
         

 i 
 

  
 

  
 

SUN RIVER WATERSHED GROUP 
SPECIAL STUDY REPORT 

 

 
 
 

 
Prepared by: 

Sun River Watershed Group in Cooperation with the U.S. Department of Interior Bureau of 
Reclamation, and Montana Department of Natural Resources and Conservation 

December, 2012 
 

 

 
 



         

 i 
 

TABLE OF CONTENTS 
 

Executive Summary éééééééééééééééééé.ééééééé.éé...é.   1 
 
Introduction éééééééééééééééééééééééééé.éé.éé.é..é   2 
 
 Special Study Backgroundééééééééééééééééé.é....éé.éé.  2 
 
 The Sun River Basin ééééé.éééééééééééééééé.ééé.é..  2  
 
 The SRWG and it Organization éééééééééééééééé.é.éé.éé  3 
 
 Sun River Water Supply and Water Use éééééééééééé..ééé.éé  5 
 
 Water Appropriations éééééééééééééééééééééé.é.éé.  11 
 
 Previous Investigations Leading to the Special Study ééééééé.é.é..éé  13 
 
Project Identification and Evaluation éééééééééééééééééé.é...éé.. 15 
 
 Potential Projects by Categoryééééééééééééééééééééé.é 16 
 
 Project Screening and Potential Projects to Investigate Further éééééééé 17 
 
 Evaluation of Screened Alternatives ééééééééééééééé.éé.....é 22 
 
Selected Projects by Group éééééééééééééééééééééééé..éé 23 
 
Implementation Plan ééééééééééééééééééééééééé.éé.éé 25 
 
 Project Evaluation ééééééééééééééééééééééé.éééé 25 
 
 Developing a Methodology for Allocating Saved Water éééééééééé.é 25 
 
 Operation and Maintenance of Projects éééééééééééééééééé 26 
 
 Obtaining Funding for Projects éééééééééééééééééééééé 27 
  
 Example Projectéééééééééééééééééééééééééé..éé 27 
 
Conclusion ééééééééééééééééééééééééééééé.éé..éé 29 
 
References éééééééééééééééééééééééééééé..ééééé 30 
 
Appendixes A: Project Review Spreadsheet Matrix éééééééé.é..éééééé 32 
 
Appendixes B: Other Options Identified ééééééééééééééééééééé 35 
 
Appendixes C: Instream Flow Option Sideboards ...éééééééééééééééé 36 
 
Appendixes D: Basis Water Sharing Agreement Outline éééééééééééééé 37 



         

 ii 
 

ACRONYMS 
 
 
BLM   U.S. Bureau of Land Management 
DEQ   Montana Department of Environmental Quality 
DNRC   Montana Department of Natural Resource and Conservation 
FSID   Fort Shaw Irrigation District 
FWP   Montana Department of Fish, Wildlife & Parks 
GID   Greenfields Irrigation District 
MSU   Montana State University 
NRCS   U.S. Department of Agriculture Natural Resource Conservation Service 
NRIS   Montana Natural Resource Information System 
Project   The Sun River Irrigation Project 
Reclamation U.S. Bureau of Reclamation 
SRWG   Sun River Watershed Group 
TU    Trout Unlimited 
USFS   U.S. Forest Service 
USFWS  U.S. Fish & Wildlife Service 
USGS  U.S. Geological Survey 



         

 1 
 

 

Executive Summary 
In 2009, Reclamation, in consultation with the Sun River Watershed Group (SWRG), initiated the Sun River 

Special Study. The Special Study is an inventory and analysis of proposed measures that could be implemented 

to improve streamflow in the Sun River while maintaining or improving irrigated agriculture production. The 

study identifies a procedure by which water savings can be allocated between improved streamflow in the Sun 

River and irrigation needs. Although the purpose of the Special Study was not to fund projects, it does identify 

steps that can be taken towards implementing projects. 

The Special Study identifies potential projects that might save water and provide shared benefits to agriculture 

and instream flow. This includes projects identified in previous studies, and those brought forth during the 

Special Study. The potential projects identified were placed into four categories: 

1. Those that improve delivery system efficiencies 

2. Reservoirs, which would include new reservoirs or improvements to existing reservoirs 

3. On-farm efficiency improvements 

4. Other water management measures 

Information was compiled on the identified projects and the projects with the best potential were compared and 

ranked. The ranking did not strictly order the projects from highest to lowest, but partitioned projects into three 

groups based on when it might realistically be possible to implement the projects. Group 1 projects were those 

that ranked high and which the group could pursue now or in the near future. The second group of potential 

projects consisted of those which the group considered to be good projects overall, but where there was a lot 

more work to be done before the projects could be implemented. The third group consisted of projects that might 

have some potential, but were complex, possibly expensive and not workable at this time, but could still be 

considered in future work planning. 

The last section of the report outlines a plan for further evaluating and implementing the projects. Basic 

procedures that might be followed, from feasibility studies through project construction, are identified. Because 

every project is different, this implementation plan is general rather than project specific. An important 

component of any project selected would be to develop a plan for sharing the saved water between irrigation and 

instream uses.  

This Special Study has identified a number of projects that have the potential to conserve water, and provide 

shared benefits to irrigators and instream flow in the Sun River. Although no one project will solve all of the 

low-flow problems in the watershed, taken together, these projects might be enough to produce shared benefits 

and to increase Sun River instream flows at key locations, and during critical times. Implementing these projects 

will require a commitment from group members and working together as a team to obtain the necessary funding 

for design, authorization, and construction. Continued success of the project will require follow-through with 

operation and maintenance long after the projects are constructed. Developing agreements among parties that 

allow for sharing a projectôs water-saving benefits between irrigation and instream uses will be critical to the 

success of these projects, and for achieving the goals of the Special Study.  

The Special Study identifies projects and recommends a path for achieving the goals of improving Sun River 

flows and agricultural productivity. While the Special Study was in progress, the FSID and SRWG pursued an 

available opportunity to fund and implement a water conservation project with shared benefits. This project is 

presented in the report as an example of how future projects could be implemented to achieve Special Study 

goals. 
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INTRODUCTION 

Special Study Background 

In 2007, Reclamation, in consultation with the Sun River Watershed Group (SWRG), proposed to initiate a 

Special Study in Federal Fiscal Year 2009. Reclamation worked with the Sun River Watershed Group to define 

the specific objectives of the proposed Special Study. The study was funded by Reclamation and work began in 

early 2009. 

Special Studies address a variety of activities that are required to make responsible resource management 

decisions, but not intended to lead to Federal actions requiring subsequent or additional authorizations by 

Congress. Special studies are usually undertaken with non-Federal entities to address specific problems or 

opportunities. Reclamation, as a participant, has an obligation to explore the Federal role in the study.  

The expected outcomes of the Special Study were the identification of proposed measures that could be 

implemented to restore flows to the Sun River to address fisheries and other environmental concerns while 

maintaining or improving the irrigated agricultural economy of the area. The Special Study identifies measures 

that required appraisal level or feasibility studies to implement. The study also identifies measures that could be 

implemented with non-federal funds but involve Reclamation facilities, which may require an appropriate level 

of environmental and cultural resources compliance. An example of a potential measure that includes 

Reclamation facilities is a canal lining project where the appropriate share of the water savings is dedicated to in-

stream flow needs.  

The SRWG had been engaged for at least a decade in seeking an acceptable solution to the issue of enhancing 

the environmental health of the Sun River Watershed without negatively impacting irrigated agriculture, which 

includes the water supply available to irrigation. Part of this work includes previous studies and investigations on 

a broad range of topics that seek to describe the existing condition and various studies on potential projects. The 

SRWG had been successful in completing numerous watershed projects to date, and the Special Study would 

build on other ongoing efforts in the watershed.  

This Special Study describes the existing state of the watershed, identifies key issues and concerns, and describes 

and recommends projects. Part of the initial work on the study was to assemble, review and summarize all 

relevant previously completed studies and projects. This was done to avoid duplicating work already completed.  

For potential projects where little or no existing information was available, preliminary investigations have been 

completed and summarized in the Special Study to identify potential costs, water savings, key issues and 

concerns, and to develop recommendations. 

  

The Sun River Basin   

The Sun River Watershed is located east of the continental divide and south of Glacier National Park.  It covers 

an area of 2,200 square miles (1,408,000 acres), with approximately 356 square miles (228,096 acres) in 

northwest Cascade County, 1,089 square miles (696,960 acres) in east Lewis & Clark County, and 755 square 

miles (482,944 acres) in southern Teton County.  The Sun River starts at the confluence of the North and South 

Forks at Gibson Reservoir. Elevations in the headwaters in the Bob Marshall Wilderness area are as high as 

9,000 feet. From Gibson Reservoir, the river meanders out of the mountains through rolling grass-covered 

foothills and farmland for 100 miles to its confluence with the Missouri River at the City of Great Falls at an 

elevation of about 1,800 feet.  Along the way, the river passes through the communities of Augusta, Simms, Fort 

Shaw, Sun River, Vaughn, and Sun Prairie Village. 

 
 



         

 3 
 

Ownership and land-use patterns 

The headwaters of the Sun River watershed are mostly in National Forest Lands. As the river leaves the Rocky 

Mountain Front, land ownership changes to primarily private. The first major irrigator is the Broken O Ranch, 

which has one of the largest irrigation land bases of all the ranches in Montana. The Greenfields Irrigation 

District (GID) is the largest single irrigation entity in the watershed, followed by the Fort Shaw Irrigation 

District (FSID). Other irrigation districts and private irrigators also use Sun River water. Table 1 summarizes 

land ownership and irrigation patterns in the watershed. 

Table 1. Land ownership and irrigated acreages in the Sun River Watershed (Acres). 

 

 US Forest Service.......................  484,352 

 MT State Lands..........................    98,560 

 Reclamation ..................................     17,920 

 US Bureau of Land Management.....        5,120 

 USFWS ..................................             160 

 Irrigated Lands (Total)   117,700 

  GID      87,000 

  Broken O Ranch   17,000 

  FSID       10,000 

  Sun River Ditch  3,200 

  Rocky Reef Ditch 500  

 Urban...................................                    3,000 

 Other Private property ........................ 799,048 

 Total Acres               1,525,860 

 
 

The Sun River Watershed Group and its Organization 

General Description and Mission - The Sun River Watershed Group is a nonprofit organization that 

was formed to help resolve natural resource problems using a consensus-based approach. The multi-stakeholder 

group strives to promote community-based efforts that will preserve quality of life and livelihoods, while 

promoting and enhancing the natural resources of the watershed. Participation in the organization is open to 

anyone or any group that is willing to work through collaboration.  The group is funded through contributions 

from participating groups, business contributions, individual contributions, and government and private grants. 

 

History and Accomplishments - Formed in 1994, the Sun River Watershed Group is the key to local 

involvement to resolve watershed natural resource issues, which include weeds, water quality and water quantity.  

In 1996 the SRWG officially formed as a 501 © (3) nonprofit organization to access additional funds to work on 

natural resource projects. 

Historically, controversy was a way of life in the Sun River Basin, with battle lines drawn on the issues of water 

rights, erosion causes, water for fisheries and recreation, and water quality conditions. The tug-of-war began to 

change in 1994 when the Muddy Creek Task Force organized to break the status-quo and to provide a team 

approach to resolving one of the worst non-point source pollution problems in Montana. The group discovered 

innovative ways to tackle this problem which had stalemated for more than 30 years. From the beginning it was 

agreed that, once the Task Force had a good start, it would enlarge the boundaries and participation to 

encompass the entire Sun River watershed. In 1996, with the demonstration of the Muddy Creek success story, 

leaders in the basin felt it was time to expand efforts to the bigger watershed area. Soon, other success stories 
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included the following: 

¶  Elk Creek channel work to improve stream dynamics 

¶ Willow Creek erosion control work to reduce high sediment loads entering Willow Creek Reservoir 

¶ Mill Coulee channel work to improve stream dynamics and riparian health 

¶ FSID water saving projects including conversion of open ditches to pipelines, canal lining and 

installation of measurement devices 

¶ GID water savings projects including canal lining, conversion of open ditches to pipelines, wastewater 

pump-back systems, and installation of measurement devices 

¶ The conversion of many flood irrigation systems to more efficient sprinkler systems 

¶ A resulting reduction to irrigation and waste-water flows entering Muddy Creek (Figure 1) where high 

waste-water flows were causing serious erosion on that stream. 

 

Figure 1. Average Monthly Flow for Muddy Creek at Vaughn for periods before and after implementation 
of water conservation measures. 

 
 

 

Structure - The Sun River Watershed Board is comprised of the officers of president, vice-president, 

secretary and treasurer, and of individuals who have a vested interest in the watershed.  Formal decisions by the 

group and by-laws for the core organization are made by an executive committee comprised of individuals from 

Cascade Conservation District, Teton Conservation District, Lewis & Clark Conservation District, Muddy Creek 

Task Force chair, and member-at-large. The executive board makes day-today decisions and handles all financial 

responsibilities. The current executive committee is comprised of Fay Lesmeister (Cascade Conservation 

District), Brad DeZort (Teton Conservation District), Mike Cobb (Lewis and Clark Conservation District), Skip 

Neuman (Muddy Creek Task Force), and at large member Michael Konen. 

The rest of the SRWG participants can be anyone and everyone. Federal, state, and local agencies and groups 

participating in the group include the U.S. Bureau of Reclamation (Reclamation), U.S. Fish & Wildlife Service 

(USFWS), U.S. Bureau of Land Management (BLM), U.S. Forest Service (USFS), Montana Department of 
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Environmental Quality (DEQ), Montana Department of Natural Resources and Conservation (DNRC), Montana 

Fish, Wildlife and Parks (FWP), Montana State University (MSU) Extension Service, and many individual 

landowners. 

Watershed Group: From scoping meetings and subsequent work meetings the Sun River Watershed 

Group objectives (in no particular order) are to: 

 1) Maintain and/or improve a viable agriculture economy 

 2) Control noxious weed infestations in the Sun River Watershed 

 3) Reduce the sediment loads into the Sun and Missouri Rivers 

 4) Improve the overall water quality of the Sun River 

 5) Improve the flows in the Sun River 

 6) Improve the fisheries of the Sun River 

 
 

Sun River Water Supply and Water Use 

Most of the flow of the Sun River originates in the higher-elevation headwaters of the watershed in the Rocky 

Mountains west of Great Falls, Montana. The two primary tributaries are the North and the South Forks which 

join to form the Sun River at the head of Gibson Reservoir on the Rocky Mountain Front. These two streams 

produce runoff and consistent base flow, due to the higher precipitation and snow retention that occurs at the 

higher elevations in the mountains. 

 
Photo 1: The North Fork of the Sun River above Gibson Reservoir. 

 
 
Gibson Reservoir provides storage of the combined flow of the North and the South Forks of the Sun River. It 

has a capacity of about 96,477 acre-feet and is operated and maintained by GID in accordance with their contract 

with Reclamation. Reclamation provides oversight during spring runoff, while GID operates the reservoir during 

the irrigation season to meet irrigation demands on GID, while passing the water needed for senior irrigation 
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water rights on the Sun River downstream. Water typically is stored in Gibson during two periods: following the 

irrigation season in the late fall and winter, and during the snowmelt-runoff period in the spring. Storage builds 

up slowly during the fall, winter and early spring, and quickly during snowmelt runoff in May and June. 

Typically the reservoir begins releasing stored water for irrigation demands starting from late May to early July, 

with storage releases beginning in June during most years. Releases continue until the early fall, when the 

reservoir typically reaches its lowest level. 

Just downstream of Gibson Reservoir, the Sun River Diversion Dam diverts water through a 1,400 cfs capacity 

canal to Pishkun Reservoir, an off stream Reclamation Reservoir with an active storage capacity of about 30,686 

acre-feet. From there, the water is reregulated and delivered to the Greenfields Irrigation District, which irrigates 

about 83,000 acres. Some of the water that is diverted from the Sun River at the Diversion Dam also goes to   

Willow Creek Reservoir, with an active storage capacity of about 31,847 acre-feet. Water from Willow Creek 

Reservoir is released back to the Sun River to ensure there is enough water in the river for senior users and for 

the Fort Shaw Irrigation District, which has some storage rights and irrigates about 10,000 acres. The main 

diversion dam for the FSID is located upstream of the town of Simms. The Broken O Ranch also irrigates a 

considerable acreage of land with Sun River water, which is diverted at several locations between the mouth of 

Willow Creek and the Fort Shaw Diversion Dam. 

 
Photo 2. Gibson Dam and Reservoir near the end of the irrigation season. 

 
 
The inflow to Gibson Reservoir from the North and South Forks of the Sun River is by far the largest source of 

water in the basin. For the period from 1930 through 2007, about the time that the Special Study began, the 

average annual inflow was approximately 595,000 acre-feet. On average 85% of this water was produced during 

the April-through-September period, but a substantial amount of the winter inflow to Gibson Reservoir is stored 

for release during the following irrigation season. Elk Creek, the largest higher-elevation Sun River tributary, 

contributes about 5-to-10 percent of the total basin flow. Nilan Reservoir, a DNRC project with a capacity of 

about 10,000 acre-feet, stores and releases water from the Ford and Smith Creek tributaries for irrigation in the 

Elk Creek drainage. 
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The USGS, Reclamation, DNRC, and the SRWG all collect streamflow data in the watershed. These data are 

used to characterize basin water supply and water use. In addition to the Sun River proper, flow data are 

collected for a number of tributaries including Elk Creek, Big Coulee, Adobe Creek, Mill Coulee, and Muddy 

Creek. Map 1 depicts the locations of the gaging stations that are operated in the Sun River watershed, as well as 

the various reservoirs, main irrigation supply canals, and irrigation districts.  

 

Water Supply for Irrigation 

Hydrologic data for a 5-year period (2003-2007) were used to characterize the limitations of the Sun River water 

supply in meeting irrigation demands. This 5-year period is representative of more recent drought conditions. 

The annual average inflow to Gibson Reservoir during 2003-2007 was 402,000 acre-feet, or approximately 

190,000 acre-feet less than the long-term average. Figure 2 compares high elevation Sun River watershed 

inflows to Sun River outflows for the period. Total inflows include that from the North and South Forks of the 

Sun River, plus an additional component that flows in from around the Gibson Reservoir area. Total inflow also 

includes Elk Creek, which contributes to Sun River flows below the Diversion Dam. Outflows are from the Sun 

River at Vaughn gaging station, near where the Sun River joins the Missouri River.   

 
Figure 2. Sun River Basin inflow/outflow comparison. 

 
 
During most of the spring and summer, there is more water flowing into the basin from the higher elevations 

than leaves the basin at the mouth of the Sun River. This is because during the spring water is being stored in 

Gibson Reservoir, and because water is being used for irrigation by GID, Broken O Ranch, FSID, Elk Creek 

water users, Rocky Reef Ditch users, and Sun River Valley Ditch Company users. There are about 120,000 acres 

irrigated in the basin overall.  During the fall and winter months, outflows from Gibson are reduced but the flow 

of the Sun River progressively increases downstream. This increase is due primarily to irrigation return flows, 

coming back through the groundwater, which are delayed by the time it takes the water to flow through the 

aquifer systems.     
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Sun River Basin inflow volumes for the 2003-2007 period averaged about 440,000 acre-feet per year, while 

outflows averaged about 320,000 acre-feet per year. Figure 3 is an approximation of an annual volumetric water 

budget for the watershed and depicts where the water in the basin goes. All but about 13 percent of the water in 

the Sun River was diverted at least once for the purpose of irrigation. Most of the 57,000 acre-feet that wasnôt 

diverted was flow during the fall and winter, and spring runoff that could not be captured or stored. Of the water 

diverted for irrigation, approximately 27 percent or about 117,000 acre-feet was consumed. This works out to 

almost one acre-foot of water consumed per acre of irrigated ground, assuming 120,000 acres irrigated. The rest 

of the flow (60 percent or 266,000 acre-feet) was water that was diverted and not consumed, and that left the 

basin as return flow.  

It is estimated that it would take about 450,000 acre-feet of controllable flow to meet all of the irrigation needs in 

the basin during a typical growing season. This would assume an overall irrigation efficiency of about 40 

percent. Having this volume available would allow irrigators to get sufficient water to their crops, with the plants 

consuming about the 1.5 acre-feet per acre irrigated (about 175,000 acre-feet total). This would provide near 

optimal crop production. Unfortunately, this volume of water is not available during many years. 

 
Figure 3. Generalized Sun River water budget: 2003-2007. 
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Map 1. Sun River Watershed map including locations of irrigation districts and flow monitoring sites.
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Fisheries and Instream Flow Needs 

Montana Fish, Wildlife and Parks (FWP) manages the Sun River fisheries.  FWP estimates that the main stem of 

the Sun River supports about 10,000 angler days per year. The primary game fish in the Sun River are rainbow 

and brown trout. Low-flow conditions in the river limit the trout populations to about 40-120 fish over 8 inches 

per mile. However, fish that do survive reach large sizes with over half of the fish being 15 inches or larger. A 

goal of the Sun River Watershed Group is to increase fish populations to 400 fish per mile. Doing so would 

require improving flow conditions in the river. 

Table 2 contains FWPôs recommended minimum and absolute minimum flows for the Sun River main stem. The 

recommended minimums are guidelines; there is no water right to protect these flows. Flows at these rates or 

higher would maintain food production at or near optimum levels for the aquatic community and provide bank 

cover, and spawning and rearing habitat. FWP does have a water right (a water reservation) for the absolute 

minimum flow recommended, which identifies the flow below which there is a rapidly declining level of aquatic 

habitat potential that provides for only a low fish population. However, these rights have a 1985 priority date and 

are junior to almost all irrigation water rights in the watershed. 

 
Table 2. Recommended minimum and absolute minimum Sun River flows by river reach. 

 Recommended Minimum 

CFS 

Absolute Minimum 

CFS (Water Reservation) 

Diversion Dam to Mouth of Elk Creek 220 100 

Elk Creek to Mouth 220 130 

  

In many years it has been difficult to consistently maintain the recommended minimum or even the absolute 

minimum flow in all reaches in the river year round. One persistent difficulty is during the winter period when 

GID is storing water in Gibson Reservoir for the upcoming irrigation season. Because inflow to the reservoir 

typically is at its lowest during this time of the year, comparatively little water is available to store or release to 

begin with. The operators are going into the winter with little knowledge of what snowpack will accumulate 

during the winter and what the spring precipitation will be. Reliable information on mountain snowpack will not 

be available until the late winter or early spring. Because the winter inflow to Gibson Reservoir can be predicted 

based on the fall reservoir inflow (Reclamation 2007), reservoir releases can be set during the fall and winter to 

achieve a desired storage level prior to the beginning of spring runoff. If the reservoir ended the previous 

irrigation season at a very low level and the projected inflow is low, then operators typically store much of the 

winter inflow to reduce the risk of not filling the reservoir to full pool by the end of spring runoff.  

Typically, an effort is made to maintain a minimum winter release from Gibson Reservoir of at least 100 cfs. 

After the February 1
st
 water supply forecast, winter releases can be adjusted, if necessary, based on the forecast 

and the reservoir level at the time.  However, if winter conditions are severe, the potential for ice scouring of the 

banks may prevent the dam operators from increasing flows. During years when reservoir storages and winter 

inflow is low, winter releases have been cut back to around 75 cfs. In extreme cases, the outflow has been 

reduced to the absolute winter minimum of 50 cfs. Because there typically is not a lot of irrigation return flow or 

tributary flow added to the river between the Sun River Diversion Dam and the mouth of Elk Creek, low winter 

releases result in less than desirable winter flows that limit fish populations in the river. 

During the irrigation season, the flow that goes over the Sun River Diversion Dam for senior irrigation water 

rights generally keeps the river flow above recommended minimums downstream to the FSID Diversion Dam. 

Below the FSID Diversion Dam, low water levels and high water temperatures often are a problem during the 

irrigation season. River managers attempt to maintain a minimum flow of 50 CFS at the Sun River at Simms 
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gaging station, although flow has dropped below this level during recent years. Progressing downstream, the 

river flows steadily increase due to irrigation returns from GID, FSID, Broken O Ranch, and other irrigators. 

 

 

Water Appropriations 

Reclamationôs Sun River Project   

The Sun River Project (Project) facilities, authorized under the Reclamation Act of 1902, provide the capability 

to store, manage and utilize federal water rights in the Sun River drainage. The major Project facilities, 

constructed, owned by Reclamation, and operated by GID, are managed to deliver Project water by contract to 

users. Two irrigation districts are served by the Project, GID and FSID. GID contains approximately 87,000 

irrigated acres, and FSID contains approximately 10,000 irrigated acres. The Project is the largest water user in 

the basin. 

GID works with contract holders to set annual water allotments based on the latest water supply forecast. 

Because of the high demands compared to the water available in the basin and the priority of the Project, it often 

uses the bulk of flow of the Sun River.  

Other Irrigation Water Rights 

Major consumptive private Sun River water users include the Broken O Ranch, Rocky Reef Canal Co, and Sun 

River Valley Ditch Co. The Nilan Water Users Association operates Nilan Reservoir, a State of Montana water 

project, and irrigates approximately 10,000 acres, mostly in the Elk Creek tributary drainage. There also are 

numerous private water rights for irrigating relatively smaller parcels of land, and for stock and domestic use. 

With the exception of the Broken O Ranch, most of these rights are junior to those associated with the Sun River 

Project.  

Water Reservations/Reserved Water Rights 

Water reservations have been granted in the Sun River basin for current and future beneficial uses, including 

maintenance of minimum streamflow for fishery purposes.  Water reservations were only granted to political 

subdivisions, the State of Montana or its agencies, or to the United States or any of its agencies.  Water 

reservations maintain a 1985 priority date even though the water may not be put to beneficial use for decades.  

These rights are junior when compared to the larger irrigation water rights in the basin, and there is often 

insufficient flow left for them. Table 3 lists water reservations in the Sun River watershed. 

 

Table 3. Water Reservations in the Sun River Watershed. 

Reservant Purpose Source 
Rate 
CFS 

Volume 
AF/yr Acres 

City of Great Falls Parks irrigation Sun River 4.45 233.5  

Montana DFWP Instream flow Elk Creek 16   

  Ford Creek 12   

  Willow Creek 3   

  NF Willow Creek 3   

  Sun River: Diversion Dam to Elk Creek 100   

  Sun River: Elk Creek to mouth 130   

Cascade County CD Irrigation Sun River 7 991 388 

Lewis and Clark County CD Irrigation Elk Creek 1 151 60 

Teton County CD Irrigation Muddy Creek 12 1785 804 

 Irrigation Sun River 3.7 542 252 
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Water Storage 

Water storage plays a major role in the Sun River Basin.  Storage projects include Gibson, Pishkun, Nilan, and 

Willow Creek reservoirs.  Water is stored during the winter and runoff periods, and then released to supply 

irrigation water to hundreds of users along the river and canal system. Water storage can also play a crucial role 

for recreation interests and fisheries in the basin, if releases coincide with times of need.  Aside from direct 

recreation benefits at the reservoirs, releases for irrigation purposes can also indirectly increase stream flows 

when natural channels are used for conveyance or carry irrigation return flow.   

Table 4 contains a summary of consumptive and non-consumptive water rights in the basin, which demonstrates 

the variety of uses and the volumetric extent of the various uses.  More details on individual water rights can be 

found at the following DNRC web site: http://dnrc.mt.gov/wrd/water_rts/default.asp.  

Table 4 - Sun River Watershed water rights summary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Upper Missouri River Closure 

In 1993 the Montana Legislature closed the Upper Missouri River drainage, including all tributaries, to most new 

appropriations of water (85-2-343, MCA).  The Sun River and all water flowing into it is one of the affected 

tributaries.  The closure was enacted due to water availability problems, over-appropriation, and a concern for 

protecting existing water rights, including downstream hydropower rights.  Certain exemptions allow new water 

rights (permits) to be issued for limited non-consumptive, water storage of high spring flows, and other minimal 

consumptive purposes that do not adversely affect existing water rights.  The closure also has an exemption for 

Purposes 

Number 

of Rights 

Volume 

(Acre-Feet) 

Acres 

Irrigated  

Percent of 

Total  

Rights 

Percent of 

Total  

Volume Comments 

Agricultural   Spraying 2 1  0.04 0.00   

Commercial 72 752 12 1.5 0.04   

Domestic 1338 5,550 1,091 28.7 0.28 Includes wells 

Fire Protection 5 204  0.11 0.01   

Fish and Wildlife 37 14,849  0.79 0.76  

Fishery (instream 

flows) 
11 201,458  0.24 10.3 

  

Industrial 10 423 5 0.21 0.02   

Institutional 15 6 2 0.32 0.00   

Irrigation 756 1,457,362 521,882 16.2 74.7 Some rights overlap 

Lawn and Garden 262 1,269 339 5.61 0.07   

Mining 1 1,814  0.02 0.09   

Multiple Domestic 12 173 3 0.26 0.01   

Municipal 23 10,991  0.49 0.56  

Observation & Testing 1 1   0.00  

Other Purpose 17 13  0.36 0.00  

Power Generation 3 203,674  0.06 10.44  

Recreation 15 270  0.32 0.01 Some rights overlap 

Stock 2072 53,028  44.4 2.72   

Wildlife  14   0.30 0.00   

Waterfowl and Wildlife 3 98  0.06 0.00   

Totals 4,669 1,951,936 523,334 100 100   

http://dnrc.mt.gov/wrd/water_rts/default.asp
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new permits that use water from the Muddy Creek drainage, if the proposed use will help control Muddy Creek 

erosion. With the exception of the Muddy Creek drainage, the closure makes new permits for additional 

consumptive uses from the Sun River basin unlikely, other than to implement water reservations. Projects that 

are pursued as a result of this Special Study will need to be evaluated, during project planning, to determine if 

water rights changes or new water rights are needed, and if any of the projects might be subject to the Upper 

Missouri River Closure. 

 

Previous Investigations Leading to the Special Study 

The Water Management subgroup of the Sun River Watershed Group was formed in 2003. The goals of the 

subgroup are to: 1) improve flows in the Sun River for fisheries, and 2) while accomplishing this goal, maintain 

and/or improve irrigation production. The members of the subgroup represent a range of stakeholders, including 

GID and FSID, Reclamation, DNRC, the Broken O Ranch, Montana Fish, Wildlife and Parks, Trout Unlimited 

(TU), NRCS, and other private irrigators and interested citizens.  

In working towards its goals, the subgroup operates, maintains, and helps fund the flow monitoring network in 

the watershed. This includes river and tributary stream gages, measurement of flows in irrigation canals and 

ditches, and the measurement of irrigation return flow. With this information, the group has developed a much 

better understanding of the hydrology of the Sun River system. Annual water budgets for the basin have been 

developed and presented to the group. Collecting, compiling, and understanding all this information is necessary 

for estimating what benefits various water conservation measures might provide, especially in regards to 

improving the flow in the Sun River. 

A water management analysis was conducted by a consultant to the group during 2004 (Snowcap Hydrology 

2004). This included a review and analysis of existing flow data, irrigation water management practices, and 

Reclamation project evaluations. Recommendations included improving irrigation efficiencies and reducing 

canal spillage, improving the ratio of delivered water to diverted water, using climate data to better anticipate 

crop needs, better use of water supply forecast information, reassessing recommended minimum outflows from 

Gibson Reservoir, better coordination of the release of stored water, and better education on efficient irrigation 

practices. 

To better understand water diversions and returns to the system as a whole, the group conducted synoptic flow 

measurements during the 2004 (a lower quartile flow year) and 2005 (a year in the median range). Over two-day 

periods, when flow and diversion conditions were relatively stable, the flow of Sun River, its tributaries, and 

diversion were measured at various locations (up to 31 locations) throughout the watershed.  The goal was to 

obtain snapshots of flow patterns in the watershed at the time of the synoptic measurements. The measurements 

were helpful in identifying where the river was gaining and losing water, and whether these gains and losses 

were predictable. Five synoptic measurement snapshots were made, including snapshots prior to the irrigation 

season, during the mid irrigation season, and near the end of the season (DNRC 2006).   

In follow-up to recommendations in the Snowcap Hydrology Water analysis report, during 2006 and 2007 

Reclamation used its River Operations Model, SUNAOP to investigate Gibson Reservoir winter operations and 

to evaluate whether instream flows could be increased in the Sun River below the Sun River and Fort Shaw 

Diversion Dams during the irrigation season (Reclamation 2007). The study found that it would be difficult to 

modify operations to increase instream flow during the irrigation season below the Sun River and Fort Shaw 

diversion dams without increasing irrigation shortages during drier years. In considering non-irrigation season 

operations, a water balancing method was developed through the study that could provide noticeable 

improvements in winter fishery flows during average and above average years, while protecting the irrigation 

water supply in low runoff years. Working from the Snowcap Hydrology report, Reclamation subsequently 

established a water-balance method to set minimum winter outflow rates from Gibson Reservoir. (Reclamation 
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2007b). 

Although the Reclamation studies identified these operational measures for improving winter flows during many 

years, the studies also found that it would be difficult to increase Sun River instream flows to desired levels 

during the driest years. To start identifying other potential ways of improving Sun River flows, a 

ñbrainstormingò session was held by the Water Management Subgroup during September, 2006. The intent of 

this session was to generate ideas on ways to improve Sun River instream flow, while maintaining current levels 

of agricultural productivity. The session identified a number of potential structural and nonstructural measures, 

and discussions moved on to how some of these measures might be implemented. 

In follow-up to this meeting, tasks were assigned and preliminary investigations into some ideas were begun. 

Investigations into seepage from the Sun River Slope Canal were conducted in 2007, with considerable seepage 

losses identified (TD&H, Inc. 2008). Near that same time, Reclamation and GID initiated an appraisal study of 

enlarging the storage capacity of Pishkun Reservoir, to investigate the potential to store and deliver more water, 

with some of the savings possibly designated for improved river flow. The FSID also began investigating ways 

of improving the efficiency of its water delivery systems, including the K-ditch (TD&H, Inc. 2010).  

Studies were also conducted by the SRWG to identify the major sources of waste-water and irrigation return 

flows to the major tributaries on the lower portions of the Sun River. A gaging network was established on 

tributaries to Muddy Creek by Montana State University Extension Water Quality to identify primary sources of 

flow and sediment to that stream, (MSU 2006, 2007, and 2008). Similar investigations were conducted on Big 

Coulee by MSU (MSU 2007b and 2008b). These studies identified which drainages were producing the most 

water and sediment, and are helpful in focusing water-conservation efforts. DNRC has been gaging Mill Coulee 

flows since 2001in order to understand the patterns of return flow and unused water from that stream that returns 

to the Sun River. The Sun River Watershed Group has been monitoring tributary return flows from FSID for 

similar purposes. 

In order to tie all this information together and develop a plan for future actions, the Watershed Group looked at 

incorporating all the ongoing efforts and future potential projects into a coordinated Special Study during the 

later part of 2008. The study was funded by Reclamation, with a 50-50 non-federal cost share.  The Special 

Study was to be an inventory and analysis of proposed measures that could be implemented to improve 

streamflow in the Sun River while maintaining the irrigated agriculture economy of the area. Although the 

purpose of the Special Study was not to fund project implementation, it does include looking at steps that can be 

taken towards project implementation. A critical part of the study is the development of a procedure by which 

project water savings can be allocated between improved streamflow in the Sun River and irrigation needs. 
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PROJECT IDENTIFICATION AND EVALUATION 
The first task of the Special Study was identifying all potential options that might result in saved water and 

shared benefits to agriculture and instream flow. This included those projects identified in previous studies, and 

those brought forth in the initial brain-storming session.  

With the options identified, a procedure to initially screen the projects was developed. The intent was to remove 

projects from the analysis that had a low potential to provide shared benefits or feasibility  before devoting 

resources to them. The initial screening asked the following questions: 

¶ Does the project have the potential to provide additional water for irrigation and instream flow? 

¶ Does the project have the potential to affect water users or instream flow? 

¶ Are there any insurmountable hurdles to implementing the project? 

The answer to the first two questions needed to be affirmative and the answer to the last question needed to be 

no. After considering these criteria, a number of the projects were dropped from further consideration. Some 

more general basin-wide water management efforts, such as installing and maintaining measuring devices, were 

not evaluated in the Special Study because these efforts are ongoing and it would be difficult to quantify actual 

amounts of water saved through these measures.   

Following the initial screening, potential projects that remained on the list were categorized by project type and 

evaluated to assess potential costs, benefits, and other opportunities and constraints. For many of the projects 

identified, there was little if any available information to assess them appropriately. A consultant was hired to 

assist with the Special Study and help with a preliminary engineering assessment of potential projects. The intent 

of these assessments was to develop a preliminary project concept, including an estimate of project dollar costs 

and annualized costs, and to estimate the benefits that the project could provide in terms of saved water.  Enough 

information needed to be compiled to describe each projectôs potential and to compare projects. Other potential 

benefits, such as water quality, also were assessed, but in a more subjective way. The potential projects were 

placed into the following four categories: 

1. Those that improve water delivery system efficiencies 

2. Reservoirs, which would include new reservoirs or improvements to existing reservoirs 

3. On-farm efficiency improvements 

4. Other water management measures 

Once the projects were identified and the necessary information compiled, a spreadsheet was developed to make 

ranking and comparing the projects easier. The spreadsheet included the initial screening criteria and other 

criteria to assess costs, and potential water savings. The spreadsheet can be found in Appendix A. 

Developing a methodology for allocating saved water was an important part of the Special Study. An overall 

purpose of the Special Study is to identify and set out procedures for implementing projects that result in the 

joint benefits of improved agricultural productivity and enhanced streamflow in the Sun River. The methodology 

developed and described later in the report strives to achieve benefits that are equitably shared. 

The following was the initial list of potential projects, by category. 
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Potential Projects by Category 
 

Category 1 �± Delivery Systems: 

1. Canal lining 
2. Control structure on the larger irrigation district canals  
3. Automation of water delivery systems including field headgates 
4. Pump-back systems to reuse waste-water that would otherwise flow to Muddy Creek and 

other tributaries 
5. Replace some ditches with pipelines to deliver water to farm headgates or new sprinkler 

systems 

Category 2 �± Reservoirs: 

1. Increase the height of Gibson Dam to increase the storage of Gibson Reservoir 
2. Increase the ability to fill and release water from Willow Creek and Pishkun Reservoirs and 

increase efficiencies through timing of the fill 
3. Build new off-stream water storage reservoirs. 
4. Build new or expand re-regulating reservoirs within irrigation districts 
5. Increase the height of the Pishkun Dikes to increase the storage of Pishkun Reservoir. 

6. Review the water levels that are maintained to protect reservoir-outlet fish screens at Pishkun 
Reservoir; see if there may be alternative ways to protect the fish screens. 

Category 3 �± On-Farm: 

1. Improve on-farm irrigation/pivot efficiency through training and improved equipment. 
2. Convert flood irrigation systems to sprinkler irrigation 
3. See if improvements can be made in how farmers order water from their irrigation district; 

models for anticipating orders and actual ordering process.  

 

Category 4 �± Other Water Management Measures: 

1. Water banking concept: allow water users to store water in Gibson for later instream flow 
release, especially during drought years. 

2. Buy out senior water rights that would like to change their water rights or lease their rights to 
instream uses. 

3. Look at ways to manage risk, i.e. insurance for water users to mitigate increased risk of not 
filling Gibson Reservoir due to higher winter release rates: 

 
 
 

 

 

 


