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Net Financial Benefits to Water Right Holders from Water Transactions; METRIC NIWR 
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Outstanding points related to the overall feasibility of a water transactions program in 
the Mono County portion of the Walker Basin 
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Please see Appendix B, Section 7 and 8, for a full discussion of the potential effects of water 
transactions on the region’s fisheries. 
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West Walker: Scenario 1a. No Irrigation for Full Season: Whole Valley  



Feasibility Assessment of a Water Transactions Program in the Walker River Basin, Mono County, CA 
�

� >�; �>� "�,��$'����! )�

@���#����	�����������������:�,�������������.����������#���������.��0��.������/��

@��.�����������.����1����0�	��1�������D�/�/��"	������ E�0���1�'����,�	��1����'�������'��#��������1�
���*���������#��,�	���/����1�����#����$��.��1�$.����1�����1�����������1��#����������.�����$��1�
���0�����#��4����4�:����������#���.#��#��������,��G������'��������������*�������������1����������#�
�,�	���������,�	��1����'��.�����������#����$$���1����.��#����	�1��.���$'�����#�������#�1��.�,#�
0#���0������$,�������������,�	��1����'��#�.#����D?���J��.���E���1�����#������0#������0����
������������0��1�#'����B������������,�	��1����'��	�����,��1��.�����0�D"�,��$'��J�	��'��E/�
����'���1���������������������$���������#������������0#�	#�1����������$�.#�����	��#'����B��������1�
B���������������#������.�����������D��	#E/�

<��*������'��0���1����'�0�������0���1���:����'���������1���"	������ /�@�	����1�'������0��1����.�
�#����	�1��.���$'�����#�������#�1��.�,#�D?���J��.���E�	���1���	��������1�,��1�	������1�.��0�#�
1����.��#���,����1���1��$,������#��.������	��1���������������.���.�����������1�0�����/������.���.���J
"�,��$'���D1�,��1��.����0�������E����	����1�'������0�0���1�'����,�	��1������	������#��B�������
������'���#'���/�A�1����#����	��������#��,����1�0#���0������$,���������������'�������������
.��0�#�	���1����������1����������#�����/�=�����$,�������0������#�� !!J(!!�	�����.��	���1�'��
�����1�1�'�����0�1�������$���#��1�,��1��.�������0��1�0�������/�"��	��'��0���������,0������#��
������������1�1�.��0��.�,����1�	���1��$,������#����	��1�����������,0���./�<��'�������1���0���������
D�/./���!!�E��0#���	��1������������:�������'��$������$����.��1����������$�.#��'�����,��1�1�1��������0�
���0��1�$����#��.��#��	�������'��0����	��1���������1����#����	�������1���1����������.�0����
$�.�$����D���$��.��#����*����$����0������B��������	��1�0��#����*��$$������,��1�1�
1���������E/�=�����$,�����#��0�����������������1�	�����#��1����������0���1�#���'�������,��1�1�
���$�,,����$�������.���� +��#���.#��	��'��� )���!!��D3	������$�3	���$�	���! )E/��

3�����$���������1����������0���1�,����$'���'�����$����1���1���"	������ /�6���.�����0��#�����������
,�����0�$$��.�'������0���1�'��,���	������������'������������$���/�7#���������'��1�����#���������
#���������$��.�����'�0�����������	���1�,����'���'��������'���$�������$�"	������ �	�$,��1�0��#�'��0��
���������#��.#�����,�	�����1�.��	������	���1�'�����	�,��'������������$���/�

<��������#����������,��G�����0���1���:����'���������1���"	������ ��,��$�����1����.��#����$$����1�
����0#�����	����1�'������0��0���1���:������	������#��B��������1�B���������#'�������'�������
�����.��1�.��0�#/�3�����$���������1����������0���1�,����$'���'�����$����1���1�����.�.��
	������0��#�����������,�����0�$$��.�'������0���1�,����������'�������$����	�$,��1�0��#���1���.��
	�����/�@��.�������0�$�0������$,�����������������,�	��1������$���,��1�	�����������������#�1������
�#��������������#�.#���$,�������������	���0��#��#��,����'�����	�,��������$�������0#������#/�

����#���	�������������1��1�1��	��'�1�'���0��"	������ �0���1�'����,�	��1����,����1���#��
.�������'�����������������1����*���������#��,�	����'�����$�����.��#������	��������1�	�1����0�����#��
4����4�:���������������#�#'����B��������1�B��������1����$�����.��#��,����'���������������$���/�
7#��.�������'��������������#������,�	��1�1����.���$$����1�����D?���J�	��'��E/����������'��������
1����.��#�����������.�����������D��	#J?���E������	�����/� 

West Walker: Scenario 1b. No Irrigation for Full Season: Part of Antelope Valley 
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West Walker: Scenario 2b. Early Season Reduction (no irrigation after July 1):�Part of Antelope 
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West Walker: Scenario 3. No Irrigation before June 1 
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1. Introduction 

Shannon Peterson Ciotti Consulting and partners are conducting a study of the potential impacts of water 

transactions in the California side of the Walker River Basin, including the possibilities for avoiding, 

minimizing, or mitigating for those impacts. The work is a project of the Resource Conservation District 

(RCD) of Mono County.  The RCD wishes to determine the potential risks, benefits, and procedural 

considerations involved in the establishment of a water transactions program within the California portion 

of the basin; to complement the ongoing water leasing and sales efforts in Nevada currently led by the 

National Fish and Wildlife Foundation (NFWF).  This study will provide recommendations regarding the 

potential development and implementation of a water transactions program for the California portion of 

the Walker River Basin, aimed at meeting ecological goals and protecting/sustaining communities and 

livelihoods in the basin. 

This report focuses on Task 1 of the larger study—an effort to understand irrigation water use in Antelope 

and Bridgeport Valleys— and includes compilation of available data and information on water use and 

hydrology in these two valleys.  The report also includes an effort to model the water balance and 

irrigation water use in each valley.  The modeling effort is intended to assist in understanding the 

potential hydrological impacts of water transactions and feed into subsequent analyses under this study of 

ecological and economic impacts of such transactions. 

The report begins by setting the stage for the report by discussing the overall purpose of the RCD study 

and the manner in which this report seeks to inform study outputs.  The remainder of the reports provides 

a compendium of technical information organized in the following order: hydrology, water rights, 

irrigation water use, and evapotranspiration.  The report closes with a presentation and discussion of the 

water balance models and how they might inform the discussion about the lease or transfer of water rights 

to assist in the restoration of Walker Lake. 

2. Background, Overview and Rationale 

As outlined in the RCD study proposal, there are three cascading outcomes that could result from water 

transactions in Bridgeport and Antelope Valleys.  Each of these outcomes results from the changes to 

water use and/or water management that are incentivized by particular types of water transactions. A 

change in water use and/or water management likely will change the hydrology of the fields and streams, 

which in turn would affect both stream and field ecology and species.  Subsequently, these changes  may 

have financial, social and/or economic impacts on residents, producers and tourists in the Valleys. 

The analysis of outcomes (or impacts) is driven by a set of three potential objectives for water 

transactions in Mono County: 

Objective 1: Provide water to the state line for delivery to Walker Lake.  The driving force behind the 

analysis of the impacts of water transactions is NFWF’s Walker Basin Restoration Program, which is 

working to improve flows to Walker Lake and promote sustainable land and water management in the 

Walker Basin.  In the case of Bridgeport and Antelope Valley, it is likely that in order to qualify for 

incentives from NFWF landowners would need to offer water that would otherwise have been consumed 

in the Valleys.  Analysis of the impacts of potential water transactions will therefore generally rely on 

analysis of how changes in the timing and amount of water diverted to and used on irrigated fields affect 

the evapotranspiration of water from these fields.  
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Objective 2: Improve productivity for fish and wildlife in area waterways.  At present, the storage and 

release of reservoir water and the diversion and return of stream flow for irrigation water are actions that 

subtract water from area creeks and streams (at diversions) and adds water to area creeks and streams (at 

points of return flow).  Reduced flows in streams may be a limiting factor for the survival, health and 

productivity of fish and wildlife.  To the extent that water transactions move water through these valleys 

in the form of additional stream flow at times when low flows are a limiting factor, then water 

transactions would improve instream hydrological conditions with resulting improvements in passage, 

connectivity and habitat for aquatic species, particularly fish. 

Objective 3: Improve, or minimize, impacts on pasture and crop productivity.  Providing water for 

Objectives 1 and 2 will mean changes to on-site water use and management.  Ideally, the changes in water 

use and/or water management would be consistent with increasing productivity.  If not, then any decrease 

in productivity and reduction in financial returns to livestock and cropping would need to be more than 

compensated for by payments received by producers for entering into water transactions. 

In order to assess the impacts of water transactions in terms of these three objectives, a series of 

hydrological, ecological and economic questions need to be analyzed by the RCD study. The primary 

goal of Task 1 is simply to understand how potential water transactions that meet Objective 1 would alter 

the pattern of water use and management in the two valleys.  Generally speaking, water transactions may 

change: 

1. The amount of storage water assigned for diversion and use in irrigation; 

2. The point at which water is diverted from the stream to the field; 

3. The source that is used (i.e., switching from surface water to groundwater); 

4. The efficiency with which water is diverted and conveyed to the field; 

5. The efficiency with which water is used on the field; 

6. The amount of ground that is irrigated; and/or 

7. The proportion of the season that fields are irrigated. 

Any of these approaches has the potential to improve instream conditions in the two valleys and fulfill 

Objective 2.  Without being conclusive at this stage, it would be reasonable to hypothesize that only 

Approaches 1, 6 and 7 would qualify as means to reduce consumptive use in irrigation, thereby providing 

savings that could potentially be carried through to Walker Lake, and fulfilling Objective 1. 

Changes to the timing and location of storage releases and diversions are likely to pass water by 

diversions and on downstream, resulting in raised stream flow in downstream reaches.  Reducing 

diversions and the use of irrigation water may then impact crop evapotranspiration as well as the 

infiltration of excess water into the water table.  Changes to infiltration will affect groundwater levels, 

which in turn may also affect the ability of plants to access the water table for the purposes of 

transpiration and growth.  Changes to groundwater levels and the extent to which plants draw from 

groundwater for transpiration will then affect the rate and amount of water that moves through the 

subsurface geology of the valleys and back to the streams.  So, changes in water use and/or water 

management likely will also affect stream flow below diversions where the water would have returned to 

the streams, but for the water transaction. 

The relationship between surface water, plants, and the groundwater system are complex.  Typically, they 

can be addressed conceptually, analytically and numerically.  For example, for the Walker River below 

Topaz and Bridgeport and down to the US Geological Survey (USGS) gage at Wabuska, scientists at the 

University of Nevada Reno and the Desert Research Institute have developed combined surface water 

distribution and groundwater models that provide numerical analysis of potential water transactions 

(Boyle et al. 2009, 2013; Minor et al. 2009).  In the Lower Walker River below the Wabuska gage, the 
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USGS has prepared a groundwater model (since surface water distribution is straightforward) to simulate 

stream flow through to Walker Lake (Allander et al. Forthcoming).   

These modeling efforts have taken years and millions of dollars.  However, these studies and models have 

involved only minimal efforts to characterize and describe the headwater valleys in California.  In this 

study, therefore, such precision cannot realistically be attained. Rather, this study, and Task 1 more 

specifically, represent an initial attempt to gather relevant information and examine how it can be 

deployed to create a simple water balance model that will describe how water moves through the system 

and how water transactions may alter the status quo.  

It is important to note that Task 1 is designed to provide information that can be used in subsequent tasks 

to examine the hydrological, ecological and economic impacts of potential water transactions.  In other 

words, the overall intent of the RCD study is to assess whether any particular transactions meet any or all 

of the three objectives above, and, if so, what the associated positive or negative impacts are.  Analysis of 

higher level ecological and economic outcomes, however, relies on first documenting the potential 

hydrological changes that may occur as a result of water transactions and the changes they cause in water 

use and/or water management.  Thus, Task 1 is critical to the utility of the overall results from the study. 

In this effort Ecosystem Economics was fortunate enough to benefit from parallel efforts at data 

collection and analysis made by researchers from the Desert Research Institute.  In particular, Task 1 has 

relied considerably on the following work: 

• Tim Minor worked with the RCD members and Ecosystem Economics to digitize relevant 

features from Bridgeport and Antelope Valley, including but not limited to points of diversion 

and irrigated fields, grouped into “hydrologic response units.” 

• Tim Minor and Justin Huntington developed and processed information on meteorological 

conditions and Landsat images to provide spatial information on evapotranspiration 

• Greg Pohll and Rosemary Carroll carried out a preliminary assessment of recharge in the two 

valleys (Carroll and Pohll 2013). 

While much of this information is integrated into this report all errors and omissions in the report below 

remain the property of the report authors. 

3. Hydrology 

Antelope Valley sits at the base of the Sierras and feeds the West Walker River.  Located to the South, 

Bridgeport Valley collects water from a number of creeks emerging from the Sierras and feeds the East 

Walker River.  First surface water and then groundwater hydrology of the two valleys is discussed below, 

separating the discussion between the two valleys. 

3.1 Surface Water: West Walker River 

The West Walker River drains portions of the eastern slope of the Sierra, primary in Mono County. 

Discharge is largely from snowmelt, with over two-thirds of annual flow volume occurring in three 

months (May-July). Flows are highly variable from year to year and the "average" discharge usually does 

not occur.  

The USGS gaging network for the West Walker River is presented in Figure 1 and Table 1, and the gages 

specifically located in Antelope Valley are presented in Figure 2. A majority of the surface water flow 

entering the valley is measured by USGS location 10296500—West Walker River near Coleville, CA 
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(Coleville Gage, #4 in Figure 1); however, there are some small streams (including Mill Creek) that 

discharge into the West Walker below the Coleville Gage. Irrigation diversions begin just below the 

Coleville Gage, with a majority of diversions in the upper portion of the Valley.  

Figure 1. USGS Schematic of West Walker River Gages 

 
Source: USGS, http://nevada.usgs.gov/walker/swdata_westwalker.htm, captured 6/25/2013 
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Table 1. West Walker River Gages 

 

Figure 2. Map of Antelope Valley Gages 
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Surface water entering Antelope Valley, as measured at the Coleville gage, was analyzed to understand 

the variability of surface water supply within the irrigation season and from year to year. Mean daily 

discharge for water years 1973–2013 was collected from the USGS website. To understand the general 

distribution of flows during a water year (October 1 to September 30), mean daily discharge for each day 

was averaged (i.e., all October 1’s from 1973–2013 were averaged to determine average flow on October 

1) and then plotted (see Figure 3). Note that the majority of flow occurs between April and July.  

Figure 3. Seasonal Distribution of Flow, Coleville Gage 

 

Variability between years was also examined. Total discharge in acre-feet (AF) for each water year was 

summed and plotted (see Figure 4). Note the large difference between peak flow years and dry years as 

well as many successive dry years. 

Figure 4. West Walker River Discharge By Water Year 
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Variability in discharge entering Antelope Valley by water year was also ranked, assigned percentiles and 

classified by “dry”, “mid” and “wet” (see Table 2). All years in the 25
th

 percentile and lower were 

classified as “dry”, between 25
th

 and 75
th

 as “mid”, and 75
th

 and above as “wet.” The last two irrigation 

seasons ranked as dry, which is consistent with anecdotal evidence gathered via landowner interviews. 

Table 2. West Walker River Discharge by Water Year and Classification  

 

Surface water that is not diverted, return flows from irrigation diversions and storage releases from Topaz 

Lake comprise the surface water leaving Antelope Valley.  Measuring water leaving the valley is 

complicated by Topaz Lake storage operations.  The USGS added three gages in 2010 to aid in 

management by measuring: 1) water diverted to Topaz; 2) water left in the West Walker River; and 3) 
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water released from Topaz Lake. Because of the short history of these gages, an alternative method for 

estimating water flowing out of Antelope Valley was used. 

The Hoye Bridge gage on the West Walker River is located below the Topaz Lake return canal (in 

Nevada), but above inflows (e.g., Sweetwater Creek) or diversions in the upper end of Smith Valley.  In 

addition, the Federal Water Master has traditionally used Hoye Bridge as a major measurement point. 

Therefore, Hoye Bridge was used in this analysis to measure water leaving Antelope Valley.  The raw 

data for this gage, however, is highly influenced by Walker River Irrigation District (WRID) storage 

operations at Topaz Lake.  For example, if WRID is storing water in Topaz Lake, Hoye Bridge will show 

less water than is actually leaving Antelope Valley.  Conversely, if WRID is releasing stored water from 

Topaz Lake, Hoye Bridge will show more water than what is leaving Antelope Valley.  To convert the 

raw Hoye Bridge gage data to “unregulated flow,” the change in storage (a release is negative) at Topaz 

Lake (from the USGs) and the estimated evaporation from Topaz Lake (based on lookup tables used by 

the FWM) was added to Hoye Bridge discharge.  This estimate of unregulated flow at Hoye Bridge is 

therefore the best estimate of flow leaving Antelope Valley (see Table 2).  

3.2 Surface Water: East Walker River 

The East Walker River also drains portions of the eastern Sierra and, like the West Walker, experiences 

its greatest flows from April-July.  The USGS gages on the East Walker are described in Figure 5 and 

Table 3.  Gages in Bridgeport Valley are presented in Figure 6.  Unlike Antelope Valley, Bridgeport 

Valley has numerous small streams that provide inflow to the Valley, many of which are neither gaged 

nor regularly measured.  All outflow from the valley, however, leaves through the outlet of Bridgeport 

Reservoir, which is measured. 

Bridgeport Valley inflows and outflows were substantially more difficult to estimate for two primary 

reasons: lack of gage data and many inflows. There are four primary creeks (i.e., Buckeye, Green, 

Robinson and Virginia) gaged by the USGS and many ungaged smaller creeks (including By Day, Log 

Cabin, Swauger and others) that enter Bridgeport Valley, eventually discharging in Bridgeport Reservoir. 

Furthermore, the four primary gaged creeks only have four years of overlap.  A few of the other creeks 

have been gaged at various times by the USGS.  For example Swauger Creek was gaged from June 2005 

through the end of September 2006. 

Bridgeport Reservoir is an in-channel reservoir so, like Antelope Valley, unregulated flow was estimated 

by backing out storage operations and evaporation from flow at the East Walker River Gage at Bridgeport 

(below the reservoir). 

Despite the lack of stream gages and history for the gages in place, the sum of discharge from the four 

primary creeks do provide some valuable information, particularly when plotted along with the estimated 

unregulated flow below Bridgeport Reservoir (see Figure 7).  The figure shows that, as might be 

expected, outflows more closely follow inflows during wet years, whereas the “top” of the inflow peak is 

carved off during the dryer years.  As storage in the Bridgeport Reservoir is already accounted for this 

suggests that much of the inflow water is being stored or consumed in the valley.  This topic is returned to 

in the water balance model discussion later in Section 7.4.  The other point worth mentioning is that these 

four creeks probably do not account for the full amount of water supply during the irrigation season.  

Evapotranspiration from irrigated fields should likely cause a more pronounced difference between 

inflows and outflows in the wet years. 
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Figure 5. USGS Schematic of East Walker River Gages 

 
Source: USGS, http://nevada.usgs.gov/walker/swdata_ewalker.htm, captured 6/25/2013 

Table 3. East Walker River Gages 
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Figure 6. Map of Bridgeport Valley Gages 
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Figure 7. Bridgeport Valley Inflows and Outflows 

 

3.3 Groundwater 

Dr. Greg Pohll of DRI, along with his DRI colleague Dr. Rosemary Carroll, prepared a short report on 

groundwater recharge in Antelope and Bridgeport Valleys (Carroll and Pohll 2013).  This report is 

available upon request and only a brief summary of the results is reproduced here, although a number of 

the results are picked up and used in the models in Section 7.   

Dr. Pohll also provided Ecosystem Economics with a brief analysis of groundwater levels based on data 

from USGS well monitoring stations in Antelope and Bridgeport Valley.  This information is summarized 

below based on communications with Dr. Pohll, along with the results of the recharge analysis. 

3.3.1 Antelope Valley

Dr. Pohll identified six HUC-12 sub-watersheds in Antelope Valley (Figure 8). Using 1981-2010 PRISM 

data total annual average precipitation of 175,700 AF, with zones ranging from 8 to 34 inches per year.  

Thus, it is concluded that all areas contribute to groundwater recharge.  Dr. Pohll employs three different 

methods to estimate recharge: the Maxey-Eakin approach commonly used in Nevada, the Nichols 

approach, and Epstein’s BBRM (bootstrap brute-force recharge model).  For Antelope Valley the models 

yield recharge estimates that range between 15,600 AF (9%) from the BBRM approach to 22,800 AF 

(13%) from the Max-Eakins approach. 

With respect to groundwater Dr. Pohll concludes that it is evident that water levels are highest in the 

south and northwest of Antelope Valley.  Water from the south generally flows parallel to the river until 

just south of the state line.  At that point, there is a groundwater divide with some water flowing toward 

Topaz Lake and the remainder flowing northeast along the riparian corridor.  Dr. Pohll notes a few 

additional interesting findings: 

• There is no evidence of significant inflow from the western mountains.  These are relatively of 

high elevation so it would be expected that more pronounced inflow would be seen, which would 

cause contours that are U-shaped with the tips pointing north.  To some degree this is a function 
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of the location of the wells, with many located on Highway 395, but few located up-gradient.  

The conclusion is that groundwater is likely flowing into the valley from the west, but the flux 

may be less than originally thought, perhaps due to low permeability rock on the margins. 

• There seems to be evidence that groundwater pumping is occurring because of the drawdown 

cones that occur in the west-central portion of the valley.   

• The data are a bit too coarse along the river channel in the center of the valley to ascertain with 

certainty gaining or losing reaches.  Topaz Lake is likely receiving groundwater. Above Topaz 

Lake, the water levels indicate that, on average, the river is most likely gaining, but data are fairly 

limited.  The river may actually be losing in the lower reaches due to groundwater pumping, but 

one cannot tell with much certainty. 

Figure 8.  Sub-Watersheds for Antelope Recharge Analysis 

Source: Carroll and Pohl (2013) 
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3.3.2 Bridgeport Valley 

For Bridgeport Valley, Dr. Pohll identified eight HUC-12 sub-watersheds (Figure 9).  Precipitation was 

twice that of Antelope valley at 380,000 AF/yr, with the same range as observed in Antelope Valley.  

completed the same analysis for Bridgeport Valley.  Estimated recharge varies from 68,600 AF (18%) 

using the Nichols approach through to the BBRM which had a mean value of 128,700 (35%).   

Dr. Pohll drew the following conclusions regarding the Bridgeport Valley groundwater system: 

• Groundwater flow is generally from the southwest to the northeast.   

• The U-shaped water level contours indicate that recharge is likely entering the valley from all 

sides, and from the braided stream structure in the southwest (exact locations of gains and losses 

cannot be determined from the map). 

• Hydraulic gradients are quite large in the southwest portion of the valley, suggesting that the 

sediments are most likely not very deep in this region.  The gradients decrease in the northeast 

suggesting higher transmissivities and perhaps deeper sediments. 

• The limited spatial data and braided nature of the stream system in Bridgeport Valley makes it 

more difficult to determine if the river is gaining or losing, but it appears that the streams are 

mostly gaining, except for the areas in the south and southwest. 

In summary, groundwater recharge is mostly from the adjacent uplands with perhaps an additional 

component from stream losses as the streams enter each valley.  Groundwater flow is generally parallel to 

the streams and on the downstream end the streams are most likely gaining.  Bridgeport Reservoir appears 

to be receiving groundwater. 

Figure 9. Sub-Watersheds for Bridgeport Recharge Analysis 

 
Source: Carroll and Pohl (2013) 
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4. Water Rights 

Water rights in the Walker Basin consist of both surface water and groundwater rights. Surface water 

rights comprise the majority of water rights in Antelope Valley and are primarily made of up 

appropriative rights adjudicated by a federal court decree. There are also groundwater rights in Antelope 

Valley, largely used to supplement decreed surface water rights. 

4.1 Decree 

The oldest water rights in the Walker River system are for the direct diversion of the natural flows 

(including return flows) of the Walker River and its tributaries as set forth in Decree C-125, the federal 

Walker River Decree. Issued initially in 1919 as Decree 731, and then re-adjudicated by the federal 

District Court in 1936, Decree C-125 was issued in final amended form in 1940. 

Under the decree, Antelope Valley rights were generally granted 0.016 cfs per acre and an irrigation 

season of 245 day (March 1 to October 31). Bridgeport Valley rights were also generally granted 0.016 

cfs per acre; however, the irrigation season is only 199 days (March 1 to September 15).  Total decreed 

irrigation water rights in California under the C-125 decree are 41,811 acres, of which 23,669 acres on the 

East Walker drainage and 18,142 on the West Walker drainage.  A portion of these rights are found 

outside Antelope and Bridgeport Valleys proper, but the vast majority are in these valleys (see Figure 10 

and Figure 11) The tables that follow provide current information as provided by Historical Mapping 

Service and DRI on the quantities of water rights within and outside the valleys. 
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Figure 10. Map of West Walker River C-125 Decree Water Rights by Claim 

 
Source: Desert Research Institute 
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Figure 11. Map of East Walker River C-125 Decree Water Rights by Claim 

Source: Desert Research Institute
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Table 4. C-125 Decree Water Rights in Antelope Valley 

 
Notes: The maximum diversion based on diversion for all 245 days of the irrigation season 

Table 5. C-125 Decree Water Rights from West Walker Upstream from Antelope Valley 
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Table 6. C-125 Decree Rights in the East Walker Drainage 

 

4.1.1 Decree Priority Dates 

Since Walker Basin water rights are governed by the doctrine of prior appropriation, the priority date of a 

water right (typically the date first put to beneficial use) is very important. The older the water right, the 

more senior that right is. In the event the river does not yield enough water to satisfy the demand of all 

water rights (nearly every year in the Walker Basin, to some extent), the most junior water right is cut off 

first, then the next most junior, and so on until there is no shortage.  

Between Antelope and Bridgeport Valleys, there are 45 different priority dates ranging from 1860 to 

1925. The priority dates in each Valley, along with their corresponding acreage, diversion rate and 

maximum annual diversion are presented in Appendix 1 in Table 24 and Table 25. 

To visualize the relative priority of water rights in different valleys or reaches, it is helpful to plot 

"accumulation" curves. With the priority date on the x-axis and the most senior date nearest the origin, the 

cumulative percentage (that is, the percent of the total volume of rights for that priority date and more 

senior dates) is plotted for each priority date. The curve increases on the y-axis until it reaches 100%.  
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Figure 12 below shows these accumulation curves for Bridgeport Valley, Antelope Valley and the 

remaining downstream decree rights in Nevada. This figure shows that the California decree rights are 

substantially more senior than the Nevada decree rights. The accumulation curve for both valleys 

increases rapidly.  Over 60% of the California decree rights have an 1864 or more senior priority date 

whereas the corresponding figure for Nevada rights is just 12%.  The implication of this finding is that the 

California rights are far more reliable on average (as explored further below) and therefore would be of 

higher value, other things equal. 

Figure 12. Walker River Decree Rights Seniority Accumulation Chart 

 

4.1.2 Reliability of Decree Rights 

The Federal Water Master (FWM), also known as the Chief Deputy Water Commissioner of the U.S. 

Board of Water Commissioners, is appointed by the federal decree court and administers the delivery of 

water to authorized points of diversion on the Walker River. In Antelope, Smith and Mason Valleys, the 

FWM office receives orders for water, and determines what priority dates can be served by the water 

available. If, for example, the priority date being served in Antelope Valley is 1864, then that means only 

decree rights with an 1864 priority date and earlier (more senior) can divert water, and any right with an 

1865 priority date or later (more junior) may not divert. There are no provisions under the current FWM 

to allow partial diversion for the most immediate junior right (1865 in the example above). The FWM 

does not have gages in Bridgeport Valley and generally relies on the cattle operators in the Valley to work 

among themselves in times of water shortage.  

FWM regulation data for Antelope Valley (1985-2011) is publicly available as evidentiary materials on 

the first Nevada transfer of water rights by NFWF in front of the Nevada State Engineer under 

Application No. 80700.  These data were compiled and applied to the C-125 water rights information for 

Antelope Valley, presented above. The volume of water in priority each year as well as its percentage of 

the maximum face value is presented Figure 13.  The FWM does not provide regulation data for 

Bridgeport Valley, although the East Walker regulation data would likely be a good indicator of 

reliability.  However, the Antelope Valley figure provides a sufficient indication of the annual variation in 

reliability of the California water rights.  The principal message is that even senior decree rights are 

subject to considerable variability in their water supply, even if on average they receive more water than 
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junior rights.  In this regard it is worth mentioning that the junior Nevada rights (1874 priority date and 

junior) have access to supplemental storage water from Bridgeport Reservoir and Topaz Lake.  This 

supplemental supply tends to even out somewhat the variability in supply and the apparent mismatch in 

seniority between Nevada and California rights.  Nevertheless, as storage rights are separable from decree 

rights for the purposes of water transactions it remains the case that the California decree rights will have 

a competitive advantage purely in terms of reliability.  

Figure 13. Antelope Valley Water Reliability by Year in Volume and Percent of Face Value 

4.2 Storage 

Many agricultural communities in the American West have stored irrigation water available so as not to 

rely solely on the availability of natural surface flow during the irrigation season. In contrast to Mason 

and Smith Valley, located downstream from Mono County in the Walker Basin, Antelope and Bridgeport 

Valleys have, in comparison, very little storage water. The volumes, locations and priority dates for these 

limited storage resources are presented in Table 7 and Table 8.   In the case of Lobdell Lake the storage 

right is specified as a diversion rate with no reported storage capacity. Actual capacity is reported as 640 

AF. 

Table 7. Antelope Valley Storage Rights 

 

Table 8. Bridgeport Valley Storage Rights 
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4.3 Groundwater 

No groundwater permits or certificates were located, due to how the State of California deals with 

groundwater rights. Based on interviews with Antelope Valley irrigators, there are some irrigators who 

use groundwater to supplement their decree rights. Details and estimates from the interviews are 

presented in the next section under water use. 

5. Water Use 

This section examines water use in Antelope and Bridgeport Valleys. Generally, Antelope Valley has a 

mix of pasture and hay crops while Bridgeport Valley is nearly all pasture. Application of water in 

Antelope Valley includes flood, wheel-lines and pivots, while Bridgeport Valley is nearly all flood 

application. Antelope Valley has mostly surface water with some supplemental groundwater, while 

Bridgeport Valley does not appear to utilize any groundwater.  

To quantify water use, the first item needed was diversion records. Permission for use of Antelope 

Valley’s diversion records was sought, but not approved by the water users. Diversion records are not 

maintained in Bridgeport Valley An alternative method for estimating Antelope Valley diversions is 

outlined below. 

5.1 Irrigated Fields and Hydrologic Response Units (HRUs) 

To assess spatial variability of water use, agricultural practices and specifically evapotranspiration (ET) 

within Antelope Valley, Hydrologic Response Units (HRUs) were defined based on the fields served with 

surface water via the major points of diversions and ditches. Tim Minor at DRI delineated irrigated fields 

through interpretation of aerial photos and interviews with Antelope Valley irrigators.  The HRU 

boundaries were also determined based on interviews with Antelope Valley irrigators and personnel of 

Antelope Valley Mutual Water Company (AVMWC), which serves most of the irrigators in Antelope 

Valley.  The results are shown in Figure 16.  Minor then calculated the corresponding acreage of each 

field using GIS and summed these by HRU (see Table 9). Over 65% of the irrigated acreage in Antelope 

Valley is associated with a single HRU, the Big Slough.  According to information gathered from 

landowners somewhat less than one-third of the acreage uses groundwater to supplement surface water.  

The irrigated acreage derived from the field mapping is very close to the acres derived from the Antelope 

Valley Mutual Water Company's "share sheet" (see Table 10) and the acres derived from the C-125 

decree (see Table 4). As the crop type for each field was also assigned in the GIS, Table 11 provides the 

totals for each crop by HRU.  
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Figure 14. Map of Antelope Valley Surface Water Points of Diversion 
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Figure 15. Map of Antelope Valley Ditches 
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Figure 16. Map of Antelope Valley Hydrologic Response Units (HRUs) 
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Table 9. Antelope Valley Irrigated Acreage by Ditch and Type 

 
Notes: *cfs derived from acres multiplied by 0.016 cfs/acre 

Table 10. Antelope Valley Water Rights from AVMWC "Share Sheet" 
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Table 11. Antelope Valley Irrigated Acreage by Ditch and Crop 

 

HRUs were not developed for Bridgeport Valley because specific information regarding which ditches 

serve which fields could not be obtained and because water rights by ditch could not be verified.  

However, based on field delineation of Bridgeport Valley by Minor (see Figure 17), an irrigated area of 

17,926.8 acres was calculated. The calculated area actually irrigated is far less than the total decree acres 

of 23,669 referenced in Table 6. This difference likely is due to the C-125 decree including acreage 

outside Bridgeport Valley proper (such as Upper Summers, Lower Summers, and Sinnamon meadows), 

and likely some area no longer irrigated. The face value of the water rights associated with the calculated 

acreage equals 286.83 cfs and a maximum annual diversion of 113,216 AF. 

Figure 17. Map of Bridgeport Irrigated Area
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5.2 Diversion Estimates 

The AVMC share sheet outlined in Table 10 breaks down the diversion rights by ditch and by priority 

date. This information was used, along with the daily regulation data from the FWM (1985-2011), to 

estimate daily diversions based on what irrigators could have diverted (see Figure 18, Estimated 

Diversions (not bound)).  At total of almost 82,000 AF is the average figure for potential diversions 

during this time period. 

Based on feedback obtained at a meeting of the Antelope Valley Mutual Water Company, diversion 

estimates were also calculated to account for times when the face value of rights in priority exceeded the 

flow available. In doing so, the face value of rights in priority was compared to the flow available at the 

Coleville gage and the lesser of the two values was tabulated, on a daily basis. Figure 18 provides the 

results of the original estimates, not bound by flow (in blue) and the new estimates (bound by flow), 

limited by West Walker River flow coming into the Antelope Valley. Table 12 provides the same 

estimates in numerical format, and as percentages. The bound by flow approach yields an average of 

69,000 for the period which is on average 15% lower than the unbound value. Differences between the 

two methods appear to be larger in wetter years.  The difficulty with the bound by flow approach is that it 

ignores the return flows that accrue back from irrigated lands downstream from Coleville.  In practice the 

FWM’s regulation of the river would accommodate these return flows, effectively allowing for water to 

be diverted more than once as it passes through the valley.   

Figure 18. Antelope Valley Diversion Estimates 
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Table 12. Antelope Valley Diversion Estimates 

 
Note: The maximum annual diversion used is 122,320 

6. Irrigation Water Use 

6.1 METRIC 

Mapping Evapotranspiration at high Resolution using Internalized Calibration (METRIC) is a state-of-

the-art and widely accepted method of using remote sensing and model to estimate evapotranspiration 

(ET) from vegetation.  DRI carried out a METRIC study of Antelope and Bridgeport Valleys as an input 

to the RCD study and the results are presented below. 

METRIC calculates ET as a “residual” of the energy balance, as satellites do not recognize water vapor 

well (Figure 19 below). The primary inputs for the model are satellite images from the Landsat Platform, 

a digital elevation model, ground-based weather data measured within or near the area of interest, and 

land cover classification data for the study area.  METRIC ET results are used to refine estimates of crop 
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consumptive use and provide information towards refining perennial yield throughout the western United 

States.  METRIC results are used to estimate historical plant water use (ET) from agricultural and 

groundwater discharge areas.  METRIC is used in an operational capacity by numerous western states to 

estimate total consumption by irrigated agriculture (Idaho), evaluate water rights (New Mexico, Colorado, 

Nebraska, Montana), monitor groundwater recharge (Idaho, Nevada), and develop water budgets for 

water transfers (Oregon, Nevada, Idaho, California). 

 Figure 19. METRIC Infographic 

Source: Allen et al. (2005) 

Due to the complexity and time involved in calculating METRIC results for any given year, the DRI team 

selected just three years for analysis in cooperation with the RCD study team.  The three years were 

chosen based on aerial photograph and meteorological data availability as well as the extent of flow 

conditions (dry, normal/mid or wet): 2002 (dry), 2005 (wet) and 2010 (median or “mid”) (see Table 2 for 

year classifications and percentiles). 

6.2 Evapotranspiration 

In addition to calculated ET the tables below present figures for reference ET.  Reference ET (or ETr) is 

an indicator of potential evapotranspiration that is derived based on weather variables. There are many 

different methods for calculating reference ET.  In this case, due to data limitation in Bridgeport and 

Antelope Valleys, DRI used data from near Bishop, CA and from Carson Valley, NV to calculate 

reference ET for the respective valleys.  This reference ET is based on weather station data and therefore 

is a single value for the valley.  In the discussion below, it is employed as a useful indicator of how 

potential evapotranspiration varied across years and the two valleys. 

Results of the Antelope Valley METRIC analysis are presented in Table 13.  Actual ET results are 

provided for each HRU, as defined earlier.  The reference ET for the valley is provided at the bottom of 

the first table. Both calendar year and March to October totals are provided. The March to October ET 

figures are the actual measured ET that are related to irrigation water use for each of the three years.  The 

dry year ET for the the irrigation season (3.26 ft) is less than that for the wet year (3.72 ft), As the 

reference ETs are similar it is not surprising that there is a higher ET in the wet year when more irrigation 

water is available.  In the median year the reference ET is less than either dry or wet year but the actual 

ET is almost the same as in the dry year.  This suggests that the median years ET might have been higher, 

and more similar to the wet year, had the weather conditions that drive ET not been so dissimilar from the 

other two years.  So it does appear that on the dry to wet year continuum that ET is higher under wetter 

conditions, although there appears to be more of a difference between the dry and median years than 

between the median and wet years.  Another way to understand this is shown in the last row in Table 13 

which subtracts the ET from the reference ET.  This shows that the gap between reference ET and actual 

ET = R   - G  -  H n 

R n 

G (heat to ground) 

H (heat to air)  ET 
The energy 
balance 
includes all 
major sources 
(Rn) and 
consumers (ET, 
G, H) of energy 

Basic Truth: 
Evaporation 
consumes 
Energy 

(radiation from sun and sky) 
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ET declines in a fairly continuous fashion as years moved from dry to median to wet. Table 14 uses the 

ET rates and the acreages to derive total ET for the Antelope Valley HRUs. 

The corresponding figures for ET rates and total ET for Bridgeport Valley are shown in Table 15. As 

described earlier, HRUs were not established for Bridgeport so the totals are for the entire Bridgeport 

Valley.  In the case of Bridgeport irrigation ET increases as the years change from dry (3.18 ft), to median 

(3.38 ft), to wet (3.59 ft).  Note that the sequence for reference ET is the reverse, suggesting more 

evapotranspirative demand in the dry as opposed to the wet year. 

Comparing results for the two valleys in Table 13 and Table 15, suggest slightly higher calendar year ET 

in Bridgeport than Antelope Valley (by around 0.4 ft on average).  However, for the irrigation season the 

ET figures in Antelope Valley are approximately the same, most likely due to the longer irrigation season 

in Antelope Valley. 

Table 13. Antelope Valley METRIC Results 

 

Table 14. Antelope Valley METRIC Total ET 
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Table 15. Bridgeport Valley METRIC results 

  

6.3 Precipitation and Net Irrigation Water Requirement 

Precipitation data from each valley was prepared by DRI from the PRISM Climate Group’s 800m dataset, 

employing a centroid place in the center of each valley. Results were multiplied by the acres in each HRU 

for Antelope Valley and by the delineated irrigated acreage in Bridgeport Valley.  The monthly totals for 

the three years used in the METRIC analysis are presented in the tables below. 

Actual ET less precipitation for a given period is generally accepted as a measure of the water that is 

evapotranspired due to the application of irrigation water.  In the DRI work this is referred to as the net 

irrigation water requirement (NIWR). NIWR is as accepted approach for determining the consumptive 

use of irrigation water.  NIWR is also generally used as a measure of the water that can be leased or 

transferred to points downstream without causing conflict or injury with other water users.  NIWR can be 

estimated directly if actual ET and precipitation data are available.  Otherwise, ET can be estimated for 

particular crops by developing the reference ET, then adjusting this general ET to crop-specific ET 

estimates according to coefficients developed for each crop, and then subtracting out precipitation.  In 

Nevada, the Department of Water Resources has developed such NIWR figures for every basin in the 

state. 

The month-by-month calculations for the two valleys for ET, precipitation and NIWR by year are 

provided below in Table 17 and Table 18.  Totals are provided for the calendar year, for the full irrigation 

season and for two periods of interest for the study: March through May and July through the end of the 

irrigation season.  A summary of the findings of these tables is presented in Table 16.  The results suggest 

comparable NIWR levels in the two valleys.  The annualized total volume difference in NIWR between 

wet and dry years for the irrigation seasons are in the 4,000 to 6,000 AF range with Bridgeport Valley 

seeing the lowest variation. 

In the case of Bridgeport Valley the wet to mid to dry years show small decreases in NIWR as might be 

expected due to lower availability of water supply.  In Antelope Valley the mid year is an outlier as 

NIWR is lower than for the dry year.  An important contributor to this result is a large batch of 

precipitation in October of 2010.  Whether or not all of this precipitation contributed to crop ET is 

unknown, but its contribution is expected to be minimal, as much vegetation has already shutdown in 

October due to colder temperatures.  Where large rainfall events occur they may not all go to crop ET.  

This suggests the difficulty with calculating NIWR simply as if it is ET net of precipitation.  For example 

in the winter months negative NIWR numbers result from this procedure (as seen in the tables below).  

These numbers are of no value for the current purpose, of course, as these months are outside the 

irrigation season.  The issue of the potential sources of ET is pursued further in the modeling effort in the 

next section. 
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Table 16. Summary of NIWR for Antelope and Bridgeport Valleys 

  

Table 17. Antelope Valley Net Irrigation Water Requirement 

 

 
Note: This includes the 14,922 acres of HRUs using surface water in Antelope Valley 

Table 18. Bridgeport Valley Net Irrigation Water Requirement 

 

7. Water Balance Models 

The final step in Task 1 as envisioned in the proposal for the Study is to build a water balance model for 

the major irrigation systems and diversions in each of the valleys.  The primary objective of such a model 

would be to assist in understanding the hydrological impacts of changes in water diversion and 

consumption that occur as a result of conservation improvements, leasing or other water rights 

transactions.  Constructing such a model relies on the availability of the underlying data and the set of 

associated assumptions necessary to create a functioning simulation model. 
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Such a model can be constructed at one of two levels of resolution.  The most basic model (a “Valley” 

model) would treat an entire valley as a single modeling unit and would include the information necessary 

to understand the following four model elements and changes to them under varying conditions: 

1. Water in to the valley, consisting of: 

o stream inflow; and 

o precipitation and groundwater recharge. 

2. Water out of the valley, consisting of: 

o evapotranspiration from irrigation and other lands in the valley; and  

o streamflow leaving the valley. 

3. Change in water storage: consisting of the net change in groundwater as the valley stores and 

releases water in response to the inflows and outflows. 

Such a model would be designed to model the water balance over some specified time frame (daily, 

monthly, seasonal or annual) as pertinent to the information needs fulfilled by the model.  In the case of 

Antelope and Bridgeport Valleys a “Valley” model should assist with the first objective with respect to 

the potential of water transactions in Mono County (as explained above in Section 2), being to inform an 

understanding of how water transactions can lead to water that can be delivered to the state line and from 

there to Walker Lake without adversely affecting other water right uses in the valleys). 

A second, more refined model (an “HRU” model) would partition the valley into identifiable hydrologic 

response units (HRUs) that can be modeled much as the entire valley would be modeled in the basic 

model.  The advantage of such a model is that it can address with some specificity the question of how 

transactions might affect instream flows through the valley (the second objective as explained in Section 

2 of this memo), as explained above.  For example, with the Valley model it is not possible to say 

anything about stream flow within a valley.  All that is known are stream flow inputs above the valley and 

the outflow below the valley.  This will be sufficient for examining water transactions that meet the first 

objective. However, in order to assess stream flow within the valley and the potential benefits of water 

transactions on fish and wildlife a more refined model is needed. Such a model would involve breaking 

land area out into HRU and the stream into segments (based on irrigation points of diversion).  Diversions 

of water from particular points allow the simulation of outflows from streams.  The conveyance and 

application of water on fields within the HRUs allow simulation of evapotranspiration, groundwater 

storage and the return of flow to the stream.   

In an HRU model, in addition to the inflows and outflows to the valley (as per items 1 and 4 for the 

Valley Model) it is necessary to estimate the following parameters for each of the HRUs:  

• Amount of water diverted to the HRU at the point of diversion, noting that this may depend on 

the priority of the water rights on the diversion and the availability of surface water 

• Conveyance water net of any immediate returns of water to the stream 

• Transmission Efficiency; or the inverse of the conveyance loss from the point of diversion to 

fields 

• On-Farm Efficiency; the water use efficiency on the field based on the water application 

technology (e.g. flood, wheel line, etc) 

• Crop evapotranspiration; 

• Other returns from tailwater to the stream 

For the streams in an HRU model the following features along the stream need to be identified in terms of 

their location and amount of inflow/outflow to/from the stream. 

• tributary inputs (+) 

• irrigation diversions (-) 
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• irrigation returns, typically towards the upper end of ditches (+) 

• groundwater discharge from canal seepage (+) 

• groundwater discharge from on-farm seepage (+) 

• tailwater at the end of the main irrigation canals (+) 

With the information available for Antelope Valley a fairly robust Valley Model is developed below.  

Development of a full HRU model is not attempted for Antelope Valley due to the lack of sufficient 

streamflow data within the valley.  Information from fixed gages or a streamflow seepage campaign 

would be necessary to be able to calibrate such a model.  As such information does not exist an HRU 

model is not attempted.  However, an intermediate step is taken of developing a full irrigation water 

balance model for the majority of the irrigated area in Antelope Valley.  This model complements the 

Valley Model and by fully specifying the irrigation water budget enables a further understanding of how 

water transactions might affect the water budget and provides more resolution as to what portion of water 

rights involved in likely water transactions might be marketed to the state line and Walker Lake. 

For Bridgeport Valley data is more problematic.  Streamflow inputs and diversions are not “linear” as 

they are in Antelope Valley and the streamflow input is not well understood over a range of conditions. 

For this reason, the modeling effort in Bridgeport Valley is limited to a fairly general valley model.  As a 

result, analysis of water transactions in Bridgeport Valley may need to rely more directly on the ET and 

NIWR figures from the METRIC analysis as cited earlier in this memo. 

7.1 Antelope “Valley” Model 

The Antelope Valley Model is derived from the following data, most of which is explained in prior 

sections of this report: 

1. Stream inflow to the valley: 

o Historical gage data above Antelope Valley at the Coleville gage is available - daily data 

for 1902 to 2013 is available from the USGS (see Table 2). 

2. Precipitation in the valley: 

o Modeled data from PRISM software for Antelope Valley based on available weather 

station data – average monthly data for January 1995 to September 2011 was provided by 

DRI. 

3.  Recharge from precipitation in the valley 

o Results of modeled sub-watersheds are compiled from a DRI paper prepared expressly 

for this purpose by Carroll and Pohll (2013) providing an average percent of precipitation 

routed to recharge of 11%, this represents precipitation less evapotranspiration and is 

used for the non-irrigated areas of the valley. 

4. Evapotranspiration from irrigation 

o The METRIC results for ET produced by DRI (see section above) are available for 2002, 

2005 and 2010 only, average figures for reference ET are available by crop from NDWR 

(Huntington and Allen 2010), and crop type is available from DRI for use in estimating 

average ET for other years (as needed).  

5. Streamflow leaving the valley 

o An unregulated dataset for the Hoye Bridge Gage (located approximately 3.5 miles below 

the point where the Topaz canal empties into the West Walker River) is constructed using 

the actual (regulated) Hoye Bridge Gage data and adding back in evaporation from Topaz 

Lake and storage releases from Topaz Lake (as explained in Section 3.1 above and shown 

in Table 2), daily data from 1974 to 2013 is available. 

While basic characterization of the groundwater system and ancillary groundwater investigations were 

carried out by various authors (in particular Carroll and Pohll 2013) related to this Mono County RCD 
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project, no detailed historical information has been compiled and analyzed with respect to groundwater 

levels.  Nor is a groundwater model for Antelope Valley available as for Mason and Smith Valleys on the 

Nevada side of the basin.   

The Antelope Valley Model is constructed so as to impute the change in groundwater storage once 

inflows and outflows are specified.  In order to adapt the data available the model largely separates out 

the irrigated and non-irrigated portions of the Valley.  For the purposes of the model Little Antelope 

Valley (or Slinkard watershed) are lumped in with the non-agricultural portion of the valley (as they are 

non-contiguous with the bulk of the Antelope Valley HRUs.  Precipitation (P), recharge (RCH), and 

evapotranspiration (ET) are derived separately for so-called “agricultural” and “non-agricultural” portions 

of the basin. So a net recharge figure is derived for the non-agricultural part of the basin. This is derived 

by subtracting the non-irrigated lands and Topaz Lake surface area from total valley area and multiplying 

this areal percent by precipitation and the portion of precipitation going to recharge (as per Carroll and 

Pohll 2013 as cited above).  The delay in precipitation routing to the stream is not known, but a trailing 

12-month moving average of precipitation is used as the precipitation input in the calculation.   

In the model then, the change in groundwater storage, GW, for each monthly time step is computed as 

follows: 

GW = SFin + RCHnon-ag + Pag – ETag - SFout 

The inflow and outflows in the model are shown below for the three years for which Metric data are 

available, being a dry year (2002), a “mid” or median year (2010), and a wet year (2005).  The chart 

shows that in a dry year total inflows and outflows peak at just over 40,000 AF/month, whereas in the 

other two years they peak at two times that amount.  Examining the inflows and outflows it can also be 

seen that outflows are always below inflows and sometimes significantly so early in the irrigation season 

in the dry year.  In the mid year outflows are below inflows but consistently to a minor degree.  In other 

words in these years the major trend is to be increasing groundwater storage.  In the wet year, early in the 

season outflows exceed inflows and thus the system is discharging water on net. 

Figure 20. Inflows and Outflows, Antelope Valley  
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The change in groundwater storage can be observed more directly in Figure 21.  Again note that the 

progression from dry to wet years leads to a reversal of the groundwater storage pattern.  Also note that 

while ET is progressively higher going from dry to wet years, this change in ET is clearly not sufficient to 

drive such large swings in storage.  The figure also charts out the recharge from non-agricultural lands 

and the precipitation input.  These would also appear to not be driving groundwater storage.  Figure 22 

however charts groundwater storage against streamflow and the diversion of surface water decree rights 

(as explained in Section 5.2 and further below in the monthly model).   Here a relationship can be seen 

between the two measures of hydrologic availability and the change in groundwater storage.  As expected 

storage then appears to be driven by the availability of streamflow, which itself translates into the 

availability of surface water irrigation, which in turn refills the water table in the valley.  This observation 

confirms the views of long-term farmers and ranchers as expressed in meetings with the project team.  

These stakeholders emphasized the importance of “filling the bathtub” to sustaining irrigation late in the 

season and in dry years. 

Figure 21. Change in Groundwater Storage, Antelope Valley Model 
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Figure 22. Groundwater Storage, Streamflow and Irrigation Diversions 

 

7.2 Antelope Valley Irrigation Water Budget Model 

The Metric ET work undertaken by DRI as reviewed in Section 6 above provides spatially disaggregated 

monthly estimates of actual evapotranspiration in the dry, mid and wet years.  When precipitation is 

subtracted these figures provide initial estimates of Net Irrigation Water Requirements (NIWR).  NIWR is 

effectively the “consumptive use” associated with the application of irrigation water and thus represents a 

measure of the amount of water that could be leased or transferred to downstream uses, including for 

instream and environmental purposes.  In Antelope Valley, however, there are actually five sources of 

water that may lead to evapotranspiration from irrigated fields: 

1. Precipitation

2. Diverted decree water 

3. Diverted storage water 

4. Pumped supplemental groundwater 

5. Transpiration from water stored in the ground 

The irrigation water budget model is developed to track crop demand and the extent to which each of 

these water sources may contribute to ET on a monthly basis for Antelope Valley.  This is carried out for 

the same three representative years used in the Antelope Valley Model above.   

In addition to the input data used for the Antelope Valley Model a dataset of expected monthly diversion 

for these years is derived using the water regulation data for Antelope Valley available from the Federal 

Watermaster.  The “not bound” data from Table 12 is used for this purpose.  This means that the model is 

using the Watermaster’s regulation data and is not limiting this to flow available at the Coleville gage.  As 

return flows from irrigation may occur along the stretch of the West Walker in Antelope Valley the 

Watermaster’s data should account for any shortages up and down the Antelope Valley reach.  

The model is run for the irrigation water rights and fields along the West Walker and excludes Little 

Antelope Valley and the primary groundwater down-gradient from Topaz.  The model follows irrigation 

water that is diverted to the field.  Key steps and parameters include: 
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1. Irrigation water diverted is adjusted downward by a ditch conveyance loss – based on interviews 

with water managers this is set at 10% for all but Swauger ditch which is known to lose a lot of 

water and is set at 40% 

2. Crop water demand at the farm is determined by adjusting the raw crop water demand for the on-

farm efficiency, which is in turn calculated based on the amounts of alfalfa and/or pasture with 

80% and 40% efficiencies for sprinkler and flood irrigation assumed. 

3. At the farm, precipitation is added to the surface water; if this amount of water is insufficient to 

meet the crop water demand at the farm then storage and supplemental groundwater are used in 

proportional fashion to the acres that they can supply 

4. Finally, if these four sources of water are not sufficient the model has a toggle that allows (or 

does not allow) the crops to access non-consumptive water that is stored in the ground in previous 

periods (from recharge due to irrigation) 

Ideally the model would be run using a crop demand that represents the maximum crop demand under the 

conditions present in each month with a “full” water supply.  However, such a figure is not available.  

Instead the model is run in order to use available water supplies to meet the actual evapotranspiration 

observed in the METRIC models (see the discussion and tables in Section 6.1 above).  The model is first 

run with the toggle allowing crop demand to pull from the groundwater supply in the “off” position.  The 

results for this run show that irrigation and precipitation alone are not sufficient to generate the METRIC 

ET measured by DRI.  Comparing years also suggests that this crop water deficit is more severe in dryer 

years (see Figure 23).  This observation very much corresponds with the information provided by local 

stakeholders. The figure also clearly shows that actual evapotranspiration is itself more limited in drier 

years. 

Figure 23.  Model vs METRIC Evapotranspiration without Access to Groundwater 

 

The irrigation water budget model allows the tracking of the different types of irrigation water (decree, 

storage and supplemental groundwater) and precipitation.  Figure 24 charts out the monthly use of each of 

these types of water across the three representative years.  The drop off in decree availability in the dryer 

years, as opposed to the wet years is marked, as is the uptick in use of supplemental groundwater in 

particular to try and meet this deficit. However, with limited storage and supplemental groundwater rights 

the large deficit cannot be met through irrigation.  Instead it is the filling of the valley water table during 

� ����

�!�"""��

�$�"""��

�%�"""��

�&�"""��

��"�"""��

��!�"""��

�
�#

 "
!�

��
# "

!�
�
��

 "
!�

��
� 

"!
�

��
� "

!�
��

��
��
�

��
	�
��
�


�
���

��


��
��
��

�	
���

��

��
��
��

��
��
��

�
��
���

��
��

��
��
�

��
	�
��
�


�
���

��


��
��
��

�	
���

��

��
��
��

��
��
��

�
��
���

��
��

��
��
�

��
	�
��
�


�
���

��

�
��
��
��
���

��
�	


�
��
�

��������

���������



ECOSYSTEM ECONOMICS 

Mono County RCD Task 1 Report 39

the winter and early irrigation season that provides water to sustain crops during that late summer, 

particularly during the late summer. 

Figure 24. Irrigation Water Supply and Precipitation 

 

When access to the irrigation water that is stored in the ground (water table or groundwater) is turned 

“on” in the model, the crop water demand is filled from the available reservoir of water retained in the 

ground from irrigation water recharge in prior periods.  The model simply accumulates excess water, 

ditch conveyance loss and on-farm losses due to irrigation and makes this available to irrigation.  Figure 

25 shows how the different sources of water are stacked one on top of the other to meet the crop water 

demand.  Table 19 provides the amounts of ET sourced from each type of water in AF, % of total, and 

feet.  Three findings from this analysis are as follows: 

1. Irrigation water stored in the water table has an important contribution to crop demand, growth 

and ET in all years, but particularly in a dry year, in the dry year 33% of total ET comes from 

groundwater or about 1.08 feet and in the wet year these figures are 14% and 0.53 feet.  

2. Irrigation water that is stored in the water table is sufficient to make up for the loss of 

precipitation and decree diversions in the summer months of dry years – in the dry year this does 

require that over 35% of the total non-consumptive use for the year be available to plants.   

3. The direct contribution of irrigation water to ET in this case is not just ET less precipitation, but 

ET less precipitation and the water evapotranspired from the water table and will vary 

significantly: 

a. Year-to-year – with an irrigation water contribution to ET, or NIWR, that varies from 

2.14 feet in the dry year to 3.19 feet in the wet year. 

b. Depending on efficiency assumptions that go into the model – increasing water use 

efficiency means more ET resulting from irrigation and less need to tap groundwater; for 

example, changing flood irrigation efficiency from 40% to 60% in the model increases 

the ET due directly to irrigation water from 2.14 to 2.30 feet for dry years, and from 3.19 

to 3.46 feet for wet years. 
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Figure 25.  Evapotranspiration by Type of Water Consumed  

Table 19. Irrigation Season Evapotranspiration Amounts by Source and Year Type, Antelope 

Valley

7.3 Antelope Valley Findings 

The implications of these model findings for water transactions that involve the removal of irrigation 

water from an irrigated field are as follows for full and partial years (see Table 20 for details): 
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• For a full year of fallowing (or water leasing) the amount of irrigation water (including decree, 

groundwater and storage) not consumed will vary from 2.14 to 3.19 feet, and from 1.67 to 2.95 

feet for decree rights only (see Table 19), with the following caveats: 

o the figure will be higher the wetter the year, and lower the dryer the year 

o the figure will be higher for more efficient operations and lower for less efficient 

operations 

o the figure will be lower if evapotranspiration on the field is supported by groundwater 

storage early in the season (not the late season as the dry year shows that there is a limit 

to the contribution of groundwater storage). 

• For a sale and transfer of water rights, i.e. a permanent transaction that fully dries out the 

property, the ET savings would be the sum of the subtotal for irrigation water and the water table 

/ groundwater component, or a range of from 3.22 to 3.72 feet.  If the groundwater is not 

transferable and the storage is marketed separately the sum of the decree and water table / 

groundwater component would be 2.75 to 3.48 feet for dry and wet years respectively, with a 2.89 

feet figure for the median year. 

• For a partial year late season fallowing/lease of decree rights (assuming no irrigation after July 

1
st
) the portion of the decrease in decree irrigation water consumed is 0.31 feet in the dry year, 

0.93 feet in the median year and 1.42 feet in the wet year, with a midpoint of about 0.8 to 0.9 feet.  

• For a partial year early season fallowing/lease of decree rights (assuming no irrigation until June 

1
st
) the portion of the decrease in decree irrigation water consumed 0.90 feet in the dry year, 0.86 

feet in the median year and 1.07 feet in the wet year, with a midpoint in the 0.9 to 1.0 feet range.  

• For a reduction in water use from wet year levels to dry year levels the decrease in irrigation 

water consumed will be about 1.05 feet for all irrigation sources (see Table 19) and 1.28 feet for 

decree rights only. 

Note that all the caveats to the first bullet above apply to the ensuing bullets. 

Table 20. Summary of Modeled ET from Decree Source by Month, Antelope Valley 

 

7.4 Bridgeport “Valley” Model 

The modeling effort for Bridgeport Valley is constrained in various ways.  Two main data limitations that 

affect the ability to construct the models deployed above in the case of Antelope Valley, including: 

• There is only a four-year period (October 2004 to September 2008) when data from all four creek 

gages (Buckeye, Green, Robinson and Virginia) is available 

�-������ ����������

�����  ��	
���� ���	
���� ���	
����  ��	
���� ���	
���� ���	
����

��� ������������������ ������������������ ������������������ ������������������ ������������������ ������������������ ���������������� ����������������
��� ������������������ ������������������ ������������������ ������������������ ������������������ ������������������ ���������������� ����������������
��� ������������������ ������������������ ������������������ ������������������ ������������������ ������������������ ���������������� ����������������
��� ������������������ ������������������ ������������������ ������������������ ������������������ ������������������ ���������������� ����������������
��� ������������������ ������������������ ������������������ ������������������ ������������������ ������������������ ���������������� ����������������
��� ������������������ ������������������ ������������������ ������������������ ������������������ ������������������ ���������������� ����������������
��� ����������������� ������������������ ������������������ ������������������ ������������������ ����������������� ���������������� ����������������
��� ������������������ ������������������ ������������������ ������������������ ������������������ ������������������ ���������������� ����������������

������ ����������������� ����������������� ����������������� ���������	��
��� ����������������� ��������������� ����������������
�����������
��� ���������������� ��������������� ���������������

��	������	��	�	 !���� ��	"�	!����	
#�����$	���	����	
���	
#���

��$	���	%���	
���	*�!��&	


#���



ECOSYSTEM ECONOMICS 

Mono County RCD Task 1 Report 42 

• There is no regulation data available from the Federal Watermaster 

In order to provide an indication of the hydrologic dynamics of Bridgeport Valley along the lines of those 

put forward for Antelope Valley, three simplifying assumptions are made to construct a valley model and 

an irrigation water balance model: 

• One year of monthly streamflow data (2006 water year) from Swauger Creek is compared with 

Virginia Creek data for those months in order to generate a full November 2004 to September 

2008 data set for Swauger Creek, in order to include this creek’s contribution to Bridgeport 

Valley water supply. 

• Dry year irrigation season streamflow for 2002 is approximated by using streamflow data from 

the 2008 water year based on comparison of flows for these years on Buckeye and Robinson 

Creek, including the estimated Swauger Creek flows for 2008.Decree diversions are assumed to 

be the lesser of the total allowed rate per hectare of irrigated land (0.016 cfs/acre under the C-125 

decree) summed monthly or the amount of streamflow available 

With these adjustments it is possible to develop the two models for the dry (2002) and wet (2005) years. 

The same set of valley model charts as was produced for Antelope Valley are repeated for Bridgeport 

Valley in the next three figures below.  As is the case with Antelope Valley, there is a large difference 

(threefold) between wet and dry years in terms of precipitation and streamflow (see Figure 26).  The gap 

between the stream inflow and the flow leaving the valley roughly follows the same dry/wet year pattern 

as well.  Do however note that the difference between inflow and outflow is quite large in the dry year.  

As shown in Figure 27 the shape of the groundwater storage line through the dry and wet years parallels 

that for Antelope Valley, with the valley gaining water early in the season and discharges water late in the 

year during the dry year, whereas the wet year shows discharge throughout the year with large amounts 

leaving the valley early in the season. Presumably, this indicates that during wet cycles that valley “fills” 

up early in the season, whereas in dry cycles the valley soaks up available water early in the season.  The 

final figure shows that the artificial constraint imposed on the model means that during the dry year the 

decree diversions simply equal the streamflow inputs to the valley.  And these appear to drive 

groundwater storage – note the similar shape in the two curves.   However, during the wet year 

streamflow inputs exceeds permitted diversions during most of the summer and streamflow inputs do not 

appear to drive changes in groundwater storage. 

Although it is hard to draw conclusions from only two years of data, it does appear that the model is 

understating the overall water supply in the valley.  The groundwater system appears to be discharging in 

both dry and wet years (on an annual basis).  It is therefore not clear when the system would be 

recharging the groundwater system to maintain an overall balance between years.  Further hydrological 

assessment of the inflows used in this dataset would be needed to assess where the deficiency lies. 
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Figure 26. Inflows and Outflows, Bridgeport Valley 

 

Figure 27.  Model vs METRIC Evapotranspiration without Access to Groundwater, Bridgeport 

Valley 
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Figure 28. Irrigation Water Supply and Precipitation, Bridgeport Valley 

 

7.5 Bridgeport Valley Irrigation Water Budget Model 

The Bridgeport irrigation water budget model follows the same set-up and procedures as the Antelope 

Valley model.  A few of the parameters that differ in the Bridgeport model include:

• Total decree acreage of 17,927 

• No supplemental groundwater rights 

• Storage in the two Twin Lakes on Robinson Creek is 6,100 AF 

• Ditch conveyance loss is set at 10% 

• On-farm efficiency is set to 40% due to the prevalence of flood irrigation in the valley 

• Beginning of year groundwater storage is set at 3,500 AF 

The low amounts of streamflow for diversion (in the dry year and in all but the snow melt months of the 

wet year) as noted above, in combination with low efficiency on-farm application, leads to the result that 

much of the water evapotranspired by crops and pasture in Bridgeport comes from groundwater and not 

directly from the application of irrigation water.  The low proportion of METRIC ET that can be sourced 

from surface water applications is shown in Figure 29.  As with Antelope Valley precipitation during the 

irrigation season is minimal, and insignificant compared to the surface water inflow (see Figure 30).  

When the model allows the crop demand to pull from irrigation water previously stored in the water table 

actual ET can be replicated in the model.  However, a very large portion of the ET comes from the plants 

access to the water table and not directly to the irrigation water as delivered (see Figure 31 and Table 21).  

The table suggests that in the wet year 48% of the ET, or 1.83 feet, comes from the water table and in the 

dry year this figure is 54% of the total but a similar amount at 1.82 feet.  This means that the amount of 

ET derived directly from the application of irrigation water is quite low at 1.46 feet in the dry year and 

1.85 feet in the wet year. 

As with the Antelope Valley model it is important to stress that these large figures for the water table 

component of ET are determined in large part by the water use efficiencies in the water.  If the 40% 

assumed for flood irrigation is changed to the higher 60% efficiency then the amount of ET due directly 

to irrigation water rises to 2.11 in the dry year and 2.67 in the wet year, a significant increase.  
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Figure 29.  Model vs METRIC Evapotranspiration without Access to Groundwater, Bridgeport 

Valley 

Figure 30. Irrigation Water Supply and Precipitation, Bridgeport Valley 
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Figure 31.  Evapotranspiration by Type of Water Consumed, Bridgeport Valley 

Table 21. Irrigation Season Evapotranspiration Amounts by Source and Year Type, Bridgeport 

Valley 

7.6 Bridgeport Valley Findings 

As in the case of Antelope Valley, the model findings have implications for water transactions that 

involve the removal of irrigation water from an irrigated field (see Table 22 for monthly ET figures for 

the decree source of water). These implications are as follows, noting that the same caveats apply as in 

Antelope Valley in terms of the variability of these figures from dry to wet years, the influence of water 

use efficiency, and the spatial/temporal variability: 
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• For full year fallowing the amount of irrigation water not consumed will vary from roughly 1.46 

to 1.85 feet for all irrigation water and 1.33 to 1.71 for decree water only. 

• For a sale and transfer of water rights that fully dries out the property, the ET savings for all 

irrigation sources would range from 3.3 to 3.7 feet.  If the storage is marketed separately the sum 

of the decree and water table / groundwater component would be 3.15 to 3.55 feet for dry and wet 

years respectively. 

• For a partial year late season fallowing/lease of decree rights (assuming no irrigation after July 

1
st
) the portion of the decrease in decree irrigation water consumed is 0.40 feet in the dry year and 

0.69 feet in the wet year, with a midpoint of about 0.55 feet.  

• For a partial year early season fallowing/lease of decree rights (assuming no irrigation until June 

1
st
) the portion of the decrease in decree irrigation water consumed 0.59 feet in the dry year and 

0.68 feet in the wet year, with a midpoint of about 0.65 feet.  

• For a reduction in water use from wet year levels to dry year levels the decrease in irrigation 

water consumed will be about 0.4 AF for all irrigation sources (see Table 21) and for decree 

rights. 

Table 22. Summary of Modeled ET from Decree Source by Month, Bridgeport Valley 

 

8. Conclusions: Implications for Water Transactions 

This paper summarizes existing and newly developed data and models regarding hydrology, water rights 

and water use for irrigation in Antelope and Bridgeport Valleys.  The intent of the effort is to provide 

information regarding the potential impact on the water budget of a range of water transactions that are to 

be examined in the RCD study.  METRIC ET data and the NIWR figures by DRI, along with the 

modeling results explained in the preceding section provide different perspectives on the amounts of 

evapotranspiration (ET) associated with these transactions under a range of hydrological conditions.  

Generally, the DRI NIWR figures should be higher than the modeled figures as the modeling attempts to 

parse out the contribution to ET by source.  The advantage of the modeled numbers is that they enable a 

more refined estimate of the likely amounts associated with specific types of water rights, for example, or 

decree and the likely effects of temporary transactions that do not fully dry up acreage. 

An effort is made in Table 23 to summarize the METRIC and the irrigation water budget model results.  

A brief discussion of the results and how the figures might be used is best organized by each type of 

transaction: 
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• Full year temporary fallowing is in the 3 to 3.5 foot range using the METRIC NIWR figures, but 

from as low as 1.3 feet and up to 3.2 feet using the water budget model figures.  Choosing the 

lower, water budget model numbers would reflect the assumption that small, temporary 

transactions will not succeed in drying out fields and therefore would not realize the full savings 

implied by the METRIC NIWR figures. 

• Conversely for full year permanent fallowing the METRIC NIWR figures of 3 to 3.5 feet seem 

reasonable as all water would permanently be removed from the property, also the water budget 

model figures come in very much in this range with values of from 2.8 to 3.7 feet. 

• For the partial, late season transactions the METRIC NIWR figures range from 1.4 to 2 feet, 

whereas the decree only figures from the water budget model range from 0.3 to 1.4 feet; the 

decree only figures are quite low but may be more accurate if, as the water budget model 

suggests, late season ET in these valleys depends in good part on water stored earlier in the 

season. 

• The figures from both data sets with respect to the early season are quite similar and range from 

0.6 to 1.1 feet; in this case this reflects not so much water stored but the direct contribution of 

irrigation water (which is usually decree only this early in the season) to early season ET. 

• For a reduction in water use that mimics always irrigating at dry year levels in the case of 

Antelope Valley the METRIC NIWR reduction is 0.4 feet, whereas the water budget model 

suggests a much higher figure of 1.1 to 1.3 feet; in the case of Bridgeport Valley both 

approaches yield approximately the same 0.3 to 0.4 feet figure; these results reflect the much 

more pronounced variation in decree water right reliability in Antelope Valley which leads to a 

much higher dry/wet year variation in the water budget model. 

Storage transactions are likely to be stand-alone transactions, i.e. not transferred along with the primary 

decree rights.  Due to their unique nature as stored water, already withdrawn from natural flow, they 

would likely be subject to a different evaluation process with respect to leasing or transfer.  Groundwater 

use is unlikely to be transferrable to an instream surface water right that is protectable downstream.  

Thus, depending on the case the decree only figures may be more relevant than the “all sources” figures. 

Table 23. Summary of METRIC NIWR Results and Irrigation Water Budget Results for Irrigation 

and Decree Sources for Decree Rights 

 

Notes: *All sources do not include water table / groundwater for temporary transactions but do include 

this for permanent transactions 
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Appendix 1. Water Right Priorities 

Table 24. Antelope Valley Decree Rights, by priority date 
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Table 25. Bridgeport Valley Decree Rights, by priority date 
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