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WATER SUPPLY 
 
 

GENERAL COMMENTS 

1. The proposed Accounting Surface rule has been withdrawn and is not part of the Law of the 
River or any other enforceable regulation.  It is not clear when, or even whether, it will be 
proposed again, and what changes would be incorporated if it is.  As such, application of the 
proposed (and withdrawn) rule to the project evaluation is speculative.  The Commission’s Final 
Decision for Genesis Solar Energy Project, and the February 2, 2010 Decision and Scoping Order 
pursuant to the January 26, 2010 Hearing correctly concluded that the proposed Accounting 
Surface Rule is not an applicable LORS.1  Thus under existing laws and regulations and consistent 
with the CECs’ findings regarding other projects, the project’s use of groundwater does not 
constitute a use of Colorado River water and does not require an entitlement. 

 
2. Applicant was not provided a copy of the August 21, 2012 CEC memorandum titled “Rio Mesa 

SEGF Groundwater Model Instability” and cited in the PSA analysis until October 9, 2012.  All of 
the questions and concerns raised in that memorandum were addressed during previous 
communications with Staff, though Staff continued to have questions regarding one issue 
related to “dry cell errors” encountered when they attempted to run the model.   Included as 
Exhibit Water Supply-1 to this document is a Technical Memorandum that documents 
Applicant's response to each of the questions raised by CEC staff, and that addresses the “dry 
cell errors” encountered by CEC staff in a definitive manner using sensitivity analysis.  

 
3. Staff’s assertion that the RMS model is unreliable is unfounded as indicated by the Technical 

Memorandum included as Exhibit Water Supply-1.  The RMS groundwater flow model was an 
adaptation of the AECOM model prepared for another project approved by the CEC (i.e., the 
Blythe Solar Power Plant [BSPP]) with specifically targeted changes to simulate RMS project 
pumping.  Additional reasonable changes were made during construction of the model and 
during the model calibration process to improve the model's representation of the groundwater 
basin.  CEC staff has raised questions regarding changes to the model’s bottom elevations and 
asserts these changes have resulted in conditions that render the model unreliable.  Changes 
were made to the model bottom elevations by the following process.  The BSPP model bottom 
elevations were imported from the Blythe Solar Power Plant model, additional known data 
points for alluvium thickness from the Sun Desert project and other sources were added, and 
alluvium thickness was recalculated by subtracting the cell bottom elevations from elevations in 
the USGS Digital Elevation Model (DEM) for the area.  The alluvium thickness was set to be zero 
where the bedrock outcrops, which is a reasonable adjustment and more realistically reflects 
the thinning and rising elevation of the aquifer near the basin edges.  Finally, the hydraulic 

                                                           
1
 “The Commission’s Final Decision for the Genesis Solar Energy Project, CEC-800-2010-011 CMF (September 

2010), Section VI(B), Soil and Water Resources, pp. 12-13;  See also February 2, 2010 Decision and Scoping Order 
pursuant to the January 26, 2010 Hearing, p. 3.  
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conductivity was changed in the RMS project area based on site-specific data from the Sun 
Desert project, and further reasonable adjustments were made during the model calibration 
process.  These changes are consistent with the scope presented in Groundwater Impact 
Assessment included with the RMS AFC (Worley Parsons 2011b).   
 
The conceptualization of aquifer geometry near the edges of basins is a common challenge in 
modeling.  It can be difficult to geometrically model a thinning and sloping aquifer near the 
edges of a basin using a single layer model.  In the case of the RMS model, improving the model 
geometry near the edges caused the simulated heads in many cells near the model’s edges to 
fall below the base of the model.  In the uppermost portions of the aquifer, the alluvial deposits 
may in fact be dry between significant recharge events, or flow could be occurring through 
highly heterogeneous deposits with relatively thin saturated zones.  Nevertheless, the advent of 
dry cells and the challenges they can raise with model convergence in MODFLOW are well 
understood and long standing.  The priority in dealing with this issue is not how to represent 
heads correctly, but how to make certain that the model is configured to deliver the appropriate 
amounts and rates of recharge to the portions of the model used for making the desired 
predictions.  This remains the priority as long as the model areas of interest are located remote 
from these cells.   
 
Several solutions may be used to simulate the appropriate recharge boundary condition in such 
instances and are valid as long as the recharge enters the model in the correct amounts.  The 
approach used in the original RMS model was to model the cells as confined, which keeps them 
saturated and allows recharge to flow through them even if the heads fall below the base of the 
model.  In such instances, the failure of the model to correctly predict heads in a subset of cells 
that are far removed from the area where model predictions are made is acceptable and does 
not affect the reliability of the model for its intended purpose.  The model’s reliability is 
validated if it meets the calibration criteria in the area for which predictions must be made and 
achieves a reasonable mass balance.  In the case of the RMS model, the attached Technical 
Memorandum (Exhibit Water Supply-1) presents two separate approaches to this problem.  The 
first is the approach taken by Worley Parsons originally, but with updates to the model to reflect 
other comments and questions received from CEC staff.  In this case the aquifer cells were 
designated as confined to keep them saturated during the modeling process and allow them to 
deliver the requisite recharge.  The fact that the model heads are below the base of the aquifer 
does not reflect the actual condition of the recharge areas, but nevertheless allows the model to 
correctly deliver recharge and maintain the correct mass balance.  The second method consisted 
of lowering the bedrock surface as had been done by AECOM in the original BSPP model that 
was accepted by CEC.  In this case the hydraulic gradient may be smaller than is actually the case 
and the aquifer thicker, but again recharge is delivered to the model in the correct amounts.  
Both methods yield similar results in terms of the predicted model drawdown and meet the 
model calibration and mass balance criteria.  In addition, the predicted drawdowns are similar 
to those derived in the original model submitted with the AFC, and the updated model 
presented in the August 14, 2012 Technical Memorandum presented to CEC Staff.  In all four 
cases, the models predict that drawdown impacts associated with the project will be less than 
significant.  Applicant therefore concludes that CEC staff’s assertion that the RMS model is 
unreliable is unfounded. 
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4. In the PSA, staff presents an assessment of RMS project drawdown impacts using the USGS 
WTAQ modeling code. It is technically inappropriate to use the results of the WTAQ modeling in 
lieu of the more reliable and technical robust analysis derived from the calibrated MODFLOW 
model discussed in the attached Technical Memorandum.  The analysis presented in this section 
should be replaced as summarized below.  WTAQ is a simple, one-dimensional analytical model 
developed to analyze early time pump test drawdown data for the purpose of estimating aquifer 
properties (Barlow and Moench, 2011).  It assumes that the aquifer is uniform, isotropic, of 
infinite aerial extent and constant in thickness.  WTAQ does not allow for incorporation of 
boundary conditions, recharge, groundwater gradients, variations in aquifer thickness or 
variations in aquifer properties.  Furthermore, as used by staff, the WTAQ model is not 
calibrated to verify its ability to predict long term drawdowns.  The use of WTAQ to predict 
project impacts in lieu of a calibrated MODFLOW model is technically unsound, inappropriate 
and arbitrary.  Modeling results presented in the attached Technical Memorandum (Exhibit 
Water Supply-1), derived from two different configurations of the RMS model that address CEC’s 
concerns, yield similar results and indicate that drawdowns are over-predicted in the PSA by 
more than an order of magnitude.  Based on the best available analysis, therefore, drawdown 
impacts are projected to be less than significant. In the specific comments below, Applicant 
points out several examples, but not all instances, of changes conforming to this comment.  

 
5. The analysis of groundwater use and impacts incompletely characterizes regional groundwater 

conditions and consequently overstates the extent to which Project water use could have any 
impact, let alone a significant impact, to adjacent wells, vegetation, the aquifer, and to the 
Colorado River. The analysis does not include, and must incorporate, the following facts and 
conclusions: 

(a)   The Palo Verde Mesa Groundwater Basin (PVMGB) and the Palo Verde Valley Groundwater 
Basin (PVVGB) located to the east of the PVMGB are fundamentally characterized by surplus 
recharge related to agricultural irrigation that has historically increased groundwater levels 
and has created a groundwater mound between the Colorado River and locations to the 
west (AFC Appendix 15.5D, page 4).  

(b) The rising groundwater levels and groundwater mounding that is characteristic of the 
PVMGB and PVVGB threaten crop roots and chronic surface saturation. In response, the 
Palo Verde Irrigation District (PVID) has constructed a network of deep drains within the 
PVVGB to convey surplus groundwater to the Colorado River (AFC Appendix 15.5D, page 4).   

(c) The groundwater budget, or supply and demand balance, for the PVMGB and PVVGB 
includes approximately 424,600 acre-feet per year. Of that amount, approximately 357,000 
acre-feet per year, or 84.1% is surplus groundwater discharged to the Colorado River 
through the PVID drains (AFC Appendix 15.5D, Table 2-1). 

(d) Project construction-period consumption of 405 acre-feet per year would amount to 
approximately 0.095% of the total annual PVMGB-PVVGB groundwater budget, and 0.11% 
of the portion of the annual water budget that is comprised of surplus groundwater 
annually discharged through the PVID drain system. Project operational-period consumption 
of approximately 173 acre-feet per year would amount to approximately 0.041% of the total 
annual PVMGB-PVVGB groundwater budget, and 0.048% of the portion of the annual water 
budget that is comprised of surplus groundwater annually discharged through the PVID 
drain system. 
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(e) On a project basis, and compared to total energy output, the Project would use substantially 
less construction-period and operational groundwater than other recently-approved 
thermal solar projects, and more than 94% less water than the gas-fired Blythe Energy 
Project I (estimated in PSA Table 8 to use 3,000 acre-feet per year for 520 megawatts of 
electrical capacity, compared with Project consumption of 173 acre-feet per year for 500 
megawatts of electrical capacity).  

(f) Project construction-period and operational groundwater use cannot reasonably be 
determined to affect regional groundwater levels, adjacent groundwater wells, or any other 
groundwater-related beneficial use under conditions in which 84% of the regional 
groundwater supply, or approximately 357,000 acre-feet per year, must be discharged from 
the basin to protect plant roots and to avoid chronic surface saturation. Project construction 
use of approximately 0.11% and operational use of approximately 0.048% of this surplus 
groundwater would have no impact to regional groundwater conditions. The amount of 
surplus groundwater discharged annually from the regional groundwater system will remain 
functionally identical with or without Project-related groundwater use, and this surplus will 
continue to support and maintain groundwater conditions at existing levels throughout the 
PVMGB and PVVGB. 

(g) Project pumping cannot affect flow in the Colorado River because the groundwater mound 
beneath the PVID irrigated lands creates a hydraulic barrier.  The extent to which Project 
groundwater consumption may affect flow in the PVID drains at the foot of the mesa is 
uncertain, and in any event less than the project’s pumping rates.  PVID’s margin of error in 
reporting drain return flow to the Colorado River is +/-50,000 AFY; therefore, the project’s 
impact on drain flow would not be measureable or observable.   

 
6. Groundwater consumption by the Project cannot reasonably be expected to affect local 

vegetation for several reasons: 

(a)  Existing groundwater levels under the project site vary from at least 140 to 160 feet below 
ground surface, and that the water table is approximately 200 feet or lower than ground 
surface along an east-to-west geologic cross section running through the approximate 
center of the project (AFC Appendix 15.5D, page 4 and Figures 2-1 and 2-2).  

(b) In June 2012, Applicant submitted an Environmental Enhancement Proposal that reduced 
the number of proposed solar facilities from three to two, and reduced operational water 
consumption by approximately 33% (from 260 acre-feet per year to 173 acre-feet per year) 
(Supplemental Response to DR Set 1A (#16 and #26), page 5.15-8). Potential drawdowns 
that could be associated with Project groundwater use were recalibrated to reflect this 
lower level of consumption. The results, which reflect conservative assumptions regarding 
such factors as the continuing influence of surplus groundwater conditions and easterly 
groundwater mound on local groundwater levels, show that the drawdown would be almost 
entirely limited to the Project site and would range from about 1.2 feet in the immediate 
vicinity of the wells to 0.2 feet at the farthest contour (Supplemental Response to DR Set 1A 
(#16 and #26), Figure 5.15-11 REV). The level of drawdown in almost all locations is within 
the range of naturally occurring background fluctuations (Supplemental Response to DR Set 
1A (#16 and #26), Page 5.15-12). 

(c) Desert vegetation root depths have been documented to average approximately 9.5 meters 
(31.2 feet) with a range of 2.4 meters  (7.9 feet)(see e.g., J. Canadell, et al., Maximum 
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rooting depth of vegetation types at the global scale, Oecologia, Volume 108, Number 4 
(1996), 583-595). Certain desert species may have deeper roots, such as mesquite trees, but 
larger mesquite trees are not present within the site and smaller mesquite plants occur only 
sporadically in surrounding areas. According to the Arizona-Sonora Desert Museum, no 
desert plant is known to use very deep roots as a primary strategy for survival. The root 
systems of most trees —including mesquites—are mostly confined to the upper three feet 
of soil. Few rains penetrate deeper than this, and at greater depths there is little oxygen to 
support root respiration (http://www.desertmuseum.org/books/nhsd_plant_ecology.php). 

(d) The seepweed wetland habitat located just below the mesa, east of the project fence line, is 
supported by surface flows from a large dry wash from the west (Revised Rio Mesa 
Preliminary Jurisdictional Report (October 2012), 8).  Groundwater levels beneath the 
seepweed habitat are controlled by the PVID drain. 

(e) While the PSA speculates that there may be an as-yet undetected linkage between onsite 
vegetation and a water table that is substantially lower than desert vegetation root depths, 
there is no scientific evidence in the record that could possibly support any such 
determination. The PSA analysis must be revised to reflect the following facts. Groundwater 
levels within the site range from a minimum of 140-160 feet below ground surface, 
substantially (nearly 100 feet) below the maximum root depth of desert plant species.  
Desert plants are subject to significant natural annual rainfall, surface water flow and 
groundwater variability. The range of groundwater drawdowns associated with Project 
pumping under conservative assumptions is, in almost all locations in the site, within the 
range of naturally-occurring background fluctuations and within or below the range of 
naturally-occurring background fluctuations in all offsite locations. As a result, vegetation 
located within and in the region of the Project could not reasonably be determined to be 
affected by the extremely minor groundwater level variability that could be associated with 
the Project over time. CEC staff performed an alternative groundwater analysis using a 
model that the PSA acknowledges is inaccurate and incomplete (see General Comment 4). 
The level of hypothetical drawdowns identified by the incomplete staff analysis, however, 
would still not affect vegetation located within and in the region of the project due to the 
existing depth to groundwater.  Furthermore, if perched groundwater is located below the 
microphyll woodlands in the washes at the site as suggested in the PSA, it is by definition 
hydraulically separated from the underlying aquifer used for project pumping and physically 
incapable of experiencing drawdown as a result of project pumping.   

(f) Irrespective of the groundwater model results, the fundamental characteristic of the 
regional groundwater basin is that approximately 84%, or 357,000 acre-feet per year of the 
PVMGB and the PVVGB annual groundwater budget is discharged from the basin to avoid 
surface saturation. Under this condition, the withdrawal of 173 acre-feet per year for 
project use, and approximately 405 acre-feet per year during construction, cannot 
reasonably be determined under any hydrodynamic theory to cause measurable changes in 
groundwater levels near the edge of the mesa that are maintained at their current levels by 
installation of the drains.  Thus, the relatively small amount of pumping will not be able to 
impact surface vegetation east of the mesa.  
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7. Project pumping from the PVMGB will not significantly affect, or contribute to significant 
cumulative effects on, nearby wells (see Specific Comments 1, 20, 36), the PVMGB balance (see 
General Comment 5, Specific Comments 6, 9, 10, 21, 39), or sensitive vegetation communities 
(see General Comment 6, Specific Comments 3, 25, 38).  While some of the groundwater 
pumped by the project pumping could reduce the amount of surplus PVMGB groundwater 
discharged to the PVID drains, the impact of reduced discharge from PVID drains to the 
Colorado River is virtually immeasurable and cannot be considered to be a significant impact, 
individually or cumulatively, to Colorado River water users (see General Comment 5, Specific 
Comments 4, 6, 9, 10, 21, 31, 39).  Furthermore, the project’s use of PVMGB groundwater does 
not constitute a consumptive use of Colorado River water requiring an entitlement to divert 
from the River (see General Comment 1, Specific Comments 7, 11, 31, 33).  No mitigation is 
required or reasonable given the hydrological context of the groundwater basin that could be 
affected by the Project, the virtually immeasurable extent of Project consumption relative to the 
basin’s surplus annual water budget, and the virtually immeasurable extent of Project 
consumption relative to the annual amount of surplus groundwater discharged from the basins 
through the PVID drainage system.  Nevertheless, Applicant will voluntarily agree to offset all 
project groundwater pumping by conserving water within the Colorado River Basin or PVMGB, 
as discussed in the proposed changes to Condition of Certification WATER SUPPLY-6.  
Conservation measures may include water conservation technologies, invasive plant removal, 
crop modifications, acquiring water or water rights, or other measures that will generate an 
equivalent amount of water in the Colorado River Basin or PVMGB. 

ADDITIONAL INFORMATION STAFF REQUIRES FROM THE APPLICANT IN ORDER TO 

COMPLETE THE FSA 

The applicant is required to submit a detailed description of how the applicant would 

mitigate Colorado River take and define the water conservation method, quantify the 

conservation amounts, and analyze how the conservation projects mitigate the impacts 

of the proposed project.  

 
 

FINDINGS OF FACT 

No findings of fact listed are in this section of the PSA. 

PROPOSED CONDITIONS OF CERTIFICATION    

1. Page 4.9-37:  Please revise Water Supply-1 as follows: 
 

WATER SUPPLY-1:  Groundwater use for all construction activity shall not exceed 405 
acre-feet per year (AF/y). Groundwater use for operation of both power plants 
and drinking and sanitation water shall not exceed 173 AF/y. The quantity of the 
groundwater used annually for project construction and operation shall be 
reported annually to the compliance project manager (CPM) to ensure 
compliance with this condition.  

 Prior to the use of groundwater for construction, the project owner shall install 
and maintain metering devices as part of the water supply and distribution 
system to document project water use and to monitor and record in gallons per 
day (gpd) the total volume(s) of water supplied to the project from this water 
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source. The metering devices shall be operational for the life of the project and 
shall be calibrated and maintained in accordance with the manufacturers 
recommended methods and schedule. 

 The project owner shall report all groundwater produced to the State Water 
Resource Control Board (SWRCB) pursuant to the requirement of Water Code 
Section 4999 et. seq. 

  
 Verification: At least sixty (60) days pPrior to the start of construction groundwater 

pumping of the proposed project, the project owner shall submit to the CPM a copy of 
evidence that metering devices have been installed and are operational. 
Beginning six (6) months after the start of groundwater usage for construction, the 
project owner shall prepare a semi-annual summary report of the amount of water used 
for construction purposes. The summary shall include the monthly range and monthly 
average of daily water usage in gpd. After the start of commercial operation, project 
owner shall prepare an annual summary report, which will include maximum daily and 
monthly usage in gpd and the total monthly and annual usage in acre-feet. Following 
the first year of commercial operation, the annual summary report will summarize the 
annual usage in tabular form. For calculating the total water use, the term “year” will 
correspond to the date established for the Annual Compliance Report (ACR). 
The project owner shall file an annual Notice of Extraction and Diversion of Water with 
the SWRCB or the local agency designated to oversee the Groundwater Recordation 
Program in accordance with Water Code Section 4999 et. seq. The project owner shall 
include a copy of the filing in the ACR. 

 
2. Page 4.9-38:  Please revise Water Supply-2 as follows: 

 
WATER SUPPLY-2:  The project owner shall construct and operate three or more one 

onsite production groundwater wells and one backup wells. The project owner 
shall ensure that these wells are completed in accordance with all applicable 
state and local groundwater well requirements. The project owner shall do all of 
the following before beginning any project fencing or grading activity: 

a. Well Installation Packet. Submit a groundwater well installation packet to 
the County of Riverside for review and comment and the CPM for review 
and approval. This packet shall contain documentation, plans, and fees 
normally required for a County well installation permit. 

b. Well Completion Report. In accordance with California’s Water Code section 
13754, the project owner shall ensure that the well driller submits to the 
California Department of Water Resources a Well Completion Report for 
each well installed. A copy of the Well Completion Report shall also be 
submitted to the CPM.  

The project shall not construct a groundwater well until the CPM provides 
approval to construct or operate a groundwater well.  
 

Verification:  The project owner shall submit all of the following: 
  
1. A groundwater well installation packet shall be submitted to the County of Riverside 

for review and comment and the CPM for review and approval at least ninety (90) 
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days before groundwater pumping begins, or such time as agreed upon by the 
Project Owner and the CPM.  

2. A Well Completion Report for each groundwater well shall be submitted no later 
than thirty (30) days after installation of the groundwater well, or such time as 
agreed upon by the Project Owner and the CPM.  

 
3. Page 4.9-38:  Please revise the first sentence of Water Supply-3 as follows: 

 
WATER SUPPLY-3: To the extent the project uses groundwater for potable purposes, 

tThe project is subject to the requirements of California Code of Regulations 
title 22, Sections 64400.80 through 64445 for a non-transient, non-community 
water system (serving 25 people or more for more than six months).  

 
4. Page 4.9-39:  Please revise the first sentence of Water Supply-4 as follows: 
 

WATER SUPPLY-4: Prior to the start of any groundwater pumping, the project owner 
shall submit the following for CPM review and approval: 

a. A Groundwater Well Reconnaissance Report. This report shall identify all 
groundwater wells within a five-mile radius of the project production wells. 
The methodology used and results of this well reconnaissance shall be 
described in detail in a written report.  

b. A Groundwater Monitoring and Reporting Plan. This plan shall describe the 
methodology and the network of wells to be used to monitor groundwater 
elevation and quality. This network of wells shall require installation of at 
least two new groundwater monitoring wells between the project 
production wells and sensitive woodland vegetation and two monitoring 
wells between the project production wells and the PVID drains sensitive 
mesquite vegetation. These wells shall be monitored to evaluate potential 
groundwater impacts. At least three wells shall be used to monitor 
groundwater quality for evaporation pond leak detection monitoring. New 
monitoring wells dedicated to evaporation pond leak detection may be 
required.    

c. A Baseline Groundwater Monitoring Report. The report shall establish 
baseline groundwater elevation and quality conditions using the above 
groundwater monitoring well network within a five-mile radius of the 
project production wells. 

A meeting(s) with the CPM is required prior to the submittal of each item above 
to ensure that the correct information is included in the submittal. This required 
information will be documented by the CPM. If the project owner fails to 
provide the required information, this condition of certification is not satisfied. 

Beginning six months after groundwater pumping commences, and semi-
annually thereafter for the next five years, the project owner shall submit the 
following to the CPM for review and approval: 

d. A Groundwater Monitoring Report. This report shall document current 
groundwater elevation and quality conditions. These current conditions 
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shall, in detail, be quantitatively compared to the baseline conditions. All 
significant impacts shall be documented and mitigated in accordance with 
Conditions of Certification WATER SUPPLY-5 and -6 and BIO-8. 

Every five years, the project owner shall evaluate the data and provide a detailed 
written analysis of whether the monitoring, reporting, and mitigation program 
frequency should be revised or eliminated.  

Verification:  The project owner shall submit all of the following. Failure to follow this 
schedule may result in project construction delays. 

1. A Groundwater Well Reconnaissance Report shall be submitted at least six (6) 
months before groundwater pumping begins, or such time as agreed upon by 
the Project Owner and the CPM.  

2. A Groundwater Monitoring and Reporting Plan shall be submitted at least 
ninety (90) days before groundwater pumping begins, or such time as agreed 
upon by the Project Owner and the CPM.  

3. A Baseline Groundwater Monitoring Report shall be submitted at least thirty 
(30) days before groundwater pumping begins, or such time as agreed upon by 
the Project Owner and the CPM.  

4. A Groundwater Monitoring Report shall be submitted every six (6) months 
beginning six (6) months after groundwater pumping begins, or such time as 
agreed upon by the Project Owner and the CPM.  

 

5. Page 4.9-40:  Please revise the first sentence of Water Supply-5 as follows: 
 

WATER SUPPLY-5:  This program will be triggered if groundwater drawdown of 5 feet2 
or more outside of the project site attributable to project pumping is observed 
or projected based on data from the groundwater monitoring program 
described in WATER SUPPLY-4.  The type and extent of mitigation shall be 
determined by the amount of water level decline induced by the project 
pumping, the type of impact, and site-specific well construction and water use 
characteristics. If an impact is determined to be caused by drawdown from 
more than one source, the level of mitigation provided shall be proportional to 
the amount of drawdown induced by the project relative to other sources.  
 

In order to be eligible, a well owner must provide documentation of the well 

location and construction, including pump intake depth, and evidence that the well 

was constructed and in use before project pumping was initiated. The mitigation of 

impacts shall be determined as follows: 

a. Increased Electrical Usage. If project pumping has lowered a well’s water 
levels by five feet or more and increased pumping lifts, increased energy 
costs shall be calculated. Payment or reimbursement for the increased costs 

                                                           
2
 CEC Final Decision, Genesis Solar Energy Project, Condition of Certification Soil&Water-2. 
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shall be provided at the option of the affected well owner. In the absence of 
specific electrical use data supplied by the well owner, the following formula 
shall be used to calculate the additional electrical usage:  

Increased Cost for Energy =   (change in lift/total hydraulic head) x (total 
energy consumption times costs/unit of 
energy) 

Where: 

change in lift (ft) =   calculated change in water level in the well  

total hydraulic head (ft) =   (elevation head) + (discharge pressure head) 

elevation head (ft) =   (wellhead discharge pressure gauge elevation) 
–  (water level elevation in well during pumping) 

discharge pressure head (ft) =   (pressure in pounds per square inch at 
 wellhead  discharge gauge) x (2.31 to convert 
 psi to feet of water)  

The project owner shall submit to the CPM for review and approval the 
documentation showing which well owners must be compensated for increased 
energy costs and that the proposed amount is sufficient compensation to 
comply with the provisions of this condition. 

i. Any reimbursements (either lump sum or annual) to impacted well owners 
shall be only to those well owners whose wells were in service within six 
months of the Commission Decision.  

ii. The project owner shall notify all owners of the impacted wells within one 
month of the CPM approval of the compensation analysis for increased 
energy costs.  

iii. The project owner shall provide compensation either on a one-time lump-
sum basis or on an annual basis, as described below. 

Annual Compensation. Compensation provided on an annual basis shall be 
calculated prospectively for each year by estimating energy costs that will be 
incurred to provide the additional lift required as a result of the project. With 
the permission of the impacted well owner, the project owner shall provide 
energy meters for each well or well field affected by the project. The impacted 
well owner to receive compensation must provide documentation of energy 
consumption in the form of meter readings or other verification of fuel 
consumption. For each year after the first year of operation, the project owner 
shall include an adjustment for any deviations between projected and actual 
energy costs for the previous calendar year. 

One-Time Lump-Sum Compensation. Compensation provided on a one-time 
lump-sum basis shall be based on a well-interference analysis, assuming the 
maximum project-pumping rate of 173 AF/y. Compensation associated with 
increased pumping lift for the life of the project shall be estimated as a lump 
sum payment as follows: 
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i. The current cost of energy to the affected party considering time of use or 
tiers of energy cost applicable to the party’s billing of electricity from the 
utility providing electric service, or a reasonable equivalent if the party 
independently generates their electricity;  

ii. An annual inflation factor for energy cost of 3 percent; and 

iii. A net present value determination assuming a term of 25 years and a 
discount rate of 9 percent; 

b. Well Screen Exposure. If groundwater monitoring data indicate project 
pumping has lowered water levels below the top of the well screen, and the 
well yield is shown to no longer meet pre-project demand, compensation 
shall be provided to diagnose and treat well screen encrustation. 
Reimbursement shall be provided at an amount equal to the customary 
local cost of performing the necessary diagnosis and maintenance for well 
screen encrustation. Should well yield reductions be reoccurring, the project 
owner shall provide payment or reimbursement for either periodic 
maintenance throughout the life of the project or replacement of the well. 

c. Well Yield. If project pumping has lowered water levels to significantly 
impact well yield so that the well can no longer meet its intended purpose, 
causes the well to go dry, or causes casing collapse, payment or 
reimbursement of an amount equal to the cost of deepening or replacing 
the well shall be provided to mitigate these effects. Payment or 
reimbursement shall be at an amount equal to the customary local cost of 
deepening the existing well or constructing a new well of comparable design 
and yield (only deeper). The demand for water, which determines the 
required well yield, shall be determined on a per well basis using well owner 
interviews and field verification of property conditions and water 
requirements compiled as part of the pre-project well reconnaissance. Well 
yield shall be considered significantly impacted if it is incapable of meeting 
1150 percent of the well owner’s maximum daily demand, dry-season 
demand, and annual demand – assuming the pre-project well yield 
documented by the initial well reconnaissance met or exceeded these yield 
levels. The contribution of project pumping to observed decreases in 
observed well yield shall be determined by interpretation of the 
groundwater monitoring data collected and shall take into consideration the 
effect of other nearby pumping wells, basin-wide trends, and the condition 
of the well prior to the commencement of project pumping. 

d. The project owner shall notify any owners of the impacted wells within one 
month of the CPM approval of the compensation analysis. 

e. Pump Lowering. In the event that groundwater is lowered as a result of 
project pumping to an extent where pumps are exposed but well screens 
remain submerged, the pumps shall be lowered to maintain production in 
the well. The project shall reimburse the impacted well owner for the costs 
associated with lowering pumps in proportion to the project’s contribution 
to the lowering of the groundwater table that resulted in the impact. 
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f. Deepening of Wells. If the groundwater is lowered enough as a result of 
project pumping that well screens and/or pump intakes are exposed, and 
pump lowering is not an option, such affected wells shall be deepened or 
replacement wells constructed. The project shall reimburse the impacted 
well owner for all costs associated with deepening existing wells or 
constructing replacement wells in proportion to the project’s contribution 
to the lowering of the water table that resulted in the impact. 

Verification: The project owner shall do all of the following: 

1. At least sixty (60) days prior to project construction, the project owner shall submit 
to the CPM, for review and approval, a comprehensive plan (Groundwater Level 
Monitoring and Reporting Plan) presenting all the data and information required in 
Item A above. The project owner shall submit to the CPM all calculations and 
assumptions made in development of the plan.  

2. During project construction, the project owner shall submit to the CPM quarterly 
reports presenting all the data and information required in Item B above. The 
project owner shall submit to the CPM all calculations and assumptions made in 
development of the report data and interpretations. 

1.3. No later than sixty (60) days after commencing project operation, or such time as 
agreed upon by the Project Owner and the CPM, the project owner shall provide to 
the CPM, for review and approval, documentation showing that any mitigation to 
private well owners during project construction was satisfied, based on the 
requirements of the property owner as determined by the CPM. 

4. During project operation, the project owner shall submit to the CPM, applicable 
quarterly, semi-annual, and annual reports presenting all the data and information 
required in Item C above. The project owner shall submit to the CPM all calculations 
and assumptions made in development of report data and interpretations, 
calculations, and assumptions used in development of any reports. 

2.5. The project owner shall provide mitigation as described in Item D above, if the 
CPM’s inspection of the monitoring information confirms project-induced changes 
to water levels and water level trends relative to measured pre-project water levels, 
and well yield has been lowered by project pumping. The type and extent of 
mitigation shall be determined by the amount of water level decline and site-
specific well construction and water use characteristics. The mitigation of impacts 
shall be determined as set forth in Item D above. 

3.6. No later than 30 days after CPM approval of the well drawdown analysis, or such 
time as agreed upon by the Project Owner and the CPM, the project owner shall 
submit to the CPM all documentation and calculations describing necessary 
compensation for energy costs associated with additional lift requirements. 

4.7. The project owner shall submit to the CPM all calculations, along with any letters 
signed by the well owners indicating agreement with the calculations, and the name 
and phone numbers of those well owners that do not agree with the calculations. 

5.8. If mitigation includes monetary compensation, the project owner shall provide 
documentation to the CPM that compensation payments have been made by March 
31 of each year of project operation or, if a lump-sum payment is made, payment 
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shall be made by March 31 of the following year. Within 30 days after compensation 
is paid, or such time as agreed upon by the Project Owner and the CPM, the project 
owner shall submit to the CPM a compliance report describing compensation for 
increased energy costs necessary to comply with the provisions of this condition. 

 

6. Page 4.9-44:  Please revise the first sentence of Water Supply-6 as follows: 
 

 Colorado River IMPACT MITIGATION CONSERVATION TO OFFSET GROUNDWATER USAGE 

WATER SUPPLY-6:  The project owner shall undertake one or more of the activities 
identified below to offset project groundwater pumping and mitigate potential 
project impacts to flows in the PVID drain at the foot of Palo Verde Mesa and in 
the Colorado River. These activities shall result in replacement of up to 5,506 
acre-feet (AF) (up to 405 AF/y during construction and 173 AF/y during 25 years 
of operation) of water in the Colorado River Basin or the PVMGB over the life of 
the project. The activities may shall include water conservation projects such as 
payment to MWD for replacement of SWP water for Colorado River water, 
payment for irrigation improvements in Palo Verde Irrigation District, purchase 
of water rights within the Colorado River Basin or PVMGB that will be held in 
reserve, tamarisk eradication, purchase of water from the City of Needles Water 
Bank, Project Owner participation in agricultural land fallowing, or other 
proposed mitigation conservation activities acceptable to the CPM. The 
activities proposed for mitigation conservation shall be described in detail in a 
Water Conservation Supply Plan that shall be provided to the CPM for review 
and approval. The Water Conservation Plan shall include the following at a 
minimum: 

a. Identification of the activities and water source that will replace up to 5,506 
AF of diverted water within from the Colorado River Basin or the PVMGB 
over the life of the project;  

b. Demonstration of the project owner’s legal right to the water or ability to 
conduct the activity and all written agreements demonstrating that right; 

c. Discussion of whether any governmental approval of the identified activities 
will be needed and compliance with CEQA;  

d. Copies of all correspondence with any local, state, or federal government 
entities that discuss conditions for approval of the activities and water 
source that will replace up to 5,506 AF of divertedwater from the Colorado 
River Basin or PVMGB. 

e. Demonstration of how much Colorado River Basin or PVMGB water each of 
the chosen activities replaces; 

f. An estimated schedule for completion of the activities;  

g. Performance measures that would be used to evaluate the amount of water 
replaced by the activities; and  

h. A Monitoring and Reporting Plan describing in detail the steps necessary 
and proposed frequency of reporting to show the activities are achieving 



WATER SUPPLY 

 
 

VOLUME 1: APPLICANT'S GENERAL COMMENTS AND COMMENTS TO COC’S ON RMS PSA – WATER SUPPLY Page 14 

the intended benefits and replacing the Colorado River Basin or PVMGB 
water diversions. 

 
Verification:   The project owner shall submit a Water Conservation Plan to the CPM for 
review and approval thirty (30) days before the start of extraction of groundwater for 
construction, or such time as agreed upon by the Project Owner and the CPM.  
 

7. Page 4.9-45:  Please revise the first sentence of Water Supply-7 as follows: 
 

WATER SUPPLY-7:  Prior to the start of commercial operation the project owner shall 
protect groundwater resources by abandoning all groundwater wells existing on 
the proposed project property that are not proposed for use by the Project 
Owner for water supply, standby or monitoring use. Abandonment procedures 
shall be developed consistent with those described in the California Department 
of Water Resources Bulletins 74-81 & 74-90. The owner shall submit a well 
abandonment packet and applicable fees to the County of Riverside, for review 
and comment. The owner shall also submit to the CPM the well abandonment 
packet containing the County of Riverside’s comments and proof of County fee 
payment. The project shall not abandon a well until the CPM provides approval. 

 In accordance with California’s Water Code section 13754, the project owner 
shall ensure that the well driller submits to the California Department of Water 
Resources a Well Completion Report for each well abandoned. Once wells have 
been abandoned in accordance with the approved plan the project owner shall 
file well completion reports for each abandoned well with Riverside County, 
California Department of Water Resources, and the CPM. 

 Prior to commencement of commercial operation, the project owner shall provide a 
report to the CPM that documents the actual location, conditions, methods and 
materials used to complete abandonment of each well and confirmation that the all 
wells within the project property have been abandoned consistent with the 
requirements of this condition. 

 
Verification: No later than thirty (30) days before well abandonment, or such time as agreed 
upon by the Project Owner and the CPM, the project owner shall submit copies of the well 
packets with review and comment from Riverside County to the CPM for review and 
approval. 

No later than thirty (30) days prior to commencement of commercial operation, or such 
time as agreed upon by the Project Owner and the CPM, the project owner shall provide a 
report to the CPM that a copy of the Well Completion Report for each well abandoned and 
documents that show the actual location, conditions, methods, and materials used to 
complete abandonment of each well and a statement that the all wells within the project 
property have been abandoned. 
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Updated GRI Modeling Tech Memo 2012-10-17.doc

TECHNICAL MEMORANDUM

Background

This technical memorandum addresses certain questions raised by California Energy Commission

(CEC) water staff regarding the groundwater flow and impact analysis provided in the Application for

Certification (AFC) for the Rio Mesa Solar (RMS) project in 2011. The questions were included in an

internal CEC memorandum dated August 21, 2012 that was referenced in the CEC’s Preliminary Staff

Assessment (PSA) for the Rio Mesa Solar Electrical Energy Facility (RMS) that was publicly released

on September 28, 2012. The August 21, 2012 internal memorandum was provided to WorleyParsons

via email on October 9, 2012.

The consultation history between the RMS project consultants and CEC staff regarding water issues

includes the following:.

 CEC initially submitted a written list of questions regarding the model after an RMS

workshop on May 24, 2012.

 Responses to the CEC’s questions were provided via email on June 13, 2012 and are

included as Attachment A. These responses addressed each of the questions contained in

the written list of questions received on May 24. The responses also address the issues

subsequently discussed in the August 21 internal memorandum.

 The May 24 questions and June 13 responses were discussed with CEC staff during a

teleconference on June 28, 2012.

 After the call, additional information was provided to CEC in a Technical Memorandum dated

August 14, 2012, which is included as Attachment B. The August 14 memorandum
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presented an updated impact assessment that revised the project pumping location and the

33% reduction in project water demand associated with the elimination of RMS unit 3 from

the project proposal. Based on comments from CEC staff, the model also included a refined

recharge distribution and the memorandum provided a discussion of calibration statistics

and error messages regarding dry cells encountered when CEC attempted to run the model.

 The August 14 Technical Memorandum was further discussed with CEC at a meeting on

August 16, 2012 during which the model was demonstrated to CEC staff.

 A subsequent teleconference occurred on August 20 to discuss the dry cell error concerns

raised by CEC staff.

The updated model presented in the August 14 Technical Memorandum concluded that the project’s

impacts on groundwater resources would be negligible, particularly with the reduced demand

associated with the revised two-facility proposal. Maximum predicted drawdowns were 4 feet at the

end of project pumping in the immediate vicinity of the well. Drawdown was predicted to be limited to

the Palo Verde Mesa Groundwater Basin and did not extend into the Palo Verde Valley Groundwater

Basin. The maximum predicted drawdown at simulated monitoring well MW-4, located near the Palo

Verde Irrigation District (PVID) drain at the foot of the mesa, was 0.05 foot. Calibration statistics met all

of the calibration goals. These results were similar to, but slightly less than, the predicted results using

the original model presented in the Groundwater Impact Assessment Report (WorleyParsons, 2011),

which included demand associated with three, rather than two solar facilities as currently proposed.

The purpose of this Technical Memorandum is to provide additional information in response to CEC

water staff’s concerns, as expressed in the PSA, that the groundwater model used to analyze potential

project impacts may be unreliable. The primary rationale for this conclusion appears to be that, when

CEC staff ran the model using the GMS® modeling platform, certain “dry cell” errors occurred.

This memorandum discusses the procedure used to build and refine the RMS model from the original

AECOM groundwater model that was developed for the Blythe Solar Power Project (BSPP), a model

that was accepted by the CEC during the review and eventual certification of the BSPP. The

discussion focuses on modifications that were made to the model Layer 1 top and bottom cell

elevations to reflect conditions applicable to the project site. This memorandum then explains why “dry

cell errors” were encountered by the CEC and why this result does not affect the model’s reliability and

RMS project impact predictions. Finally, a sensitivity analysis is included using two versions of the

model updated to reflect all of the CEC water staff’s comments to demonstrate that the dry cell errors

identified in the PSA do not affect the drawdown predictions. Figure 1 is a site plan that includes the

location of the wells referenced in this memorandum.

Model Construction

As discussed in the August 14, 2012 memorandum (WorleyParsons, 2012) and in the Groundwater

Impact Assessment Report (WorleyParsons, 2011), the RMS groundwater model was based on a

MODFLOW 2000 model prepared by AECOM for the Blythe Solar Power Project (BSPP) and accepted

by the CEC for BSPP review and certification purposes (AECOM, 2010). The AECOM model was

originally created using the GMS® modeling platform. WorleyParsons used the MODFLOW 2000 files

created by AECOM to generate a model for RMS using the Groundwater Vistas® platform. The
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following summarizes changes made to the AECOM model by WorleyParsons to reflect RMS site

conditions:

1. The thickness of the alluvial deposits (bottom elevation and ground surface elevation) was

revised to reflect known ground surface elevations and geologic principals (zero thickness at

the bedrock outcrop) and updated with additional geologic data;

2. Hydraulic conductivity values were adjusted to reflect data near the project site and adjusted

during model calibration;

3. Mountain front recharge for the Mule Mountains and Palo Verde Mountains, (in the southern

part of the Palo Verde Mesa Groundwater Basin, near the RMS project) was added as uniform

recharge flux applied to all mountain front recharge cells to achieve the total mountain front

recharge of 5,300 AFY identified in the water balance analysis for the Basin (Groundwater

Characterization Report, WorleyParsons 2010); and

4. The model grid was refined in the vicinity of the RMS project wells.

Apart from these adjustments, no other modifications were made to the AECOM model. No errors

were encountered in the process of converting from the GMS model platform to the Groundwater

Vistas® platform. No errors were encountered when the model was run on the Groundwater Vistas®

platform to generate steady state and transient predictive scenarios for RMS. After WorleyParsons

completed the development and testing of the model, the RMS modeling files were provided to the

CEC. The version of the model included with the August 14, 2012 Technical Memorandum included a

refinement of mountain front recharge rate variability related to precipitation for each mountain range,

and the RMS pumping rate and well locations were updated to reflect the revised, two-facility proposal.

Changes to the AECOM Model Layer 1 (Alluvium) Bottom and Top Elevations

As described in the 2011 Groundwater Impact Assessment Report, WorleyParsons updated the base

of alluvium elevation and alluvium thickness in the RMS model to incorporate new geologic data. In

particular, the AECOM model was adjusted to more accurately represent the bottom elevation and

thickness of alluvium in the mountain front area. These revisions reflected the following, documented

inaccuracies in the AECOM model:

1. The base of alluvium elevation over the western approximately one-quarter of the AECOM

model domain was a uniform -200 ft mean sea level (msl), despite the fact that ground

elevations in the mountain front area of the model domain in places exceed 1000 ft msl to 1200

ft msl. This elevation parameter inaccurately characterized alluvium in the mountain front

areas as having an extraordinary depth extending for several hundreds of feet, a result that

was not justified by the well established geology of the region. .

2. After the AECOM MODFLOW 2000 model was imported into the Groundwater Vistas platform,

the model Layer 1 top elevation (which should correspond to ground surface elevation) was

noted to be a uniform 600 ft msl over the entire model domain. This was clearly an inaccurate

characterization, and possibly was an artifact of the model import process. If uncorrected, a

uniform 600 ft msl Layer 1 top elevation would have generated an assumed alluvium thickness
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(model Layer 1) of 800 feet over the entire western one-quarter of the model domain, including

mountain front outcrop areas where no alluvium would be present.

To incorporate more refined geologic data about the model area, WorleyParsons implemented the

following modifications to the AECOM model:

1. Initiated the analysis on the basis of Figure 8 in the AECOM (2010) model report, which

identifies the alluvium base elevation(although the figure caption says “isopach”) with

approximate and inferred contours;

2. Converted the contour lines (approximate and inferred) from Figure 8 to GIS polylines with

appropriate alluvium bottom elevation attributes;

3. Extended the polylines, where appropriate, to the edge of the Palo Verde Mesa

Groundwater Basin, following the implied direction and curvature of the polylines;

4. Converted the polylines to equidistant station points along polylines;

5. Incorporated historical well log data (in three dimensions, X,Y,Z) from 14 Rio Mesa area

wells (Stone and Webster, 1976) into alluvium bottom elevation “station points” and created

a gridded dataset file;

6. Clipped the output gridded dataset file to correspond with the Palo Verde Mesa Groundwater

Basin and Palo Verde Valley Groundwater Basin boundaries; and

7. Imported the alluvial base elevation gridded dataset file (in three dimensions, X,Y,Z) into the

Groundwater Vistas® model as bottom elevation, Layer 1 in the model.

As a final step, ground surface topography from the USGS 1/3 arc second grid file (10 meter grid cells)

was imported into the model as a gridded dataset file (in three dimensions, X,Y,Z) for the top of Layer

1. A minimum Layer 1 cell thickness of two feet was specified by adjusting the Layer 1 bottom

elevation where needed.

The alluvium (Layer 1) characteristics resulting from these adjustments comprise a more realistic and

defensible geologic representation of alluvium bottom elevation and thickness than in the original

AECOM model. As corrected, the model accurately identifies an alluvium thickness of zero where

bedrock outcrops along the basin boundaries (which coincide with model domain boundaries), whereas

thick alluvium was attributed to these areas in the AECOM model. The ground surface elevation over

the model domain was also corrected to vary from approximately 200 feet msl to over 1200 feet msl in

accordance with actual topography from the USGS digital elevation model (DEM).

Dry Cell Error Messages

As CEC staff observed, the simulated hydraulic heads along much of the mountain front areas are

below the bottom of the alluvium model layer. This results from steep bedrock topography combined

with thin alluvial deposits and relatively shallow hydraulic gradients in the alluvial aquifer approaching

the recharge zones. Modeling aquifer geometry near the edges of a groundwater basin is frequently

challenging. It can be difficult to geometrically model a thinning and sloping aquifer near the edges of a

basin using a single layer model. In the RMS model, improving model geometry near the basin edges
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as described above appears to have caused the simulated heads in many cells near the model’s edges

to be below the base of the model layer. Edge effects of this nature are not an uncommon

groundwater model result where drainage basin boundaries occur in areas of elevated topography.

Groundwater flow can physically occur in several ways where the bedrock geology is close to the

ground surface:

1. Shallow subsurface runoff can occur (Smerdon et al, 2009), where water moves laterally in the

shallow subsurface prior to reaching the permanent groundwater surface;

2. Flow may occur along thin, high permeability layers perched on bedrock near the mountain

fronts;

3. Flow could occur in upper portions (e.g., in several tens of feet or more) of weathered and/or

fractured bedrock via fracture flow; or

4. In the uppermost portions of the aquifer, the alluvial deposits may in fact be dry between

significant recharge events.

The possibility that dry cells may occur along the elevated margins of groundwater basin models when

MODFLOW models are used is well understood. The standard approach when dry cells are generated

by this and other mechanisms is to (1) investigate the source of the problem conceptually and

mathematically, (2) evaluate potential impacts on the proper functioning of the model (e.g., is recharge

still able to enter the model in the proper amounts and at the proper locations, (3) identify corrections or

solutions, (4) assure that the selected solution allows the model to maintain proper calibration and

mass balance and does not impact the area of the model in which predictions will be made. The focus

in this case is to ensure that the locations in the model from which predictions are derived are remote

from potentially problematic edge cells and that the appropriate amount of recharge still enters the

model at appropriate locations. Under these circumstances, a failure to correctly predict the hydraulic

head in a subset of cells along the extreme margins of a study area does not affect the reliability of the

model for its intended purpose. The model’s reliability is validated if the calibration criteria are met in

the area where specific predictions are derived and a reasonable mass balance is achieved.

In MODFLOW, the confined layer configuration maintains the peripheral cells as fully saturated, and

flow from the recharge zone to the aquifer at the base of the mountains occurs in a manner consistent

with the mountain front recharge rate. As long as the peripheral model cells are configured as

confined, a low hydraulic head result in these locations will not create an error in Groundwater Vistas®.

A “Translation to MODLFOW 2000” file is created in Groundwater Vistas which documents if any errors

or warnings were reported during the run. Attachment C presents this Translation to MODLFOW

2000 file for the revised original model and indicates that zero (0) errors were reported during the

MODFLOW 2000 run.

Low hydraulic heads near the mountain fronts were also generated in the original AECOM model, but

did not produce errors because the base of alluvium in the AECOM model was lowered below the

simulated groundwater elevations. The error messages encountered by CEC staff running the RMS

model are likely a result of certain GMS® platform settings, which flag the cells as being dry (i.e.

inactive) in a model when the model Layer 1 is configured as unconfined or confined/unconfined. The

errors should not occur in these cells in the event the layer is configured as confined because the
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model will treat the applicable cells as if fully saturated and flows between the cells will be based on the

hydraulic gradient computed from the modelled heads.

Sensitivity Analysis of Alternative Modeling Approaches in the RMS Model to Eliminate Dry

Cells

The method used by WorleyParsons to maintain the transmission of recharge through cells near the

mountain front (which resulted in “dry cell” error messages in CEC staff applications of the model) was

compared to the method used by AECOM (which was previously accepted by CEC staff). As

discussed above, the AECOM model avoided peripheral cell issues by lowering bottom elevation of the

alluvial aquifer. To approximate this approach, the RMS model Layer 1 thickness was adjusted by

lowering the Layer 1 bottom elevation in the mountain front areas at least five feet below the simulated

groundwater elevation. Although geologically inaccurate, this adjustment allows the model to

mathematically incorporate mountain front recharge in a manner consistent with applicable recharge

rates and allows for the propagation of drawdown more accurately toward the edges of the model.

This “Lowered Bedrock” version of the model was then compared with the “Revised Original” model, or

the RMS model derived by adjusting the AECOM model for the BSPP as described above.

In the comparison of the two models, BSPP pumping was not included in the analysis. Consistent with

CEC staff comments, the models also assume that construction period water demand will be 400 acre-

feet per year (AFY) and will not decrease by one third as assumed in the revised RMS model

presented in the August 14 Technical Memorandum.

Figure 2 shows the project related drawdown predicted by the Lowered Bedrock and Revised Original

models. Both model results show that project-related drawdown impacts will be less than significant.

Consistent will previous studies provided to the CEC, drawdown decreases rapidly away from the

pumping wells in the Lowered Bedrock and Revised Original models and is generally similar in extent.

Both models predict that the 0.1 ft drawdown contour to the east of the RMS wells will occur in

approximately the same locations and will not extend from Palo Verde Mesa Groundwater Basin into

the Palo Verde Valley Groundwater Basin.

The maximum predicted drawdown will occur near the pumping wells for the project at the end of

construction pumping, and is predicted to be approximately 7 feet. After construction pumping,

operational pumping will decrease and groundwater levels near the pumping wells will recover while

the overall drawdown cone continues to spread. The maximum lateral extent of predicted drawdown

will occur at the end of project operation. At the end of project pumping, the maximum predicted

drawdown near the project wells is 4.29 feet in the Revised Original model, and 4.11 feet in the

Lowered Bedrock model. Drawdown is predicted to be less than 1 foot at distances greater than 0.3 to

0.6 miles from the pumping wells at the end of project pumping. Measurable drawdown is not

predicted to extend westward beyond the site boundaries. Drawdown beneath the undeveloped land

immediately north of the site is predicted to be approximately 2 feet near the site boundary and

decreasing rapidly northward to 0.3 feet or less at a distance of about 1 mile from the site. Figure 3

compares the drawdown versus time at simulated monitoring well MW-1 in the cell adjacent to the

pumping centroid for each model. The drawdown response at MW-1 is very similar in both cases, and

drawdown is slightly lower in the Lowered Bedrock model. The maximum predicted drawdown at
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simulated monitoring well MW-4, located near the PVID drain at the foot of the mesa, is 0.17 feet in the

Revised Original model, and 0.14 feet in the Lowered Bedrock model (Figure 4).

Based on the above modeling analysis of potential groundwater drawdown by the proposed project,

groundwater wells on property adjacent to the proposed project are not expected to experience

measurable drawdown. The maximum predicted drawdown at an off site well is 0.1 foot at an inactive

well located approximately 2 miles north of the site. As such, off-site wells will not be significantly

impacted by the project pumping.

Calibration statistics for the Lowered Bedrock and Revised Original models are summarized in Table 1

Both models meet all applicable calibration goals, , including the following :

 A residual standard deviation divided by range of less than 10 percent;

 An absolute residual mean divided by range of less than 10 percent; and

 A residual mean divided by range in target heads of less than 5 percent.

As shown in Table 1, the calibration statistics for the Lowered Bedrock and Revised Original models

given in Table are virtually identical.

Model Version

Residual

Mean

Residual

Standard

Deviation

Absolute

Residual

Mean

RMS

Error

Minimum

Residual

Maximum

Residual

Range in

Target

Heads

Residual

Standard

Deviation/Range

(<10%)

Absolute

Residual

Mean/Range

(<10%)

Residual

Mean/Range

(<5%)

Revised Original -0.34 3.43 2.82 3.45 -8.75 5.93 55.91 6.1% 5.0% -0.6%

Lowered Bedrock -0.26 3.45 2.82 3.46 -8.75 6.27 55.91 6.2% 5.0% -0.5%

Table 1. Calibration Statistics Comparison

Hydrograph for Simulated Monitoring Well MW-4

During the meeting on August 16, a very slight increase in the groundwater level was simulated in the

hydrograph for simulated monitoring well MW-4. Although the increase was insignificant (on the order

of 0.01 feet), upon closer evaluation (and as pointed out by CEC staff), we found that the revised

mountain front recharge rates (discussed in detailed in August 14
th

memorandum) applied to the

recharge cells had not been applied for each stress period of the model at that time. When the

recharge rates were corrected across all stress periods in the updated version of the model, the

hydrograph for MW-4 no longer showed an increase in water level in both the Lowered Bedrock and

Revised Original versions of the model, as shown in Figure 4. As a result, the MW-4 issue identified by

CEC staff has been fully addressed in the revised models.

Conclusion

All versions of the RMS model to date (including four different refinements of the model in response to

CEC comments) have generated comparable results and calibration statistics. Each shows that the

project’s groundwater impacts will be less than significant. The consistency of the results indicates that

the RMS models provide a reliable, hydrogeologically realistic and valid method for assessing project

impacts.

The PSA includes an assessment of RMS drawdown using the USGS WTAQ modeling code. As the

PSA concedes, the WTAQ is a simple, one-dimensional analytical model developed to analyze pump
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test drawdown data for the purpose of estimating aquifer properties (Barlow and Moench, 2011). By its

nature, the model includes several simplifying assumptions, including an aquifer that is uniform,

isotropic, of infinite aerial extent and constant in thickness. None of these assumptions are applicable

to the RMS area, and the WTAQ does not allow for the incorporation of boundary conditions, recharge,

groundwater gradients, variations in aquifer thickness or variations in aquifer properties that might

refine the results for project analysis purposes. As used in the PSA, the WTAQ model is also not

calibrated to verify long term drawdown predictions. The use of WTAQ in this manner to discuss

project impacts, particularly in lieu of the calibrated MODFLOW model discussed above, is technically

unsound. The drawdowns calculated by the WTAQ are in the PSA more than an order of magnitude

greater than predicted by an accurate, calibrated model. The best available, scientifically defensible

analysis, therefore, demonstrates that project drawdown impacts will be less than significant.
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Attachment A



1. Groundwater Storage Coefficient
a. The model used a storage coefficient of 0.3 but the Groundwater Impact Assessment

Report (GIAR) states that a coefficient of 0.2 was used. Which coefficient should be
used?

b. The USGS model used a coefficient of 0.2. The GIAR states that the model is just a
refinement of the USGS model. Why is a coefficient different than the USGS model
used?

Response:

The GIAR states that the RMS model is a refinement the existing model for the Blythe Solar
Energy Project (BSEP) prepared by AECOM (AECOM, 2010). The existing model by AECOM was
the most recent model of the area, was prepared for a similar purpose, and had been reviewed and
vetted by the CEC. AECOM’s report indicates a Storage Coefficient of 0.2 was used in the BSEP
model and the aquifer was modeled as unconfined, consistent with the USGS model on which it
was based (Leake, et al, 2008). We did not change the Storage Coefficient from the BSEP model;
however, the value used by AECOM differs from the USGS model and the value cited in AECOM’s
report. Unfortunately, this discrepancy was inadvertently omitted from the RMS model
documentation in the GIAR, but is appropriately handled in the model as discussed further below.

Upon reviewing the BSEP model and updating it for the RMS project, we found that it handled the
aquifer as confined with a Specific Storage of 0.004 assigned to each cell, which is different from
what was stated in AECOM’s report and from the properties used in the USGS model. AECOM
appears to have made this change as a necessary refinement of the USGS model. On further
review, the lower storage coefficient and confined aquifer interpretation are consistent with
hydrogeologic data from pumping tests conducted for wells completed in the Older Alluvium. The
Specific Storage value derived from the pumping test conducted for the Sun Desert project on the
Rio Mesa site was 0.001. Similarly, the analysis of pumping tests conducted on wells PW-1 and
PW-2 at the Blythe Energy Project indicated Storage Coefficients of 0.04. Each of these pumping
tests thus indicate the aquifer properties of the Older Alluvium may be best characterized as semi-
confined. It would be expected in alluvial aquifers where some vertical anisotropy exists to have
deeper layers respond as a semi confined, or leaky confined, aquifer. Modeling the aquifer as
confined (or semi-confined) with a lower Specific Storage will tend to make it more sensitive to
pumping-related effects, resulting in a greater magnitude of drawdown as well as a greater lateral
propagation of drawdown. This may be seen in AECOM’s original modeling study (Appendix J-1
and J-2 of the AFC, attached), where the aquifer was modeled using Storage Coefficient of 0.2 and
0.05, and maximum drawdown as well as the distance to the 1 foot drawdown contour increased
with a decreased Storage Coefficient.

It should be kept in mind that the model simplifies the aquifer as a single layer with the properties
of a semi-confined aquifer, which is consistent with the data from pumping wells in the area. It
will tend to over-predict drawdown for wells completed in the overlying Younger Alluvium, where
unconfined conditions likely prevail. As such, this representation of the aquifer is appropriate for
the stated purpose and may be considered conservative.

2. The specific yield in the model is zero. Please check. This could have been a translation error
from the GW Vistas platform to GMS.

Response: The aquifer it treated as semi-confined in the model and therefore the Specific
Yield is not applicable and set to zero.



3. The report states that injection wells are used for the Parker Valley flux. Injection wells are
not present in the model at this location. Please explain.

Response: Underflow from Parker Valley into Palo Verde Valley is simulated by a single
injection well located along the river in the northeast area of the model domain. This cell is
shown on Figure 3-1. This is the same approach as the BSEP model

4. The model uses injection wells at the Mule and Palo Verde Mountains to simulate mountain
front recharge. There are several other locations where these injection wells can be placed.
Placement of injection wells at this location will cause the model to reduce project pumping
drawdown effects. Explain why this location was chosen for the injection wells.

Response: In the BSEP and RMS models, injection wells are used only to simulate underflow into
the basin from Chuckwalla Valley and from Parker Valley as shown on Figure 3-1. Mountain front
recharge is simulated using recharge cells spread out along the mountain fronts. The locations of
these recharge cells may be observed in the model. AECOM’s model for the BSEP did not
simulate any mountain front recharge in the southern part of the basin along the Mule and Palo
Verde Mountains. Mountain front recharge would be expected to occur along all of the mountains
that surround the basin, and not to be limited to just the northern portion. In the RMS model,
mountain front recharge cells were therefore added along the Mule and Palo Verde Mountains to
correct this omission. The calculated mountain front recharge for the basin was then divided
equally among all of the recharge cells on a unit area basis. The result is a more accurate and
reasonable handling of recharge throughout the entire model domain in the RMS model than in
the BSEP model.

5. A model program error check states that the starting head elevation is lower than the base
of the aquifer layer. Please check. This could have been a translation error from the GW
Vistas platform to GMS.

Response: Some of the cells in the higher and thinner parts of the basin would be expected to be
dry, and this is reflected in the model’s starting condition. The model handles this by simulating a
water level in those cells that is below the base of the aquifer, which generates an error message
for those cells.

6. Calibration Standard Deviation
a. What is the range? Is it the min/max of the residual relative head values or the

min/max of the residual heads values relative to a datum such as mean sea level?

Response: The values are relative to mean sea level as indicated in Table 3-1.

b. The GIAR states that a residual Std Dev target of 10% was used for the calibration
statistics. This seems high to us and that a 5% Std Dev is appropriate. The difference
in residuals heads is almost 10 feet for some coordinate locations. This seems great
when the overall gradient in the model area varies by only about 50 feet.

Response: The 10% criterion was adopted from AECOM’s BSEP model, which was previously

accepted by the CEC. Regardless of this, Table 3-1 indicates a Residual Standard



Deviation/Range of 6.3% and an Absolute Residual Mean/Range of 5.3%, which are both very
close to 5%.

7. Groundwater Contouring
a. In the northwest area of the modeled zone, the observed groundwater gradient is

90 degrees different than the gradient produced by the model. Why was the
gradient forced in the model?

Response: As shown on Figure 3-6, there is only one well located in the approximately 140
square mile area that makes up the northwestern-most portion of the Palo Verde Mesa and
model domain. This single value was not used in contouring, as it would have created a
“bullseye effect” without adding additional artificial data points. The contouring program
therefore extended the 250 foot contour into this area based on data further to the south,
and at a 90 degree angle to actual anticipated contour direction. We could have inferred
contours to reflect our understanding of groundwater flow in this area or truncated the
contours in a question mark, but did not do so since this portion of the basin is remote from
the area of interest to the study. Our failure to manipulate the contours in this area in no
way affects the outcome of the modeling analysis.

The contoured model outputs are also shown in Figure 3-6, and are based on the modeled
water level elevations for each cell. The results were not forced by manipulation or addition
of artificial data points. The predicted water level elevations reflect the influence of
mountain front recharge in the model and show the expected direction of groundwater flow,
which is toward the southeast.

Interestingly, the groundwater level elevation for the one well in this area is 318 feet. This is
approximately consistent with the water level contouring and flow direction suggested by the
model outputs.

b. GSA report states that the McCoy Mountains are sedimentary rock overlaying
Jurassic volcanic rocks (rhyodacite porphyry). Where the groundwater intercepts the
Mtns, the rock appears to be sandstone/conglomerate/mudstone. Given the high
permeability of this rock, the groundwater gradient could be towards the McCoy
Mountains.

Response: In its description of the Palo Verde Mesa and Chuckwalla Valley Groundwater
Basins, DWR describes the bedrock of the surrounding mountains as being generally
impermeable. USGS has adopted the same assumption in its evaluation of the Colorado River
Aquifer (Leake, 2008 and others). Although the McCoy Mountain Formation includes fluvial
sandstone and conglomerate members, they are well lithified (turned into rock) by
consolidation, cementation and alteration of the mineral grains. As a result, these rocks
stand in bold vertical relief. The GSA paper indicates that the lithification process (diagenesis)
of these rocks included deposition of silica, ferrous and carbonate cements, as well as
alteration of the lithic and feldspar grains. This process would have resulted in a significant



loss of permeability. Beyond this, the cited GSA paper describes the formation as having
undergone low level metamorphic alteration, with resulting deposition of up to 20 percent of
secondary mineralization in the rock matrix. The permeability of the McCoy Mountain
Formation would therefore be expected to be very low compared to the adjacent basin fill
alluvial deposits of the Palo Verde Mesa. Flow into this formation from the Palo Verde Mesa
is therefore extremely unlikely.

c. Try removing the one data point in the far northwest corner of the modeled area
and redraw the contours. Do the contours map out differently?

Response: The point was not used in contouring

8. Re-run model and revise report with above corrections and now that 1/3 less operation
groundwater would be used. The construction water volume used would also be less.

Response: BSE intends to update and re-run the model once we receive concurrence from CEC
regarding the modeling parameters and confirm the updated pumping rates and locations for the
amended two-unit project. Since pumping rates are expected to decrease, the results of the modeling
conducted so far may be considered conservative.
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TECHNICAL MEMORANDUM

A groundwater flow model was developed to assess potential impacts of groundwater pumping for the

Rio Mesa Solar (RMS) project water supply on flows related to the Colorado River in the Palo Verde

Valley. The existing single layer MODFLOW model developed for the Blythe Solar Energy (BSE)

project by AECOM was used as the starting point for the RMS modeling. The BSE model was

modified for the RMS project and the results were presented in the Groundwater Impact Assessment

Report (WorleyParsons 2011a). On July 17, 2012, after reviewing the WorleyParsons model, the

California Energy Commission (CEC) had requested that a technical memorandum be presented to

discuss the following items:

 New pumping locations with a decrease in flow of 1/3 the original rate;

 Redistribution of recharge along the mountain range fronts;

 Elimination of the Palo Verde Mesa recharge;

 Determination of new drawdown as a result of a new pumping location and rate;

 Review of new calibration statistics; and

 Investigation of the error messages indicating dry cells around the mountain front perimeter of

the model domain.

14 August 2012

TO TECHNICAL MEMORANDUM

FROM Mark Trudell

COPY Michael Rojansky

PROJECT NAME BrightSource Rio Mesa Impact Assessment Modeling

PROJECT NO.

SUBJECT Updated Groundwater Resource Impact Modeling

FILE LOC.
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New Pumping Well Locations and Rate

As part of the proposed environmental enhancement, the project proposed to eliminate one of the three

units. Groundwater demand will decrease by approximately 1/3 during the construction and operation

phases. The common area wells were proposed to be moved south of Common Area of the site. In

the Groundwater Vistas® model developed and reported in Groundwater Impact Assessment Report,

dated September 2011 (WorleyParsons 2011b), three pumping wells were inserted into the model.

These pumping wells were defined as constant flux (well) boundary conditions with each pumping well

occupying a single grid cell. Each of these constant flux (pumping well) boundary condition cells were

approximately 25 feet in length by 25 feet in width (625 square feet). When these pumping wells were

moved to be located near the southern portion of the Common Area of the site, the grid cells in the new

area were 100 feet in length by 25 feet (2,500 square feet). As a result the three pumping wells were

combined into the single cell as pumping centroid and defined again as a constant flux (well) boundary

condition. Figure 1 illustrates the new pumping location which is referred to as a pumping centroid as

the cell now contains the sum of the three original pumping rates with a decrease in 1/3 of the original

flow rate. Figure 1 also includes the location of one monitoring well, moved to be located adjacently to

the east of the pumping centroid remaining in between the Palo Verde Irrigation Drain (PVID) and the

pumping centroid. A second monitoring well (MW-4) was retained along the edge of the Palo Verde

Valley to monitor drawdown near the PVID drains.

Redistribution of Mountain Front Recharge

As explained in detail in WorleyParsons 2011a, recharge from precipitation was estimated by applying

the runoff-recharge method of Hely and Peck (1964) in the same manner as applied by AECOM

(2010) and CEC (2010). AECOM (2010) divided the Palo Verde Mesa Groundwater Basin into

localities that approximated the localities as described by Hely and Peck (i.e. mountains, hills,

alluvium-steep slope or alluvium-shallow slope) and then calculated the area for each locality.

WorleyParsons verified the areas used by AECOM (2010) and in some cases, particularly for the

runoff areas of the Mule and Palo Verde Mountains, expanded the areal analysis used by AECOM

(2010). The revised mapping and areas are shown in Figure 6-2 and given in Table 6-2 of

WorleyParsons 2011a (included herein for reader convenience).

The recharge calculation of CEC (2010) used 3 to 5% of precipitation to estimate recharge from

precipitation. For mountain front recharge with 302,000 acres and an average annual precipitation of

4.3 inches, these percentages yield 3,159 acre-feet per year (AFY) (3%) and 5,265 AFY (5%).

Based on the CEC calculation, we assumed a value of 5,300 AFY for recharge from precipitation

(5%). According to AECOM (2010), the majority of this recharge is expected to occur as mountain

front recharge. Consequently, the combined recharge from precipitation in the mountains and related

alluvial fan areas was applied in the model as an areal recharge rate applied in the band of model

cells closest to the mountains within the model domain. The proportion of recharge for each mountain

range was made proportional to its precipitation, as a percentage of overall mountain precipitation.

That is, the percentage of total mountain precipitation for each range was multiplied by 5,300 AFY to

give the amount of recharge to be applied to the recharge boundary cells in each range. The total

recharge for each range in cubic feet per year (ft
3
/yr) was divided by the total area of recharge cells in
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the range to give the recharge rate as cubic feet per day (ft
3
/day). The results are given in the

attached Table 1, which is a modified version of Table 6-2 from WorleyParsons 2011a.

Metzger et al. (1973) and Owens-Joyce (1984) estimated that recharge from surface water through

the McCoy Wash was 800 AFY and from the Palo Verde Mountains was 1,200 AFY, for a combined total

of approximately 2,000 AFY. As shown in Table 1, our recharge estimates for the Mule Mountains and

Palo Verde mountain ranges is 2,063 AFY (i.e., 203 + 1,860 AFY, respectively).

Elimination of the Palo Verde Mesa Recharge

CEC had requested that the areal recharge across the Palo Verde Mesa be eliminated. As a result the

recharge values in the Palo Verde Mesa grid cells were set to zero (0).

New Drawdown Resulting from New Pumping Rate and Location

Contours of drawdown in response to the new RMS pumping rate with newly distributed recharge rates

for the mountain fronts and zero recharge in the Palo Verde Mesa Basin after 31 years of simulation

time (end of RMS pumping) are shown in Figure 2. Figure 2 shows that drawdown from new RMS

pumping (mapped to 1.5 feet of drawdown) is limited to the Mesa Basin and does not extend in to the

Palo Verde Valley. Maximum drawdown near the RMS pumping wells is 4.0 feet at the end of

pumping. Because this drawdown is relatively small, modeling of other pumping scenarios using

additional on-Site wells during construction was deemed to be unwarranted. The second monitoring

well (MW-4) which was retained along the edge of the Palo Verde Valley to monitor drawdown near the

PVID drains indicated a drawdown of approximately 0.05 feet at the end of pumping.

Drawdown impacts from BSE project pumping are shown in AECOM 2010 and are not predicted to

extend to the RMS Site. This was also observed during the modeling study performed by

WorleyParsons in 2011 (WorleyParsons 2011a).

Based on the similarity of modeled drawdown results with those previously obtained (proportionally

reduced by the pumping rate) and application of the same total mountain front recharge (albeit

distributed differently), we believe it is fair to conclude that changes in groundwater discharge to the

PVID drains and/or the Colorado River will be negligible under the revised project conditions, as they

were reported for the previous project conditions.

Review of Calibration Statistics

The Groundwater Impact Assessment Report (WorleyParsons 2011b) indicates the method used to

obtain model calibration. Calibration statistics for the updated model are provided below. Typically

used calibration goals are summarized as follows:

 Residual standard deviation divided by range in less than 10 percent;

 Absolute residual mean divided by range in less than 10 percent;
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 Residual mean divided by range in target heads less than 5 percent; and

 Limited spatial bias in the distribution of residuals.

Table 2. Calibration Statistics, Final Calibrated Updated RMS Model

Residual
Mean

Residual
Standard
Deviation

Absolute
Residual

Mean
RMS
Error

Minimum
Residual

Maximum
Residual

Range

in
Target
Heads

Residual

Standard
Deviation/Range

(<10%)

Absolute

Residual
Mean/Range

(<10%)

Residual
Mean/Range

(<5%)

-0.46 3.45 2.84 3.48 -8.75 5.93 55.91 6.2% 5.1% -0.8%

The calibration statistics in Table 2 above show that the calibrated model meets all of the calibration

goals.

Error Messages Regarding Dry Cells

Datasets were created within the revised model that is discussed in this Technical Memorandum and

the model was run with MODFLOW 2000. When the model was run, a Translation to MODLFOW 2000

file was created which indicates if any errors or warnings were reported during the run. Attachment A

presents this Translation to MODLFOW 2000 file and indicates that zero (0) errors were reported

during the MODFLOW 2000 run. The error message regarding dry cells around the mountain front

perimeter of the model domain obtained by CEC may be a Groundwater Model System (GMS)

implementation error.
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Tables



Table 1 
Mountain Front Recharge Estimate for Boundary Cells

Palo Verde Mesa Groundwater Basin

Layer (1)
Area

(acres)

Mean Annual
Precipitation 
(inches) (2)

Total Volume of 
Rainwater from
Mean Annual
Precipitation (af)

Total Annual
Volume of

Infiltration (AF)
based on 5

percent of Precip.

Total Area of 
Recharge Cells 

(ft2)

Bedrock area 
pptn as % of 

total pptn

Total Annual
Volume of

Infiltration (AF)
based on 5

percent of precip.

Recharge Rate for 
Recharge Cells, ft3/d, 

based on 5
percent of precip. 

unit1-pvm 23,731 4 7,910 396

bedrock1-pvm Little 
Maria Mts 7,807 4 2,602 130 3.7730E+07 9.39% 494 1.5626E-03

bedrock2-pvm Mule 
Mts 3,664 3.5 1,069 53 3.4075E+07 3.86% 203 7.1052E-04

bedrock3-pvm McCoy 
Mts 12,661 4 4,220 211 7.8360E+07 15.23% 802 1.2202E-03

bedrock4-pvm Big 
Maria Mts 20,073 6 10,037 305 8.0690E+07 36.21% 1907 2.8179E-03

bedrock5-pvm Palo 
Verde Mts 33,564 3.5 9,790 489 7.6121E+07 35.32% 1860 2.9136E-03

unit1-pvm 78,714 5 32,798 1640

unit2-pvm 122,451 4 40,817 2041

Totals 302,665 --- 109,242 5,265 100.00% 5265 0

Notes:
1) See Figure 6-1
2) From Hely & Peck, 1964.
Source: Layer mapping from AECOM, 2010.  Areas dervied by WorleyParsons



Table 6-2
Runoff and Infiltration Estimates

Palo Verde Mesa Groundwater Basin

Layer (1)

Area

(acres)

Mean Annual

Precipitation

(inches) (2)

Total Volume of

Rainwater from

Mean Annual

Precipitation (af)

Runoff Curve

Classification

(2)

Runoff

Curve

Number

(2)

Runoff

(percent of

Precipitation)

Total Annual

Volume of

Runoff (Infiltration)

Hely & Peck

(AF)

Total Annual

Volume of

Infiltration AFf)

based on 3

percent (3)

Total Annual

Volume of

Infiltration (AF)

based on 5

percent (3)

unit1-pvm 23,731 4 7,910
Alluvium, Steep

Slope
74 3.50% 277 237 396

bedrock1-pvm 7,807 4 2,602 Hills 83 10% 260 78 130

bedrock2-pvm 3,664 3.5 1,069 Mountains 93 29.10% 311 32 53

bedrock3-pvm 12,661 4 4,220 Mountains 93 29.10% 1,228 127 211

bedrock4-pvm 20,073 6 10,037 Mountains 93 29.10% 2,921 183 305

bedrock5-pvm 33,564 3.5 9,790 Mountains 93 29.10% 2,849 294 489

unit1-pvm 78,714 5 32,798
Alluvium, Steep

Slope
74 3.50% 1,148 984 1640

unit2-pvm 122,451 4 40,817
Alluvium ,Flat

Slope
69 2% 816 1225 2041

Totals 302,665 --- 109,242 --- --- --- 9,810 3,159 5,265

Notes:

1) See Figure 6-1

2) From Hely & Peck, 1964.

3) Based on a percent of Total Volume of Rainwater from Mean Annual Precipitation (Column 4).

Source: Layer mapping from AECOM, 2010. Areas dervied by WorleyParsons

Rio Mesa tables 6.1 and 6.2.xls 1 of 1 8/31/2011
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DRAWDOWN CONTOUR MAP

YEAR 31 AT END OF RMS PUMPING
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6-2
DISTRIBUTION OF RUNOFF

TYPES AND AREAS
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modflow.err

 ========== TRANSLATION TO MODFLOW2000 ==========

 >>>>> Testing Layer Elevations <<<<<
     0 ERRORS,   0 WARNINGS

 >>>>> Translating LAYER-PROPERTY-FLOW Package <<<<<

 Warning -- When using the MODFLOW2000 LPF Package, be sure that S in the GV 
database represents Specific Storage
     This is different from the MODFLOW BCF Package where Storage is defined.

 >>>>> Translating RIVER Package <<<<<

 >>>>> Translating DRAIN Package <<<<<

 >>>>> Translating WELL 1 Package <<<<<

 >>>>> Translating RECHARGE Package <<<<<

 >>>>> Translating EVAPOTRANSPIRATION Package <<<<<

 >>>>> Translating BASIC Package <<<<<
     0 ERRORS,   0 WARNINGS

 >>>>> Translating Discretization Package <<<<<

 WARNING -- Transition from column  81 to  82 violates 50 percent convention 

 WARNING -- Transition from column  83 to  82 violates 50 percent convention 

 WARNING -- Transition from column 130 to 131 violates 50 percent convention 
     0 ERRORS,   3 WARNINGS

 ========== TRANSLATION COMPLETE! ==========

Page 1
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modflow.err

 ========== TRANSLATION TO MODFLOW2000 ==========

 >>>>> Testing Layer Elevations <<<<<
     0 ERRORS,   0 WARNINGS

 >>>>> Translating LAYER-PROPERTY-FLOW Package <<<<<

 Warning -- When using the MODFLOW2000 LPF Package, be sure that S in the GV 
database represents Specific Storage
     This is different from the MODFLOW BCF Package where Storage is defined.

 >>>>> Translating RIVER Package <<<<<

 >>>>> Translating DRAIN Package <<<<<

 >>>>> Translating WELL 1 Package <<<<<

 >>>>> Translating RECHARGE Package <<<<<

 >>>>> Translating EVAPOTRANSPIRATION Package <<<<<

 >>>>> Translating BASIC Package <<<<<
     0 ERRORS,   0 WARNINGS

 >>>>> Translating Discretization Package <<<<<

 WARNING -- Transition from column  81 to  82 violates 50 percent convention 

 WARNING -- Transition from column  83 to  82 violates 50 percent convention 

 WARNING -- Transition from column 130 to 131 violates 50 percent convention 
     0 ERRORS,   3 WARNINGS

 ========== TRANSLATION COMPLETE! ==========

Page 1
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