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Executive Summary  

I have been retained as the Technical Consulting Hydrogeologist for the Indian Wells Valley Water 
District (District) to provide background and context on the basin hydrogeologic analysis conducted 
by consultants for the District, and provide estimates of safe yield and storage applying state-of-
the-art and industry best practices. I have also been retained to review and evaluate the opinions 
and analyses of other experts in this matter. 

The following is a summary of my opinions provided in this expert responsive report. The 
responsive opinions itemized below are based on (1) review of the affirmative expert reports for 
Indian Wells Valley Groundwater Authority (IWVGA) (Kincaid 2025), for U.S. Department of Justice 
representing the U.S. Naval Air Weapons Station China Lake (DOJ-NAWS) (McKenna 2025), for 
Searles Valley Minerals Inc. (Yeh and Wicks 2025), and for Meadowbrook Dairy (Teasdale 2025), 
and supporting documents, (2) my education, training, experience, (3) detailed study of the 
geology and hydrogeology of the Indian Wells Valley (IWV) Basin and surrounding region, (4) 
evaluation of the specific geological and hydrological characteristics of the pertinent geological 
formations and geologic structure in the Basin and surrounding region, and (5) other specific 
resources, materials and tools referred to and identified within this report. 

 Responsive Opinion 1: The 2025 IWVGA hydrogeologic conceptual model (HCM) and 
associated 2025 IWVGA model the experts for the IWVGA and DOJ-NAWS rely on does not 
adequately or accurately represent the IWV Groundwater Basin aquifer system. 

 Responsive Opinion 2: The water budget is underestimated due to a mountain-front 
recharge estimate that is unreasonably low, a methodology used that is not applicable, and 
a flawed calibration with a 2-dimensional (2D) model.  

 Responsive Opinion 3: The water budget is additionally underestimated as a result of 
not including incidental recharge.  

 Responsive Opinion 4: Dr. Kincaid’s estimate of recharge for IWV Basin is literature-
review-based, not scientifically rigorous and thus unreliable.  

 Responsive Opinion 5: The storage method is the better approach for safe yield estimate 
in the Indian Wells Valley. 

 Responsive Opinion 6: The analogy between the Owens Valley Basin and IWV Basin 
developed by Dr. McKenna is based on incorrect assumptions and a misunderstanding of 
the water budget for Owens Valley Basin, and provides an erroneous estimate of recharge 
for the IWV Basin.  

 Responsive Opinion 7: Climate change predictions are not considered in safe yield 
determinations.  

In summary, based on my review of the recharge and water budget estimates, and the 
inadequacies and inaccuracies of the 2025 IWVGA model, the recharge and safe or sustainable 
yield estimates of Dr. McKenna and Dr. Kincaid are demonstrably low and recommend these 
metrics should not be relied upon for groundwater management planning decisions, and the 2025 
IWVGA model should not be relied for basin management alternatives or to estimate the basin safe 
yield.
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1. Introduction 

1.1 Overview 

I have been retained by Indian Wells Valley Water District (District) to provide expert testimony in 
the matter of the groundwater rights adjudication of the Indian Wells Valley Groundwater Basin1 
(IWV Basin, or Basin) (Mojave Pistachios, LLC; et al. v. Indian Wells Valley Water District; et al., 
Case No. 30-2021-01187275-CU-OR-CJC). I submitted my Phase 2 expert report on this matter 
on August 15, 2025 that presents my affirmative opinions and the technical analyses that support 
those opinions. This expert responsive report is in response to the opinions and analyses presented 
in the following expert reports, submitted August 15, 2025: 

• Expert Report of Dr. Sean A. McKenna (McKenna 2025). Prepared on behalf of DOJ-NAWS. 
• Expert Report of Dr. Todd Kincaid (Kincaid 2025). Prepared for Richards Watson Gershon 

on behalf of IWVGA. 

I have also reviewed the expert reports and opinions from Dr. Vivek Bedekar (Bedekar 2025a), Dr. 
Matthew Tonkin (Tonkin 2025a), Mr. Eddy Teasdale (Teasdale 2025), and Dr. Johnson Yeh and Ms. 
Lauren Wicks (Yeh and Wicks 2025). 

The opinions presented herein are based on my review of the above-referenced reports and 
supporting materials, relevant data, and professional judgment. I hold these opinions to a 
reasonable degree of scientific certainty, though they are subject to change, pending further review 
of existing and new and ongoing work, documents and data. This responsive report is limited to 
specific issues identified in the reviewed expert reports and supporting materials and does not 
necessarily address all technical matters or potential areas of disagreement. I may provide 
additional comments as further information becomes available or as the case progresses. I further 
understand that other experts may develop additional opinions and estimates related to this 
adjudication and I reserve the right to carefully examine and analyze in sufficient detail any 
materials, models and underlying new data needed to develop updated opinions and responses.  

My affirmative report provides details of my experience and professional training, along with my 
curriculum vitae including a list of publications that I have authored and professional association 
affiliations. Consistent with my affirmative work, Ramboll is compensated at the hourly rate of 
$320.00 per hour for my responsive work in this matter. 

1.2 Summary of Safe Yield and Water Budget Estimates 

To provide context for my responsive opinions and to help highlight and contrast the differences 
between opinions of the experts for the reader, Table 1-1 below summarizes the safe yield 
estimates for the IWV Basin as reported in the Phase 2 export reports. Table 1-1 also summarizes 
the estimates for the main components of the water budget for IWV Basin, as well as some 
pertinent differences between the groundwater flow models and HCMs. The unshaded area of Table 
1-1 represents information of the District, Meadowbrook Dairy (MBD) and Searles Valley Minerals 
Inc. (SVM) and the dark shaded area represents the information of IWVGA and DOJ-NAWS. The 
MBD, SVM and District experts Mr. Teasdale, Dr. Yeh and Ms. Wicks, and Mr. Parker, respectively, 
use the HCM of Ramboll and work products of the Technical Work Group to estimate the IWV Basin 

 
1 California Department of Water Resources (DWR) Basin No. 6-054. 
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safe yield based on the groundwater storage change approach. The differences in the groundwater 
storage change approach include local refinements of specific yield values and groundwater 
elevation changes in polygons within Meadowbrook Dairy area based on site-specific evaluation 
and data used by Teasdale (2025), which were not included in the estimates developed by the 
Technical Work Group used in my Phase 2 expert report (Parker 2025). As an additional approach, 
the District expert Dr. Tonkin evaluates multiple lines of evidence to come up with an independent 
estimate of safe yield, relying on the above-referenced reports and information, and also on the 
work of Dr. Bedekar who has independently and critically reviewed the groundwater flow models 
identified in Table 1-1. 

The District experts, Dr. Tonkin, Dr. Bedekar, and myself, relied on the HCM and groundwater flow 
model developed by Ramboll for the District (Ramboll 2025; District model) to support evaluation 
of safe yield in the IWV Basin, while experts for IWVGA and DOJ-NAWS, Dr. Kincaid and Dr. 
McKenna, relied on the HCM and groundwater flow model developed by the Desert Research 
Institute (DRI) (Rybarski and Bacon, 2025; 2025 IWVGA model), to support their opinions on 
recharge and safe yield in the IWV Basin. The estimates of safe yield, water budgets including 
recharge, groundwater flow models and HCMs differ as outlined below (this is not meant to be all 
encompassing and additional information is provided in subsequent sections and in the responsive 
reports of Dr. Tonkin and Dr. Bedekar). 

• There have been a minimum of three groundwater flow model versions of the Indian Wells 
Valley Groundwater Basin developed by DRI for the U.S. Naval Air Weapons Station (NAWS), 
or a combination of NAWS and IWVGA that are listed below. The District began requesting 
access to these models early in the Groundwater Sustainability Plan (GSP) preparation process, 
and when it finally became evident that access would not be provided, the District contracted 
with Ramboll to prepare a groundwater flow model for its own use (Ramboll 2025 – District 
model). 

o 2016 McGraw et al. (2016 NAWS model) 

o 2020 Pohlmann et al. (2020 IWVGA model) 

o 2025 Rybarski and Bacon (2025 IWVGA model) 

• The simulation period is 1912-2022 for the 2025 IWVGA model (Rybarski and Bacon 2025) and 
1980-2023 for the District model (Ramboll 2025). Observed water levels for calibration are 
mostly available starting in 1980, except in two monitoring wells used by Rybarski and Bacon 
(Attachment 3 in Rybarski and Bacon 2025). 

• The estimates of safe yield for Mr. Parker (on behalf of the District), Mr. Teasdale (on behalf 
of MBD) and Dr. Yeh and Ms. Wick (on behalf of SVM) rely on the groundwater storage change 
method using the most recent ten-year period of data on water levels, area and aquifer 
parameters, while Dr. Tonkin uses these analyses, the District model and other factors for his 
safe yield estimate. The experts Dr. Kincaid (on behalf of IWVGA) and Dr. McKenna (on behalf 
of DOJ-NAWS) use the recharge estimate from McGraw et al. (2016) based on the Bootstrap 
Brute-Force Recharge Model (BBRM – Epstein et al. 2010) and historic, literature-based values 
to estimate safe yield on the basis of natural recharge, but do not acknowledge the recharge 
estimate using the U.S. Geological Survey (USGS) Basin Characterization Model (BCM) 
prepared under contract to an IWVGA member, except to lump it into the literature review 
performed by Dr. Kincaid.  
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• The mountain-front recharge in the 2025 IWVGA model is significantly lower than in the District 
model. The empirical BBRM used to initially estimate mountain-front recharge in the 2025 
IWVGA model is not best available science and how the estimated recharge amount was 
reduced and distributed is undocumented (see Sections 2.2.2 and 2.2.3). The District model 
applies mountain-front recharge derived from the USGS BCM, a best available science process-
based, physically informed hydrologic model designed to simulate the full water balance, and 
recommended and endorsed by the California Department of Water Resources (DWR).  

• The 2025 IWVGA model only considers mountain-front recharge and underflow from Rose 
Valley Basin as sources of recharge, ignoring other significant ‘incidental’ sources of recharge 
such as return flow from agricultural and urban irrigation, and leakage from urban water 
system supply and the Los Angeles Aqueduct. In contrast, the District model relies on a 
comprehensive conceptual water balance including incidental recharge sources, consistent with 
best modeling practices (see Section 2.3). 

• The total recharge estimates are considerably different between the 2025 District and 2025 
IWVGA models, as a result of significant differences in mountain-front recharge estimates, 
small difference in Rose Vally Basin underflow, incidental recharge included or not, and 
estimates of evapotranspiration (ET).  

• The pumping discharge volumes are relatively similar for all the experts, although data 
uncertainty was a factor in the IWV Technical Work Group selecting 1980 through 2023 for the 
flow model period, and 2014 through 2023 for the groundwater storage change method. 
California Sustainable groundwater Management Act (SGMA) was signed into law in 2014 and 
basin hydrologic data collection became more concentrated and focused to address state 
mandates. Note that historical hydrologic datasets generally have higher uncertainty the older 
they are due to less sophisticated measurement techniques, sparse data collection networks, 
limited data preservation, and potentially significant human modifications to the environment 
over time, factors that combine to make older data inherently less precise and reliable than 
modern records. 

• ET estimates are significantly different between the 2025 IWVGA and District models. The 2025 
IWVGA model assumes ET to decrease from 7,600 acre-feet per year (AFY) in water year 1921 
to 4,122 AFY in water year 2022 using mapped vegetation and extinction depths and estimated 
ET rates; the basis for this is the assumption that predevelopment ET in 1920 must equal basin 
recharge (McGraw et al. 2016), which is estimated from the BBRM and then reduced and 
distributed in an undocumented two-dimensional (2D) flow model and then applied in the 
three-dimensional (3D) flow model. The District model independently used a combination of 
the mapped vegetation and groundwater model flooded cells to apply ET rates, cross referenced 
with OpenET, and did not consider estimated recharge as part of the analysis. 

• The average storativity and distribution differs significantly in the 2025 IWVGA and Ramboll 
models, at 0.21 and 0.13 respectively. The 2025 IWVGA model storativity values are 
representative of unconfined aquifer conditions throughout the simulated aquifer system, 
including beneath the thick clay aquitard confining unit. The Ramboll model storativity values 
represent both shallow unconfined and deeper confined aquifer conditions, more typical of 
aquifer system characteristics in an alluvial basin. 

• The 2025 IWVGA model is thinner (i.e., less deep) than the District model apparently due to  
use of a regional study applying gravity data to estimate thickness of unconsolidated 
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sediments, only considering unconsolidated sediments as part of the aquifer system, and not 
fully considering all the extensive datasets available in the Basin (see Section 2.1.2). The total 
volume of the District model is 577 million acre-feet (MAF) vs. 416 MAF and 340 MAF of total 
volume for the 2025 IWVGA model with and without the areas representing bedrock, 
respectively. 

• The HCMs forming the foundation for the groundwater flow models differ significantly. The 
District HCM (Ramboll 2019, 2024) takes into account all the available basin well completion 
reports and associated data (lithology, geophysical logs, aquifer tests, etc.), water level data, 
water quality data, 2D seismic reflection survey data collected in 1982, 1986, 1992 and 2020, 
and airborne electromagnetic surveys conducted in 2017 and 2023. It is unclear what datasets 
were used in 2016 NAWS model (McGraw et al. 2016) and 2020 IWVGA model (Pohlmann et 
al. 2020) for developing the IWVGA foundational HCMs; the thick lacustrine clay recognized in 
the previous work of DRI for DOJ-NAWS was not included in these models. Rybarski and Bacon 
(2025) adds the thick Pleistocene lacustrine clay feature and compartmentalizes the clay with 
numerous faults with two of the faults affecting groundwater flow. 

Finally, the 2016 NAWS model has been updated twice, in 2020 as part of the GSP process with 
the 2020 IWVGA model (Pohlmann et al. 2020) and then the 2025 IWVGA model (Rybarski and 
Bacon 2025), with major updates including the model geometry (2025 model volume is 37% less 
than 2020 model volume, Rybarski and Bacon 2025), hydraulic property distribution, fault 
distribution and characteristics, ET zone extent and rate, and redistribution of mountain-front 
recharge along the basin boundaries. However, despite those significant updates to the model, the 
total amount of recharge has remained unchanged since 2016 at 7,650 AFY. It is worth noting that 
the recharge has remained unchanged even though one of the IWVGA members, Kern County, 
contracted with the USGS in 2017 to conduct an independent IWV-specific evaluation of natural 
recharge under a state grant funded by DWR, and results from this study indicate higher mountain-
front recharge of 8,650 AFY than IWVGA estimates of 5,250 and 5,731 AFY (see Section 2.4.3.1).  
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Table 1-1: Summary of Safe Yield Estimates and Water Budget Components 
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MBD Teasdale 2014- 
2023 

15,400 NA NA NA NA 23,900 4,500 - 
4,600 

Ave 
0.13 577 

Detailed basin geometry 
and aquifer parameters 
from borehole lithology, 
AEM and seismic datasets, 
includes major faults 

SVM Yeh and 
Wicks 15,400 NA NA NA NA 23,900 

D
is

tr
ic

t 

Parker 2014- 
2023 14,300 NA NA NA NA 23,900 NA 

2025 
Model* 

1986- 
2023 NA 8,200 2,600 2,500 13,300 24,100 2,300 - 

1,600 

Tonkin 1980- 
2023 

12,300- 
14,400 9,200 2,600 2,600 14,400 23,500 2,300 - 

1,600 

IW
V
G

A 
/ 

D
O

J-
N

A
W

S 

2016 
Model** 

1920-
2013 NA 5,250 2,400 0 7,650 12,300 (1960-1974) 

23,300 (1975-2013) 
3,300 - 
6,800 

Ave 
0.22 432 

Relatively homogeneous 
aquifer parameters, no 
major faults 

2020 
Model*** 

1920- 
2016 NA 5,250 2,400 0 7,650 13,700 (1960-1974) 

24,300 (1975-2016) 
2,852 - 
7,600 

Ave 
0.225 660^^ 

More heterogeneous aquifer 
parameters, added major 
faults 

2025 
Model^ 

1912- 
2022 NA 5,731 1,919 0 7,650 13,147 (1960-1974) 

26,033 (1975-2016) 
4,122 - 
7,600 

Ave 
0.21 

416 (with 
bedrock) 

340 
(without 
bedrock) 

Added compartmentalized 
thick Pleistocene lacustrine 
clay and more faults, 
adjusted aquifer parameters 

Kincaid Undefined 6,100 - 
8,400 NA NA 0 7,200 –9,900 NA NA 

McKenna Undefined < 7,650 NA NA 0 
4,300 – 6,355 
7,462 – 8,745 

7,650 
NA 4,000 

AFY = acre-feet per year; MAF = million acre-feet; MBD = Meadowbrook Dairy; NA = Not applicable / Not available. SVM = Searles Valley 
Minerals Inc. 
*Ramboll, 2025. **McGraw et al. 2016. ***Pohlmann et al. 2020. ^Rybarski and Bacon 2025. ^^ 660 MAF from Rybarski and Bacon 
(2025), 432 MAF from volume calculated based on model files. 

 

 

IWVWD 0000010045



Phase 2 Responsive Report of Timothy K. Parker 

2-1 

 

2. Responsive Opinions 

2.1 Responsive Opinion 1: The 2025 IWVGA HCM and Associated Model Do Not 
Adequately or Accurately Represent the Indian Wells Valley Groundwater 
Basin Aquifer System 

The 2025 IWVGA HCM and associated model documented in Rybarski and Bacon (2025) do not 
adequately or accurately represent the IWV Basin aquifer system for the following reasons: 

• The IWV aquifer system extends deeper and has overall lower storativity than represented by 
the 2025 IWVGA model as a result of relying on a regional gravity model and not fully 
considering the extensive basin datasets available, respectively (Responsive Opinion 1).  

• The water budget is underestimated due to:  
(1) using a simplistic, empirical methodology to estimate total mountain-front recharge that is 

not applicable to the Basin and an undocumented, scientifically indefensible approach to 
distribute and reduce estimated recharge (see Responsive Opinion 2),  

(2) not including incidental recharge in the water budget (see Responsive Opinion 3), and  
(3) separately using a scientifically non-rigorous approach based on literature that is unreliable 

(see Responsive Opinion 4). 
 

The correction to the 2025 IWVGA HCM and model to incorporate the relatively thick Pleistocene 
lacustrine clay in the north half of the Basin is a good improvement that captures the work of the 
1992 Indian Wells Valley Groundwater Project, a cooperative effort of the U.S. Bureau of 
Reclamation, Indian Wells Valley Water District, Searles Valley Minerals Inc. (formerly North 
American Chemical Company), and Naval Air Weapons Station (Monastero et al. 2002, and Tetra 
Tech EM, Inc. 2003). How the distribution of aquifer parameters (hydraulic conductivity and specific 
yield/specific storage) outside of the Pleistocene lacustrine clay were decided in the HCM for the 
initial values in the 2016, 2020 and 2025 NAWS/IWVGA models is still not clear, and we do not 
agree with the estimated recharge or aquifer parameters applied therein. 

2.1.1 Incorporation of Thick Pleistocene Lacustrine Clay into 2025 IWVGA Model 

We appreciate the detailed work of Rybarski and Bacon (2025) in refining the extent of the 
Pleistocene lacustrine clay in the northern half IWV Basin as part of the second update to the 2016 
NAWS groundwater flow model, and we have not been able to fully evaluate that work in the given 
time. However, as accepted by all experts, the majority of the recharge in the IWV Basin occurs 
along the mountain-fronts into alluvial deposits, and most of that recharge originates from the 
Sierra Nevada Mountains. Nearly all the pumping in the IWV Basin occurs not in the Pleistocene 
lacustrine clay but in coarse grained alluvial, fluvial and delta sediments that underlie and run 
north-south along the west side and east-west to the south of the extent of the Pleistocene 
lacustrine clay.  

2.1.2 Determination of Unconsolidated Sediments by Regional Gravity Methods Compared to 
Local Datasets 

Rybarski and Bacon (2025) rely on the USGS report (Shah and Boyd 2018) based on regional scale 
gravity data to interpret the thickness of unconsolidated sediments in the IWV Basin, despite the 
fact that borehole lithology and borehole geophysical data combined with 2D seismic reflection 
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survey results are available in IWV to make such determinations (Figure 2-1). Gravity data is 
sensitive to density contrasts and not directly to sediment consolidation; further, consolidation 
typically occurs gradually and is not a sharp change that would result in a density contrast that 
could be “visible” to a gravity survey (Blakely 1995; Lowrie 2007; Telford et al. 1990).  

Additionally, Shah and Boyd (2018) recognized a limitation of the study to identify the 
unconsolidated sediments thickness (emphasis added): “However, because only the upper two 
layers have density contrasts large enough to represent unconsolidated sediments, we capped the 
sediment thickness at 600 m [meters]. Deeper model layers are assumed to represent 
sedimentary bedrock.” (Shah and Boyd 2018). Therefore, the use of the unconsolidated thickness 
of 600 meters from Shah and Boyd 2018, as applied in Figure 2-7 in Rybarski and Bacon (2025), 
may be misleading in terms of the actual thickness of unconsolidated sediment in the IWV. 

Shah and Boyd (2018) also defines the term unconsolidated sediment to differentiate from 
consolidated sediment as follows: “The surficial layer of unconsolidated sediments can generally 
be thought of as sedimentary deposits that have not yet lithified into sedimentary rock.” Monastero 
et al. (2002) identifies the depth to lithified sediments on the basis of the Schlumberger geophysical 
log for the borehole SNORT 1, completed in granitic basement at a depth of 7,300 feet (2,225 
meters) below ground surface: “The steady increase in velocity beginning at 1,550 meters (5,085 
feet) and continuing to 1,658 meters (5,439 feet) marks the top of the Ricardo Group rocks. The 
relatively high velocities of the rocks from that point to the bottom of the log indicate a significant 
amount of lithification” (Figure 2-2). In layman’s terms, the interpretation of Monastero et al. is 
that sediments in borehole SNORT 1 are consolidated beginning at approximately 5,000 feet (1,550 
meters) below ground surface based on hard data collected in the IWV basin. 

 
Figure 2-1: Locations and Distribution of Data Available in IWV Basin to Support Evaluation of Unconsolidated 
Sediment Thickness 
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Figure 2-2: Seismic Line IWV-92-02 (from Monastero et al. 2002) 

This gravity profile coincides with the location of seismic line IWV-92-02, and illustrates how the underlying 
geology, in this case the mafic body at depth, can affect the gravity results and interpretation. Modeling was done 
with GM-SYS software. Densities were derived from samples taken in cores from TGCH 1, SNORT 1, and SNORT 2 
and are, in some cases, average densities for thicker sequences. Locations of faults and approximate thickness of 
sedimentary sections were taken from the interpreted reflection seismic profile. Circles in the upper part of the 
figure represent actual gravity measurements; the solid line running through the circles is the resulting gravity 
profile derived from the model (bottom cross section). 

 

Monastero et al. (2002) also comments on the SNORT 2 borehole completed to a depth of 10,000 
feet (3,048 meters) below ground surface that encountered granitic basement at 6,550 feet (1,996 
meters) below ground surface: “It is noteworthy that in SNORT 2 there are no occurrences of red 
or reddish-brown rocks, nor any well-lithified rocks at all, that could be correlated with rocks of 
either the Goler or Cudahy Camp Formations. In fact, other than the basement itself and basement 
clasts in the breccia layers there was little competent rock encountered in the hole during drilling. 
This circumstance indicates that older rocks were either never deposited in this location or they 
were eroded subsequent to deposition.” In layman’s terms, sediments in the borehole SNORT 2 
appear to not be consolidated to the total depth of 6,550 feet (1,995 meters). Lithology log for 
SNORT 2 is provided in Appendix 1.  
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Productive aquifer systems can be composed of unconsolidated, semi-consolidated and 
consolidated sediments; the more consolidated the sediments, the less water that they may store 
and produce, depending upon a number of variables. As provided above, the hydrogeologic data 
and information available in the IWV Basin suggests that the aquifer system is very deep (SNORT 
2), down to granitic basement in part of the Basin, and contains productive sands with depth that 
vary spatially. Acknowledging that these porous units may be variably unconsolidated and semi-
consolidated, they are still saturated sediments that are part of the aquifer system that should not 
be discounted on the basis of defining whether or not they are unconsolidated from a regional 
gravity study.  

2.1.3 The Limited Aquifer System Thickness, High Storativity and Low Estimated Recharge Do 
Not Accurately Represent the Physical System, Yet the Model Still Can Be Calibrated  

The limited thickness of unconsolidated sediments used in Rybarski and Bacon (2025) as the basis 
for the 2025 IWVGA groundwater flow model results in underestimating the transmissivity of IWV 
Basin. Figure 2-3 illustrates a comparison of the transmissivity of the IWV Basin in the 2025 IWVGA 
and District models. The difference in transmissivity between the two models also helps explain 
how both models can be reasonably well calibrated based on calibration metrics with different 
conceptual water balance, including total recharge.  

Additionally, the storativity parameters (specific yield in this case assumes the aquifer system is 
unconfined) are overestimated in the 2025 IWVGA model, which again helps explain how both the 
models can be reasonably well calibrated based on calibration metrics with different conceptual 
water balance, including underestimated recharge. Underestimating recharge by itself should result 
in the groundwater flow model simulating greater declines in groundwater elevations than 
measured groundwater levels in wells. Alternatively, overestimating storativity by itself should 
result in the groundwater flow model simulating lesser declines in groundwater elevations than 
measured groundwater levels in wells. The combination of underestimating recharge and 
overestimating storage parameters mean the modeled groundwater levels may be brought into 
balance to closely simulate measured groundwater levels through calibration. The storativity 
distribution is shown in Figure 2-4. See also Section 2.2 and Figure 2-8, and the expert responsive 
reports of Dr. Tonkin and Dr. Bedekar for more specific information on issues with the IWVGA 
models related to recharge, aquifer parameterization and calibration. 
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Figure 2-3: Comparison of Transmissivity Distribution in 2025 IWVGA model (Rybarski and Bacon 2025) and 2025 
Ramboll model (Ramboll 2025) 
Transmissivity is calculated based on initial saturated thickness and hydraulic conductivity for the cells in which 
the water table is located, and based on cell thickness and hydraulic conductivity for other cells. 

 
Figure 2-4: Comparison of Storativity Distribution in 2025 IWVGA model (Rybarski and Bacon 2025) and 2025 
Ramboll model (Ramboll 2025) 
Storativity is calculated based on specific yield, specific storage and initial saturated thickness for the cells in 
which the water table is located and based specific storage and cell thickness for other cells. 
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2.1.4 Ramboll Approach to HCM and Aquifer Parameterization Representing the Physical System  

For development of the Ramboll HCM that formed the basis for the initial hydraulic conductivity 
and specific yield distribution in the groundwater flow model, net sand and net clay percentages 
for each hydrogeologic zone (HGZ) were calculated from interpretation of available detailed well 
completion report lithologic descriptions, available geophysical logs and aquifer test results for 
HGZ1 and HGZ2, and from the reprocessed seismic lines for HGZ3 and HGZ4 (Figure 2-1). This 
information was used to qualitatively assess the appropriate hydraulic conductivity and specific 
yield range for each HGZ. To determine the percentage sand from the lithology logs, lithologic 
descriptions were divided into three categories: coarse, mixed sediments, and fine. Coarse 
sediments included descriptions where sand, gravel or cobble is the descriptor in the lithology logs. 
Fine sediments included descriptions where clay or silt is the descriptor. Mixed lithology has both 
coarse and fine sediments in the descriptor. The well lithologic data are supplemented with 
interpretation of 61 geophysical logs, where the resistivity logs are used to determine where the 
layers consist of predominantly sand (resistivities over 30 ohmm). In areas where total dissolved 
solids are above 1,000 milligrams per liter, the resistivity is too greatly influenced by the salinity 
and not included in the analysis – this includes most of the subsurface area occupied by the thick 
Pleistocene lacustrine clay. Figure 2-5 shows an example of how the lithology and resistivity logs 
were interpreted. 

 
Figure 2-5: Example of Lithology and Geophysical Logs Interpretation as the Basis of Ramboll HCM (from Ramboll 
2024) 

The net sand and net clay calculated from the reprocessed seismic sections (Collier Geophysics 
2021, 2023) is used to assess the appropriate range of specific yield values for HGZ3 and HGZ4. 
The technique used in this study is commonly applied in the oil and gas industry to identify potential 
reservoirs. This analysis mapped the percentage of net sand units along the reinterpreted seismic 
lines. Figure 2-6 provides an example from seismic line 92-02, which shows the net sand along the 
seismic section. Figure 2-7 illustrates the net clay along the same section. These results are 
presented in Table 2-1. 
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Figure 2-6: Seismic line 92-02 showing the net sand (dark red colors) interpreted from the reprocessed seismic 
line (from Ramboll 2024) 
On this line, HGZ3 consists of 19% net sand and HGZ4 consists of 11% net sand.  

 

 
Figure 2-7: Seismic line 92-02 showing the net clay (dark brown colors) interpreted from the reprocessed seismic 
line (from Ramboll 2024)  
Note: due to poor resolution of the upper portion of the figure, net clay is not well defined in this area.  
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Table 2-1: Calculated Net Sand/Net Clay in HGZ3 and HGZ4, Averaged for Each Seismic Line (from Ramboll 2024)  

 

There is very little direct empirical data on specific yield obtained from previous studies and limited 
results of aquifer test conducted in the IWV Basin, although previous studies do make specific yield 
assumptions based on observations. The USGS conducted a thorough study of specific yield from 
different sediment types at numerous locations in California (USGS 1967) that correspond well with 
the values reported from other general studies, including Heath (1983) and Robson (1994), and 
with the values from the IWV Basin, as reported by Kunkel and Chase (1969). These were used as 
a basis for the range of specific yield applied to each HGZ for estimating groundwater storage.  

Similarly, net sand and net clay were used as proxies for hydraulic conductivity, as they reflect 
areas where higher sand percentages are likely to correlate with greater hydraulic conductivity 
values. It further allows for informed selection of parameters that capture the natural variability 
across different depositional environments in the Basin where data are present. The detailed 
analysis of sediment textures and the distribution of coarse- and fine-grained materials for each 
HGZ is described in Ramboll’s storage paper (Ramboll 2024), which is used for the selection of 
initial hydraulic conductivity values and storativity estimates for the model. In addition to these 
empirical resources, the selection of hydraulic properties was refined using professional judgment, 
considering both depositional context and the range of values typically observed for similar 
hydrogeologic settings based in part on literature values. This multi-faceted approach to defining 
the model's hydraulic properties enhances the model’s ability to reflect realistic groundwater 
behavior, despite the limited direct aquifer testing data available. 

The 2025 Ramboll model storage properties include the specific yield for unconfined layers 1 and 
2 (HGZ1) and the specific storage for confined layers 3 through 6 (HGZ2 and HGZ3). These 
parameters determine how much water can be released from storage in response to changes in 
hydraulic head, affecting how the aquifer responds to recharge, withdrawal, and other stressors. 

The initial specific yield and specific storage values used in the model were assigned based on 
geological material characteristics to reflect typical values for each type of material as described 
above and refined as part of model calibration (see Table 2-2 and Figure 2-4). he initial assigned 
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values are consistent with established ranges reported in groundwater literature (e.g., Todd 1980), 
such that the model parameters are reasonable and grounded in hydrogeologic principles. 

Table 2-2: 2025 Ramboll Model Storage Properties (Ramboll 2025, Table 5-2) 

 
In summary, we believe that the HCM and groundwater flow model developed by Rybarski and 
Bacon (2025) rely on faulty assumptions for the thickness of unconsolidated sediments (too low), 
recharge estimate (too low), and transmissivity values (too low), and on storativity parameters 
that are unreasonably high. The regional work of Shah and Boyd (2018) as applied to the DOJ-
NAWS/IWVGA HCM and subsequent limited thickness of the groundwater flow model results in an 
underestimation of the unconsolidated sediment thickness that is erroneous. The detailed basin-
specific work of Monastero et al. (2002) using borehole lithology and borehole geophysics is best 
available science and more accurately depicts the thickness of unconsolidated sediments down to 
more than 5,000 feet (1,550 meters) in SNORT 1 and down to granitic basement at approximately 
6,500 feet (2,000 meters) in SNORT 2. In contrast, Ramboll approach to HCM development is 
consistent with available data and uses best available science to provide initial estimates for aquifer 
parameters. The limited thickness and other issues of the 2025 IWVGA model are discussed in 
more detail in the responsive reports of Dr. Matt Tonkin (Tonkin 2025b) and Dr. Vivek Bedekar 
(Bedekar 2025b). 

2.2 Responsive Opinion 2: The Water Budget Is Underestimated Due to a 
Mountain-Front Recharge Estimate that Is Unreasonably Low, a 
Methodology Used that Is Not Applicable, and a Flawed Calibration with a 
2-Dimensional Model 

The total estimated mountain-front recharge and sustainable yield adopted by the IWVGA in the 
GSP is based on work conducted 10 years ago by McGraw et al. (2016) during development of the 
2016 NAWS model. The recharge value from this study, which Dr. Kincaid (2025) and Dr. McKenna 
(2025) believe is a reasonable estimate of total recharge for IWV Basin, is problematic for the 
following reasons: 

1) As discussed below (Section 2.3), this estimate of total recharge only represents mountain-
front recharge and interbasin groundwater flow from Rose Valley Basin and is therefore an 
incomplete accounting of recharge for IWV Basin, 

2) Measured pumping and water level data suggest that IWV Basin receives more recharge than 
7,650 AFY (Section 2.2.1), 

3) The mountain-front recharge values from McGraw et al. (2016) were derived from simplified 
empirical relationships without consideration of local variability in precipitation, 
geomorphology, or soils (Section 2.2.2), and 
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4) McGraw et al. (2016) used a technically flawed and undocumented approach to “calibrate” the 
recharge (Section 2.2.3).  

Notably, the McGraw et al. (2016) groundwater flow model has been updated twice (2020 and 
2025) but the contentious recharge value upon which the IWVGA GSP sustainable yield value is 
based has not been reassessed, a recharge value that is currently being relied upon for 
groundwater management decisions totaling hundreds of millions of dollars.  

2.2.1 Safe Yield Calculated with Measured Groundwater Pumping and Water Levels Supports 
Additional Recharge 

In support of their assessment of safe yield for the IWV Basin, the IWV Technical Working Group 
(TWG)2 calculated annual yield values utilizing reported pumping volumes, changes in groundwater 
storage, and specific yield3 values presented in the IWVGA GSP and annual reports (Appendix A of 
TWG 2024) (see Section 2.5, below, for additional detail on the safe yield calculation based on 
change in groundwater storage – referred to as the “storage method” in Dr. Kincaid’s expert 
report). The change in groundwater storage values presented in these documents was based on 
observed changes in water level data, while the specific yield values came from the 2020 IWVGA 
model (Pohlmann et al. 2020). The 2020 IWVGA model was calibrated with a total groundwater 
recharge of 7,650 AFY and uses the same groundwater pumping summarized in the IWVGA GSP. 
Use of these data sources unchanged from the IWVGA GSP documents produces an average 
apparent safe yield for the period from 2016 through 2022 of 11,623 AFY (Appendix A of TWG 
2024), noting that 2016-2022 is a drier-than-average time period.  

The discrepancy between the 7,650 AFY of recharge utilized by the 2020 IWVGA model and the 
11,623 AFY safe yield value derived from the change in groundwater storage analysis utilizing data 
incorporated in or used in support of the 2020 IWVGA model can be explained in two ways, or 
combination thereof: 

1. If groundwater recharge in IWV Basin only comes from mountain-front recharge and 
interbasin groundwater flow from Rose Valley Basin, the estimated recharge of 7,650 AFY 
is too low.  

2. The difference represents additional sources of recharge (e.g., return flow) not considered 
in the IWVGA model water budget (as well as potential additional mountain-front recharge 
and interbasin groundwater flow from Rose Valley Basin).  

The discrepancy in the numbers indicates a disconnect between the 2020 IWVGA model and the 
observed (measured) groundwater level changes and recorded groundwater pumping. This raises 
questions as to the reliability of the recharge assumptions incorporated in the 2020 IWVGA model 
and reused in the 2025 IWVGA model, which Dr. Kincaid (2025) and Dr. McKenna (2025) believe 
reasonably characterizes total groundwater inflow to the IWV Basin. Since groundwater models are 
non-unique, meaning similar model performance can be obtained under various combinations of 

 
2 The TWG consists of technical representatives of beneficial users of groundwater, including the Indian Wells Valley Water 
District represented by Krieger & Stewart Engineering Consultants, Parker Groundwater, Ramboll, and S.S. Papadopulos & 
Associates, Meadowbrook Dairy represented by Luhdorff & Scalmanini Consulting Engineers, and Searles Valley Minerals Inc. 
represented by Geoscience Support Services, Inc. Mojave Pistachios, represented by Aquilogic, also participated in the TWG 
for the development of the safe yield paper (TWG 2024). 

3 Specific yield, or storage coefficient, refers to the fraction of water released from unconfined aquifer storage per unit volume 
of aquifer. 
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assumed inputs, outputs, and flow parameters, an acceptable level of calibration could still be 
obtained for unrepresentative recharge values. 

2.2.2 Reliance on Simplistic Empirical Recharge Relationships 

The initial estimate of mountain-front recharge by McGraw et al. (2016) relied primarily on 
empirical relationships presented by Anderson et al. (1992) and Epstein et al. (2010) (i.e., the 
Bootstrap-Brute-Force Recharge Model, BBRM). These equations were developed for basins 
primarily in Arizona and Nevada, respectively, and utilize basin-scale precipitation averages and 
generalized β-coefficients to estimate recharge. Such methods, while helpful for preliminary or 
reconnaissance-level studies, are not as robust as other methods. Furthermore, empirical 
relationships are valid only within the domain of its calibration data (i.e., Nevada basins for the 
model used by Epstein et al. [2010], i.e., BBRM), therefore, the relationships are not transferable 
to other hydrologic settings outside Nevada.  

In the Lower Walker River Basin, Nevada, the USGS compared five empirical recharge methods—
including the BBRM—to a process-based simulation using the Precipitation-Runoff Modeling System 
(PRMS) (Allander et al. 2014). While the BBRM may theoretically be applicable for this basin in 
Nevada, the USGS concluded “each of these methods [i.e., empirical methods including the BBRM] 
yielded a disparity of recharge estimates. This is the nature of using simplified empirical approaches 
for estimating recharge”. Following this observation, the USGS used PRMS to estimate recharge 
for the Lower River Basin, which is a process-based approach, similar to the USGS BCM.  

Modern recharge estimation techniques, such as the USGS BCM (Flint et al. 2021) used to estimate 
the mountain-front recharge in the District model, integrate site-specific factors including elevation, 
slope, aspect, soil permeability, vegetation cover, and precipitation intensity on a daily timestep. 
These models allow for spatially distributed estimates of recharge and runoff at resolutions suitable 
for basin-scale management applications. Furthermore, use of annual precipitation values (or, as 
typically used with these empirical relationships, annual precipitation averaged over a given period 
of time) is not accurate enough. Large storm events can generate significant amounts of recharge 
that are not captured in an annual snapshot, especially if recharge is restricted based on a defined 
threshold (e.g., areas with greater than eight inches of precipitation per year). As illustrated in the 
TWG safe yield paper (TWG 2024), recharge from areas receiving less than eight inches of 
precipitation per year can produce significant recharge in wetter years. Using average precipitation 
values and restricting the areas to a threshold based on these annual averages fails to capture 
recharge from high-intensity, low-frequency storm events that can have a meaningful impact on 
the IWV Basin water budget. 

There is a lack of precedent for BBRM in California basin studies. A literature review could not 
identify other basins in California where the BBRM has been used to estimate recharge for 
groundwater model and/or water budget development as part of SGMA implementation or 
adjudication process. The BBRM is not listed as one of the tools for estimating recharge in the DWR 
Water Budget Best Management Practice (DWR 2016) or DWR Handbook for Water Budget 
Development (DWR 2020). In contrast to the BBRM, the USGS BCM is listed as one of the tools 
available in California to estimate natural recharge in DWR Water Budget Best Management Practice 
(DWR 2016) and as a tool to estimate recharge from precipitation and runoff in DWR Handbook for 
Water Budget Development (DWR 2020). Similarly, in contrast to the BBRM, the USGS BCM has 
been used extensively in basins in California to estimate recharge as part of the water budget 
development within SGMA GSPs or as part of water management, including, but not limited to, in 
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Owens Valley GSP (Owens Valley Groundwater Authority 2021) and Antelope Valley groundwater 
flow model (Siade et al. 2014), which are located north and south of IWV, respectively, Petaluma 
River Watershed (Traum et al. 2022), Lucerne Valley (Stamos et al. 2022), Borrego Valley (Faunt 
et al. 2015). The widespread regulatory acceptance of the USGS BCM stems from its reliance on 
physical processes to estimate recharge, calibration to streamflow data, and ability to represent 
snowpack dynamics and soil-water processes—features critical to basins receiving runoff from the 
Sierra Nevada and adjacent ranges such as IWV Basin.  

Notably, concerning the use of the USGS BCM in the IWV versus the BBRM, IWVGA Member Kern 
County contracted with the USGS in 2017 to conduct an IWV-specific application of the BCM under 
a state grant funded by DWR. Progress updates were provided several times at IWVGA Board 
meetings with IWVGA consultants present including on January 18, 2018 and June 21, 2018 
(IWVGA Meeting 1-18-2018.pdf, IWV Final USGS Recharge 06212018.pdf). The results of the USGS 
IWV Basin specific BCM were posted in February 2019 at IWV BCM.4 Additionally, the USGS 
provided a draft journal paper (Saleh et al. 2021) for review and input by stakeholders to the 
District that was forwarded to the IWVGA consultant Stetson Engineers, Inc.; the draft journal 
paper was never circulated for review and the USGS never received comments to our knowledge. 

2.2.3 Flawed “Calibration” Using a Two-Dimensional Flow Model 

Following their empirical estimation, McGraw et al. (2016) used a two-dimensional (2D) MODFLOW 
model to “calibrate” recharge by adjusting its magnitude and distribution until simulated 
groundwater heads produced general agreement with measured values from assumed pre-
development conditions (circa 1920). The utility of the 2D model should have been restricted to 
determining the distribution of recharge among the mountain-front areas, not for adjusting the 
magnitude. Since groundwater head is a function of both hydraulic conductivity and recharge, and 
since the assumed transmissivity (i.e., hydraulic conductivity multiplied by the aquifer saturated 
thickness) was held constant during the 2D calibration, the model implicitly assumed that the 
transmissivities used from the 1973 Dutcher and Moyle study were correct. This assumption is 
unsupported, especially since Dutcher and Moyle (1973) note that the accuracy of their estimates 
needs to be verified through groundwater flow modeling. The resulting “calibrated” recharge is 
therefore conditional upon unverified estimates of transmissivity. 

The methodological issue becomes more serious in the next modeling step. The recharge value 
derived from the 2D model – already conditioned on a specific assumed transmissivity – was 
imported into a separate three-dimensional (3D) steady-state model with different basin geometry 
and variable aquifer thickness. In the 3D model, McGraw et al. (2016) then calibrated hydraulic 
conductivity while holding recharge fixed at the value established in the 2D calibration (7,650 AFY). 
This introduces a fundamental inconsistency: calibrating hydraulic conductivity in the 3D model 
effectively redefines transmissivity, thereby invalidating the earlier “calibration” of recharge that 
depended upon it. The transmissivity distribution has been further updated in 2020 (Pohlmann et 
al. 2020) and 2025 (Rybarski and Bacon 2025), but the recharge value “calibrated” based on the 
2D model remained unchanged. The highly variable transmissivity distributions for the 1973, 2016, 
2020 and 2025 models, which are reflections of multiple attempts to parameterize the physical 
aquifer system, are illustrated in Figure 2-8.  

 
4 https://www.usgs.gov/centers/california-water-science-center/science/using-basin-characterization-model-bcm-estimate  
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In addition, the 2D model was apparently subject to errors, as it appears that tables associated 
with recharge estimates in McGraw et al. (2016) contained multiple calculation errors, as noted by 
Dr. McKenna (2025) (emphasis added): “The first is the lower and upper bounds on the amount of 
precipitation appears to have a typographical error in McGraw et al. (2016) where “10” was entered 
instead of “16” as the lower bound of the precipitation in the 5th row of the table. That error was 
carried through the calculation of the precipitation midpoint to be 14 instead of 17 inches and 
into the volume of precipitation and recharge. Additionally, the total area in acres shown in Table 
1 of McGraw et al. (2016) is not equal to the sum of the numbers in the rows above it” (McKenna 
2025, page 20); and “The difference appears to be from an error in the application of the 
recharge coefficients to the precipitation volumes.” (McKenna 2025, page 21).  

 

 
Figure 2-8: Transmissivity Distribution in the 2D Model (Figure from Mc Graw et al. 2016 Showing Transmissivity 
Distribution from Dutcher and Moyle 1973) as Compared to 2016 (Mc Graw et al. 2016), 2020 (Pohlmann et al. 
2020) and 2025 (Rybarski and Bacon 2025) 3D NAWS/IWVGA Models 

Finally, the main purpose of the model developed by McGraw et al. (2016), as stated by the 
authors, was to develop a groundwater management tool that would accurately reproduce 
observed rates of drawdown in order to provide more robust predictions of future groundwater 
conditions under various operational scenarios. It does not appear that establishing a 
comprehensive water budget to be used for sustainable yield or safe yield purposes was an 
intended use of the model.  

2.3 Responsive Opinion 3: The Water Budget Is Additionally Underestimated as 
a Result of Not Including Incidental Recharge 

The water budgets for the IWV developed by Dr. McKenna (2025) and Dr. Kincaid (2025) fail to 
consider incidental recharge and therefore are incomplete. Dr. McKenna and Kincaid both opine 
that the only sources of recharge to the IWV are mountain-front recharge and underflow/mountain-
front recharge from Rose Valley Basin, and state that other source(s) of recharge are “not credible” 
(McKenna 2025) and “should not be rely on” (Kincaid 2025). This omission is inconsistent with 
literature on water budgets developed for other basins in California, including other arid and semi-
arid basins with deep water tables (see Section 2.3.2 below).  

In addition, the groundwater model cited by Dr. McKenna and Kincaid to support their opinions 
(Rybarski and Bacon 2025) does not account for or consider other source(s) of recharge. This 
results in a groundwater model that 1) does not rely on a complete, comprehensive water budget, 
2) is inconsistent with historical conceptual water budgets, and 3) is inconsistent with best 
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management practices for development of groundwater models (e.g., USGS 2004; DWR 2016). 
This limitation was identified early in the GSP preparation process by IWVGA consultants, Stetson 
Engineers, Inc., in their review of the initial groundwater model (McGraw et al., 2016) developed 
by DRI for NAWS (Stetson Engineers, Inc., 2017). Specifically, Stetson Engineers, Inc. (2017) 
outlined the following limitations and recommendations based on their review of the 2016 Mc Graw 
et al. model (emphasis added): 

• “Inflow to the basin will include natural and anthropogenic recharge” 

• “The existing model [i.e., 2016 Mc Graw et al. model] simulates the major natural inflow 
to the basin - mountain-front recharge and runoff off the surrounding mountains […] For 
the GSP water budgets, other anthropogenic sources of water (i.e. wastewater 
and irrigation return flows) will need to be accounted for in the water budgets.” 

• “Future estimates for sustainable yield for the GSP will need to consider proposed recharge 
projects and potential anthropogenic sources” 

It appears that those limitations and recommendations were not considered in updating the 2016 
NAWS model to the 2020 NAWS/IWVGA model as part of the GSP process (Pohlmann et al. 2020) 
and that the 2025 IWVGA model still fails to take into account other sources of recharge, such as 
wastewater and irrigation return flows, and to accurately represent all inflows into the IWV Basin.  

2.3.1 Return Flows and Other Incidental Recharge 

Dr. McKenna (2025) and Dr. Kincaid (2025) have asserted that recharge to the IWV Basin is limited 
exclusively to mountain-front recharge and interbasin groundwater flow from Rose Valley Basin, 
citing high evapotranspiration (ET) rates and large depths to groundwater as evidence that other 
recharge mechanisms are negligible or impractical. A comprehensive and defensible basin 
groundwater budget must account for all significant recharge processes, including, for example, 
return flow from applied water. The exclusion of return flow and any other incidental recharge 
results in an underestimation of total recharge and, consequently, an inaccurate determination of 
the basin’s safe yield. 

Return flow from applied water represents the portion of water used for irrigation, landscaping, or 
other surface uses that percolates below the root zone and re-enters the saturated zone. This 
process is a recurring and measurable component of recharge in basins where water is applied for 
consumptive use. Even in environments characterized by deep water tables and high potential ET, 
the fraction of applied water that exceeds crop or vegetation demand infiltrates downward through 
the unsaturated zone, contributing to groundwater recharge over time. 

2.3.2 Evidence from Comparable California Desert Basins 

Excluding incidental recharge from the basin water budget is also inconsistent with hydrologic 
literature from other arid and semi-arid basins in California. Return flows, leakage from wastewater 
ponds, leakage from water distribution pipelines, leakage from the Los Angeles Aqueduct (LAA) 
and other forms of incidental recharge have been recognized and incorporated into water budgets 
and groundwater models in numerous basins across California, including in arid and semi-arid 
basins with comparable settings to the IWV basin. Below is a non-exhaustive list of such Basins. 

• Mojave River Basin: Mojave River Basin is an adjudicated area located just to the east of 
Antelope Valley Basin. The USGS developed a groundwater model for the basin, which has 
depths to water over 100 feet in much of the area (Stamos et al. 2001). The groundwater 
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model includes recharge from irrigation return flow, septic tanks, artificial recharge, and 
treated wastewater (Stamos et al. 2001).  

• Lucerne Valley: the USGS developed a groundwater flow model for the Lucerne Valley, which 
accounts for anthropogenic recharge sources, including irrigation-return flow from agriculture. 
Lucerne Valley is an arid basin, and on average, irrigation-return flow from agriculture accounts 
for more than 50 percent of the total recharge (Stamos et al. 2022). 

• Borrego Valley: The USGS developed a groundwater flow model for the Borrego Valley, which 
accounts for anthropogenic recharge sources, including irrigation-return flow from agricultural 
fields. Borrego Valley is also classified as an arid environment, and recharge from irrigation 
return flows was estimated to be about 20–30 percent of agricultural and recreational 
pumpages (Faunt et al. 2015).  

• Antelope Valley, located south of IWV basin: 

o Antelope Valley Basin underwent an adjudication process in the early 2000s. Return flows 
from agricultural irrigation, urban landscape irrigation, septic tanks in urban areas, and 
infiltration of treated wastewater from ponds were quantified and considered during the 
adjudication process (Beeby at al. 2010) and then recognized as a significant source of 
recharge to Antelope Valley Basin.  

o The USGS developed a groundwater flow model for Antelope Valley Basin, which, consistent 
with the adjudication and previous studies of the basin, accounts for additional sources of 
recharge, including return flows from agricultural irrigation, urban landscape irrigation and 
septic tanks in urban areas, and infiltration of treated wastewater from ponds (Siade et al. 
2014). Depth to water in the basin is generally between 100 to 300 feet, and the USGS 
model includes lag times in return flow using the unsaturated zone package in MODFLOW. 
The simulations indicate that return flows reach the water table in less than 10 years in 
many areas of the basin (Siade et al. 2014), as illustrated in Figure 2-9.  

• Owens Valley, located north of IWV basin, and used by Dr. McKenna as a comparison for IWV 
Basin, based on its similar physiographic setting and well-understood hydrologic system and 
water budget (McKenna 2025): 

o The water budget for the Owens Valley basin developed by Danskin (1998) and used as 
a reference by Dr. McKenna, includes return flows from irrigation and watering of 
livestock as a source of recharge, while the depth to water in the alluvial fan deposits 
and volcanic rocks ranges from many tens to many hundreds of feet (Danskin 1998).  

o The Owens Valley GSP includes the following sources of additional recharge for the 
basin: deep percolation from irrigated agricultural fields (i.e., return flows), and seepage 
from losing reaches of the Owens River, Los Angeles Aqueduct, and irrigation ditches 
(Owens Valley Groundwater Authority 2021). 
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Figure 2-9: Hydrographs of Simulated Groundwater Recharge (blue line) Compared to Infiltration at Land Surface 
(yellow line) in USGS Antelope Valley Groundwater Model (from Siade et al. 2014) 
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2.4 Responsive Opinion 4: Dr. Kincaid’s Estimate of Recharge for IWV Basin is 
Literature-Review-Based, Not Scientifically Rigorous and Thus Unreliable 

2.4.1 Approach 

In his expert report, Dr. Kincaid estimates a range of natural recharge for the IWV Basin based on 
selected estimates of mountain-front recharge and “total groundwater inflow” from previous 
studies conducted since 1969. These previously published literature-based recharge estimates 
were averaged and bounded by one standard deviation to produce the range of natural recharge 
used for Dr. Kincaid’s Opinion 4.  

This approach is not scientifically rigorous. Compiling and averaging recharge values from literature 
is typically used as a general indication of a potential range of recharge, or to check an 
independently derived estimate for reasonableness. The resulting average and range of recharge 
values represent a statistical abstraction rather than a hydrologically grounded assessment since 
this process disregards differences in methods, data type and quality, or spatial and temporal 
coverage between the various studies. This is especially true considering that some of the studies 
listed adopt recharge from a previous study and simply redistribute the total, causing that estimate 
to be double counted (e.g., Berenbrock and Martin 1991; Watt 1993). 

2.4.2 Inconsistency of Base Periods 

Each published recharge estimate is reflective of hydrologic conditions over a specific base period, 
defined by precipitation, land use, and groundwater extraction patterns at the time of the study. 
These base periods vary across the studies cited by Dr. Kincaid (2025). Combining them without 
normalization introduces temporal inconsistency that renders the composite dataset hydrologically 
meaningless. 

Comparing or averaging recharge values derived for dissimilar climatic or hydrologic periods (e.g., 
pre-development versus post-pumping conditions, wet versus dry periods) is not a valid approach. 
Each estimate is period-specific and cannot be extrapolated across various time periods.  

2.4.3 Misinterpretation of Recharge from Previous Estimates 

Dr. Kincaid notes a declining trend in estimates of recharge through time, which he attributes to a 
“progressive scientific understanding of the hydrologic processes” in IWV Basin and a “non-bias 
consensus that there is less groundwater inflow” than estimated by earlier researchers. Within the 
selected subset of previous studies, Dr. Kincaid considers them all to be “equally defensible”. 
However, Dr. Kincaid limited his analysis to previous estimates of mountain-front recharge and 
interbasin groundwater flow from Rose Valley Basin, even though some of the studies included 
estimates of recharge from other sources (e.g., Bean 1989; Todd Engineers 2014). Therefore, Dr. 
Kincaid’s analysis of “total” groundwater recharge often misrepresents the total recharge estimated 
by the cited studies. By purposely ignoring additional sources of estimated recharge, Dr. Kincaid’s 
estimates of inflow to IWV Basin are biased low. 

Additional recharge sources considered in the cited studies but omitted from Dr. Kincaid’s analysis 
include: 
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• Bean (1989): Leakage from the LA Aqueduct, geothermal leakage, and percolation from 
wastewater treatment ponds (~2,500 AFY).5 

• Berenbrock and Martin (1991): Localized irrigation return flow and percolation from 
wastewater treatment ponds (~1,100 AFY). 

• Gillespie and Thyne (1996): Additional groundwater flow from Rose Valley Basin (Dr. 
Kincaid’s analysis only considered mountain-front recharge to Rose Valley Basin, not the 
total interbasin groundwater flow from Rose Valley Basin to IWV Basin reported by Gillespie 
and Thyne), and surface flow from Rose Valley Basin (of which Gillespie and Thyne assumed 
all would become groundwater recharge in IWV Basin). 

• Todd Engineers (2014): Distribution system leakage, percolation from wastewater 
treatment ponds, and return flow from irrigation (~2,300 – 2,800 AFY). 

2.4.3.1 Recent USGS Estimates of Natural Recharge in IWV Basin 

The most recent study cited by Dr. Kincaid was conducted by the USGS in 2018 (though the online 
summary is dated 20196). The study was completed under a contract between IWVGA Member 
Kern County and the USGS and funded by the state under a 2015 grant application and agreement 
with DWR. This study involved application of the USGS BCM to IWV Basin, and it includes two 
different base periods, both of which are used in Dr. Kincaid’s analysis. This study alone illustrates 
the influence base period can have on estimates of recharge since use of the same model produces 
an estimate of recharge from mountain-front areas of approximately 8,680 AFY for the period from 
1981 through 2010 and 5,976 AFY for the period from 2000 through 2013. Of importance, this 
USGS estimate does not include Rose Valley interbasin groundwater flow into IWV but includes 
Rose Valley surface water flows into IWV as noted by USGS online as “valley floor” inflow from 
Rose Valley. Based on recorded precipitation at the China Lake NAF station7, the period from 2000 
through 2013 was nearly 30% drier than 1981 through 2010, which is reflected in the mountain-
front recharge estimates.  

The two most recent estimates of interbasin groundwater flow from Rose Valley into the IWV Basin 
are 1,900 AFY (Rybarski and Bacon 2025) and 2,600 AFY (Ramboll 2025). This means that Dr. 
Kincaid’s analysis underestimates the “total”8 reported recharge from the USGS study for the period 
from 1981 through 2010 by more than 1,500 AFY. The sum of mountain-front recharge and 
interbasin groundwater flow from Rose Valley Basin calculated by the USGS for the 1981 through 
2010 period is therefore 10,580 AFY to 11,280 AFY, using the two most recent Rose Valley 
interbasin groundwater flow estimates. This already exceeds Dr. Kincaid’s estimated maximum 
range for total groundwater inflow to IWV Basin of 9,900 AFY, and it does not even consider the 
fate of runoff calculated by the USGS, and anthropogenic sources of recharge like return flow and 

 
5 Additional recharge from granitic regional underflow estimated by Bean (1989) has since been disproven and its omission is 
consistent with summaries of previous recharge presented by the TWG (2024). 

6 https://www.usgs.gov/centers/california-water-science-center/science/using-basin-characterization-model-bcm-estimate  

7 Precipitation data available at: 
https://wrcc.dri.edu/WRCCWrappers.py?sodxtrmts+041733+por+por+pcpn+none+msum+5+01+F 

8 Total groundwater recharge listed in Kincaid’s tables and figures is misleading because it only represents the sum of mountain-
front recharge and underflow from Rose Valley. Other sources of recharge included in the cited previous studies have been 
omitted. 
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distribution system leakage (not considered in the USGS study, which only quantified natural 
recharge and excluded estimating Rose Valley interbasin groundwater flow into IWV).  

2.5 Responsive Opinion 5: The Storage Method is the Better Approach for Safe 
Yield Estimate in the Indian Wells Valley 

The Equation of Hydrologic Equilibrium, also referred to as the water balance equation, is expressed 
as: 

Inflow = Outflow +/- Change in Groundwater Storage.........................................................(1) 

This equation can be further expressed as: 

Inflow = Outflow (Excluding Pumping) + Pumping +/- Change in Groundwater Storage...........(2) 

By moving Outflow (Excluding Pumping) to the left side of the equation, Equation 2 can be written 
as: 

Inflow – Outflow (Excluding Pumping) = Pumping +/- Change in Groundwater Storage............(3) 

Using Equation 3, there are two ways to apply the Equation of Hydrologic Equilibrium for the 
determination of safe yield:  

Safe Yield = Inflow – Outflow (Excluding Pumping)..............................................................(4) 

or 

Safe Yield = Pumping +/- Change in Groundwater Storage...................................................(5)  

Dr. Kincaid (2025) refers to the first approach (Equation 4) as the "recharge method" and the 
second approach (Equation 5) as the "storage method". Both approaches should be evaluated over 
a representative base period.  

2.5.1 Variables and Data Involved 

Both applications of the Equation of Hydrologic Equilibrium for the determination of safe yield are 
mathematically and conceptually equivalent formulations of the same physical balance. Dr. Kincaid 
(2025) favors the recharge method (i.e., Equation 4) because it involves fewer variables. However, 
this line of reasoning confuses the difference between simplicity and accuracy. In reality, the 
reliability of each method depends on the quality and availability of data.  

The storage method (i.e., Equation 5) relies primarily on: 

• Recorded groundwater pumping, 

• Measured groundwater elevations from a basin-wide monitoring network, and 

• Reasonably constrained estimates of specific yield derived from a calibrated basin-scale 
groundwater flow model. 

The base period evaluated by the TWG in the safe yield paper (TWG 2024) (2014 through 2023) 
includes the most complete and accurate dataset available for the IWV Basin since it spans the 
period of increased water level measurements and mandatory pumping records resulting from the 
passage and implementation of SGMA. The only estimated parameter in this approach – the specific 
yield values – is supported by a groundwater flow model with an acceptable level of calibration to 
measured groundwater level measurements across the Basin and through time. 
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In contrast, the recharge method relies on estimates for unmeasurable inflow and outflow terms 
(e.g., mountain-front recharge, underflow inflow, ET). No direct measurements of these fluxes 
exist for the IWV Basin, and most published estimates vary widely depending on the assumptions 
and models used. Furthermore, each inflow or outflow term has multiple variables associated with 
it (as indicated in Dr. Kincaid’s expert report), each with their own level of uncertainty (also 
acknowledged in Dr. Kincaid’s report).  

2.5.2 Limitations and Uncertainty of the Recharge Method 

The recharge method depends fundamentally on the accuracy of inflow and outflow estimates, 
which are highly uncertain. In order to reduce the number of variables, estimates of pre-
development ET have often been used in IWV Basin as a proxy for pre-development recharge. This 
is problematic for several reasons: 

• Pre-development ET cannot be measured directly, and historical estimates and hydrologic 
datasets generally have higher uncertainty the older they are. This is due to less advanced 
measurement techniques and sparse data collection networks in the past, which together 
make older data inherently less accurate and reliable than modern records. 

• Previous ET studies have also shown that ET has changed (decreased) through time due 
to groundwater pumping and changes in groundwater elevation (McGraw et al. 2016). 
Therefore, estimates of ET after the development of groundwater resources in IWV Basin 
are not reflective of pre-development ET and cannot be utilized for proxy estimates of 
recharge. 

Even the use of more modern estimates of ET based on measured values is extremely limited. For 
example, the analysis of ET presented by McGraw et al. (2016) notes the need for extensive 
corrections, data screenings, and generalized assumptions. Furthermore, while this study 
represents perhaps the most comprehensive collection of ET measurements available for the Basin, 
it still only covers nine months of one year. The estimated ET rates are also dependent on the 
depth to water, for which limited water level data in the vicinity of the measurements were only 
available 14 years prior to the study. Notably, the highest ET rates were measured not in the 
summer but winter, which suggests that the ET being measured was not related to primarily 
groundwater consumption but surface water and soil moisture intake from winter precipitation. 
Finally, McGraw et al. note that it is difficult to convert the estimated ET rates into volumetric rates 
over larger areas within the playa since the ET values are only representative of the footprint area 
associated with the measurements (in this case, the bare playa). Extrapolating these estimates to 
larger areas would be, in the words of McGraw et al., “speculative at best.” 

Therefore, recharge- or discharge-based safe yield estimates for IWV Basin are inherently 
uncertain, sensitive to poorly constrained assumptions, and lack empirical validation against 
observed aquifer responses (i.e., changes in water level). Because of the uncertainty associated 
with the recharge method, ET and recharge estimates by experts for IWVGA and DOJ-NAWS result 
in wide ranges, which impacts the accuracy of the safe yield estimates (Table 1-1).  

2.5.3 Use of Specific Yield in the Storage Method 

Another of Dr. Kincaid’s concerns regarding the storage method is that it will likely result in “an 
over-estimation of safe yield because the uncertainties associated with the estimation of S [or 
storativity] (Sy [or specific yield] in unconfined conditions and Ss [or specific storage] in confined 
conditions) tend to favor higher values.” However, safe yield, as calculated using the storage 
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method, is equal to pumping plus or minus change in groundwater storage (Equation 5). The plus 
or minus means that, for a basin with increasing storage under a given base period and associated 
pumping conditions, the change in groundwater storage would add to, or increase, the amount of 
groundwater that can be pumped sustainably. Conversely, a decrease in groundwater storage 
represents overdraft and that amount would be subtracted from the groundwater pumping, causing 
a lower estimate of safe yield.  

Change in groundwater storage is calculated as:  

Change in Groundwater Storage = Change in Water Level x Basin Area x Specific Yield............(6) 

Higher specific yield values therefore lead to higher values of change in groundwater storage; 
either a greater increase in storage or a greater decline in storage, depending on the change in 
observed water level (positive or negative, respectively). Dr. Kincaid’s concern about higher specific 
yield values is therefore only valid for groundwater basins with increasing groundwater storage, 
where an overestimate of the change in groundwater storage would add to the pumping over the 
base period (thereby increasing estimated safe yield). In a basin where the average change in 
groundwater storage is negative, the use of higher specific yield values and an overestimated 
decrease in groundwater storage causes the safe yield to be underestimated. Therefore, even if 
specific yield values used in the storage method were overestimated, the use of them for an 
overdrafted basin, like IWV Basin, would result in a more conservative estimate of safe yield. 
Furthermore, since specific yield is much greater than specific storage, use of specific yield values 
in potentially confined areas would also cause safe yield to be underestimated if the change in 
groundwater storage is negative. 

2.6 Responsive Opinion 6: The Analogy Between the Owens Valley Basin and 
IWV Basin Developed by Dr. McKenna is Based on Incorrect Assumptions 
and a Misunderstanding of the Water Budget for Owens Valley Basin, and 
Provides an Erroneous Estimate of Recharge for the IWV Basin 

Dr. McKenna (2025) relies on a comparison with Owens Valley Basin to opine that recharge for 
IWV Basin from mountain-front recharge cannot be more than 6,355 AFY and more likely is near 
4,300 AFY. This opinion is based on an erroneous analysis and misinterpretation of mountain-front 
recharge in Owens Valley documented in Danskin (1998).  

2.6.1 Fatal Flaws in Dr. McKenna Analysis 

In his analysis, Dr. McKenna attempted to calculate the ratio of recharge to precipitation in Owens 
Valley Basin by dividing the “mountain-front recharge” presented in Danskin (1998) by the volume 
of precipitation falling on all watershed areas receiving more than eight inches of annual 
precipitation. Based on the numbers used by Dr. McKenna, the ratio of recharge to precipitation is 
between 0.9 and 1.4%. Dr. McKenna then applies this ratio to IWV Basin volume of precipitation 
falling on watershed areas receiving more than eight inches of annual precipitation. The fatal flaw 
in Dr. McKenna’s analysis, besides the fact that all basins are unique and different, is that the 
“mountain-front recharge” amount used for Owens Valley Basin from Danskin (1998) only 
represents the recharge “between tributary streams” (i.e., 26,000 AFY), which 1) is a “relatively 
small component of the groundwater budget” according to Danskin (1998), 2) only represents 
recharge from a small portion of Owens Valley watershed areas, and 3) cannot be used to calculate 
a recharge to precipitation ratio for all watershed areas receiving more than eight inches of 
precipitation. Danskin (1998) indicates that recharge to precipitation ratios for those areas located 
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along the southwest side of the valley is 75% (much higher than the ratios calculated by Dr. 
McKenna). Danskin (1998) does not provide detailed calculations, but information in Lee (1912), 
which is the basis for Danskin’s water budget, provides a useful example: 

o Lee (1912) estimates recharge from precipitation upon intermediate mountain slopes of 
Independence Region within Owens Valley. This recharge is a portion of the recharge 
“between tributary systems” referred to by Danskin (1998).  

o Total area for intermediate mountain slopes of Independence Region is approximately 29.4 
square miles (18,800 acres), which represents less than 2% of the watershed areas 
receiving more than eight inches of precipitation (i.e., 1.2M acres according to Dr. 
McKenna). 

o Total estimated recharge from these 29.4 square miles is 19,690 AFY, over 70% of the 
total estimated precipitation of 27,580 AFY (Lee 1912).  

o Dr. McKenna has misinterpreted the values in Danskin (1998) and concluded that 26,000 
AFY of recharge occurred over an area of 1.2M acres receiving 1.8M AFY of precipitation, 
while information in Lee (1912) indicates that 19,690 AFY of recharge occurs over an area 
of 18,800 acres receiving 27,580 AFY of precipitation.  

The comparison as presented by Dr. McKenna is incorrect and provides erroneous and misleading 
estimates of recharge for IWV Basin. While all groundwater basins are different, and using analog 
to estimate recharge is generally inappropriate because of variability of many complex factors, 
such as soil characteristics, land use, elevations, climate, and variability in data availability and 
relevant time periods, I have applied Dr. McKenna’s methodology following correction of Owens 
Valley recharge to illustrate what the results would have been if Dr. McKenna would have 
interpreted the recharge estimates in Danskin correctly.  

2.6.2 Analysis Based on Applying Corrected Owens Valley Hydrologic Ratios to IWV 

In this section, I am using the methodology and precipitation numbers outlined by Dr. McKenna 
(2025), but instead selecting the appropriate recharge components from Danskin (1998), 
representing recharge to the Owens Valley Basin attributable to the adjacent watershed areas as 
follows: 

• Recharge from gaged tributary streams (i.e., mountain-front runoff that results in flows 
to tributary streams and subsequent groundwater recharge) 

• Mountain-front recharge from ungaged drainage areas between gaged tributary 
streams (which is the only portion of recharge considered by Dr. McKenna) 

Table 2-3 below provides the corrected calculation of the “mountain-front recharge” to precipitation 
ratio for Owens Valley based on the methodology and precipitation volumes from Dr. McKenna. In 
Owens Valley, there are additional sources of “natural recharge”, including infiltration of 
precipitation on the valley floor and runoff from bedrock outcrops within the valley fill, but these 
processes are not occurring in IWV Basin and are therefore not included in the ratios calculated 
below. The corrected recharge to precipitation ratios are between 6.6 and 7.0%, between 4 and 7 
times higher than calculated by Dr. McKenna.  
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Table 2-3: Corrected Calculations for Recharge to Precipitation Ratios for Owens Valley Basin 

 
Precipitation 
Volume1 
(AFY) 

Natural Recharge from Precipitation in Adjacent 
Watershed Areas to Owens Valley2 (AFY) Recharge/ 

Precipitation 
Ratio3 Recharge From 

Gaged Tributaries 

Recharge From 
Ungaged 
Tributaries 

Total 

Minimum 1,590,260 90,000 15,000 105,000 0.066 

Maximum 2,219,228 115,000 35,000 150,000 0.068 

Average 1,854,124 103,000 26,000 129,000 0.070 

1 McKenna (2025), Table 3. 2 Danskin (1998), Table 10. 3 = Total Recharge [2] / Precipitation [1] 

Applying the corrected Owens Valley Basin recharge-to-precipitation ratios to Dr. McKenna’s 
estimated precipitation for IWV Basin yields the estimates of recharge in Table 2-4.  

Table 2-4: Annual Recharge Volumes for IWV Basin using the Corrected Recharge/Precipitation Ratios Calculated 
for Owens Valley Basin 

 Precipitation Volume1 
(AFY) 

Recharge/Precipitation 
Ratio2 

Estimated Recharge3 
(AFY) 

Minimum 193,820 0.066 12,797 

Maximum 402,975 0.068 24,238 

Average 304,932 0.070 21,216 

1 McKenna (2025), Table 4. 2 As calculated in Table 2-3 above. 3 = Precipitation [1] x 
Recharge/Precipitation Ratio [2] 

These results indicate that using the corrected recharge-to-precipitation relationship, the estimated 
mountain-front recharge for IWV Basin based on comparison with Owens Valley Basin as outlined 
by Dr. McKenna, is between 12,800 and 24,200 AFY, with an average estimate of approximately 
21,200 AFY. As expected, this is of course much higher than any of the experts’ analysis results. 

In the 2025 Ramboll model, the average native recharge from mountain-front recharge, surface 
runoff, and subsurface inflow from Rose Valley (i.e., recharge without incidental recharge) is 
10,800 AFY (Ramboll, 2025), which is lower than the estimates using Owens Valley Basin analog. 
This is expected for a basin that has lower elevations, warmer climate and drier conditions, and 
illustrates the challenges of applying analogs for estimating recharge, given the unique 
characteristics of each groundwater basin.  

2.7 Responsive Opinion 7: Climate Change Predictions Are Not Considered in 
Safe Yield Determinations 

Climate change model predictions are not included in determining the safe yield of the basin, as 
such predictions are speculative, and safe yield determinations rely on historic records, data and 
information. The potential for climate changes in the future can be considered in the physical 
solution for the basin. However, as Dr. Kincaid (2025) opines on climate change impacts on safe 

IWVWD 0000010068



Phase 2 Responsive Report of Timothy K. Parker 

2-24 

 

yield estimates without properly considering the range of uncertainty associated with climate 
change models, I am providing this responsive opinion.  

Dr. Kincaid (2025) has asserted that recharge to the IWV Basin is likely declining. This statement 
is misleading and fails to acknowledge the high uncertainty associated with climate change 
predictions for future precipitation, evapotranspiration, and temperature. There is a wide range of 
modeled climate outcomes, both illustrating the uncertainty associated with forecasting future 
conditions and complexity of the model processes. A comprehensive evaluation of potential 
outcomes due to climate change in IWV Basin is beyond the scope of the safe yield evaluation, but 
a few examples outlined below illustrate the shortcomings of Dr. Kincaid’s statement.  

Rybarski and Bacon (2025) use the 2025 IWVGA model to evaluate impacts of predicted changes 
in precipitation and temperature on groundwater storage. They selected 20 global climate models 
(GCMs) and first evaluated the expected change to mountain-front recharge. Four of the eight 
highlighted GCMs (i.e., 50%) result in a net increase in groundwater recharge (Figure 6-9, Rybarski 
and Bacon 2025). After selecting five of the GCMs, they performed model simulations to assess 
impacts on groundwater storage. Three out of the five scenarios result in net increase of 
groundwater storage by 2070 (Figure 6-27, Rybarski and Bacon 2025). Therefore, Dr. Kincaid’s 
statement about declining future recharge is not consistent with the evaluation performed by 
Rybarski and Bacon (2025) using the groundwater model Kincaid relied on for other assessments.  

The USGS IWV-specific BCM evaluation also includes evaluation of future conditions based on three 
climate models selected by the USGS. The results are not summarized in the online version9, but 
are described in the draft paper (Saleh et al. 2021). For the three climate scenarios, the models 
estimate an increase in recharge in the mid-century period for all IWV sub-areas except for the 8 
percent (750 acre-feet) decrease projected by one of the climate models (HadGEM2-CC) for the 
Argus range during that period. Two of the models also estimate an increase in recharge in the 
end-of-century period, while the third model estimates a decrease in recharge. The average change 
from historical to future indicating more recharge and runoff in general, is attributed to the increase 
in extreme years allowing for the precipitation to exceed the recharge threshold more often (Saleh 
et al. 2021). These results underscore the necessity for incorporating increasing periodicity of 
extreme precipitation events into model simulations and further indicate the uncertainty associated 
with climate change impacts on future recharge.  

The projected future water balance for Owens Valley Basin, which is north of IWV Basin and has 
been used by Dr. McKenna for comparison based on similar settings, was developed using the 
USGS BCM as part of Owens Valley GSP (Owens Valley Groundwater Authority 2021). Owens Valley 
Groundwater Authority selected CCSM4 scenario 8.5 for this evaluation as it showed similar range 
in temperature changes as suggested by DWR for the area. Based on this climate scenario, the 
amount of recharge is expected to increase by 3% by 2045 (Owens Valley Groundwater Authority 
2021).  

These examples are not meant to be exhaustive but to illustrate the range of outcomes and large 
uncertainty associated with climate change scenarios and challenges with assessing impacts on 
groundwater recharge and resource management using the wide range of climate models available.  

 

 
9 https://www.usgs.gov/centers/california-water-science-center/science/using-basin-characterization-model-bcm-estimate  
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3. Summary and Recommendations 

In summary, the following responsive opinions and recommendations are offered with respect to 
the expert reports of Dr. McKenna for the DOJ-NAWS and Dr. Kincaid for the IWVGA: 

• The 2025 IWVGA HCM and 2025 IWVGA model are flawed by assuming the aquifer system 
is shallow and not considering the deeper transmissive sediments, and the range of 
storativity values in the 2025 IWVGA model are unreasonably high, leading to 
misinterpretation of the overall aquifer system. Therefore, the 2025 IWVGA model should 
not be used for safe yield estimates, predictions of groundwater level changes over time, 
or for groundwater management alternatives analysis (see also Tonkin 2025b and Bedekar 
2025b). 

• Dr. Kincaid and Dr. McKenna state that the mountain-front recharge estimate developed 
by McGraw et al. (2016) represents a reasonable characterization of total groundwater 
inflow. However, based on our analysis, it is an incomplete and internally inconsistent 
quantification of basin inflows to the IWV Basin, therefore it is unreliable and should not 
be used to represent the safe yield of the IWV Basin (see also Tonkin 2025b, and Bedekar 
2025b). 

• Return flow from the application of water at the surface and other incidental recharge 
mechanisms represent reliable sources of basin recharge that are included in water budget 
and safe yield estimates based on current state of practice in California in groundwater 
rights adjudications and other state documents (see also Tonkin 2025a,b). Therefore, the 
water budget and safe yield estimates of Dr. McKenna and Dr. Kincaid that specifically 
exclude incidental recharge should be considered erroneously low. 

• Dr. Kincaid’s literature-based approach to estimating natural recharge in the IWV Basin is 
incomplete, not scientifically rigorous and misleading. His compilation of recharge values 
from unrelated studies, each with differing assumptions, base periods, and data quality, 
produces a statistical construct rather than a valid estimate of basin recharge representing 
best practices. By omitting other significant recharge components reported in the cited 
literature, Dr. Kincaid’s analysis presents an incomplete water budget and systematically 
underrepresents total groundwater inflow. The misinterpretation of recharge from the 
USGS IWV-specific BCM10 summary further compounds this error, resulting in an 
underestimate of combined mountain-front recharge and interbasin groundwater flow from 
Rose Valley Basin by over 1,500 AFY relative to the USGS model results. Therefore, Dr. 
Kincaid’s estimate of natural recharge should be discounted. 

• Dr. McKenna’s comparison of recharge-to-precipitation ratios between Owens Valley Basin 
and IWV Basin is incorrect since it is based on an incomplete interpretation of the Owens 
Valley Basin groundwater budget presented in Danskin (1998). By including only the minor 
“mountain-front recharge between tributary streams” term, Dr. McKenna excluded the 
dominant recharge source from precipitation (recharge from gaged tributaries) and 
underestimated natural recharge. Correcting this oversight increases the recharge-to-
precipitation ratio for Owens Valley Basin from approximately 1 percent to 7 percent, that 

 
10 https://www.usgs.gov/centers/california-water-science-center/science/using-basin-characterization-model-bcm-estimate 
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when applied to IWV Basin result in recharge estimates that are even higher than the 
natural recharge simulated in the 2025 Ramboll groundwater flow model. This result also 
demonstrates that the recharge-to-precipitation relationship between the two basin is in 
fact not comparable. 

• Estimates of natural recharge by Dr. Kincaid and Dr. McKenna in IWV Basin primarily 
leverage measured precipitation data and non-basin-specific relational equations to 
quantify a volume of recharge, which are completely disconnected from measured 
responses of the basin aquifer system. In contrast, the storage method relies on measured 
data related to actual basin behavior: reported groundwater extractions, observed 
groundwater level changes, and storage parameters derived from calibrated models. In 
addition, the storage method inherently accounts for all sources of groundwater inflow and 
outflow, regardless of whether individual components are explicitly quantified. In contrast, 
the recharge method depends on the explicit identification and estimation of each inflow 
and outflow term introducing large uncertainty. Therefore, Dr. Kincaid’s assertion that the 
recharge method is preferable to the storage method due to fewer variables is conceptually 
flawed and technically unsupported, whereas the storage method offers a superior and 
reasonably accurate approach for determining safe yield in IWV Basin and should be 
considered more reliable. 

• Climate change should not be included in determining the safe yield of the Basin, as it is 
speculative, and safe yield determinations rely on historic records, data and information. 
The potential for climate changes in the future can be considered in the physical solution 
for the Basin. However, review of the work by Rybarski and Bacon (2025) indicates results 
showing an increase in groundwater storage by 2070 in three of the five climate change 
simulations. Similarly, the USGS IWV-specific BCM study indicates an increase in recharge 
for two of the three climate models considered, due to the increase in extreme years 
allowing for the precipitation to exceed the recharge threshold more often. Owens Valley 
Groundwater Authority simulated one global climate model and that resulted in an increase 
in groundwater recharge by 2045. These studies contradict Dr. Kincaid’s assertion of 
declining groundwater basin recharge. 
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