganic Qualifiers (Lased on EPA CLP.3/9D) - Ry
U = Analyte was analyzed for bul not detected at the indicated MDL
B = Analyte concentration detecied at a value between MDL and PQL

PQL = Practical Quantitation Limit i

STEW-REPIN.01.99.01 Page 1 of 1

Result

Qual Units MDL 1'QL Date Analyst

B mg/L 0002 001 87262000 jl

mg/L 0.001  0.005 &/27/2000 H
U mg/L 0006 0.03  8728/2000 kr
U mg/L 0.02 0.1 872872000 kr
U mg/L 0.02 0.1 8/28/2000 kr
U mg/L 0.001 0.005 E/25/2000 sjs
U mg/L 0.01 005 8282000 kr

Ralph Pouisen {VP) / Scott Habermehl (PM)




AI::Z Analytical Results

ACZ Laboratories, inc. o S Lab Sample ID:  L28695-25

2773 Downhill Drive Client Sample ID: Pogo 219

Steamboat Springs, CO 80487 Client Project ID:  15434-Pogo Mine

(800} 334-5493 -ACZ Report ID:  RGi27173

Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 4:58:00 PM
333 W. Bayaud Ave. Date Received:  08/25/2000

Denver, CO 80223 Date Reported:  08/28/2000

Mark Williamson
Sample Matrix: Ground Water

Metals Analysis

Parameter <o+ EFAMerhod - : Result Unity MDPL POL Date Analyst

Antimony, dissolved M204.2 GFAA 0.08 mg/L 0.01 0.05 8_/2612000 ]l
Arsenic, dissolved M206.2 GFAA 21 mg/l. 0.1 0.5 87262000 il
Cadmium, dissclved M200.7 ICP 0.018 B mg/L 0006 0.03 8282000 ks
Copper, dissolved M200.7 ICP U mg/L 0.02 0.1 87282000 kr
Nickel, dissolved M200.7 ICP 0.02 B mg/L 002 o0l 8/2812000 kr
Seleninm, dissolved S$M 3500-Se C, AA-Hydride 0.030 mg/L 0005 0.03 8252000 sjs
Silver, dissolved M200.7 ICP U mg/L 0.0l 0.05 872872000 kr

Inorganic Qualificrs (based on EPA CLP 3/9D) .
U = Analytc was analyzed for but not detected at the indicated MDL

[B = Analyte concentration detected at a value between MDL and PQL

DL

Ralph Poulsen (VP) / Scott Habermehl (PM)

]I‘QL = Practical Quantitation Limil

STEW-REPIN.01.99.01 Page 1 of 1



AEZ Analytical Results

" (CZ Laboratories, Inc. Lab Sample [D:  L28695-27
2773 Downhill Drive Client Sample ID: Pogo 22!
Steamboat Springs, CO 80487 Client Project ID:  [5434-Pogo Mine
(300} 334-5493 _ . ACZReportID: RGI27175
Adrian Brown Consultants, Inc. Date Sampled: 08/24/2000 5:10:00 PM
333 W. Bayaud Ave. Date Received: 08/25/2000
Denver, CO 80223 Date Reported:  08/28/2000
Mark Williamson

Sample Matrix: Ground Water

Metals Analysis
Parameter - . & © - EPA Mcthod

Result Qual Units -+ MDL TOQL. Date  Analyst

Antimony, dissolved M204.2 GFAA 0.08 mg/l. 001 005 8262000 l
Arsenic, dissolved M206.2 GFAA 26 mg/L 0.1 0.5 82612000 jl
Cadmium, dissolved M200.7 ICP 0.042 mg/L 0.006 003 8282000 kr
Copper, dissolved M200.7 ICP [+ mg/L 0.02 Q.1 8/28/2000 kr
Nickel, dissolved M200.7 ICP U mg/L 002 0!  8/2872000 ke
Selenium, dissofved SM 3500-Se C, AA-Hydride 0.088 mg/L 0.005 0.03 82572000 sjs
Silver, dissolved M200.7 ICP u mg/L 001 0.05 8/28/2000 kr

Inorganic Qualifiers (based on EPA CLY 3/50) - - ooty
U = Analytc was analyzed for but not detected at the Indlcalcd MDL

B = Analyte concentration detected at a value between MDL and PQL

L. = Practical Quantitation Limit
PQL. = Practical Q Ralph Poulsen (VP) / Scott Habermehi (PM)

STEW-REPIN.01.99.01 Page 1 of 1




PogoMineChemistry AdrianBrown

AttachmentTwo - Transport Model




PogoMineChemistry AdrianBrown

ey

[pRaterial [Analyte Units TDS CN As Cd Ni Sb Se
| [Analysis timestep year 10 10 10000 20000 10000 1600 1500
[Rock Concentration of infiltration mg/lL 533 0 0.05 0.00011 0.015 0.00076 | 0.0012
Concentration in side flow mgl 533 0 0.05 0.00011 0.015 0.00076 { 0.0012
IInitial Concentration in water mglL 533 0 0.05 0.00011 0.015 0.00076 { 0.0012
Distribution coefficient {(pH=8) mlig 0 1] 4.5 45 4.5 0.5 1.4
Backiid Concentration of infilttation mgil 633 0 0.05 0.00011 0.015 0.00076 { 00012
Concentration in side flow mylL 533 ¢ 0.05 0.00011 0.015 | 0.00076 [ 0.0012
Concentration in water mgiL 5691 0.4 4482 | 0000215 | 0363 0.053 0.05
- Distribution coefficient (pH=8) mlig o] [ 0 o 0 0 0
Alluvium-Slope  |Goncentration of infikiration mg/. 601 o 0053 | 0.00007 [ 0.0017 | 0.00012 | 0.0015
Concentration in side flow mg/L 601 0 0.053 | 0.00007 [ 0.0017 | 0.00012 | 0.0015
Concentration in water mgiL. 601 1] 0053 | 0.00007 [ 00077 | 000012 | 0.0015
Distribution coefficient {pH=8) mlig 0 [ ) 60 ] 0.6 1.8
Alluvium-Valley  JConcentration of infittration mg/L 294 4] 0.03 0.00007 | 0.00245 | 0.00014 | 0.00108
Concentration in side flow mg/L 294 o 0.03 000007 | 0.00245 | 0.00014 | D.00108
Concentration in water mglL 294 0.03 0.00007 | 0.00245 | 0.00014 | 0.00108
Distribution coefficient {(pH=8) miig 0 0 6 60 [ 0.6 1.8
River Concentration of infitration myiL 0 0 0 0 0 [i] 1]
Concentration in side flow ma/ 70 0 0.0056 | 0.00004 | 0.00082 | 0.0001 0.001
Concentration in water mgiL 70 4] 0.0056 | 0.00004 | 0.00082 { 0.0001 0.001
Distribution coefficient (pH=8) miig 0 0 4] 0 0 0 4]
Notes (RalCs). 1. Selenium inver nol measured, estimated based on groundwater beside river {MW98-05)

1543A.010624 .



PogoMineChemistry

AdrianBrown

Parameter Type Unit Backfill Rock A"St::::;w Al‘l;;_ll;;“' River
[Effective Porosity current % 0.3 0.003 0.3 0.3 1
base % 03 0.003 0.3 0.3 1
lower % 0.2 0.001 0.25 0.25 1
upper % 0.5 0.005 0.4 0.4 1
Hydraulic Conducfivit| current ftiyr n/a 05 2,000 40,000 infinity
base fitiyr n/a 0.5 2,000 40,000 infinity
lower ft/yr n/a 0.2 1,000 5000 infinity
upper ftiyr n/a 0.75 10,000 72000 infinity
Jinfiliration current infyr 0.5 0.5 2 2 0
base iniyr 0.5 0.5 2 2 4]
lower infyr 0.18 0.18 1 1 0
upper infyr 0.75 0.75 4 4 0
Kd(TDS) current mifg 0 0 0 ] 0
base mL/g 0 0 0 g 0
lower ml/g 0 0 0 0 0
upper ml/g 0 0 0 4] 0
[Kd{CN) current mi./g 0 0 o 0 0
base ml/g Q 0 0 ] 0
lower ml/g 0 0 0 0 0
upper ml.fg 0 0 o] 0 0
Kd (As) current ml/g 0 4.5 6.0 6,0 0
base ml/g 0 4.5 6.0 6.0 0
lower mlfg 0 3.2 4.3 43 0
upper ml/g 3 58 7.7 7.7 0
Kd (Cd} current mL/ig 0 45,0 60.0 60.0 0
base ml/g 0 45,0 60.0 60.0 0
fower ml/g 0.0 8.6 11.4 11.4 0
upper mL/g 30 815 108.6 108.6 0
Kd (Ni} current mlig 0 4.5 6.0 6.0 0
hase ml/g 0 4.5 6.0 6.0 0
lower ml/g 0,0 25 34 3.4 0
upper mlL/g 3 65 8.6 8.6 0
Kd (Sb}) current mlig 0 05 0.8 0.6 0
hase mlig 0 0.5 0.6 0.6 0
fower ml/g 0.0 0.1 0.2 0.2 0
upper mlL/g 0.3 0.8 1.0 1.0 0
Kd (Se) current mlig 0 1.4 1.8 1.8 0
base ml/g 0 14 1.8 1.8 0
lower ml/g 0.0 0.8 1.0 1.0 0
upper ml/g 1 2.0 2.6 26 0
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Unit 1 2 3 4 5 [ ] 7 1 9 " 12
e AR
Materiad in coll Backitl | Rock Backfill Rock Rock Rock Rock Rock Rock Valloy River
Constanis
Eoid uni mass onfeuft 9083 0.083 0.083 0,083 0,033 0.083 0.083 0,083 0.083 0,083 0.043
|Gguid urk mass Tonfouft | 0.039 0.031 0.031 0,031 0.031 0.031 0061 G.031 0.561 0.031 D.031
Mclstura content {(by volme) % 3R o% 3% % 0% 0% 0% o% 0% 0% 100%
|Sedid mass pear unit volume tonfeuft 0.058 0,083 0.058 0,083 0.083 0.083 0.083 0.043 0,083 0,058 0.000
!ygater mass per unit voume torvouft | 0.00836 | 0.00008 | 0.00936 | 0.00009 | 0.0000¢ | 0.00003 | 0.00008 | 0.00008 | 0.00008 0.00936 | 0.03120
Dirviens tnt
Height of individual cell fl 4000 4000 4000 4000 400G 4000 4000 4000 4000 100 100
Witkh of anaiysis Zone f 2000 2000 2000 2000 2000 2000 2000 000 2000 2600 2000
Thickness of cel L] 75 400 16 400 400 400 400 400 400 100 100
Volume ol | 60000000 | 3.2E+06 |120000000] 3.2E+08 | 3.2E+08 | 3.2E+00 | 3.JE+08 | 3.2E4D9 | 3.2E+0D 20000000
Dip of slices froin tha b [ deg ac 30 30 G 0 k) 30 30 30 00 90 90
Area of cell nomal to flow sl AD0DO00 | 4D00000 | 4000000 | 4000000 | 4000000 | 4000000 | 4000000 | 4000600 | 4000000 1 200000 | 200000 | 260000
[Area for indktraion o cell sqt 30000 | 1600000 | 60000 | 16GOGO0 | 1500000 | 1800000 | 1600000 | 1600000 | 1600000 200000 | 200000
Infiltration
Infitration rate to cell surface iy ©.015 0,015 0.015 0.015 0.015 0.015 0015 0.015 0.05 0,0633333 []
ion mass fate to cell [ 14 7ag ZE 748 749 748 740 749 749 520 [
C: tion in infitration mgil 0.0600 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0300 0.0000
[Chemical in Infitrating flow tonhy 70507 | 37E-05 | 14606 | 3.7E-05 | 3.76-05 | 37605 | 3re05 | 3afE0s | 37E05 16605 | 0.0E+DD
Side Flow
|sade fiow rate (o cell fonhr | 0.0E+00 | 0.0E+D0 | 0.0E+00 | O.0E+0C | D.0E+00 | D,0E+D0 | D.OE+00 | O.0E+D0 | 006400 256406 | 3.3E+07
Concentralien of side flow myiL 0.0000 | "0.0000 ! 00000 | 00000 | 0000 | 0.0000 | 00006 | 00000 | 0.0000 00287 | D.0036
Chemical in side flow tondyr | DOE+B0 | 0.05+D0 | 0.06400 | 0.0EHG | D.06+00 | D.0E+00 | D.OEH00 | O.0E+D0 | 0.0E+00 7.2602 | 19601
Liguid Phase in Call
Liquid mass in cells lonfoed | S.6E+05 | 3.0E+05 | 1.1E+08 | J0E+05 | 3.0E+05 | 30605 | J.0E405 | SOEHS | 3.06+05 1.0E+05 | 6.2E+05
Inkial water concentralion mgi. | 448200 | 0.0500C | 4.48200 | G.65000 | 0.05000 | 0.05000 | 0,05000 | Q05000 | 0.05000 0.02000 | 0.06580
!swu:um.ua Reiationship
FEH 8 Distribution CosfTicien| mify [} 4.500 [ 4.500 4.800 4.500 4,500 4.500 4.500 6.000 £.000
Rockmass pH assumed .00, B.0 85 240 8.5 8.0 7.5 7.0 7.0 7.4 1.0 7.0
pH Distribution Coefficient Factor 2.000 1.500 2.00C 1.500 1.000 0.750 0.500 0.500 0.500 0.500 0,500
5 i miig [] 6,760 [} 6.750 4.500 3375 2.250 2.250 2,250 3.000 G.660
Solid Phasein Cell
Sokid Mass in celis torvoel | 356405 | 2.7E+08 | 7.06+408 | 275408 | 2.7E+08 | 2.76+08 | 27E+08 | 2 7+08 | 27E+08 1.26408 | 0.0E+0D
inkiak solkd tiar mgX [1] 0.338 1] 0.338 0.225 0,60 0.413 2113 0.113 0.060 0.000
inilial chemical mass in sohd ton 0.0E+00 | 9.0€+01 | G.0E700 { 9.0E+01 | G.0E+0Y | 45E+01 | 3.06401 | S.06+D1 | 3.06401 1,060 | 0.66+00
|{NITIAL CONCENTRATION Hiods thal ihis 1t compuled by evahiabing fhe conceniration thal would Gool by mbing inTlzation, 508, and ceb Above NPl al it
[Inttisl flows
trifitration to calf londyr 14BN | T.5E+02 | 2.8E+01 | 7.56402 | 756402 | 756402 | 7.5E+02 | 756402 | 7.5E402 . JEHZ []
Flow from cell above tondyt | 186404 | 1.0E+D4 | T6E+04 | 1.66+04 | 1.7E+04 | 1.BE4D4 | 1.0E404 | 1.9E+D4 | 2.06404 04 | 1.5E405 | 7642724
|Bide Tiow To cel lonfyr | G.0E+00 [ 0,0F+00 | 0.0F+00 | G.OE+DT | 0,05+ | O.0E+00 | 0.0E+00 | D.OE+00 | 0.0E#00 5 | 56406 |32 754,803
|Totat fow to gell tlondr | 1.6E404 | 1.8E+04 | 1.8E+04 | 1.7E+D4 | 1.85+04 | 185404 | 1.0E4D4 | 20E+04 | 2.9E+04 5 | 285 35,387,527
|Flcm oul of eell (all dowrgradlenil | _tonfyr | 1.6E+04 | 1.0E404 | 1.6E+DA | 1.7E+04 | T.85+04 | 1.06+04 | 1.0+0%4 | 20EHD4 | ZIEFA [2:6E+06 J35.307 537
Side Flow Concentration (¢ sted to avoid an iniiad jump n ion sl the alluvium and the stream
Concentration of infilration mgfL 0.050 0.050 0,050 0.050 0.050 0.050 0,050 0.050 0.050 0.030 0.0000
[C ion from cell above mgiL 0.050 0.050 0.050 0.050 0.060 0.050 0.050 0.050 0,050 0.053 0.030
Final concantration in cel mgfe 0.050 0.050 0.650 0.050 0.050 0.550 0650 0.050 0.050 0,030 0,0056
= d side fiow cong in mil 0060 §.000 0,000 0,000 0.000 0.000 0.000 0.00F 0.000 0.0290 0.004
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' toming In¢oming | Incoming Dutgong
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: Initil  f chamical | Indisl | chamical | walarfrem | fom cob |waiar kom | chamicel | fom fom | Totel wetw| chimical | Manw on | Mesabn | traton b | trmonin | bouidto | 1o nen [Finek sole) higuidin | chamical | chamical | ehamicel
i Tune § mokds | wookd | waler | inwater | cefl wbove | sbove side  {#om sice Jinfilisatian { ipbliradion | _in el ncell liguids | nem cell zafi w cell 1] ot sehd | inlqued | n cuk
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