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Cover:  Background image is the Lower Muddy River near Logandale, Nevada.  The 
individual photos are within the Muddy Valley Irrigation Company’s service area. 
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 1

Introduction 
The Secretary of Interior (Secretary) issued a Record of Decision for Colorado River Interim 
Guidelines for Lower Basin Shortages and the Coordinated Operations for Lake Powell and 
Lake Mead (Guidelines) on December 13, 2007, which established criteria for the development 
and delivery of Intentionally Created Surplus (ICS).  One type of ICS is Tributary Conservation, 
which allows a Contractor to increase tributary flows into the mainstream of the Colorado River 
within its state for ICS credits.  The conservation of tributary flows into the mainstream of the 
Colorado River is limited to water rights that have been used for a significant period of years and 
were perfected prior to June 25, 1929, the effective date of the Boulder Canyon Project Act 
(BCPA). 

To generate ICS, the Guidelines require a Contractor to enter into a Delivery Agreement with the 
United States of America and a Forbearance Agreement with Lower Basin Contractors.  The 
Southern Nevada Water Authority (SNWA) and Colorado River Commission of Nevada entered 
into a Forbearance Agreement with Lower Basin Contractors on December 13, 2007.  Exhibit A 
of the Forbearance Agreement describes the surface water rights on the Muddy and Virgin 
Rivers, pre-dating June 25, 1929, which SNWA plans to use to create Tributary Conservation 
ICS, and how the Muddy River flows reaching Lake Mead will be calculated (Appendix A). 

The Guidelines, Forbearance Agreement, and Delivery Agreement require a plan for the creation 
of ICS (ICS Plan).  An ICS Plan for Muddy River ICS was submitted to the Bureau of 
Reclamation (Reclamation) for Calendar Years (CY) 2008 and 2009 in September 2008.  SNWA 
received a letter from Reclamation in December 2008 approving the ICS Plans for CY 2008 and 
2009 (Appendix B). 

This report satisfies the requirements of Nevada State Engineer Order 1194 (Appendix C) and 
the Guidelines as follows: 

• Under Nevada State Engineer Order 1194, an annual report will be submitted to the 
Nevada Division of Water Resources giving a “full accounting of adjudicated water 
rights on the Muddy River or its tributaries owned or controlled by the entity with an 
ICS Delivery Contract, which have been conveyed through the Muddy River system 
to the Colorado River mainstream for the creation of ICS.”  After review of the 
annual report, the Nevada State Engineer shall issue a letter verifying the quantity of 
water conveyed through the Muddy River system to the Colorado River mainstream 
for the purpose of creating ICS. 

• Based on the Guidelines, an annual certification report will be submitted for the 
Secretary of Interior’s review and verification to demonstrate the amount of 
Tributary Conservation ICS created in the preceding year, and that the method of 
creation was consistent with SNWA’s approved ICS Plan. 
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 2

Project Description 
Muddy River water rights that are being utilized to create Tributary Conservation ICS pursuant 
to the approved ICS Plan and Exhibit A of the Forbearance Agreement are decreed Nevada state 
water rights with an established history of use prior to 1929, but that have experienced periods of 
non-use in the interim.  Per Exhibit A of the Forbearance Agreement, SNWA is specifically 
allowed to utilize any and all pre-June 25, 1929, Muddy River water rights to create Tributary 
Conservation ICS regardless of those water rights history of use after 1928. 

The Muddy River originates from regional springs in the Muddy River Springs Area in Nevada 
and flows into the Overton Arm of Lake Mead (Figure 1).  Muddy River flows are relatively 
constant because the springs that form the river discharge water from the regional carbonate 
aquifer system of eastern Nevada.  The average annual flow of the Muddy River at 
U.S. Geological Survey (USGS) gaging station 09419000 Muddy River near Glendale, Nevada 
(Glendale gage) for Water Years 1950 to 2007 was 30,760 acre-feet per year (afy). 

On the Muddy River, water rights were decreed in 1920 and the decree allocated the entire flow 
of the Muddy River (Appendix D).  The Order of Determination, attached to the decree as 
Exhibit A, explicitly outlines the Place-of-Use (POU) for the water rights and established 
summer and winter diversion rates.  For the most part, the summer season is May 1 to 
September 30 with a diversion rate of 1 cubic-foot per second (cfs) per 70 acres of land and the 
winter season is October 1 to April 30 with a diversion rate of 1 cfs per 100 acres of land.  These 
diversion rates equate to an annual rate of 8.54 afy per acre (afy/acre). 

Water rights on the upper reach of the Muddy River, from the Muddy River Springs to the 
Glendale gage, are owned and controlled by individual right holders.  On the Lower Muddy 
River, downstream of the Glendale gage, water rights are held by the Muddy Valley Irrigation 
Company (MVIC) for use by its shareholders.  In CY 2008, SNWA owned and leased individual 
water rights on the Upper Muddy River and owned and leased shares of stock (shares) in MVIC 
on the Lower Muddy River. 

The decreed Muddy River surface water rights owned and leased by SNWA are no longer being 
utilized for agriculture and are being conveyed to Lake Mead.  The pre-June 25, 1929, water 
rights conveyed to Lake Mead represent the full right that is and has been historically used for 
agriculture or could have otherwise been diverted from the Muddy River and fully consumed by 
SNWA within Nevada. 

Muddy River rights conveyed to Lake Mead passed through their historic points of diversion and 
either flowed through the irrigation company ditches and returned to the mainstream of the 
Muddy River further downstream or remained in the mainstream of the Muddy River.  The full 
rights owned and leased by SNWA documented to flow to Lake Mead have been accounted for 
as Tributary Conservation ICS. 
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Figure 1 - Location Map for the Muddy River -- Upper and Lower Reaches are Separated by the Glendale Gage
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Summary of Results for CY 2008 
The total volume of Muddy River water for which SNWA created Tributary Conservation ICS in 
CY 2008 under the Guidelines was 7,095 af, prior to the one-time deduction of 5% for the 
benefit of additional system storage in Lake Mead, as outlined in the Guidelines (Table 1).  This 
volume is within the 11,000 af outlined in the approved ICS Plan.  Detailed data and calculations 
are described in subsequent sections of this report. 
Table 1 - Summary of SNWA Muddy River Water Rights Conserved During CY 2008 for the Creation of 

Tributary Conservation ICS Credit 

 

Water Right Permits Acre Feet Conserved in 2008
Muddy Valley Irrigation Company 21873 - 21877 4,983                                           
LDS Church Rights Lease 6419, 25861, 26316- 26318 2,001                                           
SNWA Aquired Cox Right 85                                                
SNWA Aquired Mitchell Right 26                                                
SNWA Muddy River ICS Credit 7,095                                          

SNWA Conservation of Muddy River Rights 
On the Muddy River, there are two distinct reaches divided by the Glendale gage.  By controlling 
water rights on the Muddy River within these two reaches, SNWA successfully conserved 
Muddy River water in CY 2008 that was conveyed to Lake Mead for Tributary Conservation 
ICS credits.  The sections below describe the water rights and conservation of the rights. 

Upper Muddy River Rights 
Background 
The Upper Muddy River, for the purposes of this report, is defined as the reach from the Muddy 
River Springs Area to the Glendale gage.  Within this reach, decreed water rights are owned 
individually with specific POUs describing the lands irrigated by the rights. 

In 2006, the Southern Nevada Water Authority in partnership with the Moapa Valley Water 
District (MVWD) agreed to lease 2,001 af out of 2,046 af of decreed Muddy River water rights 
held by the Corporation of the Presiding Bishop of the Church of Jesus Christ of Latter-day 
Saints (LDS Church).  This water had been historically used to irrigate approximately 228 acres 
of agricultural lands in the Muddy River Springs Area, located near the headwaters of the Muddy 
River.  The lease agreement allows MVWD to utilize up to 50% of the water leased based on 
coordination with SNWA.  In CY 2008, MVWD did not exercise their 50% option on the LDS 
Church lease, and SNWA retained the entire 2,001 af. 

In 2007, SNWA purchased the vast majority of land associated with the LDS Church water 
rights for the primary purpose of restoring the habitat of the Moapa Dace, an endangered fish 
species endemic to the warm waters of the Muddy River Springs.  The management of this land, 
referred to as the Warm Springs Natural Area (WNSA), in combination with the U.S. Fish and 
Wildlife’s management of the adjacent Moapa Wildlife Refuge, will protect the majority of the 
springs that make up the headwaters of the Muddy River.  A key component of activities to 
preserve the Moapa Dace’s habitat is leaving the warm water that emanates from the regional 
springs, which was previously used for agricultural purposes, in the natural channels that 
meander through the WSNA and Moapa Wildlife Refuge.  This preservation activity supports the 
creation of Tributary Conservation ICS on the Muddy River. 
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When SNWA purchased the WSNA in 2007, it also acquired two decreed water rights not 
related to the 2,001 afy lease.  These rights were originally decreed to Cox (V01619) and 
Mitchell (V01631) in 1920 for 85 afy and 26 afy, respectively.  The combination of the LDS 
Church lease and the owned Cox and Mitchell rights enabled SNWA to control 2,112 af of 
Upper Muddy River water rights in CY 2008. 

Water Rights Summary and Documentation of Conserved Water 
Table 2 shows the Upper Muddy River water rights SNWA controlled in CY 2008.  Note that the 
LDS Church retained 45 afy of the total 2,046 afy which they owned.  The current Certificates 
leased by SNWA are in Appendix E. 
Table 2 - SNWA Controlled Upper Muddy River Water Rights 

Decreed Right Change App. Certificate POU 
Acres

Total Volume 
AFY

V10621 6419 6795 14           120                   
Cert 258 25861 10944 114         971                   

26316 10951 58           601                   
26317 10952 4             34                     
26318 10953 38           320                   

LDS Water Rights Total 2,046                
LDS Portion of Right (45)                    
SNWA LDS Lease 2,001               

V01619 (Cox) 10           85                     
V01631 (Mitchell) 3             26                     

Total 2,112               

V01623

 

In the 1970s, Change Application Permits were filed on the LDS Church owned water rights to 
clarify the POU.  The volume of water from the original decreed rights remained the same as did 
the 1920 priority date.  In the 1980s, the LDS Church filed a Proof-of-Beneficial-Use (PBU) map 
for the purpose of certificating the water rights.  The PBU map shows the locations where the 
decreed water rights were put to beneficial use within the defined POU.  The POU and PBU 
maps, when compared to recent aerial photography, serve as the baseline for proof of fallowed 
lands, demonstrating conservation of the water. 

The Cox and Mitchell rights, now owned by SNWA, have the same POU as referenced in the 
decree and, when compared to recent aerial photography, serve as the baseline for proof of 
fallowed lands, demonstrating conservation of water. 

The agricultural areas along the Muddy River were digitized using the 2006 National 
Agricultural Imagery Program (NAIP) data.  Prior to CY 2008, SNWA has utilized available 
annual 1- foot (ft) pixel resolution imagery to verify agricultural practices.  During the summer 
of 2008, SNWA funded aerial photography flights specifically for the purpose of Tributary 
Conservation ICS verification.  These flights have been strategically scheduled to occur 4-times 
per year to assure they are capturing the agricultural activities during the summer and winter 
seasons.  The flights flown in 2008 are at a resolution of 6-inch (in) per pixel.  This high quality 
photography allows for more accurate determinations of fallowed vs. active agricultural fields. 
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Figure 2 compares the PBU map for the LDS Church water rights with the aerial photography 
taken in November 2008.  The POU boundary overlaid on the aerial image depicts land 
fallowing over the vast majority of the POU.  The fallowed lands are further emphasized in 
Figure 3, which compares the POU area as of November 2008 with an aerial photograph of the 
area from 1976.  The 1976 map shows cultivated fields indicative of active agricultural 
irrigation, while the November 2008 photograph demonstrates irrigation has not occurred on 
much of the lands for several years, including CY 2008, and that some (non-irrigated) natural 
vegetation has replaced previously cultivated/irrigated fields.  These naturally vegetated areas are 
located in the heart of the Muddy River Springs Area.  This vegetation is being supported 
directly by groundwater seeps and the relatively shallow depths to groundwater.  Since SNWA 
acquired the WSNA property in September 2007, SNWA has ensured that none of the fields 
associated with either the LDS Church lease or the Cox and Mitchell rights were irrigated during 
CY 2008. 

Figure 4 documents the sections designated for the POU for the Cox and Mitchell rights and 
demonstrate that no agriculture took place within the POU.  Also depicted on Figure 4, is the in-
holding of land owned by the LDS Church, which has retained 45 afy of water rights for 
landscape requirements on their property. 

Figures 2 through 4 demonstrate lands associated with the 2,001 afy LDS Church lease as well as 
the 111 afy Cox and Mitchell rights were fallowed during CY 2008.  The 2,112 af of conserved 
water was allowed to flow into the mainstream of the Muddy River and downstream to the 
Glendale gage and then to Lake Mead.  No evapotranspiration (ET) losses were deducted from 
the 2,112 af between the springs and the Glendale gage, because the prior existing flows of the 
Muddy River to the Glendale gage already account for all ET losses –the 2,112 af merely “rides 
on top” of the existing flows.  The conveyance of these rights from the Glendale gage to Lake 
Mead is accounted for in the calculations for the Lower Muddy River in subsequent sections of 
this report, again without ET losses. 
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Figure 2 - 1984 Proof-of-Beneficial-Use Map for the LDS Church Rights and November 2008 Aerial Photography Overlaid with the 1984 PBU Map; 

2006 NAIP Imagery Comprises the Area Beyond the November 2008 Photography
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Figure 3 - Place-of-Use for the LDS Church Water Rights Overlaid on a 1976 Aerial Photograph (Top), and the November 2008 Aerial Photograph 

(Bottom) --2006 NAIP Imagery Comprises the Area Beyond the November 2008 Photography in the Bottom Image
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Figure 4 - Place-of-Use for the Cox and Mitchell Decreed Rights Overlaid on the November 2008 Aerial Photograph, with an Inset Depicting the 

Boundary of the Warm Spring Natural Area and LDS Church In-Holding (hatched area)
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SNWA’s Lower Muddy River Rights 
Background 
The Lower Muddy River, for the purposes of this report, is defined as the reach from the 
Glendale gage to Lake Mead.  Within this reach water rights are held by MVIC, which holds the 
largest quantity of decreed rights on the Muddy River.  MVIC’s service area begins just 
downstream of the Glendale gage where MVIC diverts their decreed water rights, along with 
unused Upper Muddy River rights, at their Wells Siding diversion structure (Wells Siding).  
MVIC delivers water to its shareholders through a network of concrete lined ditches and pipes 
within the Lower Muddy River Valley. 

MVIC decreed water rights are owned by its shareholders through ownership of MVIC preferred 
and common of stock.  There are 2,432 preferred shares and 5,044 common shares in MVIC.  
Each share represents a pro-rata apportionment of the Muddy River decreed rights available to 
MVIC for diversion at Wells Siding. 

The SNWA began purchasing shares in MVIC in 1997 with the most recent request for 
purchases and leases (Appendix F) being effective October 1, 2008. 

MVIC Water Rights Summary 
This section summarizes the decreed Muddy River water rights owned by MVIC and the water 
represented by preferred and common shares. 

In 1974, MVIC filed PBU maps on their decreed rights.  The certificates issued in 1974, based 
on the proofs are listed in Table 3 (Appendix G).  Although these certificates were issued in 
1974, they retain their original pre-1920 priority date.  These PBU maps, when compared to 
recent aerial photography, serve as the baseline for proof of fallowed lands, demonstrating 
conservation of water supporting SNWA’s accounting of Tributary Conservation ICS on the 
Lower Muddy River. 
Table 3 - Muddy Valley Irrigation Company Decreed Water Rights 

Decree 
Certificate Permit Certificate

21874 8326
21877 8329

267 21875 8327
1199 21873 8325

58 73482
21876 8328

59

 

The irrigable lands along the Lower Muddy River under the 1974 PBU maps totaled 
3,498.86 acres, however the amount of land that can be irrigated under MVIC’s water rights can 
not exceed 2,784.75 acres with a decreed duty of 8.54 afy/acre.  MVIC’s water rights are tied to 
their service area and not individually owned parcels.  This means that the shares can be used 
anywhere within MVIC’s service area, regardless of land ownership.  Therefore, the breakdown 
of the fields is not as important as the total irrigated acreage within the POU. 

Since the 1974 PBU maps were filed, land use in Lower Moapa Valley has undergone a gradual 
transformation from predominately agricultural to a mix of residential and commercial property 
interspersed among the agriculture.  This gradual urbanization can be seen on Figure 5, which 
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compares aerial photography of the Lower Muddy River from 1953 with aerial photography 
from November 2008. 

The MVIC has and is leasing a portion of their decreed rights to users in the Upper Muddy River 
(e.g. NV Energy for power plant cooling; MVWD for culinary use at spring boxes; and recently, 
the Moapa Band of Paiute Indians for agricultural irrigation).  These leased rights are diverted 
and consumed within the upper reach of the Muddy River.  The flows measured at the Glendale 
gage account for these leased rights, since the water reaching the gage and MVIC’s Wells Siding 
has been depleted by these leases.  In the same respect, the unused water from MVIC’s leases is 
also measured by the Glendale gage and is available for diversion by MVIC. 

The MVIC’s operations and covenants define preferred shares as 100% of the Muddy River’s 
summer flow (May – September) plus 75% of the winter flow (October – April).  Common 
shares represent the remaining 25% of the winter flow.  The amount of water represented by 
preferred and common shares, therefore, varies slightly year-to-year based on changes in river 
flow due to changes in unused Upper Muddy River rights and unused MVIC leases that reach 
Wells Siding.  SNWA’s Upper Muddy River rights are not divertible by MVIC and are excluded 
from the acre-feet per share calculations. 

 

SE ROA 43870

JA_13599



 

 12 

 
Figure 5 - Comparison of Lower Moapa Valley Using 1953 Imagery (left) and November 2008 Imagery (right)
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Quantification of SNWA MVIC Water Rights 
By the end of CY 2008, SNWA controlled a total of 777.66 preferred and 2,283.668 common 
MVIC shares.  Since the amount of water represented by a share can vary annually, the volume 
of water that SNWA holds in MVIC can vary as well.  To calculate the amount of water 
represented by each share in MVIC during CY 2008, the volume of water rights available to 
MVIC (referred to as divertible flows) must be determined, and this volume then distributed to 
each preferred and common share.  This section details these calculations. 

Divertible flows by MVIC at Wells Siding 
The Glendale gage, which is located just upstream of Wells Siding, has been used to accurately 
derive the amount of divertible water that reaches the diversion.  The divertible flows at Wells 
Siding, equate to the flows at the Glendale gage less: 1) channel losses from ET between the 
Glendale gage and Wells Siding, 2) flood flows that exceed the Wells Siding capacity of about 
70 cfs, and 3) Upper Muddy River rights being conveyed to Lake Mead for Tributary 
Conservation ICS credit (i.e., SNWA’s LDS Church lease and SNWA owned Cox and Mitchell 
rights). 

ET losses between the Glendale gage and Wells Siding were determined to be 1,094 af, as 
discussed in subsequent sections.  To subtract non-divertable flood flows, mean daily flows 
greater than 70 cfs were identified and replaced with 70 cfs, the maximum diversion rate at 
Wells Siding.  Monthly and annual flow statistics were then recalculated with the non-divertable 
flood flows removed.  During CY 2008, only one day exceeded the 70 cfs threshold, October 5, 
2008, at 189 cfs.  This day was replaced with 70 cfs as depicted in Tables 4 and 5. 

The non-divertible Upper Muddy River rights being conveyed to Lake Mead for Tributary 
Conservation ICS credit which pass through the Glendale gage and Wells Siding were subtracted 
from the Glendale gage data on a monthly time-step.  Proportioning the 2,112 af according to the 
decreed seasonal diversion rates results in a monthly summer rate of 204 af/month and a winter 
rate of 156 af/month.  These monthly rates representing SNWA’s Upper Muddy River rights 
were subtracted from the Glendale gage flows prior to estimating the amount of water 
represented by MVIC shares. 

The annual Glendale gage flows for CY 2008 were therefore reduced by 1,149 af for ET, 236 af 
for flood flows, and 2,112 af for SNWA’s Upper Muddy River rights. 
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Table 4 - Daily Mean CFS Values and Monthly Statistics for the Glendale Gage 

Day Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Sep-08 Oct-08 Nov-08 Dec-08 Total
1 41 35 33 34 36 34 29 25 24 26 30 33
2 41 34 36 34 36 34 29 25 21 25 31 32
3 37 34 34 35 36 33 29 25 24 25 31 33
4 35 33 35 35 35 33 30 26 25 25 31 32
5 37 32 36 35 35 33 30 26 25 189 30 32
6 39 37 36 35 35 33 29 26 23 30 30 32
7 38 34 36 35 35 33 30 30 23 30 30 32
8 38 32 37 35 34 32 29 27 25 29 31 33
9 38 37 38 35 36 32 29 26 25 26 33 33

10 38 34 32 35 37 32 29 26 25 27 33 33
11 38 32 38 35 36 32 31 26 25 26 32 33
12 38 34 37 36 36 31 46 26 24 28 32 32
13 38 34 37 36 36 31 30 26 24 28 32 33
14 37 35 36 36 35 31 29 25 24 29 32 33
15 37 35 38 36 35 31 28 25 24 30 31 35
16 37 36 37 37 35 31 28 25 24 30 31 36
17 35 36 36 36 35 31 28 25 24 30 29 34
18 36 37 36 36 35 30 28 26 25 29 29 34
19 35 38 35 36 35 30 27 25 25 29 30 33
20 36 39 37 36 35 30 27 25 25 29 30 33
21 34 40 36 37 35 30 28 26 26 29 30 34
22 34 41 35 38 35 29 27 26 26 29 31 34
23 36 38 34 37 35 30 27 26 26 30 31 34
24 32 37 35 36 35 31 28 26 25 30 32 34
25 36 37 36 37 35 32 28 26 25 30 32 35
26 33 37 36 36 35 31 27 28 25 30 33 35
27 40 38 34 35 38 31 27 25 25 30 34 33
28 33 38 34 33 36 29 27 24 26 30 33 33
29 34 36 34 32 36 29 26 24 26 30 32 33
30 34 0 34 33 35 29 26 24 26 30 33 33
31 34 0 34 0 33 0 25 24 0 31 0 33

Mean 36 34 36 34 35 30 29 26 24 34 30 33
Median 37 36 36 35 35 31 28 26 25 29 31 33
Count 31 31 31 31 31 31 31 31 31 31 31 31
Minimum 32 0 32 0 33 0 25 24 0 25 0 32
Maximum 41 41 38 38 38 34 46 30 26 189 34 36
Acre-Feet 2,239  2,063  2,186  2,106  2,174 1,861 1,767 1,577 1,468 2,081 1,863  2,047  23,432

USGS Muddy River near Glendale Gage (09419000)
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Table 5 - Results of Calculations that Remove Flood Flows Greater Than or Equal to 70 CFS from the Daily 
Flows at the Glendale Gage 

Day Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Sep-08 Oct-08 Nov-08 Dec-08 Total
1 41 35 33 34 36 34 29 25 24 26 30 33
2 41 34 36 34 36 34 29 25 21 25 31 32
3 37 34 34 35 36 33 29 25 24 25 31 33
4 35 33 35 35 35 33 30 26 25 25 31 32
5 37 32 36 35 35 33 30 26 25 70 30 32
6 39 37 36 35 35 33 29 26 23 30 30 32
7 38 34 36 35 35 33 30 30 23 30 30 32
8 38 32 37 35 34 32 29 27 25 29 31 33
9 38 37 38 35 36 32 29 26 25 26 33 33

10 38 34 32 35 37 32 29 26 25 27 33 33
11 38 32 38 35 36 32 31 26 25 26 32 33
12 38 34 37 36 36 31 46 26 24 28 32 32
13 38 34 37 36 36 31 30 26 24 28 32 33
14 37 35 36 36 35 31 29 25 24 29 32 33
15 37 35 38 36 35 31 28 25 24 30 31 35
16 37 36 37 37 35 31 28 25 24 30 31 36
17 35 36 36 36 35 31 28 25 24 30 29 34
18 36 37 36 36 35 30 28 26 25 29 29 34
19 35 38 35 36 35 30 27 25 25 29 30 33
20 36 39 37 36 35 30 27 25 25 29 30 33
21 34 40 36 37 35 30 28 26 26 29 30 34
22 34 41 35 38 35 29 27 26 26 29 31 34
23 36 38 34 37 35 30 27 26 26 30 31 34
24 32 37 35 36 35 31 28 26 25 30 32 34
25 36 37 36 37 35 32 28 26 25 30 32 35
26 33 37 36 36 35 31 27 28 25 30 33 35
27 40 38 34 35 38 31 27 25 25 30 34 33
28 33 38 34 33 36 29 27 24 26 30 33 33
29 34 36 34 32 36 29 26 24 26 30 32 33
30 34 0 34 33 35 29 26 24 26 30 33 33
31 34 0 34 0 33 0 25 24 0 31 0 33

Mean 36 34 36 34 35 30 29 26 24 30 30 33
Count 31 31 31 31 31 31 31 31 31 31 31 31
Minimum 32 0 32 0 33 0 25 24 0 25 0 32
Maximum 41 41 38 38 38 34 46 30 26 70 34 36
Acre-Feet 2,239     2,063     2,186     2,106   2,174   1,861   1,767   1,577   1,468   1,845    1,863     2,047     23,196 

Phreatophyte Consumptive 
Use Glendale to Wells 
Siding 18          21          37          76          160        202        191        173        141        86          31          13          1,149     

SNWA Upper Rights 156        156        156        156        204        204        204        204        204        156        156        156        2,112     

Acre-Foot Per Share Basis 2,065     1,886     1,993     1,874     1,810     1,455     1,372     1,200     1,123     1,603     1,676     1,878     19,935   

Glendale Gage with 70 cfs Limit
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MVIC Acre-Feet per Share Calculations 

Table 6 summarizes the percent of divertible flows available to each MVIC share class.  Using 
the divertible flows derived for CY 2008 in the previous section, the acre-foot per share value for 
preferred and common shares has been calculated in Table 7. 

 
Table 6 - Percentage of Divertible Wells Siding Flow that Each Type of MVIC Share Class is Entitled to by 

Season 

Share 
Type

Number of 
Shares

Percent of 
Summer Flow

Percent of 
Winter Flow

(May - September) (October - April)
Preferred 2,432 100% 75%
Common 5,044 0% 25%  

 
Table 7 - Acre-Foot per Share Calculation Results 

Calendar
Jan-Apr and Oct-Dec 

Flows May-Sep Flows

100% Summer 
and 75% 

Winter Flow
25% Winter 

Flow

Preferred-af 
divided by 

2,432 shares

Common-af 
divided by 

5,044 shares
Year (af) (af) (af) (af) (af / share) (af / share)

2008 12,974 6,961 16,691 3,243 6.86 0.64

Calculations for AF/Share

 
 

MVIC Water Controlled by SNWA 

The amount of MVIC water controlled by SNWA is calculated using the derived acre-foot per 
share values from Table 7.  To account for month to month variability in SNWA controlled 
MVIC water rights due to purchases and leases, Table 8 derives SNWA’s controlled water rights 
in acre-feet per month.  A letter of concurrence signed by Scott Millington, MVIC General 
Manager, in Appendix H, verifies that SNWA controlled the number of shares outlined in 
Table 8 during CY 2008.  The preferred and common acre-foot per share values were divided by 
the number of months in which they can be used; for preferred shares it is 12 months and for 
common shares it is 7 months.  The shares controlled by SNWA during each month (using only 
the number of shares controlled for the entire month) are multiplied by the acre-foot per share 
per month to obtain an acre-foot value of MVIC water controlled by SNWA per month for 
CY 2008. 

The MVIC shares controlled by SNWA were either not diverted into MVIC’s system at Wells 
Siding or allowed to flow into their distribution system for the purpose of maintaining head on 
the ditches before being returned back to the mainstream of the Muddy River.  Any water 
represented by SNWA controlled shares, which were diverted at Wells Siding, are included on 
MVIC’s seasonal (winter and summer) water schedules (Appendix I).  Based on these schedules, 
SNWA received a “turn” on the various ditches, and SNWA’s shares were delivered to the 
Muddy River channel. 
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Table 8 - Quantification of SNWA Controlled MVIC Shares in CY 2008 
January February March April May June July August September October November December Total

Water Availiable to MVIC (AF From Table 5)              2,065              1,886              1,993              1,874              1,810               1,455             1,372              1,200               1,123                1,603                1,676                1,878            19,935 

Acre-Feet Per Share Per Month 
Common AF/S                0.10                0.09                0.10                0.09                   -                      -                     -                     -                      -                    0.08                  0.08                  0.09                0.64 
Preferred AF/S                0.64                0.58                0.61                0.58                0.74                0.60               0.56                0.49                0.46                  0.49                  0.52                  0.58                6.86 

Owned by SNWA
Common Shares 1,921 1,921 1,921 1,921 1,921 1,932 1,932 2,071 2,077 2,098 2,098 2,098
Preferred Shares 682 682 682 682 682 696 707 746 747 762 762 763

Leased Back to Seller
Common Shares 304 304 304 304 304 304 304 304 304 376 376 376
Preferred Shares 217 217 217 217 217 217 217 217 217 228 228 228

Leased by SNWA
Common Shares                   -                     -                     -                     -                     -                      -                     -                     -                      -   562 562 562
Preferred Shares                   -                     -                     -                     -                     -                      -                     -                     -                      -   243 243 243

Controlled = (Owned - Leased Back + Leased)
Common Shares 1,617 1,617 1,617 1,617 1,617 1,628 1,628 1,767 1,772 2,284 2,284 2,284
Preferred Shares 465 465 465 465 465 479 490 530 530 777 777 778

Water Controlled (AF) = (Shares Controlled x Acre 
Foot Per Share)
Common (AF) 166               151               160               150               -                -                 -                -                -                 181                  190                  213                  1,211             
Preferred (AF) 296               270               286               269               346               287                276               261               245                384                  402                  450                  3,772             
Total (AF) 462               421               446               419               346               287                276               261               245                565                  592                  663                  4,983              
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Land Fallowing within MVIC’s Place-of-Use 
As described in the Upper Muddy River section of this report, the agricultural areas along the 
Muddy River were digitized using the 2006 NAIP data.  Prior to CY 2008, SNWA has utilized 
available annual 1-ft pixel resolution imagery to determine agricultural practices within MVIC 
and refine the agricultural polygons.  During the summer of 2008, SNWA funded 6-inch pixel 
resolution aerial photography specifically for the purpose of Tributary Conservation ICS 
verification.  The aerial photography flights have been strategically scheduled to occur 4-times 
per year to assure they are capturing the agricultural activities during the summer and winter 
seasons.  As seen on Figure 6, the high quality photography allows for an extremely accurate 
determination of fallowed vs. irrigated field.  The aerial photography combined with ground-
truthing and discussions with, MVIC’s General Manager, ensure the highest degree of accuracy 
in determining the actual irrigated acreage on the Lower Muddy River.  Reclamation staff 
accompanied SNWA staff during the ground-truthing of the November 2008 flight to observe the 
methods being used and to assist in verifying fallowed and irrigated acreage. 

Figure 7 illustrates MVIC’s service area and depicts the extent of the 1974 PBU map which is 
comprised of three individual maps which were accepted by the Nevada State Engineer’s office 
as part of MVIC’s water right certificates.  Figures 8 through 13 depict these PBU maps, as well 
as the August and November 2008 aerial photography overlaid with the ground-truthed fallowed 
and irrigated acreage. 

The November and August 2008 6-inch aerial photography have been used to determine the 
fallowed and irrigated acreage within MVIC’s service area during the summer and winter 
seasons of CY 2008.  For the January to April 2008 portion of the winter season, aerial 
photography from August 2008 was used to calculate the irrigated acreage within MVIC.  The 
August 2008 imagery was used because 6-inch aerials were not available during this early winter 
period of CY 2008, and the August photography ensures a clear distinction between irrigated 
fields and fallowed fields with natural, weedy vegetation, since the summer heat dries or 
extremely stresses the weeds.  Use of the August imagery also provides a conservative estimate 
of the irrigated acreage during this early winter period, because there was no doubt less 
agriculture occurring in the winter than the more active summer season. 

For the summer 2008 irrigation season (May 1 to September 30), aerial photography from 
August 2008 was used to directly determine the summer season irrigated acreage.  This 
photography, as mentioned above, provided the best data for identifying actively irrigated 
acreage compared to fallowed fields with natural, weedy vegetation.  For the winter irrigation 
season (October 1 to December 31), aerial photography from November 2008 was used to 
accurately determine irrigated acreage, following the initiation of SNWA’s recent leases and 
purchases of MVIC shares. 

Table 9 details the irrigated and fallowed acreage by season (on a monthly basis) and crop type 
as measured and ground-truthed by SNWA.  This acreage was verified by MVIC’s General 
Manager during various meetings.  Land determined not irrigable either from urbanization or 
dense overgrowth was derived by subtracting the measured irrigated and fallowed lands from the 
certificated maximum acreage within MVIC’s POU of 2,784.75 acres. 
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Table 9 - Irrigated, Fallowed, and Non-Irrigable Lands within MVIC’s POU 

January February March April May June July August September October November December
MVIC Ag: -                -          -          -          -          -          -          -          -          -          -          -          
Alfalfa 634.19          634.19    634.19    634.19    634.19     634.19    634.19    634.19    634.19    631.85     631.85    631.85    
Sudan 27.06            27.06      27.06      27.06      27.06       27.06      27.06      27.06      27.06      27.06       27.06      27.06      
Bermuda 172.72          172.72    172.72    172.72    172.72     172.72    172.72    172.72    167.83    167.83     167.83    167.83    
Orchard             41.80        41.80       41.80       41.80 41.80       41.80      41.80      41.80      41.79      41.80       41.80      41.80      

Total Ag 875.77         875.77    875.77    875.77    875.77    875.77    875.77    875.77    870.87    868.54    868.54    868.54    
Total Fallow 1,506.53       1,506.53 1,506.53 1,506.53 1,312.43  1,312.43 1,312.43 1,312.43 1,312.43 1,327.01  1,327.01 1,327.01 
Not Irrigable 402.45          402.45    402.45    402.45    596.55     596.55    596.55    596.55    601.45    589.20     589.20    589.20    
Total POU 2,784.75       2,784.75 2,784.75 2,784.75 2,784.75 2,784.75 2,784.75 2,784.75 2,784.75 2,784.75 2,784.75 2,784.75

2008
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Figure 6 - Example of Detailed 6-inch Aerial Photography on the Lower Muddy River 
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Figure 7 - Muddy Valley Irrigation Company (MVIC) Service Area and Extent of Each Individual 1974 PBU 

Map Depicted in Figures 7 through 12.  Detailed Areas Highlighted in the Black Boxes Reference 
the Location of the Detailed Photography in Figure 6
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Figure 8 - Upper Section of MVIC Service Area Showing 1974 Proof-of-Beneficial-Use (top) Overlaid on the August 2008 Aerial Photography with 

Mapped Agricultural Land Use (bottom)
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Figure 9 - Upper Section of MVIC Service Area Showing 1974 Proof-of-Beneficial-Use (top) Overlaid on the November 2008 Aerial Photography with 

Mapped Agricultural Land Use (bottom)
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Figure 10 - Middle Section of MVIC Service Area Showing 1974 Proof-of-Beneficial-Use (top) Overlaid on the August 2008 Aerial Photography with 

Mapped Agricultural Land Use (bottom)
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Figure 11 - Middle Section of MVIC Service Area Showing 1974 Proof-of-Beneficial-Use (top) Overlaid on the November 2008 Aerial Photography with 

Mapped Agricultural Land Use (bottom) 
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Figure 12 - Lower Section of MVIC Service Area Showing 1974 Proof of Beneficial Use (top) Overlaid on the August 2008 Aerial Photography with 

Mapped Agricultural Land Use (bottom)
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Figure 13 - Lower Section of MVIC Service Area Showing 1974 Proof-of-Beneficial-Use (top) Overlaid on the November 2008 Aerial Photography with 

Mapped Agricultural Land Use (bottom)
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Verification of ICS Water Reaching Lake Mead 

Since the entire flow of the Muddy River is decreed, it is important to perform a water balance 
on the Lower Muddy River to verify that the water to which SNWA is claiming Tributary 
Conservation ICS credits is reaching Lake Mead.  This water balance is outlined in Exhibit A of 
the Forbearance Agreement and approved ICS Plan as follows: 

Flows measured by USGS at the Glendale gage 
- (minus) consumptive uses by agriculture below the Glendale gage 
- (minus) direct uses by industry below the Glendale gage 
- (minus) channel evapotranspiration below Glendale gage to Lake Mead 
- (minus) evapotranspiration from the managed acreage on the Overton Wildlife 

Management Area (OWMA) 
 
= Total Flow to Lake Mead (Elevation 1,220 AMSL) 

This comprehensive water balance uses the Muddy River at Glendale gage as the input, which 
was also used to calculate the acre-feet per share associated with MVIC shares.  To account for 
consumptive uses in the riparian corridor and agricultural areas, detailed GIS coverages 
delineating the ground-truthed fields and mapped riparian corridors, combined with Lower 
Colorado River Accounting System (LCRAS) data were used to derive consumptive uses by 
crops and plants influenced by the Muddy River.  Other consumptive uses by industry and open 
water evaporation were also calculated.  The resulting outflow is a combination of surface flow 
measured at the USGS gage 09419507 Muddy River at Lewis Avenue near Overton Nevada 
(Lewis Avenue gage) and underflow to Lake Mead, bypassing this gage.  Downstream of the 
Lewis Avenue gage, consumptive uses of Muddy River water by the Nevada Division of 
Wildlife’s Overton Wildlife Management Area (OWMA) are deducted from the total flows to 
Lake Mead.  A final comparison is then made to ensure that the conserved Muddy River water 
reaching Mead exceeds or is equal to SNWA’s Muddy River ownership. 

An itemized seasonal calculation of the water balance is presented in Table 15.  The following 
sub-sections describe each component of the water balance.  When data used in the water 
balance is described, a reference is given to the row in Table 15 where the data was applied. 

Glendale Gage Flows 
As previously discussed in the Section “Divertible Flows by MVIC at Wells Siding,” the water 
used by MVIC equals the Glendale gage flows minus: 1) flood flows, 2) consumptive uses by 
phreatophytes in the riparian corridor between the Glendale gage and Wells Siding, and 3) Upper 
Muddy River rights owned or leased by SNWA.  This “divertible flow” is used as the inflow 
component of the water balance verification. 

The Glendale gage, for the purposes of calculating Tributary Conservation ICS credits, is 
believed to capture all surface water flows entering the lower reach of the Muddy River.  The 
gage is located in a narrow cut of carbonate rocks that are tilted almost vertically due to a thrust 
fault.  Any shallow alluvial underflow is thought to ramp up and be measured by the gage.  
Downstream of the narrows, the Muddy River enters the lower reach of the Muddy River and the 
floodplain begins to widen, until reaching Wells Siding.  The Muddy River, downstream of 
Wells Siding, is an incised narrow channel that has artificially been constrained to facilitate 
farming on the river’s historic floodplain.  The Glendale gage, Wells Siding, vegetated areas, and 
open water bodies discussed in this section are shown on Figure 14. 
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Figure 14 - Map of Lower Muddy River Depicting Phreatophyte Areas, Open Water Bodies, and the Overton 

Wildlife Management Area 
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Crop, Phreatophyte, and Open Water Consumptive Use 
Lower Colorado River Accounting Study (LCRAS) 
To calculate ET demands by crops and phreatophytes on the Muddy River, a literature search for 
ET data with a long period-of-record and monthly time-step data was performed.  The LCRAS 
was chosen because it contained monthly data in a similar climate for a relatively long period, 
1995-2006. 

LCRAS is conducted annually by Reclamation to assist with determining consumptive water use 
along the Lower Colorado River.  The LCRAS ET rates are determined by collecting data from 
meteorological towers, determining potential ET, and applying various crop coefficients to the 
ET values. 

The LCRAS data chosen for use in this analysis are from the Fort Mojave Indian Reservation 
along the Lower Colorado River in California (Figure 15).  This is the most northern area 
examined in LCRAS and most closely represents climatic conditions of the Lower Muddy River.  
The Fort Mojave Area is, however, at a lower elevation and experiences higher temperatures 
than the Lower Muddy River, resulting in higher ET values.  This makes the Fort Mojave ET 
values conservative, overestimating the actual ET demand in the Lower Muddy River. 

Application of LCRAS to the Lower Muddy River  
Phreatophyte vegetation on the Lower Muddy River has been mapped and classified using the 
Anderson-Ohmart classification system.  LCRAS uses a classification system that slightly differs 
from the Anderson-Ohmart system.  To apply ET rates from LCRAS to the Lower Muddy River, 
the two vegetation classification systems were correlated.  Table 10 shows the correlation and 
gives the relative acreage of each vegetation type mapped between Wells Siding and Lake Mead. 

The equation used in this analysis for calculating ET by phreatophytes is therefore: 
 

Phreatophyte ET Demand in af = (Riparian Phreatophyte Acreage) x [(Correlated LCRAS ET Rate) 
 

The LCRAS “Sc-low” phreatophyte classification was used for all of the salt-cedar 
classifications in the Anderson-Omart classification and is supported by a recent USGS 
Scientific Investigations Report 2008-5116 titled Quantifying Ground-Water and Surface-Water 
Discharge from Evapotranspiration Processes in 12 Hydrographic Areas of the Colorado 
Regional Ground-Water Flow System, Nevada, Utah, and Arizona.  The purpose of the report is 
to estimate ground and surface water discharge from the 12 hydrographic basins via ET.  For this 
study the USGS placed ET measurement sites in various locations in Utah, Arizona, and Nevada 
including in the Upper Muddy and Lower Virgin Rivers.  The Virgin River ET station was 
placed in a “dense woodland vegetation” area which was predominantly salt-cedar.  The Virgin 
River site measured an annual ET rate of 3.9 feet per year without subtracting precipitation.  This 
rate is less than the LCRAS SC-Low value of 4.39 feet per year using LCRAS Fort Mojave data.  
The USGS’s Muddy River ET site was located in a stand of Mesquite trees, in the Upper Muddy 
River.  The USGS value of 3.6 feet per year (without subtracting precipitation) is more than 1 ft 
less than the LCRAS “Ms-high” value of 5.0 feet per year. 
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The USGS study demonstrates that by correlating the LCRAS Sc-low and Ms-high 
classifications to salt cedar and mesquite on Lower Muddy River a conservative estimate of ET 
can be determined.  These variations in ET rates demonstrate the challenges of trying to estimate 
ET over large areas, as ET can only be physically measured at a single point.  Conditions such as 
soil type, depth to groundwater below land surface, and calculation method used can all affect 
ET rates greatly.  Comparison of the LCRAS rates used by SNWA (Sc-low) in the water balance 
(in this analysis) to the measurements performed by the USGS show that using the LCRAS rates 
tend to slightly overestimate ET along the Lower Muddy River based these recent reports. 

The agricultural crop types in LCRAS were directly correlated with crops types on the Muddy 
River.  Water use by crop type in LCRAS is adjusted for precipitation by using an effective 
precipitation coefficient.  To more accurately represent conditions on the Lower Muddy River, 
provisional precipitation data recorded for CY 2008 by the Overton Nevada Community 
Environmental Monitoring Program (CEMP) Weather Station (http://www.cemp.dri.edu/) was 
used for calculating the effective precipitation used to derive crop consumptive uses.  The 
equation for calculating Crop ET is listed below.  The crop rates adjusted to Overton Nevada 
Precipitation are shown in Table 11. 

 
Crop ET Demand in af = (Crop Acreage) x [(Correlated LCRAS ET Rate) – (Overton CEMP Effective Precipitation)] 
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Figure 15 - Fort Mojave LCRAS Area in Relation to the Lower Muddy River 
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Table 10 - LCRAS Vegetation Types Used to Correlate Anderson-Omart Vegetation Types with Acreages of 
Riparian Corridor from Wells Siding to Lake Mead 

Anderson Ohmart Mapped 
Class

Correlating 
LCRAS Class

Acres

A Low Veg 15.53
AW AW 7.85
Acacia Ms-high 0.81
Baccharis Low Veg 1.37
C CW 0.13
CW CW 6.60
HM Ms-high 4.26
I Ms-high 2.03
L Ms-high 0.83
MA Marsh 20.00
RIV Open Water 2.11
SC Sc-low 97.73
SM Sc/ms 8.94  
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Tables 11 through 13 in this section detail the calculations performed to estimate the amount of 
consumptive uses by crops, phreatophytes, and open water.  The Fort Mojave monthly ET rates 
for the crops and phreatophytes adjusted for Overton, Nevada precipitation are in Table 11. 

The measured acreages of each vegetation type and open water are in Table 12.  Vegetation 
mapping of the Muddy River riparian corridor was performed in 2006.  Given the incised nature 
of the channel, the total vegetated acreage along the riparian corridor has remained the same and 
is anticipated to remain the same into the future.  The phreatophyte acreages were mapped in the 
field by biologists and verified using the high resolution 6-in aerial photography.  The exact 
acreage values for the phreatophytes and crops are shown in Table 12.  The final consumptive 
use calculations for the phreatophytes and crops are shown monthly in Table 13 and these results 
are then shown seasonally on Rows B, F, and H in Table 15. 

Vegetation acreage mapped for OWMA is also shown in Table 12.  OWMA is the downstream 
extent of MVIC’s service area and is located immediately above the full pool elevation of Lake 
Mead.  Water use by OWMA is described in the subsequent sections of this report. 

Future ET Studies 
To enhance the accuracy of ET consumptive use calculations along the Lower Muddy River, 
SNWA has installed a meterological (MET) tower in the WSNA on the Upper Muddy River.  
The primary purpose of this MET tower is to measure the meteorological parameters necessary 
to calculate reference ET using the ASCE Standardized Reference ET Equation, the same 
method used by The Arizona Meteorological Network (AZMET) and California Meteorological 
Information System (CMIS) for the LCRAS program.  The reference ET calculated from the 
WSNA MET tower could then be multiplied by the LCRAS crop coefficients to obtain a more 
accurate ET consumptive use estimate for the Lower Muddy River. 

SNWA’s MET tower has been operational since June 2008.  The reference ET data collected 
compared to the Fort Mojave Reference ET exhibits a similar trend although with slightly lower 
values as shown on Figure 16.  These slightly lower values are to be expected as the Muddy 
River is at a higher elevation and latitude than Fort Mojave.  SNWA will continue collecting 
MET data and is anticipating using the data from the Upper Muddy River MET tower in the 
CY 2009 ICS Certification Report. 
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Average Ft. Mojave ETo vs. 6 Month Observed WSNA ETo
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Figure 16 - SNWA Reference ET and Precipitation Compared to Fort Mojave 

 

Open Water Evaporation 
Open water bodies on the Lower Muddy River include Bowman Reservoir, the Muddy River 
channel, and a few small ponds on the OWMA.  Bowman Reservoir is used by MVIC to 
augment irrigation flows during the summer irrigation season.  The 3,000 to 4,000 af capacity 
reservoir is filled during the winter irrigation season with no outflows.  Filling usually begins in 
December or January and is completed by March.  In the summer season, water is released from 
the reservoir to supplement agricultural demands of the irrigation system and help manage the 
distribution system to meet water orders.  By November the outflow of the reservoir is generally 
turned off and refilling begins again. 

The open water evaporation rate used for Bowman Reservoir, the Muddy River channel, and the 
ponds on the OWMA was 7.50 feet per year.  This value is the open water evaporation rate 
determined and published by the USGS for Lake Mead.  The monthly average evaporation data 
was published in the USGS SIR 2006-5252 titled Evaporation from Lake Mead, Arizona, and 
Nevada, 1997-99.  The average monthly evaporation data from the report can be found in 
Table 11.  The acreage of Bowman Reservoir and other open water can be found in Table 12, 
and the total evaporative loss can be found in Table 13 and in Row G of Table 15.  It is important 
to note that the water surface elevation of Bowman Reservoir was not tracked during CY 2008, 
so the maximum surface area was assumed for all 12 months of the year, providing a 
conservative determination of the actual ET by over-estimating the surface area in the summer 
months.  The filling and emptying of Bowman Reservoir is shown in Rows J and K of Table 15.  
Since there are not any measuring devices on the inlet or outlet of the reservoir a filling and 
emptying value of 1,868 afy was estimated by estimating the number of days it took to fill the 
reservoir times the estimated inflow rate of 10cfs. 
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Table 11 - ET Rates in Feet for the Lower Muddy River from LCRAS USGS, and CEMP 

January February March April May June July August September October November December Total
Crops:
Alfalfa Perennial 0.20 0.33 0.42 0.56 0.68 0.73 0.69 0.66 0.56 0.40 0.23 0.24 5.70
Alfalfa-Annual 0.14 0.28 0.34 0.39 0.65 0.50 0.57 0.29 0.23 0.25 0.11 0.18 3.93
Small Grain 0.24 0.38 0.58 0.68 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.08 2.23
Orchard 0.13 0.18 0.28 0.45 0.66 0.70 0.67 0.64 0.51 0.38 0.23 0.15 4.98
Sudan Grass 0.00 0.00 0.14 0.43 0.83 0.97 0.89 0.35 0.03 0.00 0.00 0.00 3.64
Bermuda Grass 0.00 0.00 0.00 0.27 0.65 0.71 0.68 0.63 0.50 0.05 0.00 0.00 3.49
Seasonal Wetland 0.29 0.36 0.37 0.34 0.33 0.21 0.40 0.41 0.33 0.44 0.27 0.22 3.97

Phreatophytes:
AW 0.08 0.10 0.20 0.41 0.69 0.80 0.76 0.68 0.51 0.31 0.12 0.07 4.73
CW 0.08 0.10 0.21 0.44 0.74 0.84 0.79 0.71 0.53 0.33 0.13 0.07 4.97
Low Veg 0.09 0.10 0.20 0.37 0.61 0.67 0.67 0.59 0.50 0.32 0.14 0.07 4.33
Marsh 0.07 0.08 0.37 0.74 0.92 0.96 0.91 0.82 0.67 0.27 0.07 0.06 5.94
Ms-High 0.08 0.10 0.21 0.43 0.71 0.82 0.77 0.70 0.57 0.38 0.16 0.07 5.00
Sc-ms 0.08 0.10 0.20 0.46 0.81 0.95 0.89 0.80 0.61 0.36 0.14 0.07 5.47
Sc-Low 0.07 0.08 0.14 0.29 0.61 0.77 0.73 0.66 0.54 0.33 0.12 0.05 4.39

Open Water Evaporation 1 0.30 0.40 0.60 0.60 0.80 0.80 0.80 0.70 0.80 0.70 0.60 0.40 7.50
Precipitation 2 0.04 0.01 0.00 0.00 0.03 0.00 0.01 0.02 0.00 0.03 0.04 0.04 0.22
1 -  USGS SIR 2006-5252  Evaporation from Lake Mead, Arizona, and Nevada, 1997-99 .   
2  - Overton Nevada Community Environmental Monitoring Program (CEMP) Weather Station (http://www.cemp.dri.edu/) 

Fort Mohave ET Rates in feet
Average 1995 - 2007 Minus Overton 2008 Precipitation Data
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Table 12 - Measured Acreages of Crops, Phreatophytes, and Open Water on the Lower Muddy River 

January February March April May June July August September October November December

Bowman Reservoir 150.28        150.28        150.28      150.28      150.28      150.28      150.28       150.28      150.28      150.28      150.28      150.28      

Riparian:
Sc_Low above Wells Siding 261.77        261.77        261.77        261.77        261.77        261.77        261.77        261.77        261.77        261.77        261.77        261.77        
AW 7.85            7.85            7.85            7.85            7.85            7.85            7.85            7.85            7.85            7.85            7.85            7.85            
CW 6.73            6.73            6.73            6.73            6.73            6.73            6.73            6.73            6.73            6.73            6.73            6.73            
Ms-High 7.92            7.92            7.92            7.92            7.92            7.92            7.92            7.92            7.92            7.92            7.92            7.92            
Low Veg 16.90          16.90          16.90          16.90          16.90          16.90          16.90          16.90          16.90          16.90          16.90          16.90          
Marsh 20.00          20.00          20.00          20.00          20.00          20.00          20.00          20.00          20.00          20.00          20.00          20.00          
Sc-Low 97.73          97.73          97.73          97.73          97.73          97.73          97.73          97.73          97.73          97.73          97.73          97.73          
Sc/ms 8.94            8.94            8.94            8.94            8.94            8.94            8.94            8.94            8.94            8.94            8.94            8.94            
Open Water 2.11            2.11            2.11            2.11            2.11            2.11            2.11            2.11            2.11            2.11            2.11            2.11            
Subtotal Below Wells Siding 168.18        168.18        168.18        168.18        168.18        168.18        168.18        168.18        168.18        168.18        168.18        168.18        
Total 429.95       429.95       429.95     429.95     429.95     429.95     429.95      429.95     429.95     429.95     429.95     429.95     

MVIC Ag:
Alfalfa 634.19        634.19        634.19        634.19        634.19        634.19        634.19        634.19        634.19        631.85        631.85        631.85        
Sudan 27.06          27.06          27.06          27.06          27.06          27.06          27.06          27.06          27.06          27.06          27.06          27.06          
Bermuda 172.72        172.72        172.72        172.72        172.72        172.72        172.72        172.72        167.83        167.83        167.83        167.83        
Orchard 41.80          41.80          41.80          41.80          41.80          41.80          41.80          41.80          41.79          41.80          41.80          41.80          
Total 875.77       875.77       875.77     875.77     875.77     875.77     875.77      875.77     870.87     868.54     868.54     868.54     

OWMA:
Alfalfa / Small Grain 92.47          92.47          92.47          92.47          92.47          119.72        119.72        119.72        119.72        64.64          64.64          64.64          
Seasonal Wetland 155.16        155.16        155.16        155.16        -             -             -             -             -             155.16        155.16        155.16        
Sudan -             -             -             -             8.43            8.43            8.43            8.43            8.43            8.43            8.43            8.43            
Open Water 31.88          31.88          31.88          31.88          31.88          31.88          31.88          31.88          31.88          31.88          31.88          31.88          
Total 279.51       279.51       279.51     279.51     132.78     160.03     160.03      160.03     160.03     260.11     260.11     260.11     

2008
Acreages of Agriculture, Phreatophytes, and Open Water in the Lower Muddy River
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Table 13 - Acre-Foot Values for Consumptive Uses of Crops, Phreatophytes, and Open Water on the Lower Muddy River 

January February March April May June July August September October November December Total

Bowman Reservoir 38.57          58.23          90.17        90.17        116.34      120.22      119.47      102.82        120.22      100.56      83.53        54.23        1,095        

Riparian:
Sc_Low above Wells Siding 18.32          20.94          36.65          75.91          159.68        201.56        191.09        172.77        141.36        86.38          31.41          13.09          1,149          
AW 0.63            0.79            1.57            3.22            5.42            6.28            5.97            5.34            4.00            2.43            0.94            0.55            37               
CW 0.54            0.67            1.41            2.96            4.98            5.65            5.32            4.78            3.57            2.22            0.87            0.47            33               
Ms-High 0.63            0.79            1.66            3.41            5.62            6.49            6.10            5.54            4.51            3.01            1.27            0.55            40               
Low Veg 1.52            1.69            3.38            6.25            10.31          11.32          11.32          9.97            8.45            5.41            2.37            1.18            73               
Marsh 1.40            1.60            7.40            14.80          18.40          19.20          18.20          16.40          13.40          5.40            1.40            1.20            119             
Sc-Low 6.84            7.82            13.68          28.34          59.62          75.25          71.34          64.50          52.77          32.25          11.73          4.89            429             
Sc/ms 0.72            0.89            1.79            4.11            7.24            8.49            7.96            7.15            5.45            3.22            1.25            0.63            49               
Open Water 0.54            0.82            1.27            1.27            1.63            1.69            1.68            1.44            1.69            1.41            1.17            0.76            15               
Subtotal Below Wells Siding 12.82          15.07          32.16          64.36          113.22        134.37        127.89        115.12        93.84          55.35          21.00          10.23          795             
Total 31.14          36.01          68.81        140.27      272.90      335.93      318.98      287.89        235.20      141.73      52.41        23.32        1,944        

MVIC Ag:
Alfalfa 128.53        206.11        266.36        355.15        431.25        462.96        437.59        418.57        355.15        251.27        146.80        154.38        3,614          
Sudan -             -             3.79            11.64          22.46          26.25          24.08          9.47            0.81            -             -             -             99               
Bermuda -             -             -             46.63          112.27        122.63        117.45        108.81        83.92          8.00            -             -             600             
Orchard 5.55            7.32            11.70          18.81          27.59          29.26          28.01          26.75          21.31          15.79          9.71            6.45            208             
Total 134.08        213.43        281.85      432.23      593.57      641.10      607.13      563.60        461.19      275.06      156.51      160.83      4,521        

OWMA:
Alfalfa / Small Grain 22.44          34.68          53.63          36.06          60.11          59.86          68.24          34.72          27.54          16.01          0.15            5.45            419             
Seasonal Wetland 45.41          55.08          57.41          52.75          -             -             -             -             -             67.91          42.26          34.81          356             
Sudan -             -             -             -             7.00            8.18            7.50            2.95            0.25            -             -             -             26               
Open Water 8.18            12.35          19.13          19.13          24.68          25.50          25.34          21.81          25.50          21.33          17.72          11.50          232             
Total 76.00          102.11        130.17      107.94      91.79        93.54        101.08      59.48          53.29        105.25      60.13        51.76        1,033        

2008
Total ET in Acre Feet
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Industrial Consumptive Use 
A portion of MVIC’s shares have been purchased and leased by Simplot, a sand and minerals 
operation in Overton, Nevada, which is using the water represented by the shares they control for 
slurrying and washing sand for glass production.  The water is 100% consumptively used, so the 
water represented by the shares controlled by Simplot is subtracted in its entirety from the water 
balance. 

In 2008, Simplot controlled 235.003 preferred and 315.67 common shares (personal 
communication with Scott Millington, MVIC Manager, April 2009).  Using the acre-foot per 
share values of 6.86 af/share preferred and 0.64 af/share common, Simplot consumptively used 
1,816 af of MVIC water in CY 2008.  While the water delivered to Simplot is not directly 
measured, they are located at the end of the ditch and are subject all users upstream obtaining 
their rights.  Even SNWA’s rights are taken on turn and returned to the natural channel above 
Simplot.  Therefore, calculating their use as 100% of their controlled shares, ensures a 
conservative estimate for their annual use.  The monthly breakdown of Simplot’s consumptive 
use is shown in Row E of the Water Budget Table 15. 

Total Flows Passing Lewis Avenue Gage 
Lewis Avenue in Overton is generally considered to be the lower most extent of agricultural uses 
within MVIC’s.  The OWMA is located downstream of the Lewis Avenue gage and abuts Lake 
Mead.  Discharge data for CY 2008 at the Lewis Avenue gage is shown in Table 14, which 
measured approximately 10,700 af in CY 2008.  The flow data from this gage was not filtered 
for flood flows since the flow data merely represents an intermediate measurement point 
between the Glendale gage and Lake Mead and is not a direct input into the water balance. 
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Table 14 - USGS Muddy River at Lewis Avenue at Overton NV Gage Record for CY 2008 

Day Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Sep-08 Oct-08 Nov-08 Dec-08 Total
1 8 5 30 15 10 12 5 12 15 15 17 8
2 11 5 26 16 10 10 6 24 8 12 21 7
3 11 5 23 12 19 15 13 16 4 10 24 7
4 8 7 19 20 17 18 24 12 7 13 22 7
5 5 5 16 16 19 23 18 7 9 45 28 7
6 6 7 14 17 16 17 14 7 12 40 26 7
7 8 7 18 13 9 14 10 17 18 28 26 7
8 4 7 22 11 13 9 8 17 16 16 24 9
9 6 5 21 14 16 9 8 24 13 12 21 10

10 8 7 16 15 16 11 13 19 10 9 26 10
11 8 9 13 16 16 10 20 15 8 10 31 11
12 6 7 10 16 12 15 20 10 6 9 27 11
13 5 7 26 18 12 20 29 11 6 25 30 11
14 4 14 28 17 19 15 17 11 18 25 31 11
15 7 13 20 12 22 10 17 9 19 26 29 15
16 4 15 12 16 14 9 14 19 13 26 28 18
17 5 15 10 12 10 8 12 18 9 21 32 18
18 4 17 10 12 9 9 21 10 9 17 27 16
19 4 16 17 15 9 18 20 7 9 14 22 15
20 4 20 21 16 10 18 14 6 9 21 18 15
21 4 31 17 16 17 13 10 5 19 26 16 16
22 4 29 16 15 25 9 7 5 25 26 22 17
23 4 26 10 17 15 8 10 15 18 21 25 14
24 7 28 12 15 18 7 12 20 16 16 25 14
25 6 21 15 15 14 10 19 15 11 18 29 15
26 6 26 17 18 14 20 22 14 12 16 21 19
27 7 25 20 17 10 19 17 6 11 20 9 18
28 6 27 22 18 21 13 11 6 18 28 9 14
29 7 24 15 14 26 8 6 6 28 26 9 13
30 6 0 14 14 20 5 5 11 18 26 8 13
31 5 0 14 0 14 0 7 19 0 26 0 14

4
Mean 6 14 18 15 15 12 14 13 13 21 22 12
Cnt 31 31 31 31 31 31 31 31 31 31 31 31
Min 4 0 10 0 9 0 5 5 0 9 0 7
Max 11 31 30 20 26 23 29 24 28 45 32 19
Acre Feet 370        852        1,077      908        933        755      848     775       779      1,275   1,354      765         

09419507 Muddy River at Lewis Avenue at Overton, NV - Units cfs

10,691  
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Overton Wildlife Management Area 
The OWMA is located just above the Muddy River’s confluence with Lake Mead, downstream 
of the Lewis Avenue gage.  OWMA is managed for migrating birds, hunting, and, most recently, 
a refugia for Razorback suckers in a small impoundment called Honey Bee Pond.  The managed 
part of the facility, located above Lake Mead, is about 280 acres in size and consists of a series 
of seasonal wetlands that are flooded in the winter for migrating waterfowl, along with several 
fields of Alfalfa, Sudan grass, and Bermuda grass for bird habitat and minor farming, along with 
Honey Bee Pond and a couple other small impoundments. 

The OWMA receives most of its water directly from the Muddy River and is permitted to do so 
under tail-water permits.  In addition to the tailwater rights, OWMA owns shares in MVIC.  In 
2008, OWMA owned 398 afy of MVIC rights represented by 51.25 preferred and 80.50 common 
shares (personal communication with Scott Millington, MVIC General Manager, April 2009).  
MVIC water delivered to OWMA is diverted at Wells Siding and travels via ditch to OWMA, 
therefore bypassing the Lewis Avenue gage. 

The managed area of OWMA above Lake Mead uses approximately 1,032 afy, in addition to the 
398 afy from MVIC shares, (Row O of Table 15) based on the type of vegetation/management 
practices for OWMA lands above Lake Mead.  Aerial photography and discussions with 
Keith Brose, the OWMA Manager, were used to determine the appropriate LCRAS Vegetation 
ET rates to apply to the managed areas. 

Flows Entering Lake Mead and SNWA Tributary Conservation 
ICS 
After OWMA consumptive uses from the Muddy River are subtracted from the total flows 
measured at the Lewis Avenue gage, the total outflows to Lake Mead as both surface- and under-
flows can be derived (Row P of Table 15).  As outlined in Table 15, 12,794 af of Muddy River 
water entered Lake Mead in CY 2008.  In CY 2008, SNWA controlled 7,095 af of Muddy River 
water rights (Row S).  The difference between the total outflows to Lake Mead and rights held 
by SNWA is 5,699 af (Row T).  Since SNWA’s rights fall within the total flow volume of water 
reaching Lake Mead, SNWA created Tributary Conservation ICS with the full volume of rights 
owned and controlled on the Muddy River – 7,095 af prior to the one-time deduction of 5% for 
the benefit of additional system storage in Lake Mead. 

Table 16 applies the results shown in Table 15 in the format of the Water Balance from 
Exhibit A of the Forbearance Agreement. 
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Table 15 - 2008 Muddy River Intentionally Created Surplus Water Balance Sheet 

Winter (Jan 
- Apr)

Summer 
(May-Sep)

Winter (Oct-
Dec) Total Row Reference

Muddy River at Glendale Gage 8,594         8,847         5,755        23,196        A

Phreatophyte Consumptive use to Wells Siding 152            866            131           1,149          B

Leased Upper Muddy River Water Rights 625            1,019         468           2,112          C

Acre-feet per Share Basis 7,817         6,962         5,156        19,935        D = A - B - C

Simplot 652            670            489           1,811          E

MVIC Crop Use 1,062         2,867         592           4,521          F

Bowman Reservoir Evaporation 277            579            238           1,094          G

Phreatophyte Consumptive Use (Wells Siding to Lake 
Mead) 124            584            87             795             H

MVIC Consumptive Uses above Lewis Ave 2,115         4,700         1,406        8,221          I = E + F + G + H

Bowman Fill 934            -            934           1,868          J

Bowman Release -            1,868         -           1,868          K

Total Calculated Flows Passing Lewis Avenue 5,393         5,149         3,284        13,826        L = A -B- I - J + K

Flows Measured at USGS Lewis Avenue Gage 3,207         4,090         3,346        10,643        M

Calculated Unmeasured Sub-Surface Flows 2,186         1,059         -           3,183          N = L - M

Total Calculated Flows Passing Lewis Avenue 5,393         5,149         3,284        13,826        L
Overton Wildlife 

Management Area 
Water Use OWMA Consumptive Use 416            399            217           1,032          O

Total Flows to Lake Mead 4,977         4,750         3,067        12,794        P = L - O

Leased Upper Muddy River Water Rights 625            1,019         468           2,112          Q

MVIC Rights 1,748         1,415         1,820        4,983          R
Total Muddy River Water Rights Controlled by 
SNWA 2,373         2,434         2,288        7,095          S = Q + R

Flow Check
Difference Between total Flows to Lake Mead and 
SNWA Water Rights 2,604         2,314         778           5,699          T = P - S

SNWA Water Rights

2008 Muddy River Intentionally Created Surplus Water Balance Sheet  (all units in Acre-Feet)

Total Inflows To 
Lower Muddy River

Consumptive Uses 
Above Lewis 

Avenue

Outflows from MVIC 
Service Area

Bowman Reservoir 
Operations
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Table 16 - Water Balance on Lower Muddy River as Defined in Exhibit A from the Forbearance Agreement Depicting the Volume of Tributary 
Conservation ICS Created by SNWA in CY 2008 

Flows measured by USGS at the Glendale gage 23,196       
- consumptive uses by agriculture below the Glendale gage 4,521         
- direct uses by industry below the Glendale gage 1,811         
- channel evapotranspiration below Glendale gage to Lake Mead 3,038         
- evapotranspiration from the managed acreage on the Overton Wildlife Management Area (OWMA) 1,032         

 = Total Flow to Lake Mead (Elevation 1,220 AMSL) 12,794       
- Total Muddy River Water Rights Controlled by SNWA 7,095       

 = Total Flows to Lake Mead are greater than  SNWA Water Rights                                                  -------------->        YES

Water Balance from Exhibit A of Forbearance Agreement with CY 2008 Data (afy)
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Appendix A 
Muddy River Exhibit A from Forbearance Agreement
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Exhibit A
Southern Nevada Water Authority

Virgin and Muddy Rivers Tributary Conservation,
Intentionally Created Surplus (ICS) Project

Summary: Nevada state water rights that predate the Boulder Canyon Project Act (BCPA) on
the Virgin River have a priority date of pre-1905 and were decreed by the Nevada Supreme
Court in 1927. The decree allocated 17,785 acre-feet per year (afy) to the Bunkerville and
Mesquite Irrigation Companies, which represents approximately 10% of the annual average flow
in the Virgin River above the Irrigation Companies.’ The Southern Nevada Water Authority
(SNWA) currently owns shares in the Bunkerville Irrigation Company representing
approximately 3,700 afy of surface water rights.

On the Muddy River, water rights were decreed in 1920 and that decree allocated the entire flow
of the Muddy River. On the Lower Muddy River, the entire flow of the river is diverted by the
Muddy Valley Irrigation Company (MVIC) for agricultural use. SNWA currently owns shares
in the Muddy Valley Irrigation Company representing approximately 7,000 afy of surface water
rights and leases approximately 2,000 afy from the LDS Church, which are not represented by
MVIC shares. The LDS Church lease is for a term of 20 years, with the option to renew the
lease for an additional 20 years.

SNWA anticipates acquiring a total of approximately 30,000 afy of pre-BCPA water rights from
entities with rights on the Virgin and Muddy Rivers. Approximately one-third of this amount is
expected to come from the Virgin River and two-thirds from the Muddy River. This is
consistent with the flow volumes that were analyzed in the Final Environmental Impact
Statement, Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated
Operations for Lake Powell and Lake Mead and in the analysis for Lake Mead for the Lower
Colorado River Multi-Species Conservation Program.

Retired agricultural water rights will be conveyed to Lake Mead’s Overton Arm. The pre-BCPA
water rights conveyed to Lake Mead represent the full right that is and has been historically used
for agricultural purposes and could have otherwise been diverted from the Virgin or Muddy
River and fully consumed by SNWA for municipal purposes.

Virgin and Muddy River rights conveyed to Lake Mead will either pass through their historic
points of diversion, flow through the irrigation company ditches and return to the mainstream of
the Virgin or Muddy River further downstream or will remain in the mainstream of the Virgin or
Muddy River. The full right documented to flow to Lake Mead will be accounted for as
Tributary Conservation ICS.

Virgin and Muddy River water rights that will be utilized to create Tributary Conservation
pursuant to this Exhibit A of this Forbearance Agreement include both decreed Nevada state
water rights that have been in continuous use since at least 1927 and decreed Nevada state water
rights with an established history of use prior to 1927 but that have experienced periods of non

‘Annual average Virgin River flow for water years 1931 to 2006 at the U.S. Geological Survey (USGS) Virgin
River at Littlefield, AZ gage, No. 09415000 was 176,000 afy.
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use in the interim. Per this Exhibit A of this Forbearance Agreement, SNWA is specifically
allowed to utilize any and all pre-BCPA Virgin and Muddy River water rights decreed by a
Nevada State Court prior to 1928 to create Tributary Conservation ICS regardless of those water
rights history of use after 1928.

Specific Water Rights: The sources of water that would create Tributary Conservation ICS
credits covered by these two projects include:

i. Estimated 5,702 afy pursuant to 682 preferred shares in the Muddy Valley
Irrigation Company2

ii. Estimated 1,460 afy pursuant to 1,921 common shares in the Muddy River
Irrigation Company

iii. 2,001 afy pursuant to Certificate Nos. 6419, 25861, 26316, 26317 and 26318
(decreed Muddy River right not represented by MVIC shares).

iv. 3,710 afy pursuant to 350 shares of Bunkerville Irrigation Company stock3

v. Any other water rights represented by shares in the Bunkerville, Mesquite and
Muddy Valley Irrigation Companies and other pre-1929 decreed rights to the
Muddy and Virgin Rivers purchased or contractually acquired by SNWA.

Annual variations in the flow of the Muddy River from any cause will cause fluctuations in the
quantity of water available per share in the Muddy Valley Irrigation Company and reduce or
increase the quantity of Tributary Conservation ICS that is available.

Nevada State Approval: SNWA will acquire necessary approvals from the Nevada Division of
Water Resources to allow the Nevada state water rights to be conveyed to Lake Mead to create
Tributary Conservation ICS.

Plan for Creation and Verification of ICS: Pursuant to Sections 3.B. and 3.D. of the Interim
Guidelines for the Operation of Lake Powell and Lake Mead, SNWA shall annually submit a
plan to the Secretary of Interior. The annual plan will demonstrate the volume of water rights

2 Muddy River water rights were decreed in 1920 by the Tenth (now Eighth) Judicial District Court. Water rights on the
lower Muddy River are divided into 2,432 preferred and 5,044 common shares of stock in the Muddy Valley Irrigation
Company.

Uses of surface water in Nevada prior to the water law of 1905 are considered vested rights, the quantification of which
can only be judicially determined by a Nevada District Court in an adjudication proceeding. The Virgin River surface water
uses prior to 1905 have been adjudicated by the Virgin River Decree pursuant to Proof No. 02038 filed by the Bunkerville
Irrigation Company, and Proof No. 01968 filed by the Mesquite Irrigation Company. The Virgin River Decree was entered
by the Tenth (now Eighth) Judicial District Court on May 14, 1927.

The Decree adjudicated water rights to Virgin River surface flow for irrigation of 1,963.08 acres for a total of 17,785.50 acre
feet per year (AFY). The summer duty equals 1.0 cfs of flow for each 70 acres and the winter duty equals 1.0 cfs of flow for
each 100 acres for a total duty of 9.06 afy per acre. The summer period is the months of March through September and the
winter period is the months of October through February.
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owned and/or contractually controlled by SNWA on the Virgin and Muddy Rivers, including any
water rights in addition to those specified above that SNWA acquires subsequent to the
execution of this Forbearance Agreement. The annual plan will also demonstrate how the
Tributary Conservation ICS, as described in this Exhibit A will be created and accounted for to
Lake Mead. Such verification plan will, at a minimum, include:

Muddy River

The 1920 Muddy River Decree allocated the entire flow of the Muddy River; therefore it is
anticipated that accounting for Muddy River water at Lake Mead will require an annual
accounting of the rights owned by SNWA based on actual USGS gage flows and a water budget
of the flows on the Lower Muddy River as follows:

A. Muddy River Rights Owned by SNWA:

1. Upper Muddy River rights owned or contractually controlled by SNWA as
quantified in the Muddy River Decree.

2. Shares of the Muddy Valley Irrigation Company owned or contractually
controlled by SNWA. MVIC shares are quantified based on a percentage
of the total flows (divided by total shares) in the Muddy River at the
USGS Muddy River near Glendale, NV gage less the Upper Muddy River
rights owned or controlled by SNWA that reach the gage.

3. Nos. 1 and 2 represent the water SNWA would release into the Lower
Muddy River for the creation of ICS credits.

B. Muddy River Flows reaching Lake Mead will be calculated as follows:

Flows measured by USGS at Muddy River near Glendale, NV gage
- (minus) consumptive uses by agriculture below the Glendale gage
- (minus) direct uses by industry below the Glendale gage
- (minus) channel evapotranspiration below Glendale gage to Lake Mead
- (minus) evapotranspiration from the managed acreage on the Overton

Wildlife Management Area (WMA)
= Total Flow to Lake Mead

C. if the total amount represented in A is equal to or greater than the amount
calculated to reach Lake Mead in B, then SNWA shall be credited with the amount in B.

D. if the total amount in A is less than the amount in B, SNWA shall be
credited with the amount in A.

E. Because the total volume of water SNWA currently owns and controls on
the Muddy River represents a relatively small percentage of the total flow, conveyance
losses of SNWA’s current rights are negligible.
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F. The total Muddy River flow reaching Lake Mead as calculated in B Above
includes flows at the USGS Muddy River at Lewis Avenue at Overton, NV gage located
just upstream of the Overton Wildlife Management Area and unmeasured underflow.

Virgin River

Because the Virgin River Decree allocated just 10% of the average annual flow in the Virgin
River (17,785.50 afy) to irrigate 1,963.08 acres, Tributary Conservation ICS from the Virgin
River can be calculated based on the reduction in agricultural acreage as follows:

Virgin River Calculation:

Decrease in total agricultural acreage decreed in the Bunkerville or
Mesquite Irrigation Companies calculated using remote sensing and a
Geographic Information System (as limited by the shares controlled by
SNWA and the acreage it represents)

x the decreed duty per acre (9.06 acre-feet per acre)
= Flows to Lake Mead

Maximum ICS Created Under this Exhibit: Maximum amount of ICS that may be created by
SNWA from these projects in one calendar year is limited to 50,000 acre-feet of Virgin and
Muddy River water.

Use of SNWA 1989 Virgin River Rights: SNWA will not use Permit Nos. 54077 and 58591
(Nevada state permits for combined duty of 113,000 afy) in the future to support new
development on the lands being fallowed near the Virgin River, excepting 5,000 acre-feet of
such rights that SNWA is obligated to transfer to the Virgin Valley Water District and which
SNWA cannot encumber.

In Witness of this Exhibit A to the Forbearance Agreement executed contemporaneously
herewith, the Parties affix their official signatures below, acknowledging approval of this
document on the I3 day of 1)ZC-QrcsE , 2007.

Approved as to form: THE STATE OF ARIZONA acting
through the ARIZONA
DEPARTMENT OF WATER
RESOURCES

By: A By: L -.. é
W. Patrick Sc i Herbert Guenther
Chief Co s Director
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Attest: PALO VERDE IRRIGATION
DISTRICT

Attest and Approved:

By:
Penn Carter

By:
Karen L. Tachiki

COACHELLA VALLEY WATER
DISTRICT e

Steven B. Robbins
General Manager/Chief Engineer

THE METROPOLITAN WATER
DISTRICT OF SOUTHERN
CALIFO IA

By:

Gen ral Manag

By:____
Edward W. Smith
General Manager

Legal Counsel

Appro ed as to f.m:

By:
Charles VanDyke
Chair

IMPERIAL IRRIGATION DISTRICT

By:’/ 4_.,,,4
Stella Altamirano-Mendoza
President

THE CITY OF NEEDLES

By:
‘ f Williams
Mayor

0

‘obt . greaves
ity A orney

Approved as to form.

By: -4-tz. 13
Steven B. Abbott
Legal Counsel

Approved as to form:

By:

General Counsel
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Approved as to form: SOUTHERN NEVADA WATER
AUTHORITY

By: By:

_______________________

ohn J. ntsminger Patricia Mulrov
Deputy General Counsel General Mr—

Approved as to form: COLORADO RIVER COMMISSION
OF NEVADA

T.crandell
By:_________

Jennif George M. Caan
Deputy Attorney General Executive Director
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Appendix B 
Plan of Creation 

Submitted to the Bureau of Reclamation and 
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Muddy River Intentionally Created Surplus (ICS) 
Tributary Conservation Plan of Creation 
Calendar Year 2008 and 2009 

 

Introduction 
 
The Secretary of Interior (Secretary) issued a Record of Decision for Colorado River 
Interim Guidelines for Lower Basin Shortages and the Coordinated Operations for Lake 
Powell and Lake Mead (Guidelines) on December 13, 2007, which established criteria for 
the development and delivery of Intentionally Created Surplus (ICS).  One type of ICS is 
Tributary Conservation, which allows a Contractor1 to increase tributary flows into the 
Mainstream of the Colorado River within its state for ICS credits.  The conservation of 
tributary flows into the Mainstream of the Colorado River is limited to water rights that 
have been used for a significant period of years and were perfected prior to June 25, 
1929, the effective date of the Boulder Canyon Project Act. 
 
To generate ICS, the Guidelines require a Contract holder to enter into a Delivery 
Agreement with the United States of America and a Forbearance Agreement with Lower 
Basin Contract holders.  Southern Nevada Water Authority (SNWA) and Colorado River 
Commission of Nevada (CRC) entered into a Forbearance Agreement with Lower Basin 
Contract holders on December 13, 2007.  Exhibit A of the Forbearance Agreement 
describes the surface water rights on the Muddy and Virgin Rivers, pre-dating June 25, 
1929, which SNWA plans to use to create Tributary Conservation ICS, and how the 
Muddy River flows reaching Lake Mead will be calculated. 
 
SNWA and CRC entered into a Delivery Agreement with the United States of America 
on December 13, 2007.  Exhibit A from the Forbearance Agreement is attached to the 
Delivery Agreement. 
 
The Guidelines, Forbearance Agreement, and Delivery Agreement require a plan for the 
creation of ICS (ICS Plan) be submitted to the Secretary of Interior demonstrating how 
all requirements of the Guidelines will be met.  Section G.3.B.1 of the Guidelines outline 
that an ICS plan will consist of at a minimum the following information: 
 

a. Project Description including what extraordinary measures will be taken to 
conserve or import the water 

 
b. Term of Activity 

                                                 
1 “Contractor” in the Guidelines “shall mean an entity holding an entitlement to Mainstream water under (a) the 
Consolidated Decree, (b) a water delivery contract with the United States through the Secretary, or (c) a reservation of 
water by the Secretary, whether the entitlement is obtained under (a), (b) or (c) before or after the adoption of the 
Guidelines. 
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c. Estimate of the amount of water that will be conserved 

 
d. Proposed methodology for verification of the amount of water conserved 

 
e. Documentation regarding any state or federal permits or other regulatory 

approvals that have already been obtained by the Contractor or that need to be 
obtained prior to the creation of ICS 
 

The following sections document each of these requirements.  It is important to note that 
the majority of the information presented below is reiterated from Exhibit A of the 
Forbearance Agreement and Delivery Agreement. 

Project Description 
 
Muddy River water rights that will be utilized to create Tributary Conservation pursuant 
to this ICS Plan and Exhibit A of the Forbearance Agreement are decreed Nevada state 
water rights with an established history of use prior to 1927, but that have experienced 
periods of non-use in the interim.  Per Exhibit A of the Forbearance Agreement, SNWA 
is specifically allowed to utilize any and all pre-June 25, 1929, Muddy River water rights 
to create Tributary Conservation ICS regardless of those water rights history of use after 
1928. 
 
The Muddy River originates from regional springs in the Muddy Springs Area in Nevada 
and flows into the Overton Arm of Lake Mead (Figure 1).  Muddy River flows are 
relatively constant because the springs that form the river discharge water from the 
regional carbonate aquifer system of eastern Nevada.  The average annual flow of the 
Muddy River at U.S. Geological Survey (USGS) gaging station 09419000 Muddy River 
near Glendale, NV for water years 1950 to 2007 was 30,760 acre-feet per year (afy). 
 
On the Muddy River, water rights were decreed in 1920 and the decree allocated the 
entire flow of the Muddy River.  On the Lower Muddy River, the entire flow of the river 
is diverted by the Muddy Valley Irrigation Company (MVIC) for agricultural use.  
SNWA currently owns shares in the Muddy Valley Irrigation Company representing 
approximately 7,000 afy of surface water rights and leases approximately 2,000 afy from 
the LDS Church, which are not represented by MVIC shares.  The LDS Church lease is 
for a term of 20 years, with the option to renew the lease for an additional 20 years. 
 
Retired agricultural water rights acquired by SNWA will be conveyed to Lake Mead 
along Lake Mead’s Overton Arm.  The pre-June 25, 1929, water rights conveyed to Lake 
Mead represent the full right that is and has been historically used for agricultural or 
could have otherwise been diverted from the Muddy River and fully consumed by 
SNWA within Nevada. 
 
Muddy River rights conveyed to Lake Mead will pass through their historic points of 
diversion and either flow through the irrigation company ditches and return to the 
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mainstream of the Muddy River further downstream or will remain in the mainstream of 
the Muddy River.  The full right documented to flow to Lake Mead will be accounted for 
as Tributary Conservation ICS. 

Term of Activity 
 
The term of activity for this plan is calendar years 2008 and 2009.  SNWA anticipates 
receiving ICS Tributary Conservation credit for Muddy River water into the foreseeable 
future.  As more water rights are acquired and more land is fallowed, the amount of water 
claimed as ICS Tributary Conservation is anticipated to increase.  Subsequent plans will 
be updated to reflect the acquired pre-June 25, 1929, water rights. 

Estimate of Water Conserved 
 
SNWA currently owns or controls the following Muddy River water rights: 
 

1. MVIC Shares.  The volume of water represented by MVIC shares is quantified 
based on a percentage of the total flows (divided by total shares) in the Muddy 
River at the USGS gage Muddy River near Glendale, NV (Glendale gage) less the 
Upper Muddy River rights owned or controlled by SNWA that reach the gage 
(Figure 2). 
 

a. Owned MVIC shares2 
 

i. 682 preferred shares in the MVIC estimated to represent up to 
5,700 afy 

 
ii. 1,921 common shares in the MVIC estimated to represent up to 

1,460 afy 
 

iii. Additional MVIC shares are actively being purchased by SNWA 
through an open “request for offers.”  As shares are acquired, the 
water rights represented by the shares will be included in the year-
end Certification Report. 

 
b. Leased MVIC shares3 
 

i. Approximately 400 preferred shares in the MVIC.  In 2008, a 
portion of the water represented by these shares will be available 
for the creation of Tributary Conservation ICS, since the effective 

                                                 
2 Muddy River water rights were decreed in 1920 by the Tenth (now Eighth) Judicial District Court.  Water rights 
on the lower Muddy River are divided into 2,432 preferred and 5,044 common shares of stock in the Muddy 
Valley Irrigation Company. 
 
3 SNWA has entered into lease agreements with individual share holders for terms ranging between 1 and 10 years. 
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date of the leased shares is October 1, 2008.  These shares are 
estimated to represent about 4,000 acre-feet (af) in 2009. 

 
ii. Approximately 1,200 common shares in the MVIC.  In 2008, a 

portion of the water represented by these shares will be available 
for the creation of Tributary Conservation ICS, since the effective 
date of the leased shares is October 1, 2008.  These shares are 
estimated to represent about 800 af in 2009. 

 
2. Up to 2,001 afy pursuant to Certificate Nos. 6795, 10944, 10951, 10952, and 

10953 (decreed Muddy River rights not represented by MVIC shares) in 2008 and 
2009 (Figure 3). 

 
3. Up to 1,367 afy pursuant to the Muddy River decree (not represented by MVIC 

shares, commonly referred to as the Hidden Valley rights) (Figure 4).  These 
rights are in the process of being acquired by SNWA.  A portion of the rights 
would be available in calendar year 2008, and the full right is anticipated to be 
available in 2009 for the creation of Tributary Conservation ICS. 

 
For calendar year 2008, SNWA may create up to 11,000 acre-feet of Tributary 
Conservation ICS from these pre-June 25, 1929, water rights. 
 
For calendar year 2009, SNWA anticipates creating up to 16,000 acre-feet of Tributary 
Conservation ICS from these pre-June 25, 1929, water rights. 

Methodology 
 
Muddy River Flows reaching Lake Mead will be calculated as follows: 

 
Flows measured by USGS at the Glendale gage 
- (minus) consumptive uses by agriculture below the Glendale gage 
- (minus) direct uses by industry below the Glendale gage 
- (minus) channel evapotranspiration below Glendale gage to Lake Mead 
- (minus) evapotranspiration from the managed acreage on the Overton Wildlife 

Management Area (WMA) 
 
= Total Flow to Lake Mead (Elevation 1,220 AMSL) 
 

 To calculate the consumptive uses of crops and phreatophytes in the lower Muddy 
River, data from the Lower Colorado River Accounting Study (LCRAS) and other 
areas with similar climatic conditions and elevation as the Muddy River will be 
used.  Specifically, the 12-year average LCRAS consumptive use value from the 
Fort Mohave Indian Reservation from 1995 to 2006 will be used along with a 
potential adjustment to use-rates based on the elevation and climate conditions of 
the Muddy River. 
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 If the total amount of water represented by the rights controlled by SNWA 
described in this plan of creation and documented in the Certification Report 
(described below) is found to be equal to or less than the amount of water 
calculated to reach Lake Mead, then SNWA shall be credited with the full amount 
of water rights described in the plan of creation. 

 
 If the total amount of water rights described in this Plan of Creation and 

documented in the Certification Report is more than the amount calculated to 
reach Lake Mead, SNWA shall be credited with only the amount calculated to 
reach Lake Mead. 

 
 The total Muddy River flow reaching Lake Mead as calculated above includes 

flows at the USGS gage Muddy River at Lewis Avenue at Overton, NV located 
just upstream of the Overton Wildlife Management Area and unmeasured 
underflow. 

 
A. Proof of Fallowed Land: 
 

To demonstrate the fallowing of land and the conservation of water, quarterly 
aerial photography will be flown, ground-truthed and analyzed during the 
calendar year.  A Geographic Information System (GIS) will be used to compare 
the current irrigated acreage with acreage defined by the water rights as approved 
by the Nevada Division of Water Resources and the Muddy River decree. 
 

B. Certification Report 
 

i. In compliance with Section G.3.D of the Guidelines, a Certification 
Report will be submitted for the Secretary’s review and verification 
demonstrating the amount of ICS created and that the method of creation 
was consistent with this plan of creation, the Forbearance Agreement, and 
Delivery Agreement.  The Certification Report will be submitted to the 
Secretary in the year following the creation of the ICS. 

 
ii. The Certification report at a minimum will include: 

 
- Proof of acreage fallowed using aerial photography and GIS 
- Gage reports showing inflows and measured returns 
- Calculations of the amount of pre-June 25, 1929, water rights 

reaching Lake Mead 
- Documentation and calculations of the amount of pre-June 25, 1929, 

water rights reaching Lake Mead owned or controlled by SNWA 
- Letter from the Nevada Division of Water Resources verifying the 

quantity of water conveyed through the Muddy River system to the 
Colorado River mainstream for the purpose of creating ICS 
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Regulatory Approvals 
 
Tributary Conservation ICS on the Muddy River was evaluated in the Environmental 
Impact Statement and Record of Decision (dated December 13, 2007) for the Guidelines.  
Similarly, compliance for Muddy River Tributary Conservation ICS was also obtained 
under section 7 of the Endangered Species Act through formal consultation with the 
U.S. Fish and Wildlife Service.  The Final Biological Opinion for the Guidelines was 
issued December 12, 2007. 
 
The Nevada Division of Water Resources issued State Engineer Order 1194 on July 15, 
2008, regarding Tributary Conservation ICS on the Muddy River (attached).  The Order 
outlines the Nevada water rights on the Muddy River and the following process for 
verification of Muddy River rights being conveyed to the Colorado River mainstream: 
 

Nevada State Engineer Order 1194 states… “An entity with an ICS Delivery 
Contract, which uses water rights adjudicated under the Muddy River Decree for the 
creation of ICS, shall file an annual report with the State Engineer's Office.  The 
annual report shall give a full accounting of adjudicated water rights on the Muddy 
River or its tributaries owned or controlled by the entity with an ICS Delivery 
Contract, which have been conveyed through the Muddy River system to the 
Colorado River mainstream for the creation of ICS.  After review of the annual 
report, the State Engineer shall issue a letter verifying the quantity of water conveyed 
through the Muddy River system to the Colorado River mainstream for the purpose 
of creating ICS.” 
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Figure 1.  Muddy River.
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Figure 2.  Muddy Valley Irrigation Company. 
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Figure 3.  Warm Springs Natural Area.  
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Virgin River Intentionally Created Surplus (ICS) 
Tributary Conservation Plan of Creation 
Calendar Year 2008 and 2009 

 

Introduction 
The Secretary of Interior (Secretary) issued a Record of Decision for Colorado River 
Interim Guidelines for Lower Basin Shortages and the Coordinated Operations for Lake 
Powell and Lake Mead (Guidelines) on December 13, 2007, which established criteria for 
the development and delivery of Intentionally Created Surplus (ICS).  One type of ICS is 
Tributary Conservation, which allows a Contractor1 to increase tributary flows into the 
Mainstem of the Colorado River within its state for ICS credits.  The conservation of 
tributary flows into the Mainstream of the Colorado River is limited to water rights that 
have been used for a significant period of years and were perfected prior to June 25, 
1929, the effective date of the Boulder Canyon Project Act. 
 
To generate ICS, the Guidelines require a Contract holder to enter into a Delivery 
Agreement with the United States of America and a Forbearance Agreement with Lower 
Basin Contract holders.  Southern Nevada Water Authority (SNWA) and Colorado River 
Commission of Nevada (CRC) entered into a Forbearance Agreement with Lower Basin 
Contract holders on December 13, 2007.  Exhibit A of the Forbearance Agreement 
describes the surface water rights on the Muddy and Virgin Rivers, pre-dating June 25, 
1929, which SNWA plans to use to create Tributary Conservation ICS, and how the 
Virgin River flows reaching Lake Mead will be calculated. 
 
SNWA and CRC entered into a Delivery Agreement with the United States of America 
on December 13, 2007.  Exhibit A from the Forbearance Agreement is attached to the 
Delivery Agreement. 
 
The Guidelines, Forbearance Agreement, and Delivery Agreement require a plan for the 
creation of ICS (ICS Plan) be submitted to the Secretary of Interior demonstrating how 
all requirements of the Guidelines will be met.  Section G.3.B.1 of the Guidelines outline 
that an ICS plan will consist of at a minimum the following information: 
 

a. Project Description including what extraordinary measures will be taken to 
conserve or import the water 

 
b. Term of Activity 

 
c. Estimate of the amount of water that will be conserved 

 
                                                 
1 “Contractor” in the Guidelines “shall mean an entity holding an entitlement to Mainstream water under (a) the 
Consolidated Decree, (b) a water delivery contract with the United States through the Secretary, or (c) a reservation of 
water by the Secretary, whether the entitlement is obtained under (a), (b) or (c) before or after the adoption of the 
Guidelines. 
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d. Proposed methodology for verification of the amount of water conserved 
 

e. Documentation regarding any state or federal permits or other regulatory 
approvals that have already been obtained by the Contractor or that need to be 
obtained prior to the creation of ICS. 
 

The following sections document each of these requirements.  It is important to note that 
the majority of the information presented below is reiterated from Exhibit A of the 
Forbearance Agreement and Delivery Agreement. 

Project Description 
 
Virgin River water rights that will be utilized to create Tributary Conservation pursuant 
to this ICS Plan and Exhibit A of the Forbearance Agreement are decreed and permitted 
Nevada state water rights with an established history of use prior to 1927, but that have 
experienced periods of non-use in the interim.  Per Exhibit A of the Forbearance 
Agreement, SNWA is specifically allowed to utilize any and all pre-June 25, 1929, 
Virgin River water rights to create Tributary Conservation ICS regardless of those water 
rights history of use after 1928. 
 
The Virgin River begins in southwestern Utah, flows through Arizona and Nevada, and 
terminates in Lake Mead (Figure 1).  The average annual flow of the Virgin River at 
USGS gaging station 09415000 Virgin River at Littlefield, AZ for water years 1931 to 
2007 was 175,200 acre-feet per year (afy). 
 
Nevada state water rights that predate the Boulder Canyon Project Act (BCPA) on the 
Virgin River are comprised of pre-1905 priority surface water rights decreed by the 
Nevada Supreme Court in 1927 for 17,785 afy to the Bunkerville and Mesquite Irrigation 
Companies, and additional permitted and certificated rights authorized by the Nevada 
Division of Water Resources. 
 
Retired agricultural water rights acquired by SNWA will be conveyed to Lake Mead 
along Lake Mead’s Overton Arm.  The pre-June 25, 1929, water rights conveyed to Lake 
Mead represent the full right that is and has been historically used for agricultural or 
could have otherwise been diverted from the Virgin River and fully consumed by the 
SNWA in Nevada. 
 
Virgin River rights conveyed to Lake Mead will pass through their historic points of 
diversion and either flow through the irrigation company ditches and return to the 
mainstream of the Virgin River further downstream or will remain in the mainstream of 
the Virgin River.  The full right documented to flow to Lake Mead will be accounted for 
as Tributary Conservation ICS. 
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Term of Activity 
 
The term of activity for this plan is calendar years 2008 and 2009.  SNWA anticipates 
receiving ICS Tributary Conservation credit for Virgin River water into the foreseeable 
future.  As more water rights are acquired and more land is fallowed, the amount of water 
claimed as ICS Tributary Conservation is anticipated to increase.  Subsequent plans will 
be updated to reflect the acquired pre-June 25, 1929, water rights. 

Estimate of Water Conserved 
 
SNWA currently owns or controls the following Virgin River rights: 

 
 A portion of Certificate 1153 with a priority date of 1914 for 601.97 afy 

designated to irrigate a portion of 177.044 acres of land (Figure 2).  A portion 
of this water will be available in calendar year 2008, and in 2009 the full right 
will be available for creation of Tributary Conservation ICS. 

 
 Bunkerville Irrigation Company:  946 shares representing up to 

approximately 11,300 afy of surface water rights.  In 2008, a portion of the 
water represented by these shares will be available for the creation of 
Tributary Conservation ICS, since the effective date of the leased shares is 
October 1, 2008.  In 2009 the full rights will be available for creation of ICS. 

 
 Mesquite Irrigation Company:  694.75 shares representing up to 7,300 afy of 

surface water rights.  In 2008, a portion of the water represented by these 
shares will be available for the creation of Tributary Conservation ICS, since 
the effective date of the leased shares is October 1, 2008.  In 2009, the full 
rights will be available for creation of ICS. 

 
 Additional Bunkerville and Mesquite Irrigation Company rights are actively 

being purchased by SNWA through an open “request for offers.”  As shares 
are acquired, the water rights represented by the shares will be included in the 
year-end Certification Report. 
 

For calendar year 2008, SNWA anticipates creating up to 5,000 acre-feet (af) of 
Tributary Conservation ICS with the above rights which pre-date June 25, 1929. 
 
For calendar year 2009, SNWA anticipates creating up to 14,000 af of Tributary 
Conservation ICS with the above rights which pre-date June 25, 1929. 
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Methodology 
 
Because the acreage represented by the water rights SNWA owns are such a small 
percentage (< 15%) of the total annual flow of the Virgin River, Tributary Conservation 
ICS on the Virgin River can be calculated based on the reduction in agricultural acreage 
as follows: 
 

Virgin River Calculation: 
 

    Decrease in total agricultural acreage permitted by the Nevada 
Division of Water Resources calculated using remote sensing & GIS 

x  The duty per acre specified by the water right 
 
= Flows to Lake Mead (Elevation 1,220 AMSL) 

 
 

A. Proof of Fallowed Land 
 
To demonstrate the fallowing of land and the conservation of water, quarterly 
aerial photography will be flown, ground-truthed and analyzed during the 
calendar year. A Geographic Information System (GIS) will be used to compare 
the current irrigated acreage with acreage defined by the water rights as approved 
by the Nevada Division of Water Resources. 
 

B. Certification Report 
 

i. In compliance with Section G.3.D of the Guidelines, a Certification 
Report will be submitted for the Secretary’s review and verification 
demonstrating the amount of ICS created and that the method of creation 
was consistent with this plan of creation, the Forbearance Agreement, and 
Delivery Agreement.  The Certification Report will be submitted to the 
Secretary in the year following the creation of the ICS. 

 
ii. The Certification report at a minimum will include: 

 
- Proof of acreage fallowed using aerial photography and GIS 
- Gage reports showing Virgin River flows and diversion 
- Calculations of the amount of pre-June 25, 1929, water rights 

reaching Lake Mead 
- Documentation and calculations of the amount of the pre-June 25, 

1929, water rights reaching Lake Mead owned or controlled by 
SNWA 

- Letter from the Nevada Division of Water Resources verifying the 
quantity of water conveyed through the Virgin River to the Colorado 
River mainstream for the purpose of creating ICS 
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Regulatory Approvals 
 
Tributary Conservation ICS on the Virgin River was evaluated in the Environmental 
Impact Statement and Record of Decision (dated December 13, 2007) for the Guidelines.  
Similarly, compliance for Virgin River Tributary Conservation ICS was also obtained 
under section 7 of the Endangered Species Act through formal consultation with the 
U.S. Fish and Wildlife Service.  The Final Biological Opinion for the Guidelines was 
issued December 12, 2007. 
 
The Nevada Division of Water Resources issued State Engineer Order 1193 on July 15, 
2008, regarding Tributary Conservation ICS on the Virgin River (attached).  The Order 
outlines the Nevada water rights on the Virgin River and the following process for 
verification of Virgin River rights being conveyed to the Colorado River mainstream: 
 

Nevada State Engineer Order 1193 states… “An entity with an ICS Delivery 
Contract, which uses water rights adjudicated under the Virgin River Decree or water 
rights on the Virgin River issued by the State Engineer with a priority date prior to 
June 25, 1929 for the creation of ICS, shall file an annual report with the State 
Engineer's Office. The annual report shall give a full accounting of water rights on 
the Virgin River owned or controlled by the entity with an ICS Delivery Contract, 
which have been conveyed through the Virgin River system to the Colorado River 
mainstream for the creation of ICS. After review of the annual report, the State 
Engineer shall issue a letter verifying the quantity of water conveyed through the 
Virgin River system to the Colorado River mainstream for the purpose of creating 
ICS.” 
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Figure 1 – Lower Virgin River 
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Figure 2 – Lonetti Properties Water Rights Place of Use Comparison, Certificates 1153 
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I~ REPLY REFER TO

BCOO-4230
WTR-4.03 (BCP)

United States Department of the Interior
BUREAU OF RECLAMATION

Lower Colorado Regional Office
P.O. Box 61470

Boulder City. NV 89006-1470

DEC 0 92008

TAKE PRIDE"
INAMERICA

CERTIFIED - RETURN RECEIPT REQUESTED

Ms. Kay Brothers
Deputy General Manager
Engineering and Operations
Southern Nevada Water Authority
P.O. Box 99956
Las Vegas, NV 89193-9956

Subject: Southern Nevada Water Authority (SNWA) Plans of Creation for Muddy and
Virgin River Tributary Conservation Intentionally Created Surplus (ICS),
Calendar Years 2008 and 2009 (Your Letter Dated September 10, 2008)

Dear Ms. Brothers:

The Secretary of the Interior issued a Record of Decision (ROD) on December 13,2007, for the
Colorado River Interim Guidelines for Lower Basin Shortages and the Coordinated Operations
for Lake Powell and Lake Mead (Interim Guidelines). Among other things, the Interim
Guidelines establish criteria for the development and delivery of ICS. Prior to creating ICS, the
Interim Guidelines require a contract holder to enter into a Delivery Agreement and a
Forbearance Agreement.

On December 13,2007, SNWA and the Colorado River Commission of Nevada entered into a
Delivery Agreement with the United States and a Forbearance Agreement with the Lower Basin
Contract holders. Section 3.8.1 of the Interim Guidelines requires that a plan for the creation of
ICS be submitted for the Secretary's approval demonstrating how the requirements of the Interim
Guidelines will be met in the contractor's creation of ICS. SNWA is proposing the creation of
up to 16,000 and 30,000 acre-feet of tributary conservation ICS credits in 2008 and 2009,
respectively, on the Muddy and Virgin Rivers.

We have reviewed the ICS plan submitted by SNWA and confirm that it contains the following
information required by the Interim Guidelines:

a. Project description, including what extraordinary measures will be taken to conserve
or import water.

b. Term of the activity.
c. Estimate of the amount of water that will be conserved or imported.
d. Proposed methodology for verification of the amount of water conserved or

imported.
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e. Documentation regarding any state or Federal permits or other regulatory approvals
that have already been obtained by the Contractor or that need to be obtained prior to
creation of ICS.

Pursuant to Section 7.B.5 of the Interim Guidelines, the Secretary is required to consult with the
Basin States regarding administration ofICS. We have conducted appropriate consultation with
both the Upper and Lower Division States on SNWA's ICS plans.

Based upon our review ofSNWA's proposed ICS plans and completion of the consultation
process, we hereby approve SNWA's plan for the creation of Muddy and Virgin River tributary
conservation ICS for 2008 and 2009 in accordance with Section 3.B.1 of the Interim Guidelines
and Article VI of the Delivery Agreement.

The Interim Guidelines provide for the submittal of a certification report by SNWA to the
Bureau of Reclamation, in the year following creation ofICS, to demonstrate the amount ofICS
created and that the method of creation was consistent with the approved ICS plan. Any
technical issues associated with the actual creation of ICS will be dealt with in this verification
process.

If you have questions, please contact Ms. Ruth Thayer at 702-293-8426.

Sincerely,
,/~7

,~

/~~
"_// Lom Gray

Regional Director

2

cc: Mr. Gerald Zimmerman
Executive Director
Colorado River Board of

California
770 Fairmont Avenue, Suite 100
Glendale, CA 91203-1035

Mr. Herb Guenther
Director
Arizona Department of Water
Resources

3550 North Central Avenue
Phoenix, AZ 85012-2105

Continued on next page.

Mr. Dennis Strong
Director
Utah Division of Water Resources
P.O. Box 146201
Salt Lake City, UT 84114-6201

Mr. George M. Caan
Director
Colorado River Commission of
Nevada

555 East Washington Ave, Suite 3100
Las Vegas, NY 89101-1065
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Continued from previous page.

Mr. Don Ostler
Executive Director
Upper Colorado River Commission
355 South 400 East Street
Salt Lake City, UT 84111

Mr. John D'Antonio
State Engineer
Office of the State Engineer
P.O. Box 25102
Santa Fe, NM 87504-5102

Mr. Patrick T. Tyrrell
State Engineer
State of Wyoming
Herschler Building, 4th Floor East
Cheyenne, VVl{ 82002-0370

Ms. Jennifer Gimbel
Director
Colorado Water Conservation Board
1313 Sherman Street, Suite 721
Denver, CO 80123

3
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Appendix C 
Nevada State Engineer Order 1194 
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Appendix D 
Copy of Muddy River Decree and Order of Determination 
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Appendix E 
Certificates for Upper Muddy River Water Rights 

Leased from LDS Church 
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Appendix F 
SNWA Request for Offers to Purchase or Lease MVIC Shares
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Appendix G 
Water Right Certificates Held by MVIC
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Appendix H 
MVIC Letter of Concurrence 
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Appendix I 
Muddy Valley Irrigation Company Water Schedule 
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Exhibit A
Southern Nevada Water Authority

Virgin and Muddy Rivers Tributary Conservation,
Intentionally Created Surplus (ICS) Project

Summary: Nevada state water rights that predate the Boulder Canyon Project Act (BCPA) on
the Virgin River have a priority date of pre-1905 and were decreed by the Nevada Supreme
Court in 1927. The decree allocated 17,785 acre-feet per year (afy) to the Bunkerville and
Mesquite Irrigation Companies, which represents approximately 10% of the annual average flow
in the Virgin River above the Irrigation Companies.’ The Southern Nevada Water Authority
(SNWA) currently owns shares in the Bunkerville Irrigation Company representing
approximately 3,700 afy of surface water rights.

On the Muddy River, water rights were decreed in 1920 and that decree allocated the entire flow
of the Muddy River. On the Lower Muddy River, the entire flow of the river is diverted by the
Muddy Valley Irrigation Company (MVIC) for agricultural use. SNWA currently owns shares
in the Muddy Valley Irrigation Company representing approximately 7,000 afy of surface water
rights and leases approximately 2,000 afy from the LDS Church, which are not represented by
MVIC shares. The LDS Church lease is for a term of 20 years, with the option to renew the
lease for an additional 20 years.

SNWA anticipates acquiring a total of approximately 30,000 afy of pre-BCPA water rights from
entities with rights on the Virgin and Muddy Rivers. Approximately one-third of this amount is
expected to come from the Virgin River and two-thirds from the Muddy River. This is
consistent with the flow volumes that were analyzed in the Final Environmental Impact
Statement, Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated
Operations for Lake Powell and Lake Mead and in the analysis for Lake Mead for the Lower
Colorado River Multi-Species Conservation Program.

Retired agricultural water rights will be conveyed to Lake Mead’s Overton Arm. The pre-BCPA
water rights conveyed to Lake Mead represent the full right that is and has been historically used
for agricultural purposes and could have otherwise been diverted from the Virgin or Muddy
River and fully consumed by SNWA for municipal purposes.

Virgin and Muddy River rights conveyed to Lake Mead will either pass through their historic
points of diversion, flow through the irrigation company ditches and return to the mainstream of
the Virgin or Muddy River further downstream or will remain in the mainstream of the Virgin or
Muddy River. The full right documented to flow to Lake Mead will be accounted for as
Tributary Conservation ICS.

Virgin and Muddy River water rights that will be utilized to create Tributary Conservation
pursuant to this Exhibit A of this Forbearance Agreement include both decreed Nevada state
water rights that have been in continuous use since at least 1927 and decreed Nevada state water
rights with an established history of use prior to 1927 but that have experienced periods of non

‘Annual average Virgin River flow for water years 1931 to 2006 at the U.S. Geological Survey (USGS) Virgin
River at Littlefield, AZ gage, No. 09415000 was 176,000 afy.
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use in the interim. Per this Exhibit A of this Forbearance Agreement, SNWA is specifically
allowed to utilize any and all pre-BCPA Virgin and Muddy River water rights decreed by a
Nevada State Court prior to 1928 to create Tributary Conservation ICS regardless of those water
rights history of use after 1928.

Specific Water Rights: The sources of water that would create Tributary Conservation ICS
credits covered by these two projects include:

i. Estimated 5,702 afy pursuant to 682 preferred shares in the Muddy Valley
Irrigation Company2

ii. Estimated 1,460 afy pursuant to 1,921 common shares in the Muddy River
Irrigation Company

iii. 2,001 afy pursuant to Certificate Nos. 6419, 25861, 26316, 26317 and 26318
(decreed Muddy River right not represented by MVIC shares).

iv. 3,710 afy pursuant to 350 shares of Bunkerville Irrigation Company stock3

v. Any other water rights represented by shares in the Bunkerville, Mesquite and
Muddy Valley Irrigation Companies and other pre-1929 decreed rights to the
Muddy and Virgin Rivers purchased or contractually acquired by SNWA.

Annual variations in the flow of the Muddy River from any cause will cause fluctuations in the
quantity of water available per share in the Muddy Valley Irrigation Company and reduce or
increase the quantity of Tributary Conservation ICS that is available.

Nevada State Approval: SNWA will acquire necessary approvals from the Nevada Division of
Water Resources to allow the Nevada state water rights to be conveyed to Lake Mead to create
Tributary Conservation ICS.

Plan for Creation and Verification of ICS: Pursuant to Sections 3.B. and 3.D. of the Interim
Guidelines for the Operation of Lake Powell and Lake Mead, SNWA shall annually submit a
plan to the Secretary of Interior. The annual plan will demonstrate the volume of water rights

2 Muddy River water rights were decreed in 1920 by the Tenth (now Eighth) Judicial District Court. Water rights on the
lower Muddy River are divided into 2,432 preferred and 5,044 common shares of stock in the Muddy Valley Irrigation
Company.

Uses of surface water in Nevada prior to the water law of 1905 are considered vested rights, the quantification of which
can only be judicially determined by a Nevada District Court in an adjudication proceeding. The Virgin River surface water
uses prior to 1905 have been adjudicated by the Virgin River Decree pursuant to Proof No. 02038 filed by the Bunkerville
Irrigation Company, and Proof No. 01968 filed by the Mesquite Irrigation Company. The Virgin River Decree was entered
by the Tenth (now Eighth) Judicial District Court on May 14, 1927.

The Decree adjudicated water rights to Virgin River surface flow for irrigation of 1,963.08 acres for a total of 17,785.50 acre
feet per year (AFY). The summer duty equals 1.0 cfs of flow for each 70 acres and the winter duty equals 1.0 cfs of flow for
each 100 acres for a total duty of 9.06 afy per acre. The summer period is the months of March through September and the
winter period is the months of October through February.
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owned and/or contractually controlled by SNWA on the Virgin and Muddy Rivers, including any
water rights in addition to those specified above that SNWA acquires subsequent to the
execution of this Forbearance Agreement. The annual plan will also demonstrate how the
Tributary Conservation ICS, as described in this Exhibit A will be created and accounted for to
Lake Mead. Such verification plan will, at a minimum, include:

Muddy River

The 1920 Muddy River Decree allocated the entire flow of the Muddy River; therefore it is
anticipated that accounting for Muddy River water at Lake Mead will require an annual
accounting of the rights owned by SNWA based on actual USGS gage flows and a water budget
of the flows on the Lower Muddy River as follows:

A. Muddy River Rights Owned by SNWA:

1. Upper Muddy River rights owned or contractually controlled by SNWA as
quantified in the Muddy River Decree.

2. Shares of the Muddy Valley Irrigation Company owned or contractually
controlled by SNWA. MVIC shares are quantified based on a percentage
of the total flows (divided by total shares) in the Muddy River at the
USGS Muddy River near Glendale, NV gage less the Upper Muddy River
rights owned or controlled by SNWA that reach the gage.

3. Nos. 1 and 2 represent the water SNWA would release into the Lower
Muddy River for the creation of ICS credits.

B. Muddy River Flows reaching Lake Mead will be calculated as follows:

Flows measured by USGS at Muddy River near Glendale, NV gage
- (minus) consumptive uses by agriculture below the Glendale gage
- (minus) direct uses by industry below the Glendale gage
- (minus) channel evapotranspiration below Glendale gage to Lake Mead
- (minus) evapotranspiration from the managed acreage on the Overton

Wildlife Management Area (WMA)
= Total Flow to Lake Mead

C. if the total amount represented in A is equal to or greater than the amount
calculated to reach Lake Mead in B, then SNWA shall be credited with the amount in B.

D. if the total amount in A is less than the amount in B, SNWA shall be
credited with the amount in A.

E. Because the total volume of water SNWA currently owns and controls on
the Muddy River represents a relatively small percentage of the total flow, conveyance
losses of SNWA’s current rights are negligible.

SE ROA 44068

JA_13797



F. The total Muddy River flow reaching Lake Mead as calculated in B Above
includes flows at the USGS Muddy River at Lewis Avenue at Overton, NV gage located
just upstream of the Overton Wildlife Management Area and unmeasured underflow.

Virgin River

Because the Virgin River Decree allocated just 10% of the average annual flow in the Virgin
River (17,785.50 afy) to irrigate 1,963.08 acres, Tributary Conservation ICS from the Virgin
River can be calculated based on the reduction in agricultural acreage as follows:

Virgin River Calculation:

Decrease in total agricultural acreage decreed in the Bunkerville or
Mesquite Irrigation Companies calculated using remote sensing and a
Geographic Information System (as limited by the shares controlled by
SNWA and the acreage it represents)

x the decreed duty per acre (9.06 acre-feet per acre)
= Flows to Lake Mead

Maximum ICS Created Under this Exhibit: Maximum amount of ICS that may be created by
SNWA from these projects in one calendar year is limited to 50,000 acre-feet of Virgin and
Muddy River water.

Use of SNWA 1989 Virgin River Rights: SNWA will not use Permit Nos. 54077 and 58591
(Nevada state permits for combined duty of 113,000 afy) in the future to support new
development on the lands being fallowed near the Virgin River, excepting 5,000 acre-feet of
such rights that SNWA is obligated to transfer to the Virgin Valley Water District and which
SNWA cannot encumber.

In Witness of this Exhibit A to the Forbearance Agreement executed contemporaneously
herewith, the Parties affix their official signatures below, acknowledging approval of this
document on the I3 day of 1)ZC-QrcsE , 2007.

Approved as to form: THE STATE OF ARIZONA acting
through the ARIZONA
DEPARTMENT OF WATER
RESOURCES

By: A By: L -.. é
W. Patrick Sc i Herbert Guenther
Chief Co s Director
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Attest: PALO VERDE IRRIGATION
DISTRICT

Attest and Approved:

By:
Penn Carter

By:
Karen L. Tachiki

COACHELLA VALLEY WATER
DISTRICT e

Steven B. Robbins
General Manager/Chief Engineer

THE METROPOLITAN WATER
DISTRICT OF SOUTHERN
CALIFO IA

By:

Gen ral Manag

By:____
Edward W. Smith
General Manager

Legal Counsel

Appro ed as to f.m:

By:
Charles VanDyke
Chair

IMPERIAL IRRIGATION DISTRICT

By:’/ 4_.,,,4
Stella Altamirano-Mendoza
President

THE CITY OF NEEDLES

By:
‘ f Williams
Mayor

0

‘obt . greaves
ity A orney

Approved as to form.

By: -4-tz. 13
Steven B. Abbott
Legal Counsel

Approved as to form:

By:

General Counsel
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Approved as to form: SOUTHERN NEVADA WATER
AUTHORITY

By: By:

_______________________

ohn J. ntsminger Patricia Mulrov
Deputy General Counsel General Mr—

Approved as to form: COLORADO RIVER COMMISSION
OF NEVADA

T.crandell
By:_________

Jennif George M. Caan
Deputy Attorney General Executive Director
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I~ REPLY REFER TO

BCOO-4230
WTR-4.03 (BCP)

United States Department of the Interior
BUREAU OF RECLAMATION

Lower Colorado Regional Office
P.O. Box 61470

Boulder City. NV 89006-1470

DEC 0 92008

TAKE PRIDE"
INAMERICA

CERTIFIED - RETURN RECEIPT REQUESTED

Ms. Kay Brothers
Deputy General Manager
Engineering and Operations
Southern Nevada Water Authority
P.O. Box 99956
Las Vegas, NV 89193-9956

Subject: Southern Nevada Water Authority (SNWA) Plans of Creation for Muddy and
Virgin River Tributary Conservation Intentionally Created Surplus (ICS),
Calendar Years 2008 and 2009 (Your Letter Dated September 10, 2008)

Dear Ms. Brothers:

The Secretary of the Interior issued a Record of Decision (ROD) on December 13,2007, for the
Colorado River Interim Guidelines for Lower Basin Shortages and the Coordinated Operations
for Lake Powell and Lake Mead (Interim Guidelines). Among other things, the Interim
Guidelines establish criteria for the development and delivery of ICS. Prior to creating ICS, the
Interim Guidelines require a contract holder to enter into a Delivery Agreement and a
Forbearance Agreement.

On December 13,2007, SNWA and the Colorado River Commission of Nevada entered into a
Delivery Agreement with the United States and a Forbearance Agreement with the Lower Basin
Contract holders. Section 3.8.1 of the Interim Guidelines requires that a plan for the creation of
ICS be submitted for the Secretary's approval demonstrating how the requirements of the Interim
Guidelines will be met in the contractor's creation of ICS. SNWA is proposing the creation of
up to 16,000 and 30,000 acre-feet of tributary conservation ICS credits in 2008 and 2009,
respectively, on the Muddy and Virgin Rivers.

We have reviewed the ICS plan submitted by SNWA and confirm that it contains the following
information required by the Interim Guidelines:

a. Project description, including what extraordinary measures will be taken to conserve
or import water.

b. Term of the activity.
c. Estimate of the amount of water that will be conserved or imported.
d. Proposed methodology for verification of the amount of water conserved or

imported.
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e. Documentation regarding any state or Federal permits or other regulatory approvals
that have already been obtained by the Contractor or that need to be obtained prior to
creation of ICS.

Pursuant to Section 7.B.5 of the Interim Guidelines, the Secretary is required to consult with the
Basin States regarding administration ofICS. We have conducted appropriate consultation with
both the Upper and Lower Division States on SNWA's ICS plans.

Based upon our review ofSNWA's proposed ICS plans and completion of the consultation
process, we hereby approve SNWA's plan for the creation of Muddy and Virgin River tributary
conservation ICS for 2008 and 2009 in accordance with Section 3.B.1 of the Interim Guidelines
and Article VI of the Delivery Agreement.

The Interim Guidelines provide for the submittal of a certification report by SNWA to the
Bureau of Reclamation, in the year following creation ofICS, to demonstrate the amount ofICS
created and that the method of creation was consistent with the approved ICS plan. Any
technical issues associated with the actual creation of ICS will be dealt with in this verification
process.

If you have questions, please contact Ms. Ruth Thayer at 702-293-8426.

Sincerely,
,/~7

,~

/~~
"_// Lom Gray

Regional Director

2

cc: Mr. Gerald Zimmerman
Executive Director
Colorado River Board of

California
770 Fairmont Avenue, Suite 100
Glendale, CA 91203-1035

Mr. Herb Guenther
Director
Arizona Department of Water
Resources

3550 North Central Avenue
Phoenix, AZ 85012-2105

Continued on next page.

Mr. Dennis Strong
Director
Utah Division of Water Resources
P.O. Box 146201
Salt Lake City, UT 84114-6201

Mr. George M. Caan
Director
Colorado River Commission of
Nevada

555 East Washington Ave, Suite 3100
Las Vegas, NY 89101-1065

SE ROA 44073

JA_13802



Continued from previous page.

Mr. Don Ostler
Executive Director
Upper Colorado River Commission
355 South 400 East Street
Salt Lake City, UT 84111

Mr. John D'Antonio
State Engineer
Office of the State Engineer
P.O. Box 25102
Santa Fe, NM 87504-5102

Mr. Patrick T. Tyrrell
State Engineer
State of Wyoming
Herschler Building, 4th Floor East
Cheyenne, VVl{ 82002-0370

Ms. Jennifer Gimbel
Director
Colorado Water Conservation Board
1313 Sherman Street, Suite 721
Denver, CO 80123
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