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INTRODUCTION and MODEL OBJECTIVES 

A three-dimensional groundwater flow model was constructed for the Mission Creek 
Subbasin (subbasin) in Riverside County, California.  This groundwater flow model was 
developed to evaluate potential impacts of pumping and percolation on the subbasin. 
MODFLOW, a groundwater modeling program developed by the U.S. Geological Survey 
(USGS), was used for the simulation. 

The primary objective of this model is to evaluate the effects of pumping and percolation 
on the subbasin by: 

1. Simulating groundwater flow conditions and subbasin response to pumping and 
percolation;  

2. Providing sufficiently fine grid spacing to simulate pumping via extraction wells 
and percolation via surface infiltration basins; and 

3. Evaluating the sensitivity of flow in the subbasin to the number of pumping wells.   

BACKGROUND 

CPV Sentinel, LLC proposes to construct a power plant (CPV Sentinel Energy Project 
(CPVS)) to be located in the portions of the southeastern quarter and portions of the 
southwestern quarter of Section 4, Township 3 south, and Range 4 east of the Desert Hot 
Springs 7.5-Minute Topographic Map, approximately 8 miles northwest of the center of 
the City of Palm Springs and 5 miles west of the center of Desert Hot Springs, California.   

The proposed project will use reclaimed water supplied by the Mission Springs Water 
District’s (“MSWD”) Horton Wastewater Treatment Plant (WWTP). The reclaimed 
water will be discharged to existing percolation ponds located adjacent to the Horton 
WWTP, where it will percolate into the underlying Mission Creek Subbasin, which is 
part of the Coachella Valley Groundwater Basin (Basin), and will be banked for later use 
by the proposed project.  CPVS will purchase from MSWD, at the Horton WWTP, 
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1,500 acre-feet per year (afy) of reclaimed water, of which, the proposed project is 
expected to use up to approximately 1,100 afy.  The proposed project will access its 
banked water in the Basin via onsite wells.  The proposed project is expected to be 
dispatched, on a lifetime average basis, approximately half of the maximum annual 
permitted capacity, resulting in an expected lifetime average extraction of 550 afy from 
the Basin.   

In addition, an equivalent amount of water will be percolated at the Desert Water 
Agency's (DWA's) Mission Creek Recharge Basin (DWA basin), located approximately 
3.2 miles north, and cross gradient, of the power plant.  Water replenished at the DWA 
basin will come from Metropolitan Water District's Colorado River Aqueduct through an 
exchange contract in order to offset drawdown caused by water extraction.  
Consequently, the model simulates long-term groundwater response to groundwater 
pumping near the power plant and percolation at the two surface basins.   

HYDROGEOLOGIC SETTING 

The Mission Creek Subbasin is located within the Colorado Desert geomorphic province 
in the northwest region of Coachella Valley.  The subbasin is bound by the Mission 
Creek Fault on the north, the Banning Fault on the south, the San Bernadino Mountains 
on the west, and the Indio Hills on the southeast (Figure 1).  Groundwater within the 
basin occurs in an unconfined state and based on a study by Tyley (1974), generally 
flows southeast, parallel to the faults.  The faults generally act as barriers to groundwater 
flow.  Primary water-bearing deposits in the subbasin are relatively unconsolidated late 
Pleistocene deposits, Holocene alluvial fan deposits, and terrace deposits (State of 
California Department of Water Resources, 2003).  
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MODEL CODES 

This section describes model computer codes used to build the model. 

Groundwater Modeling System Interface 

The computer software program chosen as the graphical interface for the modeling effort 
was the U.S. Department of Defense Groundwater Modeling System (GMS), version 6.0.  
GMS is a comprehensive graphical user interface (GUI) for performing groundwater 
simulations.  GMS provides a graphical preprocessor and postprocessor interface to 
several groundwater modeling codes: MODFLOW, MODPATH, MT3DMS, RT3D, 
FEMWATER, SEEP2D, NUFT, and UTCHEM.  The GMS interface was developed by 
the Environmental Modeling Research Laboratory of Brigham Young University in 
partnership with the U.S. Army Engineering Waterways Experiment Station.  GMS was 
used to develop a simplified site conceptual hydrogeological model and to convert it into 
a groundwater flow model. 

MODFLOW Groundwater Flow Model 

The computer code selected to model groundwater flow beneath the site was 
MODFLOW.  MODFLOW is a three-dimensional, cell-centered, finite difference, 
saturated flow model developed by the USGS (McDonald and Harbaugh, 1988).  GMS 
provides an interface to the updated version, MODFLOW 2000 (Hill et al, 2000).  Based 
on the information available, the uncertainty associated with site information, and the 
modeling objective of evaluating the affect of pumping and percolation, MODFLOW was 
considered an appropriate groundwater flow code. 
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NUMERICAL FLOW MODEL 

Model Domain and Grid 

The model domain encompasses the Mission Creek Subbasin from the base of the San 
Bernadino Mountains in the west to the Indio Hills in the east, and extends from the 
Mission Creek Fault in the north to the Banning Fault in the south.   The model domain 
covers an area of approximately 64 square miles: approximately 16 miles long and 
ranging in width from approximately 6.5 miles along the western edge of the domain to 
approximately 1.5 miles along the eastern edge of the domain (Figure 2).  The model has 
one layer with a thickness of 1,300 feet, extending from approximately 300 feet above the 
water table to the base of the aquifer, which is approximately 1,000 feet below the water 
table. 

The model grid contains 83,760 cells, spatially discretized into 266 columns in length, 
315 rows in width and 1 layer in height (Figure 3).  The model grid is refined both in the 
vicinity of the pumping wells and the two recharge basins.  Lateral cell size of 20 by 20 
feet was specified in the vicinity of the pumping wells and increases towards the model 
domain boundaries.  The maximum cell size, at the model boundary, is approximately 
970 by 1,300 feet.    

Hydraulic Conductivity 

The hydraulic conductivity (K) distribution defined in the model was based on literature 
values of transmissivity (T) provided in Tyley (1974).  Tyley (1974) determined the T 
distribution by analysis and evaluation of approximately 800 drillers' logs, aquifer tests, 
and specific capacity tests conducted by Southern California Edison Co within the Garnet 
Hill Subbasin, located south of the model domain, and the Mission Creek Subbasin.  As 
shown on Figure 4, transmissivity ranges from 2,000 gallons per day per foot (gpd/ft) in 
the eastern and western edges of the model domain, to 200,000 gpd/ft near the Mission 
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Creek streambed north of the Banning fault (Tyley, 1974).  K was calculated assuming a 
saturated thickness of 1,000 feet for the whole subbasin.  

Storage Coefficient 

The storage coefficient, or specific yield, distribution defined in the model was based on 
values provided by Tyley (1974).  Tyley (1974) estimated specific yield based on drillers' 
logs of borings drilled within the unconfined aquifer.  Model values of specific yield 
range from 0.08 in the western region of the model domain to 0.18 in the central region 
of the model domain (Figure 5). 

Pumping 

The model simulates pumping from a proposed well field at the power plant. Assuming 
that the long-term average annual extraction for the power plant water will be 550 afy, 
the average pumping rate will be approximately 341 gpm. 

Pumping is simulated with both five and three pumping wells (Figure 6).  Note that Well 
#1, Well #4, and Well #5, as shown on Figure 6, are used as the three pumping wells. The 
pumping rate is divided evenly among the wells, resulting in a pumping rate of 68 gpm at 
each well when simulating extraction from five wells, and 114 gpm when simulating 
extraction from three wells.   The pumping rate is assumed to be steady and continuous 
throughout the 30-year model simulation. 

To evaluate the net effect of power plant pumping, it is assumed that no other wells are 
extracting groundwater from the aquifer or injecting water into the aquifer within the 
model domain. 
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Net Recharge 

The model simulates percolation into the subbasin at both the DWA basin and the Horton 
WWTP ponds.  An equivalent quantity of water, 550 afy, will be diverted from the 
Colorado River Aqueduct through an exchange agreement with the Metropolitan Water 
District and discharged to the DWA basin, located approximately 3.2 miles north of the 
power plant.  The project will purchase reclaimed water from the Horton WWTP, which 
will be percolated into the subbasin via percolation ponds.  On average, the amount of 
water to be percolated at the Horton WWTP on an annual average basis is approximately 
1,500 afy. Consequently, total simulated percolation is more than 3.5 times the volume 
pumped by power plant extraction wells.     

A time lag will occur between the application of water at the surface basins and the time 
it takes for the water to percolate and reach the water table, which is more than 300 feet 
below the surface.  The time lag is estimated to be approximately 90 days based on a 
published infiltration rate at the Horton WWTP ponds of 0.67 feet per day (ft/day) and a 
depth to groundwater of 300 feet (California Regional Water Quality Control Board 
Colorado River Basin Region, 2001), and assuming an effective porosity of 0.20.  Based 
on a report by Richard C. Slade & Associates, LLC (2000), the infiltration rate in the 
vicinity of the DWA basin ranges from 0.1 to 2 ft/day.  Due to the lack of more specific 
data, and since this range is consistent with the infiltration rate at the Horton WWTP 
ponds, the same time lag was assumed for the DWA basin.   

However, due to the lack of site-specific infiltration rate data, a time lag sensitivity 
analysis was conducted by running a simulation with a 365-day time lag.  Results showed 
that the model was insensitive to the time lag, and therefore, the more conservative time 
lag of 365 days was used for model simulations.   

The model assumes that evaporation of water in the surface basins will not occur. No 
additional sources of percolation were simulated by the model.   
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Initial and Boundary Conditions 

Due to the lack of data (e.g., measured groundwater elevations, current groundwater 
extractions, and recharge to the aquifer system, etc.), the current groundwater conditions 
cannot be obtained from either data interpolation or model simulation.   However, the 
primary model objective was to evaluate the subbasin response to pumping and 
percolation. Specifically, the model was developed to evaluate drawdown and rise 
resulting exclusively from pumping at the power plant and percolation at the Horton 
WWTP ponds and the DWA basin. Consequently, the initial head distribution was 
specified as a constant head distribution with a uniform saturated thickness of 1,000, 
based on an estimated average saturated thickness, throughout the model domain.   

Historical groundwater elevation contour maps (Tyley, 1974) show that significant head 
differences existed between the Mission Creek Subbasin and the Desert Hot Springs 
Subbasin, located to the north of the model domain and separated by the Mission Creek 
Fault, and between the Mission Creek Subbasin and the Garnet Hill Subbasin, located to 
the south of the model domain and separated by the Banning Fault. These maps also 
show that groundwater flows within the Mission Creek Subbasin are approximately 
parallel to the Mission Creek Fault and the Banning Fault. These maps indicate that the 
Mission Creek Fault and the Banning Fault hydraulically separate the Mission Creek 
Subbasin aquifer system from the Desert Hot Springs Subbasin and the Garnet Hill 
Subbasin, respectively. Consequently, the northern and southern model boundaries 
representing the Mission Creek Fault and the Banning Fault, respectively, were specified 
as no-flow boundary conditions and do not allow flow in or out across the model 
boundaries.  Both eastern and western boundaries are specified as a general head 
boundary, allowing flows in and out of the model domain based on the water level 
elevation changes in the model domain.    
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Timing of Model Stresses 

The model simulated transient flow conditions for 30 years. Stress periods were set to 
one year. Power plant extraction well pumping was constant throughout the simulation, 
while percolation began 365 days into the simulation and remained constant thereafter. 

MODEL SIMULATIONS 

The model simulated subbasin flow and response for 30 years under two scenarios, each 
of which simulated pumping with five and three extraction wells.  Model results are 
summarized in Table 1. 

Scenario A 

Scenario A simulated 1,500 afy, or 930 gpm of percolation to the Horton WWTP ponds 
and 550 afy, or 341 gpm of percolation at the DWA basin.  Percolation at the DWA basin 
equaled the volume of water extracted. Scenario A included two simulations: one with 
five and one with three power plant extraction wells.  The total extraction flow rate was 
341 gpm, and consequently, the flow rate at each extraction well was 68 gpm and 114 
gpm using five and three extraction wells, respectively.  Thus, the total volume of water 
percolated to the subbasin was over 3.7 times the volume extracted.   

Model simulation results show drawdown at the pumping area during early simulation 
times and water table rise at the percolation basins throughout the simulation. Model 
simulation results are similar with both five and three extraction wells.  The maximum 
drawdown at the pumping wells was 3.0 feet using five wells and 3.4 feet using three 
wells, each occurring approximately 3 years after pumping began.  After approximately 3 
years, the water from the recharge basins started to significantly affect the drawdown in 
the pumping area and water level elevations began to rise in the pumping area. After 
approximately 13 years, the water from the percolation basins negates the drawdown in 
the pumping area and water level elevations begin to rise above initial water level 
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elevations.  At the end of the simulation (30 years), the water table at the pumping wells 
rose between 5.7 and 6.0 feet with five extraction wells and between 5.2 and 6.3 feet with 
three extraction wells.  The water table beneath the DWA basin and the Horton WWTP 
ponds rose between 12.4 and 20.7 feet, respectively, using either five or three wells.   

Hydrographs illustrating simulated drawdown at the pumping wells and mounding at the 
surface basins are presented as Figures 7 through 10.  Resulting water level elevation 
contours are presented in Appendix A. 

Scenario B 

Scenario B assumed that water would not be percolated at the Horton WWTP ponds on 
behalf of the project.  The long-term extraction from the onsite wells and percolation at 
the DWA basin remained the same as in Scenario A.  Thus, the total volume of water 
percolated to the subbasin was equal to the volume extracted.  The model was otherwise 
the same as Scenario A. 

Simulation results show that the maximum drawdown at the extraction wells increased 
slightly, from 3.0 feet (Scenario A) to 3.2 feet with five extraction wells and from 3.4 
(Scenario A) to 3.6 feet with three extraction wells.  Drawdown at the extraction wells 
nearly stabilized after 5 years, but continued to increase slightly with time.  After a 
simulation period of 30 years, the water table beneath the DWA basin rose 4.0 and 3.9 
feet with five and three wells, respectively.  Due to the lack of percolation, the water 
table beneath the Horton WWTP ponds did not rise, and in fact declined slightly 
throughout the simulation due to the water extraction from the pumping wells.  The 
maximum drawdown was approximately 0.4 feet after 30 years, using both five and three 
extraction wells.  Model simulation results are similar with both five and three extraction 
wells. 
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Hydrographs illustrating simulated drawdown at the pumping wells and response at the 
surface basins are presented as Figures 11 through 14.  Resulting water elevation 
contours are presented in Appendix A. 

DISCUSSION 

Simulation results show that the model is relatively insensitive to the number of 
extraction wells, provided that the total extraction flow rate remains the same.  Results 
show that percolation at the Horton WWTP on behalf of the project does not significantly 
affect the maximum amount of drawdown at the pumping wells during the 30-year 
simulation period.  However, percolation at Horton WWTP does affect the time at which 
maximum drawdown occurs at the pumping wells, and results in an increase in water 
levels at the pumping wells.  With Horton WWTP percolation (Scenario A), the 
maximum drawdown at the pumping wells is achieved three years into the simulation, 
after which the percolated water begins to offset pumping and causes water levels to 
increase.  However, without Horton WWTP percolation (Scenario B), drawdown at the 
extraction wells stabilizes after approximately five years, but continues to increase very 
slightly throughout the simulation.  Without Horton WWTP percolation, water levels do 
not increase at the extraction wells. 

The simulated water table rose approximately 12.4 feet at the DWA basin and 
approximately 20.7 feet at the Horton WWTP ponds when water was percolated at the 
DWA basin and at the Horton WWTP in Scenario A.  However, when water was not 
percolated at Horton WWTP in Scenario B, the water table rose only approximately 4.0 
feet at the DWA basin and exhibited drawdown up to approximately 0.4 feet at the 
Horton WWTP ponds.  Results show that the water table beneath the DWA basin, the 
Horton WWTP ponds, and in the extraction well area is affected by percolation at Horton 
WWTP. 
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TABLES 
 



Simulations

Maximum 
drawdown at 
onsite wells

 (ft)

Time of 
maximum 
drawdown   

(year)

Water level rise at 
onsite wells after 

30 years (ft)

Water level rise at 
DWA Basin after 30 

years (ft)

Water level rise at 
Horton WWTP 

ponds after 30 years 
(ft)

Scenario A, 5 Wells 3.0 3 5.7 - 6.0 12.4 20.7

Scenario A, 3 Wells 3.4 3 5.2 - 6.3 12.4 20.7

Scenario B, 5 Wells 3.2 5 0 4.0 0.0

Scenario B, 3 Wells 3.6 5 0 3.9 0.0

Notes:
1. Scenario A, 5 Wells: 5 pumping wells @ 68 gpm (total of 342 gpm). Percolation at both DWA basin and Horton ponds.
2. Scenario A, 3 Wells: 3 pumping wells @ 114 gpm (total of 342 gpm). Percolation at both DWA basin and Horton ponds.  
3. Scenario B, 5 Wells: 5 pumping wells @ 68 gpm (total of 342 gpm). Percolation at DWA basin, but not at Horton ponds.
4. Scenario B, 3 Wells: 3 pumping wells @ 114 gpm (total of 342 gpm). Percolation at DWA basin, but not at Horton ponds.  

Table 1: Summary of  Simulation Results
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Figure 1: Groundwater Subbasin Map
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Figure 3: Finite-Difference Discretization
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Figure 4: Transmissivity Distribution Used in Groundwater Flow Model
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Figure 5: Specific Yield Distribution Used in Groundwater Flow Model
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Figure 6: Pumping Well Locations at the Site
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Figure 7: Drawdown Versus Time at Pumping Wells – Scenario A, 5 Wells



Figure 8: Groundwater Elevation Increases at Surface Basins – Scenario A, 5 Wells



Figure 9: Drawdown Versus Time at Pumping Wells – Scenario A, 3 Wells



Figure 10: Groundwater Elevation Increases at Surface Basins – Scenario A, 3 Wells



Figure 11: Drawdown Versus Time at Pumping Wells – Scenario B, 5 Wells



Figure 12: Groundwater Elevation Increases at Surface Basins – Scenario B, 5 Wells



Figure 13: Drawdown Versus Time at Pumping Wells – Scenario B, 3 Wells



Figure 14: Groundwater Elevation Increases at Surface Basins – Scenario B, 3 Wells
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Figure A-1: Simulated Water Level Contours at 1 year – Scenario A, 5 Wells

Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.

Drawdown (ft)



Figure A-2: Simulated Water Level Contours at 3 years – Scenario A, 5 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-3: Simulated Water Level Contours at 10 years – Scenario A, 5 Wells

Drawdown (ft)

Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-4: Simulated Water Level Contours at 20 years – Scenario A, 5 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-5: Simulated Water Level Contours at 30 years – Scenario A, 5 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-6: Simulated Water Level Contours at 1 year – Scenario A, 3 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-7: Simulated Water Level Contours at 3 years – Scenario A, 3 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-8: Simulated Water Level Contours at 10 years – Scenario A, 3 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-9: Simulated Water Level Contours at 20 years – Scenario A, 3 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-10: Simulated Water Level Contours at 30 years – Scenario A, 3 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-11: Simulated Water Level Contours at 1 year – Scenario B, 5 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-12: Simulated Water Level Contours at 10 years – Scenario B, 5 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-13: Simulated Water Level Contours at 20 years – Scenario B, 5 Wells
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Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-14: Simulated Water Level Contours at 30 years – Scenario B, 5 Wells

Drawdown (ft)

Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-15: Simulated Water Level Contours at 1 year – Scenario B, 3 Wells

Drawdown (ft)

Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-16: Simulated Water Level Contours at 10 years – Scenario B, 3 Wells

Drawdown (ft)

Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-17: Simulated Water Level Contours at 20 years – Scenario B, 3 Wells

Drawdown (ft)

Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.



Figure A-18: Simulated Water Level Contours at 30 years – Scenario B, 3 Wells

Drawdown (ft)

Note: drawdown (“+”) at power plant and rise (“-”) at percolation areas.
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