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This memorandum summarizes preliminary estimates of seepage from the proposed Upper
and Lower Reservoirs for the Eagle Mountain Pumped Storage Project. In addition, this TM
provides opinions on the potential effectiveness of using the available fine mine tailings as a
seepage control blanket to minimize seepage losses from the Upper and Lower Reservoirs.
This treatment measure was proposed in the earlier project concepts developed in the 1990s.
We also assessed the potential effectiveness of other seepage control measures at the two
reservoirs.

Due to the current access constraints at the site, all geotechnical and geological information
used for the seepage estimates was obtained from prior investigations and studies conducted
by GeoSyntec Consultants, GSi/Water, and GeoPentech in support of studies for a proposed
landfill. The results of those studies represent an initial step in characterizing potential
seepage impacts associated with the Eagle Mountain Project. Seepage impacts are of
particular concern to the Metropolitan Water District of Southern California (MWD), the State
Water Quality Board, and others in the region.

Site Geology

Bedrock geologic units present at the site can be generally classified as either igneous or
meta-sedimentary. The igneous units include several varieties of granitic rock including
porphyritic quartz monzonite, diorite, monzonite porphyry, and granodiorite. The meta-
sedimentary units include quartzites, meta-arkoses, and marbles formed by metamorphosis
and/or hydrothermal-alteration or sandstones, conglomerates, arkoses, and carbonate rocks
deposited in the Paleozoic or Precambrian age.

Surficial geology of the Eagle Mountain area generally consists of unconsolidated alluvial
deposits. The alluvial deposits include sands, silts, gravels, and debris-flow deposits. The
most significant alluvial deposits are found on the eastern edge of the site area, where they
form a laterally extensive alluvial fan that extends and thickens to the east into the
Chuckwalla Valley. Some of these deposits are exposed in the east wall of the east pit and
underlie the eastern portion of the Lower Reservoir.

The alluvial deposits within the Chuckwalla Valley extend to significant depths below the
ground surface and generally consist of sands, silty sands, sands and gravel, cobbles and
boulders. Within the sandy alluvial deposits in the Chuckwalla Valley a predominately clay
layer was logged in borings at depths varying from about 600 to 900 feet, and is generally
about 100 to 300 feet in thickness.



The entire Central Pit (Upper Reservoir) is incised into bedrock. Alluvial deposits in the area
of the Upper Reservoir are smaller in extent and are generally confined to laterally
discontinuous, generally thin deposits along the bottoms of the canyons.

Rock containing little to no mineral value (waste rock and tailings) generated by the former
Kaiser operations were deposited in numerous areas near the site. These mining by-products
include several distinctly different materials, including both bedrock and alluvial overburden,
and tailings produced as a result of the mining and separation of iron ore-bearing rock from
host rock. The tailings include both fine and coarse varieties.

The hydraulically-placed fine tailings exist in settling ponds to the southeast of the proposed
Upper Reservoir. Total volume of these materials is estimated to potentially be over 19 million
cubic yards. Laboratory testing indicated that the fine tailings vary in composition, ranging
from silty sand and sandy silt to clayey silt to silty clay. In general, soils with higher sand
content are located near the slurry discharge point while finer grained soils are present in the
distal portions of each pond.

Coarse tailings were placed at several locations around the site, although the largest deposit
lies in a stockpile located immediately south of the proposed Lower Reservoir. The total
volume of coarse tailings in this stockpile is estimated to be about 50 million cubic yards. The
majority of the coarse tailings were classified as clean gravels or sandy gravels containing
significant percentages of cobbles and boulders and few fines.

The chemical composition of these materials will be fully investigated during Phase 1 Pre-
design investigations. Those studies are described in Section 12.1 of this document.

Upper Reservoir

The Upper Reservoir will occupy the former Central Pit of the Kaiser Mine. The reservoir is
elongated generally east-west, with a maximum dimension of about 5,300 feet. North-south
dimensions vary between 1,500 and 2,000 feet near the maximum planned reservoir surface
(El. 2485). The existing low point in the Upper Reservoir is located in the eastern half of the
pit and extends down to El. 2230. Due to topographic conditions, there will be two dams
required to create the upper reservoir. The current concept is to construct these dams using
roller-compacted concrete (RCC) with aggregate materials being derived from the abundant
coarse mine tailings at the site or from other on-site aggregate sources with suitable
characteristics for RCC.

Available geologic mapping shows the north side of the pit to be underlain by granitic rock
units, while the central and southern portions of the pit are underlain by metasedimentary
units and iron ore. Areas of the proposed Upper Reservoir are also covered with coarse
tailings. Two borings completed in the bottom of the Upper Reservoir site (MW-10 and CH-
10) provide insights on the hydrogeologic character of the rock materials. Rock core was
obtained from boring CH-10. The boring was drilled to a total depth of 1,389 feet. Water was
first observed at a depth of 1,309 feet. Rock lithology in the upper 350 feet of the boring was
found to be moderately fractured, interbedded igneous and metasedimentary rock.
Monitoring well MW-10, a 13.5-inch diameter borehole, was drilled to a total depth of 1,480
feet below ground surface. Water was first encountered at a depth of 506 feet; however, the
static water level subsequently dropped and later stabilized at a depth of 1,040 feet. Borehole
locations and logs are provided in the Appendix of this report.



Lower Reservoir

The Lower Reservoir will be located in the former East Pit of the Kaiser Mine. No dams are
required to provide the needed storage at the Lower Reservoir. The pit has a maximum
dimension of about 5,400 feet in an east-west direction, and a maximum dimension of about
2,000 feet in a north-south direction when measured at the normal maximum reservoir water
surface at El. 1092. The pit narrows to the west to a minimum width of about 300 feet. The pit
includes two low points or bowls, one in the east, and one in the western half of the pit.
These low points are separated by a bedrock saddle, which is mantled with tailings deposits
on the west side. The low point within the east bowl is at El. 776, while the lowest point within
the west bowl is at El. 715. The intervening saddle is at about EI. 880.

The proposed Lower Reservoir can be divided into two zones on the basis of geology. The
eastern one-quarter of the site is excavated in Quaternary alluvial sediments, including fan
deposits and debris flow deposits. In the eastern wall of the pit, a vertical section of about 300
feet of alluvial deposits is exposed. The western three-quarters of the site are underlain by
granitic rocks and undifferentiated metasedimentary rocks and rocks of the upper quartzite
unit. The granitic rocks are located along the northern face of the pit, while the
metasedimentary rocks are found along the south pit face and the lower portions of the north
face. Quartzite is located in the central portion of the pit and underlies the unconsolidated
deposits.

A total of eight borings were used to characterize the geology in the area that would be
occupied by the Lower Reservoir and surrounding areas; these include: MW-13, CH-5A, P-1,
MW-1, MW-2, P-11, P-12, and C-10. Borings MW-13, CH-5A were completed along the
western and northwestern corner of the Lower Reservoir site. These two borings show
slightly fractured, interbedded igneous and metasedimentary rock extending to depths below
El. 500. The static water level was subsequently measured in boring MW-13 at about 285
feet below the ground surface. The boring for P-1 is located on the bedrock saddle which
divides the East Pit into two sections. This boring was drilled to a depth of 270 feet, and also
shows interbedded igneous and metasedimentary rock for the entire depth. A static water
level was subsequently measured at 177 feet below the ground surface in P-1.

Boreholes MW-1, MW-2, P-11, P-12, and C-10 were located east of the pit, and were
projected onto the geologic section prepared for our analysis. The logs of these boreholes
were reviewed to estimate the extent of alluvial deposits found on the eastern edge of the
site. Generally, the alluvial deposits form a laterally extensive alluvial fan that extends and
thickens to the east into the Chuckwalla Valley. These five borings encountered
predominately fine to coarse sand, with gravel and cobbles in several locations. The borings
also indicate a relatively thin, predominately clay layer interbedded within the primarily sandy
alluvial deposits. The clay layer ranges in elevations from about 600 to 900 feet, and is
generally about 100 to 300 feet thick. The groundwater in the bedrock and alluvium generally
drops from west to east and from north to south. The groundwater was estimated to be
approximately 240 feet below the ground surface at the point where boring P-12 is projected
onto the geologic section. Borehole locations and logs are provided in the Appendix.

Seepage Analyses

The expected quantity of seepage through the Upper and Lower Reservoirs was evaluated
by performing seepage analyses. The seepage analyses were performed using the two-
dimensional, finite element program GeoStudio 2007, specifically the SEEP/W module.



The maijority of the seepage from the proposed reservoirs is anticipated to travel from west to
east towards the Chuckwalla Valley, similar to the existing ground water conditions at the site.
Based on these ground water levels and the geologic conditions, the hydraulic gradient
produced by the proposed reservoirs will be greater in the west-east direction than the
hydraulic gradient in the north-south direction; therefore, all seepage flow rates and annual
seepage volumes were estimated using west-east profiles. However, there is potential for
seepage from the proposed reservoirs to travel from north to south. For this reason, north-
south seepage profiles were also developed for both reservoirs only for estimating the ground
water levels at specific down-gradient facilities of concern. We performed the analyses for the
reservoirs using cross sections prepared for the locations shown in plan view on Figure 1.
The representative cross sections used for the Upper Reservoir and Lower Reservoir
seepage analyses are shown on Figures 2 through 5.

Hydraulic Conductivity

The estimates of hydraulic conductivity for the various geologic materials present at the site
were developed based on the available results of field permeability tests, laboratory
permeability tests, correlations with published values based on material descriptions and
gradations, and empirical correlations between grain size and permeability. The hydraulic
conductivity values used in the seepage analyses are presented in Table 1.

Table 1. Summary of Material Hydraulic Conductivities

Hydraulic Hydraulic
Conductivity Conductivity Conductivity

Material (centimeters/sec) (feet/sec) Ratio
Rock — Upper Reservoir
(moderately fractured) 1.00E-04 3.28E-06 1.00
Rock — Lower Reservoir
(slightly fractured) 1.00E-05 3.28E-07 1.00
Sand 5.00E-03 1.64E-04 0.25
Clay (sandy) 1.00E-05 3.28E-07 1.00
Liner - (fine tailings) 2.16E-06 7.09E-08 1.00

The value for hydraulic conductivity of the rock in the Lower Reservoir was based on packer
pressure testing conducted in 5 boreholes (borings 2, 3, 5A, 11 and 12). None of these
boreholes were located within the Lower Reservoir, but are considered to be representative
of the rock unit surrounding and within the reservoir. The calculated hydraulic conductivities
ranged from 1 x 10-6 cm/s (centimeters/second) to 1 x 10-4 cm/s, with a geometric mean of 1
x 10-5 cm/s. The geometric mean was selected to represent the rock at the Lower Reservoir.
Based on boreholes CH-10 (located in Upper Reservoir) and CH-5A (located on rim of Lower
Reservoir), the rock at higher elevations is considered to be more fractured, which typically
increases the hydraulic conductivity. Because the rock at the Upper Reservoir is considered
to be more fractured than the rock in the Lower Reservoir, the hydraulic conductivity was
increased by an order of magnitude to account for increased fracturing.

The alluvial deposits will have the highest conductivity and are represented by the sand
category in Table 1. The hydraulic conductivity used for the sand category was based on the
average of 17 empirical correlations between grain size and permeability. The range of
hydraulic conductivities for the sand category was between 1 X 10-2 cm/s to 1 X 10-5
cm/sec, with an average of 5.0 X 10-3 cm/s.



The hydraulic conductivity used for the clay layer was based on an average of two laboratory
permeability tests, which gave a value of 1.0 X 10-5 cm/s. Estimates of hydraulic
conductivities for the fine tailings liner were based on an average of field and laboratory
permeability tests. The results of field permeability tests on the fine tailings ranged from 9.2 X
10-9 to 4.3 X 10-7cm/s; laboratory permeability test yielded results between 5.8 X 10-9 to 8.2
X 10-6 cm/s. The average hydraulic conductivity from these field and laboratory tests was
2.16 X 10-6 cm/s. This averaged hydraulic conductivity value was adjusted proportionally to
evaluate varying thicknesses of the liner. Calculations for the hydraulic conductivity used for
the various materials are presented in the Appendix.

West-East Profile Analysis Results

Seepage flow rates and gradients were estimated for both the Upper and Lower Reservoirs
of the Eagle Mountain Pumped Storage Project at both the minimum and maximum water
surface elevations. Seepage flow rates were also estimated using liner thicknesses of 3, 5,
and 8 feet for both reservoirs, at minimum and maximum water storage elevations. The
seepage blankets would only be placed on the reservoir floors and on zones of the reservoir
basin slopes where ground slopes are flat enough to support stable fill placement under rapid
draw-down reservoir conditions. For the initial analyses, only seepage blankets were
considered. Other treatment measures to reduce reservoir seepage are described later in
this memorandum.

The seepage flow rates were determined based on a unit width of the geologic section. To
estimate the total seepage rate for the entire reservoir, the unit width seepage rate was
multiplied by the average top width for that water surface elevation. The minimum and
maximum average top widths for the two reservoirs are shown in Table 2.

Table 2. Reservoir Water Surface Elevation Average Top Widths

Minimum Water | Maximum Water Average Top
Surface Surface Width Used for
Elevation Elevation Average Annual
Average Top Average Top Seepage
Reservoir Width Width Calculations
(feet) (feet) (feet)
Central Pit
Upper Reservoir 595 1485 1040
East Pit
Lower Reservoir 680 1100 890

The estimated unit width seepage quantities and average annual seepage volumes for the
Upper Reservoir are presented in Table 3. Seepage quantities and volumes for the Upper
Reservoir with various liner options are also shown in Table 3. The resultant groundwater
levels from seepage of the Upper Reservoir at maximum water surface elevation are shown
on Figure 6.

Table 3. Upper Reservoir Seepage Analysis Results — Seepage Blanket Only

Parameter Max. Min. Average
o 5 Unit Width Seepage Rate (cfs) | 0.00195 | 0.00124 0.00160
Z2Z
= | Annual Seepage (ac-ft/yr) 2097 535 1202




2 5 5 Unit Width Seepage Rate (cfs) | 0.00178 | 0.00106 0.00142
Tz
=3 | Annual Seepage (ac-ft/yr) 1913 456 1068
o 5 5 Unit Width Seepage Rate (cfs) | 0.00174 | 0.00091 0.00133
Tz
=3 | Annual Seepage (ac-ft/yr) 1874 394 1000
% 5 5 Unit Width Seepage Rate (cfs) | 0.00170 | 0.00070 0.00120
Tz
=3 | Annual Seepage (ac-ft/yr) 1823 303 903
cfs — cubic feet per second  ac-ft/yr — acre-feet per year
Max. — Maximum Min. — Minimum

The estimated unit width seepage quantities and average annual seepage volumes for the
Lower Reservoir are presented in Table 4. Seepage quantities and volumes for the Lower
Reservoir with various liner options are also shown in Table 4. The resultant groundwater
levels from seepage of the Lower Reservoir at maximum water surface elevation are shown
on Figure 7. The remaining computer outputs of the analyses are included in the Appendix.

Table 4. Lower Reservoir Seepage Analysis Results — Seepage Blanket Only

Parameter Max. Min. Average |
g g Unit Width Seepage Rate (cfs) | 0.00356 | 0.00181 0.00269
| Annual Seepage (ac-ft/yr) 2836 891 1731
2 g E Unit Width Seepage Rate (cfs) | 0.00348 | 0.00177 0.00262
= 3 | Annual Seepage (ac-ft/yr) 2768 871 1690
o g E Unit Width Seepage Rate (cfs) | 0.00347 | 0.00175 0.00261
= 3 | Annual Seepage (ac-ft/yr) 2765 863 1683
% g E Unit Width Seepage Rate (cfs) | 0.00347 | 0.00175 0.00261
~ 3 | Annual Seepage (ac-ft/yr) 2764 860 1681
cfs — cubic feet per second  ac-ft/yr — acre-feet per year
Max. — Maximum Min. — Minimum

Based on the seepage analyses of the Eagle Mountain Pumped Storage Project and
assuming no reservoir seepage treatments, the estimated annual average seepage volume
from the Upper Reservoir is approximately 1,200 acre-feet, and the estimated annual
average seepage volume from the Lower Reservoir is approximately 1,700 acre-feet. The
estimated annual seepage volume for the Lower Reservoir is about 500 acre-feet more than
the Upper Reservoir because the eastern wall of the Lower Reservoir primarily consists of
alluvial sediments and debris flow deposits, which have significantly higher hydraulic
conductivities.

Based on the seepage analysis, the fine tailings blanket liner options for the Upper Reservoir
reduce the average annual seepage volume. The estimated reduction in average annual
seepage volume for the Upper Reservoir ranged from about 11 to 25 percent, depending on
the liner thickness. The maximum reduction for the Upper Reservoir was approximately 300
acre-feet annually, with an eight-foot thick liner in place.

The fine tailings blanket liner in the Lower Reservoir was estimated to be relatively ineffective.
This is because the upper half of the walls in the pit, which consist of the alluvium deposit, are



too steep to support the fine tailings liner. And, since the majority of seepage from the Lower
Reservoir will be through this alluvium deposit, the analyses indicated little change due to the
various liner options. The estimated reduction in average annual seepage volume for the
Lower Reservoir was about 2.5 percent, regardless of the liner thickness. The maximum
reduction for the Lower Reservoir was approximately 50 acre-feet annually, with an eight-foot
thick liner constructed where possible. Based on this analysis, additional seepage reduction
measures beyond a fine tailings blanket liner will be required for the Lower Reservair.

North-South Profile Analysis Results

Seepage and ground water elevations along a north-south profile toward the CRA were
estimated for both the Upper and Lower Reservoirs of the Eagle Mountain Pumped Storage
Project at both the minimum and maximum water surface elevations. The seepage analysis
from the proposed Upper Reservoir at maximum water surface elevation is shown on Figure
8. Generally, the maximum water surface elevation in the Upper Reservoir is projected to
cause the ground water levels near the location of the CRA to rise approximately 45 feet
above the estimated existing ground water levels. Results of the seepage analysis from the
proposed Lower Reservoir at maximum water surface elevation are shown on Figure 9.
Generally, the maximum water surface elevation in the Lower Reservoir is projected to cause
the ground water levels near the location of the CRA to rise approximately 150 feet above the
estimated existing ground water levels. The remaining computer outputs of the analyses are
included in the Appendix.

Potential Impacts from Reservoir Seepage

Concerns have been raised about the potential impacts of seepage from the reservoirs on
the concrete lining of the Colorado River Aqueduct (CRA), which is owned and operated by
MWD. The potential impacts to the CRA from reservoir seepage were analyzed using both
west-east and north-south profiles for each of the project reservoirs. The impacts of seepage
were expected to be the most noticeable in the west-east profiles due to the close proximity
of the Lower Reservoir to the CRA; however, the impacts along the north-south profiles were
also investigated to fully assess the seepage concerns.

Based on the west-east seepage analysis for the Lower Reservoir, assuming no seepage
treatments and continuous seepage at the maximum reservoir water surface elevation, the
estimated groundwater elevation near the location of the CRA is estimated to stabilize at
approximately El. 915, as shown on Figure 7. The current static groundwater elevation at this
location is about at El. 675, which is about 240 feet lower than the modeled ground water
surface elevation with fully-developed reservoir seepage. The ground surface elevation near
the CRA is approximately EI. 1000, which is about 85 feet higher than the groundwater
elevation predicted under worse-case conditions for seepage from the Lower Reservoir.
Because the estimated ground water elevation is predicted to be well below the ground
surface, no uplift forces are predicted on the concrete lining of the CRA.

Based on the north-south seepage analysis of seepage from the Upper and Lower
Reservoirs, the Lower Reservoir produced the greatest increases from the estimated ground
water elevations; therefore, the Lower Reservoir seepage results were used to analyze the
impacts to the CRA facilities. The CRA facilities that could potentially be impacted by
reservoir seepage along the north-south profiles include the CRA Pump Station and CRA
channel near the pump station, as shown on Figure 1. Based on the north-south seepage
analysis from the Lower Reservoir, and assuming no seepage treatments and continuous
seepage at the maximum reservoir water surface elevation, the estimated ground water
elevation near the location of the CRA is estimated to reach approximately El. 745 feet, as



shown on Figure 9. The current static ground water elevation at this location is assumed to
be about at El. 580 feet. However, this elevation may be conservatively high, because
ground water wells and elevation data are not available at this location, but data was
extrapolated to develop a conservative estimate. Therefore, the existing ground water
elevation is estimated to be about 165 feet lower than the modeled ground water surface
elevation with fully developed reservoir seepage. The ground surface elevation near the
CRA is approximately El. 985 feet, which is estimated to be about 240 feet higher than the
ground water elevation predicted under worse-case conditions for seepage from the Lower
Reservoir. Because the estimated ground water elevation is predicted to be well below the
ground surface, no uplift forces are predicted on the concrete lining of the CRA or at the
pump station.

In addition, we estimate that the steady-state groundwater profile for the Lower Reservoir
shown on Figure 7 will take at least 15 years to fully develop from the estimated seepage
volume, assuming a two year filling period and the reservoir remains at the maximum water
surface elevation after filling. We also estimate that the steady-state groundwater profiles for
the Upper Reservoir shown on Figures 6 and 8 will take at least 50 years to fully develop,
assuming a two year filling period and the reservoir remains at the maximum water surface
elevation after filling. Furthermore, it is estimated to take at least 30 years for groundwater
levels near the Upper Reservoir to reach and daylight at the nearest surface drainage
channel. If the groundwater levels do daylight in the adjacent surface drainage channels, any
seepage will be collected and conveyed to the Lower Reservoir. However, the reservoirs can
never be completely full at the same time, and reservoir levels will cycle up and down in
response to energy demands and hydroelectric operations. Realistically, we expect that the
estimated steady-state groundwater levels from seepage from the Eagle Mountain Project
may not fully develop during the estimated project service life of 50 years.

Hydrocompaction has also been identified as a potential impact that could be associated with
seepage from reservoirs of the Eagle Mountain Project. The potential for hydrocompaction in
soils is related to the grain size of the sediments and how they were deposited. Fan deposits,
such as those present near the project site, when deposited by flash-flood type of events, are
highly susceptible to compaction when wetted either from above or below. Under worse-case
conditions, our analyses indicate that groundwater levels will be about 80 feet below ground
surface and will not reach the near-surface zones where hydrocompaction would be the most
problematic.

Studies conducted for MWD in the Chuckwalla Aquifer (Upper Chuckwalla Groundwater
Basin StorageGeoPentech 2003) addressed hydrocompaction. The studies suggested that
to depths of 100 feet, hydrocompaction could range from 0.56 to 1.8 percent, depending on
soil composition. As such, surface subsidence may total from 0.5 to 1.8 feet. Therefore,
additional reduction of seepage is needed and seepage recovery wells are needed to reduce
hydrocompaction to negligible levels.

Other Seepage Treatment and Monitoring Measures

The Project plans to limit seﬁ)age from the project reservoirs to the maximum extent
possible. This includes the Upper Reservoir, Lower Reservoir, and the brine disposal ponds’

that will be part of the water quality management system for the project, which is described in
the draft License Application. A more-detailed hydrogeologic analysis will be prepared during
final design of the project. We will also undertake detailed geologic mapping of the reservoirs
during project design. Upon completion of the hydrogeologic analysis and detailed geologic

1 The brine ponds will be lined with clay or ggomembrane materials, and to the extent that can be realistically achieved, they will be “zero
seepage” facilities.
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mapping, engineering design solutions will be provided to reduce seepage from the project
reservoirs in order to reduce the potential for hydrocompaction and impacts to groundwater
levels and water quality.

Seepage control from the project reservoirs will be accomplished using systematic
procedures and steps that have been applied successfully at similar projects. These
procedures will include the following:

After access to the site is obtained, a team of geologists and geotechnical
engineers will conduct a detailed reconnaissance of the reservoir basins and
pond areas to identify zones where leakage and seepage would be expected
to occur. These areas will include faults, fissures and cracks in the bedrock,
and zones that have direct connection to the alluvial deposits of the
Chuckwalla Valley. During the reconnaissance, the team will evaluate the
effectiveness of various methods for seepage and leakage control to mitigate
the effects of these particular features.

Seepage and leakage control methods will be further investigated utilizing data
from the geologic reconnaissance and hydrogeologic modeling studies.
Potential methods for seepage and leakage control will include curtain grouting
of the foundation beneath the dam footprint and around the reservoir rim, as
needed; backfill concrete placement and/or slush grouting of the faults, fissures
and cracks recognized in the field reconnaissance; placement of low
permeability materials, as technically feasible, over zones too large to be
grouted and over areas of alluvium within the Lower Reservoir; seepage and
leakage collection systems positioned based on the results of the
hydrogeologic analyses; and clay or membrane lining of the brine ponds
associated with the project’s water quality management system. The collection
systems would recycle water into the project reservoirs or the RO (reverse
osmosis) system.

Design and construction of the seepage and leakage control measures, which
will be aided by the results of the groundwater modeling.

Design and construction of a comprehensive monitoring program, consisting of
observation wells and piezometers that will be used to assess the
effectiveness of the seepage and leakage control measures.

Based on monitoring results, additional actions may be taken to further control
leakage and seepage from the reservoirs and ponds. Such measures may
include curtain grouting and the expansion of seepage and leakage collection
systems.

We modified the seepage model described above to reflect implementation of the above
noted measures, in addition to the use of seepage blankets on the bottom and flatter-sloped
areas of the two reservoirs. We assumed that the following measures would provide the
indicated levels of seepage reduction:

Grouting measures in fractured bedrock zones are expected to reduce the
effective seepage area by 30% in the Upper Reservoir and 20 % in the Lower
Reservoir. Grouting in the Lower Reservoir was not assumed to be possible
or effective in the exposed alluvium on the eastern end of the reservoir. The
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percentage reduction due to grouting of fractured bedrock zones was
estimated based on rock quality index (RQI) test results from the earlier
subsurface exploration programs. The RQI for the top 100 feet of the
boreholes was averaged for each reservoir. The percentage reduction was
estimated assuming 100-RQlavg divided by two.

«  The exposed alluvium in the eastern portion of the Lower Reservoir extends
over a total perimeter distance of approximately 5,000 feet with the maximum
depth of approximately 315 feet below the normal water surface elevation.
The average slope of the pit walls in this zone is about 3 to 1 (horizontal:
vertical), although the upper half of the pit has steep slopes near 1.5to0 1 in
inclination. A possible treatment option, which will be investigated during final
design for feasibility and effectiveness, would be to blanket the entire zone
with a stepped RCC or soil cement overlay. This would reduce the effective
seepage area by at least 80%. However, this approach could be very
expensive. Therefore, other treatment options will be explored during final
design.

Results of these analyses are presented below:

Table 5. Upper Reservoir Seepage Analysis Results — Grouting and Seepage

Blanket
Parameter Max. Min. Average
. é g Unit Width Seepage Rate (cfs) | 0.00126 | 0.00078 0.00102
I:I—: = | Annual Seepage (ac-ft/yr) 1351 338 768
o ;J g Unit Width Seepage Rate (cfs) | 0.00124 | 0.00072 0.00098
~ d | Annual Seepage (ac-ft/yr) 1332 310 738
" ;J g Unit Width Seepage Rate (cfs) | 0.00122 | 0.00061 0.00092
~ d | Annual Seepage (ac-ft/yr) 1308 265 689
cfs — cubic feet per second  ac-ft/yr — acre-feet per year
Max. — Maximum Min. — Minimum

Table 6. Lower Reservoir Seepage Analysis Results — Grouting, Seepage Blanket
and RCC or Soil Cement Treatment over the Alluvium

Parameter Max. Min. Average
2 é g Unit Width Seepage Rate (cfs) | 0.00206 | 0.00135 0.00171
= 3 | Annual Seepage (ac-ft/yr) 1641 665 1099
o é g Unit Width Seepage Rate (cfs) | 0.00170 | 0.00106 0.00138
~ 3 | Annual Seepage (ac-ft/yr) 1358 521 890
% é g Unit Width Seepage Rate (cfs) | 0.00131 | 0.00090 0.00111
= 3 | Annual Seepage (ac-ft/yr) 1045 443 713

cfs — cubic feet per second  ac-ft/yr — acre-feet per year
Max. — Maximum Min. — Minimum
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Based on the seepage analysis of the Upper Reservoir, the grouting of rock fractures could
potentially reduce seepage from the reservoir an additional 200 to 300 acre-feet depending
on the fine tailings blanket liner thickness. The estimated total reduction in average annual
seepage volume from the Upper Reservoir, using both grouting and blanket liner, ranged
from about 36 to 41 percent, depending on the liner thickness. The maximum reduction for
the Upper Reservoir was approximately 500 acre-feet annually, with an eight-foot thick liner
plus grouting in place. The estimated groundwater levels resulting from seepage from the
Upper Reservoir utilizing the additional seepage control measures are a minimum of
approximately 125 feet lower than the estimated ground surface and are shown on Figure 10
at the average reservoir water surface elevation.

Based on the seepage analysis of the Lower Reservoir, the grouting of rock fractures and
RCC or soil cement treatment on the alluvium could potentially reduce seepage from the
reservoir an additional 600 to1,000 acre-feet depending on the fine tailings blanket liner
thickness. The estimated total reduction in average annual seepage volume from the Lower
Reservoir using a blanket liner, grouting rock fractures and treatment of alluvium, ranged from
about 37 to 59 percent, depending on the liner thickness. The maximum reduction for the
Lower Reservoir was approximately 1,000 acre-feet annually. The estimated groundwater
levels resulting from seepage from the Lower Reservoir utilizing the additional seepage
control measures are a minimum of approximately 265 feet lower than the estimated ground
surface and are shown on Figure 11 at the average reservoir water surface elevation.

We anticipate that any water that may escape the engineered seepage and leakage solutions
will be captured by groundwater wells that will be operated to mitigate above-normal
hydrostatic pressures on the CRA. The groundwater level control wells will be operated to
maintain the groundwater levels within +5 feet of the historic levels in areas where
hydrocompaction could potentially occur and adversely impact the CRA or other
infrastructure. The combined pumping from the wells will be about 100 gpm from each of the
proposed extraction wells for a total of 900 gpm. These wells will return the intercepted water
to the Lower Reservoir. The wells, if found to be needed, will be located based on the results
of detailed hydrogeologic modeling studies. Groundwater level and quality monitoring will be
performed at monitoring wells and the project’s extraction and water supply wells.
Groundwater level and water quality sampling will be performed at:

= One up-gradient and 3 to 5 down-gradient wells around each reservoir and the
brine disposal pond to detect seepage.
Nine monitoring wells in the valley sediments to assess changes related to
seepage or from project pumping.

= Two residential/municipal wells nearest the project to ensure safe drinking
water.

= Extraction wells

«  Groundwater levels will initially be monitored on a monthly basis, which may
later be extended to quarterly or annual monitoring. Water quality sampling
and testing will be performed initially on a quarterly basis.

Based on implementation of the above-noted measures, we believe that our engineering
design would mitigate any potential impacts to the CRA. The proposed measures to
minimize and collect seepage will help insure that seepage emanating from the reservoirs is
returned to the reservoirs prior to reaching the CRA.

Source: GeoPentech, 2003. Upper Chuckwalla Groundwater Basin Storage, Draft Report.
Produced for Metropolitan Water District.
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GEI Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

9/4/2008
NDM

EAGLE MOUNTAIN - CENTRAL PIT SEEPAGE RESULTS

SEEPAGE BLANKET ONLY

Reservoir Paramters

Max WSE 2485 ft
Min WSE 2343 ft
Max Reservoir WSE Area 48 acres
Min Reservoir WSE Area 191 acres
Max WSE Average Top Width 1485 ft
Min WSE Average Top Width 595 ft
Average Top Width 1040 ft
Parameter Max Min Average
o Unit Width Seepage
= Rate (cfs) 0.00195 0.00124 0.00160
6' Annual Seepage
Zz  |(actlyr) 2097 535 1202
X Unit Width Seepage
Q 5 Rate (cfs) 0.00178 0.00106 0.00142
=
= 3 |Annual Seepage
« (ac-ftlyr) 1913 456 1068
X o Unit Width Seepage
€15 |Rate (cfs) 0.00174 0.00091 0.00133
=
= 3 |Annual Seepage
‘0 (ac-ftlyr) 1874 394 1000
X o Unit Width Seepage
i |Rate (cfs) 0.00170 0.00070 0.00120
T =
= 3 |Annual Seepage
@ (ac-ft/yr) 1823 303 903
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GEI Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

9/4/2008
NDM

EAGLE MOUNTAIN - CENTRAL PIT SEEPAGE RESULTS

GROUTING AND SEEPAGE BLANKET

Reservoir Paramters

Max WSE 2485 ft
Min WSE 2343 ft
Max Reservoir WSE Area 48 acres
Min Reservoir WSE Area 191 acres
Max WSE Average Top Width 1485 ft
Min WSE Average Top Width 595 ft
Average Top Width 1040 ft
Parameter Max Min Average
o Unit Width Seepage
= Rate (cfs) 0.00195 0.00124 0.00160
6' Annual Seepage
Zz  |(actlyr) 2097 535 1202
X Unit Width Seepage
Q 5 Rate (cfs) 0.00126 0.00078 0.00102
=
= 3 |Annual Seepage
« (ac-ftlyr) 1351 338 768
X o Unit Width Seepage
€15 |Rate (cfs) 0.00124 0.00072 0.00098
=
= 3 |Annual Seepage
‘0 (ac-ftlyr) 1332 310 738
X o Unit Width Seepage
i |Rate (cfs) 0.00122 0.00061 0.00092
T =
= 3 |Annual Seepage
@ (ac-ft/yr) 1308 265 689
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GEI Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

9/4/2008
NDM

EAGLE MOUNTAIN - EAST PIT SEEPAGE RESULTS

SEEPAGE BLANKET ONLY

Reservoir Paramters

Max WSE 1095 ft
Min WSE 925 ft
Max Reservoir WSE Area 163 acres
Min Reservoir WSE Area 63 acres
Max WSE Average Top Width 1100 ft
Min WSE Average Top Width 680 ft
Average Top Width 890 ft
Parameter Max Min Average
o Unit Width Seepage
p Rate (cfs) 0.00356 0.00181 0.00269
5' Annual Seepage
z (ac-ftiyr) 2836 891 1731
X o Unit Width Seepage
15 |Rate (cfs) 0.00348 0.00177 0.00262
=
= = |Annual Seepage
@ (ac-ft/yr) 2768 871 1690
X o Unit Width Seepage
€15 |Rate (cfs) 0.00347 0.00175 0.00261
=
= = |Annual Seepage
0 (ac-ftlyr) 2765 863 1683
X Unit Width Seepage
Q 5 Rate (cfs) 0.00347 0.00175 0.00261
=z
= = |Annual Seepage
@ (ac-ft/yr) 2764 860 1681
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GEI Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

9/4/2008
NDM

EAGLE MOUNTAIN - EAST PIT SEEPAGE RESULTS

GROUTING, SEEPAGE BLANKET, AND RCC TREATMENT

Reservoir Paramters

Max WSE 1095 ft
Min WSE 925 ft
Max Reservoir WSE Area 163 acres
Min Reservoir WSE Area 63 acres
Max WSE Average Top Width 1100 ft
Min WSE Average Top Width 680 ft
Average Top Width 890 ft
Parameter Max Min Average
o Unit Width Seepage
p Rate (cfs) 0.00356 0.00181 0.00269
5' Annual Seepage
z (ac-ftiyr) 2836 891 1731
X o Unit Width Seepage
15 |Rate (cfs) 0.00206 0.00135 0.00171
=
= = |Annual Seepage
@ (ac-ft/yr) 1641 665 1099
X o Unit Width Seepage
€15 |Rate (cfs) 0.00170 0.00106 0.00138
=
= = |Annual Seepage
0 (ac-ftlyr) 1358 521 890
X Unit Width Seepage
Q 5 Rate (cfs) 0.00131 0.00090 0.00111
=z
= = |Annual Seepage
@ (ac-ft/yr) 1045 443 713

27



Eagle Mountain Pumped Storage Project
Upper Reservoir - SEEP/W Output
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GEI Consultants, Inc.

080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

1/4/2011

NDM

Model Mesh Properties - Upper Reservoir (East-West)

|w

ri Draw Mesh Properties | ? S

Approx. Global Element Size: 50 ft Remove Constraints

Mesh: 10740 Modes, 10453 Elements

Enter a new Global Element Size to adjust the entire mesh size.
Otherwise, select regions, lines, points, or layers and adjust the
appropriate mesh properties.
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Boundary Condition
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Elevation (x 1000)
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Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.
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Boundary Condition
GW El. = 1300.0'

Central Pit
WSE = 2485'

Elevation (x 1000)
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the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.
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2.9,

28 Boundary Condition
2.7] GW EI. = 1300.0'

Elevation (x 1000)
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Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.
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Boundary Condition
GW El. = 1300.0'

Elevation (x 1000)

5' LINER

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.
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2.9,

28 Boundary Condition
27, GW EL = 1300.0'
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Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.
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Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.
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2.9

Boundary Condition
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Boundary Condition
GW El. = 1300.0'
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the cross section. The contour intervals
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Boundary Condition
GW El. = 1300.0'

Elevation (x 1000)
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Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.
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Boundary Condition
GW EL = 1300.0'

Elevation (x 1000)

8' LINER W/ GROUTING

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.

Central Pit

WSE = 2343'
3

SEE 1A

B. 9. 9.
Distance (x 1000)

100 105 110 115 120 125 13.0

Boundary Condition
GW EI. = 835.0'

| | ] | |

135 140 145 150 155 160 165 17.0 1

75 180 185 19.0 195

44



080470 Eagle Mountain Pumped Storage Project
Model Mesh Properties - Upper Reservoir (North-South)

Reservoir Seepage Analysis (SEEP/W)

1/4/2011

GEI Consultants, Inc.
NDM
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| 100 ft

e —————

Otherwise, select regions, lines, points, or layers and adjust the

Enter & new Global Element Size to adjust the entire mesh size.
appropriate mesh properties.

Approx. Global Element Size:
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WSE = 2485 Channel

Eagle Creek

Boundary Condition
GW El. =500.0'
(Conservative)

CRA Pump Station

1.0
0.9
0.8
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0.7,

0.6]
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0.3
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Distance (x 1000)
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Elevation (x 1000)

32—
31—
30—
29—
28—
27—
26—
2.5

Boundary Condition
GW EI. =1300.0'

Central Pit
WSE = 2485'

Drainage
Channel

Drainage
Channel

Eagle Creek

Boundary Condition
GW El. =500.0'
(Conservative)

CRA Pump Station

SAND

S O O I A I EO B

-05 05 15 25 35 45 55 65 75 85 095

Distance (x 1000)

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.

105 115 125 135 145 155 165 175 185 195 205 215 225 235 245 255 265 275 285 295 305 315 325 335 345 355 365 375 385 395 405 415 425 435 445
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Elevation (x 1000)

Boundary Condition
GW El. =1300.0'

Drainage
Channel

Central Pit
WSE = 2343

1.0
0.9—
0.8—
0.7—
0.6

0.5—
0.4—

Eagle Creek

Drainage
Channel

Boundary Condition
GW El. =500.0'
(Conservative)

CRA Pump Station

0.3
oL L L

-05 05 15 25 35 45 55 65 75 85 95

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 200 feet of head.

105 115 125 135 145 155 16.5 175 185 195 205 215 225 235 245 255 26.5 27.5 285 29.5 30.5 315 325 335 345 355 36.5 37.5 385 39.5 40.5 415 425 435 445

Distance (x 1000)
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Eagle Mountain Pumped Storage Project
Lower Reservoir - SEEP/W Output
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GEI Consultants, Inc.

080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

1/4/2011

NDM

Model Mesh Properties - Lower Reservoir (East-West)

.
i Draw Mesh Properties

Approx. Global Element Size: | 0 ft
Mesh: 10557 Modes, 10268 Elements

Enter a new Global Element Size to adjust the entire mesh size.
Otherwise, select regions, lines, points, or layers and adjust the
appropriate mesh properties.

Boundary Condition
GW EL =765.0°

Boundary Condition
CRA GWEL = 578.0'

East Pit

WSE = 1085

=

===

=
=
===




Elevation (x 1000)

1.3
1.2
1.1
1.0
0.8
08
07
0.6
0.5
0.4
03
0.2
0.1

0.0

Boun Condition
GW I(Ejlar: 765.00

Boundary Condition

GW EL =578.0'

SAND
Estimated Existing Ground Water Level

| ] | | | | I |

1

0.5

EXISTING CONDITIONS

65 70 75 80 85 90 95 100 105

Distance (x 1000)

17.5
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Elevation (x 1000)

13
1.2
11
1.0
0.9
0.8
0.7
0.6
0.5
04
03
02
0.1
0.0

Boundary Condition
GW El. =765.0'

— East Pit

0.0035616 ft*/sec

Boundary Condition
GW El =650.0'

—_—

| | L | | | | I | | | | 1 l | | | | | | I I I | | | | | |

-05

00 05 10

NO LINER

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.

85 9.0 95 100 105 1.0 115 120 130 135 140 145 150 155 160 165 170 175 180 185 190 195

Distance (x 1000)
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Elevation (x 1000)

Boundary Condition
GW El. = 765.0'

1.30
120
1.10
1.00

East Pit
WSE = 925

0.90
0.80
070
060
050
040
030
020

0.0018107 ft¥/sec

0.10

ITTITTTTTTTITTITTTITTITTITITITTITT

|

|

1

|

Boundary Condition

GW El. =650.0'

|

05 00 05 10 15 20 25 30 35

NO LINER

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.

85 90 85 100 105
Distance (x 1000)

1.0

115

120

125

130

135

14.0

14.5

15.0

155

16.0

165

17.0

17.5
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Elevation (x 1000)

1.30
1.20]
1.10]
1.00]
080
0.80]
0.70
080
0.50
0.40
0.30]
0.20]
0.10]
0.00

Boundary Condition
GW El. = 765.0"

Liner - Fine Tailings

Boundary Condition
GW EL. = 650.0'
East Pit
WSE = 1095

| | | | | | | | | ] | | | | | I | l | | | | l l l | | | | | A | I | | I | |

-0.5

00 05 10 15 20 25 30 35 40 45 50 56 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 19.0 195
Distance (x 1000)

3' LINER

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.
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Boundary Condition
GW El. = 765.0'

Liner - Fine Tailings
1.30,
1.20

/ East Pit
1.10

WSE = 1095

Boundary Condition
GW El. = 650.0"

1.00
0.80
0.80]
0.70
0.60
0.50
0.40
0.30 y
0 .2 0 el
0.10

2
-
-

%

Elevation (x 1000)

| | | | l l | I | I I I | - | | | | | ] | I | | | J

5' LINER

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.

60 65 70 75 80 85 90 95 100 105 11.0 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195
Distance (x 1000)
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Boundary Condition
GW El. = 765.0'

Liner - Fine Tailings

Boundary Condition

GW ELI. = 650.0'
East Pit
WSE = 1095

,
%,
: %
| 7
5

Elevation (x 1000)

I I I I I | I | | | l Ll l | l l I | I l I | | | l I | | | | 1 | l l | | | |
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 17.0 175 180 185 190 195

Distance (x 1000)

8' LINER

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.
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Boundary Condition
GW El. = 765.0'

:::z Liner - Fine Tailings CRA 3?,3",;’,?2&%’_‘8.‘“""
1.10
1.00
0.90
0.80
0.70 ;
o ROCK -

0.50 D
0.40
0.30 2 bt
0.20

0.10
oo | N N N N N N B L. 1 .| ] I O O O | | | L 1 1 1 oo L] - | l l | | | | J
05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 17.0 175 180 185 190 195

Distance (x 1000)

7

2 East Pit U
%, WSE = 925'

%

%

-
et tiart -

Elevation (x 1000)

3' LINER

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 20 feet of head.
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Elevation (x 1000)

1.30)
1.20
1.10]
1.00]
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10

Boundary Condition
GW El. = 765.0"

cefem

Liner - Fine Tailings

East Pit
WSE = 925'

ﬂW*ﬂ'ﬁ?‘

=

2
%,
5
A
&

Boundary Condition
GW EI. =650.0'

| | I | I | | l I | I | | l l I l l ! : | | J

0.00

-0.5

00 05 10 15

5' LINER

20

25 30 35 40 45 50

55

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 20 feet of head.

85 90 95 100 105 11.0 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195
Distance (x 1000)
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Boundary Condition
GW El. = 765.0°

1.30 Liner - Fine Tailings
1.20
1.10, N
1.00
0.30
0.80
0.70
0.60 RQCK
0.50
0.40
0.30

East Pit &5
WSE = 925' o

-

el ﬁ%&
Gl

Elevation (x 1000)

Boundary Condition
GW El = 650.0'

0.20

0.10]
DO TN T TN TN AN SN TN NN TN NN SN M SN NN N

| EE

05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75

8! LINER

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 20 feet of head.
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85 90
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Distance (x 1000)

105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 180 185
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Boundary Condition
GW EL = 765.0°

Liner - Fine Tailings RCC Treatment

1.30
12 East Pit
1.1
1.0
0.9
038
0.70
0.60/
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0.40
0.30/
0.20
0.10
0.00 L1 | I 1 I I I | 1 I I I S |~ | ... | | | S | | bl o | l S | l | | | |
05 00 05 10 15 20 25 30 35 40 45 S50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195

Distance (x 1000)

Boundary Condition
GW El. = 650.0'

Elevation (x 1000)

3' LINER W/ GROUTING AND RCC TREATMENT

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.
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Boundary Condition
GW El. = 765.0'

RCC Treatment

Liner - Fine Tailinés

1.30
1.2
1.1
1.00]
0.9
0.8
0.7
0.6
0.5
0.40
0.3
0.2
0.1
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Distance (x 1000)

Boundary Condition
GW El. = 650.0'

Elevation (x 1000)

135 140 145 150 155 160 165 17.0 175 180 185 190 195

5' LINER W/ GROUTING AND RCC TREATMENT

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.
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01
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Elevation (x 1000)

Boundary Condition
GW EL. =765.0'

Liner - Fine Tailings <G C |reatment

Boundary Condition
CRA GW El. = 650.0'
East Pit

WSE = 1095

| l 1 | l | | ] l I I | | Eo— | I | | | | l | | | 1 1 | | L1 | | [— | [ |

05 00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 1.0 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195

Distance (x 1000)

8' LINER W/ GROUTING AND RCC TREATMENT

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.
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Boundary Condition
GW El. =765.0'

120 Liner - Fine Tailings ~ RCC Treatment
1.20
1.10
1.00
0.90
0.80
0.70
060 ROCK
0.50
0.40|
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0.20|
0.10

Boundary Condition
CRA GW El = 650.0'
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. East Pit
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e :
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Elevation (x 1000)
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Distance (x 1000)

| | | | J
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3' LINER W/ GROUTING AND RCC TREATMENT

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 20 feet of head.
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Boundary Condition
GW El. =765.0'

1.30 RCC Treatment
1.20]

1.10

Liner - Fine Tailings

Boundary Condition
GW El = 650.0'

1.00]
0.80
0.80
0.70]
0.60

R(

East Pit
WSE = 925'
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0.40
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Elevation (x 1000)
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5' LINER W/ GROUTING AND RCC TREATMENT

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 20 feet of head.
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Boundary Condition
GW El. = 765.0°

1.30 Liner - Fine Tailings
1.20|

1.10

RCC Treatment

Boundary Condition
GW EL = 650.0'

1.00
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WSE = 925'
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Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals

shown are equal to 20 feet of head.
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GEI Consultants, Inc.

080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

1/4/2011

NDM

Model Mesh Properties - Lower Reservoir (North-South)

-
Draw Mesh Properties

L ® J

|'\

22

Approx. Global Element Size:

100 ft

Mesh: 2873 Modes, 2585 Elements

Remove Constraints

Boundary Condition
GV EL = 825.00

Enter a new Global Element Size to adjust the entire mesh size.
Otherwise, select regions, lines, points, or layers and adjust the
appropriate mesh properties,

L y Boundary Condition
GW El. = 500.0/

) CRA :#ﬁnﬂ; ON (Conservative)
i Efl: A il il
I 1 i LT {; i i i [ I HHH |

| i R [

| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
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Elevation (x 1000)
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Elevation (x 1000)
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> e

Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.
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Elevation (x 1000)
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Note: The color contouring displayed on
the figure illustrates the total head across
the cross section. The contour intervals
shown are equal to 50 feet of head.
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SEEP/W Input
Materials Properties Data
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GEI Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

7/24/2008
NDM

Summary of SEEP/W Material Properties

Hydraulic Hydraulic
Conductivity Conductivity Conductivity

Material (cm/sec) (ft/sec) Ratio
Rock — Upper Reservoir
(Moderately Fractured) 1.00E-04 3.28E-06 1
Rock — Lower Reservoir
(Slightly Fractured) 1.00E-05 3.28E-07 1
Sand 5.00E-03 1.64E-04 0.25
Clay (sandy) 1.00E-05 3.28E-07 1.00
Liner - (fine tailings) 2.16E-06 7.09E-08 1.00
RCC Treatment 1.00E-08 3.28E-10 1.00
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GEI Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

1/4/2011

NDM

Material Properties - Hydrualic Conductivity Functions

Rock - Lower Reservoir Ratio = 1.0

X-Conducivity (ftsec)

Sand

X-Conduciivity (ft/sec)

3' Liner

X-Conduciivity (ft/sec)

Glacial Till (Compacted), Ksat = 3.28e-07 ft/s

1.0e-01 1.0e+00 1.0e+01 1.0e+02 1.0e+03 1.0e+04 1.0e+05 1.0e+06 1.0e+07 1.0e+08

Matric Suction (psf)

Ratio = 0.25

Uniform sand, Ksat = 3.28e-4 ft/s

1.0e-01 1.0e+00 1.0e+01 1.0e+02 1.0e+03 1.0e+04 1.0e+05 1.0e+06 1.0e+07 1.0e+08

Matric Suction (psf)

Ratio=1.0

3' Liner, Ksat = 7.09e-08 ft/s (3)

1.0e-01 1.0e+00 1.0e+01 1.0e+02 1.0e+03 1.0e+04 1.0e+05 1.0e+06 1.0e+07 1.0e+08

Matric Suction (psf)

X-Conducivity (ft/sec)

Rock - Upper Reservoir Ratio=1.0

Glacial Till (Compacted), Ksat = 3.28e-06 ft/s

1.0e-09:

1.0e-10:

1.0e-11

1.0e-12:

1.0e-13-

1.0e-14:

1.0e-15:

1.0e-16-

1.0e-17-

1.0e-18:

1.0e-19:

1.0e-01 1.0e+00 1.0e+01 1.0e+02 1.0e+03 1.0e+04 1.0e+05 1.0e+06 1.0e+07 1.0e+08

Matric Suction (psf)

Clay Ratio = 1.0

Glacial Till (Compacted), Ksat = 3.28e-07 ft/s

1.0e-12:

1.0e-13;

X-Conducivity (ft/sec)

1.0e-14:

1.0e-15:

1.0e-16-

1.0e-17-

1.0e-01 1.0e+00 1.0e+01 1.0e+02 1.0e+03 1.0e+04 1.0e+05 1.0e+06 1.0e+07 1.0e+08

Matric Suction (psf)

5' Liner Ratio = 1.0

5' Liner, Ksat = 4.254e-08 ft/s (2)

X-Conducivity (ft/sec)
8
N

1.0e-14:

1.0e-15:

1.0e-16:

1.0e-17-

1.0e-01 1.0e+00 1.0e+01 1.0e+02 1.0e+03 1.0e+04 1.0e+05 1.0e+06 1.0e+07 1.0e+08

Matric Suction (psf)
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GEI Consultants, Inc.

080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

1/4/2011

NDM

Material Properties - Hydrualic Conductivity Functions

8' Liner Ratio = 1.0 RCC Liner Ratio = 1.0

8' Liner, Ksat = 2.6587e-08 ft/s (4) RCC, Ksat = 3.28e-10 ft/s (2)

1.0e-12:

1.0e-13;

1.0e-14:

1.0e-15:

X-Conducivity (ft/sec)

1.0e-16-

X-Conducivity (ftsec)

1.0e-17-

1.0e-18:

1.0e-19:

1.0e-20-

1.0e-21

1.0e-01 1.0e+00 1.0e+01 1.0e+02 1.0e+03 1.0e+04 1.0e+05 1.0e+06 1.0e+07 1.0e+08 1.0e-01 1.0e+00 1.0e+01 1.0e+02 1.0e+03 1.0e+04 1.0e+05 1.0e+06 1.0e+07 1.0e+08

Matric Suction (psf) Matric Suction (psf)

73



GEI Consultants, Inc.

080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

1/4/2011

NDM

Material Properties - Volumetric Water Content Functions

Rock - Lower Reservoir Ratio = 1.0 Rock - Upper Reservoir Ratio=1.0

Glacial Till (Compacted) Glacial Till (Compacted)

0.23— 0.23—
0.225 0.225
0.22 0.22
& 0215 & 0215
& &
= £
£ g
5 0.21— s 0.21—
8 8
o &
d ]
S 0205 S 0205
S S
0.2 0.2
0.195— 0.195—1
0.19 0.19
0.185 | | | | 0.185 | | | .
-1000 -800 -600 -400 -200 -1000 -800 -600 -400 -200 0
Pore-Water Pressure (psf) Pore-Water Pressure (psf)
Sand Ratio = 0.25 Clay Ratio=1.0
Sand Sandy Silty Clay
0.4 0.42—
0.419
0.3—1— 0.418—
£ € 0417
£ £
8 §
£ £
8 8
& 02—+ &  0.416—
]
2 H
S S
0.415
04— 0.414—
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0 | | f | 0412 | | J }
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Pore-Water Pressure (psf)
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GEI Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

7/24/2008
NDM

Chuckwalla Report, Hydraulic Conductivities Summary

Hydraulic
Conductivity
Boring Description USCS Depth (em/sec)
C-1 Sand SP 201 1.00E-05
C-1 Clayey Sand SC 201 2.10E-05
C-1 Silty Sand SM 322 3.00E-06
C-5 Fat Clay CH 142 9.20E-10
C-5 Clayey Sand SC-SM 62 2.70E-07
C-5 Silty Sand SM 62 3.00E-07
C-9 Silty sand SM 145 3.50E-05
TP#2 Silty Sand SM 14 1.20E-04
TP#3 Silty Sand SM 5 3.80E-04
Average
SM 9.14E-05
sC

1.06E-05
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GEIl Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)

Lookup Table
Hydraulic
DS Conductivity
(mm) (cm/sec) Increment
0.001 2.50E-05]  0.019444444
0.01 2.00E-04]  0.057500000
0.05 2.50E-03] 0.150000000]
0.1 1.00E-02]  0.225000000}
0.5 1.00E-01]  1.800000000}
1 1.00E+00[  1.000000000]

7/24/2008
NDM
Emperical
Hydraulic

D5 Conductivity
Boring Description USCS Depth (mm) (cm/sec)
C-1 Sand w/ Silt  |SP-SM 17 0.08 7.00E-03
C-1 Sand w/ Siit _ |SP-SM 58 0.06 4.00E-03
C-1 Silty Sand SM 101 0.0015 3.47E-05
C-1 Sand w/ Silt  |SP-SM 110 0.0015 3.47E-05
C-1 Sand w/ Silt | SP-SM 123 0.008 1.61E-04
C-1 Sand w/ Silt  |SP-SM 423 0.06 4.00E-03]
C-5 Sand w/ Grave|SW 59 0.2 3.25E-02
C-5 Gravel w/ S&S|GP-GM 81 0.05 2.50E-03
C-5 Sand w/ Silt  |SP-SM 101 0.1 1.00E-02
C-5 Gravel w/ S&S|GP-GM 121 0.065 4.75E-03
C-5 Sand w/ Silt  |SP-SM 280 0.006 1.22E-04
c-9 Sand w/ Silt  |SW-SM 17 0.05 2.50E-03
C-10 Sand w/ Silt  |SP-SM 8 0.01 2.00E-04
C-10 Sand w/ Silt__ |SP-SM 16 0.06 4.00E-03
C-10 Sand SP 78 0.08 7.00E-03
C-10 Sand w/ Silt _|SP 130 0.05 2.50E-03]
C-1 Sand SP 201]-- 1.00E-05|

Average 4.78E-03

0.01

0.1

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+Q0
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GEIl Consultants, Inc.

080470 Eagie Mountain Pumped Siorage Project

Reservoir Seepage Analysis (SEEP/W)

7/24/2008
NDM

Liner - Fine Tailings

Hydraulic Conductivities - cm/sec

Test Type Min Max Average
Fieid 9.20E-09 4.30E-07 2.20E-07
Lab 5.80E-09 8.20E-06 4.10E-06
Average = 7.50E-09 4.32E-06 2.16E-06 cm/sec
2.48E-10 1.42E-07 7.09&-08 ft/sec
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BORING LOG

SCS
ENGINEERS
PROECT: EAGLE MOUNTAN HOLE/WELLS: MW-1
LOCATICN - SiaMETER: w0° :
JORWUMBER: CIRTETICY TOTALSEPTH: «o° ‘ ozt
~
GECLOGIST + NG 3. GARBACCIO/K . USTER  DATESTARTED: APRILZT. 19
SRILER: PONEER CATE COMPLETED © MAY 16, 1529
CRLLAIG: FALNG 7o SAMPLNG DEVICE
CRLLAG METAOD :  MUD ACTARY PRE: 1 OF 7
aow
CEFTH | cum COMPALETION DETAL SaPE s counTss | S DESCRFTION
[FEETY coor | STMaL
OJ AECT AR ROTARY LSED TO SET
) — STEEL CASNG
z—
Jd
- LIGHT TAN SILTY FAE TOVERY
COARSE SAND WITH 2% GRAVEL TO Z* |
- BOULDERS » 1 FOOT OBSERVED
: BOREHOLE | GRAVEL IS MOSTLY
§ v GRANITE WITH EARCTE. VEN GUARTZ
AND MINCR MAGNETTTE - KEMATITE
7-
B
)
10 =
G —)
12
MUD ROTARY
13 MLD REUCOVES FNES
1
15—
‘s—
17—
B —
19—
27 -

BORING LOG

=
PROECT: EAGLE MOUNTAN HOLE/WELSR: MW
JCBNUMBER: 0LETOTICS FAGE : 3 oF 7
oW
oErTH ~ SCS
(FEET) SAUPE COMPLETION DETAL SAMPLE 8 w:“hzl‘:* SruBcL DESCAPTIN
L —
e SRMEAS AZOVE
i) 4% QUARTZ. 40% FELDSPAR,
2% DARK COLORED GRARS
1w—1
105 m—
-
CUTTIVGS ARE COARSE SAND SIED
110 e 50 QUARTZ. 4% FELDSPAR. 10% CARK
COLORED GRAINS
o
ti5 =
—
i2¢'—‘ £5% QUARTZ, 40 FELDSPAA, 15% DARK
COLCRED GRANS
—
125 —
—
190 —
135 =t
14—
145
50% CUARTZ X% FELCSPARL 1%
_1 DARX COLCRED GRANS
15D m—
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BORING LOG

PROUECT: EAGLE MOUNTAN

HOLESWELLFD MWt

BORING LOG

FROUECT : IAGLE MOLNTAN

HOLE/WELLP: MW-1

OBNUMBER: 018707303 PACE : 4« oF 7
- 8=
CEPTH _ wses
(FeET ) | SAMLE COMPLETION DETAL SAMPLE » w:\.;gfr gty CEECAPTION
-

210 =—

z\s—‘

45%, QUARTZ 4% FELSSPAR, 15%
DARK COLORED GRANS

150 - 245" SILT - CLAY, VERY UTTLE
SAND N CUTTINGS, SLOW DRILLNG

LB NUMBER: D187072.00 PAGE: 5§ OF 7
CEPTH | uses
(FegT) | SHAE COMMETICN DETAL "‘;;": SruBcL CESTRFTON
L)
25
U0 w—
236 w—
—_
240 w—
—
124 w— COARSE SAND SUZED GRANS,
i SURACANDED TO ANGLLAR 50%
CAIARTZ: 25% FELDSPAR, 25% EPIDGTE.
= FON OFE. GRANTE FRAGNENTS
=7
=5
=0 260 COBBLES - BOULDERS
264" COABLES - BOULDERS
x5
0
s
mi
L
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M-1

AOLEIWELS:

BORING LOG

BORING LOG

PROUECT: EAGLE MOUNTAN

S8 NUMBER: C1ETOTI.0

PROUECT:  EAGLE MOUNTAN

JLOENUMBER: oAU

oF

7

WATER AT 2577
MLUD THNS OUT

& - AT ST - CLAY VERY UTTLE
CRILING

¥

3ar COBBLES - BOULDERS
20 - 405 ANGLILAR CHIPS OF IACH
ORETOOIT

TOD = «0

SAND IN CUTTINGS, SLOW

PRGE

FoaT

B
SAMPLE #| COUNTS

3 ] 3iei

o

’ ARG LN r AL
-r\l\flnl\l-.tl-l\'ﬁl'Jf\r\"/lfﬂJf’)tllrlfvlr)!.'

5 5 LSS
1-..:/1:4;//,o;;zo...,\w\u..\,ul\”\z\\w\;\~\_‘\\_..,.___\\\—\\. o

r) g ’, I
T ~\u._u\\\\\\\to-;._a\&;\;\;\z\l;\az:;,

A AN

N ~ SESCYO
SOOI -.,\1\.-(/_.;\_..\ KGO

PN IICIONCPTNRN NN

i
(ER £33

SAMPLE COMPLETICN DETAL.

LEFTH
(FEET}

A —
0
T

T
%

355
20—
T ek

7S m—
200

DESCRAPTIEN

ZB4°- 200" CORALES - BOULDERS

=0 CUTTINGS. X0%
MASIC ROCK FRAGUENTS, 0%
CUARTZ X% FELOSPAR, 10% EFIDCTE

COARSE SaND

T - 3% COBBLES - BOULDERS

31y’ CCBELES - SOULDERS

2
SYUBIL

FLOT

ELOW
SAMPLE §| SOUNTS S

SO

AT i

R AR R R R A

R I R R R R R R R AN R R AR RO

PN AP A P A i bl S el e S B A b o e e R R RN I
T A A T T T AR IRTE

Cavis

i

PP MMM W)

[ OGSGOSO0GOGO00
A B OSSOSO
S A A S A N A S AN A NS AR AR SN AN N
MALK e DA

1T

SAMPLE COMPLETION DETAL

CEPTH
(FEET)

290 w——
S —

xo
0L
30—
—

)
=

o

=
I
e

NG w—
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BORING LOG (s

ENGINEERS |
PROVECT: EAGLEMOUNTAN KOS (WELL T BHAIMN2 o p— M e
LOCATICN ; SUMETER: 10 -;%‘u PRCIECT: SAGLE MOUNTAN HOLESWELLS: BH4/MW2
moien 108 NUMBER: 0187073.99 MGE. 2 CF 9
JCBNUMBER: 918707205 TOTALCEFTH - 458" LITTE TP
: BLOW
SEQULOGIST/ ENGNEZR 3. GAABACCIC SATESTARTED. MAACH =, 1990 e lsaee| coueEmonoeTAR SaupLE M CONTS | S0 DESCRFTON
CRLLER  2EVLK DATE COMPLETED ! APRIL4, 1550 - foor
CRLLAIG . PORTACALL SAMPUNG DEVICE  CYSLONE oS I o
ORALING WETHOO . AR AOTARY / MUS RGTARY PACE ; 1 oF ] “T "
g — -
e — =hs
CEPTH | sampie COMPLETION DETAR SAMAE sfcunTss | USCS CESTRETION 2 B R
FEET foar | SHBQL g5 i 5
— 8 o
START WITH AUGER TO SET = EZ: r-
0 — —— SURFACE CASING 25 e
. -4 o _ . 50} ] O I SP | 40°- FINES ARE LOST FROM CYCLTNE
- 3 SC- 5T | 0-157- TAN  LGHT BROWN CLAYEY @ B30 X CQARSE SAND AND GRAVEL 702
= k1 SAND WITH GRAVEL. CQBBLES AND J BX F. CBSEAVED. ANGLLAR TO
2 bl S5 I 0 BOULDERS ( TO 6 * CBSEAVED ); bl K SUBACUNDED, GRANITE, ‘FON ORE.
sarics §o |0 SUBANGUUAR TC SUBACUNGED; [0t P CUARTZITE; MO CEMENT O CLAY
3 csa [-9 ] GAANITE, QUARTZITE, RO ORE: CRY — C2 1 OBSERVED
4— =21t E<Y £
= [ﬂ e L2 = 40°- 5", BEGIN TOGETINTQ
‘5 o B O rf B CEMENTED ZONE. SEVERAL OF THE
'1 o Rl 5= - o 0.1- 0.2 * GRAVEL GRAINS
6 -1 qe T ;:- 5 bt HAVE TAN CLAY CCATINGS
= K % i
7 j ::i Rt P, E F-: suRasE
as T eoneseTe -t :'E":':m C-d k4
o o0 il e gl cammegsl [
§ et i I N R 157+ 60" - DRILLED WiTH & * DOWNHOLE —1 E] e
=1 b HAMMER E.; X
10 = % B B e o IR & SP.GW [60°. SWITCH TS~ TRICONE &T
e :Zj. 2;3 — - :;3 SAND AND GRAVEL TO 1 * OBSERVED.
W i o 1 |4 ANGULAR TO SUBROUNDED. WHOLE
N2 -— P >‘-1 -2 CUTTINGS SEGREGATE IN CYCLONE -1 CLASTS AND PIECES OF LARGER
ol 55 [ 2t - F=] FOCKS, NO CLAY CR CEMENT:
=gl _4 & | RANITE, CUARTZITE, mouo?is__
i3 paea £1 1 & PALE GREEN MARBLE, EPIDOTE; DRY
wasen f-0] ] T E-
14— e rod _-] ._3 -
15— i SP | SAND WITH GRAVEL T 1" OBSERVED, I:i
22 I A GRANITE WITH GREENSCHIST _ g ) .
. _‘ = ] ALTERATICN, CALG SILICATE ROCK. M T TR CERRT G- 08
e -1 b QUARTZITE, IRON ORE, NO CEWENT, o
o B SIALLER FRACTION 1S MORE ANGULAR — -]
17 = =k ( FRAGNENTS OF LARGER FOCKS ) - -]
. 323 ] 50 ram F- £0° 55" . SMALL PIECES OF GRAVEL
8 — fos i 22 = ARE PARTTLY COATED WITH CLAY
PZ — ] CEMENT, LARGE QUANTITY OF RKE
15— - ‘-j BAOWN CLAY IN DUIST FROM CYCLONE,
-] t:- COHESIVE WHEK WET; DRY
25 -1 20°- SUGKT CAVING — 3
-9 -'.1
= fed
[-1
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BORING

PROUECT: ESAGLE MOUNTAN
JOB NUMBER: 018TOTI0N

T e
SOLE/WELL#: BH4IMANZ
PAGE. 3 COF %

DEFTH ||  COMPLETONDETAL

(FEET)

e i cESCRPTICN
SaPLE 1:;;::-?: B

FC —

Tt S 3

TY YT Tt
o e r

110

A
ABASOO0

T
oy bl

120

[l

TTTIT,Y
BEG
I‘!It'I'DDOD

o
o
.

RO
ODOO

95" . GRAVEL HAS CLAY CCATINGS,
VERY LITTLE CLAY INFiNES

5P 100"« - COARSE SAND WITH <107%
GRAVEL: FINES ARE NOT CCHESIVE
WHEN WET: GRAVEL HAS SAND
GRAINS CEMENTED TOIT, DRY

sSP 408 - 110"+ - SAND WATH 10 - 20%
GRAVEL TO +°, VERY UTTLE

sP 125 * - BAME AS ABGVE

P e A

'l‘l'u'lll'lll.lll

sSP 135 - VERY UTTLE FiNES. GRAVEL

1§ MCSTLY ANGULAR

CUARTZITE FACHM LARGER

ROCKS: SUBAOUNDED GRANITE

AND FINE GRAINED CALC SUCATE

FOCK HAS GLAY - CEMENT

COATINGS

s I&!‘-!SJ'--C:.AYFICJ-!Z‘CHEMH
CCARSE SAND AND GRAVELTOO.S™

CLAY 1S LIGHT TAR FREDOSSH BACHN

WHEN WET |, GRAVEL 15 ANGULAR TO

S}BMJNDED:GMNH'E. CUARTZTE

BLACK FINE GRAINED MAFIC DIKE ROCK.

RN ORE; SOWE PIECES HAVE CLAY

BORING

FROUECT. EAGLE MOUNTAIN

JCB NUMEBEAR: :1BRT3.09

HOLE/WELL 0 BH4/MW2

LA
LI

O]

TTT T I T Ty

COATINGS: DRY

.
"

3t

B
L2 e e )
OO
L1 i1t

'
LU

BobE
L

LR

TV Ty
L

329 5 iy 1
BoGO00
Lot il g

]
il

TTTTT
DO

Pl 2l

GRAVEL: GRAVEL IS ANGULAR TO
SUBRCUNDED. GRANITE, QUARTZITE
WRON ORE; DRY

& oF 5
DEFH
(RERTy | AMRE COMPLETION DETAL sesca
-
1 51 w—
—
1510
= 165"~ - CLAY RICH ZONE WITH SAND -
- = 2% GRAVEL TO 0.5 (MOSTLY <03 °)
(- CBSERVED, SUBANGULAR TO
170 e i SUBROUNDED, CLAY COATINGS ON
e e SOME PIECES: META- ARKOSE,
R Caracn oo GRANITE, QUARTZTE. IACH ORE: DRY
iTER ‘:.
CAS MO =
pu— W o :‘-
counsage]
180 amaeed ::- -
-1 -] 180°- 186" » - CLAY RICH JONE WITH
- DU COARSE TO VERY COARSE SAND AND

150" - CLAY RICH ZONE WITH < 2%
SAND AND GRAVEL, CLAY 55 LIGHT TAN
{ MEDIUIM PINK - BROWN WHEN WET ),
GRAVEL INCLUDES GRANITE. IRON CRE
{ MAGNETITE ). DIORITE. QUARTZ
EPIDOTE

108 * - COARSE SAND AND GRAVEL T2

0.5 ", MOSTLY ANGULAR CHPS OF
GRANITE AND TRON ORE ( MAGNETTTE }

2065 CLAY WITH SAKD AND GRAVEL 70

0.5 * DBSERVED, ANGULAR 7D

SUBAOUNDED, GRANITE. IRON ORE,
QUARTZTE, EPIDOTE: DRY
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BUHING

=
PROVECT: ESAGLE MOUNTAN
JOB HUMEER: 218707259

=

5

~CLS/WELLS: BHASMW2
FAGE |

oF 9

OEP™M | ciumie|  coumEmon oETaL

(E=]

CESCRIPTION

BORING

FROUECT
JO3 NUMBER: ¢1870730%

&

HAS/WELLE: BHEMWZ
PAGE :

oF 9

LFEETH SYLBOL
Rnan! '::
29— il
236w -_'
i SR= sp | 225" - COARSE TO VERY COARSE SAND
10 O 7 WITH APPRCXIMATELY 10% GRAVEL
-3 [0 ROUNCED GRAINS; DRY
230 1 SC-GC | 230"+ CLAY WITH SAND AND GRAYEL.
= 4 -l [locas GRANITE, MAFIC DIKE ROCK, DUARTZITE
eioall g I 8 P
ont sea Fo-] 02
e A B O i
- vk ] Lo
wELDED .- L=
CoLF MoE". " .-:.
240 o
- SR SC.GC | 2457200 - CLAY WITH SAND AND
e GRAVEL TO 0.7 * CBSEAVED,
e ¥ GRAVEL IS ANGULAR TO
2 SUBROUNDED, GRANITE. EFIDOTE.
250 e GUARTZITE, IRON OFE. WITH CLAY -
CEMENT COATINGS, DRY
250 m— :::

L0 2 e 2

¥
Sl e

LML
A

e .
i Borer e

SR-GW

L0 L o O e e

Ll

DEFTH
el uscs -
[FEET) eyl SESCRATION
276 £
= -1
2 -:-
o H 52.GW | 280° . 300" CLAY WITH COARSE - VERY
" - COARSE SAND AND GRAVEL TO0.7*
-] OBSERVED, MOSTLY ANGULAR CHIPS
E OF QUARTZITE AND GRANITE:
o= ¥ SUBROUNOED - SOUNDED IAON ORE.
-] META-ARKOSE, GRANITE; DRY
250 = il =2
20 4 E
B = SP | 310"~ CLAY WITH SAND AND <10%
GRAVEL TO 0.5 " CESEAVED,
- = SUBROUNOED, DIORITE, FIHE

GRAMNED CALC SIICATE ROCK,
CUARTZTE, MARG DIKE ROCK:
AGGRAEGATES OF CEMENTZD SAND:
oAy

325" CLAY WITH SAND AND 10 - %
GRAVEL TO 0.5 " OESERVED, MOSTLY
ANGULAR TO SUBANGULAR. GRAMTE.
QUARTITE, FINE GRAINED CALC
SUCATE ROCK: SOME GRANS HAVE
CLAY COATINGS: DRY
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= - WOLS  WELLE: BHAIMAZ
2a0UECT: EAGLE MOUNTAIN x ke PROUECT: SAGLE MOUNTAIN HOLE/WELLE ER4IMNL
1C8 NUMZER: 018707309 : JCB NUMBER: C'87073.09 PAGE: B OF 3
sow |
sawplE|  CowmETONDETAL sang qcountss| S8 SESCRFTION e —
. oot | e (reen) | SAMPLE COMPLETION DETAR, s"""”‘ﬂm"s‘ e CESCATTON
focT sSTEoL
L-2 = mucuvmuzmeagﬁmm N
L, GRAVEL TQ 1 - OBSEAVED.
- o R CRseTE DAY 330 SP | 2307256 . COARSE SAND AND
fra? _‘ GRAVEL WITH AGGAEGATES OF
s SAND CEMENTED TOGETHER
.'_: —
cL | 34073457 CLAY WITH _‘
APPROXIMATELY 10% SAND. CLAY HAS (00—
A TRACE OF MOISTURS 400 - LET HOLE STAND OREN
— FOR 15 MINUTES - NO WATEA
+.347"- TRACE MOSSTURE N
“,memmﬂ SP | 405°. COARSE SAND WITH MINGR
CLAY,
e T GAAVEL GRANITE AND IRCN ORE
348 . RED IFCH ORE 1 CUTTINGS - ( MAGNETITE }
(1BJ "
o~
. .07
v ._ ;-u- (313
TRl
e - £} -—J E
courwad.) |7
156 - 420y NJECT WATER
-
] SC | 285 - CLAY WITHSAND
- SW | 428 430°- FINE TO COARSE SAND
{ NOT TYPCAL ) WITH «10% GRAVEL
- 370 -DRY = TQ 0.3 * ORSERVED. ANGULAR,
g CLEAN - NO CEMENT, MOSTLY
370 @0 [THREADED GRANITE WITH TRACE MANGHETIC
\ == T IRON ORE
- g
78" - ORY
- = 435 " 440" - DRRL THACUGH
BOULDERS OF IRON CRE.
— = 280" - CLAY WITH GRAVEL 70 0.5 cumussmmmnm‘
CESERVED, MOSTLY FINE GRAINED 1
380 = CAL SIUCATE ACCK CLAY IS VERY 4o
SUGHTLY MOIST _‘ SP | 440". COARSE SAND GRANITE,
QUARTZ, MAGNETITE -
— et HEMATITE IRON ORE
— ——
= post| TD - 440" WITH AIR ROTARY
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e
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APPENDIX A
LITHOLOGIC DESCRIPTION

Eagle Mountain Piezometer No. 1

0-15ft  ARTIFICIALFILL
15-25ft  QUARTZITE

25-45ft  QUARTZITE AND QUARTZ MONZONITE

45- 65t  QUARTZIE

65-80ft  QUARTZ MONZONITE

80 - 196ft QUARTZIIE

196 - 200t QUARTZ MONZONITE WITH SOME QUARTZITE
200 - 205t QUARTZITE WITH SOME QUARTZ MONZONITE
205 - 270ft QUARTZ MONZONITE
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0- 104t
10 - 201t

20 - 751t

75 - 135#1

135 - 2054

205 - 210t

210- 255ft

APPENDIX A
LITHOLOGIC DESCRIPTION

Eagle Mountain Piezometer No. 11

POORLY GRADED SAND (SP) : Trace coarse, angular to subrounded
gravel; 10% fine, angular to subrounded gravei; 25% coarse, angular 1o
subrounded sand; 60% medium, angular 1o subrounded sand; 5% fine,
subangular to subreunded sand; brown, dry, maximum size = 25mm

EOORLY GRADED SAND WITH GRAVEL (SP) : 20% coarse,

angular to subangular gravel; 15% fine, angulzar to subangular gravel;
30% coarse, angular to subrounded sand; 35% medium, angular i¢
subrounded sand; trace fine sand; brown, dry, maximum size = 30mm

(SP) : 5% coarse,
angular to subangular gravel; 10% fine, angular to subangular gravel;
40% coarsa, angular to subangular sand; 45% medium, angular to

subangular sand; trace fine, subangular 1o subrounded sand; brown, dry,

maximum size = 35mm

C) (GP) : 25% coarse,
angular to subrounded gravel; 35% fine, angular to subrounded gravel;
20% coarse, angular to subrounded sand; 20% medium, angular to

subrounded sand; trace fine sand; brown, dry, maximum size = 43mm

BOORLY GRADED SAND WITH GRAVEL (SP): 10% coarse,

angular to subrounded gravel; 15% fine, angular to subrounded gravel;
30% coarse, angular to subrounded sand; 40% medium, angular fo
subrounded sand; 5% fine, subangular to subreunded sand; brown,
moist (dus Yo injection ot water during drilling), maximum size = 37mm

RAVEL (GP) : 80% coarse, subanguiar to
subrounded gravel; 20% fine, subangular to subrcunded gravel; trace
coarse, subangular 1o subrounded sand; trace medium, subangular 1o
subrounded sand; trace fine, subangular to subrounded sand; trace
fines; no dilatancy, medium toughness, medium plasticity, medium dry
strength; brown, moist (due lo injecticn of water during drilling),
maximum size = 40mm

EOORLY GRADED SAND (SP) : Trace coarse, subangularto
subrounded gravel; trace fine, subangular to subrounded gravei; 15%
coarse, subangular 1o subrounded sand; 85% medium, subangular 1o
subrounded sand; tracs fine, subangular 1o subrcunded sand;

brown, cry, maximum size = 39mm

255- 270ft

270- 310ft

310- 3451

345- 3651t

365- 4851t

LITHOLOGIC DESCRIPTION - Piezometer No. 11 {cont.)

(CL} : Trace fine, angular to subrounded gravel;
trace coarse, sngular to subrounded sand; 10% medium, angular to
subrounded sand; 20% fine, subangular 1o subrounded sand; 70% fines;
na dilatancy, medium toughness, medium plasticity, medium dry strength;
brown, moist (due to injection of water during drilling)

CLAYEY SAND (SC): Tracs fine, angular to subrounded gravel; 5%
coarse, angular o subrounded sand; 30% medium, angular to
subrounded sand; 35% fine, subangular to subrounded sand; 30% fines;
no dilatancy, medium toughness, medium plasticity, medium dry strength;
brown, moist (dus to injectian of water dunng drilling)

(CL) : Trace fine, angular to subrounded gravel;
trace coarsse, angular to subrounded sand; 10% medium, subangular to
subrounded sand; 30% fine, subangular to subrounded sand; 60% fines;
no dilatancy, medium toughness, medium piasticity, meaium dry strength;
brown, moist (duse to injection of water dunng drilling)

CLAYEY SAND (SC): Trace fine, angular to subangular gravel; 10%
coarse, angular to subangular sand; 40% medium, angular 10
subrounded sand; 30% fine, subangular to subrcunded sand; 20% fine:
no dilatancy, medium toughness, medium plasticity, medium dry strength;
brown, moist (duse to injection of water during drilling)

ND (SP): 5% fine, angular to subrounded gravei,
40% coarse, angular to subroundsed sand; 55% medium, angular to
subrounded sand; trace fine, subangular to subrounded sand; trace
fines; brown, dry
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0- 101t

10 - 15#

15 - 30ft

30 - 601t

60 - 115ft

115 - 130ft

130~ 1551

165- 3701t

370- 500ft

APPENDIX A
LITHOLOGIC DESCRIPTION
Eagle Mountain Piezometer No. 12

] (SP) : 10% coarss, angular to subrounded
gravel; 10% fine, angular to subrounded gravel; 45% coarse, angular to
subrounded sand; 35% medium, angular to subrounded sand; trace fine
sand; brown, dry, maximum size = 38mm

POORLY GRADRED GRAVEL WITH SAND (GP) : 25% coarse,

anguiar to subrounded gravel; 35% fine, angular to subrounded gravel;
25% coarse, angular to subrounded sand; 15% medium, angular to
subrounded sand; trace fine sand; brown, dry, maximum size = 40mm

(SP) : 5% coarse,
angular to subrounded gravel; 20% fine, angular to subrounded gravet;
40% coarse, angular to subrounded sand; 35% medium, anguiar to
subrounded sand; trace fine sand; brown, dry, maximum size = 22mm

POQRLY GRADED GRAVEL WITH SAND (GP): 30% coarse,

angular to subrounded gravel; 35% fine, angular to subrounded gravel;
25% coarse, subangular to subrounded sand; 10% medium, subangular
to subrounded sand; trace fine sand; brown, dry, maximum size = 3tmm

POORLY GRADED SAND WITH GRAVEL (SP) : 10% coarse,

angular to subangular gravel; 20% fine, anqular to subrounded gravel;
40% coarse, anguiar to subrounded sand; 30% medium, subangular to
subrounded sand; trace fine sand; brown, dry, maximum size = 30mm

ELASTIC SILT (ML) : 10% fine, subangular to subrounded sand; 90%
fines; slow dilatancy, medium toughness, low plasticity, low dry strength;
brown, dry

(SP) . Trace coarse, subanguiar to
subrounded gravel; 10% fine, anguiar to subrounded gravel; 35%
coarse, angular {o subrounded sand; 50% medium, subangular to
subrounded sand; 5% fina, subangular to subrounded sand;
brown, dry, maximum size = 32mm

PQORLY GBADED SAND (SP) : Trace fine, subangular to subrounded

gravel; trace coarse, subangular to subrounded sand; 60% medium,
subangular to subrounded sand; 40% fine, subangular to subrounded
sand; brown, dry

(SP) : Tracs fine, subangular to subrounded
gravel, 20% coarse, subangular to subrounded sand; 70% medium,
subangular to subrounded sand; 10% fine, subangular to rounded sand;
trace to 5% fines; slow dilatancy, medium toughness, medium plasticity,
low dry strength; brown, dry
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where D¢ = diameter (mm) through which 5% of soil passes. Figures 6.8a and 6.8b
show the results on which Eq. (6.27) is based.

On the basis of laboratory experiments, the U.S. Department of Navy (1971)
provided an empirical correlation between & (ft /min} and D,y {mm) for granular soils
with the uniformity coefficient varying between 2 and 12 and D44/D5 < 1.4. This cor-
(6.27) relation is shown in Figure 6.9.
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Figure 6.9 Permeability of granular soils (after US. Department of Navy, 1971)

According to their experimental observations, Samarasinghe, Huang, and
Drnevich (1982) suggested that the hydraulic conductivity of normally consolidated
clays (see Chapter 1{} for definition) can be given by

k=c3(1‘j:e) (6.28)

; where C; and n are constants to be determined experimentally. This equation can be
rewritten as

log(k(1 + )] =logCs + nloge (6.29)

Hence, for any given clayey soll, if the variation of k with the void ratio is known, a log-
log graph can be plotted with k(1 + ¢) against e to determine the values of C, and n.

Some other empirical relationships for estimating the hydraulic conductivity in
sand and clayey soils are given in Table 6.3. One should keep in mind, however, that
any empirical relationship of this type is for estimation only, because the magnitude
of k is a highly variable parameter and depends on several factors,

Tavenas et al, (1983) also gave a correlation between the void ratio and the hy-
draulic conductivity of clayey soil. This correlation is shown in Figure 6.10. An im-
portant point to note, however, is that in Figure 6.10, PI, the plasticity index, and CFE,
the clay-size fraction in the soil, are in fraction (decimal) form.
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Table 6.3 Empirical Relationships for Estimating Hydraulic Conductivity

Type
of Soil Source Relationship® Commaents
3
Sand Amer and Awad (1974) k = CDIPCE i -
3
Shahabi, Das, k = [.262-735D?§916T Medium to
Tarquin (1984) ¢ fine sand
Clay Mesri and logh = A'loge + B’
Olson (1971)
— €
Taylor (1948) log k = log kg — =2 - Fore < 2.5,
Ck il 0-580 k

Dy = effective size
C, = uniformity coefficient
C, = a constant
ko = in sit hydraudic conductivity at void ratio ¢

k = hydraulic conductivity at void ratio e

C, = permeability change index
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Figure 6.10 Variation of void ratio with hydraulic conductivity of clayey soils (based on
Tavenas et al., 1983)
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