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Shields River Watershed Water Quality                                 
Targeted Implementation Plan (TIP) 
2020-2022 
 
 
 
 

 

The public water supplies of Clyde Park and Wilsall have been shown to have 
elevated nitrate levels.  Improvements in irrigation efficiency and nutrient 

management will reduce the risk of transporting nitrates from agricultural fields 
to community water supplies. 
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Overview - Background Information 

The Shields River Watershed is in south-central Montana, just north of Livingston and 13 miles 
northeast of Bozeman. The watershed encompasses 855 square miles (547,048 acres) mostly 
within Park County but includes portions of Gallatin and Meagher counties. The major water 
body in the watershed is the Shields River, which flows from North to South for approximately 
62 river miles to its confluence with the Yellowstone River near Livingston, Montana. Major 
tributaries to the Shields River include the following creeks:  Smith, Porcupine, Elk, Daisy Dean, 
Flathead (which includes Potter and Muddy Creeks), Horse, Antelope, Cottonwood, Brackett, 
Rock, Bangtail, Chicken, Tobin, Willow, Falls, Crazy Head, and Adair.  Elevations in the 
watershed range from approximately 10,850 ft (3,307 m) in the Crazy Mountains to 4,386 ft 
(1,337 m) at the mouth of the Shields River.  The watershed is composed of four 10-digit 
Hydrologic Unit Code (HUC) areas (1007000301, 1007000302, 1007000303, and 1007000304, 
see Figure 1). 

 

Figure 1.  Ten-digit HUC boundaries for the Shields Watershed. 
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Private land comprises nearly 81% of the watershed with United States Forest Service (USFS) 
ownership at 16% and Montana State Lands and Bureau of Land Management (BLM) 
accounting for the remainder.  About 75% of the land area in the watershed is used for farming 
and ranching with approximately 40,000 acres under irrigation.  The Montana Natural 
Resources Conservation Service (MT NRCS) estimated in 1998 that 72% of irrigation was by 
flood and 28% was by sprinkler.  The sprinkler percentage has increased since that time but 
there is probably still 40% flood irrigation practiced in the valley.  In an average year, the 
watershed is likely only sufficient to meet current irrigation demands until mid-July to early 
August. 

Irrigation in the Shields Valley began in the late 19th century with the first incorporated delivery 
systems appearing soon after the turn of the 20th century.  Irrigation water is derived from the 
Shields River itself and many of its tributaries.  A significant amount of leakage occurs with 
many of the delivery canals. 

Most of the irrigated land is devoted to the production of hay with legumes and grass 
separately and in mixtures.  Small grains are also grown with malt barley being the most 
common crop.  Evapotranspiration for alfalfa during its peak water use is approximately 0.26 
in/day while barley is approximately 0.24 in/day during the same period in the Shields Valley. 

Stream flow patterns within the Shields Watershed are typical of snowmelt runoff cycles of the 
region.  Stream flows typically start to increase in April, reach a peak in June, and then start to 
wane as the snowpack recedes.  Irrigation demands have a large effect on streamflow starting 
in June and increasing in July and August.  Table 1 shows recent 40-year average monthly 
stream flows for the Shields River near its mouth in cubic feet per second (CFS). 

Table 1.  Shields River streamflow by month, near the confluence with the Yellowstone River (United 
States Geological Survey, 1978-2019). 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Shields 
Mouth 

101 116 185 390 884 812 289 112 116 140 134 108 
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Problem Statement 

The public water supplies of Clyde Park and Wilsall have nitrate levels that are higher than 
would be expected from background levels.  For this reason, the Shields River Watershed has 
been designated as a Source Water Priority Protection Area (SWPPA) by the MT NRCS, in 
accordance with the 2018 Farm Bill (Figure 2).  Agriculture has been identified as a potential 
source of nitrates in surface and ground water.   Installation of more efficient irrigation systems 
and applying fertilizers in an agronomic manner could reduce the availability of nitrates 
originating from irrigated agricultural lands. 

 

Figure 2. Shields River watershed boundary designation as a SWPPA (MT NRCS). 
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While the nitrate levels usually do not exceed the Maximum Contaminate Level (MCL) of 10 
parts per million (ppm) established by the Environmental Protection Agency, they are still 
troubling to health officials and the communities.  Figure 3 shows the surface water buffer 
regions and the recharge region for the Clyde Park public water supply (Montana Department 
of Environmental Quality). 

 

Figure 3.  Clyde Park public water supply recharge map (Montana Department of Environmental 
Quality). 
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Clyde Park’s public water supply originates from a series of springs and two wells.  Nitrate 
concentrations from the spring water have been consistently above 2 ppm while the well water 
is consistently around 1 ppm.  The spring’s aquifer is considered shallow and unconfined which 
gives it a high sensitivity to potential contamination from surface sources of nitrates.  The wells 
tap an aquifer that is shallow and composed of fractured bedrock.  Causes of the elevated 
nitrate levels could include, but are not limited to, hydrologic connectivity between sewage 
facilities and water supplies, water collection deficiencies, excessive fertilizer application, 
livestock and wildlife contamination, land application of septic effluent, and natural sources.  
Reducing irrigation runoff and deep percolation could potentially reduce nitrate levels in these 
collection systems. 

Wilsall’s public water source comes from 2 wells on the northeast side of town in the sandstone 
and shale beds of the Fort Union Formation.  The nitrate levels fluctuate between 0.99 ppm and 
9.52 ppm which is nearly approaching the MCL of 10 ppm.  The town of Wilsall is located on 
Battle Ridge, a steeply folded anticline.  Anticline folds are closely associated with fractures 
which can direct ground water in directions contrary to the expected flow networks that would 
be anticipated if topography alone controlled ground water flow.  Surface water testing in the 
Shields River and Flathead Creek by the Montana Department of Environmental Quality (DEQ) 
has shown that nitrate levels were low (average of 0.019 ppm).  DEQ concluded that 
agricultural land was not impacting surface water nitrate levels in these streams.  A similar 
conclusion could not be made for ground water without further ground water testing.  Potential 
sources of nitrate in the Wilsall public water supply include septic systems in town, fertilizer 
application on agricultural land, and natural geologic sources.  Figure 4 shows the surface water 
buffer regions and potential contaminant sources for the Wilsall Public Water Supply (Montana 
DEQ). 

Flood irrigation is a low-efficiency technique that generates loss of water through deep 
percolation and surface runoff.  Table 2 details this in an example from the Shields River 
Watershed as determined using the Farm Irrigation Rating Index (FIRI).   

Table 2.  Comparing system efficiencies, surface runoff, and deep percolation of wild flood and 
center pivot irrigation systems (FIRI). 

Irrigation 
System 

System 
Efficiency 

Gross Water 
Applied 

Net Water 
Required 

Surface 
Runoff 

Deep 
Percolation 

Wild Flood 39.6% 39.7 ac-in/ac 15.7 ac-in/ac 12 ac-in/ac 12 ac-in/ac 
Center Pivot 76.4% 20.5 ac-in/ac 15.7 ac-in/ac 1.7 ac-in/ac 3.1 ac-in/ac 
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Figure 4. Surface water buffer region and potential contamination sources for Wilsall, MT 
(Montana Department of Environmental Quality). 

If wastewater from surface runoff is returned to the stream, it may also carry nutrients, 
sediment, pesticides, and invasive plant seeds.  Since nitrates are easily transported in water, 
deep percolation of irrigation water can also potentially deliver nitrates to aquifers that supply 
municipalities.  Improving irrigation efficiency will reduce surface water runoff and deep 
percolation past the crop root zone.  Both factors will lessen the chance of nitrates moving from 
crop fields to the recharge areas of Clyde Park and Wilsall’s public water sources. 

A risk factor that intensifies the nitrate issue in the Shields Valley is the High to Very High rating 
for Nitrate Leaching Potential by climate (Figure 5).  A second nitrate risk factor is the extensive 
amount of High to Very High ratings from the Soil Series Nitrogen Risk Assessment, especially in 
the Wilsall area (Figure 6). 
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Figure 5.  Nitrogen Leaching Climate Zone Map (NRCS). 
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Figure 6.  Soil Series Nitrogen Risk Assessment Map (NRCS). 
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The Safe Drinking Water Act of 1974 (amended 1996) mandated the delineation of Source 
Water Protection Areas (SWPA) in each state.  The 2018 Farm Bill mandates that NRCS dedicate 
funding to address Source Water Protection Priority Areas. 

This TIP aligns well with the Park County Long-Range Plan as mentioned in Sections IV, V, and VI 
on pages 32, 36, and 40.  It also supports the Shields River Watershed Restoration Plan which 
was developed by the Shields Valley Watershed Group. 

Goals and Objectives 

The goal of the TIP is to achieve an irrigation savings of 600 acre-feet (equal to 195,000,000 
gallons) across 900 acres of irrigated land in the Shields River Watershed by 2023.  The 
irrigation savings would largely be in the form of runoff and deep percolation losses.  Nutrient 
Management would also be tied to the 900-acre goal. 

The objectives are to reduce irrigation surface runoff and deep percolation which would reduce 
the risk of nutrient contamination in the Clyde Park and Wilsall public water supplies.  Also, to 
apply nutrients to fields in an agronomic manner that limits the availability of these nutrients to 
move from the fields. 

Proposed Alternatives and Actions 

1) Irrigation efficiency improvements including delivery and application methods 
(preferred).  This could range from replacing open delivery ditches with pipe, converting 
from flood to sprinkler, upgrading existing sprinklers to more efficient systems, and 
Irrigation Water Management (accomplished by the Yellowstone River Conservation 
District Council) to maximize the efficiency of the system.  In converting to new 
irrigation systems, some land could also be converted to dryland use.  Nutrient 
Management would also be applied to reduce the availability of excess nutrients.  Work 
would be focused where most of the flood irrigation occurs in the Shields Valley (see 
Figure 7 for the TIP boundary). 

2) Use crops with lower water consumption.  The Shields Valley is primarily a hay/cattle 
agricultural model with small grains also an important factor.  Alfalfa is the most water 
consumptive crop under irrigation in the area.  Pasture grasses and small grains require 
less water for optimal production.  This alternative is not realistic given the goals of 
most producers in the watershed. 

3) Soil health improvements to reduce irrigation needs.  Building soil health improves 
water infiltration and retention through creating improved soil structure and increased 
organic matter.  It also reduces the need for supplemental nutrient application over 
time.  This should be the goal of every producer and many are incorporating soil health-
building practices into their operations, but this will have a relatively slow impact on 
reducing the quantity of water diverted from the Shields River system. 
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4) Reduce irrigated acres, especially on soils less suited to irrigation.  The most practical 
reduction would be in the corners of fields where center pivot sprinklers are installed. 

5) Abandon irrigation rights or sell them to conservation groups.  This could occur in some 
cases, but the great majority of irrigators will not want to relinquish their water rights or 
revert to dryland conditions. 

6) No action.  This would continue the problems described previously. 

 

Figure 7.  Shields River Watershed Water Quality TIP Boundary 
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Partnerships and Other Funding Sources 

Yellowstone River Conservation District Council (YRCDC) – this group has a working goal of 
improving irrigation efficiency in the Yellowstone River Watershed and can potentially provide 
technical and financial Irrigation Water Management assistance to producers participating in 
the TIP. 

Shields Watershed Group – outreach and potential funding through grants. 

Park Conservation District – outreach via newsletters and meetings. 

Montana Department of Environmental Quality – potential funding. 

Montana Rural Water Systems – outreach and monitoring.  Their monitoring would focus on 
water quality parameters for the Clyde Park and Wilsall public water supplies. 

It is anticipated that NRCS will provide nearly all funding for infrastructure installation 
associated with this TIP with partners primarily assisting in outreach. 

Implementation 

Alternative #1, irrigation efficiency improvements, is the chosen alternative.  The timeframe for 
this TIP is an application period of 2020 through 2022. 

Practices offered through NRCS will include: 

• Structure for Water Control (587) – this could include water filtration structures, 
canal gates, and flow meters. 

• Pumping Plant (533) – pumps needed to operate irrigation systems. 
• Irrigation Pipeline (430) – including water delivery pipe to sprinklers and 

converting open ditches to pipe. 
• Sprinkler System (442) – including center pivots, wheel lines, and renovation of 

existing sprinkler systems. 
• Nutrient Management (590) – apply fertilizer in an agronomic fashion using soil 

test and crop requirement data. 
 

Nutrient management implementation will be required on all irrigation improvement projects.  
If either nitrogen or phosphorus assessments are High or Very High, MT NRCS will provide the 
producer with a management plan to help mitigate nutrient issues in the watershed.  Irrigation 
Water Management would be a practice provided by the YRCDC. 
 
An estimate of EQIP costs (based on the 2020 Montana EQIP Program Guide) for converting a 
60-acre field from flood to center pivot irrigation is shown in Table 3: 
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Table 3.  Estimated EQIP payment, 60-acre field with flood to sprinkler conversion (2020). 
Practice Scenario Unit Type Payment Rate Extents Cost 

Structure for Water Control Misc. Structure - Small Each $4,381.91 1 $4,381.91 
Structure for Water Control Slide Gate Each   $996.72 1     $996.72 
Structure for Water Control Electronic Flow Meter Dia - Inches $183.53/inch 1 - 8 inch $1,468.24 

Irrigation Pipeline PVC, less than or equal to 8 inch Pounds $1.46/lb 1500', 8", 80 psi @ 2.7 lb/ft $4,050.00 
Pumping Plant Greater than 5 to 30 HP HP $225.50/HP 15 HP $3,382.50 
Pumping Plant Variable Frequency Drive, <75 Hp HP               $58.53/HP 15 HP $877.95 

Sprinkler System Center Pivot System Feet $33.63/foot 850 feet $28,585.50 
Nutrient Management Basic Nutrient Management Acres               $6.08/acre 60 acres $364.80 

 Subtotal $44,107.62 
5% inflation estimate $2,205.38 

Total $46,313.00 

 

Estimated financial assistance and acres treated are shown in Table 4: 

Table 4.  Estimated contracts, acres treated, and financial assistance by TIP year. 

Year Contracts Acres Financial Assistance 
2020 8 400 $500,000 
2021 6 300 $400,000 
2022 4 200 $300,000 
Total 18 900 $1,200,000 

 
Technical assistance and staff time from NRCS would be handled primarily by the local field 
office.  There could be more complex designs that would need input from area office staff, but 
these should be minimal. 

There are currently 8 producers in the proposed TIP area who have submitted EQIP applications 
for FY2020 that would benefit the stated goal.  Further outreach will be necessary through 
Conservation District newsletters and via talks with the Shields Watershed Group and with 
individual producers. 

As with any project involving NRCS technical or financial assistance, National Environmental 
Policy Act (NEPA) concerns will be addressed through environmental evaluations that include 
Cultural Resources and Threatened and Endangered Species reviews. 

Progress Evaluation and Assessment 

Acre-feet of runoff and deep percolation water saved will be determined using the Farm 
Irrigation Rating Index (FIRI).  Total acres treated with irrigation improvements and Nutrient 
Management will be reported with an emphasis on the acres treated of soils with High and Very 
High Nitrogen Risk ratings. 
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Resource Concerns Addressed 

 

Priority Resource Concern 

Inefficient Irrigation Water Use 

Secondary Resource Concerns 

Nutrients Transported to Surface Water 

Nutrients Transported to Ground Water 

 

Prioritization – Ranking 

 

Prioritization: 

1) Has the applicant had an NRCS program contract terminated since January 1, 2017, OR 
does the applicant have an existing contract that has been determined to be in 
noncompliance and currently is under an active NRCS-CPA-153 (only answer as Yes if 
the noncompliance was for something within the participant’s control)?  If yes, 
identify the following:  Date of Termination or date participant signed the NRCS-CPA-
153 with an existing deadline to bring the contract back into compliance. 
 Yes – application is a low priority 
 No – Continue to question 2 
 

2) Is the proposed conservation treatment within the geographical boundaries of this 
Targeted Implementation Plan (TIP)? 
 Yes – Application is a HIGH priority 
 No – Application is a LOW priority 
 

3) Does the application meet the intent of the TIP and does it propose practices currently 
offered in the TIP that will treat the identified priority resource concern? 
 Yes – Application is a HIGH priority 
 No – Application is a LOW priority 
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Local Ranking Questions: 

1) Answer one of the following (if applicable): 
a) Will the project improve irrigation efficiency more than 30% by FIRI 

estimates?  75 points 
b) Will the project improve irrigation efficiency by >20% up to 30% by FIRI 

estimates?  50 points 
c) Will the project improve irrigation efficiency by 10% to 20% by FIRI 

estimates?  25 points 
2) Will land currently irrigated be converted to dryland use? 

75 points 
3) Is the project located in the source water buffer regions of Clyde Park and Wilsall as 

shown in Figures 3 and 4? 
50 points 
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