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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.     
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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.  
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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 El. 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.   
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The majority 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  

Material

Hydraulic
Conductivity 

(centimeters/sec) 

Hydraulic
Conductivity 

(feet/sec) 
Conductivity 

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. 
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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 

Reservoir 

Minimum Water 
Surface 

Elevation 
Average Top 

Width 
(feet) 

Maximum Water 
Surface 

Elevation 
Average Top 

Width 
(feet) 

Average Top 
Width Used for 
Average Annual 

Seepage 
Calculations 

(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 

N
O

LI
N

ER Unit Width Seepage Rate (cfs) 0.00195 0.00124 0.00160 

Annual Seepage (ac-ft/yr) 2097 535 1202 
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3'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00178 0.00106 0.00142 

Annual Seepage (ac-ft/yr) 1913 456 1068 

5'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00174 0.00091 0.00133 

Annual Seepage (ac-ft/yr) 1874 394 1000 
8'

TH
IC

K
LI

N
ER Unit Width Seepage Rate (cfs) 0.00170 0.00070 0.00120 

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 

N
O

LI
N

ER Unit Width Seepage Rate (cfs) 0.00356 0.00181 0.00269 

Annual Seepage (ac-ft/yr) 2836 891 1731 

3'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00348 0.00177 0.00262 

Annual Seepage (ac-ft/yr) 2768 871 1690 

5'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00347 0.00175 0.00261 

Annual Seepage (ac-ft/yr) 2765 863 1683 

8'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00347 0.00175 0.00261 

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 
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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 Reservoir. 

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 El. 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 



8

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 seepage from the project reservoirs to the maximum extent 
possible.  This includes the Upper Reservoir, Lower Reservoir, and the brine disposal ponds1 
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 

ggillin
Typewritten Text

ggillin
Typewritten Text

ggillin
Typewritten Text
   The brine ponds will be lined with clay or geomembrane 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-RQIavg 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 1.5 to 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 

3'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00126 0.00078 0.00102 

Annual Seepage (ac-ft/yr) 1351 338 768

5'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00124 0.00072 0.00098 

Annual Seepage (ac-ft/yr) 1332 310 738

8'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00122 0.00061 0.00092 

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 

3'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00206 0.00135 0.00171 

Annual Seepage (ac-ft/yr) 1641 665 1099

5'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00170 0.00106 0.00138 

Annual Seepage (ac-ft/yr) 1358 521 890

8'
TH

IC
K

LI
N

ER Unit Width Seepage Rate (cfs) 0.00131 0.00090 0.00111 

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
2485 ft
2343 ft

48 acres
191 acres

1485 ft
595 ft

1040 ft

Parameter Max Min Average

Unit Width Seepage 
Rate (cfs) 0.00195 0.00124 0.00160
Annual Seepage 
(ac-ft/yr) 2097 535 1202
Unit Width Seepage 
Rate (cfs) 0.00178 0.00106 0.00142
Annual Seepage 
(ac-ft/yr) 1913 456 1068
Unit Width Seepage 
Rate (cfs) 0.00174 0.00091 0.00133
Annual Seepage 
(ac-ft/yr) 1874 394 1000
Unit Width Seepage 
Rate (cfs) 0.00170 0.00070 0.00120
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
2485 ft
2343 ft

48 acres
191 acres

1485 ft
595 ft

1040 ft

Parameter Max Min Average

Unit Width Seepage 
Rate (cfs) 0.00195 0.00124 0.00160
Annual Seepage 
(ac-ft/yr) 2097 535 1202
Unit Width Seepage 
Rate (cfs) 0.00126 0.00078 0.00102
Annual Seepage 
(ac-ft/yr) 1351 338 768
Unit Width Seepage 
Rate (cfs) 0.00124 0.00072 0.00098
Annual Seepage 
(ac-ft/yr) 1332 310 738
Unit Width Seepage 
Rate (cfs) 0.00122 0.00061 0.00092
Annual Seepage 
(ac-ft/yr) 1308 265 689

Max WSE Average Top Width
Min WSE Average Top Width

Average Top Width
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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
1095 ft
925 ft
163 acres
63 acres

1100 ft
680 ft
890 ft

Parameter Max Min Average

Unit Width Seepage 
Rate (cfs) 0.00356 0.00181 0.00269
Annual Seepage 
(ac-ft/yr) 2836 891 1731
Unit Width Seepage 
Rate (cfs) 0.00348 0.00177 0.00262
Annual Seepage 
(ac-ft/yr) 2768 871 1690
Unit Width Seepage 
Rate (cfs) 0.00347 0.00175 0.00261
Annual Seepage 
(ac-ft/yr) 2765 863 1683
Unit Width Seepage 
Rate (cfs) 0.00347 0.00175 0.00261
Annual Seepage 
(ac-ft/yr) 2764 860 1681

Max WSE Average Top Width
Min WSE Average Top Width

Average Top Width
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Min WSE

Max Reservoir WSE Area
Min Reservoir WSE Area
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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
1095 ft
925 ft
163 acres
63 acres

1100 ft
680 ft
890 ft

Parameter Max Min Average

Unit Width Seepage 
Rate (cfs) 0.00356 0.00181 0.00269
Annual Seepage 
(ac-ft/yr) 2836 891 1731
Unit Width Seepage 
Rate (cfs) 0.00206 0.00135 0.00171
Annual Seepage 
(ac-ft/yr) 1641 665 1099
Unit Width Seepage 
Rate (cfs) 0.00170 0.00106 0.00138
Annual Seepage 
(ac-ft/yr) 1358 521 890
Unit Width Seepage 
Rate (cfs) 0.00131 0.00090 0.00111
Annual Seepage 
(ac-ft/yr) 1045 443 713
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Min WSE
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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)Model�Mesh�Properties���Upper�Reservoir�(East�West)

29



30



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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GEI�Consultants,�Inc.
080470�Eagle�Mountain�Pumped�Storage�Project
Reservoir�Seepage�Analysis�(SEEP/W)
1/4/2011
NDM

Model Mesh Properties � Upper Reservoir (North�South)Model�Mesh�Properties���Upper�Reservoir�(North�South)
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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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Eagle�Mountain�Pumped�Storage�Project
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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)Model�Mesh�Properties���Lower�Reservoir�(East�West)
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Note:  The color contouring displayed on 
the figure illustrates the total head across 
the cross section.  The contour intervals 
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080470�Eagle�Mountain�Pumped�Storage�Project
Reservoir�Seepage�Analysis�(SEEP/W)
1/4/2011
NDM

Model Mesh Properties � Lower Reservoir (North�South)Model�Mesh�Properties���Lower�Reservoir�(North�South)
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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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GEI Consultants, Inc.
080470 Eagle Mountain Pumped Storage Project
Reservoir Seepage Analysis (SEEP/W)
7/24/2008
NDM

Summary of SEEP/W Material Properties

Material

Hydraulic
Conductivity

(cm/sec)

Hydraulic
Conductivity

(ft/sec)
Conductivity

Ratio
Rock – Upper Reservoir
(Moderately Fractured)
Rock – Lower Reservoir
(Slightly Fractured)
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

1.00E-04 3.28E-06 1

1.00E-05 3.28E-07 1

71



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 Rock���Upper�Reservoir Ratio�=�1.0

Glacial Till (Compacted), Ksat = 3.28e-07 ft/s
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Pore-Water Pressure (psf)

0

0.1

0.2

0.3

0.4

-200-400-600-800-1000 0

Glacial Till (Compacted)

V
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. W
at

er
 C
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ft³
/ft

³)

Pore-Water Pressure (psf)

0.185

0.19

0.195

0.2

0.205

0.21

0.215

0.22

0.225

0.23

-200-400-600-800-1000 0

Sandy Silty Clay

V
ol

. W
at

er
 C

on
te

nt
 (

ft³
/ft

³)

Pore-Water Pressure (psf)

0.412

0.413

0.414

0.415

0.416

0.417

0.418

0.419

0.42

-200-400-600-800-1000 0

Glacial Till (Compacted)

V
ol

. W
at

er
 C
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te

nt
 (

ft³
/ft

³)

Pore-Water Pressure (psf)

0.185

0.19

0.195

0.2

0.205

0.21

0.215

0.22

0.225

0.23

-200-400-600-800-1000 0
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