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Well Data 
 
Item 1 
Please explain the differences in measured water levels between wells 9 and 
15 during the same period of increased prison well pumping (1995 to 
present). 
 
Response 
As indicated in Table 3-3 of the Groundwater Resources Investigation prepared by 
WorleyParsons and dated January 8, 2010 (the GRI report, WorleyParsons, 2010a), 
the period of record for groundwater level measurements for well 9 is from 1990 to 
1992 (three measurements) and the period of record for groundwater level 
measurements for well 15 is from 1992 to 2009 (three measurements, the last of 
which was made by WorleyParsons).  As such, the periods of record of groundwater 
level measurements do not overlap and the record for well 9 does not include the 
requested period from 1995 to present.  The difference in water level elevations 
between these two wells in 1992 is likely related to their different locations – well 9 is 
located easterly and downgradient of well 15 as shown on Figure 11 of the GRI 
report.   
 
Item 2 
Please confirm and demonstrate that wells 9 and 15 screen the same 
saturated zones from which the Applicant proposes to pump. 
 
Response 
Information regarding screened intervals or original completion depths of wells 9 and 
15 is not available from the United States Geological Survey (USGS) or the California 
Department of Water Resources (DWR); therefore, it has not been confirmed which 
saturated zones the wells are completed in and this information was not provided in 
the GRI report.  The depth of well 15 was measured to be 538 feet by WorleyParsons 
during field investigation in support of the GRI report in September 2009;however, it is 
not known if the well is partially collapsed and therefore it could be deeper.  If this is 
the correct depth, this well is completed above the interval proposed for the Project’s 
water supply, which is approximately 800 to 1,800 feet below ground surface.  Well 9 
could not be located during the field investigation, so its depth could not be 
determined. 
  
Item 3 
Please explain how the absence of wells and the historic water level data 
gaps in the immediate Project area may affect uncertainties in both the analytical 
(Theis non-equilibrium) drawdown evaluation and the “impacts 
only” numerical groundwater model. 
 
Response 
As is typical for many desert basins, the eastern portion of Chuckwalla Valley 
Groundwater Basin (CVGB) has undergone only limited groundwater supply 
development.  Prior to installation of the test well and observation well at the site, no 
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wells had been installed on the north side of Ford Dry Lake.  Nevertheless, data from 
13 aquifer pumping or specific capacity tests were available for derivation of average 
aquifer parameters for construction of the analytical model presented in the 
Application for Certification (AFC) for the project submitted in August 2009 and the 
numerical model presented in the GRI report.  These data were corroborated by a 
seven day pumping test conducted on Test Well No. 1 (WorleyParsons, 2010a), and 
later by two 72-hour pumping tests and one 24-hour pumping test conducted on Test 
Well No. 2 (WorleyParsons, 2010b), which yielded similar results.  In addition, a 
geophysical investigation was conducted using Time-Domain Electromagnetics 
(TDEM) to investigate subsurface conditions between the site and the location of Test 
Well No. 1, and near existing water supply wells on the south side of for which 
lithologic and specific capacity test data were available.  The TDEM survey indicated 
that subsurface conditions are generally similar throughout the area.   
 
Based on these data, the average aquifer properties derived from evaluation of 
existing data and the investigations conducted by WorleyParsons are relatively 
consistent throughout the eastern CVGB, and form a reasonable basis for area wide 
modeling of groundwater level effects.  Because the available data were deemed 
insufficient to use history matching as a means of calibration, it was decided that use 
of an impact modeling approach would be more appropriate and that the model would 
be calibrated to transient stress events such as pumping tests.  Uncertainties in the 
modeling results were discussed and evaluated through sensitivity analysis and 
validation as presented in the GRI report.   
 
 
Agricultural Pumping 
 
Item 4 
What is the projected future agricultural pumping demand in the Western 
Chuckwalla Groundwater Basin? 
 
Response 
Future agricultural groundwater demand in the western CVGB is discussed in Section 
3.7.4.2 of the GRI report (WorleyParsons, 2010a).  Information compiled by the DWR 
for updates to the California Water Plan indicates that increased agricultural 
groundwater demand is not expected in the western Chuckwalla Valley.   The 
estimated agricultural groundwater demand was calculated for the western CVGB by 
GEI (2009) based on assessment of current agricultural cropping patterns in the 
western Chuckwalla Valley and application of appropriate water duties, and was 
reviewed by WorleyParsons.  A major contributor to groundwater demand in the 
western CVGB is a palm orchard located east of Desert Center.  This orchard is 
currently immature, but the water duty applied to this orchard in the demand estimate 
is for mature palm trees and is thus conservative and will apply to the orchard in 
future years.  Agricultural water demand in the western CVGB is not expected to 
change from this estimate.     
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Item 5 
Given the recognized hydraulic continuity between the Western Chuckwalla 
Groundwater Basin and Eastern Chuckwalla Groundwater Basin, please 
indicate how future increased agricultural pumping in the Western 
Chuckwalla Basin may impact available groundwater supplies for the 
proposed Project? 
 
Response 
Agricultural groundwater pumping is not expected to increase in the future.  The 
impact of current and future agricultural pumping on the CVGB water budget are 
discussed in Section 5.9.2 and Table 5.2 of the GRI report (WorleyParsons, 2010a). 
The cumulative effect analysis discussed in Section 5.9 of the GRI report included 
consideration of future agricultural pumping together with other planned and 
reasonably foreseeable pumping.  As shown on Figure 27 of the GRI report, limited 
drawdown ranging from approximately 3 to 6 feet in the pumped aquifer will result in 
the eastern CVGB as a result of cumulative pumping effects.  This limited drawdown 
will not significantly effect available groundwater supplies for the Project. 
 
 
Outflow from the eastern Chuckwalla Valley Groundwater Basin to the Palo 
Verde Mesa Groundwater Basin 
 
Item 6 
Please evaluate the potential for outflow of groundwater from the Eastern 
Chuckwalla Groundwater Basin to the Palo Verde Mesa Groundwater Basin, 
and any uncertainties in the existing data set that is currently available to 
evaluate the hydraulic connection between the two basins. 
 
Response 
As discussed in the GRI report, the CVGB and the Palo Verde Mesa Groundwater 
Basin (PVMGB) are considered to be hydraulically connected based on the continuity 
of water-bearing basin fill sediments between the two basins through the narrows 
between the McCoy Mountains on the north and the Mule Mountains on the south 
(Figure CDR-6-1).  Metzger and others (1973), Wilson and Owen-Joyce (1994) and 
DWR (2004) all consider the basins to be hydraulically connected and groundwater 
underflow to occur from the CVGB to the PVMGB.   
 
The extent of underflow through the narrows between the CVGB and the PVMGB is 
dependant on the hydraulic conductivity of the basin fill sediments, the cross sectional 
area through which flow occurs and the hydraulic gradient driving the flow; or, 
alternatively, the length of the saturated cross section through which flow occurs and 
the average transmissivity of the sediments along the cross section.  Several previous 
efforts have been made to evaluate the underflow between the two basins as 
summarized below: 

• Metzger and others (1973), utilized gravity and seismic data to model a north 
to south cross-section between the Mule Mountains and the McCoy 
Mountains. This cross-section estimated that the bedrock sloped between 
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the two mountain ranges to an approximate depth of 1,500 feet below ground 
surface (bgs). The base of the cross section was arbitrarily selected to be a 
triangle.  Assuming a depth to water of approximately 250 feet below ground 
surface (bgs), the width of the top of the saturated section was estimated to 
be approximately 4 miles.  Based on these values, a cross-sectional area of 
approximately 13 million square feet was calculated.  A hydraulic gradient of 
0.00057 was taken from groundwater level data in the CVGB.  The 
transmissivity of the basin fill sediments in the narrows was assumed to be 
moderate based on data from other locations for the Bouse Formation and 
Fanglomerate, and was estimated to be 4,010 square feet/day (ft2/day), 
which corresponds with an average hydraulic conductivity of approximately 6 
ft/day.  The estimated underflow calculated using these inputs was 400 acre-
feet per year (AFY).   

• Woodward Clyde Consultants (1986) updated the underflow estimate 
prepared by Metzger and others using the same cross sectional area and 
hydraulic gradient together with an updated hydraulic conductivity of 14 ft/day 
derived from a pumping test conducted at the prison.  The updated estimate 
was 866 AFY. 

• A second update of the underflow estimate by Metzger and others (1973) 
was prepared by Engineering Science in 1990.  Engineering Science (1990) 
used updated gradient information that considered the results of monitoring 
and return flow from prison effluent disposal to derive an underflow estimate 
of 1,162 AFY. 

• Wilson and Owen-Joyce (1994), used existing gravity data gathered by 
USGS to identify a bedrock ridge underlying the basin fill approximately 
10,000 feet east of the cross section produced by Metzger and others (1973).  
This ridge was thought to impose a greater restriction on aquifer thickness 
than what Metzger and others (1973) reported.  The top of the ridge was 
modeled to be approximately 330 feet below mean sea level, the width of the 
saturated alluvial deposits were estimated to be 3 miles, and the width of the 
underlying fanglomerate was estimated at 1.9 miles wide. The narrows, 
bounded by the McCoy Mountains and the Mule Mountains, is considerably 
wider at this location and justification for these assumed widths was not 
provided; however, the purpose of the study by Wilson and Owen-Joyce was 
simply to investigate whether a hydraulic connection exists between the 
CVGB and the PVMGB and not to evaluate the magnitude of underflow. 

• Existence of the bedrock ridge identified by Wilson and Owens-Joyce was 
cited by GEI Consultants (GEI, 2009) to support reversion to the more 
conservative original underflow estimate of 400 AFY.   

 
Uncertainties in the above estimates include the width and topography of the bedrock 
section underlying the narrows, the stratigraphy and hydraulic conductivity of the 
basin fill sediments in the narrows and the hydraulic gradient driving the flow.  To 
address these uncertainties, WorleyParsons undertook to refine the above described 
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analyses and prepare an updated estimate of underflow from the CVGB to the 
PVMGB as described below.   
 
Flow Cross Sectional Area 
WorleyParsons re-examined the bedrock topography within the narrows and modeled 
the available gravity data to better understand the saturated cross sectional geometry 
of the narrows.  Three cross-sections in the area connecting the Chuckwalla Valley 
and the Palo Verde Mesa were modeled.  The modeling was refined using the 
approach and input parameters described in Appendix 1 of the GRI report 
(WorleyParsons 2010a).  Primarily, the modeling was calibrated using actual bedrock 
depths encountered in the CVGB and a more appropriate density was used to model 
the metamorphic rocks underlying the basin.  The locations of these cross sections 
are shown on Figure CDR-6-1.  
 
The first cross-section (Line H) extends from the CVGB in the west to the PVMGB in 
the east (Figure CDR-6-2). The model produced generally similar results in the 
narrows to the model created by Wilson and Owen-Joyce (1994), and Metzger and 
others (1973).  A shallow bedrock ridge was identified at approximately the same 
location as the ridge identified by Wilson and Owen-Joyce (1994).  However, the 
maximum depths to bedrock estimated to the east and west of the narrows are 
substantially shallower in the WorleyParsons model. 
 
Two cross-sections, Lines I and J, were modeled from south to north within the 
narrows.  Modeled Line I extends from south to north in the approximate location of 
the bedrock ridge identified by Wilson and Owen-Joyce (Figure CDR-6-3).  This 
cross-section identified a saturated area that is approximately 5.8 miles wide and has 
a cross-sectional area of approximately 24.6 million square feet. The geometry and 
width of the cross section indicates that while the bedrock is at its shallowest point at 
this location, the area is likely not the most hydraulically restrictive point of the 
narrows as Wilson and Owen-Joyce had supposed.  
 
Modeled Line J is located near the section profiled by Metzger and others (1973), and 
extends from the Mule Mountains in the south to the McCoy Mountains in the north 
(Figure CDR-6-4). Metzger and others (1973) modeled a triangular profile extending 
to a bedrock depth of approximately 1,000 feet below mean sea level. Line J indicates 
a similar shape; however, it extends slightly deeper (approximately 1,300 feet below 
mean sea level). This model indicates a cross-sectional area of 24 million square feet, 
which is nearly twice that estimated by Metzger and others (1973). This location is 
assumed to be the most hydraulically restrictive location for underflow within the 
narrows.   
 
Properties of Basin Fill Sediments 
Three geologic units reportedly comprise the water bearing materials within the 
narrows (Wilson and Owen-Joyce, 1994). These units include the Quaternary 
Alluvium, the Pliocene Bouse Formation, and the Miocene Fanglomerate.  A detailed 
description of these units was provided in Section 3.6 of the GRI report 
(WorleyParsons, 2010a).  Based on a review of boring logs, specific capacity tests 
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and aquifer tests for 14 wells in the eastern CVGB, the average hydraulic conductivity 
of these materials is approximately 12 to 14 ft/day in this region of the basin.  This 
range of hydraulic conductivity values was confirmed by three aquifer tests conducted 
at multiple levels in the Bouse Formation and Fanglomerate during the supplemental 
test well program implemented by WorleyParsons (WorleyParsons, 2010b).  
Hydraulic conductivities of specific intervals may be higher or lower than these 
average values.  For example, the calibrated hydraulic conductivity for sand strata in 
the Quaternary Alluvium derived during numerical modeling for the GRI report was up 
to 30 ft/day.  Hydraulic conductivities for clay strata were several orders of magnitude 
lower. 
 
Well 57 is located within the narrows (Figure CDR-6-1); however, a boring log was not 
available to evaluate the hydraulic properties of the water bearing sediments 
penetrated by this well.  A boring log for Bashas’s Well 3 (Metzger and others, 1973), 
located approximately 1 mile east of the narrows, suggests that the water bearing 
materials penetrated by this well may have similar hydraulic conductivities to those 
estimated for the CVGB.  Sand and gravel strata encountered in the upper, alluvial 
section of this well are consistent with hydraulic conductivity values in the range of 30 
ft/day or more.   The lower section of this well includes interbedded sand and clay 
attributed to the Bouse Formation and interbedded sand, gravel and clay attributed to 
the Fanglomerate.  The nature of these sediments appears generally similar to those 
encountered in the eastern CVGB, which are estimated to have an average hydraulic 
conductivity in the range of 12 to 14 ft/day.  Based on available data, the water 
bearing strata between the two basins appear to be contiguous with similar hydraulic 
properties.      
 
Hydraulic Gradient 
Available groundwater level data from the USGS NWIS database were evaluated for 
19 wells in the vicinity of the narrows (Figure CDR-6-1; Table CDR-6-1).  Data from 
well pairs on either side of the narrows were used to calculate average hydraulic 
gradients.  Well pairs consist of wells with similar screened intervals and groundwater 
level data from similar time periods, whenever possible.  The most extensive water 
level data were available from the fall of 1990.  An average lateral hydraulic gradient 
raging from 0.00046 to 0.00056 was estimated between wells 23 and 59, and wells 31 
and 59, respectively (Table CDR-6-2).  These wells generally represent conditions 
above a depth of 700 feet bgs.  An average lateral hydraulic gradient raging from 
0.00021 to 0.00025 was estimated between wells 33 and 62 and wells 36 and 62, 
respectively.  These wells generally represent the lateral hydraulic conductivity below 
700 feet bgs.  These hydraulic conductivities are similar to the range discussed by 
Metzger and others (1973), which is 2 to 3 feet per mile, or 0.00038 to 0.00057; 
however, it appears that the gradient decreases with depth.   
 
Refined Calculation of Underflow 
Based on the gravity modeling results discussed above, a refined estimate of the 
cross sectional area in the most hydraulically restrictive portion of the narrows 
between the CVGB and the PVMGB is 24 million square feet, as illustrated by Figure 
CDR-6-4.  The cross-sectional area of the saturated strata above 700 feet bgs is 
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approximately 10.6 million square feet and the cross-sectional area of the saturated 
strata below 700 feet bgs is approximately 13.4 million square feet.  The average 
hydraulic conductivity of the basin fill sediments in the narrows is estimated to be 14 
ft/day, which is based on the aquifer tests and specific capacity tests from the CVGB 
discussed previously.  Using the average hydraulic gradients for each depth interval, 
the underflow through saturated sediments above 700 feet bgs is 632 AFY, and the 
underflow through saturated sediments deeper than 700 feet is 356 AFY.  The total 
estimated underflow is 988 AFY. 
 
As discussed in greater detail below in the response to Item 7 and shown on Table 
CDR-6-2, using well-pair water level data at different times and neglecting the 
possible vertical variation in hydraulic gradient yields underflow estimates ranging 
from 569 AFY to 1,199 AFY.  Of these estimates, 988 AFY is considered to be the 
most reliable because it is based on the most comprehensive data set and is 
consistent with two estimates based on subsequent water level data.   
 
 
Item 7 
Please provide a comprehensive evaluation of potential decreased outflow 
into the Palo Verde Mesa Groundwater Basin due to increased Project 
pumping in the Eastern Chuckwalla Basin, using comparative water level 
data (hydrographs) and groundwater production data from both basins over 
the same historic time period. 
 
Response 
An evaluation of the effect of the Project on outflow from the CVGB into the PVMGB 
was presented in Section 5.3 of the GRI report.  This analysis was made using the 
numerical groundwater flow model constructed for analysis of Project impacts to 
groundwater resources, and indicates that underflow will be reduced by project 
pumping.  The amount of reduction is predicted to be approximately 10 AFY after the 
three year construction period and to increase to 319 AFY at the end of the Project’s 
30-year operational life.  This assessment did not include information regarding the 
more restrictive bedrock geometry identified in the evaluation discussed under Item 6, 
above, and therefore may represent a conservative (high) estimate of the actual 
project-induced decrease in underflow.   
 
The data summarized in Table CDR-6-1 provide additional perspective on possible 
past influences of pumping on underflow between the CVGB and the PVMGB.   
Available groundwater level data from the USGS NWIS database were evaluated for 
19 wells in the vicinity of the narrows (Table CDR-6-1).  Groundwater levels from 
selected wells were graphed to illustrate historical fluctuations in groundwater levels 
on either side of the narrows (Figure CDR-7-1). These fluctuations control the lateral 
hydraulic gradient across the narrows and control the magnitude of the underflow.  An 
increase in the lateral hydraulic gradient will result in an increase in the underflow and 
visa versa.  Qualitative review of the hydrographs in Figure CDR-7-1 indicates that 
water level fluctuations observed in the CVGB have been about twice as great as 
those observed in the PVMGB.  In general, periods of the least underflow would be 
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expected to be associated with periods when pumping-related drawdown in the 
CVGB exceeded that in the PVMGB; however, comparison of water levels in similar 
well pairs suggest relatively consistent underflow from late 1966 through 2000.  This 
finding is despite the fact that during this time there was a known period of increased 
agricultural water demand in the CVGB and the onset of pumping for the Chuckwalla 
and Ironwood State Prisons.   
 
Based on the available data, lateral hydraulic gradients were calculated for 1965, 
1966, 1990, and 1999/2000 (Table CDR-6-2).  Estimated underflow was lowest in 
1965 at 569 AFY, increased to 1,199 AFY in 1966, and remained relatively stable 
after that time with 988 AFY in 1990 and 1,010 AFY in 1999/2000.  The average 
calculated historical underflow is approximately 900 AFY.  As discussed above in the 
response to Item number 6, the best data set was from the fall of 1990 and the 
underflow value of 988 AFY is considered the most reliable of the four estimates.  The 
calculated increase in underflow between 1965 and 1966 may be related to a 
pumping induced decline in water level in the PVMGB.    
                
 
Item 8 
Please provide a detailed assessment of the potential data gaps and 
uncertainty associated with the conclusions presented by Wilson and Owens- 
Joyce (1994), based on their geophysical model, with respect to its impact on 
estimates of potential outflow into the Palo Verde Mesa Basin. 
 
Response  
This item was addressed in the above response to Item 6.   
  
 
Item 9 
Please evaluate the potential for Project groundwater pumping, in 
combination with factors (a) through (d) above, which may result in a 
cumulative overdraft situation in the Eastern Chuckwalla Groundwater 
Basin during future Project pumping. 
 
Response 
A water budget forecast for the eastern CVGB is presented in Table 5.2 of the GRI 
report and indicates that the eastern CVGB will not experience overdraft due to 
cumulative pumping.  If the water budget for the entire CVGB is considered, a net 
deficit in the water budget develops due to cumulative future pumping, contributed to 
primarily by pumping in the western portion of the CVGB.  The cumulative deficit at 
the end of the project is less than 0.5 percent of the available groundwater storage in 
the CVGB.  The existence of drawdown or small imbalances in the basin water 
budget for a limited period of time does not necessarily imply the existence of adverse 
affects, significant impacts or critical overdraft conditions.  A basin is considered 
subject to critical conditions of overdraft when continuation of present water 
management practices would probably result in significant adverse overdraft-related 
environmental, social, or economic impacts (including increased extraction costs, 
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costs of well deepening or replacement, land subsidence, water quality degradation, 
and environmental impacts) (DWR, 2003).  As discussed in Section 5.9 of the GRI 
report, cumulative impacts associated with future groundwater use in the CVGB are 
not anticipated to result in such conditions.   
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Table CDR-6-2
Underflow Between the Chuckwalla Valley and Palo Verde Mesa Groundwater Basins

Well ID Groundwater
Basin Date

Well
Depth

(feet bgs)

Groundwater
Elevation

(feet amsl)

Distance
Between

Wells
(feet)

Lateral Hydraulic
Gradient

Cross-
Sectional Area
(square feet) 3

Hydraulic
Conductivity

(ft/day)

Underflow
(ft3/day)

Underflow
(AFY)

Average
Underflow

(AFY)

Total
Underflow

(AFY)

32 CVB 11/18/1965 316 266.6
60 PVMB 9/3/1965 390 257.58

32 CVB 10/27/1966 316 267.11
60 PVMB 10/20/1966 390 248.12

23 CVB 9/26/1990 400 258
59 PVMB 9/22/1990 319 235.71

31 CVB 9/16/1990 242 279.64
59 PVMB 9/22/1990 319 235.71

36 CVB 9/17/1990 1,200 254.45
62 PVMB 9/22/1990 900 241.92

33 CVB 9/17/1990 1,200 251.88
62 PVMB 9/22/1990 900 241.92

31 CVB 3/29/2000 242 279.48
56 PVMB 9/15/1999 300 248.92

Notes:
1. CVB = Chuckwalla Valley Basin
2. PVMB = Palo Verde Mesa Basin
3. Cross-sectional area calculated based on gravimetric modeling in the narrows.

44,600 0.00020

78,300 0.00056

44,600 0.00043

0.0004648,900

24,000,000 14

10,600,000 14

24,000,000 14 67,953 569

83,259 698

143,064 1,199

67,645 567

13,400,000 14

10,600,000 14

46,091 386

48,100 0.00021 13,400,000 14 38,846 326

51,000 0.00025

120,518 1,010 NA 1,01085,200 0.00036 24,000,000 14
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1,199

NA

NA

632
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Figure CDR-7-1 - Hydrographs of Wells in the Vicinty of the Narrows
Between the CVGB and the PVMGB
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