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INTRODUCTION 

The purpose of this document is to provide an analysis of the alternative water supply plans 
presented in the California Energy Commission’s (CEC) Preliminary Staff Assessment (PSA) for 
the CPV Sentinel Energy Project (CPVS) relative to the water supply plan proposed by CPV 
Sentinel, LLC (CPV Sentinel). 

CPVS WATER SUPPLY PLAN 

CPV Sentinel has carefully analyzed all aspects of its water supply plan, including alternative 
options to ensure that the plan will not adversely impact water resources in the State or in the 
Upper Coachella Valley Groundwater Basin.  The plan has several interrelated elements, 
including importation and conservation, which complement one another to ensure that the CPVS 
avoids potential adverse impacts and provides benefits to water resources. 

Importation 

The Upper Coachella Valley Groundwater Basin is a closed system; as such, any water use 
results in a net loss of water resources that can be mitigated practically only by the importation 
of new water supplies to the basin.  The project will import more than 108 percent of its water 
demand to ensure that total water supply in the basin is increased.  Because the CPVS would use 
water from the Mission Creek Sub-basin, all of this imported water will be recharged in the 
Mission Creek Sub-basin.  In addition, CPV Sentinel has agreed to pay an extraction fee to 
Desert Water Agency (DWA), equivalent to the groundwater replenishment assessment paid by 
other groundwater pumpers in the basin, to contribute to DWA’s ongoing replenishment program 
aimed at correcting the long-term overdraft within the basin.  The payment by CPV Sentinel of 
this fee not only goes to import more water, but under the agreements in place in the Upper 
Coachella Valley, it shifts water into the Mission Creek Sub-basin.  These measures avoid 
potential exacerbation of the overdraft in the basin and ameliorate the potential overdraft created 
by water use by others within the basin.  This plan is detailed in the water importation agreement 
between DWA and CPV Sentinel, included as Appendix A. 

Conservation 

CPV Sentinel’s water supply plan also includes a freshwater conservation program developed 
with DWA that will conserve significantly more freshwater within the Upper Coachella Valley 
Groundwater Basin than the project will consume.  Freshwater conservation will be achieved in 
two ways.  First, CPV Sentinel will fund the installation of a recycled water line to serve Palm 
Springs National Golf Course (PSNGC) to replace the groundwater currently used by the golf 
course.  Second, CPVS is paying the cost of retrofitting existing retail users’ irrigation systems 
with high-tech evapotranspiration (ET) irrigation controllers that have a proven record of 
reducing landscape irrigation use by water users.  The conversion of the PSNGC to recycled 
water use will conserve more than 1,000 acre-feet per year (AFY) of freshwater, and the retrofit 
of existing water users’ irrigation systems with ET controllers will save between 480 and 700 
additional AFY of freshwater.  All of these freshwater savings will be realized within the Upper 
Coachella Valley Groundwater Basin.  Both the Whitewater River Sub-basin and the Mission 
Creek Sub-basin will benefit from freshwater conserved as a result of CPV Sentinel’s water 
supply plan. 
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COMPARISON TO STAFF ALTERNATIVES 

In the PSA, the CEC staff evaluated alternatives to CPV Sentinel’s water supply plan.  There are 
a number of disadvantages that make the CEC staff alternatives less beneficial to regional water 
resources compared to CPV Sentinel’s water supply plan, including: 

• The alternatives do not include the importation of new water supplies, which 
would cause an overdraft of the Upper Coachella Valley Groundwater Basin and 
the Mission Creek Sub-basin in particular. 

• The alternatives achieve far less freshwater conservation compared to the CPV 
Sentinel water supply plan and, are therefore less effective in implementing 
policies to conserve freshwater. 

• The alternatives impede development of logical future uses of recycled water in 
the Mission Springs Water District (MSWD) service area. 

• The alternatives presume an ability to obtain water supply contracts with the 
MSWD, and while MSWD claims a willingness to execute an agreement with 
CPV Sentinel, this has proven impossible to date. 

• The alternatives would result in significant adverse environmental impacts that 
are avoided with the CPV Sentinel water supply plan. 

• The alternatives are uneconomical compared to the CPV Sentinel water supply 
plan. 

• The greater costs of the alternatives are economically infeasible in the context of 
CPV Sentinel’s existing contract to supply energy to Southern California Edison 
(SCE) under the SCE Power Purchase Agreement (PPA). 

These comparative disadvantages of the CEC staff alternative water supply plan are discussed in 
more detail below. 

The Alternatives Will Result in Greater Overdraft of the Mission Creek Sub-basin 

CEC staff water supply plan Alternatives 1 and 2 each include use of water from the Horton 
Wastewater Treatment Plant (HWTP) in combination with groundwater supplied from CPVS’ 
onsite wells (Alternative 1) or MSWD Wells 28 and 30 (Alternative 2).  Both of these 
alternatives involve groundwater pumping combined with HWTP water until the end of project 
year 13, after which time all project water would be supplied by the HWTP. 

Currently, all existing wastewater from the HWTP is beneficially recharged into the Mission 
Creek Sub-basin.  Use of this water for the CPVS would reduce the amount of water that is 
recharged by a factor of one-to-one, resulting in an overall loss of groundwater within the sub-
basin and increased drawdown effects within the eastern parts of the sub-basin.  Without 
replacement with imported water, this would lead to an overdraft of the sub-basin.  Similarly, the 
use of water from MSWD Wells 28 and 30, without replacement via water importation, would 
cause an overdraft and increase drawdown in the sub-basin.  The CEC notes in the PSA that this 
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overdraft would contribute cumulatively to a projected overdraft in the sub-basin that would 
occur with or without the project.  As described in the PSA, the overdraft of the sub-basin would 
contribute to significant environmental impacts including the loss of critical biological habitat, 
increased pumping lifts for existing groundwater users, and degradation of water quality in the 
groundwater basin. 

CPV Sentinel has developed a project-specific recharge program in which DWA would spread 
100 acre-feet of imported water into the sub-basin for every 92 acre-feet of water supplied to the 
CPVS.  This imported water supply replacement is over and above the replacement of 
groundwater that would result from the ongoing replenishment program of DWA.  The CEC 
raised concerns in the PSA about the amount of evaporation to be experienced at the DWA 
percolation ponds.  Appendix B includes an analysis of this evaporation, which is shown to be 
minimal and insignificant. 

Supply of HWTP wastewater to the CPVS, as proposed in the CEC staff alternatives, would not 
be levied a replenishment assessment by DWA, in contrast to the CPV Sentinel water supply 
plan.  Thus, none of this beneficially recharged wastewater would be replaced through existing 
replenishment programs.  Groundwater from MSWD Wells 28 and 30 would require payment of 
the replenishment assessment, and thus contribute to the ongoing replenishment program of 
DWA.  However, a significantly lower portion of the project’s water demand would be replaced 
with imported water under an alternative where a portion of the water supply is supplied with 
wastewater for which no fee would be assessed. 

In contrast to the CEC staff alternatives, CPV Sentinel’s water supply plan involves payment of 
an extraction fee to DWA for all of the water supplied to the CPVS.  DWA has been very 
successful in securing additional imported water for its replenishment program.  To the extent 
that the existing DWA replenishment program does replace this groundwater, and the track 
record of DWA for securing additional imported water is very impressive, a significantly higher 
portion of the project’s water demand would be replaced with imported water than in the CEC 
staff alternatives, in which a portion of the water demand is supplied with wastewater for which 
no replenishment assessment or groundwater extraction fee would be assessed. 

More significantly, the Applicant has developed a project-specific recharge program, which will 
involve spreading 100 acre-feet of imported water into the sub-basin by DWA for every 92 acre-
feet of water supplied to the CPVS.  This imported water supply replacement is over and above 
the replacement of groundwater that would result from DWA’s ongoing replenishment program. 

The Applicant previously submitted groundwater modeling analyses to the CEC to 
conservatively estimate the effects of the project’s pumping and groundwater recharge on 
groundwater levels within the sub-basin.  The simulations were based on the unrealistic 
assumptions that the project-specific pumping would be at the maximum possible rate, 
associated with maximum possible dispatch under the PPA throughout its 30-year life, and the 
project-specific recharge would only equal the groundwater pumping by the CPVS (i.e., 
1,100 AFY pumping and 1,100 AFY recharge at DWA).  To more accurately portray the 
expected effects of CPV Sentinel’s water supply plan, the groundwater simulations in 
Appendix C include more realistic project groundwater analyses and also include analyses of the 
CEC staff water supply plan alternatives.  In the more realistic but still conservative scenarios of 
expected groundwater effects (called Base Case BCA1 in Appendix C), project groundwater 
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pumping is equal to the expected extractions of the CPVS (550 AFY) and the project-specific 
recharge net of evaporative losses during spreading (593 AFY).  Figure 1 shows the estimated 
contours from this simulation.  Table 1 shows the estimated drawdown at various points of 
interest in the sub-basin. 

The Base Case scenarios, while more representative of the expected effects from project-specific 
pumping and recharge, are still conservative because they do not include the recharge of the 
basin that will accrue over time from the payment of an extraction fee to DWA (equivalent to the 
replenishment assessment), and do not include the higher replenishment to the Mission Creek 
Sub-basin as a result of freshwater conservation at the PSNGC.  As shown in the groundwater 
simulation, CPV Sentinel’s water supply plan would have a minimal effect on water levels 
within the Mission Creek Sub-basin. 

In contrast to Base Case scenario, the Applicant has prepared simulations of the effects in the 
sub-basin from the supply of recycled water from the HWTP, supplemented with groundwater, 
as proposed in the CEC staff alternatives (included in Appendix C).  CEC staff Alternative 1 
model simulation parameters and results are listed in Tables 1-1 and 1-2 of Appendix C, 
respectively.  CEC staff Alternative 2 model simulation parameters and results are listed in 
Tables 2-1 and 2-2 of Appendix C, respectively.  The scenarios show the effects of withdrawal of 
a combined water supply without a project-specific recharge program.  As shown, all 
groundwater producers would be affected by lower water levels within the sub-basin from the 
overdraft caused by the CEC staff alternative water supply plans.  Table 2 presents a comparison 
of results from the Applicant’s Base Case (Scenario BC_A.1) with CEC staff Alternatives 1 
and 2 (Scenarios 1A.c and 2A.c), respectively.  The estimated contours from these simulations 
are shown in Figures 2 and 3 (Scenarios 1A.c and 2A.c), respectively.  For example, the 
drawdown at MSWD Well 22 under the Applicant’s Base Case, using worst-case modeling 
parameters and annual recharge, is 0.4 foot (Scenario BC_B.2 in Appendix C).  Under the CEC 
staff alternatives, corresponding drawdowns are as follows: 

• CEC Staff Alternative 1:  Drawdown in MSWD Well 22 is 4.6 feet 
(Scenario 1A.c in Appendix C for water consumption of 550 AFY).  This equates 
to a drawdown that is 15.3 times greater than the Applicant’s Base Case 
drawdown of 0.3 foot in MSWD Well 22 (Scenario BC_A.1 in Appendix C). 

• CEC Staff Alternative 2:  Drawdown in MSWD Well 22 is the same as for 
Alternative 1 (Scenario 2A.c in Appendix C for water consumption of 550 AFY). 

• In most of the July 2008 model runs, and in these August 2008 model runs 
presented in Appendix C, the drawdown effects from CEC staff Alternatives 1 
and 2 were greater (in some cases significantly greater) than the drawdown effects 
from CPV Sentinel’s water supply plan. 

To ensure consistency with the simulations of the CPV Sentinel’s water supply plan, these 
scenarios do not include recharge from the existing DWA replenishment program. 

It is evident from the discussion above, and review of the groundwater simulations, that the CEC staff 
alternatives would cause a significant adverse impact to the water supplies of the Upper Coachella 
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Valley Groundwater Basin and the Mission Creek Sub-basin, whereas CPV Sentinel’s water supply 
plan would not cause a significant adverse impact. 

CEC Staff Alternatives Will Conserve Less Freshwater 

While direct use of reclaimed water by the CPVS, as proposed in the CEC staff alternatives, 
avoids CPV Sentinel’s direct use of freshwater, the Applicant’s water supply plan will conserve 
far greater freshwater supplies than the CEC staff alternatives.  The benefits of the Applicant’s 
proposal, compared to the alternative direct use of reclaimed water, are directly comparable in 
terms of the freshwater savings that they would achieve. 

When evaluating conformance with State and CEC policies, which express a preference that power 
plants use available recycled water supplies instead of freshwater, one must consider the closed 
groundwater system in which the project is located, and how such a system affects the “availability” 
of recycled water.  All reclaimed wastewater in the project region (which is not currently treated to 
be classified as recycled water) is beneficially used for groundwater recharge.  Therefore, the use of 
recycled water does not make beneficial use of a water supply that is otherwise being discharged to 
waste, as is the case in some regions.  In this closed system, use of recycled water would displace the 
existing beneficial use for groundwater recharge and result in an overdraft of the sub-basin that 
would cause a significant adverse environmental impact.  Therefore, direct use of this wastewater 
would not meet the objectives of policies favoring the use of recycled water. 

Table 3 contains estimates of the freshwater savings that are achieved through CPV Sentinel’s 
water supply plan.  As shown, the Applicant’s water supply plan will conserve between 
1,500 and 1,700 AFY of freshwater in the Upper Coachella Valley Groundwater Basin.  
Conservation of this freshwater is independent of the pattern of water use by the CPVS.  In 
contrast, freshwater savings that could result from direct use of reclaimed water from the HWTP 
are dependent on the amount of water that would actually be used by the CPVS, and the portion 
of those demands that could be supplied with recycled water from HWTP.  This is, therefore, a 
much more complex analysis, requiring an estimate of the water use by the CPVS and an 
estimate of the amounts of recycled water that could be supplied to the CPVS.  Table 4 contains 
estimates of the freshwater savings that could result from direct use of reclaimed water from the 
HWTP.  As shown, the expected freshwater conservation in the Upper Coachella Valley 
Groundwater Basin from the CEC staff alternatives is 491 AFY. 

CPV Sentinel’s water supply plan achieves more than three times the freshwater savings of the 
CEC staff alternatives.  All of the above freshwater conservation occurs within the Upper 
Coachella Valley Groundwater Basin, and much of the savings from the ET controller retrofit 
program can be achieved within the Mission Creek Sub-basin.  Moreover, to the extent that the 
Applicant’s conservation program reduces pumping within the Whitewater River Sub-basin, 
under the allocation formulas that exist for imported water, the existing recharge program of 
DWA would increase in the Mission Creek Sub-basin.  Thus, freshwater conservation yields 
benefits to both sub-basins regardless of where the conservation occurs. 

CEC Staff Alternatives Reduce Future Recycled Water Development Opportunities 

The best use of wastewater from the HWTP in the future is continued recharge of the sub-basin.  
This is particularly evident when considering the potential impacts of reducing the beneficial 
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recharge, which are described in this section.  Of primary consideration is the fact that the CPVS 
is a peaking power plant, which would operate relatively infrequently.  By contrast, the irrigation 
demands in the region are relatively stable and constant throughout the year.  In the PSA, it is 
suggested by CEC staff that CPVS would be given a priority over other uses to maximize the 
recycled water supply that could be provided to the project.  This suggestion would reserve 
recycled water for an infrequent use by the power plant and prevent development of the supply 
for more efficient uses of recycled water. 

CPV Sentinel examined the potential to supply recycled water to both the Desert Dunes Golf 
Course and the PSNGC.  In both cases, the water demands of the golf courses were relatively 
stable throughout the year.  Peak demands of the golf courses were approximately 1.3 to 1.5 
times the annual average demand of the golf courses.  Both courses use approximately 1,000 to 
1,100 AFY of water, with a peak-flow requirement of approximately 1.3 to 1.5 million gallons 
per day (MGD).  Serving this type of demand from a supply of 2.9 MGD recycled water would 
yield annual recycled water use of approximately 2,000 to 2,200 AFY.  In contrast, the CPVS 
would use water for between zero and 30 percent of the hours in a year.  Thus, the average 
demand of the CPVS, based on a 15 percent on-line time, is only 0.5 MGD (550 AFY), 
compared to a peak demand of more than 2.9 MGD by the golf courses. 

Therefore, the project would only use approximately 15 percent of the supply that is reserved to 
serve it, whereas a typical golf course would use approximately 65 percent of the annual water 
supply reserved for its use.  So the reservation of recycled water supply for a future irrigation 
demand, such as an existing or future golf course in the vicinity of HWTP, would result in 
approximately four times the use that would result from reserving this water supply for the 
CPVS. 

CEC Staff Alternatives Presume a Water Supply Agreement can be Secured with the 
MSWD 

CEC staff presents an evaluation of costs and the feasibility of using recycled water from the 
HWTP in the PSA, based on representations from MSWD staff that the MSWD is willing and 
able to enter into an agreement to supply the CPVS with water.  While MSWD continues to 
make statements expressing a willingness to serve CPVS, the actions of MSWD staff and board 
members over the past year-and-a-half have demonstrated that MSWD is not capable of 
executing an agreement with CPV Sentinel.  As the CEC is aware, during this period of time, 
CPV Sentinel exerted every effort in its attempts to secure a water supply agreement with 
MSWD.  Although MSWD staff and board members periodically engaged in discussions with 
CPV Sentinel, certain staff and board members expressed open opposition to the CPVS and any 
proposal to serve it water.  In fact, the Board rejected a proposal from two boardmembers to 
form a two-member committee to discuss options and negotiate with CPV Sentinel.  MSWD 
staff remains essentially unchanged, and only one boardmember has changed during this time.  
Thus, notwithstanding the expression of interest set forth by MSWD staff and the recent 
resolution passed by the MSWD Board, past actions demonstrate that MSWD is either unable or 
unwilling to identify a feasible alternative for supplying water to the CPVS and to develop an 
agreement for doing so. 

The inability or unwillingness of MSWD to enter into an agreement with CPV Sentinel, and the 
repeated criticism of the project by MSWD staff and boardmembers, prompted CPV Sentinel to 
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develop an alternative water supply plan that does not require action by MSWD.  CPV Sentinel’s 
water supply plan does not result in any significant unmitigated environmental impacts and 
satisfies the CEC’s policy on the use of freshwater.  CPV Sentinel is physically located within 
the DWA service area and is working with the DWA to implement this plan.  Both CPV Sentinel 
and DWA remain open to MSWD’s participation in the water conservation program within the 
MSWD service territory.  However, any change in direction from the current water plan, even if 
a feasible alternative that addresses the factors outlined above could be identified, would result in 
schedule slippage that CPV Sentinel cannot absorb under its commitment to deliver power in 
summer 2010. 

CEC Staff Alternatives Would Likely Cause a Significant Adverse Environmental Impact 

The most obvious adverse impact from the CEC staff’s alternatives, as described above, is that 
the alternatives would cause overdraft and a decline in water levels within the Mission Creek 
Sub-basin.  Beyond this impact, and even presuming that some mitigation plan, such as the 
Applicant’s proposal for project-specific recharge of the Mission Creek Sub-basin, could avoid 
this significant adverse environmental impact, the alternatives inherently result in significant 
environmental impacts that are avoided with the Applicant’s plan.  In the analyses of the 
environmental impacts of the CEC staff alternatives presented below and in Appendix C, 
groundwater simulations have been prepared that estimate the groundwater impacts from the 
CEC staff alternatives, both with the assumption that project-specific recharge would not occur 
(as proposed by the CEC staff) and with the assumption that the Applicant’s project-specific 
recharge would be implemented in combination with the CEC staff alternatives. 

Mesquite Hummocks 

The U.S. Fish and Wildlife Service (USFWS) has expressed concern that the cumulative effects 
from overdraft in the sub-basin are creating significant environmental impacts to the mesquite 
hummocks in the Willow Hole Conservation Area.  The USFWS has employed a method to 
determine the extent to which the impacts of specific projects are cumulatively considerable, 
based on the extent to which the projects would contribute to the annual overdraft in the sub-
basin.  Because the CPVS would mitigate its potential sub-basin overdraft impacts by importing 
more water than it would extract from the sub-basin, the project does not contribute to 
cumulative overdraft of the sub-basin, and thus the impacts of the CPVS on the mesquite 
hummocks is not cumulatively considerable. 

Nonetheless, the CEC staff has suggested to the USFWS that the Applicant’s groundwater 
modeling demonstrates that project-specific recharge might not fully offset the drawdown of the 
sub-basin in the vicinity of the mesquite hummocks caused by the project’s groundwater use.  
The Applicant believes that this concern results from the extreme conservatism that CEC staff 
requested be utilized in the Applicant’s prior groundwater modeling.  These assumptions 
overstate the potential impacts of the CPVS on the groundwater levels near the mesquite 
hummocks.  As presented in the Base Case modeling of Appendix C, the groundwater drawdown 
caused by the project’s pumping of groundwater is temporary and transitory reaching a 
maximum impact of approximately 0.4 foot (Hummock Observation 1 in the most realistic Base 
Case Scenario BC_A.1).  This drawdown is largely theoretical and, in practice, would be 
immeasurable because it is far less than the natural fluctuations in water levels that would occur 
in this area of the sub-basin.  Because the transitory, project-specific drawdown is less than the 

R:\08 Sentinel\CEC Alts\Analysis of CEC Alts.DOC Page 7 August 2008 
 



CPV Sentinel Energy Project Analysis of CEC Staff Alternative Water Supply Plans 

natural water level fluctuations that occur seasonally and between wet and dry years, it is not 
cumulatively considerable. 

Most important, however, is that the CEC staff alternatives have an even greater potential to 
impact the mesquite hummocks.  Without project-specific recharge, as proposed by the CEC 
staff, the alternatives would contribute to the overdraft in the sub-basin and would be 
cumulatively considerable.  Even if the Applicant’s project-specific recharge program is added to 
the CEC staff alternatives, the beneficial recharge from the HWTP is much closer to the 
mesquite hummocks than the proposed project pumping wells.  Thus, the loss of this HWTP 
recharge to serve the CPVS would have a greater potential impact on the mesquite hummocks. 

The Applicant has conducted groundwater modeling simulations to analyze these effects, which 
are included in Appendix C.  The relevant comparisons are summarized in Table 5, which 
summarize the results of Simulations BC_A.1 and CEC staff Alternative 1 (Simulations 1A.c 
and 1B.2b) and Alternative 2 (Simulations 2A.c and 2B.2b).  For reference Appendix C 
compares all the conservative assumptions from CPV Sentinel’s water supply plan prior 
modeling to the same set of assumptions with the CEC staff alternatives.  In all cases, the CEC 
staff alternatives result in significantly greater impact to the mesquite hummocks than the Base 
Case simulations. 

Drawdown at Production Wells 

The HWTP beneficial recharge is also in an important place in the sub-basin because the HWTP 
is much closer to many of the MSWD and Coachella Valley Water District (CVWD) wells in the 
basin than the CPVS onsite pumping wells.  Thus, the loss of recharge from HWTP has a much 
greater impact on the production wells within the eastern portion of the sub-basin even if the 
CEC staff alternatives are modified to include the project-specific recharge program proposed by 
CPV Sentinel.  A comparison of the estimated drawdown at production wells from the reductions 
in recharge at HWTP compared to the potential impacts from the same set of assumptions for the 
Applicant’s water supply plan are summarized in Table 6 which includes the results of 
Simulations BC_A.1 and CEC staff Alternative 1 (Simulations 1A.c and 1B.2b) and 
Alternative 2 (Simulations 2A.c and 2B.2b).  Together with Figures 1, 2 and 3 introduced earlier, 
Figures 4 and 5 show the simulated groundwater level changes at 30 years for scenarios 1B.2b 
and 2B.2b, respectively.  Appendix C contains simulations of all prior conservative assumptions 
and the results from the CEC staff alternatives.  In most cases, the drawdown effects from CEC 
staff Alternatives 1 and 2 are much greater than those proposed by CPV Sentinel. 

Water Quality 

The location of HWTP recharge is also important for protecting water quality within the sub-
basin.  At the southeastern end of the sub-basin, there is very poor water quality, which may be 
attributable to flow from the Desert Hot Springs Basin area or from possible fault system effects.  
In CPV Sentinel’s investigation of possible service to the Desert Dunes Golf Course, it was 
learned that water quality in the golf course’s wells is substantially poorer than that of HWTP 
wastewater quality.  Appendix D includes results from Desert Dunes water quality samples. 

These samples exhibit high fluoride and total dissolved solids (TDS) concentrations suggesting 
that groundwater in this part of the sub-basin may be influenced by the influx of groundwater 
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from the Desert Hot Springs area.  Although this poor quality water has historically flowed out 
of the sub-basin without entering potable water production wells, the lowering of water levels 
due to over-pumping by existing users has begun to reverse the hydraulic gradients within the 
sub-basin.  Accordingly, absent HWTP recharge, this poor quality water would have a potential 
to migrate into the high-production areas of the sub-basin where MSWD and CVWD large 
production wells are located.  HWTP recharge appears to provide an important hydraulic mound 
within the basin that substantially protects these high-production wells from the much poorer 
water quality to the south and east.  The loss of this hydraulic mound from the CEC staff 
alternatives is pronounced even when they are augmented by the project-specific recharge 
proposed by the Applicant.  Appendix C includes groundwater flow analyses of the effects of 
depriving the sub-basin of beneficial recharge from HWTP.  The loss of HWTP recharge 
associated with the CEC staff alternatives substantially increases the gradient from the areas of 
poor water quality with the potential to substantially increase migration of this poor quality water 
into the productive zones of the sub-basin. 

Pipeline/Facility Impacts 

CEC staff water supply alternatives also involve the construction of 6 miles of new pipeline from 
the HWTP to the project site and in the case of Alterative 3, the construction of approximately 6 
miles of new pipeline from MSWD Wells 28 and 30 to the project site.  The water supply 
pipelines would both cross intermittent streams as shown on Figure 6. 

CEC staff Alternative 2 assumes that new wells would be installed for MSWD at an 
undetermined location and these wells would be pumped by MSWD in substitution for existing 
water pumping by MSWD.  In the Applicant’s groundwater modeling of the CEC staff 
alternatives, it is assumed that new pumping would occur at MSWD Wells 28 and 30 to account 
for the water being supplied by these wells to the CPVS.  In reality, the provision of new wells to 
MSWD could change the pumping patterns by MSWD potentially leading to additional adverse 
impacts within the sub-basin. 

CEC Staff Alternatives are Uneconomical 

CPV Sentinel has reviewed the economic analysis presented by CEC staff in the PSA Section 4.9 
and Tables 16 and 17.  CPV Sentinel agrees with much of the CEC staff economic assessment, 
but there are several cost items that are significantly omitted or understated in the CEC staff 
assessment.  Table 7 includes CPV Sentinel’s corrected cost data, together with a brief listing of 
the rationale and bases for each line item.  In summary, the CEC staff Alternatives 1 and 2 result 
in a combined capital cost and annual operating cost, expressed as a net present value cost 
increase, of approximately $51 million and $58.7 million, respectively.  These cost increases are 
substantial in the abstract, and as discussed further in the next section, not feasible under the 
current SCE PPA.  To meet the guaranteed in-service date under the SCE PPA, the water 
treatment system detailed design is underway, as it is on the critical path for the CPVS.  Under 
the PPA, delay penalties apply.  In addition, engineering is underway for the CPVS, and any 
delay in the water treatment system design carries an additional delay penalty under the 
engineering, procurement and construction (EPC) contract resulting in a combined cost of 
approximately $7.5 million per month.  Although it is not clear exactly what delay may be 
experienced, any change to either of [formatting issue] the CEC staff alternatives carries a risk of 
incurring delay penalties.  The project could easily incur a delay of 6 to 9 months, at a delay cost 
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penalty of an additional $45 million to $67.5 million above the capital cost increase.  As a 
conservative allowance, only a 3-month delay cost penalty has been included in the cost 
estimate. 

Discussion of Table 7 Cost Data 

Each line item of Table 7 is discussed in greater detail below. 

Line 1:  An offsite groundwater supply pipeline would only be needed for CEC staff 
Alternative 2.  It would be 5.25 to 6.4 miles in length, depending on the final route.  As 
illustrated in Figure 6, this pipeline would cross seasonal washes; as such, it may require special 
engineered provisions to prevent erosion or possibly a directional drill to avoid cutting into the 
seasonal wash.  This pipeline is estimated to cost $900,000 per mile rather than $600,000 per 
mile in the CEC staff cost estimate. 

Line 2:  An offsite reclaimed water supply pipeline is required for both CEC staff Alternatives 1 
and 2.  It will be approximately 6 miles in length, and would cross two seasonal washes, as 
illustrated in Figure 6.  It also is priced at $900,000 per mile rather than $600,000 per mile, as 
noted in the CEC staff cost estimate. 

Line 3:  CPV Sentinel and CEC staff cost estimates of the reclaimed water supply pumping 
station are the same. 

Line 4:  In prior communications between MSWD and CPV Sentinel, MSWD provided a cost of 
$3 million for the HWTP tertiary treatment upgrade, which is used in the CPV Sentinel cost 
estimate rather than the CEC staff cost estimate of $2.5 million. 

Line 5:  CEC staff included only one well to replace MSWD Wells 28 and 30, but based on prior 
communications with CPV Sentinel, MSWD has stated that it will require two replacement 
wells.  Each well has been conservatively estimated at $1.3 million each, which is lower than the 
expected cost of about $1.5 million each. 

Line 6:  CPV Sentinel presented costs for cooling towers and other equipment in Data Response 
38, at $440,000 per LMS100 unit for wet cooling and $2.4 million higher per LMS100 unit for 
dry cooling.  CEC staff used the same $440,000 per unit for wet cooling but a higher number, 
$3.4 million per unit for dry cooling. 

Line 7:  CPV Sentinel and CEC staff cost estimates for dry cooling land costs are the same. 

Line 8:  Line 8 combines water pre-treatment and the ZLD system cost and corrects a significant 
cost estimate deficiency in the CEC staff cost estimate.  CPV Sentinel performed a similar study 
of direct use of tertiary wastewater in March 2008.  The summary of that study is included as 
Appendix E.  Although the two cases studied in March 2008 are not exactly the same as the CEC 
staff Alternative 1 or 2 versus the Base Case, they are very close in scope.  The March 2008 cost 
estimate shows that the cost increase for direct use of tertiary wastewater is in the range of $18 
million.  The CEC staff estimate showed only a cost differential of $4 million between the Base 
Case and CEC staff Alternative 1.  CPV Sentinel is re-estimating the cost differential of the 
specific CEC staff alternative and will report the results of that estimate in the near future.  For 
dry cooling, CPV Sentinel has adopted the CEC staff cost estimate. 
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Line 9:  The actual costs that CPV Sentinel will pay for freshwater conservation under the 
executed agreement between CPV Sentinel and DWA are included in Line 9.  The CEC staff 
alternatives assumed that freshwater conservation is not required, but CPV Sentinel has already 
committed to funding the freshwater conservation programs under its base water supply plan.  
Nevertheless, to be consistent with the CEC staff alternative scope, CPV Sentinel excludes these 
costs under the assumption that DWA would agree to nullify the agreement. 

Line 10:  As discussed above, the cost of schedule delay to change water treatment system scope 
and basis, is conservatively estimated as only a 3-month delay, although this delay could be 
considerably longer resulting in a significant additional cost increase. 

Line 11:  The addition of only one dry cooling unit would leave a shortfall under the PPA power 
supply guarantee, so to avoid contract penalties, two units were added to Line 11.  This cost 
applies only to CEC staff Alternative 3.  Two units results in more power than the PPA requires, 
and the assumption has been made that this additional power can be sold to SCE.  No discussions 
with SCE have taken place on this point, however, so the cost impact to CPV Sentinel could be 
even higher if this did not occur. 

Line 12.1:  Line 12.1 is a subtotal of the capital cost lines above. 

Line 12.2:  Line 12.2 is the capital cost differential from the CPVS. 

Line 12.3:  Line 12.3 tentatively uses exactly the same economic parameters for the equivalent 
annual cost of capital as the CEC staff alternatives.  However, CPV Sentinel does not believe 
that the CEC staff method of comparing costs on a dollar per kilowatt-hour (kWh) basis is valid, 
as further discussed below.  CPV Sentinel is further reviewing these parameters. 

Between lines 12.3 and 13 is an entry for the lifetime average expected dispatch of the CPVS at 
17 percent.  This yields the expected average water consumption of 550 AFY. 

Line 13:  The groundwater cost with recharge assessment in Line 13 only applies to the Base 
Case and CEC staff Alternative 2, both of which use onsite wells.  Like the CEC staff cost 
estimate, the cost of water from MSWD Wells 28 and 30 is not included.  The analysis covers 
the point in time where 100 percent of the make-up water is supplied by increased flows from the 
HWTP. 

Line 14:  The CEC staff cost estimate for reclaimed water purchase is used in Line 14. 

Line 15:  CPV Sentinel has tentatively used the CEC staff estimate for reclaimed water pumping 
and operation and management but is still reviewing information on this parameter. 

Line 16:  CPV Sentinel has tentatively used the CEC staff estimate for groundwater pumping 
energy and operation and management but is still reviewing information on this parameter. 

Line 17:  CPV Sentinel has tentatively used the CEC staff estimate for cooling and water 
treatment chemicals but is still reviewing information on this parameter. 

Line 18:  CPV Sentinel has tentatively adopted the CEC staff values, cooling tower energy but is 
still reviewing information on this parameter. 
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Line 19:  The actual costs in 2008 dollars of the water purchase that CPV Sentinel has 
negotiated for imported water to replace net sub-basin draw is used, plus an estimate of the cost 
of transportation of the water.  CPV Sentinel has assumed that the CPVS will be dispatched at 
the lifetime average of 17 percent, resulting in 550 AFY of pumping.  Although the CEC staff 
alternatives assumed that water importation was not needed under alternatives 1 and 2, CPV 
Sentinel believes that the CEQA impacts would require mitigation with imported water.  Thus, 
this cost is included for both CEC staff alternatives. 

Line 20:  Line 20 uses the same relationship used by the CEC as discussed in Line 12 above for 
the equivalent present value for annual operation and management expressed as a capital cost. 

Line 21:  Line 21 is the total equivalent capital cost, which is a summation of the capital cost and 
the equivalent present value of operation and management from Lines 12.1 and 20. 

Line 22:  Line 22 is a comparison of the total capital cost differential of the CPVS and the CEC 
staff alternatives. 

Line 23:  Line 23, annual energy produced, is based on the capacity factor listed in the 
spreadsheet, and the final PPA, which limits power production to 34 percent for all 8 units.  
However, the lifetime annual average expected dispatch is half this amount.  This uses 107 
degrees Fahrenheit data from Data Response 38 Table 38-1.  Two additional LMS100 units are 
required for the air cooling alternatives to meet the minimum guaranteed power under the PPA.  
Ten units result in some extra power, which is assumed to be sold under the PPA; however, this 
would require a change to the PPA and has not been discussed with SCE. 

Line 24:  Line 24 uses the CEC staff economic parameters to convert the total equivalent capital 
cost to an annual cost. 

Line 25:  Line 25 compares the differential equivalent annual cost between the CPVS and the 
CEC staff alternatives. 

Line 26:  Line 26 divides Line 24 by Line 23 to calculate the incremental cost of production, 
which is expressed in mills per kWh (the more common unit for this parameter). 

Line 27:  Line 27 compares the delta incremental cost of production of the CPVS and the CEC 
staff alternatives. 

Line 28:  Line 28 is a ratio of the equivalent water costs to the base water costs. 

CEC Staff Alternative 2 Costs 

CEC staff Alternative 2 would involve MSWD selling CPV Sentinel freshwater from existing 
MSWD Wells 28 and 30 rather than CPV Sentinel using its own onsite wells.  MSWD Wells 28 
and 30 are located remotely from the project site, and would require a new pipeline of 
approximately 6.4 miles in length at an estimated cost to CPV Sentinel of about $6 million.  In 
addition, CPV Sentinel would be required to install two new wells for MSWD, which based on 
recent drilling experience in this area, would total $3 million or more.  Although the CEC staff 
alternative listed only one new replacement well, in previous communications between the 
Applicant and MSWD, two wells were required to satisfy MSWD.  CPV Sentinel notes that 
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MSWD Wells 28 and 30 are 19 and 16 years old, respectively.  CPV Sentinel is not aware of the 
current condition or efficiency of these wells or their pumping systems.  In contrast, CPV 
Sentinel is certain of the excellent condition and efficiency of its new onsite test well and would 
expect the same if it installed additional new wells to complete its onsite well field.  CPV 
Sentinel also notes that its new well field would have built in redundancy to ensure that pumping 
at maximum on-demand capacity could be achieved even if one of its wells was out of service.  
This condition or redundancy is not covered in the CEC staff Alternative 2, which relies on water 
from only two MSWD wells and the HWTP.  Accordingly, CPV Sentinel would be exposed to 
future arbitrary cost increases, as MSWD could re-set its water rate to CPV Sentinel at any time 
in the future merely by majority vote of its Board.  In addition, should water supplies be 
interrupted by equipment failure, the CPVS would be reliant on MSWD to repair wells and the 
pipeline, undercutting the reliability of the project and exposing CPV Sentinel to significant cost 
penalties under its PPA with SCE.  Furthermore, this alternative would include the additional 
environmental impact of building a 6-mile pipeline. 

CEC staff Alternative 2, like CEC staff Alternative 1, increases significantly the initial capital 
cost to CPV Sentinel, undercuts the reliability of the CPVS, exposes CPV Sentinel to significant 
contractual cost penalty risks, deprives CPV Sentinel of achieving one of its key objectives of 
providing competitively priced electricity, and results in increased environmental impacts 
compared to CPV Sentinel’s water supply plan.  This is, therefore, not a feasible alternative. 

CEC Staff Alternatives are Economically Infeasible under CPV Sentinel’s PPA 

The pricing in the competitively bid PPA was based on the originally proposed water supply 
plan, with no importation of water other than indirectly via the replenishment assessment.  CPV 
Sentinel has since incurred the significant additional cost of adding water importation and a 
freshwater conservation program without any pricing or schedule relief under the PPA.  By 
adopting the CEC staff alternatives, the Applicant would have to absorb the equivalent of an 
additional $51 to $58.7 million in present value or 5.0 to 5.8 mills per kWh expressed as power 
pricing.  This is more than a tripling of the incremental cost of power.  Given the fixed pricing in 
the PPA, and the fact that the fuel is a direct pass-through cost, the increased cost for the CEC 
staff alternatives represents a very high percentage of the small remaining non-fuel power 
pricing.  Such a cost increase cannot be tolerated under the present PPA resulting in the failure of 
the project to get financed and built.  This is especially true in today’s unprecedented 
construction cost environment; where power plant construction costs have escalated, and 
continue to escalate, at rates far in excess of inflation.  Even if remaining under the existing PPA 
were an option, the delays associated with the alternatives would result in a significant project 
delay, making it impossible to deliver needed power by the summer of 2010, This would result in 
the schedule penalties under the PPA plus additional EPC and turbine contract delay penalties of 
approximately $7.5 million per month.  A 3-month schedule delay was included in Table 7 of 
CPV Sentinel’s analysis of CEC staff alternative water supply plans, although this is a 
conservative estimate and the delay could be considerably longer.  Costs of these magnitudes 
result in the failure of the PPA and, consequently, the project going forward.  It should also be 
noted that CPV Sentinel is the only new generation project in the SCE service area scheduled for 
completion by the summer of 2010. 
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CONCLUSION 

In summary, CPV Sentinel believes that our water supply plan meets the CEC and State water 
policies, satisfies CEQA, is economically feasible, and is superior to the CEC staff alternatives in 
each of the above areas. 
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TABLE 1 

SUMMARY OF BASE CASE GROUNDWATER MODELING RESULTS 

Location 

Scenario 
Base Case 
(BC_A.1) 1 

Project Pumping Wells 2   
maximum drawdown (ft) 5.5 
time to maximum drawdown (year) 8 
drawdown at 35 years (ft) -0.2 

Horton WWTP   
maximum drawdown (ft) 0.3 
time to maximum drawdown (year) 14 
drawdown at 35 years (ft) 0 

DWA Recharge Basin   
maximum water level rise (ft) 8.3 
time to maximum water level rise (year) 31 
water level rise at 35 years (ft) 1.2 

Wells 27 and 31 3   
maximum drawdown (ft) 0.6 
time to maximum drawdown (year) 8 
drawdown at 35 years (ft) -0.2 

Wells 28 and 30 4   
maximum drawdown (ft) 0.1 
time to maximum drawdown (year) 1 
drawdown at 35 years (ft) -0.5 

Well 22   
maximum drawdown (ft) 0.3 
time to maximum drawdown (year) 7 
drawdown at 35 years (ft) -0.2 

Well 24   
maximum drawdown (ft) 0.3 
time to maximum drawdown (year) 8 
drawdown at 35 years (ft) -0.2 

Well 29   
maximum drawdown (ft) 0.3 
time to maximum drawdown (year) 9 
drawdown at 35 years (ft) -0.2 

Well 32   
maximum drawdown (ft) 0.5 
time to maximum drawdown (year) 9 
drawdown at 35 years (ft) -0.2 
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TABLE 1 
SUMMARY OF BASE CASE GROUNDWATER MODELING RESULTS 

(Continued) 

Location 

Scenario 
Base Case 
(BC_A.1) 1 

CVWD Wells   
maximum drawdown (ft) 0.5 
time to maximum drawdown (year) 11 
drawdown at 35 years (ft) -0.1 

Hummock Observation 1   
maximum drawdown (ft) 0.4 
time to maximum drawdown (year) 13 
drawdown at 35 years (ft) 0 

Hummock Observation 2   
maximum drawdown (ft) 0.3 
time to maximum drawdown (year) 22 
drawdown at 35 years (ft) 0.2 

Hummock Observation 3   
maximum drawdown (ft) 0.3 
time to maximum drawdown (year) 30 
drawdown at 35 years (ft) 0.2 

Hummock Observation 4   
maximum drawdown (ft) 0.3 
time to maximum drawdown (year) 28 
drawdown at 35 years (ft) 0.2 

Hummock Average   
maximum drawdown (ft) 0.3 
time to maximum drawdown (year) 23 
drawdown at 35 years (ft) 0.2 

Notes: 
1. Simulation details: 

Water source = onsite wells 
Water consumption = 550 AFY (constant, for 30 years) 
Recharge = 593 AFY from DWA after 1-year lag 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

2. Data presented are maximum values of data for three project wells. 
3. Model data for well 27 presented; Wells 27 and 31 are adjacent to each other. 
4. Model data for well 30 presented; Wells 28 and 30 are adjacent to each other. 

Abbreviations: 
AFY = acre-feet per year 
CVWD = Coachella Valley Water District 
DWA = Desert Water Agency 
ft = foot (feet) 
WWTP = Wastewater Treatment Plant 
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TABLE 2 

COMPARISON OF BASE CASE GROUNDWATER MODELING RESULTS TO 
CEC STAFF ALTERNATIVES 1 AND 2 GROUNDWATER MODELING RESULTS 

Scenario 

Location 
Base Case 
(BC_A.1) 1 

CEC Alt. 1 
(1A.c) 2 

CEC Alt. 2 
(2A.c) 3 

Project Pumping Wells 4  

maximum drawdown (ft) 5.5 4.2 4.2 

time to maximum drawdown (year) 8 35 35 

drawdown at 35 years (ft) -0.2 4.2 4.2 

Horton WWTP  

maximum drawdown (ft) 0.3 10.4 10.4 

time to maximum drawdown (year) 14 30 30 

drawdown at 35 years (ft) 0 4.8 4.8 

DWA Recharge Basin  

maximum water level rise (ft) 8.3 0 0 

time to maximum water level rise 
(year) 31 - - 

water level rise at 35 years (ft) 1.2 -3.9 -3.9 

Wells 27 and 31 5  

maximum drawdown (ft) 0.6 4.5 4.6 

time to maximum drawdown (year) 8 32 32 

drawdown at 35 years (ft) -0.2 4.5 4.5 

Wells 28 and 30 6,7  

maximum drawdown (ft) 0.1 4.3 4.4 

time to maximum drawdown (year) 1 35 34 

drawdown at 35 years (ft) -0.5 4.3 4.4 

Well 22  

maximum drawdown (ft) 0.3 4.6 4.6 

time to maximum drawdown (year) 7 31 31 

drawdown at 35 years (ft) -0.2 4.5 4.5 

Well 24  

maximum drawdown (ft) 0.3 4.7 4.7 

time to maximum drawdown (year) 8 31 31 

drawdown at 35 years (ft) -0.2 4.5 4.5 
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TABLE 2 
COMPARISON OF BASE CASE GROUNDWATER MODELING RESULTS TO 

CEC STAFF ALTERNATIVES 1 AND 2 GROUNDWATER MODELING RESULTS 
(Continued) 

Scenario 

Location 
Base Case 
(BC_A.1) 1 

CEC Alt. 1 
(1A.c) 2 

CEC Alt. 2 
(2A.c) 3 

Well 29  

maximum drawdown (ft) 0.3 4.9 5.0 

time to maximum drawdown (year) 9 30 30 

drawdown at 35 years (ft) -0.2 4.6 4.6 

Well 32  

maximum drawdown (ft) 0.5 4.7 4.7 

time to maximum drawdown (year) 9 31 31 

drawdown at 35 years (ft) -0.2 4.5 4.5 

CVWD Wells  

maximum drawdown (ft) 0.5 4.8 4.8 

time to maximum drawdown (year) 11 31 31 

drawdown at 35 years (ft) -0.1 4.6 4.6 

Hummock Observation 1  

maximum drawdown (ft) 0.4 5.0 5.0 

time to maximum drawdown (year) 13 31 31 

drawdown at 35 years (ft) 0 4.7 4.7 

Hummock Observation 2 

maximum drawdown (ft) 0.3 4.7 4.7 
time to maximum drawdown (year) 22 32 32 
drawdown at 35 years (ft) 0.2 4.5 4.5 

Hummock Observation 3 

maximum drawdown (ft) 0.3 3.7 3.7 
time to maximum drawdown (year) 30 35 35 
drawdown at 35 years (ft) 0.2 3.7 3.7 

Hummock Observation 4 

maximum drawdown (ft) 0.3 4.2 4.2 
time to maximum drawdown (year) 28 34 34 
drawdown at 35 years (ft) 0.2 4.2 4.2 
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TABLE 2 
COMPARISON OF BASE CASE GROUNDWATER MODELING RESULTS TO 

CEC STAFF ALTERNATIVES 1 AND 2 GROUNDWATER MODELING RESULTS 
(Continued) 

Scenario 

Location 
Base Case 
(BC_A.1) 1 

CEC Alt. 1 
(1A.c) 2 

CEC Alt. 2 
(2A.c) 3 

Hummock Average 

maximum drawdown (ft) 0.3 4.3 4.3 
time to maximum drawdown (year) 23 32 32 
drawdown at 35 years (ft) 0.2 4.3 4.3 

Notes: 
1. Simulation details: 

Water source = onsite wells 
Water consumption = 550 AFY (constant, for 30 years) 
Recharge = 593 AFY from DWA after 1-year lag 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

2. Simulation details: 
Water source = Horton WWTP and onsite wells 
Water consumption = 550 AFY (Horton WWTP:  30 years; onsite wells:  decreases linearly from 266 AFY at 
year 0 to 0 at year 14) 
No recharge 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

3. Simulation details: 
Water source = Horton WWTP and MSWD Wells 28 and 30 
Water consumption = 550 AFY (Horton WWTP:  30 years; MSWD Wells 28 and 30:  decreases linearly 
from 266 AFY at year 0 to 0 at year 14) 
No recharge 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

4. Data presented are maximum values of data for three project wells. 
5. Model data for well 27 presented; Wells 27 and 31 are adjacent to each other. 
6. Model data for well 30 presented for Base Case and Alternative 1; Wells 28 and 30 are adjacent to each other. 
7. Data presented are maximum values of data for Wells 28 and 30 for Alternative 2. 
Abbreviations: 
AFY = acre-feet per year 
CEC = California Energy Commission 
CVWD = Coachella Valley Water District 
DWA = Desert Water Agency 
ft = foot (feet) 
WWTP = Wastewater Treatment Plant 
yr(s) = year(s) 
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TABLE 3 
FRESHWATER CONSERVATION FROM APPLICANT’S WATER SUPPLY PLAN 

Palm Springs National Country Club 
Freshwater Conserved By Recycled Water Service in Lieu of Freshwater Pumping 

Year Freshwater Conserved (AFY) 

2010 1,005 

2015 1,034 

2020 1,034 

2025 1,034 

2030 1,034 

2035 1,034 

2040 1,034 

Average 1,030 

Irrigation Controller Program 
Freshwater Conserved by Reductions in Irrigation Application 

Houses Retrofit (AFY) 
Savings Based on 0.1 AFY 

Retrofit2 (AFY) 
Savings Based on 0.147 AFY 

Retrofit3 (AFY) 

4,800 480 705.6 

Total Savings Irrigation Retrofit plus  
Palm Springs National Golf Course 

(AFY) 

Minimum Maximum 

1,510 1,735 

Notes: 
1. From Table 79-3 Applicants Data Responses 
2. Savings Estimated by DWA 
3. Savings From CVWD Pilot Program 
 
Abbreviations: 
AFY acre= acre feet per year 
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TABLE 4 

FRESHWATER CONSERVATION FROM CEC STAFF ALTERNATIVES 

Projected Horton Flow from CEC PSA Freshwater Conserved (in AFY) 

Year 

Flow 
Rate 

(gpm) 
Flow Rate 

(gpm)1 

% of Horton Flow 
Rate to Maximum 
Project Demand 

Minimum 
Dispatch 
(0 AFY) 

Average 
Dispatch 

(550 AFY) 

Maximum 
Dispatch 

(1,100 AFY) 

2008 900 900.0  44%       

2009   981.7  48%       

2010   1,063.3  52% 0 284  568  

2011   1,145.0  56% 0 306  612  

2012   1,226.7  60% 0 328  655  

2013   1,308.3  64% 0 349  699  

2014 1390 1,390.0  68% 0 371  743  

2015   1,470.8  71% 0 393  786  

2016   1,551.7  75% 0 414  829  

2017   1,632.5  79% 0 436  872  

2018   1,713.3  83% 0 458  915  

2019   1,794.2  87% 0 479  959  

2020 1875 1,875.0  91% 0 501  1,002  

2021   1,955.8  95% 0 522  1,045  

2022   2,036.7  99% 0 544  1,088  

2023   2,059.0  100% 0 550  1,100  

2024   2,059.0  100% 0 550  1,100  

2025   2,059.0  100% 0 550 1,100  

2026 2360 2,059.0  100% 0 550  1,100  

2027   2,059.0  100% 0 550  1,100  

2028   2,059.0  100% 0 550  1,100  

2029   2,059.0  100% 0 550  1,100  

2030   2,059.0  100% 0 550  1,100  

2031   2,059.0  100% 0 550  1,100  

2032   2,059.0  100% 0 550  1,100  

2033   2,059.0  100% 0 550  1,100  

2034   2,059.0  100% 0 550  1,100  

2035   2,059.0  100% 0 550  1,100  

2036   2,059.0  100% 0 550  1,100  

2037   2,059.0  100% 0 550  1,100   

R:\08 Sentinel\CEC Alts\Analysis of CEC Alts.DOC Page 21 August 2008 
 



CPV Sentinel Energy Project Analysis of CEC Staff Alternative Water Supply Plans 

TABLE 4 
FRESHWATER CONSERVATION FROM CEC STAFF ALTERNATIVES 

(Continued) 

Projected Horton Flow from CEC PSA Freshwater Conserved (in AFY) 

Year 

Flow 
Rate 

(gpm) 
Flow Rate 

(gpm)1 

% of Horton Flow 
Rate to Maximum 
Project Demand 

Minimum 
Dispatch 
(0 AFY) 

Average 
Dispatch 

(550 AFY) 

Maximum 
Dispatch 

(1,100 AFY) 

2038   2,059.0  100% 0 550  1,100  

2039   2,059.0  100% 0 550  1,100  

Average   1,839  89%  4912 982  

Notes: 

1. Interpolated Data From CEC Projections 
2. Expected Value 
 
Abbreviations: 
AFY = acre feet per year 
gpm = gallons per minute 
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TABLE 5 

SUMMARY OF GROUNDWATER MODELING RESULTS 
FOR MESQUITE HUMMOCKS AREA 

Scenario 

Location 
Base Case
(BC_A.1) 1 

CEC Alt. 1
(1A.c) 2 

CEC Alt. 2
(2A.c) 3 

CEC Alt. 1 
(1B.2b) 4 

CEC Alt. 2
(2B.2b) 5 

Hummock Observation 1  
maximum drawdown (ft) 0.4 5.0 5.0 1.2 1.3 
time to maximum drawdown (year) 13 31 31 22 21 
drawdown at 35 years (ft) 0 4.7 4.7 0.3 0.3 

Hummock Observation 2 
maximum drawdown (ft) 0.3 4.7 4.7 1.9 1.9 
time to maximum drawdown (year) 22 32 32 30 30 
drawdown at 35 years (ft) 0.2 4.5 4.5 1.3 1.3 

Hummock Observation 3 
maximum drawdown (ft) 0.3 3.7 3.7 1.8 1.8 
time to maximum drawdown (year) 30 35 35 32 32 
drawdown at 35 years (ft) 0.2 3.7 3.7 1.7 1.7 

Hummock Observation 4 
maximum drawdown (ft) 0.3 4.2 4.2 1.9 1.9 
time to maximum drawdown (year) 28 34 34 30 30 
drawdown at 35 years (ft) 0.2 4.2 4.2 1.6 1.6 

Hummock Average  
maximum drawdown (ft) 0.3 4.3 4.3 1.7 1.7 
time to maximum drawdown (year) 23 32 32 30 30 
drawdown at 35 years (ft) 0.2 4.3 4.3 1.2 1.2 

Notes: 
1. Simulation details: 

Water source = onsite wells 
Water consumption = 550 AFY (constant, for 30 years) 
Recharge = 593 AFY from DWA after 1-year lag 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

2. Simulation details: 
Water source = Horton WWTP and onsite wells 
Water consumption = 550 AFY (Horton WWTP:  30 years; onsite 
wells:  decreases linearly from 266 AFY at year 0 to 0 at year 14) 
No recharge 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

3. Simulation details: 
Water source = Horton WWTP and MSWD Wells 28 and 30 
Water consumption = 550 AFY (Horton WWTP:  30 years; 
MSWD Wells 28 and 30:  decreases linearly from 266 AFY at 
year 0 to 0 at year 14) 
No recharge 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

 
4. Simulation details: 

Water source = Horton WWTP and onsite wells 
Water consumption = 550 AFY (Horton WWTP:  30 years; onsite 
wells:  decreases linearly from 266 AFY at year 0 to 0 at year 14) 
Recharge = 593 AFY from DWA after 1-year lag 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

5. Simulation details: 
Water source = Horton WWTP and MSWD Wells 28 and 30 
Water consumption = 550 AFY (Horton WWTP:  30 years; 
MSWD Wells 28 and 30:  decreases linearly from 266 AFY at 
year 0 to 0 at year 14) 
Recharge = 593 AFY from DWA after 1-year lag 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

Abbreviations: 
AFY = acre-feet per year 
CEC = California Energy Commission 
DWA = Desert Water Agency 
ft = foot (feet) 
WWTP = Wastewater Treatment Plant 
yr(s) = year(s) 
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TABLE 6 
SUMMARY OF GROUNDWATER MODELING RESULTS FOR AREA WELLS AND 

RECHARGE BASINS 

Scenario 

Location 
Base Case
(BC_A.1) 1 

CEC Alt. 1
(1A.c) 2 

CEC Alt. 2
(2A.c) 3 

CEC Alt. 1 
(1B.2b) 4 

CEC Alt. 2
(2B.2b) 5 

Project Pumping Wells 6  

maximum drawdown (ft) 5.5 4.2 4.2 2.2 0.1 

time to maximum drawdown (year) 8 35 35 2 2 

drawdown at 35 years (ft) -0.2 4.2 4.2 -0.9 -0.9 

Horton WWTP 

maximum drawdown (ft) 0.3 10.4 10.4 6.9 6.8 

time to maximum drawdown (year) 14 30 30 30 30 

drawdown at 35 years (ft) 0 4.8 4.8 0.6 0.6 

DWA Recharge Basin 

maximum water level rise (ft) 8.3 0 0 9.4 9.4 

time to maximum water level rise 
(year) 31 - - 31 31 

water level rise at 35 years (ft) 1.2 -3.9 -3.9 2.0 2.0 

Wells 27 and 31 7 

maximum drawdown (ft) 0.6 4.5 4.6 0.4 0.3 

time to maximum drawdown (year) 8 32 32 6 6 

drawdown at 35 years (ft) -0.2 4.5 4.5 -0.4 -0.4 

Wells 28 and 30 8,9 

maximum drawdown (ft) 0.1 4.3 4.4 0.1 1.3 

time to maximum drawdown (year) 1 35 34 1 2 

drawdown at 35 years (ft) -0.5 4.3 4.4 -0.9 -0.8 

Well 22 

maximum drawdown (ft) 0.3 4.6 4.6 0.3 0.5 

time to maximum drawdown (year) 7 31 31 6 5 

drawdown at 35 years (ft) -0.2 4.5 4.5 -0.4 -0.4 

Well 24 

maximum drawdown (ft) 0.3 4.7 4.7 0.4 0.6 

time to maximum drawdown (year) 8 31 31 9 6 

drawdown at 35 years (ft) -0.2 4.5 4.5 -0.3 -0.3 

 

R:\08 Sentinel\CEC Alts\Analysis of CEC Alts.DOC Page 24 August 2008 
 



CPV Sentinel Energy Project Analysis of CEC Staff Alternative Water Supply Plans 

R:\08 Sentinel\CEC Alts\Analysis of CEC Alts.DOC Page 25 August 2008 
 

TABLE 6 
SUMMARY OF GROUNDWATER MODELING RESULTS FOR AREA WELLS AND 

RECHARGE BASINS 
(Continued) 

Scenario 

Location 
Base Case
(BC_A.1) 1 

CEC Alt. 1
(1A.c) 2 

CEC Alt. 2
(2A.c) 3 

CEC Alt. 1 
(1B.2b) 4 

CEC Alt. 2
(2B.2b) 5 

Well 29  

maximum drawdown (ft) 0.3 4.9 5.0 0.7 0.8 

time to maximum drawdown (year) 9 30 30 14 10 

drawdown at 35 years (ft) -0.2 4.6 4.6 -0.2 -0.2 

Well 32 

maximum drawdown (ft) 0.5 4.7 4.7 0.5 0.5 

time to maximum drawdown (year) 9 31 31 8 8 

drawdown at 35 years (ft) -0.2 4.5 4.5 -0.2 -0.2 

CVWD Wells 

maximum drawdown (ft) 0.5 4.8 4.8 0.8 0.8 

time to maximum drawdown (year) 11 31 31 15 14 

drawdown at 35 years (ft) -0.1 4.6 4.6 0 0 
Notes: 
1. Simulation details: 

Water source = onsite wells 
Water consumption = 550 AFY (constant, for 30 years) 
Recharge = 593 AFY from DWA after 1-year lag 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

2. Simulation details: 
Water source = Horton WWTP and onsite wells 
Water consumption = 550 AFY (Horton WWTP:  30 years; onsite 
wells:  decreases linearly from 266 AFY at year 0 to 0 at year 14) 

No recharge 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

3. Simulation details: 
Water source = Horton WWTP and MSWD Wells 28 and 30 
Water consumption = 550 AFY (Horton WWTP:  30 years; 
MSWD Wells 28 and 30:  decreases linearly from 266 AFY at 
year 0 to 0 at year 14) 

No recharge 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

4. Simulation details: 
Water source = Horton WWTP and onsite wells 
Water consumption = 550 AFY (Horton WWTP:  30 years; onsite 
wells:  decreases linearly from 266 AFY at year 0 to 0 at year 14) 

Recharge = 593 AFY from DWA after 1-year lag 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

 
5. Simulation details: 

Water source = Horton WWTP and MSWD Wells 28 and 30 
Water consumption = 550 AFY (Horton WWTP:  30 years; 
MSWD Wells 28 and 30:  decreases linearly from 266 AFY at 
year 0 to 0 at year 14) 

Recharge = 593 AFY from DWA after 1-year lag 
Tyley’s transmissivity 
Anisotropy ratio = 2.0 
Model simulation time = 35 years 

6. Data presented are maximum values of data for three project 
wells. 

7. Model data for well 27 presented; Wells 27 and 31 are adjacent to 
each other. 

8. Model data for well 30 presented for Base Case and Alternative 1; 
Wells 28 and 30 are adjacent to each other. 

9. Data presented are maximum values of data for Wells 28 and 30 
for Alternative 2. 

Abbreviations: 
AFY = acre-feet per year 
CEC = California Energy Commission 
CVWD = Coachella Valley Water District 
DWA = Desert Water Agency 
ft = foot (feet) 
WWTP = Wastewater Treatment Plant 
yr(s) = year(s) 
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TABLE 7 

CPV SENTINEL CORRECTIONS TO CEC STAFF SOIL &WATER TABLE 16 
ECONOMIC COMPARISON OF PROPOSED PROJECT AND ALTERNATIVES 

Refer to numbered notes below for each numbered cost line item   8/21/2008

Cost Parameter Applicant’s Base Project 

CEC Staff 
Alternative 1 

(Reclaimed water + 
site wells) 

CEC Staff 
Alternative 2 

(Reclaimed water + 
Wells 28 and 30) 

CEC Staff 
Alternative 3 
(Dry Cooling) 

Capital Costs     

1) Groundwater supply pipeline-offsite $0 $0 $5,400,000 $0 

2) Reclaimed water supply pipeline-offsite $0 $5,400,000 $5,400,000 $0 

3) Reclaimed water supply pumping station $0 $500,000 $500,000 $0 

4) Tertiary treatment upgrade of Horton WWTP $0 $3,000,000 $3,000,000 $0 

5) Add wells to replace MSWD Wells 28 and 30 $0 $0 $2,600,000 $0 

6) Cooling towers, other equipment costs $3,520,000 $3,520,000 $3,520,000 $15,680,000 

7) Additional land for dry cooling $0 $0 $0 $3,000,000 

8) Pre-treatment, ZLD and water treatment $10,550,000 $28,000,000 $28,000,000 $1,000,000 

9) Fresh water conservation  $2,500,000 $0 $0 $0 

10) Cost of project delay $0 $22,500,000 $22,500,000 $22,500,000 

11) Two additional units for dry cooling to meet 
PPA $0 $0 $0 $151,360,000 

12.1) Subtotals, Capital Cost $16,570,000 $62,920,000 $70,920,000 $193,540,000 

12.2) Cost increase from base proposed project $0 $46,350,000 $54,350,000 $176,970,000 

12.3) Equivalent Annual Cost of Capital $1,757,736 $6,674,517 $7,523,152 $20,530,609  
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TABLE 7 
CPV SENTINEL CORRECTIONS TO CEC STAFF SOIL &WATER TABLE 16 

ECONOMIC COMPARISON OF PROPOSED PROJECT AND ALTERNATIVES 
(Continued) 

Cost Parameter Applicant’s Base Project 

CEC Staff 
Alternative 1 

(Reclaimed water + 
site wells) 

CEC Staff 
Alternative 2 

(Reclaimed water + 
Wells 28 and 30) 

CEC Staff 
Alternative 3 
(Dry Cooling) 

Lifetime avg. dispatch = 17%   
Annual Variable Operating Costs 

Corresponding makeup water, AFY = 550    
13) Groundwater cost w/recharge assessment $39,600 $39,600 $0 $0 
14) Reclaimed water purchase $0 $247,500 $247,500 $0 
15) Reclaimed water pumping O&M and energy $0 $200,000 $200,000 $0 
16) Groundwater pumping O&M and energy $75,000 $25,000 $25,000 $50,000 
17) Cooling and water treatment chemicals $75,000 $175,000 $175,000 $25,000 
18) Cooling tower energy $50,000 $50,000 $50,000 $400,000 
19) Imported water to replace net sub-basin draw $451,440 $451,440 $451,440 $0 
Subtotal of Annual Variable Operating Costs $691,040 $1,188,540 $1,148,940 $475,000 

20) Equivalent capital cost for annual O&M = $6,514,365 $11,204,248 $10,830,942 $4,477,778 

21) Total equiv. capital cost = $23,084,365 $74,124,248 $81,750,942 $198,017,778 
22) Total equivalent capital cost differential = $0 $51,039,883 $58,666,578 $174,933,413 

Cost per KWH Analysis: 
23) Annual energy at CF listed above, 34% 
maximum = 1,081,775,450 1,081,775,450 1,081,775,450 1,178,055,375 

24) Total equivalent annual cost = $2,448,776 $7,863,057 $8,672,092 $21,005,609 
25) Differential equivalent annual cost = $0 $5,414,281 $6,223,316 $18,556,833 
26) Incremental cost of production, mills/KWH = 2.264 7.269 8.017 17.831 
27) Delta incremental cost of production, 
mills/KWH = 0.000 5.005 5.753 15.567 
28) Ratio, cost of water vs. base = - 321% 354% 788% 
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TABLE 7 
CPV SENTINEL CORRECTIONS TO CEC STAFF SOIL &WATER TABLE 16 

ECONOMIC COMPARISON OF PROPOSED PROJECT AND ALTERNATIVES 
(Continued) 

Cost Parameter Applicant’s Base Project 

CEC Staff 
Alternative 1 

(Reclaimed water + 
site wells) 

CEC Staff 
Alternative 2 

(Reclaimed water + 
Wells 28 and 30) 

CEC Staff 
Alternative 3 
(Dry Cooling) 

Notes below correspond to cost line items above: 
1) Only needed for Alt. 2.  Line is 5.25 to 6.4 miles long, depending on the route and will cross seasonal washes.  Pricing based on 6 miles @ $900/mile 
2) Distance is 6 miles, priced at $900/mi.  Will require crossing some seasonal washes. 
3) CEC estimated value used here 
4) Cost estimate provided by MSWD during prior Sentinel-MSWD discussions is higher than used by CEC 
5) MSWD has required both wells be replaced, not one as listed by CEC.  Cost per well used here is assumed same as CEC cost. 
6) From DR38-page 38-8.  $440,000 per unit wet, $2.4 MM per unit increase for dry. 
7) We reported land cost in Data Response 38 to be between 3 and 5 million 
8) Two line items in CEC Table 16 into one here.  Base project cost is $10.55 MM.  Alternative 1 and 2 cost is up to 28 MM--detailed estimate in progress.  Refer to attached March 2008 study by 

Aquagenics.  For dry cooling, CEC value assumed for water treatment, but needs confirmation 
9) Golf course connection =$300K.  Irrigation controllers and other infrastructure =$2,200K.  CEC position is no conservation needed for all 3.  However, CPV Sentinel has already committed to fund 

conservation upon financial closing. 
10) Cost of project delay.  PPA delay penalty and EPC Contract delay penalty is a combined ~$7.5 million/month.  As a very conservative allowance, only 3 months of delay cost are assumed in this 

table, if a PPA is possible, CPUC approval would be require and this delay could be much longer 
11) Two additional units to meet PPA MW guarantees, assuming the extra power can be sold.  $60 million each unit plus dry cooling tower cost. 
12.1) Summation of capital costs;  12.2 Capital cost differential 
12.3) Uses CEC calculation, w/resulting capital cost ratio to annual cost =9.4269 (i = 10%, 30 years) 
13) Based on current $72/AF recharge assessment.  No cost assumed for Alt 3, as pricing is based on 100% reclaimed water. 
14) Uses CEC costs from Table 16 of $450/AF 
15) Uses CEC costs from Table 16 of $400,000 for 1,100 AFY 
16), 17), 18)  Uses CEC costs from Table 16 
19) $570/AF plus $190/AF transportation plus 8% to DWA/sub-basin =$820.80 per AF 
20) Uses CEC equivalent ratio of capital cost to annual cost--see line 12 above. 
21) Summation of total capital cost and equivalent capital cost of annual costs 
22) Differential total capital cost between the CPV Base Case and the CEC staff alternatives 
23) Actual maximum dispatch all 8 units under the PPA is 34%.  Based on data response 38, Table 38-1, for 107F:  727244 KW wet, 633577 KW dry.(8 units) and 791970 KW dry for 10 units, needed 

to meet PPA 
24) Uses CEC values to convert equivalent capital cost to equivalent annual cost 
25) Differential equivalent annual cost 
26) Incremental cost of production = annual equivalent cost divided by annual KWH, expressed in mills per KWH.  Assumes extra power for dry cooling alternative can be sold under the PPA. 
27) Differential from CPV Sentinel base to each of the CEC staff alternatives and 28) ratio of cooling cost relative to base 
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Figure 1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation BC_A.1 
(Water consumption = 550 AFY from on-site wells, DWA recharge = 593 AFY, Tyley’s T, anisotropy ratio = 2.0)



 



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1A.c 
(Water consumption = 550 AFY from Horton WWTP and on-site wells, no DWA recharge, Tyley’s T, anisotropy ratio = 2.0)



 



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 3: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2A.c 
(Water consumption = 550 AFY from Horton WWTP and MSWD wells, no DWA recharge, Tyley’s T, anisotropy ratio = 2.0)



 



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 4: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1B.2b 
(Water consumption = 550 AFY from Horton WWTP and on-site wells, DWA recharge = 593 AFY, Tyley’s T, anisotropy ratio = 2.0)



 



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 5: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2B.2b 
(Water consumption = 550 AFY from Horton WWTP and MSWD wells 28 and 30, DWA recharge = 593 AFY,

Tyley’s T, anisotropy ratio = 2.0)
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Appendix A 
 

Desert Water Agency and CPV Sentinel, LLC 
Water Supply Agreement 



 













































 









 



































Appendix B 
 

Calculation of Evaporative Losses 
from Project-specific Recharge Operations 



 



 Appendix B 
CPV Sentinel Energy Project Calculation of Evaporative Losses from Project-Specific Recharge Options 

APPENDIX B 
CALCULATION OF EVAPORATIVE LOSSES 

FROM PROJECT-SPECIFIC RECHARGE OPERATIONS 

The Preliminary Staff Assessment (PSA) estimates evaporative losses associated with project-
specific recharge for the CPV Sentinel Energy Project (CPVS), based on a ratio of estimated 
evaporation to estimated percolation rates.  The PSA’s estimate of evaporative losses from open 
water surfaces is based on the average evapotranspiration rate of 4.76 feet per year (ft/yr) 
reported by the Department of Water Resources at California Irrigation Management System 
Station 118 (Cathedral City) and a multiplier of 1.1, which results in an estimated evaporation 
rate of 5.24 ft/yr from the spreading grounds.  The Applicant accepts this methodology as a 
reasonable estimate of evaporation. 

However, the PSA estimates the percolation rates at the Desert Water Agency (DWA) spreading 
grounds from Slade’s 2000 report to be between 0.1 and 2.0 feet per day (ft/day).  There also is 
an assumption that the spreading grounds have a flooded basin area of 145 acres.  Although this 
value is not used in the calculation of evaporative losses, it is an incorrect estimate.  Based on the 
ratio of evaporation rates to percolation rates, the PSA estimates that evaporative losses are 
between 0.7 and 14 percent of applied water for spreading. 

The DWA spreading grounds used for imported water recharge have a bottom surface area of 
46.7 acres.  The side slopes are 3 to 1; therefore, the surface area of fully flooded basins is 
56.7 acres.  The percolation rates at the DWA spreading grounds vary depending on conditions 
of the grounds and the time period over which they are flooded.  With dry grounds and a very 
brief period of recharge, the percolation rates are approximately 100 cubic feet per second (cfs).  
With spreading over extended periods of time, percolation rates decrease to between 50 and 
60 cfs.  These percolation rates correspond to between 2.12 and 2.55 ft/day through the bottom 
of the grounds.  However, depending on the depth of water in the grounds during the spreading 
operation, the surface area from which evaporative losses would occur would be higher.  With 
fully flooded grounds, the surface area of the wetted surface would be 56.7 acres.  The 
percolation rates would be between 1.75 and 2.10 ft/day when expressed as a function of this 
larger surface area. 

Presuming that the project-specific recharge for the CPVS would occur during periods when the 
spreading grounds are being used for extended periods of time in conjunction with other 
spreading, the percolation rates for the project-specific recharge would be between 50 and 60 cfs 
for fully flooded spreading grounds, or between 1.75 and 2.10 acre-feet per surface acre per day. 

The evaporative losses from the exposed surface area of the flooded basins, expressed in ft/yr per 
surface area; and divided by the percolation rates, expressed in ft/yr per equivalent surface area, 
represent the portion of water that would be lost to evaporation during the spreading operation.  
Expressed in acre-feet per year (AFY) per acre, the evaporative losses would be 5.23 AFY per 
acre and the percolation rates would be between 639 and 766 AFY per acre.  Thus, evaporative 
losses would be between 0.68 and 0.82 percent of the water that is spread for percolation. 

Because the project-specific recharge is based on actual production of water for the CPVS, with 
100 acre-feet (AF) spread in the basin for each 92 AF of production (i.e., pumping) by the 
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project from the sub-basin, the actual amounts of evaporative losses during spreading will vary 
with production rates at the CPVS.  With an average production of 550 AFY by the CPVS, 
project-specific recharge would be 597.8 AFY.  Accounting for evaporative losses, project-
specific percolation would be between 592.9 and 593.7 AFY.  In years of maximum power 
production and maximum water demand of 1,100 AFY, project-specific recharge would be 
1,195.7 AFY.  Accounting for evaporative losses, percolation of this water would be between 
1,185.9 and 1,187.5 AFY. 
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APPENDIX C 
MODEL SIMULATIONS OF CEC STAFF ALTERNATIVE WATER SUPPLY PLANS 

INTRODUCTION 

Two new water supply alternatives were proposed by California Energy Commission (CEC) staff 
in the Preliminary Staff Assessment for the CPV Sentinel Energy Project (CPVS). 

• Alternative 1 simulates pumping from the onsite project wells and water 
contribution from the Horton Wastewater Treatment Plant (HWTP). 

• Alternative 2 simulates pumping from Mission Springs Water District (MSWD) 
Wells 28 and 30 and water contribution from the HWTP. 

In response to the CEC alternatives, CPV Sentinel, LLC (CPV Sentinel) conducted additional 
simulations using the existing groundwater flow model to evaluate the impacts on groundwater 
levels in the Mission Creek Sub-basin (MCSB).  Simulations for three cases were conducted: 
Base Case, CEC staff Alternative 1 and CEC staff Alternative 2.  The Base Case simulated 
pumping from the onsite wells and recharging at the Desert Water Agency (DWA) basins only 
(i.e., no contribution from HWTP) at rates that CPV Sentinel believes are more realistic of actual 
power plant operation. 

For the two CEC alternatives, nine scenarios were simulated that evaluated the net effects on 
MCSB groundwater levels of variable water consumption, anisotropy ratio, transmissivity, and 
recharge at the DWA recharge basin.  The CEC alternatives were compared to the Base Case.  
Water consumption for 30 years and groundwater flow for 35 years was simulated for each of the 
three cases. 

A summary of the three model cases is presented below. 

BASE CASE 

Setup 

Model parameters for the four Base Case scenarios are presented in Table BC-1.  Each scenario 
involved a constant water consumption of 550 acre-feet per year (AFY) for 30 years from onsite 
wells only, with an equal contribution from each of three simulated wells, 593 AFY of DWA 
recharge, and a 1-year lag between when water is applied at the surface recharge basins and 
when it infiltrates and reaches the water table. Anisotropy and transmissivity were varied among 
the four scenarios. Scenario BC_B.2, with an anisotropy ratio of 1 and half Tyley’s 
transmissivity, was considered the most conservative (i.e., most drawdown), and scenario 
BC_A.1, with an anisotropy ratio of 2 and Tyley’s transmissivity, was considered the most 
realistic (but still conservative) case with respect to actual aquifer parameters and responses to 
pumping/recharge. 
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Results 

Results for the four Base Case scenario simulations are presented in Table BC-2 and on the 
figures with “BC” prefixes, and are summarized in this section. 

Project Pumping Wells 

• Project pumping induced drawdown for 30 years 

• The largest drawdown was in scenarios using half Tyley’s transmissivity (i.e., 
Scenarios BC_A.2 and BC_B.2) 

• The highest of the maximum drawdown values was 15.2 feet (Scenario BC_B.2) 
at CPVS pumping wells, and as expected was from the most conservative 
scenario 

• The lowest of the maximum drawdown values was 5.5 feet (Scenario BC_A.1) at 
CPVS pumping wells, and as expected was from the least conservative and most 
realistic scenario 

• Water levels recovered after pumping ended at year 30 

• At 35 years, the range of drawdown values was -0.2 foot (rise; Scenario BC_A.1) 
to 1.9 feet (Scenario BC_B.2) 

Mesquite Hummocks Area 

• Project pumping induced drawdown for 30 years, but was partially offset by 
recharge 

• The largest drawdown was in scenarios with anisotropy ratio of 1 (i.e., Scenarios 
BC_B.1 and BC_B.2) 

• The highest of the maximum drawdown values was 1.5 feet (Hummocks 
Observation 1; Scenario BC_B.2), and as expected was from the most 
conservative scenario 

• The lowest of the maximum drawdown values was 0.3 foot (Hummocks 
Observation 2, 3, and 4; Scenario BC_A.1), and as expected was from the least 
conservative and most realistic scenario 

• Water levels partially recovered after pumping ended at year 30 

• At 35 years, the range of drawdown values was 0 foot (Scenario BC_A.1) to 
1.2 feet (Scenario BC_B.2).  Both values were at Hummock Observation 1, which 
is closest to the CPVS pumping wells 
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CEC STAFF ALTERNATIVE 1 

Setup 

Model parameters for the nine Alternative 1 scenarios are presented in Table 1-1. Each scenario 
involved water consumption of either 550 or 1,100 AFY from the onsite wells and the HWTP, 
with HWTP water being conveyed to the project site instead of being recharged to the aquifer.  
This resulted in the same net effect as pumping from HWTP (negative recharge was used in the 
model). Project pumping was scheduled for the first 13 years (i.e., pumping rates decrease 
linearly from approximately half of water consumption at the beginning to zero at year 14, as 
summarized in Table 1-3). Recharge, anisotropy, and transmissivity were varied among the eight 
scenarios. DWA recharge either was zero, constant, or every 5 years. 

Results 

Results for the nine Alternative 1 scenario simulations are presented in Table 1-2 and on the 
figures with “1” prefixes, and are summarized in this section. 

Project Pumping Wells 

• The largest drawdown was in scenarios with no recharge (i.e., Scenarios 1A and 
1A.b) and in Scenarios 1B.1 (water consumption of 1,100 AFY) and 1C (water 
consumption of 1,110 AFY with 5,500 AF recharge at DWA every 5 years) 

• The maximum drawdowns were observed in year 2 and year 3 

• The highest of the maximum drawdown values was 10.1 feet (Scenarios 1A, 1B.1, 
and 1C; water consumption of 1,100 AFY) 

• The lowest of the maximum drawdown values was 2.2 feet (Scenario 1B.2b; 
water consumption of 550 AFY with recharge of 593 AFY at DWA) 

• A doubling of water consumption (i.e., 550 AFY versus 1,100 AFY) resulted in 
each simulation following similar spatial and temporal patterns, but drawdown 
was generally doubled 

• In scenarios with recharge every 5 years (i.e., Scenarios 1C and 1C.b), large 
drawdown was observed, but recovery was better than without any recharge (i.e., 
Scenarios 1A and 1A.b) 

• Water levels recovered after diversion of HWTP to the project ended at year 30 

• At 35 years, the range of drawdown values was -1.0 foot (rise; Scenario 1B.2) to 
8.8 feet (Scenario 1A) 

Mesquite Hummocks Area 

• The largest drawdown was in the scenarios with no recharge (i.e., Scenario 1A 
with 1,100 AFY water consumption, Scenarios 1A.b and 1A.c with water 
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consumptions of 550 AFY for each) and in Scenarios 1B.1 (water consumption of 
1,100 AFY) and 1C (water consumption of 1,110 AFY with 5,500 AF recharge at 
DWA every 5 years) 

• Maximum drawdown was generally observed in year 30 or later in large part to 
cumulative loss of recharge from HWTP as it is routed to the project for 
consumption. 

• The highest of the maximum drawdown values was 10.8 feet (Hummocks 
Observation 1; Scenario 1A), which is more than 7 times greater than the Base 
Case 

• The lowest of the maximum drawdown values was 1.2 feet (Mesquite Hummocks 
Observation 1; Scenario 1B.2b) 

• A doubling of water consumption (i.e., 550 versus 1,100 AFY) resulted in each 
simulation following similar spatial and temporal patterns, but drawdown was 
generally doubled 

• Water levels recovered slightly in Scenarios 1B.2 and 1B.2b, and there was 
generally no to very slight recovery in the other seven scenarios 

• At 35 years, the range of drawdown values was 0.3 foot (Scenario 1B.2b) to 
10.8 feet (Scenario 1A) 

• Hummocks Observation 1 had the most extreme simulated water levels (i.e., 
largest drawdown, most rapid recovery, etc.), likely due to proximity to project 
pumping wells and HWTP 

CEC STAFF ALTERNATIVE 2 

Setup 

Model parameters for the nine Alternative 2 scenarios are presented in Table 2-1. Each scenario 
involved water consumption of either 550 or 1,100 AFY from MSWD Wells 28 and 30 and the 
HWTP, with HWTP water being conveyed to the project site instead of being recharged to the 
aquifer.  This resulted in the same net effect as pumping from HWTP (negative recharge was 
used in the model). Project pumping from MSWD Wells 28 and 30 was scheduled for the first 13 
years (i.e., pumping rates decrease linearly from approximately half of water consumption at the 
beginning to zero at year 14, as summarized in Table 2-3). Recharge, anisotropy, and 
transmissivity were varied among the eight scenarios. Finite-difference discretization (grid cell) 
was revised such that model cells were refined in the area of MSWD Wells 28 and 30 (necessary 
due to pumping from MSWD Wells 28 and 30). Recharge, anisotropy, and transmissivity were 
varied among the nine scenarios. DWA recharge either was zero, constant, or every 5 years. 

Results 

Results for the nine Alternative 2 scenario simulations are presented in Table 2-2 and on the 
figures with “2” prefixes, and are summarized in this section. 
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MSWD Wells 28 and 30 

• The largest drawdowns were in the scenarios with no recharge (i.e., Scenarios 2A, 
2A.b, and 2A.c) and in Scenarios 2B.1 (water consumption of 1,100 AFY) and 2C 
(water consumption of 1,110 AFY with 5,500 AF recharge at DWA every 
5 years) 

• Maximum drawdown was observed in year 35 (Scenarios 2A and 2A.b), year 34 
(Scenario 2A.c), or year 2 or year 3 (all other scenarios) 

• The highest of the maximum drawdown values was 8.8 feet (Scenario 2A) 

• The lowest of the maximum drawdown values was 1.3 feet (Scenario 2B.2b) 

• A change in water consumption (i.e., 550 AFY versus 1,100 AFY) resulted in 
each simulation following similar spatial and temporal patterns, but drawdown 
was approximately doubled with a doubling of water consumption 

• In the scenarios with recharge every 5 years (i.e., Scenarios 2C and 2C.b), large 
drawdown was observed, but recovery was much better than without any recharge 
(i.e., Scenarios 2A and 2A.b) 

• At 35 years, the range of drawdown values was -3.9 feet (rise; Scenario 2C) to 
8.8 feet (Scenario 2A) 

Mesquite Hummocks Area 

• The largest drawdown was in the scenarios with no recharge (i.e., Scenarios 2A) 
with 1,100 AFY water consumption, 2A.b and 2A.c (with water consumptions of 
550 AFY for each) and in Scenarios 1B.1 (water consumption of 1,100 AFY) and 
1C (water consumption of 1,110 AFY with 5,500 AF recharge at DWA every 5 
years) 

• The maximum drawdown was generally observed in year 30 or later in large part 
to cumulative loss of recharge from HWTP as it is routed to the project for 
consumption. 

• The highest of the maximum drawdown values was 10.8 feet (Hummocks 
Observation 1; Scenario 2A), which is more than 7 times greater than in the Base 
Case 

• The lowest of the maximum drawdown values was 1.3 feet (Hummocks 
Observation 1; Scenario 2B.2b) 

• A doubling of water consumption (i.e., 550 versus 1,100 AFY) resulted in each 
simulation following similar spatial and temporal patterns, but drawdown was 
generally doubled 
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• Water levels recovered slightly in Scenarios 2B.2 and 2B.2b, and there was 
generally no to very slight recovery in the other seven scenarios 

• At 35 years, the range of drawdown values was 0.3 foot (Scenario 2B.2b) to 
10.8 feet (Scenario 2A) 

• Hummocks Observation 1 had the most extreme simulated water levels (i.e., 
largest drawdown, most rapid recovery, etc.), likely due to proximity to MSWD 
Wells 28 and 30 and HWTP 

SUMMARY AND CONCLUSIONS 

The results of the analysis of the Base Case and Alternatives 1 and 2 presented above can be 
summarized as follows. 

• Base Case 

− Drawdowns were less across the sub-basin compared to Alternatives 1 
and 2 

− Although drawdown at the pumping wells was higher than in 
Alternatives 1 or 2, shutting pumps off in year 30 resulted in recovery to 
pre-pumping water levels by year 35 

− Drawdown in the mesquite hummocks area was less than in Alternatives 1 
or 2 (i.e., 1.5 feet or less), and partially recovered after the pumps were 
shut off in year 30 

• Alternatives 1 and 2 

− Drawdowns were greater across the sub-basin compared to the Base Case 

− Water levels in the pumping wells (onsite wells in Alternative 1, and 
MSWD Wells 28 and 30 in Alternative 2) recovered to pre-pumping levels 
by year 35 by shutting off the pumps in year 14 and stopping water supply 
from HWTP in year 30 (i.e., stopping negative recharge) 

− Drawdown in the mesquite hummocks area was up to 10.8 feet and had 
very limited recovery, if any, following pump shut-off in year 14 and 
stopping water supply from HWTP in year 30 (i.e., stopping negative 
recharge) 

The additional model simulations show that CEC staff Alternatives 1 and 2 result in higher 
drawdown across the sub-basin compared to the Base Case. In these two CEC alternatives, 
HWTP is used for project water supply in addition to onsite project wells (Alternative 1) or 
MSWD Well 28 and Well 30 (Alternative 2).  The impact is especially pronounced in the 
mesquite hummocks area.  This is mainly due to the fact that the HWTP is located far from the 
DWA recharge basin (thereby decreasing the effectiveness of recharge) and is much closer to the 
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mesquite hummocks area than the onsite project wells (thereby resulting in more drawdown in 
the mesquite hummocks area). 

Therefore, to have less net impact on groundwater levels in the sub-basin, and in the mesquite 
hummocks area in particular, it is important that the project uses water from onsite project wells 
instead of from the HWTP.  Overall, the CPV Sentinel Water Supply Plan is superior to the CEC 
staff Alternatives and has far less impact on water levels (drawdowns) in the MCSB.  For the 
most part, there were few modeled cases where the CEC staff Alternatives had less impact from 
purely a drawdown perspective on wells within the sub-basin.  In all modeled cases, the CEC 
staff Alternatives induced significantly greater water level declines in the Mesquite Hummocks 
area than those of the Base Case simulations (CPV Sentinel Water Supply Plan).  Loss of 
recharge water from the HWTP (by routing it to the CPVS site) with or without recharge at the 
DWA recharge basins has a greater impact on water levels in the eastern part of the sub-basin 
than that proposed by CPV Sentinel. 



TABLE BC-1
ADDITIONAL ALTERNATIVES ANALYSIS MODEL SIMULATIONS - BASE CASE

CPV Sentinel Energy Project
Riverside County, California

Note: Alternative 3 water source = on-site wells

BC_A.1 BC_A.2 BC_B.1 BC_B.2

Water source On-site wells On-site wells On-site wells On-site wells

Water consumption 550 AFY 550 AFY 550 AFY 550 AFY

On-site wells
Pumping rate 550 AFY 550 AFY 550 AFY 550 AFY
Pumping schedule constant constant constant constant
Pumping duration 30 years 30 years 30 years 30 years

Horton contribution 
Rate (neg. recharge) -- -- -- --
Schedule -- -- -- --
Duration -- -- -- --

Recharge (y/n) yes yes yes yes
Location DWA DWA DWA DWA
Rate 593 AFY 593 AFY 593 AFY 593 AFY
Timing 1 year lag 1 year lag 1 year lag 1 year lag

Anisotropy ratio 2 (anisotropic) 2 (anisotropic) 1 (isotropic) 1(isotropic)
Transmissivity Tyley 1/2 Tyley Tyley 1/2 Tyley
Model sim time 35 years 35 years 35 years 35 years

Notes

Compare Results to 
Fig 3 (30 yrs) and Fig 
4 (35 yrs) in July 9, 

2008, CEC submittal

Compare Results to 
Fig 22 (30 yrs) and Fig 
23 (35 yrs) in July 9, 
2008, CEC submittal

Compare Results to 
Fig 1 (30 yrs) and Fig 
2 (35 yrs) in July 9, 
2008 CEC submittal

Compare Results to 
Fig 20 (30 yrs) and Fig 
21 (35 yrs) in July 9, 
2008 CEC submittal

Model Simulation
Model Parameter



BC_A.1 BC_A.2 BC_B.1 BC_B.2
Project Pumping Wells 2

maximum drawdown (ft) 5.5 10.8 7.7 15.2
time to maximum drawdown (year) 8 16 14 27
drawdown at 35 years (ft) -0.2 0.5 0.2 1.9

Horton WWTP
maximum drawdown (ft) 0.3 0.6 0.6 1.1
time to maximum drawdown (year) 14 27 20 31
drawdown at 35 years (ft) 0 0.4 0.3 0.9

DWA Recharge Basin
maximum water level rise (ft) 8.3 16.0 12.1 23.3
time to maximum water level rise (year) 31 31 31 31
water level rise at 35 years (ft) 1.2 3.3 2.4 6.4

Wells 27 and 31 3

maximum drawdown (ft) 0.6 1.1 1.2 2.2
time to maximum drawdown (year) 8 15 15 30
drawdown at 35 years (ft) -0.2 0.2 0.2 1.1

Wells 28 and 30 4

maximum drawdown (ft) 0.1 0.1 0.1 0
time to maximum drawdown (year) 1 1 1 1
drawdown at 35 years (ft) -0.5 -0.7 -0.9 -1.8

Well 22
maximum drawdown (ft) 0.3 0.4 0.3 0.4
time to maximum drawdown (year) 7 12 7 13
drawdown at 35 years (ft) -0.2 0 -0.3 -0.1

Well 24
maximum drawdown (ft) 0.3 0.5 0.3 0.5
time to maximum drawdown (year) 8 14 9 17
drawdown at 35 years (ft) -0.2 0 -0.2 0.1

Well 29
maximum drawdown (ft) 0.3 0.5 0.4 0.7
time to maximum drawdown (year) 9 16 12 22
drawdown at 35 years (ft) -0.2 0.1 -0.1 0.3

Well 32
maximum drawdown (ft) 0.5 0.9 1.0 1.8
time to maximum drawdown (year) 9 17 15 30
drawdown at 35 years (ft) -0.2 0.2 0.2 1.0

Location Scenario 1

TABLE BC-2
SUMMARY OF SIMULATION RESULTS - BASE CASE

CPV Sentinel Energy Project
Riverside County, California



BC_A.1 BC_A.2 BC_B.1 BC_B.2
Location Scenario 1

TABLE BC-2
SUMMARY OF SIMULATION RESULTS - BASE CASE

CPV Sentinel Energy Project
Riverside County, California

CVWD Wells
maximum drawdown (ft) 0.5 0.8 0.9 1.7
time to maximum drawdown (year) 11 20 18 30
drawdown at 35 years (ft) -0.1 0.3 0.2 1.1

Hummock Observation 1
maximum drawdown (ft) 0.4 0.7 0.8 1.5
time to maximum drawdown (year) 13 24 22 30
drawdown at 35 years (ft) 0 0.4 0.4 1.2

Hummock Observation 2
maximum drawdown (ft) 0.3 0.5 0.7 1.0
time to maximum drawdown (year) 22 31 30 34
drawdown at 35 years (ft) 0.2 0.5 0.5 1.0

Hummock Observation 3
maximum drawdown (ft) 0.3 0.3 0.5 0.5
time to maximum drawdown (year) 30 35 34 35
drawdown at 35 years (ft) 0.2 0.3 0.5 0.5

Hummock Observation 4
maximum drawdown (ft) 0.3 0.4 0.6 0.7
time to maximum drawdown (year) 28 34 32 35
drawdown at 35 years (ft) 0.2 0.4 0.5 0.7

Hummock Average
maximum drawdown (ft) 0.3 0.4 0.6 0.9
time to maximum drawdown (year) 23 31 30 32
drawdown at 35 years (ft) 0.2 0.4 0.5 0.9

Notes:
1. Alternative 3 water source = on-site wells
    Scenario BC_A.1: Pump = 550 afy, recharge = 593 afy (DWA only), Tyley's T, anisotropy ratio = 2.0
    Scenario BC_A.2: Pump = 550 afy, recharge = 593 afy (DWA only), half Tyley's T, anisotropy ratio = 2.0
    Scenario BC_B.1: Pump = 550 afy, recharge = 593 afy (DWA only), Tyley's T, anisotropy ratio = 1.0
    Scenario BC_B.2: Pump = 550 afy, recharge = 593 afy (DWA only), half Tyley's T, anisotropy ratio = 1.0
2. Data presented are maximum values of data for three project wells.
3. Model data for well 27 presented; wells 27 and 31 are adjacent to each other.
4. Model data for well 30 presented; wells 28 and 30 are adjacent to each other.



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure BC_A.1-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation BC_A.1 
(Water consumption = 550 afy, DWA recharge=593 afy, Tyley’s T, anisotropy ratio = 2.0)
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Figure BC_A.1-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation BC_A.1 
(Water consumption = 550 afy, DWA recharge=593 afy, Tyley’s T, anisotropy ratio = 2.0)



Figure BC_A.1-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario BC_A.1

(Water consumption = 550 afy from on-site wells, 593 afy recharge)
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Figure BC_A.1-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario BC_A.1

(Water consumption = 550 afy from on-site wells, 593 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure BC_A.2-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation BC_A.2 
(Water consumption = 550 afy, DWA recharge=593 afy, half Tyley’s T, anisotropy ratio = 2.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure BC_A.2-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation BC_A.2 
(Water consumption = 550 afy, DWA recharge=593 afy, half Tyley’s T, anisotropy ratio = 2.0)



Figure BC_A.2-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario BC_A.2

(Water consumption = 550 afy from on-site wells, 593 afy recharge)
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Figure BC_A.2-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 
and Mesquite Hummocks Area - Scenario BC_A.2

(Water consumption = 550 afy from on-site wells, 593 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure BC_B.1-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation BC_B.1 
(Water consumption = 550 afy, DWA recharge=593 afy, Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise

N

Approximate Scale in Miles

0 1 2

Well 30

CVWD 
Wells

Well 34

x

y

Drawdown (ft)

Willow Hole 
Conservation 

Area Boundary

Well 28

Well 22

Well 24

Well 29

Well 32

Well 27

Well 31
MH-1

MH-2

MH-4

MH-3

Horton 
Basin

CPV 
Site

DWA 
Recharge 

Basin

Figure BC_B.1-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation BC_B.1 
(Water consumption = 550 afy, DWA recharge=593 afy, Tyley’s T, anisotropy ratio = 1.0)



Figure BC_B.1-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario BC_B.1

(Water consumption = 550 afy from on-site wells, 593 afy recharge)
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Figure BC_B.1-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 
and Mesquite Hummocks Area - Scenario BC_B.1

(Water consumption = 550 afy from on-site wells, 593 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise

N

Approximate Scale in Miles

0 1 2

Well 30

CVWD 
Wells

Well 34

x

y

Drawdown (ft)

Willow Hole 
Conservation 

Area Boundary

Well 28

Well 22

Well 24

Well 29

Well 32

Well 27

Well 31
MH-1

MH-2

MH-4

MH-3

Horton 
Basin

CPV 
Site

DWA 
Recharge 

Basin

Figure BC_B.2-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation BC_B.2 
(Water consumption = 550 afy, DWA recharge=593 afy, half Tyley’s T, anisotropy ratio = 1.0)
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Figure BC_B.2-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation BC_B.2 
(Water consumption = 550 afy, DWA recharge=593 afy, half Tyley’s T, anisotropy ratio = 1.0)



Figure BC_B.2-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario BC_B.2

(Water consumption = 550 afy from on-site wells, 593 afy recharge)
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Figure BC_B.2-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 
and Mesquite Hummocks Area - Scenario BC_B.2

(Water consumption = 550 afy from on-site wells, 593 afy recharge)
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TABLE 1-1
ADDITIONAL ALTERNATIVES ANALYSIS MODEL SIMULATIONS - ALTERNATIVE 1

CPV Sentinel Energy Project
Riverside County, California

Note: Alternative 1 water source = on-site wells and Horton WWTP

1A 1A.b 1A.c 1B.1 1B.1b 1B.2 1B.2b 1C 1C.b

Water source On-site wells and 
Horton WWTP

On-site wells and 
Horton WWTP

On-site wells and 
Horton WWTP

On-site wells and 
Horton WWTP

On-site wells and 
Horton WWTP

On-site wells and 
Horton WWTP

On-site wells and 
Horton WWTP

On-site wells and 
Horton WWTP

On-site wells and 
Horton WWTP

Water consumption 1,100 AFY 550 AFY 550 AFY 1,100 AFY 550 AFY 1,100 AFY 550 AFY 1,100 AFY 550 AFY

On-site wells
Pumping rate see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3
Pumping schedule see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3
Pumping duration 13 years 13 years 13 years 13 years 13 years 13 years 13 years 13 years 13 years

Horton contribution 
Rate see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3
Schedule see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3 see Table 1-3
Duration 30 years 30 years see Table 1-3 30 years 30 years 30 years 30 years 30 years 30 years

Recharge (yes/no) no no no yes yes yes yes yes yes
Location -- -- -- DWA DWA DWA DWA DWA DWA
Rate -- -- -- 1,100 AFY 593 AFY 1,100 AFY 593 AFY 5,500 AFY 2,965 AF
Timing -- -- -- 1 year lag 1 year lag 1 year lag 1 year lag every 5 years every 5 years

Anisotropy ratio 1 (isotropic) 1 (isotropic) 2 (anisotropic) 1 (isotropic) 1 (isotropic) 2 (anisotropic) 2 (anisotropic) 1 (isotropic) 1 (isotropic)
Transmissivity 1/2 Tyley 1/2 Tyley Tyley 1/2 Tyley 1/2 Tyley Tyley Tyley 1/2 Tyley 1/2 Tyley
Model sim time 35 years 35 years 35 years 35 years 35 years 35 years 35 years 35 years 35 years

Notes

Compare results to 
Fig. 20 (30 yrs) and 

Fig. 21 (35 yrs) in July 
9, 2008, CEC 

submittal

Compare results to 1A 
runs and Fig. 20 (30 
yrs) and Fig. 21 (35 
yrs) in July 9, 2008, 

CEC submittal.

Compare results to 
scenario 1A.b.

Compare results to 
Fig. 20 (30 yrs) and 

Fig. 21 (35 yrs) in July 
9, 2008, CEC 

submittal.

Compare results to 
1B.1 runs and Fig. 20 
(30 yrs) and Fig. 21 
(35 yrs) in July 9, 

2008, CEC submittal.

Compare results to 
scenario 1B.2b.

Compare results to 
scenario 3A.1.

Compare results to 
Fig. 27 (31 yrs) and 

Fig. 28 (35 yrs) in July 
9, 2008, CEC 

submittal.

Compare results to 
1C runs and Fig. 27 
(31 yrs) and Fig. 28 
(35 yrs) in July 9, 

2008, CEC submittal.

Model Simulation
Model Parameter



TABLE 1-2
SUMMARY OF SIMULATION RESULTS - ALTERNATIVE 1

CPV Sentinel Energy Project
Riverside County, California

1A 1A.b 1A.c 1B.1 1B.1b 1B.2 1B.2b 1C 1C.b
Project Pumping Wells 2

maximum drawdown (ft) 10.1 5.0 4.2 10.1 5.0 4.3 2.2 10.1 5.0
time to maximum drawdown (year) 3 3 35 3 3 2 2 3 3
drawdown at 35 years (ft) 8.8 4.4 4.2 -0.2 -0.4 -1.0 -0.9 0.2 -0.2

Horton WWTP
maximum drawdown (ft) 41.8 20.7 10.4 36.8 18.1 14.3 6.9 37.4 18.4
time to maximum drawdown (year) 30 30 30 30 30 30 30 30 30
drawdown at 35 years (ft) 13.8 6.9 4.8 7.6 3.5 1.9 0.6 8.1 3.8

DWA Recharge Basin
maximum water level rise (ft) 0 0 0 44.8 24.6 16.9 9.4 107 58.9
time to maximum water level rise (year) - - - 31 31 31 31 31 (5-yr cycle) 31 (5-yr cycle)
water level rise at 35 years (ft) -6.5 -3.3 -3.9 13.7 7.6 3.1 2.0 17.5 9.7

Wells 27 and 31 3

maximum drawdown (ft) 10.2 5.1 4.5 2.9 1.2 0.8 0.4 3.5 1.5
time to maximum drawdown (year) 35 35 32 30 26 7 6 30 26
drawdown at 35 years (ft) 10.2 5.1 4.5 2.2 0.8 0 -0.4 2.6 1.0

Wells 28 and 30 4

maximum drawdown (ft) 8.5 4.3 4.3 0 0 0.1 0.1 0.6 0.3
time to maximum drawdown (year) 35 35 35 1 - 1 1 5 5
drawdown at 35 years (ft) 8.5 4.3 4.3 -4.6 -2.8 -1.1 -0.9 -5.2 -3.1

Well 22
maximum drawdown (ft) 10.2 5.1 4.6 1.2 0.5 0.7 0.3 2.0 0.9
time to maximum drawdown (year) 33 33 31 17 12 9 6 15 15
drawdown at 35 years (ft) 10.1 5.1 4.5 0.2 -0.3 -0.1 -0.4 0.4 -0.2

Well 24
maximum drawdown (ft) 10.8 5.4 4.7 2.4 1.0 1.1 0.4 3.1 1.4
time to maximum drawdown (year) 32 32 31 24 18 15 9 21 20
drawdown at 35 years (ft) 10.5 5.2 4.5 1.1 0.2 0 -0.3 1.3 0.3

Well 29
maximum drawdown (ft) 11.9 5.9 4.9 4.2 1.9 1.8 0.7 4.9 2.2
time to maximum drawdown (year) 31 31 30 30 23 19 14 30 21
drawdown at 35 years (ft) 11.0 5.5 4.6 2.1 0.1 0.3 -0.2 2.5 0.9

Well 32
maximum drawdown (ft) 10.5 5.2 4.7 3.5 1.5 1.1 0.5 4.1 1.8
time to maximum drawdown (year) 33 33 31 30 29 15 8 30 30
drawdown at 35 years (ft) 10.4 5.2 4.5 2.6 1.0 0.2 -0.2 3.0 1.2

Location Scenario 1



TABLE 1-2
SUMMARY OF SIMULATION RESULTS - ALTERNATIVE 1

CPV Sentinel Energy Project
Riverside County, California

1A 1A.b 1A.c 1B.1 1B.1b 1B.2 1B.2b 1C 1C.b
Location Scenario 1

CVWD Wells
maximum drawdown (ft) 10.9 5.5 4.8 4.8 2.2 1.9 0.8 5.3 2.5
time to maximum drawdown (year) 32 32 31 30 30 30 15 30 30
drawdown at 35 years (ft) 10.8 5.4 4.6 3.5 1.5 0.6 0 4.0 1.7

Hummock Observation 1
maximum drawdown (ft) 10.8 5.4 5.0 5.7 2.7 3.0 1.2 6.2 2.9
time to maximum drawdown (year) 33 33 31 31 30 30 22 31 30
drawdown at 35 years (ft) 10.8 5.4 4.7 4.9 2.2 1.3 0.3 5.4 2.5

Hummock Observation 2
maximum drawdown (ft) 8.7 4.3 4.7 5.6 2.7 4.3 1.9 6.0 2.9
time to maximum drawdown (year) 35 35 32 34 33 30 30 34 33
drawdown at 35 years (ft) 8.7 4.3 4.5 5.6 2.7 3.0 1.3 5.9 2.9

Hummock Observation 3
maximum drawdown (ft) 4.7 2.3 3.7 3.6 1.8 3.8 1.8 3.8 1.9
time to maximum drawdown (year) 35 35 35 35 35 32 32 35 35
drawdown at 35 years (ft) 4.7 2.3 3.7 3.6 1.8 3.6 1.7 3.8 1.9

Hummock Observation 4
maximum drawdown (ft) 6.9 3.5 4.2 5.0 2.4 4.1 1.9 5.2 2.6
time to maximum drawdown (year) 35 35 34 35 35 31 30 35 35
drawdown at 35 years (ft) 6.9 3.5 4.2 5.0 2.4 3.5 1.6 5.2 2.6

Hummock Average
maximum drawdown (ft) 7.8 3.9 4.3 4.8 2.3 3.8 1.7 5.1 2.5
time to maximum drawdown (year) 35 35 32 33 33 30 30 33 33
drawdown at 35 years (ft) 7.8 3.9 4.3 4.8 2.3 2.9 1.2 5.1 2.4

Notes:
1. Alternative 1 water source = on-site wells and Horton WWTP
    Scenario 1A: Pump = 1,100 afy, no recharge, half Tyley's T, anisotropy ratio = 1.0
    Scenario 1A.b: Pump = 550 afy, no recharge, half Tyley's T, anisotropy ratio = 1.0
    Scenario 1A.c: Pump = 550 afy, no recharge, Tyley's T, anisotropy ratio = 2.0
    Scenario 1B.1: Pump = 1,100 afy, recharge = 1,100 afy (DWA only), half Tyley's T, anisotropy ratio = 1.0
    Scenario 1B.1b: Pump = 550 afy, recharge = 593 afy (DWA only), half Tyley's T, anisotropy ratio = 1.0
    Scenario 1B.2: Pump = 1,100 afy, recharge = 1,100 afy (DWA only), Tyley's T, anisotropy ratio = 2.0
    Scenario 1B.2b: Pump = 550 afy, recharge = 593 afy (DWA only), Tyley's T, anisotropy ratio = 2.0
    Scenario 1C: Pump = 1,100 afy, recharge = 5,500 af (every 5 years, DWA only), half Tyley's T, anisotropy ratio = 1.0
    Scenario 1C.b: Pump = 550 afy, recharge = 2,965 af (every 5 years, DWA only), half Tyley's T, anisotropy ratio = 1.0
2. Data presented are maximum values of data for three project wells.
3. Model data for well 27 presented; wells 27 and 31 are adjacent to each other. 4. Model data for well 30 presented; wells 28 and 30 are adjacent to each other.



TABLE 1-3
WATER CONSUMPTION DISTRIBUTION FOR CEC WATER SUPPLY ALTERNATIVES 1 AND 2

CPV Sentinel Energy Project
Riverside County, California

Alt 1 Alt 2 Alt 1 Alt 2
Horton 
WWTP

On-site 
wells

MSWD wells 
28 & 30

Horton 
WWTP

On-site 
wells

MSWD wells 
28 & 30

2008 900 900
2009 981.67

1 2010 1063.33 284 568
2 2011 1145.00 306 612
3 2012 1226.67 328 655
4 2013 1308.33 349 699
5 2014 1390 1390.00 371 743
6 2015 1470.83 393 786
7 2016 1551.67 414 829
8 2017 1632.50 436 872
9 2018 1713.33 458 915

10 2019 1794.17 479 959
11 2020 1875 1875.00 501 1002
12 2021 1955.83 522 1045
13 2022 2036.67 544 1088
14 2023 2059 550 1100
15 2024 2059 550 1100
16 2025 2059 550 1100
17 2026 2360 2059 550 1100
18 2027 2059 550 1100
19 2028 2059 550 1100
20 2029 2059 550 1100
21 2030 2059 550 1100
22 2031 2059 550 1100
23 2032 2059 550 1100
24 2033 2059 550 1100
25 2034 2059 550 1100
26 2035 2059 550 1100
27 2036 2059 550 1100
28 2037 2059 550 1100
29 2038 2059 550 1100
30 2039 2059 550 1100

Notes:
1. Base table supplied by Kris Helm in 8/6/08 8:59 a.m. e-mail.
2. Only focus on 550 AFY and 1,100 AFY demand columns. The CEC column was developed from AFC Table 13.

    groundwater from the well field will be eventually replaced (year 14) by full supply of treated water from Horton WWTP.

    groundwater from MSWD wells 28 & 30 will be eventually replaced (year 14) by full supply of treated water from Horton WWTP.

Abbreviations:
AFY = acre-feet per year
CEC = California Energy Commission
MSWD = Mission Springs Water District
WWTP = Wastewater Treatment Plant

550 AFY Demand 1,100 AFY Demand
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Note: (“+”) indicates drawdown and (“-”) water level rise

N

Approximate Scale in Miles

0 1 2

Well 30

CVWD 
Wells

Well 34

x

y

Drawdown (ft)

Willow Hole 
Conservation 

Area Boundary

Well 28

Well 22

Well 24

Well 29

Well 32

Well 27

Well 31
MH-1

MH-2

MH-4

MH-3

Horton 
Basin

CPV 
Site

DWA 
Recharge 

Basin

Figure 1A-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1A 
(Water consumption = 1,100 afy, no DWA recharge, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise

N

Approximate Scale in Miles

0 1 2

Well 30

CVWD 
Wells

Well 34

x

y

Drawdown (ft)

Willow Hole 
Conservation 

Area Boundary

Well 28

Well 22

Well 24

Well 29

Well 32

Well 27

Well 31
MH-1

MH-2

MH-4

MH-3

Horton 
Basin

CPV 
Site

DWA 
Recharge 

Basin

Figure 1A-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1A 
(Water consumption = 1,100 afy, no DWA recharge, half Tyley’s T, anisotropy ratio = 1.0)



Figure 1A-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, Horton 
WWTP, and DWA Recharge Basin - Scenario 1A 

(Water consumption = 1,100 afy from on-site wells and Horton WWTP, no recharge)
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Figure 1A-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1A 

(Water consumption = 1,100 afy from on-site wells and Horton WWTP, no recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1A.b-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1A.b 
(Water consumption = 550 afy, no DWA recharge, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1A.b-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1A.b 
(Water consumption = 550 afy, no DWA recharge, half Tyley’s T, anisotropy ratio = 1.0)



Figure 1A.b-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario 1A.b

(Water consumption = 550 afy from on-site wells and Horton WWTP, no recharge)

0

10

2 0

3 0

4 0

50

0 5 10 15 2 0 2 5 3 0 3 5

Time (years)

D
ra

w
do

w
n 

(f
t)

Well # 1

Well # 2

Well # 3

Horton

- 10

- 5

0

5

10

0 5 10 15 2 0 2 5 3 0 3 5

Time (years)

G
W

 E
le

va
tio

n 
ris

e 
(f

t)

DWA Recharge



Figure 1A.b-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1A.b

(Water consumption = 550 afy from on-site wells and Horton WWTP, no recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1A.c-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1A.c 
(Water consumption = 550 afy, no DWA recharge, Tyley’s T, anisotropy ratio = 2.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1A.c-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1A.c 
(Water consumption = 550 afy, no DWA recharge, Tyley’s T, anisotropy ratio = 2.0)



Figure 1A.c-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario 1A.c

(Water consumption = 550 afy from on-site wells and Horton WWTP, no recharge)
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Figure 1A.c-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1A.c

(Water consumption = 550 afy from on-site wells and Horton WWTP, no recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1B.1-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1B.1 
(Water consumption = 1,100 afy, DWA recharge=1,100 afy, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1B.1-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1B.1 
(Water consumption = 1,100 afy, DWA recharge=1,100 afy, half Tyley’s T, anisotropy ratio = 1.0)



Figure 1B.1-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario 1B.1

(Water consumption = 1,100 afy from on-site wells and Horton WWTP, 1,100 afy recharge)
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Figure 1B.1-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1B.1 

(Water consumption = 1,100 afy from on-site wells and Horton WWTP, 1,100 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1B.1b-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1B.1b 
(Water consumption = 550 afy, DWA recharge=593 afy, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1B.1b-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1B.1b 
(Water consumption = 550 afy, DWA recharge=593 afy, half Tyley’s T, anisotropy ratio = 1.0)



Figure 1B.1b-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario 1B.1b

(Water consumption = 550 afy from on-site wells and Horton WWTP, 593 afy recharge)
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Figure 1B.1b-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1B.1b

(Water consumption = 550 afy from on-site wells and Horton WWTP, 593 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1B.2-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1B.2 
(Water consumption = 1,100 afy, DWA recharge=1,100 afy, Tyley’s T, anisotropy ratio = 2.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1B.2-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1B.2 
(Water consumption = 1,100 afy, DWA recharge=1,100 afy, Tyley’s T, anisotropy ratio = 2.0)



Figure 1B.2-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario 1B.2

(Water consumption = 1,100 afy from on-site wells and Horton WWTP, 1,100 afy recharge)
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Figure 1B.2-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1B.2

(Water consumption = 1,100 afy from on-site wells and Horton WWTP, 1,100 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1B.2b-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1B.2b 
(Water consumption = 550 afy, DWA recharge=593 afy, Tyley’s T, anisotropy ratio = 2.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1B.2b-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1B.2b 
(Water consumption = 550 afy, DWA recharge=593 afy, Tyley’s T, anisotropy ratio = 2.0)



Figure 1B.2b-3: Simulated Groundwater Level Change versus Time at Project Pumping Wells, Horton 
WWTP, and DWA Recharge Basin - Scenario 1B.2b

(Water consumption = 550 afy from on-site wells and Horton WWTP, 593 afy recharge)
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Figure 1B.2b-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1B.2b

(Water consumption = 550 afy from on-site wells and Horton WWTP, 593 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1C-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1C 
(Water consumption = 1,100 afy, DWA recharge=5,500 af every 5 years, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1C-2: Contour Map of Simulated Groundwater Level Changes at 31 Years – Simulation 1C 
(Water consumption = 1,100 afy, DWA recharge=5,500 af every 5 years, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1C-3: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1C 
(Water consumption = 1,100 afy, DWA recharge=5,500 af every 5 years, half Tyley’s T, anisotropy ratio = 1.0)



Figure 1C-4: Simulated Groundwater Level Change versus Time at Project Pumping Wells, Horton 
WWTP, and DWA Recharge Basin - Scenario 1C

(Water consumption = 1,100 afy from on-site wells and Horton WWTP, 5,500 af recharge every 5 yrs)
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Figure 1C-5: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1C

(Water consumption = 1,100 afy from on-site wells and Horton WWTP, 5,500 af recharge every 5 yrs)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1C.b-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 1C.b 
(Water consumption=550 afy, DWA recharge=2,965 af every 5 years, half Tyley’s T, anisotropy ratio=1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1C.b-2: Contour Map of Simulated Groundwater Level Changes at 31 Years – Simulation 1C.b 
(Water consumption=550 afy, DWA recharge=2,965 af every 5 years, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 1C.b-3: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 1C.b 
(Water consumption=550 afy, DWA recharge=2,965 af every 5 years, half Tyley’s T, anisotropy ratio = 1.0)



Figure 1C.b-4: Simulated Groundwater Level Change versus Time at Project Pumping Wells, 
Horton WWTP, and DWA Recharge Basin - Scenario 1C.b

(Water consumption = 550 afy from on-site wells and Horton WWTP, 2,965 af recharge every 5 yrs)
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Figure 1C.b-5: Simulated Groundwater Level Change versus Time at MSWD Wells 27 and 30 and 
Mesquite Hummocks Area - Scenario 1C.b

(Water consumption = 550 afy from on-site wells and Horton WWTP, 2,965 af recharge every 5 yrs)
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TABLE 2-1
ADDITIONAL ALTERNATIVES ANALYSIS MODEL SIMULATIONS - ALTERNATIVE 2

CPV Sentinel Energy Project
Riverside County, California

Note: Alternative 2 water source = MSWD wells 28 & 30 and Horton WWTP

2A 2A.b 2A.c 2B.1 2B.1b 2B.2 2B.2b 2C 2C.b

Water source MSWD 28 & 30 and 
Horton WWTP

MSWD 28 & 30 and 
Horton WWTP

MSWD 28 & 30 and 
Horton WWTP

MSWD 28 & 30 and 
Horton WWTP

MSWD 28 & 30 and 
Horton WWTP

MSWD 28 & 30 and 
Horton WWTP

MSWD 28 & 30 and 
Horton WWTP

MSWD 28 & 30 and 
Horton WWTP

MSWD 28 & 30 and 
Horton WWTP

Water consumption 1,100 AFY 550 AFY 550 AFY 1,100 AFY 550 AFY 1,100 AFY 550 AFY 1,100 AFY 550 AFY

On-site wells
Pumping rate see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3
Pumping schedule see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3
Pumping duration 13 years 13 years 13 years 13 years 13 years 13 years 13 years 13 years 13 years

Horton contribution 
Rate (neg. recharge) see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3
Schedule see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3 see Table 2-3
Duration 30 years 30 years 30 years 30 years 30 years 30 years 30 years 30 years 30 years

Recharge (yes/no) no no no yes yes yes yes yes yes
Location -- -- -- DWA DWA DWA DWA DWA DWA
Rate -- -- -- 1,100 AFY 593 AFY 1,100 AFY 593 AFY 5,500 2,965 AF
Timing -- -- -- 1 year lag 1 year lag 1 year lag 1 year lag every 5 years every 5 years

Anisotropy ratio 1 (isotropic) 1 (isotropic) 2 (anisotropic) 1 (isotropic) 1 (isotropic) 2 (anisotropic) 2 (anisotropic) 1 (isotropic) 1 (isotropic)
Transmissivity 1/2 Tyley 1/2 Tyley Tyley 1/2 Tyley 1/2 Tyley Tyley Tyley 1/2 Tyley 1/2 Tyley
Model sim time 35 years 35 years 35 years 35 years 35 years 35 years 35 years 35 years 35 years

Notes

Compare results to 
figures from 1A runs 
and Fig. 20 (30 yrs) 

and Fig. 21 (35 yrs) in 
July 9, 2008, CEC 

submittal.

Compare results to 
runs 2A and 1A.b and 
Fig. 20 (30 yrs) and 

Fig. 21 (35 yrs) in July 
9, 2008, CEC 

submittal.

Compare results to 
scenario 2A.b.

Compare results to 
figures from 1B.1 runs 

and Fig. 20 (30 yrs) 
and Fig. 21 (35 yrs) in 

July 9, 2008, CEC 
submittal.

Compare results to 
runs 2B.1 and 1B.1b 
and Fig. 20 (30 yrs) 

and Fig. 21 (35 yrs) in 
July 9, 2008, CEC 

submittal.

Compare results to 
simulation 1B.2.

Compare results to 
2B.2 and 1B.2b.

Compare results to 
figures from 1C runs 
and Fig. 27 (31 yrs) 

and Fig. 28 (35 yrs) in 
July 9, 2008, CEC 

submittal.

Compare results to 
runs 2C and 1C.b and 
Fig. 27 (31 yrs) and 

Fig. 28 (35 yrs) in July 
9, 2008, CEC 

submittal.

Model Parameter
Model Simulation



TABLE 2-2
SUMMARY OF SIMULATION RESULTS - ALTERNATIVE 2

CPV Sentinel Energy Project
Riverside County, California

2A 2A.b 2A.c 2B.1 2B.1b 2B.2 2B.2b 2C 2C.b
Project Wells 2

maximum drawdown (ft) 8.8 4.4 4.2 0.5 0.2 0.2 0.1 1.1 0.5
time to maximum drawdown (year) 35 35 35 10 9 3 2 11 11
drawdown at 35 years (ft) 8.8 4.4 4.2 -0.2 -0.4 -1.0 -0.9 0.2 -0.2

Horton WWTP
maximum drawdown (ft) 41.7 20.6 10.4 36.6 18.0 14.2 6.8 37.2 18.3
time to maximum drawdown (year) 30 30 30 30 30 30 30 30 30
drawdown at 35 years (ft) 13.7 6.8 4.8 7.5 3.5 1.9 0.6 8.0 3.8

DWA Recharge Basin
maximum water level rise (ft) 0 0 0 44.4 24.4 16.8 9.4 106.5 58.6
time to maximum water level rise (year) - - - 31 31 31 31 31 (5-yr cycle) 31 (5-yr cycle)
water level rise at 35 years (ft) -6.6 -3.3 -3.9 13.4 7.6 3.1 2.0 17.2 9.6

Wells 27 and 31 3

maximum drawdown (ft) 10.2 5.1 4.6 2.9 1.2 0.8 0.3 3.5 1.5
time to maximum drawdown (year) 35 35 32 30 27 8 6 30 26
drawdown at 35 years (ft) 10.2 5.1 4.5 2.2 0.8 0 -0.4 2.6 1.0

Wells 28 and 30 (pumping) 4

maximum drawdown (ft) 8.8 4.4 4.4 6.6 3.3 2.7 1.3 6.9 3.4
time to maximum drawdown (year) 35 35 34 2 2 2 2 3 3
drawdown at 35 years (ft) 8.8 4.4 4.4 -3.5 -2.3 -0.9 -0.8 -3.9 -2.4

Well 22
maximum drawdown (ft) 10.2 5.1 4.6 1.7 0.8 1.0 0.5 2.4 1.2
time to maximum drawdown (year) 33 33 31 8 8 6 5 10 10
drawdown at 35 years (ft) 10.1 5.1 4.5 0.2 -0.3 -0.1 -0.4 0.4 -0.2

Well 24
maximum drawdown (ft) 10.8 5.4 4.7 2.4 1.1 1.3 0.6 3.1 1.4
time to maximum drawdown (year) 32 32 31 19 12 8 6 16 11
drawdown at 35 years (ft) 10.5 5.2 4.5 1.0 0.1 0 -0.3 1.3 0.3

Well 29
maximum drawdown (ft) 11.9 6.0 5.0 4.2 1.9 1.8 0.8 4.9 2.2
time to maximum drawdown (year) 31 31 30 30 21 16 10 30 21
drawdown at 35 years (ft) 11.0 5.5 4.6 2.1 0.7 0.3 -0.2 2.4 0.9

Well 32
maximum drawdown (ft) 10.5 5.2 4.7 3.5 1.5 1.1 0.5 4.1 1.8
time to maximum drawdown (year) 33 33 31 30 30 12 8 30 30
drawdown at 35 years (ft) 10.4 5.2 4.5 2.6 1.0 0.2 -0.2 3.0 1.2

Location Scenario 1



TABLE 2-2
SUMMARY OF SIMULATION RESULTS - ALTERNATIVE 2

CPV Sentinel Energy Project
Riverside County, California

2A 2A.b 2A.c 2B.1 2B.1b 2B.2 2B.2b 2C 2C.b
Location Scenario 1

CVWD Wells
maximum drawdown (ft) 10.9 5.5 4.8 4.7 2.1 1.9 0.8 5.3 2.4
time to maximum drawdown (year) 32 32 31 30 30 30 14 30 30
drawdown at 35 years (ft) 10.8 5.4 4.6 3.5 1.5 0.6 0 4.0 1.7

Hummock Observation 1
maximum drawdown (ft) 10.8 5.4 5.0 5.7 2.7 3.0 1.3 6.2 2.9
time to maximum drawdown (year) 33 33 31 31 30 30 21 31 30
drawdown at 35 years (ft) 10.8 5.4 4.7 4.9 2.2 1.3 0.3 5.3 2.5

Hummock Observation 2
maximum drawdown (ft) 8.6 4.3 4.7 5.6 2.7 4.3 1.9 5.9 2.9
time to maximum drawdown (year) 35 35 32 34 33 30 30 34 33
drawdown at 35 years (ft) 8.6 4.3 4.5 5.6 2.7 3.0 1.3 5.9 2.9

Hummock Observation 3
maximum drawdown (ft) 4.6 2.3 3.7 3.5 1.7 3.8 1.8 3.7 1.8
time to maximum drawdown (year) 35 35 35 35 35 32 32 35 35
drawdown at 35 years (ft) 4.6 2.3 3.7 3.5 1.7 3.6 1.7 3.7 1.8

Hummock Observation 4
maximum drawdown (ft) 6.9 3.5 4.2 4.9 2.4 4.2 1.9 5.2 2.5
time to maximum drawdown (year) 35 35 34 35 35 31 30 35 35
drawdown at 35 years (ft) 6.9 3.5 4.2 4.9 2.4 3.5 1.6 5.2 2.5

Hummock Average
maximum drawdown (ft) 7.7 3.9 4.3 4.8 2.3 3.8 1.7 5.1 2.5
time to maximum drawdown (year) 35 35 32 33 33 30 30 33 33
drawdown at 35 years (ft) 7.7 3.9 4.3 4.7 2.2 2.9 1.2 5.0 2.4

Notes:
1. Alternative 2 water source = MSWD wells 28 and 30 and Horton WWTP
    Scenario 2A: Pump = 1,100 afy, no recharge, half Tyley's T, anisotropy ratio = 1.0
    Scenario 2A.b: Pump = 550 afy, no recharge, half Tyley's T, anisotropy ratio = 1.0
    Scenario 2A.c: Pump = 550 afy, no recharge, Tyley's T, anisotropy ratio = 2.0
    Scenario 2B.1: Pump = 1,100 afy, recharge = 1,100 afy (DWA only), half Tyley's T, anisotropy ratio = 1.0
    Scenario 2B.1b: Pump = 550 afy, recharge = 593 afy (DWA only), half Tyley's T, anisotropy ratio = 1.0
    Scenario 2B.2: Pump = 1,100 afy, recharge = 1,100 afy (DWA only), Tyley's T, anisotropy ratio = 2.0
    Scenario 2B.2b: Pump = 550 afy, recharge = 593 afy (DWA only), Tyley's T, anisotropy ratio = 2.0
    Scenario 2C: Pump = 1,100 afy, recharge = 5,500 af (every 5 years, DWA only), half Tyley's T, anisotropy ratio = 1.0
    Scenario 2C.b: Pump = 550 afy, recharge = 2,965 af (every 5 years, DWA only), half Tyley's T, anisotropy ratio = 1.0
2. Data presented are maximum values of data for three project wells.
3. Model data for well 27 presented; wells 27 and 31 are adjacent to each other. 4. Data presented are maximum values of data for wells 28 and 30.



TABLE 2-3
WATER CONSUMPTION DISTRIBUTION FOR CEC WATER SUPPLY ALTERNATIVES 1 AND 2

CPV Sentinel Energy Project
Riverside County, California

Alt 1 Alt 2 Alt 1 Alt 2
Horton 
WWTP

On-site 
wells

MSWD wells 
28 & 30

Horton 
WWTP

On-site 
wells

MSWD wells 
28 & 30

2008 900 900
2009 981.67

1 2010 1063.33 284 568
2 2011 1145.00 306 612
3 2012 1226.67 328 655
4 2013 1308.33 349 699
5 2014 1390 1390.00 371 743
6 2015 1470.83 393 786
7 2016 1551.67 414 829
8 2017 1632.50 436 872
9 2018 1713.33 458 915

10 2019 1794.17 479 959
11 2020 1875 1875.00 501 1002
12 2021 1955.83 522 1045
13 2022 2036.67 544 1088
14 2023 2059 550 1100
15 2024 2059 550 1100
16 2025 2059 550 1100
17 2026 2360 2059 550 1100
18 2027 2059 550 1100
19 2028 2059 550 1100
20 2029 2059 550 1100
21 2030 2059 550 1100
22 2031 2059 550 1100
23 2032 2059 550 1100
24 2033 2059 550 1100
25 2034 2059 550 1100
26 2035 2059 550 1100
27 2036 2059 550 1100
28 2037 2059 550 1100
29 2038 2059 550 1100
30 2039 2059 550 1100

Notes:
1. Base table supplied by Kris Helm in 8/6/08 8:59 a.m. e-mail.
2. Only focus on 550 AFY and 1,100 AFY demand columns. The CEC column was developed from AFC Table 13.

    groundwater from the well field will be eventually replaced (year 14) by full supply of treated water from Horton WWTP.

    groundwater from MSWD wells 28 & 30 will be eventually replaced (year 14) by full supply of treated water from Horton WWTP.

Abbreviations:
AFY = acre-feet per year
CEC = California Energy Commission
MSWD = Mission Springs Water District
WWTP = Wastewater Treatment Plant

Year
Project 

Year From CEC

0

0
0
0
0

0
0

0

0
0
0
0

0

0

532
488
445

0

357

0
0

0
0
0
0

0
0

0

0
0

0
0
0
0

0
0

6

314
271
228
185
141
98
55

3. CEC Alternative 1: no recharge, water supply from tertiary-treated reclaimed water from MSWD, Horton WWTP, and an on-site well field. Use of 

4. CEC Alternative 2: no recharge, water supply from tertiary-treated reclaimed water from MSWD, Horton WWTP, and MSWD wells 28 & 30. Use of 

266
244
222
201
179
157

12
0

550 AFY Demand 1,100 AFY Demand

0

136
114
92
71
49
28

401



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2A-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2A 
(Water consumption = 1,100 afy, no DWA recharge, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2A-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2A 
(Water consumption = 1,100 afy, no DWA recharge, half Tyley’s T, anisotropy ratio = 1.0)



Figure 2A-3: Simulated Groundwater Level Change versus Time at Project Wells, Horton WWTP, 
and DWA Recharge Basin - Scenario 2A

(Water consumption = 1,100 afy from MSWD wells 28 and 30 and Horton WWTP, no recharge)
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Figure 2A-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 and 
Mesquite Hummocks Area - Scenario 2A

(Water consumption = 1,100 afy from MSWD wells 28 and 30 and Horton WWTP, no recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise

N

Approximate Scale in Miles

0 1 2

Well 30

CVWD 
Wells

Well 34

x

y

Drawdown (ft)

Willow Hole 
Conservation 

Area Boundary

Well 28

Well 22

Well 24

Well 29

Well 32

Well 27

Well 31
MH-1

MH-2

MH-4

MH-3

Horton 
Basin

CPV 
Site

DWA 
Recharge 

Basin

Figure 2A.b-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2A.b 
(Water consumption = 550 afy, no DWA recharge, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2A.b-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2A.b 
(Water consumption = 550 afy, no DWA recharge, half Tyley’s T, anisotropy ratio = 1.0)



Figure 2A.b-3: Simulated Groundwater Level Change versus Time at Project Wells, Horton WWTP, 
and DWA Recharge Basin - Scenario 2A.b

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, no recharge)
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Figure 2A.b-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 
and Mesquite Hummocks Area - Scenario 2A.b

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, no recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2A.c-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2A.c 
(Water consumption = 550 afy, no DWA recharge, Tyley’s T, anisotropy ratio = 2.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2A.c-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2A.c 
(Water consumption = 550 afy, no DWA recharge, Tyley’s T, anisotropy ratio = 2.0)



Figure 2A.c-3: Simulated Groundwater Level Change versus Time at Project Wells, Horton WWTP, 
and DWA Recharge Basin - Scenario 2A.c

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, no recharge)
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Figure 2A.c-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 
and Mesquite Hummocks Area - Scenario 2A.c

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, no recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2B.1-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2B.1 
(Water consumption = 1,100 afy, DWA recharge=1,100 afy, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2B.1-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2B.1 
(Water consumption = 1,100 afy, DWA recharge=1,100 afy, half Tyley’s T, anisotropy ratio = 1.0)



Figure 2B.1-3: Simulated Groundwater Level Change versus Time at Project Wells, Horton WWTP, 
and DWA Recharge Basin - Scenario 2B.1

(Water consumption = 1,100 afy from MSWD wells 28 and 30 and Horton WWTP, 1,100 afy recharge)
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Figure 2B.1-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 
and Mesquite Hummocks Area - Scenario 2B.1

(Water consumption = 1,100 afy from MSWD wells 28 and 30 and Horton WWTP, 1,100 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2B.1b-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2B.1b
(Water consumption = 550 afy, DWA recharge=593 afy, half Tyley’s T, anisotropy ratio = 1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2B.1b-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2B.1b 
(Water consumption = 550 afy, DWA recharge=593 afy, half Tyley’s T, anisotropy ratio = 1.0)



Figure 2B.1b-3: Simulated Groundwater Level Change versus Time at Project Wells, Horton 
WWTP, and DWA Recharge Basin - Scenario 2B.1b

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, 593 afy recharge)
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Figure 2B.1b-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 
and Mesquite Hummocks Area - Scenario 2B.1b

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, 593 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2B.2-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2B.2 
(Water consumption = 1,100 afy, DWA recharge=1,100 afy, Tyley’s T, anisotropy ratio = 2.0)
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Figure 2B.2-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2B.2 
(Water consumption = 1,100 afy, DWA recharge=1,100 afy, Tyley’s T, anisotropy ratio = 2.0)



Figure 2B.2-3: Simulated Groundwater Level Change versus Time at Project Wells, Horton WWTP, 
and DWA Recharge Basin - Scenario 2B.2

(Water consumption = 1,100 afy from MSWD wells 28 and 30 and Horton WWTP, 1,100 afy recharge)
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Figure 2B.2-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 
and Mesquite Hummocks Area - Scenario 2B.2

(Water consumption = 1,100 afy from MSWD wells 28 and 30 and Horton WWTP, 1,100 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2B.2b-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2B.2b 
(Water consumption = 550 afy, DWA recharge=593 afy, Tyley’s T, anisotropy ratio = 2.0)
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Figure 2B.2b-2: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2B.2b 
(Water consumption = 550 afy, DWA recharge=593 afy, Tyley’s T, anisotropy ratio = 2.0)



Figure 2B.2b-3: Simulated Groundwater Level Change versus Time at Project Wells, Horton 
WWTP, and DWA Recharge Basin - Scenario 2B.2b

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, 593 afy recharge)

- 10

0

10

2 0

3 0

4 0

0 5 10 15 2 0 2 5 3 0 3 5

Time (years)

D
ra

w
do

w
n 

(f
t)

Well # 1

Well # 2

Well # 3

Horton

0

5

10

15

2 0

0 5 10 15 2 0 2 5 3 0 3 5

Time (years)

G
W

 E
le

va
tio

n 
ris

e 
(f

t)

DWA Recharge



Figure 2B.2b-4: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 
and Mesquite Hummocks Area - Scenario 2B.2b

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, 593 afy recharge)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2C-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2C 
(Water consumption=1,100 afy, DWA recharge=5,500 af every 5 years, half Tyley’s T, anisotropy ratio=1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2C-2: Contour Map of Simulated Groundwater Level Changes at 31 Years – Simulation 2C 
(Water consumption=1,100 afy, DWA recharge=5,500 af every 5 years, half Tyley’s T, anisotropy ratio=1.0)



Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2C-3: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2C 
(Water consumption=1,100 afy, DWA recharge=5,500 af every 5 years, half Tyley’s T, anisotropy ratio=1.0)



Figure 2C-4: Simulated Groundwater Level Change versus Time at Project Wells, Horton WWTP, 
and DWA Recharge Basin - Scenario 2C

(Water consumption = 1,100 afy from MSWD wells 28 and 30 and Horton WWTP, 5,500 af recharge 
every 5 yrs)
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Figure 2C-5: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 and 
Mesquite Hummocks Area - Scenario 2C

(Water consumption = 1,100 afy from MSWD wells 28 and 30 and Horton WWTP, 5,500 af recharge 
every 5 yrs)
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Note: (“+”) indicates drawdown and (“-”) water level rise
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Figure 2C.b-1: Contour Map of Simulated Groundwater Level Changes at 30 Years – Simulation 2C.b 
(Water consumption=550 afy, DWA recharge=2,965 af every 5 years, half Tyley’s T, anisotropy ratio=1.0)
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Figure 2C.b-2: Contour Map of Simulated Groundwater Level Changes at 31 Years – Simulation 2C.b 
(Water consumption=550 afy, DWA recharge=2,965 af every 5 years, half Tyley’s T, anisotropy ratio=1.0)
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Figure 2C.b-3: Contour Map of Simulated Groundwater Level Changes at 35 Years – Simulation 2C.b 
(Water consumption=550 afy, DWA recharge=2,965 af every 5 years, half Tyley’s T, anisotropy ratio=1.0)



Figure 2C.b-4: Simulated Groundwater Level Change versus Time at Project Wells, Horton WWTP, 
and DWA Recharge Basin - Scenario 2C.b

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, 2,965 af recharge 
every 5 yrs)
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Figure 2C.b-5: Simulated Groundwater Level Change versus Time at MSWD Wells 27, 28, and 30 
and Mesquite Hummocks Area - Scenario 2C.b

(Water consumption = 550 afy from MSWD wells 28 and 30 and Horton WWTP, 2,965 af recharge 
every 5 yrs)
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EVALUATION OF THE USE OF HORTON WWTP RECLAIM WATER FOR 
PLANT MAKEUP 

 
SENTINEL POWER PLANT (CPV) 

March 2008 
 
 
INTRODUCTION 
 
The Sentinel Power Project (‘Project’) is being developed in Southern California by 
Competitive Power Ventures (CPV), near the Palm Springs area.  The Project will consist 
of eight simple-cycle, gas-fired combustion turbines and will generate approximately 800 
MW.  The plant requires makeup water for various uses including cooling tower makeup, 
plant service water, makeup for the production of demineralized water for use as injection 
water (NOX control), and for combustion turbine inlet air cooling.  The plant is being 
designed as a zero liquid discharge (ZLD) facility.  No wastewaters will be discharged 
from the site.  Solid wastes from the plant will be collected for off-site disposal at 
suitable, licensed facilities. 
 
Prior water supply and treatment evaluations had primarily focused on using well waters.  
Use of the Horton Wastewater Treatment Plant (HWWTP) plant effluent, upgraded to 
tertiary standards, has been considered but its capacity is currently insufficient to 
instantaneously supply the Sentinel plant’s entire makeup water requirements.  Therefore, 
use of on-site reclaim water storage would be required to make up this reclaim water 
shortfall otherwise its use would need to be supplemented with groundwater.  The cost of 
these storage tanks is not included in this evaluation.  
 
Regardless of the HWWTP capacity at this time, this report assesses the potential design 
and associated cost impacts to the various water treatment system designs of using 100% 
tertiary-treated reclaim water from the HWWTP as plant makeup to the Project assuming 
that sufficient supply is available from the HWWTP.   This evaluation also assumes that 
the HWWTP will provide reclaim water of tertiary-treated quality meeting the CA Title 
22 requirements for industrial reuse of reclaim waters.   
 
This evaluation was done from the perspective of treating part of the tertiary-treated 
reclaim water from the HWWTP to achieve a final blended plant makeup water supply of 
300 mg/L total dissolved solids (TDS).  The HWWTP tertiary-treated effluent TDS has 
been estimated to be approximately 650 mg/L, as further discussed below.   
 
The 300 mg/L TDS value was considered to be a conservative estimate of the on-site well 
water supply to be developed.  Earlier analysis of an existing, on-site domestic well 
indicated a TDS level of approximately 150 mg/L. 
 
No data has been received on the HWWTP effluent TDS, but the permit for the facility 
allows water to be discharged in a range of up to 400 mg/L TDS above the existing sub-
basin TDS levels.  Existing sub-basin TDS values from MSWD wells range from about 
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240 to 530 mg/L.  Given the concentrations that typically occur in wastewater flows, and 
the permitting limits of the HWWTP, it was conservatively assumed that the effluent 
TDS would be approximately 650 mg/L.  Other HWWTP effluent parameters are 
discussed below.  
 
 
EVALUATION 
 
The proposed water treatment and wastewater ZLD processes are illustrated on the 
attached Water Balance Process Diagram.  A table of the expected process flow rates at a 
high summer operating condition (107 oF DBT) is also attached.  This summer operating 
condition represents a sufficiently high plant makeup water usage to provide an 
appropriate basis for sizing the water and wastewater treatment equipment.  The major 
treatment processes include the following systems: 
 

UPlant Makeup Pretreatment 
 
A portion of the reclaim water supply will be treated using a reverse osmosis 
(RO) system.  The product water from the RO system will be blended with the 
balance of the reclaim water supply to achieve the desired 300 mg/L TDS level, to 
match the assumed well water TDS.  The RO system will require pretreatment to 
protect the membrane elements from fouling.  A multimedia pressure filtration 
system is included for this purpose.  However, it should be noted that a 
multimedia filtration system may be inadequate to properly pretreat the RO 
feedwater.  In this case a significantly more expensive microfiltration (MF) 
system would be required.  However, this evaluation has, at this time, assumed 
the more optimistic choice, i.e., multimedia filtration use. 
 
Wastewater (RO reject and multimedia filter backwash) will be forwarded to the 
ZLD system for processing. 
 
UDemineralized Water Makeup System (MDS) 
  
A permanently installed MDS is used to provide demineralized water.  The 
system is designed to be capable of operating with a feedwater of up to 100% 
untreated reclaim water supply (that is, no reclaim pretreatment, a resultant TDS 
of 650 mg/L).  However, the system will normally operate on the 300 mg/L TDS 
blended plant makeup water.  The system includes MF, RO, and 
electrodeionization (EDI). 
 
Some of the wastewater generated in this system will be recovered for reuse (RO 
reject to the cooling tower and EDI concentrate recycled in the MDS or sent to the 
cooling tower) while the balance (MF backwash) is forwarded to the ZLD system 
for processing. 
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UZLD System 
 
The cooling tower blowdown, along with the previously mentioned plant 
wastewaters, will be processed through the ZLD system to eliminate the plant 
liquid waste streams.  The ZLD processes include softening MF, RO, and a 
crystallizer.  RO product water is recovered as makeup to the cooling tower.  
Distillate from the crystallizer is recovered as makeup to the MDS.  The ZLD 
system produces two solid waste streams, i.e., approximately 25% to 40% dry 
solids cake from the softening MF process and approximately 90% dry solids 
cake from the crystallizer. 

 
In addition, the evaluation included the following assumptions: 
 

1. A water quality characterization has not been received for the HWWTP 
secondary-treated reclaim water.  Therefore an estimated water quality 
characterization was prepared based on several assumptions.  It is assumed 
that the ratio of the individual ions in the reclaim water is similar to that as in 
the Mission Springs well water.  In addition, estimates were made for various 
other currently unknown constituents that may be present in the reclaim water 
and could adversely affect treatment equipment design and performance.  
These include - phosphate (5 mg/L), barium (0.1 mg/L), strontium (0.3 
mg/L), iron (0.1 mg/L), manganese (0.02 mg/L), silica (25 mg/L), ammonia-N 
(2.0 mg/L), and total organic carbon (5 to 10 mg/L). 

 
2. The HWWTP currently produces a secondary-treated effluent quality.  

Tertiary-treatment, including phosphate reduction, will be added to the Horton 
WWTP plant to provide makeup water for the Project.  The cost for the 
HWWTP upgrades is not included in this cost estimate. 

 
3. It is assumed the plant will use the total tertiary-treated effluent from the 

HWWTP (up to 2 MGD) for the Sentinel plant operation.  Plant makeup water 
shortfalls will be made up from large on-site storage tanks.  These tanks have 
not been sized or their costs included in this evaluation.  These 
tanks will need to be designed with the ability to add sodium hypochlorite (for 
disinfection and biofilm control), with high recirculation rates, with internal 
collection and distribution headers, and with the ability to periodically pump 
out deposited solids from the tank bottoms and filter these solids out.   
Wastewater from these filters would be added to the MF/RO blowdown 
treatment system (ZLD system), perhaps slightly increasing the size of this 
system.  These potential intermittent wastewaters have not been included in 
the attached water balance.  Equipment cost estimates for the chlorination and 
filtration systems are included in this evaluation. 

 
4. A mass balance to verify the circulating water chemistry for the case 

examined here has not yet been done.  Based on earlier work, it is assumed 
that the circulating water chemistry will be acceptable. 



 

 4

5. Cleaning Wastewaters - The water treatment equipment membrane-based 
components will require periodic, infrequent chemical cleaning, i.e., RO 
membranes, MF membranes, and EDI stacks.  It is anticipated that the MF, 
RO, and EDI cleaning wastewaters will be collected and neutralized by 
equipment provided with the ZLD system.  These neutralized wastewaters 
would then be bled into the ZLD system for disposal.  In addition, the 
crystallizer may require a chemical cleaning on an infrequent basis and may 
also require regular purges (perhaps weekly).  The need for purges depends on 
the final nitrate concentrations achieved in the crystallizer.  Purge volume 
could be as much as 3% of the feed rate (in this case, approximately 1.9 
gpm).  These crystallizer purge and chemical cleaning wastewaters cannot be 
fed back into the ZLD system.  Both would most likely require collection, 
perhaps dewatering, and off-site disposal at a suitable licensed facility.  None 
of these membrane cleaning wastewaters or crystallizer wastewaters are 
included in the attached water balance. 

 
 
RESULTS 
 
Based on the criteria established in this evaluation and the process flow rates determined 
from the plant water balance, the following treatment equipment (each with its ancillary 
equipment) is proposed: 
 

UProcessU UCapacityU UConfigurationU 

   
Multimedia Filters 1250 gpm (feed) 5 x 25% 
Reclaim Water RO System 950 gpm (product) 3 x 50% 
MDS MF System 950 gpm (product) 3 x 50% 
MDS RO System 760 gpm (product) 3 x 50% 
MDS EDI System 690 gpm (product) 3 x 50% 
ZLD MF System (with 
dewatering equipment) 1020 gpm (product) Multiple trains - TBD 

ZLD RO System 690 gpm (product) 3 x 50% 
ZLD Crystallizer (with 
dewatering equipment) 60 gpm 1 x 100% 

Reclaim Water Storage 
Tank TBD TBD 

Reclaim Water Storage 
Tank – Chlorination 
System 

TBD 1 x 100% 

Reclaim Water Storage 
Tank – Filtration System TBD 1 x 100% 
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Based on these estimated equipment sizes and configurations, the following equipment 
cost estimates are provided.  These estimates do not include installation cost or a 
contingency factor. 
 

UProcessU UEstimated 
Capital Cost 

($MM)U 

UCommentU 

   
Multimedia Filters 0.30 In-house estimate 
Reclaim Water RO System 1.50 In-house estimate 
MDS  System (MF, RO, EDI) 3.75 In-house estimate 

ZLD MF/RO System  6.60 

Scaled up based on 
previous quotation and 

flow increase (0.6 
exponential factor) 

ZLD Crystallizer (with 
dewatering equipment) 5.90 

Scaled up based on 
previous quotation and 

flow increase (0.6 
exponential factor) 

Reclaim Water Storage Tank By Others Cost by Others 
Reclaim Water Storage Tank – 
Chlorination System 0.15 In-house estimate 

Reclaim Water Storage Tank – 
Filtration System 0.25 In-house estimate 

TOTAL 18.45  
 
 
Please note the following background items concerning the development of this cost 
estimate: 

 
1. The cost estimates provided above are based on extrapolations of various cost 

estimates obtained in the earlier base case evaluation.  More detailed 
engineering is required to refine this cost estimate. 

2. The tertiary-treatment equipment cost estimate was included in the earlier 
base case evaluation.  This was not included here because these items outside 
of the site boundary (including pipelines) are separately estimated elsewhere.  

3. The earlier base case evaluation used a mobile (rental ion exchange) makeup 
demineralizer system.  This evaluation used a permanently installed MDS (a 
conservative capital cost design) and also designed it for operation with the 
worst case water – reclaim water at 650 mg/L to allow production of 
demineralized water under all plant conditions and circumstances.   

Considering the items discussed above, the earlier base case equipment capital cost 
estimate (excluding costs for installation, contingency, the tertiary treatment equipment, 
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and using mobile DI for the MDS) is approximately $6.8 MM (vs. $18.45 MM estimated 
in this evaluation] 
 
Using an installation factor of 55% of the equipment cost, the total installed cost for this 
evaluation is $28.60 MM as compared with the total installed cost of $10.55 MM for the 
base case evaluation.  The installed cost differential is therefore estimated to be $18.05 
MM.   
 
Operating cost differentials are not included in this capital cost assessment and need to be 
considered elsewhere in the overall cost comparison. 
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