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Preface 

 Lincoln County Water District and Vidler Water Company (Lincoln/Vidler) respectfully 

submit this rebuttal response that rebuts statements made in reports submitted to the Nevada 

State Engineer (NSE) regarding Interim Order #1303. This rebuttal submittal includes responses 

from the following: 

• Greg Bushner, RG, Vidler Water Company, Lincoln/Vidler (Attachment A),  

• Peter Mock, PhD, RG, of Peter Mock Groundwater Consulting, Inc. (Attachment B), 

• Thomas Butler, PG, CHG, CEG, of Stantec Consulting Services, Inc. (Attachment C),  

• Todd Umstot, of Daniel B. Stephens & Associates (Attachment D), and  

• Norman Carlson, of Zonge International, Inc. (Attachment E). 

A report or a section of a report not rebutted should not be interpreted as Lincoln/Vidler’s 

agreement with the report or section of a report submitted to the NSE on July 3, 2019. 
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Introduction 
Lincoln/Vidler are providing comments to reports submitted by other entities in response 

to the NSE’s IO #1303. Lincoln/Vidler are providing comments on the following reports: 

• Las Vegas Valley Water District and Southern Nevada Water Authority’s report 
dated June 2019, 

• Moapa Valley Water District’s letter dated July 1, 2019, 
• National Park Service’s report dated July 3, 2019 
• Center for Biological Diversity’s Technical Memorandum dated July 1, 2019, 
• Great Basin Network’s letter dated June 27, 2019, 
• Moapa Band of Paiutes report dated June 27, 2019, 
• City of North Las Vegas’s submittal by Interflow Hydrology, Inc., dated July 2, 

2019, and 
• U.S. Fish and Wildlife Service’s report dated July 3, 2019 
• Coyote Springs Investment, LLC’s report dated July 3, 2019 

The following attachments are provided along with Lincoln/Vidler’s rebuttal comments: 

• Attachment A-1: Technical Memorandum from Peter Mock of PMGC, Inc, to 
Greg Bushner, Vidler Water Company, Subject: A brief overview of an two 
simulations using the model described in: “Development of a Numerical 
Groundwater Flow Model of Selected Basins within the Colorado Regional 
Groundwater Flow System, Southern Nevada, Version 1.0,” prepared for the 
National Park Service, U.S. Fish & Wildlife Service and Bureau of Land 
Management, by Tetra Tech, Inc., of Louisville, Colorado, dated September 28, 
2012. 

• Attachment A-2: U.S. Department of the Interior Fish and Wildlife Service 
Biological Opinion dated October 29, 2008, File Nos. 84320-2008-F-0007 and 
84310-2008-I-0216. 

• Attachment A-3: Vertical Profile through selected carbonate wells in study area, 
reproduced from CH2M Hill 2006a. 

• Attachment A-4: Localized Cross Section through KMW-1, Kane Springs Valley 
reproduced from URS 2006a. 

Comments in italics are direct quotations from other reports that are rebutted. The 
following text provides Lincoln/Vidler’s comments by report.   
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Lincoln/Vidler’s Rebuttal Comments to the Las Vegas Valley Water District and Southern 
Nevada Water Authority’s June 2019 Report. 

1. Page ix, Abstract, paragraph 4, section (a): LCWD/VWC concur with the statement 
made by LVVWD and SNWA on page ix of the Abstract that “…the geographic 
boundary of the LWRFS [Lower White River Flow System] as defined by the NSE is 
appropriate….” 
 

2. Page1-1, Section 1.0, Introduction, paragraph 1: The statement made at the end of this 
paragraph that “…the adjacent Kane Springs Valley [KSV] which is included in this 
assessment because it is tributary to the LWRFS and contributes to the local recharge.” 
is factually incorrect. KSV is a separate hydrographic basin as defined by the Nevada 
Department of Water Resources, and therefore has its own defined perennial yield. There 
is no “local recharge” from KSV to the LWRFS. There is however, local recharge that 
occurs within KSV that contributes to the hydrologic system within the valley and that 
becomes the perennial yield of KSV. 
 

Lincoln/Vidler, beginning over a decade ago in October 2007, have been collecting 
basin-specific data through the use of totalizing rain gages, tipping bucket rain gages, 
runoff event data loggers, and chloride collectors. We continue to collect and submit 
these data, to the Nevada State Engineer (NSE) and interested parties, in an effort to 
better understand and quantify recharge occurring in KSV and to share that technical 
foundation transparently with others. Based on analysis of the ongoing basin-specific data 
collection effort, there is unappropriated water available in KSV. This is due to the fact 
that recharge values clearly show that there is more water available under Nevada State 
Law than has been appropriated. Much like Cave Valley, Dry Lake Valley, and Delamar 
Valley, groundwater appropriated in KSV is also recharged within the basin (NSE 2014). 
Based on a preliminary analysis of these data, estimates of in-basin recharge are between 
approximately 4,700 to 7,500 acre-feet/year (ac-ft/yr) from the chloride mass balance 
analysis method and approximately 7,100 to 11,000 ac-ft/yr from the watershed model 
(T. Umstot (DBS&A), unpublished data and analysis, 2019). 

3. Page 1-3, Section 1.1.2, Order 1169: Although this is not directly related to the requested 
information of the NSE’s Interim Order (IO) #1303, it is noted that Lincoln/Vidler were 
not included in the NSE’s Order 1169. Lincoln/Vidler are not a party to, nor have they 
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ever been participants in the Order No. 1169 aquifer test proceedings. The NSE never 
requested that Lincoln/Vidler provide a report on the outcome of the Order No. 1169 
aquifer test results; hence none was ever developed. 
 

4. Page 1-4, Section 1.1.3, 2006 Memorandum of Agreement: Lincoln/Vidler are not a part 
to, nor are they a signatory in the 2006 Memorandum of Agreement, and thus, 
Lincoln/Vidler are not bound by this agreement.  
 

5. Page 2-1, Section 2.0, Sources of Information, Section 2.1.1, SNWA (2013b): 
Lincoln/Vidler concur with the statement made by SNWA that “The aquifer test 
[referring to the NSE Order 1169 Aquifer test] confirmed that extensive hydraulic 
connectivity exists in the carbonate aquifer. However, the presence of boundaries and 
spatial variations in hydraulic conductivity affect the carbonate aquifer’s response 
depending on location. For example, no discernible responses [emphasis added] were 
observed north of the Kane Springs Fault….”  
 
This observation is validated by the new geophysical data that Lincoln/Vidler and CSI 
have collected in response to the IO #1303 request by the NSE for new data regarding the 
boundary of the LWRFS. Lincoln/Vidler documented through the use of geophysics that 
a distinct change in lithology occurs in northern CSV that explains differences in water 
levels in wells completed in the regional deep carbonate aquifer (RDCA). It should also 
be noted that the wells drilled by Lincoln/Vidler located in KSV are on the northwest side 
of the Willow Springs Fault, interpreted to be the western most boundary of the Kane 
Springs Wash Fault Zone.  
  

6. Page 2-2, Section 2.0, Sources of Information, Section 2.1.1, USFWS, Bureau of Land 
Management (BLM), and NPS (2013): As previously stated before, Lincoln/Vidler have 
the following comments on the numerical groundwater flow model developed by Tetra 
Tech (2012) and its use. 
 
Lincoln/Vidler take issue with this reference to the Tetra Tech model development and 
predictive scenarios for several reasons and any reliance on it. The Tetra Tech model has 
not been through a rigorous peer-review process and Lincoln/Vidler have identified 
several additional issues with the Tetra Tech model including: 

• The steady-state flow is almost completely out of alignment with available 
measurements,  
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• There are no data that provide in-situ information on the rate and propagation of 
drawdown out from production wells in KSV,  

• It has never been subjected to evaluation by the Technical Review Team,  
• It is based on the no longer supported HUF MODFLOW numerical groundwater 

flow model package that averages out the strong formation breaks known to occur 
throughout the modeled area, and  

• For whatever reason, the model does not measure the effects of pumping by 
Lincoln/Vidler, but uses assumptions that include the maximum pumping rate of 
the pending applications in all of the basins, which is completely unrealistic. 

 
Lincoln/Vidler have previously commented on the Tetra Tech model (2012) and those 
comments are provided as Attachment A-1 to this rebuttal report. Additional rebuttal to 
the NPS and its reliance and uses of this model can be found in Attachment B by Dr. 
Peter Mock of Peter Mock Groundwater Consulting, Inc included with this rebuttal 
submittal.  
 

7. Page 2-3, Section 2.0, CSI (2013): Lincoln/Vidler agree with the statement made by CSI 
in 2013 that “The Kane Springs Fault acts as a groundwater barrier to groundwater 
flowing from north to south in Coyote Spring Valley and may also serve as a barrier to 
pumping from wells located north of the fault.” This is supported by the new geophysical 
data Lincoln/Vidler have collected in northern CSV. 
 

8. Page 3-2, Section 3.3.1 Structural Setting, Thrust Faults: Lincoln/Vidler agree with the 
statement by SNWA regarding thrust faults by stating “…these faults have juxtaposed the 
carbonate-rock sequence with low permeability rocks that are older (e.g. Gass Peak 
Thrust in the southern Sheep Range) or younger (e.g. muddy Mountain Thrust). In these 
areas, this juxtaposition effectively truncates the extent of LWRFS. The thrust fault 
themselves may also act as barriers to groundwater flow (Page et al., 2005).”  
 
Lincoln/Vidler have identified the occurrence of thrust faults as well as the lack of thrust 
faults where they were previously thought to occur through the use of the geophysical 
data that has been collected in northern CSV (Lincoln/Vidler 2019). This data should be 
used by the NSE to further refine the boundary of the LWRFS in northern CSV. 
 

9. Page 3-4, Section 3.3.1 Strike-Slip Faults, last sentence top of page: Based on the 
geophysical data collected in northern CSV and previously in southern KSV, the 
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difference in water level data from wells in southern KSV and northern CSV, 
geochemistry data, and groundwater temperature data,  we know that “… the Kane 
Springs Wash Fault Zone may act as a partial barrier to flow, impeding flow across the 
fault from north to south.” Lincoln/Vidler agree with this statement.  
 

10. Page 3-4, Section 3.3.2, Delamar Mountains: There is opportunity for groundwater to 
flow through the Pahranagat Shear Zone in Delamar Valley through the lower portion of 
KSV where the Tertiary caldera complex is not present. The higher precipitation rates 
that occur on the Tertiary caldera complex located in the Delamar Mountains would 
likely create perennial or at a minimum intermittent streams in this are if there were such 
barriers to groundwater flow. Refer to Attachment B by Dr. Peter Mock of Peter Mock 
Groundwater Consulting, Inc included with this rebuttal submittal. 
 

11. Page 3-11 and continued on Page 3-13, Section 3.4.2.2, Occurrence and Movement, 4th 
paragraph in that section and the rest of that paragraph and the next paragraph on page 
3-13: Lincoln/Vidler would add that through the use of the new geophysical data 
collected in response to the NSE’s IO #1303, there exists a fault occurring in northern 
CSV. This fault is termed the Northern LWRFS Boundary Fault and bounds higher 
resistivity carbonates of the RDCA that occur in southern Delamar Valley and northern 
CSV juxtaposed against low resistivity zones that may indicate a thick sequence of 
Mesozoic sediments or Tertiary volcanic rocks or Tertiary alluvial basin fill cover. This 
geophysical data shows the geologic conditions that explain the differences in heads 
between the wells in southern KSV and northern CSV versus the rest of the LWRFS 
(Lincoln/Vidler 2019). 
 

12. Page 5-4, Section 5.1.3 MRSA Surface-Water Diversions, top of page last sentence of 
section: Lincoln/Vidler agrees that this statement sums up the effects to the Muddy River 
Springs Area (MRSA): “…the difference between the pre-development baseflow and the 
natural flow record must be mostly associated with groundwater production within the 
MRSA.” and should be the focus of how to manage the area. 
 

13. Page 5-6, Section 5.2.1, Comparison of Hydrologic Responses: Lincoln/Vidler do not 
agree with the interpretation of the hydrograph data from wells KMW-1 and CSVM-4 as 
being “similar to those of other wells in the basin, but appear to be slightly attenuated by 
the Kane Springs Fault.” The general trend of the hydrographs of CSVM-4 and KMW-1 
do show the response of water levels to the extreme precipitation event that occurred in 

SE ROA 36353

JA_8087



 

 

6 
 

2005. This event is also seen in the water level response from wells throughout the 
LWRFS. However, the water level response in wells KMW-1 and CSVM-4 do not show 
the seasonal pumping response of water levels in all of the other wells provided in Figure 
5-5, and also well CSVM-1 in Figure 5-4. This is distinctly different from a “slight 
attenuation” due to the Kane Springs Fault Zone.  
 

14. Page 5-17, Section 5.2.3.2, Recovery Period: Lincoln/Vidler agree with the factors that 
influence the recovery period of the NSE Order 1169 aquifer test, the extreme 
precipitation event that occurred in 2005 is captured in the water level data in every 
hydrograph from wells in the LWRFS and surrounding basins. While the hydrologic 
system was recovering from this event, the Order 1169 aquifer test was initiated, and 
where the actual drawdowns from the aquifer test pumping reached a particular well, the 
recovery from the extreme precipitation event compounded the downward water level 
trend at that well. This factor clearly also obscured the ability to identify the recovery 
from the aquifer test. The other issue from the hydrographs as noted above is that the 
seasonal responses are more likely due to seasonal groundwater pumping throughout the 
area versus “recharge pulses.” 
 

15. Page 6-1, Section 6.1, Qualitative Assessment of Historical Responses, middle of 
paragraph in this section: Lincoln/Vidler disagree with the statement that there is a 
“…lack of any significant recovery response after the completion of the Order 1169 
aquifer test and the fact that the system has yet to recover to pre-test levels….” The Order 
1169 aquifer test was conducted at a time of declining water levels in the hydrologic 
system where additional drawdown from the test is imposed on the dissipation of 
temporarily higher water levels due to the extreme precipitation event in 2005. The 
hydrographs show a declining water table before the 2005 event where this event 
pervasively impacted the hydrologic system in the LWRFS basins and surrounding 
basins. It’s not that significant recovery did not occur; it is simply that the recovery 
occurred coincident with the hydrologic system recovering from the 2005 precipitation 
event.   
 

16. Page 6-3, Section 6.1.1, Implications of Continued Pumping, first paragraph, second 
sentence: This sentence states and makes the assumption that the MRSA “…constitutes 
the majority, if not all, of the discharge from the [carbonate] flow system.” 
Lincoln/Vidler disagree with this statement, see U.S. Geological Survey Scientific 
Investigations Map 3434 (Wilson 2019) provides a potentiometric map of the upper 
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RDCA in the LWRFS based on existing well data in this area. This map shows 
groundwater flowing from recharge areas in the western portion of the LWRFS (i.e., the 
Sheep Range and the Las Vegas Range) and based on the water level contours 
groundwater flow east towards Lake Mead and surrounding hydrographic basins to the 
north. It does not indicate a significant discharge area in the MRSA. Lincoln/Vidler do 
not disagree that the springs in the MRSA are supported by discharge from the RDCA, 
we simply think as supported by this US Geological Survey publication that not all of the 
flow from the LWRFS discharges in this area and in fact a large portion of the flow may 
discharge elsewhere in the system.   
 

Lincoln/Vidler’s Rebuttal Comments to the Moapa Valley Water District’s July 1, 2019 
Letter. 

 It should be noted that this is not a technical report from Moapa Valley Water District 
(MVWD) nor is there any new data, information, or analysis. Lincoln/Vidler’s comments are 
provided below.   

1. Page 1, Section A, Paragraph 3: Lincoln/Vidler explicitly disagrees with the statement 
that the LWRFS include KSV. There is little if any justification for this as is documented 
in Lincoln/Vidler’s Report prepared in response to the NSE Interim Order #1303 titled 
“Lower White River Flow System Interim Order #1303 Report Focused on the Northern 
Boundary of the Proposed Administrative Unit,” submitted to the NSE on July 3, 2019 
(Lincoln/Vidler 2019). 
 
There is no direct connection that can be drawn between the change in water levels in 
KMW-1 and the Order 1169 aquifer test. Groundwater levels in KMW-1 have been 
declining steadily since the well was constructed in 2006 at an average rate of 0.1 
foot/year. What significantly impacted the groundwater level in this well was the over-
arching impact of the 2005 precipitation. The MVWD offers no data, analysis, or credible 
science to support statements made that there was a response seen in well KMW-1 from 
the NSE Order 1169 aquifer test.  
 

2. Pages 1and 2, Section A, fourth paragraph: Lincoln/Vidler agree that there is inter-basin 
flow from KSV to CSV similar to the occurrence of inter-basin groundwater flow from 
Pahranagat Valley and Delamar Valley to CSV. The simple fact that there is inter-basin 
groundwater flow does not mean that KSV should be included in the proposed 
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administrative unit of the LWRFS. The NSE’s groundwater appropriation system is based 
on a basin-by-basin perennial yield analysis that is used to manage each groundwater 
basin.  Lincoln/Vidler are entitled to pursue the full perennial yield available in KSV per 
our pending groundwater applications. 
 

3. Page 2, Section A, first full paragraph: Although there may be an inter-basin 
groundwater flow between KSV and CSV, there is much geologic structure that changes 
in the northern portion of CSV as documented in Lincoln/Vidler’s report to NSE 
addressing his issues identified in IO #1303. There is an extensive fault that occurs in 
northern CSV as documented by the new geophysical data submitted in Lincoln/Vidler’s 
report. The Northern LWRFS Boundary Fault identifies a significant change in lithologic 
characteristics from southern KSV and northern CSV where carbonate rocks occur to the 
north of this fault and to the south of the fault where lower permeability Tertiary basin fill 
materials occur. This change in geologic structure in northern CSV is what controls the 
flow of groundwater into the LWRFS and also controls the effects of any hydrologic 
impacts from KSV to northern CSV.  
 
The NSE should deny the request by the MVWD that KSV be added to the proposed 
“Super Basin,” see Lincoln/Vidler’s July 3, 2019 report submittal.  
 

4. Page 3, Section B, Influence of Climate, first full paragraph: While Lincoln/Vidler do not 
disagree with the analysis of the hydrographs that show the effects of above average 
precipitation in 2004 and 2005, it should also be noted that these effects also occurred in 
monitor wells KMW-1 in southern KSV and CSVM-4 in northern CSV.  
 

5. Page 4, Section C, The long-term annual quantity of groundwater that may be pumped 
from the Lower White River Flow System, including the relationships between the 
location of pumping on discharge to the Muddy River Springs, and the capture of the 
Muddy River flow, second paragraph: There is an obvious typo in this paragraph as there 
are only 6 basins that are proposed to be included in the LWRFS.  
 

6. Page 5, Section D, the effects of movement of water rights between alluvial wells and 
carbonate wells on deliveries of senior decreed rights to the Muddy River, first 
paragraph: The same typo is made in this paragraph as there are only 6 basins that are 
proposed to be included in the LWRFS as per IO #1303.  
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7. Page 6, Section E, under sub-title Municipal Use as the Preferred Use in the LWRFS 
basins, second paragraph bullet 1: The same typo is made in this paragraph as there are 
only 6 basins that are proposed to be included in the LWRFS as per IO #1303. 
 

8. Page 7, last sentence of the first paragraph: This sentence states: “Based on SNWA’s 
(2013) and Johnson’s (2019) conclusions that carbonate pumping has minimal or no 
impact on Muddy River flows above the Moapa gage, the District has met its obligation 
to protect dace habitat and senior water rights.” Apparently SNWA has evolved in their 
conclusion that carbonate pumping has minimal or no impact on Muddy River flow 
above the Moapa gage. Page 5-6 of SNWA’s submittal to the NSE in response to 
IO#1303 states “Based on the accounting depicted in Figure 5-4, the MRSA carbonate 
production wells have depleted MR [Muddy River] streamflow approaching a 1:1 basis.” 
 

Lincoln/Vidler’s Rebuttal Comments to the National Park Service’s July 3, 2019 Report 
Titled: Prediction of the Effects of Changing the Spatial Distribution of Pumping in 
the Lower White River Flow System. 

1. General Comment: The continued use of the Tetra Tech model by the National Park 
Service (NPS) to evaluate groundwater pumping effects in the LWRFS and other 
groundwater basins in the vicinity of the MRSA and also outside of this area is an 
exercise in futility. Lincoln/Vidler re-iterate our previous concerns regarding this model 
and it’s use as we stated previously in our correspondence to the NSE (Attachment A-1). 
 
The most significant issue is that this model has not been accepted by the scientific 
community through a rigorous peer-review process. The same standard should apply to 
the consultants of the Department of Interior (DOI) bureaus (defined as the NPS, Bureau 
of Land Management [BLM], and U.S. Fish and Wildlife Service [USFWS]) as was 
applied to Lincoln/Vidler with the requirement of a peer-review of all of our scientific 
investigations for the NSE’s acceptance of our Tule Desert submittals. This included a 
numerical groundwater modelling effort, a geochemical report, and an in-depth basin-
specific recharge analysis, see US Geological Survey Open File Report 2008-1354 
(Berger and others, 2008). Either a rigorous peer review should be required of this 
numerical model and geochemical report before they can be used for this assessment or 
the NSE should publicly state he decline to use the NPS report and model.  
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2. Page 7, Section 2.3, 2013 Post Audit Summary and Conclusions, Last Paragraph: The 
critically flawed Tetra Tech model that is relied upon for the basis of this current analysis 
admittedly falls short of the request by the NSE IO #1303 which states that “… the State 
Engineer finds that input by means of reports by the stakeholders in the interpretation of 
the data from the aquifer test and from the years since the conclusion of the aquifer test is 
important to fully inform the State Engineer prior to setting a limit on the quantity of 
groundwater that may be developed in the LWRFS or to developing a long-term 
Conjunctive Management Plan for the LWRFS and Muddy River.” (NSE 2019, page 11, 
paragraph 2). By their own admission, the NPS did nothing to advance their modeling 
effort or to incorporate new data that has been collected since the end of the Order 1169 
pumping test. The NPS specifically states “The data collected during 2012 and the six 
years since the completion of the Order 1169 pumping test could be used to improve the 
calibration of the model to the observed effects of pumping in Coyote Spring Valley and 
neighboring LWRFS basins….This additional work was beyond the scope and timeframe 
for the modeling simulation effort conducted as part of this report.” 
 
It is not clear why the additional work was not performed in light of NPS’ request for an 
extension of time to July 3rd to submit its report, the IO #1303 was issued in January of 
this year, and therefore NPS had time to plan for and update its model with new data. 
Also, NPS has had the results of the Order 1169 aquifer test since 2012.  
 
 

3. Page 14, Section 3.2, Current Predictive Scenarios Evaluated, Simulation 3, third full 
paragraph: Lincoln/Vidler disagree and flat out reject the use of this model to simulate 
pumping effects in KSV, or the rest of the LWRFS for that matter, and including other 
areas such as Tule Desert, Virgin Valley, and Clover Valley, which by the way are not at 
issue in the NSE’s IO #1303. The problem is that while the NPS funded the work of Page 
and others (2006, 2011) that now stands as a widely-accepted interpretation of the 
geologic structure, they did not make sure that Tetra Tech incorporated this structure into 
the Tetra Tech model effectively. Until this is done, this model is unreliable for use as a 
predictive tool. 
 

4. Page 14, Section 3.2, Current Predictive Scenarios Evaluated, Simulation 3, fourth full 
paragraph: In addition to the comment made above, by the NPS’s own admission “The 
largest model residuals are in high gradient areas, where model errors can result in 
large differences, in the Clover Mountains where the volcanic stratigraphy is greatly 
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simplified, and in the Tule Desert where some of the structural complexity  may not be 
incorporated in the geologic model and the model grid is relatively coarse.” See Page 5, 
Section 2.1 2012 Groundwater Model Calibration, of the July 3, 2019 NPS report. 
 
Lincoln/Vidler’s water rights in Tule Desert are not within the scope or purview of NSE’s 
IO #1303, nor for that matter are Virgin Valley Water District’s. Any reference or model 
prediction made by the NPS to Tule Desert or Virgin Valley should be ignored by the 
NSE as it is un-responsive to his request in IO #1303.   
 

5. Page 15, Section 4.1 Model Setup, first paragraph top of page: For a boundary condition 
the lake stage elevation representing Lake Mead is too high. Lake Mead’s average stage 
elevation is 1095 feet for the time period 2011 through 2017, not 1,133 feet as reported. 
If the data were actually incorporated as stated, then the predictive runs would have a 
stage height of 1,133 feet or approximately 37 feet higher than the updated simulations. 
The difference in stage elevations for 2011 through 2017 ranged from a high of 1,121 feet 
(2012) to a low of 1,077 feet (2016) which is over a 56-foot difference from an elevation 
of 1,133 feet. If the model was updated to incorporate new data, this isn’t even close to 
accurate. This type of boundary condition would have a widespread impact on the overall 
heads in the model.  
 

6. Page 22, Section 5.2.1.2, Kane Springs Valley (HA 206): Lincoln/Vidler disagree with 
the conclusion that the water levels in monitor wells CSVM-4 and KMW-1 show 
drawdown caused by the pumping during the Order 1169 aquifer test (Lincoln/Vidler 
2019).  
 

Lincoln/Vidler’s Rebuttal Comments to the Center for Biological Diversity’s Technical 
Memorandum by Tom Myers, Ph.D., dated June 1, 2019. 

1. Page 2, Paragraph 1, referencing Figure 1: This is a poor reference to the LWRFS 
administrative unit groundwater basins. Not included in the LWRFS basins are Kane 
Springs Valley, Lower Meadow Valley Wash, and Lower Moapa Valley.  
 

2. Page 2, Item #2: KSV should not be included as part of the LWRFS, and not just because 
of the difference in water level between CSVM-4 and KMW-1. There are several reasons 
that KSV should continue to be excluded from the proposed LWRFS administrative unit 
by the NSE, including but not limited to the following reasons set forth below:  
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a. Groundwater elevation data show distinctive differences in heads between 

KSV/northern CSV and the southern portion of CSV, which are confirmed by the 
geologic structures that occur in KSV and northern CSV. 

b. There is no discernable trend/pattern in water levels overtime between production 
well KPW-1 and pumping trends. 

c. New geophysical data collected in northern CSV identified a very large fault 
structure at the end of the Delamar Mountains which would affect groundwater 
flow from KSV into northern CSV. This fault is deemed the Northern LWRFS 
Boundary Fault. 

To review all of the supportive data refer to the Lincoln/Vidler report submitted to the 
NSE on July 3, 2019, titled Lower White River Flow System Interim Order #1303 Report 
Focused on the Northern Boundary of the Proposed Administrative Unit. 

 

3. Page 15, Figure 12: This figure provides a very weak argument that there are any effects 
from the Order 1169 aquifer test on well CSVM-4. There is no significant change in head 
at this well and as stated before any change in head is attributable to hydrologic effects 
other than pumping. For further comment on the correlation of groundwater elevations to 
the Order 1169 aquifer test see Attachment D, a technical memorandum by Todd Umstot 
of Daniel B. Stephens & Associates.  
 

4. Page 17, Last sentence of third full paragraph: Lincoln/Vidler interpret CSVM-4 to be 
located in the same structural block in northern CSV that KMW-1 is located in within 
southern KSV. However, a complicating factor is the Kane Springs Wash Fault Zone, the 
western boundary of which is intersected by both of these wells CSVM-4 and KMW-1. 
There is a gradient in northern CSV that is inconsistent with the data from wells 
throughout the central and lower portion of CSV. 
 

5. Page 19, second paragraph: Lincoln/Vidler assert that northern CSV should continue to 
be excluded from the LWRFS based on the structural geology as identified by the 
geophysics that we have collected in this area. Lincoln/Vidler do believe as identified in 
our July 3rd report submittal that there is a significant fault that occurs and juxtaposes 
highly transmissive carbonate rocks with significantly lower transmissive sediments in 
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this area. This would inhibit the flow of groundwater south into the central and southern 
portions of CSV.  
 

6. Page 19, second paragraph: Lincoln/Vidler disagree that the perennial yield is low. What 
is the basis of this assertion, i.e., where is the data that Dr. Myers used to make this 
statement? Lincoln/Vidler have been collecting in-basin precipitation, runoff, and 
chloride data for over a decade. Based on this data we estimate that the available recharge 
in KSV ranges from 4,700 acre-feet/year (ac-ft/yr) to approximately 11,000 ac-ft/yr 
depending on the method use. SNWA independently derived an annual recharge value of 
4,329 acre-feet (SNWA 2009). 
 

7. Page 19, second paragraph: It would take a very long time for drawdowns in the 
carbonate system to propagate south into CSV from the location of a pumping well in 
KSV. This is due both to the large distance and intervening geologic structures, and in 
particular to the Northern LWRFS Boundary Fault, identified by the geophysical 
investigation Lincoln/Vidler conducted in response to the NSE’s IO #1303, that exists in 
northern CSV and that separates northern CSV and KSV from the rest of the LWRFS.  
 

8. Page 19, second paragraph: Lincoln/Vidler disagree that the groundwater source in KSV 
is limited and not sustainable. Again, where is the data to support this statement? What 
does the statement “…KSV is not a sustainable means of increasing the available water 
in LWRFS.” mean? The water resources of KSV have been studied extensively by 
Lincoln/Vidler (CH2M Hill 2006a, CH2M Hill 2006b, URS 2006a, URS 2006b) as well 
as the geological setting through several geophysical investigations conducted in the 
basin. KSV is a distinct groundwater basin delineated by the Nevada Department of 
Water Resources that is managed separately according to Nevada Water Law and should 
continue to be managed separately and not as part of the LWRFS. 
 

9. Page 19, third paragraph: Lincoln/Vidler conducted a geophysical investigation in 
northern CSV that identified a fault structure, called the Northern LWRFS Boundary 
Fault, effectively limiting the flow of groundwater flowing south through CSV as well as 
propagation of drawdowns. Refer to the July 3rd Lincoln/Vidler report to the NSE in 
response to IO #1303. 
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10. Page 19, third paragraph: There is no data to suggest that groundwater development in 
KSV and northern CSV would decrease flow to springs and downgradient water rights. 
Dr. Myers does not cite to any data supporting his statements.  
 

11. Page 26, Conclusion, paragraph 2: Lincoln/Vidler disagree with this conclusion that 
KSV should be managed as part of the LWRFS. The “flat water table” referred to in this 
paragraph is referencing the water table between KSV and northern CSV as documented 
from the water levels in both monitor wells KMW-1 and CSVM-4. The potentiometric 
surface between these two wells is not flat (a difference in head of approximately 6 feet) 
and compared with the rest of the proposed LWRFS administrative unit of approximately 
50 feet and that truly represents a consistent head across that majority of the proposed 
LWRFS basins (Lincoln/Vidler 2019). There is a reason that the water table elevation is 
not consistent from all of CSV into KSV and that’s because of a significant change in 
geologic structure that is identified by new geophysical data collected by Lincoln/Vidler 
that is interpreted to be the Northern LWRFS Boundary Fault that extends trending east-
west at the base of the Delamar Mountains (Lincoln/Vidler 2019). 
 
The Center for Biological Diversity does not provide any evidence to support their 
assertion that water pumped from KSV would quickly contribute to the depletion of the 
carbonate aquifer in CSV and in the MRSA, over 20 miles from the southern boundary of 
KSV, if measured by line-of-sight. 
 

Lincoln/Vidler’s Rebuttal Comments to the Great Basin Network’s June 27, 2019 Letter. 

It should be noted that this is not a technical report nor is there any new data, 
information, or analysis. Lincoln/Vidler’s comments are provided below.  

   
1. Pages 1 & 2 (note that there are no page numbers on this letter), third full paragraph 

and Section 2(a) extending to the top of the next page: Lincoln/Vidler disagree that the 
LWRFS administrative unit should include all of the groundwater basins in the White 
River Flow System (WRFS). This is completely counter to Nevada Water Law that is 
based on a basin-by-basin system of groundwater appropriation of the perennial yield of 
each groundwater basin. Groundwater rights holders and applicants expend a huge effort 
in collecting the best scientific information in support of their groundwater rights and 
applications. This directly correlates to extensive time and money being expended. If 
Nevada Water Law is changed and the entire WRFS was included in the administration 
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of the LWRFS basins, this means that no water would be available from upgradient 
groundwater basins and the counties where these basins occur would not have the ability 
to utilize water for economic development in their county. 
 

2. Page 2, Section 2(c): See above comment.  

Lincoln/Vidler’s Rebuttal Comments to the Moapa Band of Paiutes Report by Mifflin & 
Associates, Inc. dated June 27, 2019. 

 
1. Page 54, Appendix III, second full paragraph: The calculation of groundwater travel 

times is not reasonable. The distance between Preston Big Spring in the northern White 
River Valley Basin (HA 207) to Crystal Spring in Pahranagat Valley (HA 209) is 
approximately 100 miles by a line-of-sight measurement. So, if it only takes 25 years for 
groundwater, under a non-pumping gradient, to flow 100 miles, that means that the 
groundwater is flowing at 4 miles per year, or 21,120 feet per year. This groundwater 
flow rate is two to three orders of magnitude too high for the RDCA. The average 
groundwater flow velocity can be calculated using the hydraulic gradient times the 
hydraulic conductivity divided by the effective porosity. These values are 0.00631 ft/ft 
(calculated from Figure 3 of Lincoln/Vidler 2008), 3 to 5 ft/day (Mock 2008), and an 
assumed effective porosity of 0.10, respectively. Using these data to calculate the average 
groundwater velocity of the RDCA yields a groundwater flow rates ranging from 69 ft/yr 
to 115 ft/yr. Refer to Attachment B by Dr. Peter Mock of Peter Mock Groundwater 
Consulting, Inc included with this rebuttal submittal. 
 

2. Page 59, Appendix III, third full paragraph: The model developed by Mifflin and 
Associates, Inc. (MAI) presented in this report cannot be used for any predictive analysis. 
The MAI model completely ignores the geologic structures throughout eastern Nevada 
that have a huge effect on the flow and travel time of groundwater thought the RDCA. It 
also ignores and does not calibrate to existing groundwater temperature data from within 
KSV. And as stated above, the groundwater travel times are completely unrealistic. 
 

3. Page 60, Critique of the Model, first full paragraph: One cursory review of a geologic 
map, i.e., Page et al (2006) and associated geologic cross-sections, or Rowley and others 
(2017) and associated cross-sections all show basement rocks that are exposed 
throughout the basin and range physiographic province of eastern Nevada. This model 
completely ignores the geology so this critique applies to the entire model domain. 
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4. Pages 7 through 11, Figures 2 through 9: All of these hydrographs of water level 

changes from wells throughout the LWRFS and the one for KSV ignore the extreme 
precipitation event that occurred in 2005 (see Lincoln/Vidler 2019). Hydrographs for 
wells CSVM-4, MX-4, TH-2, and SHV-1 shown in these figures all show data starting in 
2006 and ignore the huge precipitation event, over 300% of average, that occurred in 
2005. Hydrographs for wells BM-DL-2 and GV-1 provide data prior to 2006 and the 
2005 precipitation event is clearly shown on the hydrograph. However, the authors chose 
to ignore the water level trend prior to the event occurring. If the data is used prior to 
2005 then the trend is still declining but not at a third of a foot per year. These graphs 
portray a more severe condition than is actually occurring in the LWRFS. 
 

Lincoln/Vidler’s Rebuttal Comments to the City of North Las Vegas’s Submittal by 
Interflow Hydrology, Inc., Technical Memorandum RE: Garnet Valley 
Groundwater Pumping Review for APEX Industrial Complex, City of North Las 
Vegas, Clark County, Nevada, dated July 2, 2019. 

1. Page 8, first paragraph: Lincoln/Vidler generally agree with the statement made in this 
paragraph regarding known barriers to groundwater flow, however through the use of 
CSAMT geophysical studies in southern KSV and northern CSV, Zonge International, 
Inc., have identified structures that exist and explain the differences in water levels seen 
in wells in southern KSV and northern CSV, as compared to the rest of the LWRFS. This 
structure has been identified as a fault named the Northern LWRFS Boundary Fault. 
Lincoln/Vidler have identified that the high resistivity carbonates of the RDCA are 
juxtaposed to lower permeable geologic formations to the south which do form a barrier 
to groundwater flow. Lincoln/Vidler do agree that this barrier is not impermeable but 
impedes the flow of groundwater into the rest of the LWRFS and would also reduce the 
effects of any pumping in the LWRFS to KSV and vice versa. Refer to Attachment B by 
Dr. Peter Mock of Peter Mock Groundwater Consulting, Inc included with this rebuttal 
submittal. 

Lincoln/Vidler’s Rebuttal Comments to the U.S. Fish and Wildlife Service’s July 3, 2019 
Report. 

1. General Comment:  The U.S. Department of the Interior Fish and Wildlife Service issued 
a biological opinion (BO) on October 29, 2008, for the Kane Springs Valley 
Groundwater Development Project in Lincoln County, Nevada (File Nos. 84320-2008-F-
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0007 and 84320-2008-I-0216). This biological opinion is provided to these rebuttal 
comments in Attachment A-2. The finding on page 37 of the BO sums up the conclusion 
from the USFWS on impacts to the MRSA, and on the Moapa Dace, of the proposed 
Kane Springs Valley Groundwater Development Project, as follows: 

“After reviewing the current status of and environmental baseline for the Moapa 
dace, the effects of the project, and the cumulative effects, it is the Service’s 
biological opinion that the action, as proposed and analyzed, is not likely to 
jeopardize the continued existence of the endangered Moapa dace. The project 
could contribute to groundwater level declines and spring flow reductions; 
however, implementation of the project’s conservation actions will minimize these 
impacts.” 

Based on this BO, any reference that the USFWS makes to the addition of KSV to the 
proposed administrative unit should be ignored as the USFWS has already made a 
determination in this case. Lincoln/Vidler are still providing comments on the USFWS 
report but all of our comments below should be viewed in light of this determination. 

  
2. General Comment: The USFWS should identify the author(s) of this report and the 

sections of text they are responsible for, if there is more than one author. 
 

3. Page 20, Under Heading Kane Springs Valley and first paragraph under heading The 
2007 Finding: The new geophysical investigation conducted by Zonge International, Inc., 
for Lincoln/Vidler, found that there is a significant fault structure named the Northern 
LWRFS Boundary Fault, as documented in Lincoln/Vidler’s July 3, 2019 report 
submittal to the NSE. This validates the 2007 finding by the NSE in Ruling #5712 that  

“…carbonate water levels near the boundary between Kane Springs 
Valley and Coyote Spring Valley are approximately 1,875 feet in 
elevation, and in southern Coyote Spring Valley and throughout most of 
the other basins covered under Order No. 1169, carbonate-rock aquifer 
water levels are mostly between 1,800 feet and 1,825 feet. This marked 
difference in head supports the probability of a low-permeability structure 
or change in lithology between Kane Springs Valley and the southern part 
of Coyote Spring Valley.” 
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The validation of the existence of a fault structure in northern CSV and the original 
assessment was based on data from wells KMW-1 in KSV and CSVM-4 in CSV and 
water levels in other wells further to the south in the LWRFS, site specific data, and not 
generalized locations. There is no reasonable professional doubt of the existence of this 
fault structure based on the new geophysical data (Lincoln/Vidler 2019). Figure 3-4 
(Lincoln/Vidler 2019) shows the geologic completions for each well and heads for wells 
throughout the LWRFS (Attachment A-3). Attachment A-3 was taken directly from the 
2006 presentation to the NSE by CH2M Hill (2006a) during the first hearing on 
Lincoln/Vidler’s groundwater applications in KSV.  
 
The geophysical data collected by Lincoln/Vidler illustrates why there are changes in 
heads in southern KSV and northern CSV compared to the rest of the LWRFS. This is 
new data and the water level data were never based on “generalized” well locations as 
suggested by the U.S. Fish and Wildlife Service (USFWS). 
 

4. Pages 20 and 21, under heading ‘The 2007 Finding’, third paragraph that continues to 
the top of the next page: No reasonable professional doubt remains as to what is causing 
the differences in water level from KMW-1 to CSVM-4, and from CSVM-4 to CSVM-6. 
Well KMW-1 is drilled on the upthrown side of the Willow Springs Fault (Figure 3-3, 
Lincoln/Vidler 2019), and well CSVM-4 is drilled into the carbonate formation on the 
eastern side of the extension of the Kane Springs Wash Fault Zone in northern CSV 
(Figures 4-4 and 4-7, Lincoln/Vidler 2019). This is based on the geologic log of KMW-1 
(URS 2006), the geophysics collected in 2012, and the new geophysical data collected in 
2019. 
 
Regarding the differences in water levels between wells CSVM-4 and CSVM-6, new 
geophysical data was collected by CSI as reported by them in their July 3, 2019 submittal 
to the NSE. Well CSVM-6 is located between two faults just north of a highly resistive 
block of carbonate rocks (Figures 10 and 11, Reich and Moran, 2019). The geophysics of 
northern CSV shows numerous faults between well CSVM-6 and wells CSVM-4 (Figure 
4-7, Lincoln/Vidler 2019). 
 

5. Page 21, first full paragraph and Figure 6 (page 65): the Kane Springs Wash Fault is 
mis-labelled on Figure 6. What’s labelled as the Kane Springs Wash Fault on Figure 6 is 
actually the Willow Springs Fault (Swadley et al, 1994).  
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6. Page 21, first full paragraph referencing Figures 7, 8, and 8a: The problem with all of 
these hydrographs and correlating effects of pumping from the Order 1169 aquifer test is 
that the test occurred during a period of time in the hydrologic system when the overall 
water level trend was downward which is attributable not to the pumping in the LWRFS, 
but the dissipation of the extreme precipitation event that occurred in 2005. If the 2005 
precipitation event is considered then there is no impact from the Order 1169 aquifer test 
on water levels in well CSVM-4 (Figure 3-9, Lincoln/Vidler 2019). 
 

7. Page 21, first full paragraph: Lincoln/Vidler disagrees with the statement made by the 
USFWS that “Based on the continuity of water level responses across this portion of the 
carbonate aquifer, any changes in lithology or discrete low permeability structures 
present in the carbonate aquifer between KMW-1 and central CSV are not sufficiently 
impermeable to preclude or significantly minimize the impacts of carbonate pumping in 
KPW-1 on carbonate water levels in CSV .…” Unlike most of the participants, 
Lincoln/Vidler have collected current geophysical data in northern CSV which shows 
that there is a significant fault structure, named the Northern LWRFS Boundary Fault, 
that exists in northern CSV and that provides a significant limiting control to 
groundwater flow. These data are supported by water level data from wells in KSV and 
throughout the CSV that illustrate the effects of the fault structure on heads in these areas. 
We believe an authentic, realistic scientist will understand the value of good, reliable, 
repeatable data that has been proven to accurately identify geologic structures to help 
update former hypotheses once held.   
 

8. Page 21, second full paragraph: The statement by the USFWS that “…to the extent that 
the completion of KMW-1 relative to the KSWF zone is unclear…” is a patently false 
statement. We know exactly where the Kane Springs Wash Fault Zone is and exactly 
what the dip of the fault is because Lincoln/Vidler drilled through it during the 
construction of monitor well KMW-1. In addition to the downhole geophysics conducted 
on the well bore of KMW-1, the geologic log of well KMW-1 (URS 2006), and the 
CSAMT geophysics collected in 2012 show the Willow Springs Fault, which is an 
extension of the Kane Springs Wash Fault in the vicinity of the wells. (Figure 3-3 
[Lincoln/Vidler 2019], Attachment A-4) shows the geologic interpretation of the location 
where KMW-1 and KPW-1 were drilled. 
 

9. Page 22, first full paragraph: The USFWS provide no data to support or substantiate the 
statement that pumping on the east side of the Kane Springs Wash Fault Zone would 
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impact water levels in central CSV. This is especially glaring since they have mis-
labelled the fault on the west side of KSV as the KSW fault.  
 

10. Page 22, second full paragraph: There is a big “wedge” of high resistive carbonate rocks 
that occur in northern CSV and that run into lower resistive and much less permeable 
lithology south of this feature (Figure 4-7, Lincoln/Vidler 2019). Also, based on this 
geophysical data the locations of faults as identified in the USFWS report are mis-located 
or not present in this area. The Kane Springs caldera complex is nowhere near monitor 
wells CE-VF-2 and CSVM-3 in CSV. 
 
Well KMW-1 (and well KPW-1) intersects the upthrown block of the Kane Springs 
Wash Fault Zone. This has been known and this data publicly available since the 2006 
NSE hearing on Lincoln/Vidler’s groundwater rights applications in KSV.   
 

11. Page 22, under the heading Proposed KMW-1 Pumping Test: The USFWS was an initial 
participant in the 2006 NSE Kane Springs water rights hearing and was well aware of the 
exhibits submitted during this hearing, including the well completion and testing report 
for wells KMW-1 and KPW-1 (URS 2006). The statement “…a pumping test has 
reportedly been performed on KMW-1, the details and results of the test are not widely 
known or evaluated.” Is disingenuous at best as the report has been publicly available 
since 2006. The USFWS continues to postulate about something that has been known for 
over a decade and that has been publicly available data almost since the day that it was 
collected.  
 

12. Pages 22 and 23, under heading ‘Proposed KMW-1 Pumping Test’: There is no need for 
an additional pumping test of well KMW-1 as the new geophysical data collected 
provides new information on what is indicated and known from water levels in wells 
KMW-1 and CSVM-4 as compared with the rest of the wells in the LWRFS. In addition 
to this new geophysical data, Lincoln/Vidler’s support for excluding KSV from the 
LWRFS is also supported by other geochemistry data including but not limited to general 
chemistry, Carbon-14, and groundwater temperature data, and hydrologic data in the 
form of basin specific precipitation and runoff data (Lincoln/Vidler 2019). If it were so 
found by the proposed, very expensive pumping test, finding that drawdowns reach into 
KSV from nearby northern CSV pumping or vice versa is irrelevant to whether those 
drawdowns can reach the surface features within the MRSA and measurably reduce their 
flows.  
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13. Page 28, Section 1.3.3 Boundaries and Boundary Conditions: Why wouldn’t the USFWS 

use the latest geologic data and information available for the assessment of the boundary 
conditions of the LWRFS as available by Rowley et al (2017)? 
 

14. Page 28, Under heading ‘Pahranagat Shear Zone’: Lincoln/Vidler disagree with the 
characterization of flow from the Pahranagat Shear Zone through Delamar Valley and 
KSV. The Kane Springs Wash caldera complex begins approximately 14 miles from the 
southern boundary of the KSV basin. This would not necessarily preclude inflow from 
the southern part of Delamar Valley to CSV. In fact, the same logic would hold true, i.e., 
if there is flow through the Pahranagat Shear Zone from Pahranagat Valley into Coyote 
Spring Valley then why would that change for the portion of the Pahranagat Shear Zone 
adjacent to Delamar Valley? The FWS provide no evidence of this change in boundary 
condition. Lincoln/Vidler also disagree that there is no inflow from Delamar Valley to 
KSV because of the “…caldera complex and outcrop of basement rocks….” This 
statement is not supported by any evidence. Also, examination of the geologic cross 
sections from Rowley et al (2017) indicates that the basement complex is not present near 
the surface in this area of Delamar Valley, see geologic cross-section B-B’ (Rowley et al 
2017). And finally, there is local in-basin recharge that occurs in and must then flow via 
groundwater flow out through the Delamar Mountains within KSV based upon data 
collected by Lincoln/Vidler (Lincoln/Vidler 2019). 
 

15. Page 30, third bullet: The request by the NSE to define the boundaries of the LWRFS 
have nothing to do with Clover Valley or Tule Desert and any analysis regarding these 
basins should be ignored. Even though the USFWS reference Page et al (2005), there is 
no geophysical data provided to support its assertions in this bullet. 
 

16. Page 31, Section 1.3.2 Areal Extent of the LWRFS – Proposed Boundaries: The USFWS 
stated on Page 31 that “The locations of likely no-flow boundaries on the LWRFS area as 
follows…: [first bullet] boundary of Delamar Valley with northern Coyote Spring Valley 
and Kane Springs Valley.” Although their reasoning is flawed, i.e., “…that groundwater 
flow is precluded by plutonic rocks of the KSW caldera complex….” If this was truly the 
case then there would be no water available to pump from well KPW-1 (USR 2006); 
there also would be perennial or at least intermittent flowing streams in the Delamar 
Mounts portion of the caldera complex.  
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Based on the new geophysical data collected by Lincoln/Vidler in response to the NSE 
Order #1303 request, KSV and northern CSV should be excluded from the proposed 
LWRFS administrative unit. However, if KSV and northern CSV are truly no-flow 
boundaries, they should be excluded from the proposed LWRFS administrative unit. 
USFWS contradicts itself by stating on the one hand that KSV and northern CSV are no 
flow, yet on the other hand, USFWS wants to include them as part of the proposed 
LWRFS administrative unit. 
 

17. Page 33, first paragraph: Lincoln/Vidler disagree with the statements made in the 
continuation of this paragraph. Pumping from the RDCA in the vicinity of well CSVM-4 
in northern CSV is located in an area of the aquifer system that is separated by the 
Northern LWRFS Boundary Fault in northern CSV as discovered and documented by 
new geophysical data collected by Lincoln/Vidler in response to the NSE’s Order #1303. 
This new information also explains the large discrepancies in water levels between wells 
in northern CSV and southern KSV and the central and southern portion of CSV. The 
FWS provide no data to substantiate the assertion made that these areas of northern CSV 
and southern KSV have continuous, thick blocks of carbonates.  
 

18. Page 38 top of page, first partial paragraph: It should be noted that KSV is not part of 
the LWRFS. 
 

19. Page 45, first 3 bullets of Section 1.7: Lincoln/Vidler disagree with each of these 
statements as made by the USFWS and have addressed each of these comments 
previously. See Responses to USFWS Report Nos. 3, 4, 6, 7, 8, 12, 16, and 17 above.  
 

20. Pages 39 through 45, Section 1.6, and pages 47 through 53, Section 2: These sections are 
non-responsive to the NSE’s request for additional information from Order #1303, and 
should be ignored. 
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Technical Memorandum from Peter Mock of PMGC, Inc., to 
Greg Bushner, Vidler Water Company 

Subject: A brief overview of an two simulations using the model 
described in: “Development of a Numerical Groundwater Flow 

Model of Selected Basins within the Colorado Regional 
Groundwater Flow System, Southern Nevada, Version 1.0,” 
prepared for the National Park Service, U.S. Fish & Wildlife 

Service and Bureau of Land Management, by Tetra Tech, Inc., 
of Louisville, Colorado, dated September 28, 2012. 
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Memorandum 
 

To:  Greg Bushner/Vidler Water Company 

From:  Peter Mock/PMGC, Inc. 

Date:  November 7, 2012 

 

Subject:   A Brief Overview of and Two Simulations using the Model Described 
in: “Development of a Numerical Groundwater Flow Model of 
Selected Basins within the Colorado Regional Groundwater Flow 
System, Southeastern Nevada, Version 1.0, prepared for the National 
Park Service, U.S. Fish & Wildlife Service and Bureau of Land 
Management, by TetraTech, Inc. of Louisville, Colorado, dated 
September 28, 2012. 

 

The report referenced above is one of two that you provided me in October of 2012.  The other is 
a predictive simulations report.  The MODFLOW input files for both reports were provided as 
well. The reports and MODFLOW input files arrived on one CD.  I have not conducted a 
detailed, that is, sentence by sentence, review. I selected what I thought were key highlights and 
potential concerns with respect to evaluations of Tule Desert (and Clover, while we’re at it) 
groundwater development. 

This report describes the current status of what is now a decades-long effort in groundwater flow 
model construction.  The Nevada State Engineer’s deliberations early in the 1990s concerning 
proposed pumping from Coyote Springs Valley drew the attention of three bureaus within the 
U.S. Department of the Interior:  the National Park Service, the U.S. Fish & Wildlife Service, 
and the Bureau of Land Management.  After initial funding by the NPS alone, the three DOI 
Bureaus joined to share in the cost of this model.  We have known this effort for the last decade 
as that of Geotrans, Inc., working for the National Park Service.  They give references for two 
reports on that modeling with dates of 2001 and 2003, but curiously these two references are not 
given in the reference section.  They make no mention of other model efforts in the region, 
except a notation late in the text that they are conducting one part of the work in a manner 
similar to that of SNWA. 
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Geotrans, Inc. has been a part of TetraTech since 1988 according to their website, but evidently 
only recently has the TetraTech name taken precedence on this project.  The authors of the report 
are not given.  I assume that Rick Waddell and Guy Romer are still the principal “architects” of 
this model. 

Brief Overview 

The model is a large one, encompassing the following Hydrographic Areas: 

• Clover Valley - #204 
• Lower Meadow Valley Wash - #205 
• Kane Springs Valley - #206 
• Coyote Spring Valley - #210 
• Garnet Valley - #216 
• Hidden Valley (North) - #217 
• California Wash - #218 
• Muddy River Springs Area - #219 
• Lower Moapa Valley - #220 
• Tule Desert - #221 
• Virgin Valley - #222 
• part of Black Mountains Area #215) north and east of the Las Vegas Valley Shear Zone 
• part of Las Vegas Valley (#212) north of the Las Vegas Valley Shear Zone and east of 

the crest of the Sheep Range. 

The report lists the following as the effort accomplished since the last model (Geotrans, Inc., 
2003): 

1. Added lower Virgin Valley and Clover Valley 
2. New 3-D geologic framework model (still based on - and the reason for - Page’s (USGS) 

work in 2005, 2006 and 2011, also funded by NPS) 
3. Incorporation of recent USGS ET studies (funded by NPS – DeMeo and others, 2008) 
4. Incorporation of geologic, hydrologic and geochemical data from SNWA/LVVWD, 

Vidler and others 
5. Calibration to observed water levels, stream flow and spring discharge and responses to 

evaporation and pumping rates varying over time 

The model and efforts are consistent with what we thought they had been doing to date. 

The geology is based on the work of Page (USGS) from 2005-2006, though they now note an 
update to Page’s cross sections published in 2011 (OFR 2006-1040).  Here’s the summary of 
changes quoted from Page (2011): 
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• Cross section C–C’ includes revisions in the east Mormon Mountains in the east part of 
the section; 

• D–D’ includes revisions in the Mormon Mesa area in the east part of the section; 
• E–E’ includes revisions in the Muddy Mountains in the east part of the section; 
• F–F’ includes revisions from the Muddy Mountains to the south Virgin Mountains in the 

east part of the section; and 
• J–J’ includes some revisions from the east Mormon Mountains to the Virgin Mountains. 
• The east end of G–G’ was extended about 16 km from the Black Mountains to the 

southern Virgin Mountains, and 
• the northern end of I–I’ was extended about 45 km from the Muddy Mountains to the 

Mormon Mountains, and revisions were made in the Muddy Mountains part of the 
original section. 

I extracted the geologic layer tops and thicknesses from the MODFLOW HUF files, imported 
and georeferenced them in GIS, and reviewed the units that occur under Tule Desert in a cursory 
fashion.  In general, the units defined beneath Tule Desert are what are shown on the Page cross 
sections in this area, but that we may want to at some point check the distributions of contact 
elevations against cross-sections and structural geology interpretations developed to date by 
Vidler.  I would note at this point that the regional carbonate aquifer as input to the HUF package 
of this model thins along the boundary between Tule Desert and Virgin Valley, but that thinning 
is modest: from 3,000-3,400 meters down to 2,700-3,000 meters in crossing that boundary from 
either side.  This is a major boundary, as expressed at the surface by the East Mormon 
Mountains, but the model makes this a short, limited island breaking up only a short distance of 
the regional carbonate aquifer – only where it is present at the surface.  With 9,000 to 10,000 feet 
of saturated thickness, there is essentially no barrier to flow (or propagating drawdowns) 
between the Tule Desert and Virgin Valley Hydrographic Areas, even when taking into 
consideration the strong decline in hydraulic conductivity with depth that they apply in this 
model.  To my way of looking at the structural geology, this representation of this boundary is 
completely incorrect.   

In general, the model is bounded around its edges by large fault alignments.  They conclude that 
flow is low across most of their model boundaries due to a work by Harrill (2007), which I 
located only in their reference list: “Evaluation of Boundary Fluxes for the Ground-Water Flow 
Model being prepared as part of the SNPLMA-5 Project, unpublished consultant report, 
December 2007, 17 pages”. That this is J.R. Harrill of the USGS, now retired, is encouraging 
(though I still may or may not agree with what he has written in this undisclosed report), but an 
unpublished consulting report is not an acceptable reference unless it is attached. 

Recharge was estimated using the famous Maxey-Eakin recharge factors (converted from 
discrete steps to a continuous cubic equation) and PRISM 800-meter resolution 1971-2007 mean 
monthly precipitation. They do not explain how they go from monthly values to annual values so 
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that Maxey-Eakin can be applied, though I would hope they just added the monthly values before 
applying the Maxey-Eakin factors.  No recharge is calculated for precipitation values less than 7 
inches.  No reason is given for extending the lower limit for recharge downward from 8 inches to 
7 inches.  The exception is that recharge was added at 0.5 in/yr in the Muddy Mountains area 
above 3,000 feet, despite the precipitation being less than 7 inches there.  Recharge was later 
adjusted overall during calibration to match their assumed discharge rates. In fact, the adjustment 
was a decrease of 35%. 

They used the DRAIN package in all 18 model layers in one horizontal cell location to simulate 
Rogers and Blue Point Springs.  The combined discharge of all 18 nodes is used to track this 
discharge and to serve as a calibration target.  Many other springs were simulated with the 
DRAIN package.  The springs in the Muddy River area were simulated with the stream flow 
routing (SFR) package. 

Evapotranspiration was estimated from DeMeo (2008) and simulated as a constant withdrawal 
using the WELL package. 

Pumping was simulated with the first multi-node well (MNW1) package, which apportions flow 
over multiple layers based on current water-level and hydraulic conductivity along the well. 

The Horizontal Flow Barrier (HFB) package was used to simulate a few selected fault 
alignments, including the Tule Desert Fault System. A hydraulic characteristic (transmissivity or 
hydraulic conductivity divided by barrier width –“TDW”) of 1 x 10-6 ft/d was used for all but the 
Tule Desert (1.31 x 10-6 ft/d) and Kane Springs Wash (4.74.x 10-6) Faults 

Although a large number and variety of calibration targets were used, they are largely clustered 
in a fraction of the model area.  Tule Desert and Clover Valley are not well represented in the 
calibration data set.  Also, there are no data on the propagation of drawdowns in or out of Tule 
Desert or Clover Valley. 

An important (to the authors) part of the calibration process was simulation of test pumping of 
Coyote Spring Valley under Order 1169 during the period August 2010 to December 2011. I 
don’t think the simulated drawdowns matched the measured drawdowns well in this exercise of 
the model.  Calibration of the carbonate system hydraulic conductivity using pilot points resulted 
in isolated unique values in a circle around each pilot point, which is not realistic.  This is not a 
fault of pilot points, but of their application here.  One pilot point value was 19,500 ft/d; another 
was 4,560 ft/d; six more were larger than 1,000 ft/d.  The hydraulic conductivity value used in 
most of the model (which does not contain pilot points) for the carbonate unit ranges from 1,000 
to 10,000 ft/day.  These are not realistic values for regional simulation of the carbonate unit.  I 
think the regional value should be approximately 3 ft/d as we used in our Tule Desert Model. 

They also caused the hydraulic conductivity to decline exponentially with depth using a 
modification made by these authors to the modification made by the USGS to the HUF package.  
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The authors’ change was to put a limit (floor) on the minimum value that could be reached at 
depth.  The carbonate unit was simulated to decline by an order of magnitude for every 1,333 
feet of depth, limited to a minimum of .0003 ft/d.  We (i.e., me, Vidler, Wayne Belcher, and 
Keith Halford) disagree that the hydraulic conductivity of the carbonate unit declines 
significantly with depth.  This feature is reasonable for representing Tertiary sedimentary basin 
fill, but not for the regional carbonate unit. 

The extremely large hydraulic conductivity values obtained from pilot point calibration and the 
extremely strong decline function with depth lead to flow in and between basins being funneled 
through the top of the model, which I do not think is representative of this system. I think flow 
circulates to depths of tens of thousands of feet in the regional carbonate system. 

The specific yield of the carbonate system is 0.02, which I agree with.  The specific storage is 1 x 
10-6 ft-1, which I also agree with. 

Overall in this model, prior to large-scale pumping, 50% of discharge is to streams, 40% of 
discharge is to evapotranspiration, and the remainder is a combination of springs and Lake Mead 
discharge.  They make a point of describing pre-Dam observations (but don’t provide a 
reference) that indicated few and minor discharges of groundwater to what would become the 
bed of Lake Mead.  In this model, they simulate 4,500 ac-ft/yr discharge to Lake Mead.  Overall 
in this model, 38,000 ac-ft/yr comes in through the boundaries and 6,500 ac-ft/yr leaves the 
boundaries.  As I made abundantly clear in discussions of our Tule Desert model, I disagree that 
flow across this tremendous thickness of carbonates comes essentially to a stop at these 
boundaries. 

This quote from the summary at Page 61 will be of interest to Vidler: 

“The largest model residuals [mismatch between simulation and measurement] 
are in high gradient areas, where model errors can result in large differences, in 
the Clover Mountains where the volcanic stratigraphy is greatly simplified, and in 
the Tule Desert where some of the structural complexity may not be incorporated 
in the geologic model and the model grid is relatively coarse.” 

Indeed the errors range from 560 feet too low to 149 feet too high in Tule Desert and from 150 
feet too low to 730 feet too high in Clover Valley.  Also of interest is a quote from Page 62: 

“Cross sections developed in the Tule Desert by consultants for Vidler Water 
Company were not used in the construction of the geologic model. There are 
differences between the interpretations presented in these cross sections and other 
cross sections developed by Page and others (2011). Given the scale of the 
modeling and the use of the sections by Page and others in the remainder of the 
model, some of the information contained in the sections developed by Vidler 
Water Company was not incorporated. In future work, evaluation and 
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incorporation of some of the more detailed information might improve the model 
in the Tule Desert.” 

 
One additional quote related to Vidler’s interests, on Page 63: 
 

“There are aquifer-testing data available in the Tule Desert, but no long-term 
pumping has yet occurred, and thus there is no information on long-term 
productivity or on response to pumping in areas distant from wells. Thus, there is 
substantial uncertainty on the magnitude and timing of drawdown in the Tule 
Desert. The most uncertainty is in the Clover and Delaware Mountains. The 
drawdown that will occur will be very dependent on local conditions and rock 
properties because of the complex volcanic stratigraphy, which has been 
generalized.” 

 

Finally, I note that the recently available hydrogeochemistry or geochemistry information 
described as incorporated in the introduction and summary of this report, was not discussed.  
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U.S. Department of the Interior Fish and Wildlife Service 
Biological Opinion dated October 29, 2008, File Nos. 84320-

2008-F-0007 and 84310-2008-I-0216. 
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Attachment A-3 

 

Vertical Profile through selected carbonate wells in study area, 
reproduced from CH2M Hill 2006a. 
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Attachment A-4 

 

Localized Cross Section through KMW-1, Kane Springs Valley 
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Lower White River Flow System Interim Order #1303 Rebuttal 
Report to the Nevada State Engineer 

 

Prepared by 

Peter Mock, Ph.D., R.G. 

Peter Mock Groundwater Consulting, Inc. 
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2 
 

Executive Summary 
 

Peter Mock Groundwater Consulting, Inc. respectfully submits to the Nevada State Engineer (NSE) 
rebuttal to selected portions of selected reports submitted July 3, 2019 to the NSE regarding Order 
1303.    The selection of reports and portions of reports for rebuttal here was typically based on noting 
new proposals to include the Kane Springs Valley (KSV) Hydrographic Area (HA) No. 206 in the proposed 
Lower White River Flow System (LWRFS) administrative unit.  KSV HA was not included by the NSE in the 
LWRFS and accumulating evidence has consistently supported the NSE’s findings in this regard.  I 
conclude that the NSE should continue to maintain that the KSV HA is outside the LWRFS administrative 
unit due to distance and geologic structures in light of the goal of practically and efficiently protecting 
the springs and associated surface flows of the Muddy River Springs Area (MRSA) from depletion.  My 
rebuttals will expand on my reasoning for this conclusion. 

With respect to the Mifflin & Associates, Inc. Report of July 3, 2019 for the Moapa Band of Paiutes to the 
NSE, I primarily rebut the use of the results from a new groundwater flow simulation that does not 
explicitly incorporate the structural geology of the region to assert that pumping in KSV will have 
impacts in the MRSA in 10 years.  I am also rebutting: 1) the use of the asserted correlations to distant 
river flows of previous decades to extend or filter real water well hydrographs, 2) the confusion of 
[particle] capture for hydraulic system capture (Theis 1940), 3) that drawdown impacts are transported 
solely within groundwater flow paths as if they were attached to water molecules, 4) that variable 
anisotropy in a slab of uniform thickness and transmissivity can be a valid substitute for explicitly 
incorporating the contacts between the Paleozoic carbonates and much less permeable structural blocks 
in this region, and 5) that the effective porosity of the Paleozoic carbonates is two orders of magnitude 
less than 0.1. 

With respect to the two Interflow Hydrology, Inc. reports of July 2, 2019 for the City of North Las Vegas 
to the NSE,  I rebut the use of a new groundwater model of the southern portion of the LWRFS for 
supporting the conclusion that groundwater enters the LWRFS from the Las Vegas Valley, as opposed to 
my opinion that groundwater flows out to the Las Vegas Valley.  I am further rebutting the assertion that 
the total flow rate out to the Las Vegas Valley is of the magnitude of hundreds of acre-feet per year, as 
opposed to my opinion that it is thousands to tens of thousands of acre-feet per year. 

With respect to the Tetra Tech Report of July 3, 2019 for the U.S. National Park Service to the NSE, I 
rebut the use of the Tetra Tech Model that includes the LWRFS, first reported on in 2012, for projecting 
regional impacts from pumping.  The use of the HUF MODFLOW package averages away and thereby 
diminishes the structural controls of the regional geology.  I infer from my understanding of this model 
that the projected drawdowns are too shallow and broad in extent because of the use of a hydraulic 
conductivity that decreases exponentially with depth for the Paleozoic carbonates and because of the 
use of Pilot Points in calibration of the model in such a way that localized areas of exceedingly high 
hydraulic conductivities are selected in the uppermost layer of the model. 

With respect to the Report of Dr. Tom Myers, Hydrologic Consultant, of July 3, 2019 for the Center for 
Biodiversity to the NSE, I rebut the assertion that the variation in gradients at the boundary between 
KSV and CSV is a basis for the NSE to include KSV HA for the purpose of effectively protecting the springs 
and associated surface flows of the MRSA. 
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With respect to the Report by the U.S. Fish & Wildlife Service, no author given, on July 3, 2019 to the 
NSE, I rebut statements that parameters of the Theis Equation in the SeriesSEE model are meaningless 
followed by discussion of the results in terms of meaningful transmissivity and its variability, which itself 
is not allowed to vary in SeriesSEE.  I further rebut assertions that the Tertiary Calderas of the region 
(higher elevations of which form the Delamar and Clover Mountains) are barriers to groundwater flow.  
Finally, I rebut a series of narrative (not calculated) projections of water level and groundwater flow 
responses to a variety of conditions given by the authors or authors of this report. 

With respect to the Report by Andrew Burns, Warda Drici, Casey Collins, and James Watrus, Sr. for the 
Southern Nevada Water Authority and Las Vegas Valley Water District on June 27, 2019 to the NSE, I 
rebut the assertion that groundwater flows are negligible through the Tertiary Calderas of the region, 
specifically those in KSV. 
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Introduction 
 

On July 3, 2019, several entities submitted reports to the Nevada State Engineer (NSE) regarding Interim 
Order #1303.  Interim Order #1303 discusses management of multiple administrative hydrologic 
areas/basins as a single administrative unit for the express purpose of preserving the flows of springs 
and associated surface water flows in the Muddy River Springs Area (MRSA) Hydrographic Area (HA) No. 
219, also known as Upper Moapa, and asked for the technical commentary that was later received on 
July 3, 2019. 

This review comments on sections of a few reports that assert new perspectives on the regional flow of 
groundwater and the propagation of drawdowns in the regional aquifer in the Paleozoic carbonates of 
this region and/or that suggest or propose the addition of Kane Springs Valley (KSV) HA to what the NSE 
proposed for the administrative units of the Lower White River Flow System.  Thus, not all reports or 
sections of the selected reports submitted in this matter on July 3, 2019 are reviewed here.  I would also 
note that I have attempted to avoid rebutting repetitions of these statements in the selected reports as 
that would lead to a more voluminous rebuttal than I present here.  My not rebutting a specific report 
or section of a selected report submitted to the NSE on or around July 3, 2019 should not be interpreted 
to mean that I agree with that specific report or report section that I have not rebutted here. 

I earned Bachelor’s and Doctoral degrees in Hydrology from the University of Arizona.  My Ph.D. minor 
was in Applied Mathematics, focused on numerical analysis (i.e., the algorithms and programming 
instructions of simulation codes).  I am recognized as a Geologist by the states of Arizona and California.  
I have visited and interpreted the geology and hydrology of this region and submitted reports to the NSE 
regarding Tule Desert and KSV and the potential impacts of groundwater development proposed by 
Lincoln County Water District and Vidler Water Company there.  The groundwater flow model I 
developed for the Tule Desert work was reviewed by multiple local experts at the U.S. Geological Survey 
and was and remains unique in that the model layering explicitly incorporated the geology as published 
by the U.S. Geological Survey (Page and Others, 2005).  I have also visited and interpreted the geology 
and hydrology of the Clover Valley and surrounding region for Lincoln County Water District and Vidler 
Water.  I have been familiar with and have run the model developed by Tetra Tech (2012) for the U.S. 
National Park Service (USNPS) that includes this region and the model developed by Frank D’Agnese for 
the Southern Nevada Water Authority (SNWA) that includes a larger region. 

The remainder of this report is organized by sections for each of five selected reports: 

• Cady Johnson and Martin Mifflin of Mifflin & Associates for the Moapa Band of Paiutes, 
• Dwight Smith and Alexa Terrell of Interflow Hydrology, Inc., for the City of North Las Vegas; 
• Richard Waddell of Tetra Tech, Inc. for the USNPS, 
• Tom Myers for the Center for Biodiversity, and 
• Andrew Burns, Warda Drici, Casey Collins, and James Watrus, Sr. for the Southern Nevada Water 

Authority and Las Vegas Valley Water District 

Following the considerations of these report sections, I provide my brief conclusions. 
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Selected Comments on: “Water-Level Decline in the LWRFS: Managing 
for Sustainable Groundwater Development, Initial Report of Moapa 
Band of Paiutes in Response to Order #1303”, prepared by Cady 
Johnson and Martin Mifflin (Mifflin & Associates, Inc.), dated July 3, 
2019 
This report was downloaded from the NSE website as an 84-page Acrobat-PDF file.  I found many items 
to rebut in this report, so this rebuttal is organized into sub-sections to assist the reader. 

 

Rebuttal Summary 

I primarily rebut the use of the results from a new groundwater flow simulation that does not explicitly 
incorporate the structural geology of the region to assert that pumping in KSV will have impacts in the 
MRSA in 10 years.  I am also rebutting: 1) the use of the asserted correlations to distant river flows of 
previous decades to extend or filter real water well hydrographs, 2) the confusion of [particle] capture 
for hydraulic system capture (Theis 1940), 3) that drawdown impacts are transported solely within 
groundwater flow paths as if they were attached to water molecules, 4) that variable anisotropy in a 
slab of uniform thickness and transmissivity can be a valid substitute for explicitly incorporating the 
contacts between the Paleozoic carbonates and much less permeable structural blocks in this region, 
and 5) that the effective porosity of the Paleozoic carbonates is two orders of magnitude less than 0.1. 

 

Two Primary Points from the Executive Summary 

The two key points of this report (MAI2019), as summarized from the Executive Summary are: 

1. There are two primary [particle] capture zones in this region – one for the MRSA and one for the 
Las Vegas Valley – and they say that the NSE’s rationale for selecting the LWRFS ignores this. 
 

2. The regional declines in water levels are due to climatic factors and they say that there are two 
consequences of this: the response to the Order 1169 pumping was vastly over represented and 
there may be no point in conserving water resources as the surface flows and the life that 
depends on them are going to dry up anyway as the groundwater levels continue to respond to 
drought. 

My responses to these two primary points are: 

1. I agree that there are currently substantial flows of groundwater in this region that exit at the 
MRSA as well as out to the Las Vegas Valley.  However, I disagree about what the current 
configuration of groundwater flow paths means for management of the LWRFS. 
 

a. Figure 1 of MAI2019 shows the “divide” they have defined between these two flow 
paths.  I disagree that all of the flow from Meadow Valley Wash and all of the flow of 
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north and central CSV or much of the flow of the uppermost part of Lower Moapa Valley 
has to exit at the MRSA springs and surface flows.   These divides they say were derived 
from a new, FEFLOW-based model, which I will call MAI-FEFLOW-2019 here and which 
should not be relied upon for delineation of flow paths as it does not explicitly 
incorporate the structural geology of the region. 

 
b. The current flow paths of groundwater through this system can be viewed as “capture 

zones” as the authors of MAI2019 state, but that is meaningless with respect to 
preserving the flows of springs and associated surface flows in the MRSA.  Hydrologists 
distinguish between “particle capture”, i.e. identifying the particles of water in a 
groundwater system that actually emerge from a well (or spring) and hydraulic system 
capture, i.e., the specific hydraulic changes in adjustable boundary conditions 
propagated across a porous medium in response to an imposed stress, e.g., pumping 
wells.  This apparently non-intuitive, but primary distinction with a tremendous 
difference has been taught persistently by the USGS and leaders in the hydrologic 
community trained in the USGS for 60 years (starting with Theis in 1940 and more 
recently by Leake (2011), Barlow and Leake (2012) and Konikow and Leake (2014) 
among many.  In this case, one can pump from a well in a hydrographic basin that has 
groundwater currently headed to a subsurface basin outflow line and cause water levels 
and flows to decline at springs in another hydrographic basin where the groundwater is 
currently headed distinctly towards a group of springs.  One can reduce surface flows 
by pumping while not completely rearranging the groundwater flow paths.  [Particle] 
capture zones became popular in the 1980s for designing remediation systems and 
rightly so: there the goal is explicitly to “capture” the actual “particles” of water with a 
contaminant dissolved in them and avoid collecting and treating the clean water outside 
of a plume of contaminated groundwater.  Much to the profession’s detriment, the 
term “capture” was thereby itself captured from the hydrogeologic lexicon where it had 
been used explicitly for system hydraulic capture.  See Fetter (2001, [4th edition], page 
436) for a classic exposition of the current and widely-applied concept of [particle] 
capture.  Perhaps it helps to recognize that [particle] capture zone boundaries do not 
impose walls to advancing pressure or hydraulic head changes.  The authors imply the 
opposite on Page 14: “... a rational and observable zero-flux boundary enclosing all 
ground-water flow paths to a regional discharge area”.  Also, contrary to the author’s 
assertions of Page 14, unique chemistries do not uniquely define [particle] capture 
zones except in the most unusual and isolated of circumstances.  That is, two different 
samples of groundwater can have the same chemistry and be from different flow paths, 
basins or even continents.  A new pumping well will produce drawdowns that will 
quickly invade and pass through pre-existing [particle] capture zones that the authors 
imply are inviolable.  Likewise, drawdowns will quickly pass through regions of unique 
water chemistry as long as the pore volumes are accessible to pressure or total 
hydraulic head changes.  In fact, in porous media, propagating pressure or total 
hydraulic head changes (well impacts) do not run into and impede one another: they 
progress independently (except for the effects of changing aquifer thickness and hence 
the area for flow) and accumulate or superimpose, but they do not impede one 
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another.  This is primary, basic aquifer hydraulics, not of my development.  On a more 
intuitive level, drawdowns proceed outward in all directions (radial flow) from a well 
irrespective of the groundwater flow direction until they encounter and cause changes 
in an adjustable boundary (e.g., lake, stream, transpiration through a patch of 
phreatophytes – see Theis (1940) for the primary presentation on this).  Drawdowns, no 
matter where they travel from or what [particle] capture zones they enter, cross or 
leave, cause reductions to spring and stream flow in proportion to their magnitude.   
 

c. Particle capture zones are not the appropriate tool for assessing hydraulic impacts to 
springs or other surface flows.  Therefore, the authors have made a reasonable 
observation that the regional groundwater flow system has two primary exits (though I 
disagree with the authors’ delineation), but this recognition is not a basis for protecting 
the springs and associated surface flows of the MRSA.  The NSE has been wise to ignore 
the current split in groundwater flowing to different exit locations from the LWRFS 
when deciding which HAs to include in the LWRFS.  Distance and geologic barriers are 
the most germane to the NSE’s selection of HAs to administer protection of the springs 
and other surface flows of the MRSA. 

 
2. I agree that the region has been experiencing a decline in water levels since at least the winter 

of 2005 when precipitation in this area was approximately three times the historical average.  I 
don’t think we know unambiguously what was happening before or after in terms of decadal-
long or longer trends in groundwater levels. 
 

a. The response of water levels in the wells available for measurement to the wet winter 
of 2005 is convincing: after that winter, the water levels rose and fell slowly and 
smoothly.  Thus, the Order 1169 Test was run during the time of regional water level 
recession from this 2005 winter precipitation event, making the inference of the 
farthest extents of drawdowns due to the Order 1169 pumping questionable at best. 
 

b. On Page 29, the authors assert that the MODFLOW and SerieSEE (Theis Superposition) 
analysis by the DOI Bureaus of the Order 1169 Test data is erroneous because they did 
not recognize that the regionally-experienced water-level declines during the Test were 
not due to the Order 1169 Pumping.  Trying to match a model of drawdowns 
propagating from a limited area outward to a larger area with essentially uniform 
declines will indeed be without physical basis, so I agree. 

 
c. The dedicated monitoring wells available for measurement largely came on line just 

before the winter 2005 event, so we have limited knowledge about the nature of the 
regional long-term trend for, say, decades before that. 

 
d. We also do not know if such an antecedent (to the 2005 event recession) decline, if it 

existed, will continue into the future. 
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e. Given this lack of local foundation for unambiguously declaring a persistent (multiple 
decades) regional decline in groundwater level, it is reasonable for the NSE to continue 
to work to preserve springs and associated surface water flows in the MRSA. 

 

The MAI FEFLOW-2019 Model 

Proceeding to the MAI2019 report as a whole, the authors pursue a novel and unique for this region 
technical analysis that was not in the end tied to the protection of the MRSA.   Of particular novelty here 
is the application of the FEFLOW code to simulate coupled groundwater flow and heat flow in much of 
southeastern Nevada.  This model is called by the authors different names in different places, e.g., 
“transmissivity” model or “scoping” model, both in lower case.  The use of FEFLOW is novel in the arena 
of groundwater flow simulations developed to present to the NSE regarding water resources 
development.  FEFLOW should simulate groundwater flow as well as, but practically no better than, any 
other widely-applied groundwater flow simulation code so the selection of FEFLOW itself is not of 
concern.  It should not be considered superior for practical groundwater flow simulation to, say, 
MODFLOW. 

The extension of groundwater flow models to include heat transport is well-founded and applied in the 
geothermal development and nuclear materials isolation communities and has seen a few, rare 
applications in more common hydrogeologic investigations.  The additional information provided by 
consideration of heat transport with groundwater flow simulation has not yet been found by the 
hydrologic community at large to be valuable for projects despite several valid calls in the literature for 
its consideration (e.g., Anderson, 2005).  I think there are rare circumstances where it may have value, 
but they are indeed very rare. 

What is critical for understanding the MAI-FEFLOW-2019 is to recognize is that the heat transport 
extension in FEFLOW is strongly dependent on the accuracy of the groundwater flow simulation.  As 
with mass transport, the flow simulation must be extremely accurate or the mass is carried to places it 
doesn’t go and at rates it doesn’t maintain.  Considering heat transport cannot cure an inaccurate 
groundwater flow representation. 

The application of FEFLOW here suffers a fatal flaw (not a fault of the FEFLOW code) that overshadows 
all further comments: its simulation of groundwater flow is without foundation (i.e., there is no clear 
and substantial support provided here for interpreting uniformity of thickness and hydraulic 
conductivity) and rigid uniformity actually conflicts with what is known about the basic structural 
geology of the region.  I opened the FEFLOW simulation file downloaded from the NSE website and 
inspected it in FEFLOW (I currently have version 7.2), for which I have had a license for two decades.  
The MAI-FEFLOW-2019 model is two dimensional, has a uniform thickness of 1000 meters, and has 
uniform transmissivity.  I need only point to the cross-sections of either Page and others (2005, revised 
in 2011) or Rowley and others (2017) and in particular point out the complex and dominant 
juxtapositions of Proterozoic basement units/early Cambrian quartzites with the Paleozoic carbonates of 
interest.  The exposures of Proterozoic rock at the surface in the Mormon and East Mormon Mountains 
are just two of the most obvious clues that the Paleozoic carbonates have been spectacularly broken up.  
In short, in view of the currently accepted structural geology of this area, the saturated Paleozoic 
carbonates cannot reasonably be viewed as a continuous, uniform, slab aquifer or aquifer system.  They 
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are instead broken up and separated into corridors such as underlie Meadow Valley Wash, which is the 
largest of these corridors in this region.  A labyrinth or maze of huge, elongated structural blocks is a 
better analogy than a simple block or slab for the flow of groundwater in the Paleozoic carbonate 
aquifer system. 

The remarkably novel use of spatially variable anisotropy with a uniform transmissivity field by the 
authors to produce the sinuous particle tracks they infer from aquifer testing (Appendix V) is not 
supported by theory for this setting or by local demonstration of its applicability and is in any case 
insufficient to represent the huge separations imposed by shallow occurrences of Proterozoic granite or 
early Cambrian quartzite.  The reason is that these blocks each have very different hydraulic 
conductivities, as a whole, than the Paleozoic carbonates.  On Page 59 (Appendix III), the authors state 
that this anisotropy field is “experimental and based entirely on professional judgement…”  So, once 
built from those assertions, it cannot be expected by itself to prove or suggest that it provides a 
foundation for inferences about this specific aquifer system. 

Appendix V discusses analysis of aquifer tests in the CSV.  The authors propose a sinuous anisotropy field 
to explain non-uniform responses to pumping at individual observation wells, which apparently perhaps 
lead to the MAI-FEFLOW-2019 model structure.  As I understand it, the authors think of drawdown 
propagation as analogous to the procession of a plume of dissolved contaminant in flowing 
groundwater, which certainly can have a serpentine or sinuous appearance.  However, I completely 
disagree that this is how drawdowns propagate in even highly heterogeneous porous media.  In keeping 
with my education in the literature on total hydraulic head fluctuations in porous media, I instead 
recommend adoption of straight-forward consideration of heterogeneity, that is, variations in actual 
magnitudes of hydraulic conductivity and storage parameters by volumes (not just direction).  I would 
point to the voluminous petroleum engineering literature on well tests and reservoir simulation in 
carbonate reservoirs, none of which follow the approach followed by these authors.  That profession 
uses heterogenous permeability and storage property arrays to simulate flow and transport in fractured 
rock reservoirs.  This literature has been extensively peer reviewed over several decades. 

In further conflict with their uniform transmissivity model, the authors state from their presentation to a 
conference in 2003 (see top of Page 24) that the springs and associated surface flows of the MRSA are 
due solely to a southward transmissivity decrease.  If they thought a non-uniform transmissivity in the 
Paleozoic carbonate system important enough to present to a national meeting of geologists, then it 
would seem to be important enough to build it into their MAI-FEFLOW-2019 model so that the MRSA 
springs and associated surface flows appear at the surface in the correct locations as they say.  They do 
not put such a feature, or any other structural feature, in the MAI-FEFLOW-2019 model. 
 
To put the problematic lack of structure of the MAI-FEFLOW-2019 into perspective, these same two 
authors published an extensive analytic element model (AEM) of this region in the journal of Ground 
Water (Johnson and Mifflin, 2006).  Neither this AEM nor the intricate hydraulic conductivity zones and 
no-flow barriers (Las Vegas Shear Zone, Kane Springs Wash Fault, Weiser Syncline) they developed from 
calibrating it to available water-level measurements are mentioned in this MAI2019 report.   Clearly, 
they thought highly of their groundwater flow modeling work by publishing it in 2006, but not only 
didn’t they carry their findings forward in 2019, they didn’t even mention this extensive previous work in 
what the NSE has defined as the LWRFS.  Further, the article mentions a MODFLOW analysis they had 
subsequently developed based on the AEM, which was also not mentioned in the current report.  The 
AEM was prescribed a uniform, infinitely extensive, 1,524-meter-thick slab, the selection of which, they 
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said was supported for this system, by “available evidence”.  They then referenced the USGS Moapa 
West Quad preliminary geologic map as the support for relative continuity in the carbonate system in 
this area.  How that map indicated this is not developed, but the cross sections of Page and others 
(2005, 2011) and Rowley (2017) clearly indicate to me that a single slab representation is not a 
reasonable approximation for the current disposition of the Paleozoic carbonates.  In this globally-
distributed article, they say that the Kane Springs Wash Fault, (a linear no-flow (impervious) boundary in 
their AEM model) had to be extended southwestward as it was “... required to fit [the difference 
between] VF-2 and CSV-3 water levels.”  Finally, in the abstract they say: “Using new monitoring well 
data collected in the south, and analyses confirming that seasonal pumping effects in the north are not 
propagated to the south, a later AEM model that included a barrier calibrated with relative ease.”  At 
even a broad conceptual level, it appears that the explicit incorporation of structure divisions and the 
results are somehow discarded in the current MAI-FEFLOW-2019 model and go against their unexpected 
statement at the end of the last Appendix to MAI2019 that pumping in KSV will impact the MRSA within 
10 years. 
 

Regional Models of Groundwater Flow in the Deep Carbonate Aquifers of Nevada 

 
The authors repeatedly challenge simulation of groundwater flow in the Paleozoic carbonate system, for 
example, on Page 22: “In fractured-rock aquifers, pumping impacts do not decrease predictably with 
distance as they do in idealized porous media.”  If this is true, the authors should have avoided analyzing 
aquifer tests in fractured rock with continuous radial equations for groundwater flow and should have 
avoided creating or applying and making conclusions from their own AEM, MODFLOW or FEFLOW 
Models of the regional Paleozoic carbonate aquifer system. 
 
A further challenge to regional models, despite the authors persistent construction and use of them, is 
found on Page 33: “Regional groundwater models are intrinsically general, and not reliable at the level 
of detail needed to evaluate groundwater-development proposals (water-rights applications) at the 
local (sub-hydrographic basin) level.”  I obviously disagree as I have used regional groundwater models 
for this purpose. 
 
At the end of MAI2019, the authors indicate a concern for structural features, but don’t recognize that 
this was ignored in their MAI-FEFLOW-2019 model or that it is actually a weakness of finite element 
models: “Because the structural grain is highly variable, MODFLOW grids (and for that matter finite 
difference codes in general) are inadequate for tracking regional groundwater flow and heat 
redistribution in the central and southern Great Basin. Instead, finite-element analysis of coupled water 
and heat transport is the appropriate study framework.”  If now resolution of highly-variable “structural 
grain” is a key determining factor, then a uniform slab “transmissivity model” as presented in this report 
would be inadequate, as they say.  Actually, MODFLOW has always been a finite volume code and for 
two years (officially) now has had all the flexibility of any finite element code in terms of discretization.  
A little-known fact is that finite element codes do not locally mass balance when using heterogenous 
material properties in adjacent elements.  This is because the finite element approach balances mass in 
a weak or integral sense, not element by element.  Therefore, highly-variable “structural grain” would 
create inaccuracies and local mass balances in a finite element model.  FEFLOW has recently changed 
their formulation so that it now employs a control volume solution (like the current MODFLOW) and this 
problem has in theory been resolved. Finite volume codes preserve mass both globally and locally. 
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Simulation of Heat Transport – the Eureka Low or High 
 
The authors propose to address the “Eureka Low” and bring the resolution of that anomaly’s 
explanation into the discussion of how to manage the LWRFS.  I am not aware of nor could I find a call in 
the NSE’s Order 1303 for resolving any question about the explanation of the Eureka Low.  There has 
long been a simple and reasonable explanation for the Eureka Low and no one has publicly challenged 
the USGS’ original explanation of the Eureka Low in the nearly 50 years since the explanation was 
proffered.  Alongside their repeated assertions of success, the authors do not explain for practicing 
scientists and engineers participating in these proceedings how their approach to simulating the effects 
of the Eureka Low is relevant to the matter before the NSE in the LWRFS. 

My research (largely USGS publications) turns up that the Eureka Low is an enclosed area of relatively 
lower heat flow from the earth compared to the surrounding western U.S.  The USGS found this entity 
while compiling information on heat flow for the purpose of estimating the long-term natural (vertical) 
infiltration rate through the very large vadose zone of the Nevada Test site.  Sass and Others (1971) 
provided the first plot of relevant regional heat flow measurements, identified the “Eureka Low” for the 
first time, and based on the abruptness of its boundaries, proposed high lateral groundwater circulation 
down to 3 km as the most likely cause.  Sass and Others (1976) updated the publication of 1971 in terms 
of Heat Flow Units (1 HFU = 41.8 mW/m2) for the coterminous US, and confirmed the delineation of the 
Eureka Low (< 1.5 HFU or 62.7 mw/m2).  

So, it appears that the phenomenon being pursued by the authors is that the Eureka Low is an area of 
remarkably deep and substantial groundwater flow that carries away heat coming up out of the earth 
much more so than surrounding areas.  This is certainly consistent with understanding that fractures of 
the regional Paleozoic carbonate groundwater flow system of this region do not seal up significantly 
with depth as the effective porosity of Tertiary basin fill certainly does, but instead conduct groundwater 
to depths of tens of thousands of feet where blocks of the Paleozoic carbonate units are intact to those 
depths.   The U.S. Geological Survey work in compiling hydraulic property estimates for the Death Valley 
Regional Flow Model (Belcher and Others, 2001) included tests from across southern Nevada, including 
CSV and MRSA and failed to quantitatively determine a relationship between hydraulic conductivity and 
depth for any unit in their estimation, including the Paleozoic carbonates.  Figure 1 (attached) is a plot of 
only the Upper and Lower Carbonate Unit data from Belcher and Others (2001).  Karstified (cavernous) 
or vuggy (oil field term for very large dissolution openings) values are enclosed on Figure 1 with an 
ellipse; the remaining values appear to be a relatively random band that is largely independent of depth, 
confirming the findings of Belcher and others (2001) from regression calculations on these same data. 

This concept of the Paleozoic carbonates maintaining their hydraulic conductivity to great depths is also 
consistent with the widely expressed interpretation that there are exceedingly thick flows of 
groundwater in the connected, intact corridors of Paleozoic carbonates that remain from the tectonic 
events affecting this region.  Such a gigantic system, even if broken into a maze or labyrinth, carrying 
groundwater across great thicknesses would clearly be expected to disturb the heat flow field compared 
to adjacent areas of much smaller lateral groundwater flow. 

The distinguishing feature of the inputs to the heat flow portion of MAI-FEFLOW-2019 was a block of 
cells in the area of the Eureka Low that were assigned much higher heat flow than the surrounding area.  
The distribution is different from that of either Sass and others (1971) or Sass and others (1976) and is 
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attributed to a map by researchers at Southern Methodist University (Blackwell and Others, 2011) that 
was obtained from the internet.  The SMU map shows, as do the two Sass and Others (1971 and 1976) 
compilations, a closed area with heat flow 10 – 30 mW/m2 less than the surrounding area.  Thus, it 
appears that the MAI-FEFLOW-2019 simulation is the result of assumptions that are the converse of 
those typically ascribed to the Eureka Low.  The opportunity for history matching/calibration and 
developing and communicating clearly additional understanding about the actual system, where the 
Eureka Low is cooler, is lost by not simulating the actual arrangement of heat flow in this system. 

It appears from Page 51 that the authors understand that they have the simulation in reverse and it is 
not a mistake:  “The question studied is if rapid signal propagation indicated by modern climate response 
of springs in the MRSA is corroborated by plausible groundwater velocities needed to deliver the 
“missing” heat lost from the Eureka Low to the regional springs in a steady-state process”.  Doing this 
with a steady-state model puts further logical distance between the simulation and the intended 
advance in understanding what the authors say elsewhere is the important transience of the system.  
Even if simulating the reverse of the actual distribution of heat flow is intended, the authors never show 
how simulating the Eureka Low as a heat source warming water otherwise at zero degrees proves their 
point, which apparently was to: “establish if regional flow from northern recharge areas in the highest 
mountains to discharge at the southern warm springs is physically possible and more importantly, 
plausible within the decadal scales suggested by climate response in the MRSA.” I can’t conceive of any 
trained geologist questioning at all that transport of heat at a regional scale by groundwater is possible 
or plausible at all conceivable time scales of practical interest.  Heat transport in saturated porous media 
is an established and widely-accepted physical process and one need only read the literature of nuclear 
waste isolation simulation to see the great reliance physicists around the world place on this being true.  
The question is what this means for the NSE in considering the boundaries of the LWRFS and how to 
protect the springs and associated surface flows of the MRSA, and I conclude that as presented here it 
doesn’t have meaning.  That is, the MAI-FEFLOW-2019 heat transport simulations do not address: how, 
from where, and how fast do drawdowns from pumping in the LWRFs or surrounding areas reduce flow 
at the MRSA springs and associated surface flows. 

In the MAI-FEFLOW-2019 model presented by the authors, the groundwater temperature is largely zero 
degrees Centigrade in much of the model domain and groundwater becomes much hotter to the 
southeast of and hydraulically down-gradient (as calculated by this groundwater flow model) of the 
Eureka Low.  The authors claim to have calibrated their heat flow model to two points in their domain 
and from what they infer as success in calibration, they claim that the model’s heat flow component was 
demonstrated to be valid and reliable and constraining on groundwater flow.  This wasn’t demonstrated 
in my opinion.  For example, the results of the model and the field data for the two selected calibration 
points are not compared or discussed.  The Steptoe MX point was off gradient from the Eureka Low and 
simulated with a temperature of zero degrees centigrade and it appears from Figure 5 that the Tule 
Springs point was downgradient and simulated with a temperature of 25 degrees centigrade.  The 
dozens of other groundwater temperature values available in this region, especially the very warm 43+ 
degrees Centigrade value at the KPW-1 well in KSV were ignored and it is doubtful that this model could 
match them because the Eureka Low is simulated as an anomalously high heat flow area.  Finally, being 
concerned for much of the simulated field being zero degrees centigrade (frozen), I confirmed from the 
FEFLOW simulation input that hydraulic conductivity was not linked to temperature.  Thus, the water 
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flows in this simulation based on hydraulic conductivity and porosity that stay the same no matter what 
its temperature and is not in fact frozen where simulated at zero degrees. 

 

“Recharge Boundaries” – A New Source of Water for Development? 
 

The authors further assert a unique interpretation of unique occurrences in the area, saying that aquifer 
tests of the Paleozoic carbonates find “recharge boundaries” (see Page 16, Figure 19 [Page 19], Page 23, 
Page 26 or 33, for example), but they do not explain these in terms of widely-recognized hydrologic 
features that match their selected aquifer test model.  The authors go further to say that groundwater 
development should focus on finding and pumping from more of these “recharge boundaries” (Page 33) 
as if they were unique sources of groundwater.  I studied well hydraulics specifically as part of my 
graduate studies and have taught aquifer test analysis courses for decades.  The recharge boundaries 
that the authors simulate so as to compare with drawdown data are based on an expanding radially 
symmetric drawdown cone calculated with the Theis Equation encountering a linear, fully-penetrating 
source of infinite water.  This was done with an image, injection well to provide as much water as the 
real well pulls from it, without limit.  I submit that, other than at the edges of Lake Mead or Lake Powell, 
such fully-penetrating, laterally continuous walls of water are largely absent in southern Nevada.  An 
“extensive (at least several kilometers) highly transmissive and highly anisotropic  broken and karstified 
zone” asserted by the authors, if such indeed exists, is not reasonably represented by the Theis equation 
and an image well-based recharge boundary and in any case, would have very low storage capacity, i.e., 
without immediate connection to an actual, hydrologic feature such as a deep lake or large river, such a 
source would be exhausted rapidly by continued pumping. 

Instead, the flattening of the drawdown curve during carbonate well tests is in my opinion often due to 
the transition in storage processes from a few, large fractures to a larger system of finer and denser 
fractures.  This can be approximated with a dual-porosity solution, but the Theis solution should be 
avoided along with non-hydrologic recharge or no-flow boundaries applied with image wells.  I would 
refer the reader to either early basic texts (Streltsova, 1988; Da Prat, 1990) or more recent discussions 
of well test analysis for fissured reservoirs (Bourdet, 2002; Stewart, 2011).  The approach for modeling 
flow to wells in fractured reservoirs has not changed over decades of oil and gas field well testing – dual 
(or sometimes triple) porosity well-test models (not Theis) are the preferred approach.  

Another potential is that the expanding drawdown cone reaches into volumes with larger 
transmissivity/hydraulic conductivity, which will cause a decrease in the rate of drawdown.  This 
situation is not simulated by petroleum well test analysts with a constant head source, but instead they 
have used models with a circular change in transmissivity at a distance (see Streltsova [1988, page 246] 
for a discussion of a now dated approach to simulating radial discontinuity), or more appropriately in 
recent years with a full reservoir flow model that handles realistic heterogeneities in permeability ( as 
could also be simulated with MODFLOW or FEFLOW). 

Finally, if there is a very large fracture at the well, then the petroleum engineers have many well-test 
solutions for large vertical or horizontal fractures, but they are completely different from the Theis 
equation with recharge boundaries.  What has been found by well test analysts in the petroleum 
industry is that the impact of large continuous fractures directly intercepting a pumping well is not to 
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provide an additional source of (freely drawn in) water, but to conduct (oil or) water from the 
surrounding rock mass and, in effect, make a larger well.  Again, recharge boundaries simulated via the 
Theis Equation are not the preferred approach for well test analysis in fractured rock across a variety of 
situations. 

Even more novel, the authors choose to analyze the KPW-1 well test conducted by Lincoln County/Vidler 
in KSV using the steady-state Thiem (not Theis, but Thiem) equation with a fully-balancing steady-state 
image well.  The graph offered by the authors of the monitoring well response (Figure 29) clearly shows 
that the drawdown was continuing to increase throughout the pumping period, so it cannot be 
construed as steady state.  Use of the Thiem equation with an image well for this setting is even less 
reasonable than using the Theis equation, i.e., for a fractured aquifer that demonstrates dual-porosity 
behavior.  The mathematical outer boundary condition of the Thiem Equation is a deep lake or perhaps 
ocean completely surrounding the pumping well, which itself is in a circular “island” of aquifer.  There is 
no such deep lake or even deep perennial river in KSV to provide the full pumping rate of this well in a 
fully penetrating or any other fashion within a day or few days (during the test) and achieve steady-
state.  

In summary, I disagree with advising the NSE that well tests indicate that there are ”recharge 
boundaries” – independent sources of groundwater - within the Paleozoic carbonate aquifers of the 
LWRFS.  Therefore, I also disagree with the authors’ proposition that such “recharge boundaries” should 
be pursued as yet-untapped sources for future development of groundwater supplies. 

 

Statistical Correlations Rather than Physically-Based Simulations 

The authors depend on many correlations to produce corrections to hydrographs, primarily to remove 
pumping effects and discern trends absent of pumping.  See Figure 4 of MAI2019 for the first example.  
The EH-4 hydrograph in what the authors call “a more pristine form” is simulated using Virgin River, 
North Fork flows (far away) and sixteen years before (long ago).  On page 15, the authors found and 
used a correlation between flow at Big Muddy Spring in the MRSA and a 12-22-year prior base flow of 
the Humboldt River.  Again, the two things being correlated are far apart and far removed in time, which 
the authors ascribe elsewhere to movement through the system, yet water doesn’t not move between 
the correlated entities in each case.   Appendix II expands on these ideas to develop their “Two-Climate: 
Model” and mix both.  I would note that they do not present and analyze the residuals of their 
reconstructions, a basic requirement of analyzing and deciding on the validity of a time series model.  I 
disagree with this use of correlations as a replacement for physical models such as MODFLOW or 
FEFLOW.  MODFLOW and FEFLOW use Darcy’s Law and local and global mass balance to physically 
represent changes in total hydraulic head and associated groundwater flows.  Location in space and 
time is critical in a physical model as it is in physical space, but these are ignored in the many 
correlations presented by the authors.  Finally, correlation and common or related causation are easily 
mistaken for one another and I submit the many correlations presented here are not useful for adjusting 
or extending water-level or surface flow hydrographs in this setting despite their coefficients of fitting. 

Appendix IV discusses regression modeling (Empirical Mode Decomposition Filtering) between pumping 
and the water levels at EH-4.  While extensive, this approach also abandons physics in favor of empirical 
(non-physical) statistical fitting, which has been largely dismissed in hydrology.  This dismissal of 
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statistical fitting of non-physical models in hydrology has been due to the excellent and dependable 
process descriptions we have in hydrology and the highly erratic projections created by statistical 
regression fits outside of the exact data used to create them (the famous “over-fitting” problem).  I 
would not depend on these correlations for simulating water levels from pumping rates in this setting. 

 

Effective or Interconnected Porosity 

On Page 20, the authors say that their regional modeling of the Eureka Low “suggests” that the 
“regionally-interconnected porosity” is 0.00015 and that the “active flow-zone porosity” is larger at 
0.00064.  These values are far less than those used or even considered by hydrologists to date for the 
carbonates.  How the MAI-FEFLOW-2019 model itself suggests such unusual and here-to-fore 
unreported values is not stated.  The value of 0.1 is widely accepted for the interconnected porosity 
(fractures overwhelming the matrix in defining this total) for regional groundwater flow in carbonate 
systems.  The authors therefore have based their calculations on a porosity that is 150 to 650 times (or 
two to nearly three orders of magnitude) too small.  The results of using such a value for transport 
calculations is to simulate water particle arrival times 1/150 to 1/650 of their actual values.  Finally, the 
potential for matrix diffusion (pursued on Page 57) would be severely overstated if the fracture porosity 
is 150 to 650 times too small.  In any case, I would submit that transport is not relevant to the 
deliberations of the NSE about Order 1303. 

 

Unexpected and Unsupported Conclusions Concerning Pumping in Kane Springs 
Valley 

On Page 59, the authors approach conclusion with a positive assessment of the MAI-FEFLOW-2019 
model: “The transmissivity analysis using FEFLOW (Diersch, 2014) was instructive in that time-of-travel 
capture zones for the MRSA were delineated in a simple (low-dimensional) conceptual framework (Figure 
11) where behaviors of the process variables hydraulic head and temperature under different scenarios 
are easily visualized because there are no inhomogeneities. The anisotropy field used for this base case is 
experimental and based entirely on professional judgment, as is the operational recharge cutoff surface, 
OSDC-only recharge-area lithology selection, and admittedly low-confidence characterization of the 
Eureka Low heat source (see Critique below).”  Looking at these statements, it appears to me that the 
basis of the authors’ confidence is that the model is low (two) dimensional and free of inhomogeneities.  
After spending some time with the surficial mapping and cross-sections of Page and Others (2005 and 
2011) and Rowley and others (2017), I would say that these two simplifications not only do not support 
its use, but literally toss out the most important features controlling flow in this region, making these 
results of little use. 
 
An unexpected conclusion surprises the reader at the end of Appendix III (Page 59).  Using travel times 
along flow paths calculated by the steady-state MAI-FEFLOW-2019 model, the authors say: “…that 
carbonate-rock aquifer pumping in KSV would likely impact the MRSA within 10 years, and development 
impacts in Delamar Valley would likely be sensed at the MRSA in 20 years.”  This is a surprise as there is 
no mention of either of these two impact/sensing evaluations in the report, that is, neither was ever 
listed as an objective.  Seeing from the MAI2019 report that the authors did not calculate transient 
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drawdowns or depletions of the MRSA springs and associated surface flows anywhere in the model, this 
statement is without basis in MAI2019.   The authors’ confusion of [particle] capture with hydraulic 
system capture (see earlier in this rebuttal) appears to be the source of their thinking that lead to the 
conclusion that impacts would reach and be sensed at the MRSA due to pumping in KSV or Delamar.  
Steady-state [particle] capture zones only outline flow paths through an undisturbed groundwater flow 
system of water molecules and associated dissolved substances, such as sodium or bicarbonate ions.  
The assumption that flow with moving groundwater is the mechanism for distributing impacts from well 
pumping is all the more curious when one considers that pumping could only remove water molecules 
and associated dissolved substances from the groundwater system, so they would not be available to 
move along the groundwater flow paths downstream in any way and cause “impacts” or be “sensed”.  
Movement of groundwater along flow paths does not deplete springs or streams; drawdowns do, and 
drawdowns are not transported like salts or other dissolved substances along groundwater flow paths 
with the flowing water.  Drawdowns (declines in pressure or total hydraulic head) propagate in 
directions radiating out from a pumping well irrespective of local or regional flow directions.  There is a 
Technical Commentary published in the journal Ground Water by Stan Leake of the USGS entitled 
“Capture – Rates and Directions of Groundwater Flow Don’t Matter!“ (Leake, 2011) that gives a current, 
peer-reviewed reminder of this common confusion.  Finally, if the authors are instead thinking in terms 
of dissolved transport of some sort, the travel times for dissolved substances calculated using either 
porosities of 0.00015 or 0.00064 would be 150 to 650 times too fast.  Despite how it may sound from 
the statements on Page 59, drawdown impacts on the MRSA’s springs or associated surface flows from 
pumping in either Delamar or KSV were not calculated the MAI-FEFLOW-2019 Model. 
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Selected Comments on: “Garnet Valley Groundwater Pumping Review 
for APEX Industrial Complex, City of North Las Vegas”, prepared by 
Dwight L. Smith and Alexa Terrell (Interflow Hydrology, Inc.), dated July 
2, 2019 

I am rebutting the use of a new groundwater model focused on the APEX area of Garnet Valley for 
supporting the conclusion that groundwater enters the LWRFS from the Las Vegas Valley, as opposed to 
my opinion that the opposite is more likely.  I further rebut that the total flow rate prior to pumping 
through the area covered by this new model is low (hundreds of acre-feet per year).  I think that one 
source of their mistake is that they only consider a small fraction (1/25 to 1/20) of the Paleozoic 
carbonate flow system in the model.  The flow of regional groundwater leaving the LWRFS is related to 
the flow throughout the LWRFS, so changing that concept from tens of thousands of acre feet per year 
to hundreds of acre feet per year has important implications for what the NSE accepts as reasonable in 
regional groundwater flow modeling. 

This report was downloaded from the NSE website as a 53-page Acrobat-PDF file.  The authors focus on 
the area west and south of the MRSA for the City of North Las Vegas.  Of interest is the MODFLOW 
model built to evaluate the area and a conclusion that the results indicate that groundwater flows north 
and out of the Las Vegas Valley basin across the Las Vegas Shear Zone. 

Pages 7 and 8 present a summary of hydrogeology, which describes a very large Paleozoic carbonate 
groundwater flow system (20,000 to 25,000 feet) which carries flow from CSV to MRSA, but also to 
Hidden Valley.  Though data are very sparse in Hidden Valley, this interpretation is reasonable, 
consistent with the interpretations of others, and the authors certainly support it while asking for 
additional monitoring wells to be completed in the carbonate system.  Figure 7 presents the water-level 
elevations for the overall system and indeed water levels are higher in CSV and Hidden Valley than in 
Garnet Valley, supporting a southern flow path through these basins distinctive from the flow to the 
MRSA. I would submit that such a large aquifer with very large transmissivity and a southward gradient 
would be moving a not insignificant quantity of groundwater and that without another discharge 
location in Garnet Valley, that groundwater continues on to the Las Vegas Valley.   On Page 16, the 
authors note the difference between the estimated recharge in the LWRFS (50,000 AF/yr.) and the 
discharge at MRSA (36,000 AF/yr.) and pumping in the LWRFS (9,000 AF/yr.).  The recharge estimates 
are in particular uncertain, but together these estimates by themselves leave room for a significant flow 
of water (much more than hundreds of acre-feet per year) to exit through Garnet Valley to the Las Vegas 
Basin. 

On Page 33, the authors pursue a comparison of water levels between southern Garnet Valley and 
northern Las Vegas Valley, but found only a scattering of drillers’ estimates over many decades and 
concluded: “Based on the existing data in northeastern Las Vegas Valley, it is not possible to accurately 
determine the direction of groundwater flow.”  Therefore, the authors leave room from their own work 
for the flow to be out to the Las Vegas Valley. 

The MODFLOW model developed and presented by the authors was a slab with a uniform thickness of 
1,000 feet and had a uniform K of 5.5 ft/day (Page 37). Therefore, because of its thickness, the model 
does not represent the Paleozoic carbonate system as a whole and because of its uniformity in thickness 
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and parameters, does not incorporate the structural geology of the area.  Therefore, the testing of the 
largely general-head-boundary conditions lacks foundation for being definitive.   In modeling terms, the 
PEST-based calibration of the general head boundaries suffered from structural error.   That is, the lack 
of geologic structure and the lack of much of the carbonate flow thickness was compensated for by 
adjusting the boundary conditions to obtain a close fit.  Sensitivity (page 38) is not an independent 
measure of this problem as structural errors rule the sensitivity as well.  Therefore, I don’t find the 
inference of inflow from Las Vegas Valley credible based on this model.  Based on sheer size and data for 
the overall flow system (LWRFS scale), I would instead infer outflow to the Las Vegas Valley.  If the full 
thickness and actual geologic structure of the Paleozoic carbonate system were simulated and with 
inflows reasonable from basins to the north, such as CSV, the much smaller pumping in Garnet Valley 
would not cause a flow reversal, i.e., draw water into Garnet Valley that normally flows out to the Las 
Vegas Valley. 
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Selected Comments on: “Concept Review of Artificial Recharge in 
Garnet Valley for the APEX Industrial Complex, City of North Las Vegas, 
Clark County, Nevada”, prepared by Dwight L. Smith and Alexa Terrell 
(Interflow Hydrology, Inc.), dated July 2, 2019 

 

This report was downloaded from the NSE website as a 23-page Acrobat-PDF file.  The authors focus on 
the area west and south of the MRSA for the City of North Las Vegas. Of interest is the MODFLOW 
model built to evaluate the area and a conclusion that the results indicate that groundwater flows north 
and out of the Las Vegas Valley basin across the Lax Vegas Shear Zone. 

The authors report on a steady-state (representing the year 2015) MODFLOW model of this local area 
with an inflow from Las Vegas to Garnet Valley of 698 AF/yr. (Table 1).  Inflow from CSV and northern 
Hidden Valley is the next largest boundary condition at 456 AF/YR.  In the analysis conducted prior to 
building the model, the authors found that the median/geometric mean transmissivity calculated from 
specific capacity of existing wells is 1,300 ft2/d (Page 11).  This represents just 1,000 feet of saturated 
thickness of a much larger Paleozoic carbonate aquifer, which they say is 20,000 to 25,000 feet thick 
(Page 5).   The details of the model are referenced to the other report submitted to the NSE. 

Two sentences from Page 14 indicate that the authors could entertain an alternative hypothesis: 

• “The flow of groundwater from Las Vegas Valley to Garnet Valley is uncertain and needs to be 
verified by accurate groundwater elevation measurements (Interflow, 2019).” 

• “However, if the gradients between Las Vegas Valley and Garnet Valley are different than 
assumed, then the analysis changes. If the groundwater gradient is from Garnet Valley to Las 
Vegas Valley…” 

I submit that two reasons for the low flow rates through the model is the use of a very small fraction of 
the thickness of the aquifer and the extensive use of general-head boundaries.  Based on the 
accumulation of flow from northern basins, such as CSV, and considering the more likely full thickness 
and geologic structure of the Paleozoic carbonate system, I instead infer that groundwater in Garnet 
Valley flows largely south to and enters the Las Vegas Valley at a rate of the magnitudes of thousands to 
tens of thousands of acre feet per year.  Because the clear goal of the authors was not to characterize 
regional flow, but to size a well-based recharge project, I understand their focus on the uppermost 1,000 
feet of the tremendously thick aquifer.  However, this model accidently led to inferring, even if 
tentatively by these authors, that flow is in from the Las Vegas Valley. 
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Selected Comments on: “Prediction of the Effects of Changing the 
Spatial Distribution of Pumping in the Lower White River Flow System”, 
prepared by Richard K. Waddell of Tetra Tech, dated July 3, 2019 

 

I rebut the use of the Tetra Tech Model of Selected Basins within the Colorado Regional Groundwater 
Flow System, Southeastern Nevada, first reported on in 2012, for projecting regional impacts from 
pumping.  The use of the HUF package to average out and diminish the structural controls of the 
regional geology, the use of hydraulic conductivity that decreases exponentially with depth for Paleozoic 
carbonates, and the use of Pilot Points in calibration of the model in such a way that localized areas of 
exceedingly high hydraulic conductivities are selected in the uppermost layer of the model by the 
parameter-estimation algorithm make the projected drawdowns too broad in extent. 
 
This report was downloaded from the NSE website as a 29-page Acrobat-PDF file.  The model used for 
the simulations described in this report is the same one presented to the NSE back in 2012.  This 2012 
Model is called in the text the “updated model”, which does not mean it has been updated since 2012, 
but that the 2012 Model was updated from an earlier (2001 – see text on Page 3, 2nd paragraph of 
Section 1.2), preliminary model.  That being the case, we would reiterate the comments we made on the 
2012 model at that time and which have not been heeded in the interim. 

In essence, the model starts from the cross sections of Page and others (2005, 2011), but, rather than 
using the unit contacts to become MODFLOW layers with dramatically different hydraulic conductivities, 
e.g., Proterozoic basement rocks, early Cambrian quartzites, Mesozoic sediments, or Neogene Basin Fill 
versus Paleozoic carbonates, they select several flat layers and allow the HUF package of an earlier 
version of MODFLOW to average the hydraulic conductivity of whatever portion of the units is in the 
layer and use that.  This in effect strongly “blurs” the strong breaks between the blocks of units depicted 
in Page and others (2005, 2011).   On Page 6, the text clearly shows that the author is aware of this 
approximation: “The complex stratigraphy is not incorporated in the model.”  Finally, they apply with 
that HUF package an exponential decrease in K with depth, which causes the flow in the model to be 
artificially pushed up to its shallowest layers.  I disagree that the Paleozoic carbonates have an 
exponential decrease in hydraulic conductivity with depth.  See the attached Figure 1 for a plot of the 
Belcher and others (2001) data for the Paleozoic carbonates (a primary unit for groundwater flow here).  
I interpret a regional value of the magnitude of 1 foot/day (shown also on Figure 1) for much of the 
Paleozoic carbonates in this region, even to thousands of feet of depth.   Tetra Tech did prescribe a 
smallest value (a floor) on their exponential decline with depth of hydraulic conductivity: 3 x 10 -4 
foot/day and this is also shown on the attached Figure 1.  This floor does not affect the exponential 
decline with depth from above this value and leads to this very low value dominating the deepest layers 
of the model.  The artificial forcing of much higher values to the top of the model combined with a 
calibration via pilot points that created bulls-eyes of exceptionally high hydraulic conductivities in the 
shallowest layers leads to a model much different than what I would interpret from the cross sections of 
Page and others (2005 and 2011).  To move the specified quantities of regional Paleozoic carbonate 
groundwater through the shallowest layers, the PEST algorithm, when saddled with this situation, is not 
to be faulted in assigning very large hydraulic conductivities individual pilot points in the top most 
layers.  I don’t think it represents the regional Paleozoic carbonate system accurately because it 
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excessively limits what should be deep circulation (as much as tens of thousands of feet in some areas).  
The effect of selecting the HUF package plus exponentially declining hydraulic conductivity in the Tetra 
Tech 2012 model is for pumping impacts to spread very widely and rapidly across the top of the model, 
no matter what the actual materials are in place. 

On Page 22, the author states his opinions about pumping in KSV: “Thus, the model predicts that the 
carbonate aquifers in KSV and Coyote Spring Valley are connected. Observations of water levels in wells 
CSVM-4 and KMW-1 show drawdown caused by the pumping in MX-5 during the Order 1169 test, 
showing that pumping effects are transmitted into this area in a few months.  Based on this evidence, 
we would recommend including all of Kane Springs Valley within the final boundary of the LWRFS.”  I 
don’t agree that this model predicts that these areas are connected; clearly, connections are built in 
from the very beginning of the conceptual model and carry through to the selection of inactive cells and 
the variations in hydraulic conductivity.  That is, an assumption shouldn’t be given as proof.  The 
excessive and excessively shallow connections in the Tetra Tech 2012 Model are pervasive, as discussed 
above, and the problem would also be present in the Northern Coyote Springs and Kane Springs Valleys.  
KSV and northern CSV are connected, but they together are isolated to a significant degree from 
southern CSV by geologic structure, as most recently confirmed by the data presented in Lincoln/Vidler’s 
report of July 3, 2019 to the NSE.  Following up on this, KSV is quite distant from the MRSA and it should 
be remembered that the springs and associated surface flows of the MRSA, not northern CSV’s deep 
aquifer, are what are intended for protection by the NSE’s administrative unit under Order 1303.   The 
author says nothing about what their model shows about effects of pumping in KSV on the springs of the 
MRSA; they only say that the drawdown cones from KSV coalesced with those of (from inspecting the 
figures with drawdowns, northern) CSV.   Finally, the declines in water levels in both CSVM-4 and KMW-
1 during the Order 1169 test were virtually identical and are due to regional recession from the winter 
precipitation event of 2005, not pumping at MX-5, as has been stated not only by Lincoln County/Vidler, 
but in other reports to the NSE as well.  

The flow path outline, shown on page 22 of Appendix A, was developed with the Tetra Tech 2012 model.  
Because that model assumed that all flow in the southern part of the model can only exit at Blue Point 
and Rogers, Springs, indeed, that is what the flow path shows.  This conceptual model and the boundary 
conditions applied to the model ignore a discharge south through Garnet Valley to the Las Vegas Valley. 
On Page 22, this assumption by Tetra Tech in building the 2012 Model is confirmed: “The Las Vegas 
Valley Shear Zone is considered to be the down-gradient end of the LWRFS. While there is a gradient 
across the shear zone indicating that there may be groundwater flowing from the LWRFS into the rest of 
Las Vegas Valley, the amount of flow is believed to be very low. The model simulates that boundary flow 
to be 0 afy, using a no-flow boundary condition, based on estimates developed by USGS hydrologists Jim 
Harrill and Doug Bedinger.”   I typically agree with USGS hydrologists, but with regard to the Las Vegas 
Valley Shear Zone, I disagree with this specific boundary flow interpretation, which is that the water 
flowing southward out of the LWRFS is forced to take an abrupt/right angled, left turn to discharge only 
at Blue Point and Rogers Springs, and not cross the Las Vegas Valley Shear Zone.  I would note in closing 
my discussion of this topic that the Pahranagat Shear Zone is not generally considered to be a no-flow 
boundary (completely sealed), but to allow very large flows of groundwater across it. 
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Selected Comments on: “Technical Memorandum, Groundwater 
Management and the Muddy River Springs, Report in Response to 
Nevada State Engineer order 1303”, prepared by Dr. Tom Myers, 
Hydrologic Consultant, dated June 1, 2019 

I rebut the recommendation of Dr. Tom Myers that KSV should be included in the LWRFS administrative 
unit because he bases this on his inference that drawdowns from pumping from KSV could reduce or 
reverse the flow of groundwater into (northern) CSV.  He makes no calculations using groundwater 
models to estimate either these drawdowns or the flows at the edge of KSV due to KSV pumping or, 
more to the relevance to what the NSE is considering, the potential for KSV pumping to measurably 
reduce flows in the springs and associated surface features of the MRSA.  

This report was downloaded from the NSE website as a 27-page Acrobat-PDF file.  On Page 1, the author 
states four points, the second of which is: “2.  The [Dr. Myers’] report considers the reasons to consider 
Kane Springs Valley (KSV) as part of the LWRFS (the water level is just five feet higher in Coyote Springs 
Valley (CSV), and pumping in KSV could reverse the gradient pulling water from CSV.[sic]” The text 
associated with this point, on Page 19, expands only slightly on this conclusion by saying the gradients 
are low and that responses to MX-5 were fast, but then says: “Because of the very low perennial yield in 
Kane Springs Valley and lack of inflow to the valley from upgradient valleys, pumpage in Kane Springs 
Valley could reverse the gradient and draw water from CSV.” 

I rebut the statements of the previous paragraph as a basis for changing the composition of the LWRFS 
selected by the NSE primarily because it is based on consideration of drawdowns that may be 
experienced in (northern) CSV when wells are pumped in KSV.  The goal of the NSE’s designation of 
multiple HAs as the LWRFS administrative unit was to protect the springs and associated surface flows in 
the MRSA, not the current water levels in (northern) CSV.  Due to distance and the intervening geologic 
structure, drawdowns that do make it out of KSV into northern CSV are also limited in their propagation 
to the MRSA.  Further, I rebut that a water level difference of a few feet is a basis for calculating changes 
in or even complete reversals of flows or the timing guessed at here of a few years.  If the “rapid 
response” being referred to is associated with CSVM-4 and KMNW-01 during the MX-5 test, I would say 
it was not a very fast response to pumping at MX-5, but was instead was a roughly simultaneous 
recession across a region from the winter precipitation of 2005.  Also, the author assumes a continuous 
high transmissivity aquifer from (southern) CSV, near MX-5, into KSV.  This is not what has been found, 
as most recently confirmed by the report of Lincoln County/Vidler to the NSE on July 3, 2019.  Finally, I 
rebut that the perennial yield of or the inflow to the KSV HA at any level (and I do not think either is low 
or lacking) determine that pumping could reverse the gradient and draw water from CSV.  Even if this 
happened at the boundary of KSV and (northern) CSV, it does not address the potential depletion of 
springs and associated surface flows in the MRSA. 
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Selected Comments on: “Issues Related to Conjunctive Management of 
the Lower White River Flow System, Presentation to the Office of the 
Nevada State Engineer in Response to Order 1303”, prepared by the 
U.S. Fish and Wildlife Service, dated June 3, 2019 

I downloaded the 82-page Acrobat-pdf report from the NSE website.  The author or authors are not 
given; the cover letter says it is the “Services’”.  The report discusses what was requested by the NSE 
with a focus towards the potential for impacts to the Moapa Dace (a small, officially-Endangered, fish). 

I rebut the proposed addition of KSV to the LWRFS administrative unit, but agree with the addition of 
Lower Meadow Valley Wash, both proposed on Page 2.  KSV is relatively far away and has geologic 
structures impinging between KSV and the MRSA; the MRSA HA is, from a structural geology 
perspective, “cut-out” of the LMVW HA.  That is, the MRSA is drawn from surface topography but is in 
the same block of Paleozoic carbonates as the rest of LMVW.  Even respecting the HA boundaries as 
drawn, LMVW is immediately adjacent to the MRSA. 

I rebut the discussion of SeriesSEE application to pumping during the Order 1169 Test Page 15 to 16) in 
which it is defended forcefully in the introduction by dismissing the core Theis solution and its 
“parameters” as merely fitting coefficients and that “successfully reproducing” the “measured changes 
in water levels across the study area” means that application was useful.  If fitting is the measure, and 
the coefficients aren’t important as long as the match is close, then they should have instead used a 
much more powerful tool: artificial neural networks.  The general finding has been that artificial neural 
networks match the available data extremely precisely, but fail immediately upon application to a 
slightly different set of inputs.  In this case, I would return to viewing the Theis solution as an actual 
physical model of groundwater flow (as Theis clearly intended it) intentionally selected by the authors of 
SeriesSEE as such.  SeriesSEE is most reasonably applied where groundwater flow is radially uniform and 
there are places where this is very useful.  In the case of the LWRFS, the structural geology presented in 
Page and others (2005, 2011) indicates to me that the Theis Equation (either through SeriesSEE or in 
other code) should not in general be applied to analysis of the drawdown responses to the MX-5 test.  A 
numerical model which allows explicit incorporating of the local structural geology is more reasonable.  
Finally, in the case of the Order 1169 test, the problem of matching the measured water level changes 
through any model was that the simultaneous regional decline from the recharge of the winter of 2005 
was mis-identified as drawdown due to pumping.  In my opinion, matching uniform water-level declines 
during the Order 1169 Test throughout the LWRFS and adjacent areas, in light of the 2005 winter event, 
via any model using pumping as the lone cause for water-level decline is cause for concern about that 
model application, not attribution of success.  The text says specifically on Page 16: “… and long-term 
trends in area groundwater levels were not accounted for during the analysis.  Additionally, no-flow 
boundaries cannot be “simulated” (accounted for) during SeriesSEE curve fitting; SeriesSEE not [sic] 
a distributed groundwater flow model. Consequently, although a number of no-flow boundaries are 
known or likely to exist in the vicinity of the portion of the regional carbonate-rock aquifer stressed 
during the test, they were not accounted for during the estimation of MX-5 induced drawdowns.”  
Therefore, the authors know that they are intentionally ignoring the structural geology of the 
region; it is not a mistake.  I disagree with leaving the structural geology of this region out of 
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groundwater flow and drawdown calculations.  Finally, given the initial extended cautions by the 
author or authors to not view the physical Theis Equation as the selected mathematical transform 
and the parameters found by Series SSES as anything but meaningless regression coefficients, I find 
the extended discussions of Pages 17 and 18 of advancing cones of depression, controlled by local 
variations in transmissivity (a meaningful coefficient in the Theis Equation) contrary to these clear 
warnings.    

I rebut the challenge across Pages 19 to 23 by the author or authors of the NSE’s earlier finding in 
excluding KSV from the 1169 Order Test.  In summary, I find that their arguments about similarity of 
declines in central-northern CSV and KSV being proof of drawdowns are flawed in that they are instead 
widespread essentially simultaneous decline from recharge due to the heavy winter rains of 2005.  For 
example, see the first full paragraph of Page 21.  Secondly, I find their arguments for hydraulic continuity 
from KSV into CSV are counter to the water-level differences and the geophysical data provided by 
Lincoln County/Vidler in the July 3, 2019 Report.  See for example the first full paragraph on Page 22.  
From this proposition of continuity, the author or authors then expect water level impacts at Muddy 
River Springs and Muddy River, but they do not provide a groundwater flow simulation with the known 
structural geology to support their projection of impacts. 

I rebut the assertion that the Kane Springs Wash caldera complex makes flow from Pahranagat Valley 
the primary source of groundwater flowing through KSV (bottom of Page 28).  Elsewhere, I have pointed 
out that the distinctly larger recharge rates on the Delamar Mountains would surely create perennial or 
at least intermittent streams on them if the Tertiary Caldera units were such barriers to groundwater 
flow as asserted here.  This rebuttal also applies to a parallel discussion on Page 29 with regard to 
groundwater flowing south from northernmost LMVW, i.e., groundwater flows through (not just 
between and around) the Caliente Caldera Complex (Clover Mountains) or there would be perennial or 
at least intermittent streams across the crest of the Clover Mountains.  Given my objections to the 
Tertiary Calderas being impermeable, I rebut the first three bullets of Page 30. 

I rebut the second bullet from bottom of Page 30 that asserts that flow across the Las Vegas Valley 
Shear Zone is negligible due according to the author or authors to discontinuous carbonates across the 
shear zone.  I would infer instead that the shearing may not have created a no-flow boundary, but may 
have provided for a large portion of the flow in the LWRFS to enter the Las Vegas Valley.  

I rebut the generalized projections of pumping impacts into northern CSV and thence into KSV, or the 
reverse given on the top of Page 33.  Given that the topic being addressed by the NSE is protecting 
springs and associated surface water features of the MRSA, the narrative projections given here must 
assume that the drawdowns they envision will measurably reduce those surface water features in the 
MRSA.  No groundwater model of any kind is offered to support the consequences of these projections 
on the MRSA.  In particular, I disagree with saying in this forum that the drawdown experienced at the 
edge of a central, high transmissivity area would be transmitted “at least some magnitude over a large 
area; i.e., at 650 square miles…”.  Although “at least some magnitude” as written would strictly include 
ridiculously miniscule numbers, such as 1 x 10-10 foot, I assume the author or authors intend significant, 
i.e., measurable and causing measurable impact to springs or surface flows.  I would recommend that 
the NSE dismiss narrative projections implying unacceptable impacts to the MRSA from pumping in 
distant HAs.  The author or authors’ narrative projections ignore the complex structural geology of the 
region and are free from the restrictions of combining Darcy’s Law with strict mass balance as are found 
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in groundwater models such as the Theis Equation, MODFLOW or FEFLOW.  The narrative groundwater 
flow and water-level response projections continue across pages 33 to 35, but here they assert the 
specific responses to assumed constancy or variation in inflow through the Pahranagat Shear Zone and 
Panaca Valley’s boundary with LMVW, transmission of climate signals, and groundwater development 
and pumping impacts and recovery.  All of these narrative projections are presented for the NSE in 
determining how to protect the springs and associated surface water features of the MRSA without an 
actual calculation involving a groundwater flow model code.  
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Selected Comments on: “Assessment of Lower White River Flow System 
Water Resource Conditions and Aquifer Response, Presentation to the 
Office of the Nevada State Engineer”, prepared by Andrew Burns, 
Warda Drici, Casey Collins, and James Watrus, Sr. for the Southern 
Nevada Water Authority and Las Vegas Valley Water District, dated 
June 27, 2019 

This report was downloaded from the NSE website as a 143-page Acrobat-PDF file.  I rebut the 
statement on Page 3-4 that the “Tertiary caldera complexes forming the northern boundary of Kane 
Springs are effective barriers to groundwater flow. The calderas are barriers primarily because 
of their underlying intracaldera intrusions and both hydrothermal clays and contact-metamorphic 
rocks formed by emplacement of the intrusions into intracaldera tuffs (Rowley et al., 2011).”  While I 
understand the inferences about Caldera Complexes repeated from past studies, I would note that they 
in fact have not been drilled and tested.  What we can note is that the much higher recharge volumes 
falling on the Delamar (or Clover) Mountains (compared to the valley plains) would create persistent 
perennial or intermittent streams if the Caldera Complexes that form them were barriers to 
groundwater flow.   Instead, I infer that the much higher recharge volumes falling on the Delmar or 
Clover Mountains instead sink in and flow through the caldera systems out through their lateral 
boundaries. 

 

Conclusion 
My conclusion after reading the selected report sections is that I support the NSE’s previous finding that 
the KSV HA should not be included in the LWRFS.  My basis for saying this is that, due to its distance and 
the intervening structural geology, it is reasonable to conclude that pumping from the KSV HA would 
have negligible, if any, effect on the springs and associated surface flows in the MRSA HA and therefore 
is not an effective area for management efforts focused on protecting those features.   
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bt(c v:\1840\active\184031155\butler rebuttal report rogers  blue point glb edits.docx 

To: Mr. Greg Bushner, R.G. From: Thomas Butler, PG, CHG, CEG 
 Vice President of Water Resource 

Development 
Vidler Water Company 

 Senior Hydrogeologist/Geochemist 

  Date: August 16, 2019 

 

Reference:  Review of Preliminary Geochemical Evaluation of Sources of Water discharge at Rodgers 
and Blue Point Springs, Southeastern Nevada.  

This memo has been prepared to provide comments to the report titled Preliminary Geochemical Evaluation 
of Sources of Water discharge at Rodgers and Blue Point Springs, Southeastern Nevada, dated September 
2012 and prepared by Geochemical Technologies Corporation and Tetra Tech (Report).  In the following 
sections, italicized text is provided as direct quotes from the Report, while plain text is provided as comments.   

Comment 1, Page 17, Paragraph 1 and 2 states:  Blue Point Spring δD of -93 ‰ and δ18O of -12.4 ‰ 
contrast with the carbonate wells that have an average δD of -97 ‰ and δ18O of -13 ‰. This difference is 
significant and results in a separation of the plotted values (Figure 2). If the water emerging from Rogers and 
Blue Point Springs is principally water that originates in the carbonate aquifer, and is modified only by reaction 
with reactions with rocks or other water along the flow path, then there are only two explanations for the 
difference in the isotopic values. The shift to more enriched values would occur if the spring water has been 
evaporated or has mixed with a water with a more enriched signature. 
 
It is clear that relying on evaporation as a cause is not plausible since both springs have values that plot on 
the MWL. 
 
The difference in water isotope values (δ2H and δ18O) from Rogers and Blue Point Springs from that of the 
average computed value for the carbonate aquifer are not significant, as inferred in the Tetra Tech Report 
(September 2012).  The process of evaporation can reasonably occur as groundwater moves from a deeper 
aquifer (such as the carbonate aquifer) to much shallower zones that are in contact with the atmosphere or as 
it pools at/near the surface.  To test this hypothesis a simple evaporation model was constructed using 
published enrichment factors.  Based on that model, the δ2H and δ18O values at Rogers and Blue Point 
Springs can be approximated by evaporating only 5% of the water that has original isotope values similar to 
that of the average computed values for the carbonate aquifer wells, suggesting this process could indeed 
explain the values found at Rogers and Blue Point Springs.  Therefore, in contrast to the findings of the Tetra 
Tech Report, evaporation is a process that can account for the slightly more enriched values of δ2H and δ18O 
present at Rogers and Blue Point Springs.  Note that we agree with the finding that mixing could also account 
for the isotopic values at Rogers and Blue Point Springs. 
 
Comment 2, Page 20, Point 2, Preliminary Modeling Results states:  The δD and δ18O compositions of 
Blue Point Spring can only be matched by addition of recharge water with a heavier isotopic composition than 
the water from the three postulated source areas. This implies mixing of local recharge. The Muddy 
Mountains are the most feasible source of recharge. 14C data from the Simplot and Valley of Fire wells 
support this conclusion. The 14C value from Blue Point Spring is best matched by using a source of water in 
the southern part of the study area. 
 
Similar to comment 1, the isotopic composition of water at Rogers and Blue Point Springs are not that 
different and can be modeled by evaporating only 5% of water from the average computed values of the 
carbonate wells.   
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  Memo 
 

 

  

To: Mr. Greg Bushner, R.G. From: Thomas Butler, PG, CHG, CEG 
 Vice President of Water Resource 

Development 
Vidler Water Company 

 Senior Hydrogeologist/Geochemist 

  Date: August 16, 2019 

 

Reference:  Review of Water Level Decline in the LWRFS:  Managing for Sustainable Groundwater    
Development, dated July 3, 2019.  

This memo has been prepared to provide comments to the report titled Water-Level Decline in the LWRFS:  
Managing for Sustainable Groundwater Development, dated July 3, 2019 and prepared by Cady Johnson and 
Martin Mifflin of Mifflin & Associates, Inc (Report).  Specifically, comments provided herein address portions of 
the report focusing on the interpretation of geochemical data as it relates to the potential movement of 
groundwater within and between Kane Springs Valley (KSV), Coyote Spring Valley (CSV), and the Muddy 
River Springs Area (MRSA).  In the following sections, italicized text is provided as direct quotes from the 
Report, while plain text is provided as comments.  As the Report did not present extensive tabular summaries 
of water chemistry data, Appendix C from the report titled Hydrologic Assessment of Kane Springs, 
Hydrogeographic Areas (206): Geochemical Framework by CH2M Hill, dated April 2006 (CH2M Hill Report) 
was utilized extensively for discussion purposes.  The major finding of the discussion provided below is that, 
based on the analysis of available geochemical and isotope data, KSV is not likely part of the MRSA capture 
zone, as suggested, and is instead likely locally mixing with northeastern portions of the CSV represented by 
CSVM-4.  Recently collected geophysical data obtained in this region support this conclusion and suggest 
that the northeastern CSV and KSV are structurally isolated from the greater groundwater flow system to the 
south and southeast.     

Comment 1, Page 14, Paragraph 1 states:  The groundwater captures zones for Las Vegas Valley and 
Pahranagat Valley bound the MRSA capture zone to the west, forming an important hydrodynamic divide that 
should be recognizable from diagnostic chemical (F, As) and isotopic (D, 18O, 87Sr/86Sr, 243U/238U) differences. 

When evaluating groundwater chemistry data for markers of groundwater sources, movement, or to identify 
groundwater capture zones it is important to identify those constituents that are conservatively transported in 
groundwater, that is they do not readily participate in geochemical reactions that may affect concentration 
significantly and be spatially transient, regardless of groundwater flow.  Arsenic, in particular, is the exact 
opposite of the definition of a “conservative” constituent and thus should not be used to identify groundwater 
movement, groundwater sources, or potential captures zones.  Specifically, arsenic concentrations are 
significantly affected by many processes including geothermal activity, REDOX potential, pH, and the 
presence of iron oxyhydroxides.  Accordingly, processes that release arsenic to groundwater include 
hydrothermal activity, low pH, and reducing conditions (low REDOX).  Conversely, arsenic is removed from 
solution as water oxidizes or as arsenic is adsorbed by iron oxyhydroxides that may be present in the aquifer 
matrix, causing the measured concentrations to vary significantly spatially.  The elevated concentration within 
southern KSV at KPW-1 was 46 ug/l and illustrates this point perfectly.  This high concentration is not 
observed to this magnitude elsewhere in the Lower White River Flow System (LWRFS) and is likely due to a 
combination of reducing conditions and local hydrothermal activity.  At best, due to the lack of similarly high 
arsenic concentrations at other locations within the LWRFS, one could conclude that the transport of high 
arsenic groundwater out of southern KSV is not occurring.  A similar discussion of how fluoride is an 
ineffective geoforensic marker is provided in the Comment 2 discussion below. 
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Reference:     Review of Water Level Decline in the LWRFS:  Managing for Sustainable Groundwater    Development, dated July 3, 2019.  

  

Comment 2, Page 14, Paragraph 1 states:  The MRSA capture zone is characterized by dissolved fluoride 
concentrations that can exceed 4 mg/liter, whereas groundwater in the Las Vegas Valley and upstream 
Pahranagat Valley capture zones have dissolved fluoride generally well below 1 mg/liter.  

(1) Fluoride should not be used as a geochemical marker to define the MRSA capture zone principally due to 
the fact that the concentration range in virtually each basin is too similar to make it a diagnostic marker.  
Conversely, (2) the temperature dependent solubility of the mineral fluorite does provide evidence that 
groundwater is not likely flowing from the southern portion of Kane Springs Valley (the most hydraulically 
down gradient portion of the KSV) or northeastern CSV into the MRSA. A discussion of these two points is 
provided as follows: 

The Report is stating that fluoride concentrations are diagnostic in determining the source of water to the 
MRSA (e.g., the capture zone) and that elevated fluoride concentrations in the southern KSV (KPW-1, F = 6.1 
mg/l) and the northeastern portion of CSV (CSVM-4, F = 4.6 mg/l) indicate that groundwater from these areas 
is flowing into the MRSA as they have concentrations greater than 4 mg/l.  I do not agree with this 
interpretation. In fact, the highest concentrations of fluoride in the KSV is at well KPW-1, located in the 
southern most portion of the KSV and upgradient of CSV and MRSA.  However, none of the fluoride 
concentrations measured in the MRSA approach the concentration measured at KPW-1 (or CSVM-4).  
Instead, MRSA fluoride concentrations range from 1.2 to 2.3 mg/l, similar to that measured in most of the 
other basins in the LWRFS, making it non-unique and thus not a useful marker in defining the MRSA capture 
zone.  In fact, if fluoride were to be used as a geochemical marker of groundwater flow, it would have been 
more plausible to use the elevated concentrations in southern KSV to illustrate how groundwater is not 
flowing from KSV to the MRSA as the concentrations in southern KSV and northeastern CSV are not found 
anywhere else in the studied groundwater system.   

It is important to note that a potential process responsible for the elevated fluoride concentrations at KPW-1 
and CSVM-4 is the temperature dependence of the solubility of the mineral fluorite. Fluorite is a mineral 
associated with hydrothermal activity and common in carbonate and volcanic rocks.  To test this hypothesis 
(temperature dependent solubility control on fluoride concentrations), a simple geochemical equilibrium model 
was constructed using the USGS modeling software PHREEQC, modeling the concentration of fluoride in 
equilibrium with the minerals fluorite and calcite, at KPW-1, and as a function of temperature (Figure 1).  The 
blue line in Figure 1 indicates the modeled equilibrium concentration of fluoride as a function of temperature.  
The modeled equilibrium fluoride concentration at KPW-1 was found to be 6.2 mg/l at the actual measured 
sample temperature of 57 °C, compared to the actual measured concentration of 6.1 mg/l, demonstrating the 
local geothermal control on fluoride concentrations at this location.  Similarly, the measured temperature at 
CSVM-4 was 41.6 °C with a modeled fluoride concentration of 4.9 mg/l, again comparing well to the 
measured concentration of 4.6 mg/l.  As can be seen from Figure 1, of all the samples, where both fluoride 
concentration and temperature were available from the CH2M Hill Report (April 2006), only KPW-1, CSVM-4, 
and Little Ash Spring are near equilibrium with the mineral fluorite, suggesting these sample locations are 
unique compared to other samples in the LWRFS.   

Similarly, the green line in Figure 1 illustrates the concept of completive ion effect to mineral solubility.  Adding 
the mineral gypsum (another common mineral) to the equilibrium system, has the effect of reducing the 
solubility of the mineral fluorite.  Therefore, in contrast to KPW-1, CSVM-4, and Little Ash Spring, the green 
line indicates that the rest of the samples within the LWRFS also may be influenced by gypsum solubility or 
are in disequilibrium, likely due to reaction kinetics (lack of sufficient residence time to reach equilibrium).  
These data again demonstrate that over most of the LWRFS, fluoride is a poor indicator of water source due 
to similar concentration ranges and apparent equilibrium with fluorite-calcite-gypsum or disequilibrium.  
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Conversely, KPW-1, CSVM-4, and Little Ash Spring are unique and appear to be near equilibrium with the 
minerals fluorite and calcite, providing evidence that water from these areas is not a significant source of 
water to other portions of the LWRFS, including the MRSA. It is important to note that although other 
geochemical evidence, including major cations and anions, water and carbon isotopes, fluoride, and 
temperature all suggest that KPW-1 and CSVM-4 may be related, this is not the case for Little Ash Spring, 
which is geochemically different (see Piper and Durov Diagrams below) to water from these two wells.  The 
only similarity between Little Ash Spring and KPW-1 and CSVM-4 appears to be equilibrium with the mineral 
fluorite.   

 

 

Figure 1:  Fluoride concentrations from equilibrium of fluorite and changes in temperature. 

Comment 3, Page 14, Paragraph 1 states:  Much depleted deuterium and 18O are (values) are to be 
expected in groundwater west of the divide (blue dots on Figure 1) that is tributary to Pahranagat or Las 
Vegas Valley, while elevated fluoride and arsenic are expected to the east in water bypassing Panaca Spring 
and tributary to the MRSA (Johnson and Mifflin 2019).  
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The water isotopes δ2H and δ18O data presented in Appendix C of the CH2M Hill Report (April 2006) illustrate 
the opposite may be occurring, with δ2H and 18O values from samples collected southwest of the groundwater 
divided (Figure 1, Johnson and Mifflin, July 2019) in CSV being more enriched (less negative/heavier) than 
samples collected within northeastern CSV, southern KSV, or the MRSA.  In fact, the δ2H and δ18O values in 
southern KSV and northeastern CSV are generally more depleted (more negative/lighter) compared to most 
sample sites presented in the CH2M Hill Report (April 2006).  The isotopically light values of δ2H and δ18O in 
southern KSV and northeastern CSV likely reflect the source of recharge being at higher elevations or during 
a cooler period in earth’s history.  Other samples within KSV are not as light suggesting a different recharge 
source to the north and/or potential deep circulation of groundwater in the vicinity of KPW-1 and CSVM-4 from 
distance, supported by the elevated water temperatures at these locations and presence of numerous faults.   

Comment 4, Appendix I, Page 41, Figure 1: Conceptual model for groundwater system in terminal 
“LWRFS” flow corridor, with bounding faults from Felger and Beard (2010).  

Figure 1 from Appendix I of the Report depicts the MRSA capture zone with regional and local groundwater 
flow vectors, with KPW-1 from the KSV within the MRSA capture zone.  Available geochemical and isotope 
data do not support the conclusion that KPW-1 is in the MRSA capture zone.  In addition to the discussion in 
the previous comments, Figure 2 represents a Piper Diagram constructed using data from the CH2M Hill 
Report (April 2006).  As can be seen from this figure, the chemistry data from southern KSV and northeastern 
CSV, represented by KPW-1 (solid blue circle) and Willow Spring (solid black circle) and CSVM-4 (solid 
purple circle), are chemically dissimilar to wells in central CSV (solid diamonds) or the MRSA (open stars), 
providing chemical evidence that water from KVS is not flowing to the MRSA capture zone, as suggested by 
the CSV-MRSA mixing arrow (black arrow in Figure 2).  Furthermore, groundwater/springs from northern 
portions of KSV (open circles) are chemically dissimilar from CSV, MRSA, and southern KSV groundwater 
despite groundwater flow vectors suggesting a southerly/southwestern flow in this area.  Mixing between 
water sources present in the MRSA and central CSV cannot however be ruled out. Figure 3 is a Durov 
Diagram (similar to a Piper Diagram but also incorporates salinity and pH) and also illustrates potential mixing 
between central CSV and MRSA area wells (black arrow), with KPW-1, Willow Spring, and CSVM-4 again 
being chemically dissimilar and not plotting on the mixing trend line.   
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Figure 2:  Piper Diagram depicting groundwater geochemistry from southern KSV, northern CSV, central 
CSV, Muddy River Springs, and Black Mountain basins.  Circled area depicts central CSV well chemistry 
(solid diamonds), open stars are wells from the Muddy Springs Basin, solid circles depict southern KSV and 
northern CSV wells, and open circles are for northern KSV springs. 
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Figure 3:  Durov Diagram depicting groundwater geochemistry from southern KSV, northern CSV, central 
CSV, Muddy River Springs, and Black Mountain basins.  Circled area depicts central CSV well chemistry 
(solid diamonds), open stars are wells from the Muddy Springs Basin, solid circles depict southern KSV and 
northern CSV wells, and open circles are for northern KSV springs. 

Comment 5, Appendix III, Page 54, Second Paragraph states:  Preston Big Spring (northern White River 
Valley) shows 11.2 pmc, Crystal Spring in Pahrangat Valley has ~6.2 pmc for an apparent age difference of 
4,941 years….  Big Muddy Spring (MRSA) has 9.7 pmc, which is not consistent with Pahranagat Valley 
source without significant local (younger) input suggested by Thomas and others (1996). 

It is important to note that southern KSV and northeastern CSV, represented by KPW-1 and CSVM-4, have 
even lower percent modern carbon values than Pahrangat Valley, with reported values of 2.7 and 4.2 pmc, 
respectively.  Therefore, groundwater from these regions are also inconsistent with a groundwater source 
(capture zone) for the MRSA, as they are older than MRSA groundwater, and cannot be accounted for 
without a significant influx of younger water into the MRSA.   Furthermore, matrix diffusion cannot account for 
the differences, as KSV is hydraulically up gradient of the MRSA and thus the longer groundwater flow path 
would result in the input of more 14C dead carbon to the system, resulting in less (older) pmc values in the 
MRSA, not the higher pmc values (younger) that are actually observed.  Instead, based on pmc data provided 
in Hydrologic Assessment of Kane Springs, Hydrogeographic Areas (206): Geochemical Framework, dated 

Potential Mixing 
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April 2006, the more plausible source of water entering the MRSA would be from the west and from the 
central portions of the CSV, not from KSV.     

As previously stated, the intent of this discussion is to provide additional information regarding the 
geochemical discussions embedded in the Report.  Accordingly, based on the interpretation of available 
geochemical and isotope data previously provided as part of the Hydrologic Assessment of Kane Springs, 
Hydrogeographic Areas (206): Geochemical Framework, dated April 2006 study, the KSV is not part of the 
MRSA capture zone, as suggested in the Report. KSV is instead likely locally mixing with northeastern 
portions of the CSV, represented by CSVM-4.  Recently collected geophysical data obtained in this area 
(Lincoln County Water District and Vidler Water Company, 2019) support this conclusion and suggest that the 
northeastern CSV and KSV are structurally isolated from the greater groundwater flow system to the south 
and southeast, including the MRSA.     

Stantec Consulting Services, Inc.  

Thomas Butler, PG, CHG, CEG   
Senior Hydrogeologist/Geochemist 
 
Phone: 925-296-2126 
thomas.butler@stantec.com 
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TECHNICAL MEMORANDUM 

To: Greg Bushner, Vidler Water Company.  

From: Todd Umstot 

Date:  August 16, 2019 

Subject: Drought and Groundwater 

I, Todd Umstot, from Daniel B. Stephens & Associates, Inc. (DBS&A) have reviewed the 
reports presented before the Nevada State Engineer (NSE) regarding Interim Order 1303 as they 
pertain to the inclusion of Kane Springs Valley (KSV) into the Lower White River Flow System 
(LWRFS), an administrative unit of six conjoined basins designated by the NSE.  The NSE 
defines the LWRFS as the hydrographic areas (HAs) of Coyote Spring Valley (CSV) (HA 210), 
Hidden Valley (HA 217), Garnet Valley (HA 216), California Wash (HA 218), Muddy River 
Springs Area (HA 219), and the northwest portion of the Black Mountains Area (HA 215) (NSE, 
2019).  The KSV is located northeast of the CSV and the LWRFS.  The KSV and Northern CSV 
are separated from the southern LWRFS by a low-permeability structure or change in lithology 
(NSE, 2007).  I also reviewed drought, precipitation, and groundwater elevation data for the 
LWRFS region. 

In my review, I evaluated (1) whether there has been an increase in the frequency of drought in 
southern Nevada over the past two decades, (2) whether the groundwater elevations in Northern 
CSV and KSV are influenced by drought and precipitation, and (3) whether monitoring wells 
CSVM-4 in Northern CSV and KMW-1 in KSV were influenced by pumping at the MX-5 well 
during the two-year aquifer test (November 15, 2010 through December 31, 2012) referred to as 
the Order 1169 Aquifer Test.  I found that (1) there has been an increase in the frequency of 
drought in southern Nevada, (2) groundwater elevations in wells CSVM-4 and KMW-1 show a 
response to recharge and drought, and (3) CSVM-4 and KMW-1 respond to trends in 
precipitation and drought and were not influenced by pumping at MX-5 during the Order 1169 
Aquifer Test.    

Long-Term Trends in Precipitation and Drought Indicate an Increase in Drought 
Conditions 

SNWA (2019) reports that southern Nevada has been wetter since 1965 than was found 
previously from 1895 through 1964 (SNWA, 2019, section 5.1.1), and therefore drought has not 
influenced recent water levels.  However, the Palmer Drought Severity Index (PDSI) (NOAA, 
2019) for southern Nevada (Nevada Climate Divisions 3 and 4) indicates an increase in drought 
conditions over recent decades (Figures 1 and 2).  The PDSI measures the cumulative departure 
in the surface water balance based on precipitation, temperature, and soil moisture conditions.  
The PDSI for Nevada Climate Division 4 indicates that the occurrence of drought is higher in 
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recent decades.  The PDSI from 1895 through 1964 had an occurrence of drought in 58 percent 
of the months.  Since 1965, drought conditions have occurred in 69 percent of the months.  
Figure 3 shows the occurrence of drought by decade for Nevada Climate Divisions 3 and 4.  The 
1980s were relatively wet compared to other decades, but subsequent decades have shown an 
increased occurrence of drought.  Long-term trends in groundwater levels are affected by an 
increase in drought conditions (e.g., GGI, 2019, p. 3).  A long-term increase in drought will lead 
to a general decline in groundwater levels and spring flows without any groundwater pumping.  
These long-term trends in water levels must be accounted for when analyzing the response of 
wells to the Order 1169 Aquifer Test. 

The Recent Increase in Drought Conditions Affects Groundwater Elevations in Kane 
Springs Valley and Northern Coyote Spring Valley 

The fluctuations in groundwater elevations in Kane Springs Valley at well KMW-1 and in 
Northern Coyote Spring Valley at well CSVM-4 are due to precipitation and drought.  Figures 4 
and 5 show a comparison between KMW-1 and CSVM-4, respectively, and the 12-month 
trailing average in the PDSI.  The 12-month trailing average PDSI is the average monthly PDSI 
over the current month and the previous 11 months.  The plots show an extraordinary wet period 
in the PDSI record in 2005 with a peak in fall 2005 that corresponds with a peak in groundwater 
elevations at CSMV-4 about a year later in fall 2006.  The PDSI returns to drought conditions in 
2006 and then generally increases to normal conditions by the end of 2010.  The groundwater 
elevations at CSVM-4 and KMW-1 are relatively stable during this period with a slightly 
declining trend.  

Next, the PDSI has a drying trend from the end of 2010 through 2014 and the groundwater 
elevations at CSVM-4 and KMW-1 show a corresponding steady rate of decline over this period.  
This drying period includes the Order 1169 Aquifer Test and an additional 20 months after the 
pumping at MX-5 ends in March 2013.  The start of the drying trend corresponds with the start 
of the Order 1169 Aquifer Test.  However, the end of the drying trend does not correspond with 
the end of pumping at the MX-5 well.  The rate of decline in groundwater elevation at CSVM-4 
and KMW-1 is similar before and after the MX-5 pumping, indicating that the decline observed 
during the aquifer test was due to an increase in drought conditions and not the pumping at 
MX-5.  If there was a connection between the pumping at MX-5 and the CSVM-4 and KMW-1 
wells, the CSVM-4 and KMW-1 wells should have had an increase in groundwater elevation 
after the cessation of pumping at MX-5.  The lack of an increase in the groundwater elevations at 
CSVM-4 and KMW-1 over 20 months after the cessation of pumping at MX-5 indicates that 
drought has a strong influence on the groundwater elevations at wells CSVM-4 and KMW-1.  
This response in the groundwater elevations to drought rather than groundwater pumping is in 
contrast to statements by the U.S. Fish and Wildlife Service (USFWS) that “any response to dry 
conditions in the record is either too incremental to observe or is obscured by the simultaneous 
effects of ongoing water supply pumping” (USFWS, 2019, p. 27). 

After precipitation in winter 2014/2015, the PDSI remains in drought conditions, but generally 
increases from 2015 through 2017.  Groundwater elevations are stable at CSVM-4 during this 
period and generally increase at KMW-1.  The PDSI has a drying trend in 2018 and the 
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groundwater elevations at CSVM-4 and KMW-1 show a slight decline.  The correspondence of 
the PDSI and the fluctuations in groundwater elevation at CSVM-4 and KMW-1 show that the 
fluctuations are due to long-term drought trends; any influences from pumping cannot be 
discerned. 

Correlation Analyses do not Support that Groundwater Elevations in Kane Springs Valley 
and Northern Coyote Spring Valley are Hydraulically Connected to Carbonate Wells 
during the Order 1169 Aquifer Test 

SNWA (2019) presents correlation analyses to support a hydraulic connection between the 
Order 1169 Aquifer Test and wells in Kane Springs Valley and Northern Coyote Spring.  
However, correlation does not prove causation.  For example, similar regression correlation 
coefficients (r2 = 0.68) can be obtained between KMW-1 and EH-4 as can be found between 
KMW-1 and CSVM-5 (Figure 6).  The similarity in regression correlation coefficients implies 
that there is an equal hydraulic connection between EH-4 and KMW-1 as there is between 
KMW-1 and CSVM-5.  Well CSVM-5 was reported to have no discernable response to the 
Order 1169 Aquifer Test (SNWA, 2019, p. 2-1), while EH-4 did show a response to the 
Order 1169 Aquifer Test.  Therefore, the correlation analyses on their own do not support 
opinions on hydraulic connection. 

The correlation analysis used by SNWA is flawed in that it does not account for the error in the 
groundwater elevation measurements.  SNWA uses correlation analysis to predict that the 
drawdown at CSVM-4 is 0.37 foot per foot of drawdown at MX-4, and claims that this 
correlation provides “undeniable” evidence of the connection between CSVM-4 and MX-5 
(SNWA, 2019, p. 5-17).  However, SNWA has previously reported that the water levels in the 
CSVM-4 have an error rate of about 1 foot: 

CSVM-4 may be showing a slight response with December 2012 water levels approximately 
1 ft lower than September 2010 water levels, but the transducer in CSVM-4 has had a high 
failure rate due to the high water temperature in the well, so fluctuations of a foot or less should 
not be used to infer an absolute response (SNWA, 2013, p. 36). 

The correlation analysis by SNWA needs to account for the error in the water level 
measurements at well CSVM-4 in making the prediction of 0.37 foot per foot of drawdown at 
MX-4.  

The correlation analysis by SNWA needs to account for the downward trend in water levels due 
to drought in the correlation between CSVM-4 and MX-4.  The groundwater elevations at 
CSVM-4 continued to decline for 20 months after pumping had stopped at MX-5 in March 2013 
due to drought conditions (Figures 1 and 2).  The decline in groundwater elevations at CSVM-4 
continued until the end of 2014, when precipitation increased.  The overall rate of decline due to 
increased drought conditions during this period was 0.47 foot per year.  The combination of a 
downward trend in groundwater elevations due to an increase in drought at CSVM-4 and the 
error rate in the measurements for the CSVM-4 indicates that the groundwater elevation data 
cannot support a connection between CSVM-4 and MX-5. 
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SNWA used a 3-month lag on EH-4 groundwater elevations when correlating EH-4 with 
CSVM-4 (SNWA, 2019, Figure 5-10) and a 3-month lag on MX-4 groundwater elevations when 
correlating MX-4 with CSVM-4 (SNWA, 2019, Figure 5-14), but SNWA did not provide any 
support on the use of the 3-month lag.  No lags were used for any other well correlations.  The 
3-month lag increased the correlation coefficient from 0.77 to 0.82 for the correlation between 
EH-4 and CSVM-4 and increased the correlation coefficient from 0.71 to 0.78 for the correlation 
between MX-4 and CSVM-4.  The removal of the 3-month lag decreased the SNWA estimated 
rate of drawdown from 0.37 foot per foot of drawdown in MX-4 to 0.33 foot per foot of 
drawdown in MX-4. 

The groundwater elevations at well MX-4 used by SNWA (2019) in their correlation analyses 
are inconsistent with the heads previously reported by SNWA and the heads reported by the 
NSE.  Figure 5-14 in SNWA (2019) plots the MX-4 well with observed heads greater than 
1,822 feet above mean sea level (feet msl) between November 2010 and April 2013.  However, 
the maximum head observed during this period at well MX-4 was 1820.2 feet msl in November 
2010, as was shown previously by SNWA in their report (SNWA, 2013, Figure C-54).  The 
correlation analyses presented by SNWA (2019) between MX-4 and other wells appear to be in 
error. 
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August 16, 2019 

 

Technical Memorandum  

To: Greg Bushner 
Vice President of Water Resources Development 
Vidler Water Company 
3480 GS Richards Blvd., Suite 101 
 
Re: Zonge International, Inc., Rebuttal Response to the July 3, 2019 Reports Submitted to the 
Nevada State Engineer in Response to IO #1303. 

This response is provided based on review of the Coyote Springs Investment, LLC (CSI) IO 

#1303 Report discussing the April 2019 Geophysical Investigation.  

As noted in the CSI IO #1303 Report, one of the primary geologic reports and map sets used in 

the most recent investigation of was the relatively new 2017 “Geology and Geophysics of White 

Pine and Lincoln Counties, Nevada, and Adjacent Parts of Nevada and Utah: the Geologic 

Framework of Regional Groundwater Flow Systems”, by Rowley, et. al., Nevada Bureau of 

Mines and Geology Report 56. This significant mapping effort was intended to compile and 

update numerous older studies and maps. In the Introduction of the 2017 Rowley report, it notes 

specifically the lack of geophysics in older reports that the 2017 work is intended to update. The 

value of geophysics is clear in the Rowley report. In their discussion of the preparation of the 

map, Rowley, et. al. remind the reader that “(S)ubsurface geometries are relatively unconstrained 

in cross sections constructed from surface geology alone. Therefore, geophysics and well logs, 

when located near the line of the sections, are valuable.”  

In addition, in the final paragraphs of the 5-page “Conclusions”, Rowley, et. al., state: 

“Concealed normal faults, whether defining the edges of most basins or within basins, 
can be located by gravity (maxspots) and AMT [audio-frequency magnetotellurics] 
data. Upward-continued gravity and aeromagnetic maxspots and some AMT profiles 
can determine which way the fault or caldera wall dips. Of the two types of 
geophysics, AMT profiles also provide information on depths to groundwater in some 
parts of basins. AMT profiles are sufficiently detailed to allow siting of wells on 
faults, which are the best places to locate production and monitoring wells. Ideally, the 
best location would be a rangefront fault of a large range with abundant recharge, near 

Zonge International, Inc.        PH 520.327.5501 
3322 East Fort Lowell Road        FX 520.325.1588 
Tucson, Arizona 85716 USA       www.zonge.com 
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the mouth of a perennial creek that carries some of that recharge. The objective to site 
a well is to drill the downthrown side of a high-angle normal fault, the larger the 
better, to intersect the fault beneath the water table. If the dip of this fault is not known 
but the direction of throw (and the depth to the water table) is, one can assume an 
average dip of 60 degrees, then position the drill rig with respect to the fault 
accordingly.” 

The geophysical method highlighted in the conclusion for investigating the subsurface and 

targeting drill holes, referred to as AMT, is the same method discussed in Lincoln/Vidler’s IO 

#1303 Report and the CSI IO #1303 Report, referred to there as both CSAMT and AMT. AMT 

is a well-established geophysical method for measuring either man-made or naturally-occurring 

electromagnetic fields at a suite of frequencies in order to calculate resistivity at various depths 

in the subsurface. Many of the AMT surveys referenced in Rowley, et. al., were completed by 

the USGS as part of a USGS/SNWA joint funding agreement, and are published as Open-File 

Reports. In reviewing the AMT studies cited by Rowley, while some specific survey parameters 

are different from those used in Kane Springs Valley and Coyote Spring Valley, primarily due to 

equipment constraints such as transmitter size and power, which determines the distance between 

the transmitter and receiver equipment, the survey methodology and logistics are consistent with 

the work in Kane Springs Valley and Coyote Spring Valley.   

In addition, many of the USGS reports referenced in Rowley, et. al., cite,  in their introductions 

to the method,  Zonge’s description of AMT and CSAMT in our 1991 chapter in the book 

“Electromagnetic methods in applied geophysics”, edited by M.N. Nabighian, published by the 

Society of Exploration Geophysicists.  

We note this here primarily to highlight not only the importance of geophysics in general, but 

also the fact that the geophysical method used is a well-accepted, reliable technique. In decisions 

as important and far-reaching as the creation of the joint administrative unit, including portions 

of six basins, it is certainly prudent that the State Engineer base decisions on information and 

data from methodologies that are generally well-accepted and reliable, similar to the “Daubert 

Standards” established in Federal courts.  

Although none of the AMT surveys included in Rowley, et. al., show results from Coyote Spring 

Valley, very similar results are noted in a general sense with respect to data across similar 

lithologies. For example, Figure 1 below shows Rowley et. al.’s Figure 28, cited from MacPhee, 

et. al., 2006, which is an AMT cross section crossing the southern section of Spring Valley.  
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Figure 1: An AMT resistivity cross section from Spring Valley, Nevada (McPhee, et. al., 2006) 

The USGS’s AMT results are in good agreement with my typical results, in that carbonates are 

evident as very high resistivity features (1000+ ohm-meters), sharp changes are seen associated 

with range front faults, resistivity differences are seen associated with saturated versus 

unsaturated alluvium, and even some extremely low resistivities (approaching the levels of sea 

water) are evident in some parts of the alluvium, all of which are evident in the work in the IO 

#1303 Reports. The similarity of general results from different operators using different 

equipment systems with different processing and modeling software lends credence to the 

reliability of the AMT methodology. The method used for the Kane Springs Valley and Coyote 

Spring Valley studies is intentionally not a one-of-a-kind, “black box” system. It is a method that 

can be duplicated by independent scientists.  

It is also useful to note that the maps and geologic cross sections (Plates 1 through 4) included in 

Rowley, et. al., do not include all of the faults and structure that are shown in the AMT cross 

sections in the Rowley report figures themselves, primarily due to simple scaling issues. Again, 

from Rowley’s conclusions:  
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“Geologic maps at 1:250,000 scale cannot do justice to the actual fault complexity of the 
study area, for thousands of real faults cannot be shown. AMT profiles, as presented here, 
determined the fault architecture of parts of some basins and of their range-bounding 
faults, most of which were buried by young basin-fill and surficial sediments. All of the 
AMT profiles shown in the geophysics chapter, and especially several of the longer 
profiles, demonstrate this detailed complexity.” 
 

Thus, it is clear that the additional complexity delineated in the Kane Springs Valley and Coyote 

Spring Valley surveys when compared to Rowley’s Plate 2 map is completely consistent with 

Rowley’s discussion and final maps.   

To summarize, given the amount of ground covered by alluvial material, and the resulting 

“unconstrained” interpretation of the subsurface, the geophysics in Kane Springs Valley and 

Coyote Spring Valley is very important to the proper understanding of groundwater flow. In 

addition, the geophysical work in Kane Springs Valley and Coyote Spring Valley is a valid use 

of a well-established, scientifically accepted method to further the understanding of the 

subsurface.  

Respectfully submitted, 

 

Norman Carlson, PG  
(Texas, License # 4703) 
Chief Geophysicist 
Zonge International, Inc. 
www.zonge.com  
Offices in Tucson, AZ and Reno, NV.  
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Paragraphs with high-lighted text reproduced from the Ricci memo dated June 21, 2000. 

 

b. The above assemblage of data would assume that all are in agreement of  

  what should be monitored and what frequency.  This can be done before 

the meeting.  I also believe there should be at least two more wells into the 

carbonate on the north end of CSI’s project.  One should be along a line 

between MX-5 and Ash Springs and the other somewhere in the mouth of  

Kane Springs Wash as it enters Coyote Springs Valley.   The biggest 

drawback to this from the previous meetings was how would it be decided 

as to where to place these wells.  Short of doing a major study again 

  (which USGS, USFWS and NPS would be in favor of doing) it just is 

going to be an educated guess as to where to put additional monitoring 

wells.   These wells should be drilled as soon as possible and begin to get  

background data.  USGS plans to do real time monitoring on two wells in 

the carbonate, SCV-2 in Coyote Springs Valley and the Steptoe Valley 

Well. 

 

g. Another well could be drilled into the carbonate in the northern part of  

Coyote Spring Valley and that well pumped for a period of time.  What 

the disposal of the water would be is a whole different matter.  If the water 

pumped could not be used for the service area of MVWD that would 

require MVWD to pump ACW and thus make it more difficult in the 

analysis of impacts on the springs. 

 

4. It is possible that the speculation as to what to continue pumping in 3f and 3g 

might be a little far into the future.  But as to what I recommended in other  

parts of paragraph 3 I believe is a systematic approach as to get to what long 

term pumping at elevated rates may or may not do to the springs.  One other 

item of significance not addressed above is the potential pumping of wells in 

the carbonate of the Moapa Band of Paiutes south of the reservation and how 

that could or should be factored in this procedure. 
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Introduction/Objectives 

A hydrologic assessment of the local and regional conditions that affect the movement and 

storage of groundwater in the Kane Springs Hydrographic Area (206) was conducted to 

address the following objectives: 

• Develop an understanding of the existing conditions of local groundwater resources 

within Kane Springs Valley (KSV). 

• Assess the availability of these resources. 

• Assess potential impacts to local and downgradient water users and water resources 

including local and regional springs, and water courses. 

• Develop a conceptual framework to support potential monitoring and/or mitigation 

measures, as appropriate. 

The principal components of the assessment included the following: 

• Development of a hydrologic framework to provide physical context for the assessment. 

• Installation of test well and companion monitoring well, and conduct aquifer testing. 

This component of the assessment was performed by URS Corporation and the specific 

results and analyses that arose from this work is presented under separate cover in URS 

(2006). 

• Conducting groundwater sampling from both KSV and adjacent Coyote Spring Valley. 

• Evaluation of the local and regional geochemical conditions of the groundwater based 

on the analyses of water chemistry and stable isotopes. 

• Development of hydrologic conceptual model of KSV both locally and in the context of 

regional groundwater flow. 
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Based on the resulting conceptual model:  

• Assess the availability of groundwater in the KSV 

• Assess potential impacts resulting from groundwater withdrawals from the KSV. 

Hydrologic Framework 

KSV – Physical Features and Conditions 

Kane Springs Valley is an elongated north-northeast/south-southwest trending valley in 

southern Nevada that is flanked by the Delamar Mountains to the west and north, and the 

Meadow Valley Mountains to the south. Covering an area of approximately 232 square 

miles, KSV is approximately 28 miles long and an average of approximately 8 miles wide. 

The floor of the valley slopes south-southwest from a high of approximately 4000 feet near 

the base of the Clover Mountains toward the mouth of the valley where the elevation is 

approximately 2900 feet. Within the KSV hydrographic area, the Delamar Mountains reach 

7720 feet and receive most of the local precipitation. The Meadow Valley Mountains are 

considerably lower with a maximum elevation of 5676 feet. The Clover Mountains, while 

technically east of the KSV basin, affect precipitation patterns within the northeastern 

portion of KSV.  

The ephemeral Kane Springs Wash, which drains the entire valley, is the dominant surface 

water feature in the basin. Springs discharging from the surrounding mountains are 

generally low-flowing (i.e., less than 10 gallons per minute [gpm]) and are considered to be 

locally recharged based on their water chemistry (Thomas et al., 1996). With the exception of 

small areas below these springs, phreatophytic vegetation is generally absent; therefore, 

groundwater discharge through transpiration is a negligible component of the water budget 

for the KSV basin. 

Figure 1 shows the location of the study area focused on KSV. Figure 2 shows the location of 

KSV Hydrographic Area with respect to the Colorado River Basin and other hydrographic 

areas within the Colorado River Basin. Figure 3 shows detail of KSV highlighting the 

various local geographic features: Kane Springs Wash, the Meadow Valley Mountains, the 

Clover Mountains, the Delamar Mountains, and the locations of various local springs. 
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Geologic Framework 

The general lithology of much of the mountains surrounding KSV is Tertiary volcanic rocks, 

although outcrops of underlying Paleozoic carbonate rocks can be found in the western 

portion of both the Delamar and Meadow Valley Mountains. The valley bottom is 

composed of Quaternary basin-fill deposits, which form soils that are fairly uniform 

throughout the valley.  

KSV is located is located in the middle of the vast Carbonate-Rock Province, which 

underlies as much as 50,000 square miles in Nevada alone, but also stretches into Idaho, 

Utah, and California (Dettinger et al., 1995). The location of KSV in relation to the Carbonate 

Rock Province is shown in Figure 4. 

The specific geology of the study area is shown in Figure 5, and geologic cross sections 

(indexed and shown in Figures 6 through 17) reveal the subsurface structure and lithology 

with important implications with respect to the occurrence and movement of groundwater 

through the carbonate rocks, which underlie the study area.  

Based on examination of these cross-sections, the following conclusions can be drawn:  

• Carbonate aquifer truncated by Clover Mountain calderas in upper portion of KSV. 

• Considerable thickness of carbonate rock units (over 1 Km) in lower portion of KSV. 

• Considerable faulting has occurred both within and along the margins of KSV. 

• Faulting is mapped as occurring deep in the carbonate rocks implying the potential for 

deep groundwater occurrence and flow. 

• Kane Springs Wash fault zone truncates carbonate rocks along the northern flank of the 

Meadow Valley Mountains. 

• Basin-fill deposits in KSV are relatively thin. 

• Thick sequences of carbonate rocks are present down Coyote Spring Valley and into the 

Muddy Springs Area, Hidden Valley, Garnet Valley, California Wash and Black 

Mountains Area. 

• Considerable vertical faulting occurs in all these areas.  
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Hydrologic Conceptual Model  

The groundwater environment in KSV includes both basin-fill deposits and fractured rock, 

which includes primarily volcanic and carbonate rocks. 

Basin-Fill Deposits 

In the absence of much direct information on the composition and extent of the basin fill, 

these deposits are assumed in this study to be composed principally of fine-textured 

sediments (silt and clay) across much of the basin, except immediately adjacent to the basin 

margins where alluvial fan deposits contain more coarse-textured sediments. The lithologic 

logs from the boreholes drilled near the mouth of the basin support the hypothesis of a 

primarily fine-textured basin fill (URS, 2006). The basin-fill deposits are the product of the 

erosion of the surrounding mountains, which are mainly volcanic in origin. These volcanic 

rocks readily weather to clay-size particles. In addition, both the Delamar and Meadow 

Valley Mountains are generally low in relief, and do not engender high-energy erosion 

environments capable of transporting large quantities of relatively coarser material (i.e., 

gravel, cobbles) onto the basin floor.  

As a result, the basin-fill deposits in KSV are generally not favorable for the development of 

laterally continuous aquifer units, although these deposits are undoubtedly locally 

saturated over some depth interval at least seasonally.  

Fracture-Rock 

The fractured-rock groundwater medium in KSV is composed of both local volcanic and 

regionally occurring carbonate rocks. Volcanic rocks of the Clover and Delamar Mountains, 

which are composed of various ash-flow tuffs, rhyolite and basalt, typically do not support 

development of significant aquifer system because of heterogeneous intrinsic permeability 

and the general lack of continuous faulting and folding structures. Volcanic rocks, however, 

do provide local conduits for groundwater to recharge into deeper (carbonate) aquifer 

system. Carbonate rocks, which are highly fractured and laterally/vertically continuous, are 

the primary groundwater medium in KSV, and provide the principal means of inter-basin 

groundwater flow from KSV.  
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Groundwater Recharge to KSV 

Walker (2006) performed an analysis of recharge to KSV that involved multiple means of 

estimating precipitation, and used two separate means to estimate recharge based on the 

precipitation estimates. Precipitation was estimated using vegetation mapping in two ways: 

(1) vegetation/precipitation/elevation correlations were developed resulting in 

precipitation estimates representative of sequential bands of elevation, and (2) vegetation 

communities were mapped to develop a map of the spatial distribution of precipitation 

irrespective of elevation. In addition, precipitation data from PRISM was used to develop a 

spatial distribution of precipitation across KSV as a third means of comparison.  

Recharge was approximated both using a slightly modified version of the Maxey-Eakin 

approach (Maxey and Eakin, 1949), and through a water budget approach. For the water-

budget approach, the areas of the basin where evapotranspiration was at least 12 inches, 

based on literature values (see Walker, 2006), were subtracted from a given precipitation 

distribution resulting in the amount of water available for infiltration or surface runoff. 

Subtracting estimates of surface runoff and discharge from local springs, resulted in 

estimates of groundwater recharge that are summarized in the following table. 

Precipitation 
Estimation 

Method/Source 

Total 
Precipitation 

(AF/yr) 

Recharge 
Estimation Method 

Recharge 
Estimate 
(AF/yr) 

Recharge/Total 
Precipitation 
(percentage) 

Vegetation Indicators as 
function of elevation 

128,270 Maxey-Eakin 5,700 4 

Water-Budget 6,350 4 

Vegetation 
Communities 

118,668 Maxey-Eakin 5,300 4 

Water-Budget 6,600 5 

PRISM-based 133,920 Maxey-Eakin 9,600 7 

Water-Budget 14,155 10 

LVVWD (2001)a 140,218 Maxey-Eakin   6,757 4 

Water Budget 5,950 4 

State Water Plan–1971b 80,000 -- 500 0.6 

a LVVWD (2001).  

b   Nevada Department of Natural Resources, Division of Water Resources. 1971. State of Nevada Planning Report 

From these results, Walker (2006) estimated that the average annual recharge to 

groundwater in the KSV is on the order of 5,000 acre-feet/year (AF/yr). 
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It is concluded here that a value of 5,000 AF/yr is a reasonable estimate for average annual 

recharge based on: 

• General consistency among different estimating approaches. 

• Size of basin (232 square miles), which is considerable area over which to receive 

precipitation. 

• Significant area within KSV that is of higher elevation (69 square miles > 5,000 ft, or 30% 

of basin) 

• The various methods for estimating average annual precipitation results in a reasonable 

value of roughly 120,000 AF/yr, which translates to an average precipitation across the 

basin of approximately 9 inches/year, which is considered a reasonable estimate. 

• An overall percentage of precipitation that becomes recharge (approximately 5 percent) 

is considered reasonable. 

Groundwater Conditions 

Figure 18 shows the locations of selected wells in the study area. A subset of these wells 

through which a vertical profile has been developed is shown in Figure 19. The vertical 

profile, in turn, is shown in Figure 20. 

Key conclusions from the vertical profile in Figure 20 are as follows: 

• Only the upper-most 1,000 to 2,000 feet of the aquifer is penetrated by existing wells. 

Accordingly, only a fraction of the carbonate rock is penetrated by existing wells based 

on published geologic cross sections that indicate that the carbonate units are typically 2-

4 kilometers (6,500 – 13,000 feet) thick. 

• Differences in lithology within screen interval influences water level. 

Figure 21 shows the location of the test well and monitoring well installed in KSV relative to 

local geologic features; principally the Kane Spring Wash fault zone and the Willow Spring 

fault. Figure 21 also shows the location of a geologic cross section through the well site. The 

cross section is shown in Figure 22. The significance of the cross section is that it shows the 

vertical proximity of the Willow Spring fault relative to the test well KPW-1. During aquifer 

testing on KPW-1, a recharge boundary was encountered within the first hour of the test 
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reflecting a higher transmissivity zone associated with the Willow Spring fault. Figure 23 

shows the drawdown in monitoring well KMW-1. One of the Hantush-Jacob type curves 

used to calculate aquifer transmissivity and storage coefficient is also shown on the figure. 

The level portion of the curve clearly demonstrates a source of water to the well that 

truncates further drawdown.  

Another important implication of the aquifer testing results based on Figure 23 is that the 

shape of the drawdown curve is indicative of a porous medium (i.e., there is no evidence of 

conduit or discrete fracture flow). 

A summary of the aquifer test results are shown in the following: 

Summary of Results From 7-Day Sustained Aquifer Test Pumping KPW-1 at 1,800 gpm 
 

Data Method* 
Transmissivity 

(gal/day/ft) 
Storage 

Coefficient 
Source 

KMW-1 drawdown Hantush-Jacob (leaky-confined) 30,000 10-4 URS (2006a) 

Jacob-Cooper (mid-time) 30,000 10-4 Feast 
Geosciences** 

Jacob-Cooper (late-time) 240,000  Feast Geosciences 

KMW-1 Recovery Theis (mid-t/t’) 95,000 -- URS (2006a) 

Theis (late-t/t’) 240,000 -- URS (2006a) 

Jacob-Cooper (mid-t/t’) 85,000 -- Feast Geosciences 

Jacob-Cooper (late-t/t’) 236,000 -- Feast Geosciences 

KWPW-1 Theis Recovery (late-t/t’) 380,000 -- URS (2006a) 

* Methods based on Lohman (1979) 

** Feast Geosciences unpublished aquifer test analysis, 2006 

Based on the aquifer test results, two values of transmissivity determined: 

1. Representative of the “regional” aquifer between approximately 30,000 and 80,000 gallons 

per day per foot (gpd/ft). 

2. Representative of higher transmissivity zone associated with the Willow Springs Fault of 

approximately 300,000 gpd/ft.  

Figure 24 shows the location of local geologic structure affecting groundwater conditions in 

KSV. The hydraulic affect of these structures are apparent from the aquifer test and 

SE ROA 36709

JA_8282



HYDROLOGIC ASSESSMENT OF KANE SPRINGS VALLEY HYDROGRAPHIC AREA (206): 
HYDROLOGIC FRAMEWORK, HYDROLOGIC CONCEPTUAL MODEL, AND IMPACT ANALYSIS 8 

groundwater level data. Of note is evidence for the extension of the Kane Springs Wash 

fault zone southwestward into Coyote Spring Valley. 

Figure 25 is a schematic diagram of Kane Springs Wash fault influence on groundwater 

levels in Coyote Spring Valley. Based on geologic logs of the wells obtained from Berger et 

al. (1988) and the most current water levels from December 2005 obtained from Southern 

Nevada Water Authority Central Data Repository, it is clear that there is a steep hydraulic 

gradient between these wells CE-VF-2 and CSVM-6. The Kane Spring Wash fault zone 

likely: 

• Acts to impede but not inhibit groundwater flow across the fault zone. 

• Has the potential to limit the northward advance of the cones of depression from 

pumping wells downgradient of the fault (as a function of distance – the closer the 

pumping to the fault, the less the limiting influence.) 

• Has the potential to limit the southward advance of the cones of depression from 

pumping wells upgradient of the fault (as a function of distance from the fault). 

Evidence of the influence of the fault zone is also shown on Figure 26, which depicts the 

spatial distribution of the most recent water levels on record for selected carbonate wells in 

the study area. Based on this map of water levels (Figure 26): 

• Kane Springs Wash fault zone causes break in regional (carbonate rock) hydraulic 

gradient in Coyote Spring Valley. 

• Upgradient of fault:  Gradient “steeper” 

• Downgradient of fault: Gradient “flatter” 

• With a few exceptions (e.g., CSVM-5, CSV-2), carbonate groundwater levels are very 

similar generally everywhere downgradient of Kane Springs Wash fault zone. 

• Implication of “flat” gradient is relatively high transmissivity across the southern half of 

the study area. 

• Implication of relatively high transmissivity is high potential for regional groundwater 

flow 
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Figure 27 shows the spatial distribution of transmissivity values across the study area. The 

results on the figure are consistent with the water level data, which indicate that high 

transmissivity values are present across the study area. 

Estimation of Groundwater Flow Through Kane Springs Valley 

Groundwater flow through Kane Springs Valley was roughly approximated based on the 

following 1-D application of Darcy’s Law: 

Q = Tw∆h 
 

where, 

 Q = groundwater discharge across a given cross sectional area 

 T = aquifer transmissivity 

w = aquifer width over which T is assumed representative 

∆h = horizontal component of hydraulic gradient perpendicular to the aquifer width 

The rationale for determining representative thickness of the carbonate aquifer underlying 

KSV is based on the following: 

• Published geologic cross sections which indicate: 

− Considerable thickness of carbonate rock in vicinity of KSV (> 3,000 feet). 

− Considerable faulting has occurred both within and along the margins of KSV. 

− Vertical faulting is mapped across (deep) all carbonate rock in KSV implying the 

potential for deep groundwater flow through this basin. 

• Groundwater temperature from KPW-1 is very hot (~ 130 °F) and deuterium 

concentrations light (-104) indicating circulation of deep groundwater under KSV. 

• Published data on carbonate wells elsewhere in Nevada indicate the potential for 

carbonate wells to exceed depths of 5,000 feet (Dettinger et al., 2005, Table 6). 

It is therefore concluded that 3,000 feet is a reasonable, and likely conservative, estimate for 

the thickness of the carbonate aquifer in KSV. 
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Based on an assumed representative value of aquifer thickness of 3000 feet, a representative 

value for aquifer transmissivity was determined using the aquifer test results as a starting 

point. Specifically, using the relationship,  

Transmissivity = aquifer thickness x hydraulic conductivity 

the following table runs through the procedure followed to develop values of aquifer 

transmissivity that reflect the total aquifer thickness. 

Portion 
of 

Aquifer 

Calculated 
Range of T 

(gpd/ft) 

Aquifer 
Thickness 

Tested (Based 
on KPW-1 

Construction, ft) 

Calculated 
Hydraulic 

Conductivity 
(ft/day) 

Assumed 
Total Aquifer 
Thickness (ft) 

Revised 
Transmissivity 
(Based on total 

aquifer thickness, 
gpd/ft) 

Assumed 
Representative 

Value of 
Transmissivity 

(gpd/ft) 

Bulk 
Aquifer 

30,000 – 
80,000 

1,000 4 – 9 3,000 90,000 – 200,000 150,000 

Local 
Fault 
Zone 

300,000 1,000 40 3,000 900,000 900,000 

* From 8-day aquifer test at KPW-1 

The next step is to determine the regional horizontal component of hydraulic gradient that 

would be representative of the gradient driving groundwater flow into the KSV. 

The bases for estimating regional horizontal component of hydraulic gradient are presented 

in the following table. 

Location Representative 
Water Level 

Elevation (ft amsl)* 

Distance Between Locations (ft) 

Pahranagat 
Springs 

CSVM-3 KPW-1 CSVM-4 CE-VF-2 

Pahranagat 
Springs** 

3190 0 68,500 96,500 96,500 132,000 

CSVM-3 2206 68,500 0 37,190 36,060 66,130 

KPW-1 1879 96,500 37,190 0 10,760 56,450 

CSVM-4 1874 96,500 36,060 10,760 0 45,950 

CE-VF-2 1857 132,000 66,130 56,450 45,950 0 

* Well data from December 2005 

** Approximated by elevation of Lower Pahranagat Lake 
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In the absence of readily available data for groundwater level in the carbonate rock in the 

Pahranagat Springs area, the elevation of Lowe Pahranagat Lake was used as a general 

approximation as it represents a lower area collecting discharge from regional carbonate 

springs.  

The regional horizontal component of hydraulic gradient was subsequently estimated by 

considering the change in water level elevation between Pahranagat Springs, CSVM-3, and 

CE-VF-2: 

Pahranagat Springs/CSVM-3 = (3190 – 2206)/68,500 = 0.014  

CSVM-3/CE-VF-2 = (2206 – 1857)/66,130 = 0.0053 

The gradient between Pahranagat Springs and CSVM-3 is considered to be too steep to be 

representative of flow into KSV. It is therefore concluded that a representative value for the 

regional hydraulic gradient is on the order of 0.005 

In estimating the hydraulic gradient for groundwater flow from KSV it was assumed the 

gradient along Willow Spring fault would be most representative and roughly 

approximated by the change in water level elevation between 

KPW-1/CSVM-4 = (1879 – 1875)/10,760 ≈ 0.0005 

The final step in the determination of groundwater flow through KSV is the approximation 

of representative values of aquifer width through which groundwater flows into and out of 

the KSV. Assuming flow through carbonate rocks, the inflow width of aquifer is defined as 

being perpendicular to assumed regional hydraulic gradient where carbonate rocks mapped 

within KSV (approximately 3 miles). Figure 28 shows the location and length of the width of 

aquifer identified as being representative of groundwater flow into KSV. 

The width of the aquifer though which groundwater flows out of the aquifer is defined as 

being perpendicular to the assumed direction of local flow from KSV, and parallel and 

controlled by the Kane Springs Wash fault zone.  
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Due to the influence of the Willow Spring fault on the aquifer test results, two components 

to the local aquifer width are considered:  

− Width representative of fault zone transmissivity (approximately 0.5 miles);  

− Width of aquifer representative of transmissivity unaffected by fault zone 

(approximately 3.5 miles). 

The location and length of the representative width of the aquifer through which 

groundwater flows out of KSV is shown on Figure 29. 

With values for all of the parameters required to apply the Darcy’s Law approach, the 

approximation of the volumetric flux of groundwater through KSV is summarized in the 

following table.  

Groundwater 
Flow Component 

Transmissivity 
(gpd/ft) 

Aquifer 
Width (ft) 

Hydraulic 
Gradient 

Calculated 
Volumetric 

Groundwater 
Flow (AF/yr) 

Volumetric 
Groundwater Flow 
(rounded down to 

nearest 1,000 
AF/yr) 

Regional 
Groundwater flow 
into Kane Springs 
Valley 

150,000 15,840 0.005 13,300 13,000 

Groundwater 
outflow from Kane 
Springs Valley into 
Coyote Springs 
Valley 

150,000 18,480 0.005 15,500 15,000 

900,000 2,640 0.0005 1,300 1,000 

Combined 
Groundwater 
Outflow from Kane 
Springs Valley 

-- -- -- 16,800 16,000 

Based on the resulting values of volumetric groundwater flow, the following summary of 

groundwater inflow and outflow from KSV was developed: 

Inflow to Kane Springs Valley: 

Regional groundwater flow ................................................................... 13,000 AF/yr  

Recharge within Kane Springs Valley* ................................................... 5,000 AF/yr 

Total groundwater inflow to Kane Springs Valley  ............................ 18,000 AF/yr 
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Outflow from Kane Springs Valley: 

Local groundwater discharge into Coyote Spring Valley ................. 16,000 AF/yr 

* based on analysis by Walker (2006) 

Clearly the inflow estimate does not balance with the estimate of outflow, but the difference 

is within about 10 percent, and reflects the uncertainty in parameter values and the 

applicability of the approach. In particular, the aquifer thickness is likely significant, but 

unknown. 

However, it is concluded that:   

− At least approximately 15,000 AF/yr flows through the aquifer system of KSV. 

− KSV perennial yield, however, is on the order of 5,000 AF/yr based on recharge 

analysis. 

This conclusion is shown conceptually on Figure 30. 

Impact Analysis 

The impacts analysis focused on the assessment of potential effects of lowering 

groundwater levels on local permitted points of diversion and local and regional springs 

Permitted Groundwater Points of Diversion 

Complex aquifer conditions in KSV (local presence of fault structures that both enhance and 

impede groundwater flow), multidimensional groundwater flow, together with limited 

spatial distribution of data on water levels and aquifer parameters, make meaningful 

predictions of groundwater level decline problematic. Accordingly, a simple analytical 

approach, which most likely over estimates resulting groundwater declines, is applied here. 

Specifically, the analytical solution for transient groundwater flow to well developed by 

Theis (1935) is applied to approximate “worst case” water level declines within reasonable  

distance (~ 10 miles) from pumping well in KSV. Theis (1935) provides the transient 

solution to the partial differential equation for the radial flow to pumping well, arranged to 

solve for drawdown (s), as follows:  
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where,         Q = pumping rate 

         T = aquifer transmissivity 

and, 

                      
Tt

Sr
u

4

2

=  

where,          r = the radial distance from the pumping well 

          S = storage coefficient 

                      t = time since pumping began 

In applying the Theis solution to determine the lateral extent of the cone of depression from 

a point of hypothetical pumping in KSV, the following general approach was followed. 

First, the Theis-predicted water level declines at distances from the pumping well were 

compared to locations of the nearest existing permitted groundwater points of diversion. 

Second, the resulting groundwater declines were assessed as to whether they would impair 

the permit (e.g., assess if predicted water level decline would dewater an existing well at a 

permitted point of diversion). 

The Theis solution assumes an ideal porous medium consisting of an aquifer of 

homogenous properties, including isotropic permeability, over infinite extent. In addition 

the application for the impact analysis assumed the following: 

• Pumping from a single well at 3,000 gpm (5,000 AF/yr) for 100 years. 

• Location of pumping well at KPW-1 

• Values of input parameters based on KSV aquifer test results.  

Using the Theis solution to predict long-term drawdowns as a result of pumping from KSV 

will overestimate the predicted water level declines for the following reasons: 

• The approach assumes that there is no local or regional hydraulic gradient, which would 

restrict propagation of the cone of depression both lateral to the horizontal orientation of 

the gradient and downgradient of the pumping well (i.e., the resulting circular cone of 
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depression extends further downgradient and in directions perpendicular to the local 

natural direction of groundwater flow). 

• The resulting circular cone of depression is also in contradiction with the probable 

effects of both the Willow Spring fault (positive boundary) and the Kane Springs Wash 

fault zone (negative boundary), which would ultimately impede the propagation of the 

cone of depression. 

• Single pumping well concentrates drawdown at a point. Less drawdown would occur at 

same distance from the pumping well if pumping divided among multiple wells spaced 

at least 1 mile or more apart.  

Based on the following values for the input parameters: 

Q = 3,000 gpm 

S = 10-4 

t = 100 years 

the predicted drawdowns for two different values of transmissivity are as follows: 

Transmissivity (gpd/ft) 
Predicted drawdown at distance = r (ft) 

r = 5000 r = 50,000 

150,000 30 20 

300,000 16 11 

A transmissivity value of 300,000 gpd/ft is representative of the local aquifer conditions 

affected by the Willow Spring fault. However, over 100 years, a lower value of 

transmissivity may be more applicable. Accordingly, results for 150,000 gpd/ft are 

presented. Using a value of 50,000 gpd/ft was not considered representative of long-term 

pumping at the KPW-1 location. 

The permitted points of diversion within 10 miles are identified on Figure 31. 

Based on the results, wells 10 miles away from KPW-1 location would experience a 

maximum additional water level decline of between 10 and 20 feet. Wells greater than 10 

miles away from KPW-1 would experience less decline. 
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This level of additional drawdown is not considered to be deleterious. Because of the 

inherent assumptions in the Theis solution (i.e., homogenous aquifer of infinite extent), the 

use of these results to predict potential reductions in downgradient regional spring flow is 

inappropriate because it the method overestimates water level declines at greater distances. 

Local Springs 

Based on field observations, permitted local springs in KSV represent groundwater flowing 

through the surrounding upland areas that are not connected to the regional carbonate 

aquifer. Accordingly, pumping from the carbonate aquifer locally within KSV would not 

affect the discharge from these springs. 

Regional Springs 

The approach to assessing potential impacts to regional springs generally consisted of 

conducting a review of water chemistry and hydraulic data, and published geologic 

interpretations to assess the potential linkage between groundwater withdrawals in KSV 

and the discharge of Muddy River Springs and Rodgers/Blue Point Springs. 

Figure 32 repeats the spatial distribution of the most recent groundwater level elevations  

in selected carbonate wells within study area and Figure 33 presents hydrographs for 

selected carbonate wells in the study area. 

Based on Figures 32 and 33, the following conclusions can be drawn: 

• Groundwater levels progressively lower from north to south across the study area, 

supporting concept of generally southerly groundwater flow in regional carbonate 

aquifer. 

• Kane Springs Wash fault zone causes a break in the regional hydraulic gradient 

(“steeper” to the north, “flatter” to the south).  

• Regardless of fault, there is a general trend of rising groundwater levels since spring of 

2005 in most wells (less so in wells near Arrow Canyon Well). 

• Similar water level trend implies regional influence on carbonate aquifer. 
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• Flat hydraulic gradient south of KSW fault indicative of fairly homogeneous distribution 

of high aquifer transmissivity. 

• High aquifer transmissivity supports high potential for substantial groundwater flow 

through the carbonate aquifer within the study area.  

Figure 34 repeats the vertical profile through selected carbonate wells in study area and 

shows the conceptual location of the Kane Springs Wash fault zone. 

Based on Figure 33 the following conclusions can be drawn: 

• Wells down downgradient of KSW fault have similar groundwater levels despite 

variable screen intervals. 

• Implication is that the aquifer is highly transmissive and fairly homogeneous in this 

regard with depth (suggesting isotropic permeability). 

• Water levels in wells at elevations above top of rock indicative of groundwater under 

pressure, and therefore driven by deep regional gradients. 

This hydrologic assessment also included a geochemistry component that is presented 

under separate cover in CH2M HILL (2006). The key points developed in that report with 

respect to regional groundwater flow are summarized as follows: 

• Deep carbonate aquifer groundwater flows from north to south across the study area; 

specifically, from Pahranagat Valley and Kane Spring Valley into Coyote Spring Valley, 

and from there to both the Muddy River Springs Area and into Hidden Valley and 

Garnet Valley. 

• Discharge to Muddy River Springs is comprised of approximately 60 percent regional 

carbonate groundwater. 

• The remaining 40% of the discharge is comprised of water of non-carbonate aquifer 

origin. This 60/40 split of carbonate to non-carbonate origin groundwater is prevalent in 

wells throughout the downgradient portion of the carbonate aquifer within the study 

area (i.e., Garnet Valley and California Wash, in addition to the Muddy River Springs). 

The implication of this prevalence is that groundwater flowing through the regional 
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carbonate aquifer in Coyote Spring Valley does not necessarily have a preferred flow 

path toward the Muddy River Springs, but also flows into Garnet Valley via Hidden 

Valley. This conclusion regarding the origin of carbonate aquifer groundwater in Garnet 

Valley is supported by C-14 data from GV wells. Specifically, the C-14 data imply that 

the groundwater in Garnet Valley is very old (29,000 years). Therefore, a more local 

source of this water in GV (e.g., from the Sheep Range) at least in any significant 

proportion, is unlikely. 

• Discharge at Rogers and Blue Point Spring is comprised of roughly 40% regional 

carbonate groundwater. 

• The remaining 60 percent of the discharge is comprised of water of non-carbonate 

aquifer origin. 

• Rogers and Blue Point Springs are not the terminus of all carbonate groundwater that 

by-passes the Muddy River Springs. 

• Groundwater movement between basins is on the order of thousands of years, 

consistent with the low hydraulic gradients observed. 

The generalized regional groundwater flow in the study area is summarized in Figure 35. 

Based on the combination of water chemistry (CH2M HILL, 2006) and hydraulic data, and 

published geologic interpretations the following fundamental conclusions and other 

considerations are presented: 

• It is understood that the carbonate aquifer within the study area underlies hundreds of 

square miles and likely extends to depths of several thousand feet. The implication is 

that there is a considerable volume of groundwater flowing through this aquifer system 

within the study area. 

• The carbonate rock aquifer appears to be highly transmissive across much of the study 

area enabling movement of significant amounts of groundwater. 

• Areas of high transmissivity are not limited to the Arrow Canyon area that leads to the 

Muddy River Springs. Accordingly, a preferred groundwater flow path specifically from 

Coyote Spring Valley toward these springs can only currently be assumed. 
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• The “flat” hydraulic gradients over large areas caused by high transmissivity result in 

poorly defined groundwater flow paths in the southern portion of the study area. 

• Flat hydraulic gradient does not necessarily imply that there is little groundwater 

movement through the aquifer as evidenced by large discharge from Muddy River 

Springs downgradient of area of high transmissivity. 

• Within the KSV, the Kane Springs Wash fault zone will have the effect of concentrating 

the resulting drawdown from local pumping to within KSV. 

• In Coyote Spring Valley, the Kane Spring fault zone will likely have the effect of 

impeding the propagation of a cone of depression originating within KSV from 

migrating south. 

• Approximately 40 percent of the discharge of the Muddy River Springs is comprised of 

water that is not from the regional carbonate aquifer (i.e., the discharge represents both 

carbonate and non-carbonate groundwater that have mixed along the flow path leading 

to the springs. The implication is that if it is assumed that the regional carbonate aquifer 

only contains a finite amount of ancient water that has entered the system many miles to 

the north of the study area, then 40 percent of the water in the carbonate rock flow 

system is missed because it is derived from non-carbonate sources (e.g., recharge 

through the alluvium). This conclusion is supported both by deuterium ratios and by 

major ion chemistry that indicates non-carbonate signatures are observed in wells 

completed in carbonate rock (indicating that the groundwater from those wells has 

flowed through media other than carbonate rock).  

Lastly, pumping 5,000 AF/yr from KSV should not affect downgradient regional springs 

because local recharge in KSV is on the order of 5,000 AF/yr. However, roughly 10,000 

AF/yr over the local amount recharged is estimated to flow into Coyote Spring Valley from 

KSV. 
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FIGURE 1 

Kane Springs Valley Study Area  
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FIGURE 2 

Location of Kane Springs Valley (206) With Respect to Colorado River Basin  
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FIGURE 3 

Kane Springs Valley (206) Hydrographic Area 
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FIGURE 4 

Kane Springs Valley In Relation to Carbonate-Rock Province 

 

Modified from:  Prudic, David E., James Harrill and Thomas Burbey. 1995. Conceptual Evaluation of 
Regional Ground-Water Flow in the Carbonate-Rock Province of the Great Basin, Nevada, Utah, and 
Adjacent States. US Geological Survey Professional Paper 1409-D. 
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FIGURE 5 

Geologic Map of Parts of the Colorado River Basin 

 

Source:  Page, W. R., G. Dixon, P. Rowley, and D. Brickey. 2005. Geology Map of Parts of the Colorado, White 
River and Death Valley Groundwater Flow Systems. Nevada Bureau of Mines and Geology Map 150. 
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FIGURE 6 

Location of Geologic Cross Section A''-A''' 

Source: Page, W.R., G. Dixon, P. Rowley, and R. Brickey. 2005. Geology Map of Parts of the Colorado, White 
River and Death Valley Groundwater Flow Systems. Nevada Bureau of Mines and Geology Map 150. 
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FIGURE 7 

Geologic Cross Section A''-A''' 

Source: Page, W.R., D.S. Schreirer, and V.E. Langenheim. 2006. Geologic Cross Sections of Parts of the Colorado, White River, and Death Valley Regional 
Ground-Water Flow Systems. Nevada, Utah, and Arizona. U.S. Geological Survey Open-File Report 2006 – 1040. 
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FIGURE 8 

Location of Geologic Cross Section B''-B''' 

Source: Page, W.R., G. Dixon, P. Rowley, and R. Brickey. 2005. Geology Map of Parts of the Colorado, White 
River and Death Valley Groundwater Flow Systems. Nevada Bureau of Mines and Geology Map 150. 
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FIGURE 9 

Geologic Cross Section B''-B''' 

 

Source: Page, W.R., D.S. Schreirer, and V.E. Langenheim. 2006. Geologic Cross Sections of Parts of the Colorado, White River, and Death Valley Regional 
Ground-Water Flow Systems. Nevada, Utah, and Arizona. U.S. Geological Survey Open-File Report 2006 – 1040. 
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FIGURE 10 

Location of Geologic Cross Section C''-C''' 

Source: Page, W.R., G. Dixon, P. Rowley, and R. Brickey. 2005. Geology Map of Parts of the Colorado, White 
River and Death Valley Groundwater Flow Systems. Nevada Bureau of Mines and Geology Map 150. 
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FIGURE 11 

Geologic Cross Section C''-C''' 

 

Source: Page, W.R., D.S. Schreirer, and V.E. Langenheim. 2006. Geologic Cross Sections of Parts of the Colorado, White River, and Death Valley Regional 
Ground-Water Flow Systems. Nevada, Utah, and Arizona. U.S. Geological Survey Open-File Report 2006 – 1040. 
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FIGURE 12 

Location of Geologic Cross Section D''-D''' 

Source: Page, W.R., G. Dixon, P. Rowley, and R. Brickey. 2005. Geology Map of Parts of the Colorado, White 
River and Death Valley Groundwater Flow Systems. Nevada Bureau of Mines and Geology Map 150. 
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FIGURE 13 

Geologic Cross Section D''-D''' 

 

Source: Page, W.R., D.S. Schreirer, and V.E. Langenheim. 2006. Geologic Cross Sections of Parts of the Colorado, White River, and Death Valley Regional 
Ground-Water Flow Systems. Nevada, Utah, and Arizona. U.S. Geological Survey Open-File Report 2006 – 1040. 
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FIGURE 14 

Location of Geologic Cross Section E''-E''' 

Source: Page, W.R., G. Dixon, P. Rowley, and R. Brickey. 2005. Geology Map of Parts of the Colorado, White 
River and Death Valley Groundwater Flow Systems. Nevada Bureau of Mines and Geology Map 150. 
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FIGURE 15 

Geologic Cross Section E''-E''' 

 

Source: Page, W.R., D.S. Schreirer, and V.E. Langenheim. 2006. Geologic Cross Sections of Parts of the Colorado, White River, and Death Valley Regional 
Ground-Water Flow Systems. Nevada, Utah, and Arizona. U.S. Geological Survey Open-File Report 2006 – 1040. 
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FIGURE 16 

Location of Geologic Cross Section F''-F''' 

Source: Page, W.R., G. Dixon, P. Rowley, and R. Brickey. 2005. Geology Map of Parts of the Colorado, White 
River and Death Valley Groundwater Flow Systems. Nevada Bureau of Mines and Geology Map 150. 
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FIGURE 17 

Geologic Cross Section F''-F''' 

 

Source: Page, W.R., D.S. Schreirer, and V.E. Langenheim. 2006. Geologic Cross Sections of Parts of the Colorado, White River, and Death Valley Regional 
Ground-Water Flow Systems. Nevada, Utah, and Arizona. U.S. Geological Survey Open-File Report 2006 – 1040. 
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FIGURE 18 

Location of Selected Wells in Study Area  
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FIGURE 19 

Location of Selected Carbonate Wells Used in Schematic Cross Section 
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FIGURE 20 

Vertical Profile Through Selected Carbonate Wells in Study Area 
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FIGURE 21 

Location of Kane Spring Valley Wells Relative to Local Geologic Features 
 

 

 

Source:  Swadley, W. C., W. R. Page, R. B. Scott, and E. H. Pampeyan. 1994. Geologic Map of the Delamar 3SE 
Quadrangle Lincoln Co., Nevada. USGS Geologic Quadrangle Map, GQ-1754. 

 

SE ROA 36744

JA_8317



HYDROLOGIC ASSESSMENT OF KANE SPRINGS VALLEY HYDROGRAPHIC AREA (206): 
HYDROLOGIC FRAMEWORK, HYDROLOGIC CONCEPTUAL MODEL, AND IMPACT ANALYSIS 43 

FIGURE 22 

Localized Cross Section Through KMW-1, Kane Springs Valley 

 

Source:  Unpublished field notes taken during Drilling KMW-1 by Feast Geosciences 
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FIGURE 23 

Drawdown Curve in Monitoring Well KMW-1 at a Distance of 143 Feet; KPW-1 Pumping @ 1800 gpm 
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FIGURE 24 

Local Geologic Structure Affecting Groundwater Conditions 
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FIGURE 25 

Schematic Diagram of Kane Springs Wash Fault Influence on Groundwater Levels in Coyote Spring Valley 
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FIGURE 26 

Most Recent Groundwater Level Elevations (ft amsl) in Selected Carbonate Wells Within Study Area 

 

Water Level Source: 

Southern Nevada Water Authority 
Central Data Repository 
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FIGURE 27 

Aquifer Transmissivity (gpd/ft) at Selected Carbonate Wells in the Study Area 

 

Sources: 
(1) URS (2006) 

(2) CH2M HILL Unpublished Analysis 

(3) Dettinger et al. (1995) 
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FIGURE 28 

Width of Carbonate Aquifer Through Which Groundwater Flows into Kane Springs Valley 
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FIGURE 29 

Width of Carbonate Aquifer Through Which Groundwater Flows out of Kane Springs Valley 
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FIGURE 30 

Conceptual Groundwater Flow Through Kane Springs Valley 
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FIGURE 31 

Ten-Mile Radius from KPW-1 and Permitted Points of Diversion in the Vicinity of Kane Springs Valley 
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FIGURE 32 

Most Recent Groundwater Level Elevations (ft amsl) in Selected Carbonate Wells Within Study Area 

 

Source:  Southern Nevada Water Authority Central Data Repository 
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FIGURE 33 

Hydrographs for Selected Carbonate Wells in the Study Area 
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FIGURE 34 

Vertical Profile Through Selected Carbonate Wells in Study Area 
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FIGURE 35 

Generalized Regional Groundwater Flow in Portion of the Carbonate Aquifer System, Colorado River Basin. 
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IN THE OFFICE OF THE STATE ENGINEER  
OF THE STATE OF NEVADA 

 
IN THE MATTER OF THE 
ADMINISTRATION AND MANAGEMENT 
OF THE LOWER WHITE RIVER FLOW 
SYSTEM WITHIN COYOTE SPRING 
VALLEY HYDROGRAPHIC BASIN (210), 
A PORTION OF BLACK MOUNTAIONS 
AREA HYDROGRAPHIC BASIN (215), 
GARNET VALLEY HYDROGRAPHIC 
BASIN (216), HIDDEN VALLEY 
HYDROGRAPHIC BASIN (217), 
CALIFORNIA WASH HYDROGRAPHIC 
BASIN (218), AND MUDDY RIVER 
SPRINGS AREA (AKA UPPER MOAPA 
VALLEY) HYDROGRAPHIC BASIN (219), 
LINCOLN AND CLARK COUNTIES, 
NEVADA. 

 
  

 
 
 

 
EVIDENTIARY AND WITNESS 
DISCLOSURE OF THE MOAPA BAND 
OF PAIUTE INDIANS FOR ORDER 1303 
HEARING 

 

  
 
Pursuant to Paragraph V of the Notice of Hearing issued August 23, 2019, the Moapa Band of 
Paiute Indians submits the follow disclosures: 
 
1. Witness List: The Band will offer the expert testimony of Dr. Cady Johnson, a 
hydrogeologist, at the Order 1303 hearing. Dr. Johnson will testify as to his opinions expressed in 
the technical expert reports he authored and submitted to the State Engineer under Order 1303, 
including his opinions and supporting evidence relating to the geographic boundary of the 
hydrologically connected groundwater and surface water systems comprising the Lower White 
River Flow System; the information obtained from the Order 1169 aquifer test and subsequent to 
the aquifer test and Muddy River headwater spring flow as it relates to aquifer recovery since the 
completion of the aquifer test; the long-term annual quantity of groundwater that may be pumped 
from the Lower White River Flow System, including relationships between the location of 
pumping on discharge to the Muddy River Springs, and the capture of Muddy River flow;  the 
effect of movement of water rights between alluvial wells and carbonate wells on deliveries of 
senior decreed rights to the Muddy River; and any other matter believed to be relevant to the State 
Engineer’s analysis described in his reports. Dr. Johnson will also respond to criticisms of his 
opinions expressed in rebuttal reports filed by other parties on August 16, 2019 and provide 
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rebuttal testimony that explains, counteracts or disproves facts and opinions offered into evidence 
by other parties. 
 
Dr. Johnson’s Curriculum Vitae is included with this disclosure as MBOP Exhibit No. 1. His 
reports will be offered into evidence as MBOP Exhibit Nos. 2 and 3. 
 
Dr. Johnson was previously admitted as an expert witness in the discipline of hydrogeology before 
the Nevada State Engineer in the Matter of Applications 54075 and 54076 Filed to Appropriate 
Underground Water from the California Wash Hydrographic Area (218), Clark County, Nevada. 
See State Engineer Ruling # 5115, p. 21 n. 33 (April 18, 2002). 
 
2. Exhibit List: The Tribe submits the following relevant documents and evidence that the 
Tribe will ask the State Engineer to consider and that Dr. Johnson will use in support of his 
testimony: 
 
Exhibit No. Name 
MBOP Ex. No. 01 Dr. Cady Johnson, Curriculum Vitae 

  
MBOP Ex. No. 02 Johnson, C., and Mifflin, M. Water Level Decline in the LWRFS: 

Managing for Sustainable Groundwater Development. Initial Report of 
the Moapa Band of Paiutes in Response to Order #1303: unpublished 
report and appendices, July 3, 2019. 84 p. 

MBOP Ex. No. 03 Johnson, C., and Mifflin, M. Rebuttal Report of the Moapa Band of 
Paiutes in Response to Stakeholder Technical Reports Filed under 
Order #1303: unpublished report and appendices, August 16, 2019. 27 
p.  

MBOP Ex. No. 04 Blackwell, David, M. Richards, Z. Frone, J. Batir, A. Ruzo, R. 
Dingwall, and M. Williams 2011, Temperature at depth maps for the 
conterminous US and geothermal resource estimates, GRC 
Transactions, 35 (GRC1029452). 
  

MBOP Ex. No. 05 Bredehoeft, J., 2007. It Is the Discharge: Ground Water v. 45 issue 5, 
Sep-Oct, p. 523. 
  

MBOP Ex. No. 06 CH2M Hill, 2006. Hydrologic Assessment of Kane Springs 
Hydrographic Area (206): Geochemical Framework: unpublished 
report prepared for Lincoln County Water District and Vidler Water 
Company, Inc., April, 2006, 42 p. 
  

MBOP Ex. No. 07 Chamberlain, A.K., 1999. Structure and Devonian Stratigraphy of the 
Timpahute Range, Nevada: Ph.D. Dissertation, Colorado School of 
Mines, Golden, CO  
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Exhibit No. Name 
MBOP Ex. No. 08 Fricke, H.C. and J.R. O’Neil, 1999. The correlation between 18O/16O 

ratios of meteoric water and surface temperature: its use in investigating 
terrestrial climate change over geologic time: Earth and Planetary 
Science Letters, v. 170, pp. 181-196. 

MBOP Ex. No. 09 Hershey, R.L., S.A. Mizell, and S. Earman, 2010. Chemical and 
physical characteristics of springs discharging from regional flow 
systems of the carbonate-rock province of the Great Basin, western 
United States: Hydrogeology Journal 18(4):1007-1026.  

MBOP Ex. No. 10 Johnson, C., 2011. Empirical Mode Decomposition - Applications to 
the Muddy River Hydrograph - Preliminary Evaluation and Results: 
unpublished report distributed to HRT March 23, 2011, 21 p. 

MBOP Ex. No. 11 Johnson, C., 2019. Isotopic characteristics of regional-spring capture 
zones in eastern Nevada: unpublished report for LWRFS study, April 
4, 2019, 6 p. 
  

MBOP Ex. No. 12 Johnson, C. and M. Mifflin, 2013a. Technical note: Order 1169 post-
audit analysis of pumping response: unpublished HRT report, October 
1, 2013, 10 p. 
  

MBOP Ex. No. 13 Johnson, C. and M. Mifflin, 2013b. Hydrologic Review Team 
Presentation: unpublished HRT report, Sept. 12, 2013, 15 p. 
  

MBOP Ex. No. 14 Johnson, C. and M. Mifflin, 2014. Derivation of responses to Order 
1169 pumping by the method of differences: Mifflin & Associates, Inc., 
unpublished HRT report, January 6, 2014, 17 p. 

MBOP Ex. No. 15 Johnson, C. and M. Mifflin, 2018. A Climate “Sweet Spot” may Refute 
Groundwater Model Forecasts”: Devils Hole Workshop, Beatty, NV, 
May 2-4, 2018. 
  

MBOP Ex. No. 16 Donghoh Kim and Hee-Seok Oh (2009) EMD: A Package for Empirical 
Mode Decomposition and Hilbert Spectrum. The R Journal, 1, 40-46. 

MBOP Ex. No. 17 Kruseman, G.P. and N.A. de Ridder, 1994. Analysis and Evaluation of 
Pumping Test Data (2nd ed.): International Institute for Land 
Reclamation and Improvement, The Netherlands, 377 p. (selected 
excerpts) 
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Exhibit No. Name 
MBOP Ex. No. 18 Masbruch, M.D., V.M. Heilweil, and L.E. Brooks, 2012. Using 

Hydrogeologic Data to Evaluate Geothermal Potential in the Eastern 
Great Basin: GRC Transactions, Vol. 36, pp. 47-52. 

MBOP Ex. No. 19a McQuarrie, N. and B.P. Wernicke, 2005. An animated tectonic 
reconstruction of southwestern North America since 36 Ma: Geosphere, 
v. 1, no. 3, p. 147-172. 
  

MBOP Ex. No. 19b From McQuarrie, N. and B.P. Wernicke, 2005. An animated tectonic 
reconstruction of southwestern North America since 36 Ma (movie 
depicting animation described in Ex. No. 19a) 

MBOP Ex. No. 20 Reynolds, A.R., and A.J. Jefferson, 2014. Sensitivity of precipitation 
isotope meteoric water lines and seasonal signals to sampling frequency 
and location: CUAHSI poster, https://sites.google.com/a/kent.edu/d-
edgeo/ 
  

MBOP Ex. No. 21 Salzer, M.W., A.G. Bunn, N.E. Graham, and M.K. Hughes, 2014. Five 
millennia of paleotemperature from tree-rings in the Great Basin, USA: 
Clim Dyn 42:1517-1526. 
  

MBOP Ex. No. 22 Schroth, B.K., 1987. Water Chemistry Reconnaissance and 
Geochemical Modeling in the Meadow Valley Wash Area, Southern 
Nevada: M.S. Thesis, University of Nevada, Reno, 104 p. 

MBOP Ex. No. 23 Southern Nevada Water Authority and Las Vegas Valley Water 
District, 2018. Assessment of Water Resource Conditions in the Lower 
White River Flow System: Southern Nevada Water Authority, Las 
Vegas, Nevada Doc. No. WRD-ED-0051, 116 p. 

MBOP Ex. No. 24 Swanson, E., and Wernicke, B.P., 2017, Geologic map of the east-
central Meadow Valley Mountains, and implications for reconstruction 
of the Mormon Peak detachment, Nevada: Geosphere, v. 13, no. 4, p. 
1234-1253. 
  

MBOP Ex. No. 25 Wahl, K. L., and Wahl, T. L., 1995, Determining the Flow of Comal 
Springs at New Braunfels, Texas, Texas Water '95, American Society 
of Civil Engineers, August 16-17, 1995, San Antonio, Texas, pp. 77-
86.  
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Exhibit No. Name 
MBOP Ex. No. 26 Johnson, C., M.D. Mifflin, R.J. Johnson, and H. Haitjema, 2001. 

Hydrogeologic and groundwater modeling analyses for the Moapa 
Paiute Energy Center: in PBS&J, 2001, Moapa Paiute Draft 
Environmental Impact Statement, Appendix D., prepared for U.S. 
Bureau of Indian Affairs and Bureau of Land Management, Case 
#N66776, March, 2001.  

MBOP Ex. No. 27 Mackley, R.D., F.A. Spane, T.C. Pulsipher, and C.H. Allwardt, 2010. 
Guide to using Multiple Regression in Excel (MRCX v.1.1) for 
Removal of River Stage Effects from Well Water Levels: Pacific 
Northwest National Laboratory, PNNL-19775, Rev. 1, 52 p. 

MBOP Ex. No. 28a Sass, J.H. and A.H. Lachenbruch, 1982. Preliminary interpretation of 
thermal data from the Nevada Test Site: U.S. Geological Survey Open-
File Report USGS-OFR-82-973, 30 p. 

MBOP Ex. No. 28b Sass, J.H., A.H. Lachenbruch, W.W. Dusley, Jr., S.S. Priest and R.J. 
Munroe. 1987. Temperature, thermal conductivity, and heat flow near 
Yucca Mountain, Nevada: Some tectonic and hydrologic implications: 
U.S. Geological Survey Open File Report 87-649, 124 p. 

MBOP Ex. No. 29 Anderson, M.P., W.W.Woessner, and R.J. Hunt, 2015. Applied 
Groundwater Modeling - Simulation of Flow and Advective Transport: 
Elsevier, 564 p. (selected excerpts) 
  

MBOP Ex. No. 30 Johnson, C. and M.D. Mifflin, 2006. The AEM and Regional Carbonate 
Aquifer Modeling: Groundwater, Vol. 44, Issue 1, pp. 24-34, January-
February 2006. 
  

MBOP Ex. No. 31  Johnson, C. and M. Mifflin, 2012a. Analysis Progress Report – Order 
1169 Impacts Assessment: unpublished report distributed to HRT 
March 17, 2012, 15 p.  

MBOP Ex. No. 32  Johnson, C. and M.D. Mifflin, 2012b. Parameter Estimation for Order 
1169: unpublished report distributed to HRT August 27, 2012, 25 p. 

MBOP Ex. No. 33 Mifflin and Associates, Inc, 2010. Order 1169 Impacts (with September 
8, 2010 Addendum): unpublished report. 31 p.  
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As required by the Notice of Hearing, two paper copies of this disclosure and the exhibits listed 
above are enclosed. Electronic copies of the exhibit list in Excel format and the exhibits listed 
above can be found on the included USB flash drive for publication on the State Engineer’s 
LWRFS website. 
 
3. Request for Administrative Notice and Acceptance Into Evidence By Reference to 
Contents:  Under NAC 533.300, the Moapa Band of Paiutes requests that the State Engineer take 
administrative notice of, and accept into evidence by reference to their contents, the following files 
and records of the State Engineer, public records that have been prepared by other governmental 
agencies, and technical or scientific data including textbooks that have been generally accepted by 
the scientific community and are within the field of expertise of the Office of the State Engineer: 
 
Exhibit No. Name 
MBOP Ex. No. 34 Bennett, G.D., 1989. Introduction to Ground-Water Hydraulics – A 

Programmed Text for Self-Instruction: U.S. Geological Survey, 
Techniques of Water-Resources Investigations, Book 3, Chapter B2, 
172 p. 
Available at: https://water.usgs.gov/ogw/pubs/TWRI3-B2/TWRI3-B2-
with-links.pdf  
  

MBOP Ex. No. 35 Freeze, R.A. and Cherry, J.A., 1979. Groundwater: Prentice-Hall, 604 
p. 
Hard copy will be available at hearing. 
  

MBOP Ex. No. 36 Heilweil, V.M., and Brooks, L.E., eds., 2011, Conceptual model of the 
Great Basin carbonate and alluvial aquifer system: U.S. Geological 
Survey Scientific Investigations Report 2010-5193, 191 p. 
Available at: https://pubs.usgs.gov/sir/2010/5193/PDF/SIR2010-
5193.pdf 
  

MBOP Ex. No. 37 Southern Nevada Water Authority, 2009. Delamar, Dry Lake, and Cave 
Valleys Stipulation Agreement Hydrologic Monitoring Plan Status and 
Historical Data Report: SNWA Water Resources Division, Doc. No. 
WRD-ED-0005, Appendix F – Water-Chemistry Data. 
Available at: http://water.nv.gov/hearings/past/Spring%20-
%20Cave%20-
%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits
/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historic
al%20Data%20Report%20WRD-ED-0005.pdf  
  

MBOP Ex. No. 38 Thomas, J.M., S.C. Calhoun and W.B. Apambire, 2001. A deuterium 
mass-balance interpretation of groundwater sources and flows in 
southeastern Nevada: Desert Research Institute Publication No. 41169. 
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http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_166_SNWA%20DDC%20Historical%20Data%20Report%20WRD-ED-0005.pdf
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Exhibit No. Name 
Available at: 
http://images.water.nv.gov/images/Hearing%20Exhibit%20Archives/
Dry%20Cave%20Delamar/SNWA/Volume_7/301_DRI_2001.pdf  
  

MBOP Ex. No. 39  Thomas, J.M. and T.M.  Mihevc, 2011. Evaluation of Groundwater 
Origins, Flow Paths, and Ages in East-Central and Southeastern 
Nevada: University of Nevada, Desert Research Institute, Division of 
Hydrologic Sciences, Publication No. 41253, 64 p. 
Available at: http://water.nv.gov/hearings/past/Spring%20-
%20Cave%20-
%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits
/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_
Exh_077_Thomas%20Report.pdf 
  

MBOP Ex. No. 40 U.S. Fish and Wildlife Service, 2006. Intra-Service Programmatic 
Biological Opinion for the Proposed Muddy River Memorandum of 
Agreement Regarding the Groundwater Withdrawal of 16,100 Acre-
Feet per Year from the Regional Carbonate Aquifer in Coyote Spring 
Valley and California Wash Basins, and Establish Conservation 
Measures for the Moapa Dace, Clark County, Nevada: memorandum 
from FWS Field Supervisor (Reno) to FWS Manager of 
California/Nevada Operations, January 30, 2006, File No. 1-5-05-FW-
536, 125 p. including draft Memorandum of Agreement (MOA). 
Available at: http://water.nv.gov/hearings/past/Cave%20-
%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/
USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf 
  

MBOP Ex. No. 41 Burns, A.G., and Drici, W., 2011, Hydrology and water resources of 
Spring, Cave, Dry Lake, and Delamar valleys, Nevada and vicinity: 
Presentation to the Office of the Nevada State Engineer: Southern 
Nevada Water Authority, Las Vegas, Nevada. 
Available at: http://water.nv.gov/hearings/past/Spring%20-
%20Cave%20-
%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits
/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Dric
i_2nd.pdf 
  

MBOP Ex. No. 42  Interior Secretarial Order 3360 (Dec. 22, 2017) 
Available at: 
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-
_rescinding_authorities_inconsistent_with_secretarys_order_3349_am
erican_energy_independence.pdf 
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http://images.water.nv.gov/images/Hearing%20Exhibit%20Archives/Dry%20Cave%20Delamar/SNWA/Volume_7/301_DRI_2001.pdf
http://images.water.nv.gov/images/Hearing%20Exhibit%20Archives/Dry%20Cave%20Delamar/SNWA/Volume_7/301_DRI_2001.pdf
http://images.water.nv.gov/images/Hearing%20Exhibit%20Archives/Dry%20Cave%20Delamar/SNWA/Volume_7/301_DRI_2001.pdf
http://images.water.nv.gov/images/Hearing%20Exhibit%20Archives/Dry%20Cave%20Delamar/SNWA/Volume_7/301_DRI_2001.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_077_Thomas%20Report/SNWA_Exh_077_Thomas%20Report.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202008/exhibits/USFWS/Exhibit%20602%20Muddy%20River%20MOA.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
http://water.nv.gov/hearings/past/Spring%20-%20Cave%20-%20Dry%20Lake%20and%20Delamar%20Valleys%202011/Exhibits/SNWA%20Exhibits/SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/3360_-_rescinding_authorities_inconsistent_with_secretarys_order_3349_american_energy_independence.pdf
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Exhibit No. Name 
MBOP Ex. No. 43 Interior Secretarial Order 3369 (Sept. 28, 2018) 

Available at: 
https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_pro
moting_open_science.pdf 
  

 
The Tribe has not provided paper copies of these documents, but the accompanying USB flash 
drive contains electronic copies in addition to hyperlinks listed above. Paper copies can be made 
available at the State Engineer’s request.  
 
The Tribe reserves it rights to introduce other documents contained within the State Engineer’s 
files and records, to rely on exhibits disclosed by or relied upon by other parties in this proceeding, 
and to introduce exhibits used solely for rebuttal or impeachment. 
 
4. Undersigned counsel for the Tribe has secured local Nevada counsel for the purposes of 
satisfying Part III of the August 23, 2019 Notice of Hearing and NAC 533.200. However, local 
counsel is currently out of the country until September 9, 2019. Local counsel will submit their 
Notice of Appearance and applications for undersigned counsel to appear pro hac vice under 
Nevada Supreme Court Rule 42 as soon as possible.  
 
 

ZIONTZ CHESTNUT 

Dated:  September 6, 2019   By s/      
    Richard Berley, WA Bar # 9209 
    Beth Baldwin, WA Bar #46018 
    2101 – 4th Ave., Suite 1230 
    Seattle, WA  98121 
    Phone: 206-448-1230 
    Email: rberley@ziontzchestnut.com 
     bbaldwin@ziontzchestnut.com 
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https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_promoting_open_science.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_promoting_open_science.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_promoting_open_science.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_promoting_open_science.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_promoting_open_science.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_promoting_open_science.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_promoting_open_science.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/so_3369_promoting_open_science.pdf
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CERTIFICATE OF SERVICE 
 
I hereby certify that on September 6, 2019, I caused a copy of the forgoing Evidentiary and 
Witness Disclosure of the Moapa Band of Paiute Indians for Order 1303 Hearing to be served 
upon the following parties: 
 
Via Federal Express (2 paper copies of Disclosure and all Exhibits, with USB flash drive 
containing Disclosure, all Exhibits and Excel spreadsheet of Exhibit List): 
 
Nevada State Engineer 
Nevada Division of Water Resources 
901 South Stewart Street, Suite 2002 
Carson City, NV 89701 
 
Via Email: 
8milelister@gmail.com  
ablack@mcdonaldcarano.com 
aflangas@kcnvlaw.com  
alaskajulie12@gmail.com   
andrew.burns@snwa.com   
barbnwa1t325@gmail.com 
bherrema@bhfs.com  
bostajohn@gmail.com  
bvann@ndow.org   
Chris.Benkman@nsgen.com   
Colby.pellegrino@snwa.com   
Coop@opd5.com  
coopergs@ldschurch.org   
counsel@water-law.com  
craig.primas@snvgrowers.com  
craig.wilkinson@pabcogypsum.com  
dan.peressini@lasvegaspaving.com  
david_stone@fws.gov  
Dbrown@ldalv.com  
dennis.barrett10@gmail.com  
derekm@westernelite.com  
devaulr@cityofuorthlasvegas.com  
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Rebuttal Report of Moapa Band of Paiutes 

 in Response to Stakeholder Technical Reports Filed under Order #1303 

Cady Johnson and Martin Mifflin 
Mifflin & Associates, Inc. (MAI) 

August 16, 2019 

Two analytical problems need to be overcome to establish sustainable groundwater 
resource development in the Carbonate-Rock Province of Nevada which includes the LWRFS 
subregion.  The most difficult is to recognize and separate groundwater pumping impact 
(drawdowns) from climatically-induced multi-year drought declines in monitoring records.  The 
associated problem is to determine where and how much of the groundwater resources can be 
sustainably developed without major impacts on the regional discharge in areas related to 
interbasin flow systems (e.g. MRSA).  

SNWA and USFWS have continually conflated climate effects with pumping impacts.  
Water-level decline does not equate to drawdown, which is the component of water-level decline 
attributable to pumping.  Without quantitatively referencing a representative storage coefficient 
for the MRSA, or citing an aquifer test or thermal model from which porosity might be estimated, 
SNWA (in Burns et al. 2019, pp. 6-11) states that “…a reduction in MRSA discharge from 
predevelopment conditions can be considered equivalent to a volume of groundwater 
withdrawn from the carbonate aquifer” and “[i]n the long term, the location of the production 
wells does not matter, groundwater withdrawn anywhere within the connected carbonate 
aquifer or the MRSA alluvial reservoir will impact the MRSA discharge and, consequently, deplete 
Muddy River streamflow.”  Every aquifer test to date has proven these statements to be 
incorrect, including the Order 1169 test when climate effects are recognized and filtered out. 

SNWA and USFWS have both committed to a modeling environment that relies on a 
controversial and unverified geologic framework (SNWA, 2009; Burns and Drici, 2011). Swanson 
and Wernicke (2017 and references therein) present a very different kinematic model with 
hydrogeologic implications that have not been considered by SNWA, such as the hydrogeologic 
significance of the ramp syncline of the Mormon Thrust beneath the Meadow Valley Mountains 
and Meadow Valley Wash.  SNWA has not even attempted to explain the hydrogeologic reasons 
why groundwater discharges in the MRSA.  Is a lateral ramp in the Muddy Mountains – Mormon 
thrust responsible for impeding southward groundwater flow?  The phrase “detachment fault” 
does not appear in the text of SNWA’s Order 1303 report, though it does appear in the legend to 
their Figure 3-1, “Hydrogeologic Map of the Lower White River Flow System”, which is nearly 
devoid of detachment faults and therefore itself indicative of important geologic framework 
model errors in light of Swanson and Wernicke (2017). 

SNWA and USFWS consider “climate of the LWRFS” to be Nevada Division 4 Extreme 
Southern climate. This fails to consider that most groundwater discharging in the MRSA has a 
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more northerly origin, as evidenced by regional topography, hydraulic gradients, groundwater 
temperatures, isotopic evidence, and our successful correlation of Big Muddy Spring discharge 
with a proxy for Division 2 (Northeastern) climate. The inadequacy of Nevada’s low, southern 
basins to sustain the warm springs at the MRSA and elsewhere has been understood since the 
time of Eakin (early 1960s), and substantial winter snowpacks occur only far to the north and at 
the higher elevations most years. 

USFWS and SNWA have not addressed the significance of stable-isotope trends in the 
MRSA.  USFWS references Thomas and others (1996) and the Kirk and Campana (1990) discrete-
compartment model, using the phrase “It is well established that…” repeatedly with respect to 
what are in reality poorly-understood boundary conditions. E.g., USFWS 2019, pp. 9, 11. Most 
notably, neither USFWS nor SNWA have acknowledged the significance of stable-isotope trends 
in the MRSA (Figures 1 and 2).  These enigmatic 3-year trends fit a cooler and dryer (evaporating) 
recharge environment at the end of the 3 years relative to initial conditions, and strongly suggest 
rapid (decades) signal propagation through the regional system.  The study by Reynolds and 
Jefferson (2014) reports a standard error of 0.01‰ for δ18O and 0.04‰ for δ2H using a Picarro L-
2130i isotope analyzer at Kent State University, far less than the “analytical uncertainty” claimed 
by SNWA.  

Figure 1. Time-series of MRSA Deuterium trend, indicating Standard Error of 0.04‰ and 
analytical uncertainty of 1‰ [DOtrends.xls, DeuteriumStdErr.jpg] 
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Figure 2. Time-series of MRSA 18O trend, indicating Standard Error of 0.01‰ and analytical 
uncertainty of 0.1‰ [DOtrends.xls, O18stdErr.jpg] 

The alluvial aquifer within the MRSA receives transmission losses from ephemeral flows 
in Pahranagat Wash, amounting to roughly 0.4% of total flow based on five years of monitoring 
storm runoff in conjunction with Muddy River discharge.  Two analyses appended to this report 
(Johnson 2011, 2019) document the only quantitative record of infiltration in the MRSA.  The 
Muddy gains downstream of the MRSA between the Moapa Gage and Glendale gage a historical 
average of about 2 cfs, while California Wash is barren of saturated alluvium with only minor 
transmission losses to the Muddy Creek Formation underlying the Wash.  USFWS has relied 
extensively on “simple inspection” of water-level hydrographs (USFWS, 2019, pp. 9 and 11) is 
little more than an assumption that all is pumping-related.  The idea that LDS-Central and LDS-
East are receiving alluvial inflows from Lower Meadow Valley Wash (USFWS, 2019, p. 11) is 
preposterous based on elevations (simple inspection of a topographic map) and contradictory 
stable-isotope facts. 
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Discussion of MRSA Alluvial Aquifers 

Cady Johnson 

Mifflin & Associates, Inc. 

July 18, 2019 

USFWS was wise to reconsider the February 7, 2001 seepage run (Beck and Wilson, 2006) and 

alluvial inflows that might occur below the Moapa Gage (09416000). The approved USGS record (Figures 

1 and 2) shows nominally 1.9 cfs of gain between the Moapa Gage and Glendale (09419000) on that day, 

all attributable to tributary inflow from Meadow Valley Wash where alluvial gravels were developed 

then abandoned as an industrial water source due to poor quality.  The median daily discharge for the 

79-year period of record at the Moapa gage is 44 cfs, and the median discharge at Glendale is identical, 

44 cfs, based on 69 years of record (Figures 1 and 2).  Deterioration of water quality in the Muddy River 

immediately below Reid Gardner Station and the former Hidden Valley Searles dairy farm upstream 

from the Meadow Valley Wash confluence does not reflect inflow from California Wash, which is barren 

of water-bearing alluvium, and is more likely the signature of industrial and/or agricultural influences. 

A more significant result of the 2001 “seepage run” (Beck and Wilson, 2006) was the discovery 

that water quality in the main-stem Muddy River improved significantly between September of 1963, 

Figure 1. Muddy River discharge at Moapa Gage, February 7, 2001. [MoapaGage20010207.tif] 

Rebuttal Report of the Moapa Band of Paiutes Under Order #1303 - Page 5

SE ROA 36924
JA_8430



2 

Figure 2. Muddy River discharge at Glendale gage, February 7, 2001 [Glendale20010207.tif] 

when flood irrigation was widespread in Upper Moapa Valley, and February of 2001, when Nevada 
Power Company was exporting groundwater from the Lewis, LDS, Behmer, and Perkins wells to Reid 
Gardner Station during the summer months.  Electrical conductivity (EC, μS/cm) decreased from 1,290 
μS/cm in 1963 (Eakin’s site 27) to 988 μS/cm in 2001 (Beck and Wilson’s site 09415885), an 
improvement of over 22% immediately upstream of Big Muddy Spring where fields formerly irrigated by 
the LDS wells were fallowed in 1987.  The improvement carries downstream to the Moapa Gage 
(09416000) where EC decreased from 1,120 μS/cm in 1963 to 1,020 μS/cm in 2001, an improvement of 
about 9% and proportional in terms of flows to the changes upstream of Big Muddy.  Dissolution of 
halite, mirabilite, and gypsum in irrigated soils accounts for the pre-1987 elevated Cl-, SO4

2-, and Na+. 

As shown in Figure 3 (reproduced from Burns and Drici, 2011), beneath “Quaternary-Tertiary 
sediments” of exposed Muddy Creek Formation SNWA asserts there is carbonate rock “likely” to 
transmit inter-basin flow to California Wash and Hidden Valley.  In contrast, Johnson and Mifflin (2003) 
believe that the MRSA owes its existence to a transmissivity decrease encountered by southward-
flowing groundwater (Figure 4).  The MRSA alluvial aquifer is recharged from below by warm, upwelling 
groundwater that constitutes the base flow of the Muddy River as registered at the Moapa Gage.  
Temperature monitoring by MAI for Nevada Power Company in the Lewis Well Field area illustrates the 
vanishingly small (~0.4%) contribution of storm runoff from Pahranagat Wash to the MRSA alluvial 
aquifer (Figures 9 and 10), and the insensitivity of groundwater temperatures there to pumping from 
Muddy River alluvium (Johnson and Mifflin, 2013, Appendix D and appended 2011 report here). 
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Figure 3. No limitations to interbasin flow are identified by SNWA south and east of the MRSA 

[SNWA_Exh_447_Slide_Show_Burns_and_Drici_2nd.pdf] 
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Figure 4. Conceptual model for groundwater system in terminal “LWRFS” flow corridor, with bounding 

faults from Felger and Beard (2010).  Blue arrows indicate regional flow, green for local. Craig Ranch #2 

water is among isotopically lightest in Las Vegas Valley (-106 D, -14.5 δ18O) [GFLOWscreenSR83small.jpg] 
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Figure 5. Recession conditions in Pahranagat Wash at Warm Springs Road crossing, December 25, 2010, 

7:49 AM PST, flowing 56 cfs based on Manning Equation, water temperature 7⁰C.  Note waterline, dry 

surroundings, blue sky. [CulvertAndDetail.jpg] 
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Figure 6. Response at Moapa Gage to storms of December, 2010. [MoapaGage2010Dec21-27] 

The 3-dimensional temperature (T) and electrical conductivity (EC) distributions in the Lewis 

Well Field (Figure 7) were monitored from 1987 through 1996.  A PowerPoint slide show 

LewisTvsProduction88-96.pptx illustrates the generally steady temperature field with exceptions that 

included incursions of warm water in NPC #4 while the Arrow Canyon Well was being reamed (Figure 9) 

and relatively cold water in NPC #1 after a rainy winter and several runoff events in Pahranagat Wash 

(Figure 10). 

In the appended analysis from October of 2011, a catalog of 15 runoff events and associated 

records was prepared from 5 years of Pahranagat Wash monitoring data, and total runoff volumes 

entering the MRSA were compared with surge volumes registered at the Moapa Gage (09416000) where 

storm runoff exits the MRSA as a component of the Muddy River.  When no storm runoff is generated 

within the MRSA catchment (Basin 219) losses to the MRSA alluvial aquifer can be calculated directly 

from infiltration losses = streamflow input – streamflow output increment, leading to the conclusion 

that a total of about 740 acre-feet of storm runoff can be shown to have infiltrated and recharged the 

MRSA alluvial aquifer in five relatively wet years, about 0.4% of the historically-accepted rate of 37,000 

acre-feet/year at which groundwater has discharged to the MRSA under natural conditions. 
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Figure 7. Shaded-relief illustration of Lewis Well Field (Figure 8) at mouth of Arrow Canyon, with overlay 

showing fence diagram used in temperature animation LewisTvsProduction88-96.pptx and headwaters 

lineament in violet: Yellow overlay is 500 meters wide E-W. [MRSAfenceLocationSR83.tif] 

Figure 8. Well locations in NPC Lewis Well Field, Upper Moapa Valley [TempECfenceMap.tif] 
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Figure 9. March 1991 incursion of warm water at NPC #4 in absence of any NPC pumping from the Lewis 

wells, during reaming of the Arrow Canyon Well. 

Figure 10. March 1993 incursion of cold water at NPC #1 in response to multiple runoff events in 

Pahranagat Wash during the previous weeks (Figure 11). 
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Figure 11. Transition of storm surges through the MRSA area, early 1993 

References 

Beck, D.A. and J.W. Wilson, 2006. Synoptic Discharge, Water-Property, and pH Measurements for 

Muddy River Springs Area and Muddy River, Nevada, February 7, 2001: U.S. Geological Survey 

Scientific Investigations Report 2006-5237, 12 p. 

Burns, A.G. and W. Drici, W., 2011. Hydrology and water resources of Spring, Cave, Dry Lake, and 

Delamar valleys, Nevada an d vicinity: Presentation to the Office of the Nevada State Engineer: 

Southern Nevada Water Authority, Las Vegas, Nevada. 

Eakin, T.E., 1964. Ground-water appraisal of Coyote Spring and Kane Spring Valleys and Muddy River 

Springs Area, Lincoln and Clark Counties, Nevada: Nevada Department of Conservation and 

Natural Resources, Ground-water Resources-Reconnaissance Series, Report 25, 39 p. 

Johnson, C.L. and M.D. Mifflin, 2003. Evidence of a sub-regional hydraulic barrier in southeastern 

Nevada (abstract): Geological Society of America 115th Annual Meeting, Seattle, WA 

Johnson, C.L. and M.D. Mifflin, 2013. Summary of Order 1169 Testing Impacts, per Order 1169A: 

unpublished report submitted to Nevada State Engineer on behalf of the Moapa Band of 

Paiutes, 66 p. 

0

50

100

150

200

250

1-Jan 15-Jan 29-Jan 12-Feb 26-Feb 12-Mar

D
is

ch
ar

ge
, C

u
b

ic
 F

e
e

t 
p

e
r 

Se
co

n
d

Daily Discharge of Pahranagat Wash and Muddy River, 1993

Pahranagat Wash

Muddy River

Rebuttal Report of the Moapa Band of Paiutes Under Order #1303 - Page 13

SE ROA 36932
JA_8438



10 

Tributary Recharge to the Muddy River System 

Understanding Annually-Variable Base Flow 

Cady Johnson 

Mifflin & Associates, Inc. 

October 10, 2011 

The discharge of the Muddy River, as measured at the Moapa Gage (USGS ID 09416000), is a 

key parameter in the assessment of Order 1169 pumping impacts, as the Muddy River hydrograph 

registers the aggregated effects of springflow, discharge from the alluvial aquifer, groundwater export, 

and land-use (evapotranspiration; ET) changes in the headwaters area.  Detection of River-flow 

reductions attributable to groundwater development in southeastern Coyote Spring Valley presents a 

formidable analytical challenge, because there is no quantitative method for estimating flows of the 

Muddy River in the absence of pumping, other than reference to the historical baseline. 

The Instantaneous Data Archive (IDA) and National Water Information System (NWIS) records 

of Pahranagat Wash discharge available from the USGS (Figures 1 and 2; Appendix 1) provide the basic 

data considered here.  The brief (1988-1993) discharge record from Pahranagat Wash (USGS ID 

09415850) provides an indication that infiltration losses from ephemeral, tributary runoff are returned 

to the Muddy River as a delayed increment of base flow.  Because the locally-recharged component of 

River discharge can mask pumping effects in “wet” years, we seek to estimate the magnitude of local 

infiltration effects on the Muddy River using the available Pahranagat Wash record and corresponding 

Muddy River responses as a guide.  Runoff in Pahranagat Wash is infrequent, with only 15 runoff events 

represented by instantaneous 1-hour or 30-minute measurements (IDA) and 2 by daily averages (NWIS) 

during more than 5 years (July 27, 1988 to September 30, 1993) of monitoring (Figure 3). 

Two approaches to performing the comparison are recognized at this time; losses of overland 

flow between the Pahranagat Wash Gage and Moapa Gage represent infiltration to the alluvial aquifer 

in the headwaters area, and contrasts in the character of the Muddy River hydrograph between years 

when flow in Pahranagat Wash is frequent versus those when it is infrequent attest to the larger role of 

distributed recharge. 

We begin at a very local scale, comparing the flows entering the headwaters area, registered by 

the Pahranagat Wash gage, with those leaving the headwaters area, registered by the Moapa Gage.  

When significant rainfall occurs in the intervening area, the storm surge at the Moapa Gage can begin 

earlier than the onset of flow in Pahranagat Wash, which otherwise leads the Moapa Gage by several 

hours.  The addition of water between the two gages is therefore easy to recognize, but difficult to 

resolve from throughput from Pahranagat Wash.  Plotting the quantities of water associated with 

individual events as a scatter diagram (Figure 4) allows the “pure” hydrographs (Figures 5A and 5B, for 

example) to be identified.  In these cases the Moapa Gage does not begin responding to the causative 

precipitation event before flow begins in Pahranagat Wash in a volumetrically significant way, and the 

shapes of the two hydrographs are similar. 
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Figure 1. Instantaneous Data Archive (IDA) Record of Pahranagat Wash [file AllPWdata1988-93.xlsx, 

sheet ‘Plot’] 

Figure 2. National Water Information System (NWIS) record of Pahranagat Wash [file 

PahranagatWash88-93.xlsx, sheet ‘PahranagatWash88-93’] 
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Figure 3. Frequency distribution of Pahranagat Wash runoff events, 1988-1993 [file PWhistogram.tif] 

The seemingly linear relationship between runoff volume in Pahranagat Wash and infiltration 

losses in the headwaters area (60-70% of surge volume) is dominated by one high-flow data point, 

which relies on flows estimated by the USGS.  Still, these results suggest that most tributary flow from 

Pahranagat Wash recharges the alluvial aquifer in the headwaters area, though evaporation losses from 

the floodplain cannot be discounted at this time.  The regression relation shown in Figure 4, if correct, 

indicates that 350 acre-feet of water were recharged directly to the North Fork of the Muddy River in 

early 1993, following the wet winter of 1992 when 150 acre-feet were recharged locally. 
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Figure 4. When ephemeral runoff reaching the Moapa Gage originates downstream of the Pahranagat 

Wash Gage, flows greater than those sensed at the Pahranagat Wash Gage can be recorded (red 

symbols).  When runoff from Pahranagat Wash to the Muddy River occurs without local additions, there 

are channel losses (green symbols and regression line) [file HeadwatersAreaQinQout.xlsx] 

In contrast to infiltration along North Fork, which can be satisfactorily quantified by comparison 

of Pahranagat Wash and Moapa Gage records, monitoring does not exist that can be applied to channel 

infiltration in reaches above the Pahranagat Wash Gage.  Losses within Arrow Canyon and at its 

upstream end, where a Civilian Conservation Corps (CCC) rubble masonry arch dam was completed in 

1934 for flood and silt control, are unknown.  Shamberger (1940, p. 28) states: 

“As a storage reservoir (the Arrowhead Dam) has no apparent value due to the long porous stream 

channel below the dam which consumes all the water, mainly by percolation.” 

Comparison of winter hydrographs from 1992 and 1993 with those from 1989-91, when winter 

runoff in Pahranagat Wash did not occur, indicates a difference of about 7 cfs between average “wet” 

and “dry” years (Figure 6).  This difference, equivalent to 13.9 acre-foot/day, could be sustained for only 

about 11 days by the quantity of water shown here to have been recharged directly to North Fork in 

early 1993.  The drainage area contributing to the Moapa Gage record is 3,820 square miles, however 
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(http://waterdata.usgs.gov/nv/nwis/nwismap/?site_no=09416000&agency_cd=USGS).  The 

observations of Shamberger (1940) likely apply to extensive channel reaches above the 

Pahranagat Wash Gage, significantly recharging shallow aquifers during wet years. 

A 

B 

Figure 5. Examples of relatively “pure” hydrographs, unaffected by rainfall and runoff between the 

Pahranagat Wash and Moapa Gages [files Event5hydrograph.xlsx, Event6hydrograph.xlsx] 
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Figure 6. During years when winter runoff events in Pahranagat Wash have occurred (1992-93), the 

spring hydrographs are different than those from years with no runoff (1989-91).  A major runoff event 

was observed on December 25, 2010, and the 2011 record through March closely resembled that from 

1992-93, when winter runoff also occurred.  Therefore, as Order 1169 testing effects develop, the 1992-

93 hydrographs may provide a better basis for comparison than long-term averages or extrapolated 

trends. [file MR_Jan-Mar_Comparison.xlsx, sheet ‘Plot’] 
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Appendix 1 

Characteristics of Instantaneous Data Archive (IDA) Runoff Event Hydrographs 

The 15 event hydrographs available from Pahranagat Wash via the IDA are characterized as 

follows: 

Event 1, July 27-28, 1988: 793 cfs peak, 82.05 acre-ft total, no IDA data available for Muddy River. 

Event 2, July 18-20, 1990: 34 cfs peak, 8.23 acre-ft total, no response at Moapa Gage (complete 

infiltration?) 

Event 3, August 15-16, 1990: 2280 cfs peak, 299.73 acre-ft total, no IDA data available for Muddy River. 

Event 4, February 28 – March 1, 1991: 18 cfs peak, 3.39 acre-ft total, possible 3 cfs response at Moapa 

Gage 

Event 5, August 10-12, 1991: 74 cfs peak, 171.61 acre-ft total, 40 cfs response at Moapa Gage with 97.48 

acre-ft surge volume 

Event 6, August 26-27, 1991: 73 cfs peak, 105.72 acre-ft total, 38 cfs response at Moapa Gage with 59.55 

acre-ft surge volume 

Event 7, Jan 6, 1992: 42 cfs peak, 14.27 acre-ft total, 20 cfs response at Moapa Gage with 15.74 acre-ft 

surge volume 

Event 8, Feb 13-14, 1992; 48 cfs peak, 37.74 acre-ft total, no response (?) at Moapa Gage 

Event 9, March 30-31, 1992; 424 cfs peak, 76.70 acre-ft total, 70 cfs response at Moapa Gage with 55.29 

acre-ft surge volume 

Event 10, May 29-30, 1992; 38 cfs peak, 19.51 acre-ft total, 30 cfs response at Moapa Gage with 17.69 

acre-ft surge volume 

Event 11,  July 14, 1992; 25 cfs peak, 2.94 acre-ft total, no response at Moapa Gage (complete 

infiltration?) 

Event 12, January 17-20, 1993; 1260 cfs peak, 269.41 acre-ft total, 408 cfs response at Moapa Gage with 

231.79 acre-ft surge volume 

Event 13, February 8-11, 1993; 1760 cfs peak, 730.00 acre-ft total, 1496 cfs response at Moapa Gage 

with 724.92 acre-ft surge volume 

Event 14, Feb 19-20, 1993; 14 cfs peak (9/14 doublet), 3.20 acre-ft total, possible ~5 cfs response at 

Moapa Gage 

Event 15, Feb 27-28, 1993; 160 cfs peak, 113.68 acre-ft total, 123 cfs response at Moapa Gage with 

196.5 acre-ft surge volume 

The September 6, 1991 runoff event is represented by daily average flows in the NWIS, indicating 815.25 

acre-ft surge volume, and by IDA records indicating a surge volume of 252.36 acre-ft at the Moapa Gage. 
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CAVEAT: The IDA and NWIS databases differ significantly in the way runoff events are reported (or not 

reported), and appear to contain errors.  For example, The Instantaneous Data Archive (IDA) records a 

large runoff event on August 15-16, 1990 (Figure A1.1) that was not sensed (or minimally sensed) by the 

Moapa Gage (Figure A1.2), suggesting equipment malfunction.  The very small July 27, 1988 and very 

large September 6, 1991 events (Figure 2) are flagged as estimated daily averages in the NWIS but are 

associated with data gaps in the IDA; the latter event is well-represented in the Moapa Gage record 

(Figure A1.3). 

Figure A1.1. The largest runoff event in the IDA is not complemented by a corresponding record from 

the Moapa Gage [file AllPWdata1988-93.xlsx, sheet ‘Plot’] 
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Figure A1.2. Insensitivity of Moapa Gage to August, 1990 runoff event (Figure A1.1) in Pahranagat Wash 

[file AllMRdata1988-93.xlsx, sheet ‘Aug90event’] 

Figure A1.3. The record of this runoff event from Pahranagat Wash was estimated by the USGS as daily 

average discharge, preventing quantitative comparison of the Pahranagat and Muddy River hydrographs 

[file AllMRdata1988-93.xlsx, sheet ‘Sept91event’] 
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 CADY L. JOHNSON 

hydrogeology  

geochemistry  

modeling analyses 

infrared thermography  

flight operations logistics 

EDUCATION 

University of Nevada, Reno:  Ph.D., Geology and Hydrology/Hydrogeology, 1982 

Oregon State University:  B.S., Geology, 1976  

DOCTORAL DISSERTATION 

"Correlation and Origin of Carnotite Occurrences in the Southern Nevada Region", 1982.  

Carnotite [K2(UO2)2(VO4)2
.3H2O] associated with a pre-Colorado River geomorphic surface was 

evaluated through a combination of geologic reconnaissance, geochemical modeling, and 

natural analogue studies.  The preferred interpretation is that the carnotite formed by 

evaporation of shallow groundwater prior to incision of the Colorado River.  

PROFESSIONAL CERTIFICATIONS 

Licensed Professional Geologist, State of Utah, #6295290  

Certified Nuclear Testing Equipment Operator #11671  

Certified Infrared Thermographer (Level III) #3156  

Airline Transport Pilot, Rotorcraft/Helicopter #3452061 (retired) 

Certified Flight Instructor #3452061CFI (retired) 

Airframe and Powerplant Mechanic #3452061  

EMPLOYMENT HISTORY 

GeoLogic VR, LLC, Principal, 2003-present  

Petroleum Helicopters, Inc., Pilot, 1998-2003  

Papillon Grand Canyon Helicopters, Pilot, 1997  

Woodward-Clyde Federal Services, Senior Project Hydrogeologist, 1991-1997  

Helicopter Services of Nevada, Pilot/Mechanic, 1990-1991  

Mifflin & Associates, Inc., Associate/Hydrogeologist, 1986-1989  

Desert Research Institute, Assistant Research Professor, 1985-1986  

Coffey & Partners Pty. Ltd., Senior Hydrogeologist/Geochemist, 1984  

Intera Environmental Consultants, Staff Consultant, 1983  

Bendix Field Engineering Corp., Geologist & Research Geoscientist, 1979-1982 
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REPRESENTATIVE EXPERIENCE 

Dr. Johnson has 40 years of full-time professional experience as a hydrogeologist.  He is Principal 

of GeoLogic VR, LLC, an Arizona company engaged with exploration, monitoring, and 

visualization services related to natural resources.  

For the past 19 years Dr. Johnson has led hydrogeologic assessments of the Muddy River Springs 

area, where a regional groundwater flow system discharges and sustains the base flow of the 

Muddy River.  Through water-balance accounting, empirical mode decomposition, well-

hydraulics analyses, and numerical modeling it has been possible to reconstitute historic base 

flows, quantify diversions of tributary groundwater, and characterize “memory” in the 

hydrologic system.  

While associated with the Gault Group, Inc. in 2007-2008, hydrogeologic and geochemical data 

from the Mission Mine complex south of Tucson were processed and analyzed to estimate 

infiltration rates from tailings and waste-rock areas, and the possibility of degradation of local 

groundwater quality from ASARCO’s long history of mining and ore processing at Mission.  

Hydrochemical evidence led to the surprise finding that ASARCO’s impacts to shallow 

groundwater beneath and adjacent to the Santa Cruz River were negligible, settling a key 

component of litigation.  

His most recent employment as a rotorcraft pilot was with AirEvac (Emergency Medical) Services 

(a subsidiary of Petroleum Helicopters, Inc.) in Phoenix.  He relocated temporarily to Antarctica 

to fly personnel and cargo for the National Science Foundation in 2001, but remained active as a 

consulting hydrogeologist while “on the ice”.  

Dr. Johnson served for over five years as Senior Project Hydrogeologist in the Yucca  

Mountain Site Characterization group of Woodward-Clyde Federal Services in Las Vegas.  In this 

position he was responsible for integration of field activities from numerous technical 

disciplines, including development of staff positions on fluid-flow modeling and issue resolution 

strategies.  The Site Characterization Program was a 22-year effort to assess the suitability of 

Yucca Mountain, Nevada, as the host environment for a high-level radioactive waste repository. 

Previously, Dr. Johnson worked as a consultant to the Nevada Nuclear Waste Project  

Office while a Partner in Mifflin & Associates, Inc., a private consultancy, and with the Desert 

Research Institute (University of Nevada System).  Additional duties at these positions included 

water quality and water resource evaluations for utility companies and the mining industry, and 

occasional graduate-level teaching assignments.  

He was employed as Senior Hydrogeologist/Geochemist with Coffey & Partners Pty. Ltd. in 

Sydney, Australia, and contributed to a variety of mine dewatering, environmental, and 

corrosion-related evaluations. 

As a Staff Consultant with Intera Environmental Consultants in Houston, he contributed to 

performance assessment modeling of regional ground-water flow at candidate salt-repository 
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sites in Texas and Louisiana, and to evaluations of the validity of ion-activity approximations at 

high ionic strengths.  

At Bendix Field Engineering Corp., he contributed to three (Kingman, Las Vegas, and Reno) 2°×1° 

quadrangle evaluations for the National Uranium Resource Evaluation (NURE) Program, and was 

Principal Investigator on the Las Vegas NTMS Quadrangle Evaluation.  He designed the 

groundwater monitoring network for the Monticello Facility under the Uranium Mill Tailings 

Remedial Action (UMTRA) Program, and conducted interference tests and modeling analyses 

using production wells to evaluate aquifer parameters.  

Dr. Johnson is a retired 4000-hour professional helicopter pilot and rotary-wing flight instructor, 

and a licensed airframe and powerplant mechanic.  Flight experiences in Nevada, Arizona, Utah, 

and California have been particularly helpful to appreciating some regional stratigraphic, 

erosional, and fault relations thanks to elevated views and access to remote areas.  As a 

Certified Infrared Thermographer, he has used modeling analyses to develop a thermal-

barometric time constant for barometric pumping in the vadose zone near Yucca Mountain.  Dr. 

Johnson discovered a breccia-pipe uranium occurrence by analyzing transient concentrations of 

barometrically-pumped radon in rock gas exhausting from a fault zone in Arizona.  The rock-

mass properties that govern surficial thermal responses to barometric pumping would also 

govern the modes of heat and moisture redistribution in partially-saturated rock above a 

nuclear waste repository, and are diagnostic of convective versus conductive heat transport.   

PUBLICATIONS 

Hurley, B. W., Johnson, C. L., Cupp, G. M., Mayerson, D. L., Dodd, P. A., and Berg, J. C., 1980, 

Uranium Resource Evaluation, Reno Quadrangle, Nevada and California:  U. S. Dept. of 

Energy Open-File Report PGJ/037(81). 

Johnson, C., and McKay, W. A., 1981, Influences of the Miocene Horse Spring Formation on 

Groundwater Quality in the Southern Nevada Region:  Proceedings of the 10th Annual 

Rocky Mountain Ground-Water Conference, Laramie, Wyoming, p. 55 (Abs.).  

Johnson, C., 1981, Structural History of the Great Basin:  in Bender, Gordon L. (ed.), 1981, 

Research Handbook on  the Deserts of North America; Greenwood Press, Westport, 

Conn. (a division of Congressional Information Service, Inc.).  

Johnson, C. and Glynn, J., 1982, Uranium Resource Evaluation, Las Vegas Quadrangle, Nevada, 

Arizona and California:  U. S. Dept. of Energy Open-File Report PGJ/F1211(82).  

Johnson, C. and Kearl, P., 1982, Hydrologic Measurements:  in BFEC Technical Measurements 

Staff and Mary Gerry White, 1982, Review of Selected DOE Remedial Action Field 

Measurement Procedures for the Summer of 1982; U. S. Dept. of Energy.  
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Luning, R. H., Penley, H. M., Johnson, C. L., and Dotterrer, F. E., 1981, Uranium Resource 

Evaluation, Kingman Quadrangle, Arizona, Nevada and California:  U. S. Dept. of Energy 

Open-File Report PGJ/137(81). 

McKay, W. A. and Johnson, C., 1981, Hydrogeochemistry of Fault-Related Thermal Springs in the 

Black Canyon-Hoover Dam Area, Nevada and Arizona:   

Proceedings of the 10th Annual Rocky Mountain Ground-Water Conference, Laramie, 

Wyoming, p. 56 (Abs.).  

Johnson, C., 1990, Infrared Imaging at Yucca Mountain:  Evidence of a Potentially Disqualifying 

Condition (Abs.):  in Minimizing Risk to the Hydrologic Environment, American Institute 

of Hydrology.  

Johnson, Cady, and Mifflin, Martin, 2003, Evidence for a Sub-Regional Hydraulic Barrier in 

Southeastern Nevada (abs): Geological Society of America, Annual Meeting, Seattle, WA, 

Nov. 5, 2003. 

Johnson, Cady, and Mifflin, Martin, 2006, The AEM and regional carbonate aquifer modeling: 

Ground Water 44(1), 24-34. 

CONSULTING REPORTS (Sole Author or Major Contributor) 

Intera Environmental Consultants, 1983, Data Evaluation and Recommendation for Performance 

Assessments of the Preferred Site in the Palo Duro Basin; Regional/Local Geochemistry, 

Report TR-24, April 1983, pp. 35-42.  

Intera Environmental Consultants, 1983 Second Status Report on Regional Groundwater Flow 

Modeling for the Palo Duro Basin, Texas; Report TR-31, October, 1983, 85 p. 

Intera Environmental Consultants, 1983, Second Status Report on Regional Groundwater Flow 

Modeling for Vacherie Dome, Louisiana. 

Coffey and Partners, 1984, Vickery Joint Venture-Vickery Coal Project-Interpretation of Vickery 

Hydrogeochemical Data; Report H131/1-AA, June, 1984, 35 p. 

Coffey and Partners, 1984, Broken Hill Proprietary Co. Ltd. - Proposed Bloom Caster 

Development - Geotechnical Report; Hydrogeological Design Parameters, Report 

N1940, August, 1984, pp. 4-8. 

Coffey and Partners, 1984, Feez Ruthning and Co./Alpair Pty. Ltd. - Proposed Cattle Feedcot - 

Felton East; Hydrogeological Assessment, Report B13374/1, September, 1984, 29 p. 

Coffey and Partners, 1984, Denham Coal Management, Gordonstone - A to P 389C 

Hydrogeological Assessment, Report H138/1, September 1984. 
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Coffey and Partners, 1984, Morgan Talbot and Assoc. Pty. Ltd. - Hydrogeological Assessment Lot 

3 DP556345 - Falconbridge, Report H141, 1-AA, November, 1984. 

Coffey and Partners, 1985, Woodcutters Joint Venture - First Status Report on Trial Dewatering, 

Woodcutters Mine, N. T.; Report H122/5-AA, January, 1985. 

Coffey and Partners, 1985, Woodcutters Joint Venture - Second Status Report on Trial 

Dewatering, Woodcutters Mine, N. T. (includes statement of monitoring strategy); 

Report H122/5-AB, February, 1985. 

Coffey and Partners, 1985, Woodcutters Joint Venture - Permeability Testing at Tailings 

Impoundment Site, Woodcutters Mine, N. T.; Report H122/5-AC, February, 1985. 

Coffey and Partners, 1985, Gordon Robilliard & Assoc./Baulkham Hills Shire Council, 

Hydrogeologic Assesment, Lot 1DP 550165 and Portion 379, Parish of Nelson; Report 

H146/1-AA, February, 1985. 

Coffey and Partners, 1985, Radio Transmission Engineering Pty. Ltd., Corrosion of Buried copper 

at 2SM Antenna, Homebush, N. S. W.; Report S7549/1-AB, March, 1985. 

Johnson, C., 1986, Nevada Power Company-Reid Gardner Pond Monitoring Study:  

Desert Research Inst. Water Resources Center, Unpubl. Rpt., July, 1986, 49 p. 

Johnson, C., and Brick, C., 1986, Construction, Development and Testing of the NPC "Mesa 

Wells" EH-2 and EH-2A:  Desert Research Inst. Water Resources Center, Interim Rpt. 

Dated July 31, 1986, 19 p. 

Johnson, C.L. and M.D. Mifflin, 2013. Summary of Order 1169 Testing Impacts, per Order 1169A: 

unpublished report submitted to Nevada State Engineer on behalf of the Moapa Band of 

Paiutes, 66 p. 

Johnson, C., Mifflin, M., Johnson, R.J., and Haitjema, H., 2001, Hydrogeologic and Groundwater 

Modeling Analyses for the Moapa Paiute Energy Center, Nevada.: Mifflin & Assoc. Inc., 

January, 2001. 

Mifflin, M. D., Johnson, C. L., and Johnson, R. J.,1989, Hydrogeologic Assessment - Upper Muddy 

River Valley, Nevada:  Mifflin & Assoc., Inc., February, 1989. 
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