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Figure 7-8. Spatial Representation of Estimated Average Annual Selenium Load Discharge 
to Freezout Lake WMA. 

 
(from Nimick et al., 1996) 
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Figure 7-9. Relationship of Discharge to Dissolved-Selenium Concentration in Irrigation 
Drainage from Land Underlain by Glacial Lake Deposits in the Freezeout Lake Area. 

 
(from Kendy et al., 1999) Even though all sites drain glacial lake deposits, Site 52, located south 
of Freezeout Lake, is in a distinctly different geological setting than other sites, which are 
located east of Freezeout Lake. 
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Table 7-5. Estimated Seasonal Selenium Loads From Irrigated Land Underlain 
by Glacial Lake Deposits to Freezeout Lake.  
(data from Kendy et al., 1999- loads are corrected from original USGS document)  

Estimated 
Seasonal 

Discharge1 
(acre-ft) 

Average 
Seasonal 
Dis-Se 2 
(μg/L) 

Seasonal Dis-
Se Loads 

(lbs) Sub-Area Size 
(acres) 

I NI I NI I NI 

Annual 
Dis-Se 
Load 
(lbs) 

Estimated 
Annual 

Total Rec. 
Se Load 4 

(lbs) 
1993 

East 3,570 2,460 610 42 83 281 138 419 455 
South 500 420 110 5 9 5.71 2.69 8.4 9.22 
Annual total 4,070 2,280 720 -- -- 287 141 428 463 

1994 
East 3,570 2,610 650 42 83 298 147 445 483 
South 500 950 240 5 9 12.9 5.87 18.8 20 
Annual total 4,070 3,560 890 -- -- 311 153 464 503 

1995 
East 3,570 2,600 650 42 83 297 147 444 482 
South 500 670 170 5 9 9.11 4.16 13.3 14 
Annual total 4,070 3,270 820 -- -- 306 151 457 495 
Average 
annual 4,070 3,40 810 -- -- 301 445 447 485 

1  Discharge estimates are based on total volume of irrigation water delivered to farms within a subarea and corresponding 
irrigation-efficiency estimates; total volume of direct spills from canals and corresponding estimates of spill percentages to 
each subarea; total volume of canal deliveries and corresponding estimates of canal seepage to each subarea; and total annual 
precipitation (National Oceanographic and Atmospheric Administration, issued annually) and corresponding estimates of 
precipitation runoff and infiltration. 

2 Concentration estimates are based on samples collected during 1990-92 (Lambing and others, 1994, Table 14) and 1995 
(Kendy and Olsen, 1997, Table 10). 

3 Sum of seasonal loads does not equal annual load due to rounding. 
4   Estimated using conversion selenium factor in 60 FR 15366. 
I – Irrigation Season NI= Non-irrigation season 

 
7.1.3 TMDL and Allocations 
 
Freezeout Lake’s TMDL is based upon all water entering the lake meeting total recoverable 
selenium, water column targets. The TMDL for Freezeout Lake is 0.55 lbs of total recoverable 
selenium per day. A conversion factor of 1.085 is used from 60 FR 15366 (March 23, 1995) to 
convert the measured dissolved selenium loads to total recoverable loads for comparison to the 
TMDL. While this conversion factor is designed for the Great Lakes Region, and there is 
probably a margin of error in using it in the arid western states, it is the best conversion tool in 
existence. Existing estimated total recoverable selenium loads entering Freezeout Lake are about 
seven times higher than the total recoverable selenium load allowed by the TMDL. The TMDL 
for Freezeout Lake is derived by applying target total recoverable selenium concentrations to 
USGS estimated flows entering the lake derived by Nimick et al. (1996).  
 
Selenium data for POTW effluents in the Sun River watershed are not available. Most likely, 
selenium waste load allocations are low compared to the nonpoint sources. The town of Fairfield 
is the only NPDES POTW in Freezeout Lake’s watershed. Source water sampling for the town 
of Fairfield has yielded selenium results below 5 μg/L (MDEQb).  Effluent data from larger 
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cities across Montana indicate that there are no detections of total recoverable selenium above 
the acute standard.  Therefore, Fairfield’s effluent concentration is likely below standards.  There 
are no identified significant selenium sources between the Town’s source water and effluent. The 
waste load allocation is to meet the selenium chronic aquatic life targets in Fairfield’s effluent.  
At current discharge this would be 0.02 lbs/day (Table 6.7).  Fairfield’s current discharge rate is 
above their design capacity and the facility should stay below their design flow or upgrade the 
facility to treat higher discharges effectively. 
 
Loading estimates indicate that irrigation on the glacial lake deposits between Freezeout Lake 
and the Greenfields Bench are contributing the majority of dissolved selenium loads along with 
high concentrations (Figure7-8). The area with crop-fallow activities northeast of Freezeout Lake 
and the North Supply ditch contributes high concentrations and a moderate load of selenium and 
thus should also be assessed an allocation. The allocations will focus on meeting the target of 5 
μg/L total recoverable selenium for all water entering Freezeout Lake from these two areas. 
Existing load estimates from these two areas are compared to loads based on a 5 μg/L limit for 
water entering Freezeout Lake. Comparisons of current annual loads and allocated annual loads 
from each significant source area are provided in Table 7-6. Note that existing loads are for 
dissolved selenium and the TMDL is for total recoverable selenium so the actual reductions that 
are needed to meet the TMDL may be even higher than stated in Table 7-6. 
 
Table 7-6. Total Recoverable Selenium Allocation for Freezeout Lake. 

Area 
Average 
Annual 

Discharge  

Average 
Selenium 

Concentration 
(μg/L) 

Average 
Annual 

Selenium 
Load 

(lbs/yr) 

Allocation 
to Specific 

Sources 
(lb/yr) 

Reduction 
Needed 

(%) 
((Existing Load  -

Allocation)/ Existing 
Load) 

Fallow 
Crop 360 AF (2) 99 (3) 97 5 95 

Irrigated 2557 AF (1) Irrigation 46 (1)  
Non-Irrigation 83 (1)  485 35 93 

Fairfield 0.59 cfs ? ? 0.02 

Likely no 
reduction needed. 
Phased waste load 

assessment. 
(1)Calculated from east irrigation area from Kendy et al. (1999). 
(2) From Nimick et al. (1996) 
(3) From compiled Sun River watershed Database (USGS, STORET, MBMG) 
A conversion factor of 1.085 (60 FR 15366; March 23, 1995) is used to convert the USGS estimated dissolved 
selenium loads to total recoverable loads for comparison to the TMDL in Table 7-6.  

 
7.1.4 Restoration Strategy 
 
Salinity and selenium sources are almost exclusively the same in the Sun River watershed. See 
the Freezeout Lake salinity restoration section (Section 6.1.4) for detailed restoration strategies 
that will reduce selenium loading to Freezeout Lake. Activities that introduce the most water into 
soils and geology that lie over the highest selenium holding soil and geologic groups are the 
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highest priority for restoration. The priority for restoration is irrigated land on glacial lake 
deposits, fallow cropping on glacial lake deposits, irrigation on glacial drift, and then fallow 
cropping on glacial drift.  Irrigation water savings from the watershed should be applied to 
Freezeout Lake.  The TMDL assessment assumes no change in water budget so the water that 
would have seeped into the lake via field application should directly enter the lake via 
Greenfieldss Irrigation District.  If this does not occur, the TMDL will not be attained. 
 
7.1.5 Margin of Safety, Adaptive Management, and Seasonal Considerations 
 
A number of approaches are incorporated into the Freezeout Lake selenium TMDL margin of 
safety. An inherent margin of safety is built into establishing metals standards and the targets are 
based upon standards. The water column targets set for Freezeout Lake are to be met at all 
locations within the lake, thus the most problematic areas of the lake should meet the selenium 
targets and other less sensitive areas are likely to fall below the target concentrations. Montana’s 
selenium chronic aquatic life standard concentration is based on a “96 hour average”, but the 
water column target concentration is a “not to exceed” target using the chronic aquatic life 
standard concentration. Selenium sediment targets are provided for Freezeout Lake to address 
accumulation of selenium in sediments. Selenium sediment targets also protect against excessive 
bioaccumulation in the food chain. Seasonality is considered by setting a target to protect 
waterfowl use during all seasons.  
 
An adaptive management approach is being used for meeting selenium targets and the TMDL for 
Freezeout Lake. If identified conservation practices do not achieve targets or load allocations in 
the Watershed, further strategies to meet these goals should be developed in future planning. If 
the goals of this document appear to be unachievable after reasonable land, soil and water 
conservation practices are in place; targets, TMDL and allocations may have to be revised. 
 
7.1.6 Effectiveness Monitoring Plan 
 
Fairfield’s next permit review by MDEQ will require two effluent sample analysis for total 
recoverable selenium during high and low effluent discharge conditions. This limited sampling 
should suffice if selenium is found below 5 ug/L in both samples.  Fairfield’s drinking water 
source has low selenium concentrations, below the chronic aquatic life standard. It is extremely 
unlikely that any significant selenium sources are present from municipal uses in Fairfield. A 
number of major cities in Montana have selenium sample results for their POTW effluents. 
There has been no selenium concentrations found in any of the tested effluents in Montana above 
the chronic aquatic life standard.  
 
Tracking water quality changes due to restoration activities is an important component of a long 
term monitoring plan. All IWM and fallow crop restoration activities in the source areas should 
be tracked in a spatial database on a 5-year basis. Total recoverable selenium sampling should 
occur on the major irrigation drains that enter Freezeout Lake on the southern and eastern 
shorelines. Instantaneous discharge monitoring should accompany any water chemistry 
monitoring. Water quality conditions that are characterized by this monitoring can be compared 
to targets and allocations and can also be compared to the progress of restoration activities 
during TMDL review.  
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This section identifies general ideas for further monitoring but does not provide the detail 
necessary for future monitoring activities. Future monitoring activities should include the 
development of a detailed monitoring plan that includes a quality assurance project plan (QAPP) 
prior to fieldwork. 
 
7.2 Muddy Creek 
 
7.2.1 Selenium Targets and Current Water Quality Status 
 
Targets 
 
Water column targets set for Muddy Creek are based on the same rationale as provided in 
Section 7.1.1. The water column target for total recoverable selenium is 5 μg/L. Targets need to 
be met in 90% of the samples for any given month over a 5 year timeframe.  No sediment targets 
are provided for Muddy Creek because it is a stream. Selenium is more likely to be transported in 
the water instead of stored in sediments in streams because of biological and physical processes 
that differ from lakes and wetlands. 
 
Impairment Status 
 
As stated at the beginning of the selenium section (Section 7.0), the majority of selenium 
sampling in Muddy Creek has been analyzed for total selenium. Caution should be used when 
discussing total selenium in that it cannot be easily compared to Montana’s selenium standards. 
Selenium was not a cause listed on Montana’s 1996 or current 303(d) list for Muddy Creek, but 
total selenium concentrations indicate that standards based upon total recoverable analysis may 
be exceeded during low flow periods. Thus, selenium threatens Muddy Creek’s in-stream uses. 
Montana’s chronic aquatic life selenium standard indicates that a total recoverable selenium 
concentration of 5 μg/L should not persist for a 96-hour duration. Total selenium concentrations 
were higher than 5 μg/L in approximately twenty-three percent of samples (McDonald, 2000). 
Although this doesn’t necessarily mean that standards are exceeded, it indicates that they are 
likely exceeded. The highest total selenium concentration detected at the Muddy Creek at 
Vaughn site was 13.8 μg/L. Total selenium samples as high as 180 μg/L have been found in 
intermittent or ephemeral tributaries and coulees in the Muddy Creek watershed.  
 
During the past 10 years there has been general decreases of total selenium concentration in 
Muddy Creek (Figure 7-10) although there has not been a large change in land use or restoration 
practices during this timeframe. Average monthly concentrations are highest in March and April 
during low flow conditions when a majority of the samples are above targets (Figure 7-11). 
There is an inverse relationship between flow and total selenium concentrations, which indicates 
that selenium sources are associated with geology or soils (Figure 7-12). Groundwater has a 
more influential impact on water chemistry during low flow periods because it composes most of 
Muddy Creek’s flow during base flow. During low flow conditions in the fall, winter and early 
spring, there is little to no surface water runoff derived from rainfall, snowmelt or irrigation that 
dilute groundwater influence in Muddy Creek.  
 



7.0 Selenium 

December, 2004  81 

Because there have been exceedances of chronic aquatic life standards during the past decade 
and there has been little change in activities that mobilize selenium in the Muddy Creek 
watershed other than weather conditions, a TMDL will be constructed for selenium. There is 
potential that drought conditions are contributing to lower selenium concentrations in Muddy 
Creek.  
 
Drought conditions may reduce selenium movement from crop-fallow areas because less water 
moves through the soil profile in fallow fields during these times than during wet weather 
conditions. During wet weather, more water moves through the soil in fallow fields and dissolves 
selenium and other salts, move to saline seep areas and from these areas are conveyed into state 
waters more easily.  
 
Figure 7-10. Average Annual Selenium Concentrations in Muddy Creek and Average 
Annual Precipitation.  
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Precipitation is an average of Fairfield and Power data. 
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Figure 7-11. Monthly Total Selenium Concentrations in Muddy Creek at Vaughn Gauging 
Station (1991-2000).  
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Figure 7-12. Relationship Between Total Selenium Concentrations and Flow in Muddy 
Creek (1991-2000). 
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7.2.2 Source Assessment 
 
Measured selenium concentrations in irrigated drainages on the south and east portions of the 
Greenfields bench are below chronic aquatic life standards (Figure 7-13). Limited sampling in 
crop-fallowed areas of the watershed indicate variable, but potentially high concentrations of 
selenium (2-180μg/L, n=2). Further analysis of selenium in runoff and groundwater in the dry 
land farming areas of Muddy Creek should be conducted to further the understanding of how 
these areas contribute to Muddy Creek selenium loads and concentrations. 
 
Loading calculations from three sample events during 1999 on five of the major Greenfields 
Bench drainages were compared to selenium loads at the Muddy Creek at Vaughn gauging 
station for the same year (Figure 7-14). The available Muddy Creek at Vaughn total selenium 
data is compared to dissolved and total recoverable selenium analyses from Greenfields Bench 
drainage samples. Therefore, loading from these five Greenfields Bench drainages may be 
slightly underestimated on a percentage comparison. Nevertheless, using this analysis, selenium 
loads from the Greenfields Bench appeared to contribute 10 percent of loading during the non-
irrigation season and 20 percent of the selenium loading during the irrigation season to the 
Muddy Creek at Vaughn site. Other anthropogenic sources may include smaller Greenfields 
Bench drainages, groundwater entering directly into the stream from irrigation and fallow 
cropping, and surface water runoff from fallow cropping.  
 
The relationship between precipitation and selenium concentrations should be further 
investigated. There is potential for increased selenium flushing from fallow cropping areas by 
higher annual precipitation. Loads from fallow cropping areas likely have a larger influence on 
the fluctuation of selenium concentrations in Muddy Creek because discharge from these areas is 
mostly intermittent and inconsistent. Higher selenium concentrations are likely to be found in 
groundwater in fallow cropping areas, when compared to irrigated fields because fallow 
cropping areas have inconsistent and less water flowing through root zones from precipitation 
only. Groundwater from irrigated lands in the Muddy Creek watershed is likely to produce a 
more consistent load with concentrations that are likely to be below standards (Figure 7-13). 
Inter-yearly consistency in irrigated area selenium load and concentration is likely because of a 
more consistent and higher water application rate from year to year when compared to 
precipitation rates on fallow cropped fields.  
 
There are no NPDES POTW permits in the watershed. 
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Figure 7-13. Average and Maximum Selenium Concentrations in Water Draining from the 
East and South Portions of the Greenfields Bench. 
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Figure 7-14. Estimated Selenium Loading in the Muddy Creek Watershed (1999). 
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(data from Miller, 2002 and USGS Muddy Creek at Vaughn Station).  
Pre Irrigation data from April and early May. Irrigation data is from July. 
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7.2.3 TMDL and Allocations 
 
Selenium TMDL 
 
Muddy Creek’s selenium TMDL is based upon the target concentration of 5 μg/L total 
recoverable selenium. When targets are exceeded, the TMDL is exceeded. The TMDL is 
expressed as a discharge dependant equation in Figure 7-15 and is compared to measured total 
recoverable loads at Vaughn from 1991-2000. Measured load points above and to the left of the 
TMDL line are probable exceedances of the TMDL. The figure shows that most of Muddy 
Creek’s TMDL exceedances occur between 25 and 100 cfs, during lower flows. The lower flows 
that produce target exeedances usually occur during late winter and early spring (Figure 7-11). 
For this reason, the load reduction is based upon February-April loads. When comparing the 
1991-2000 measured loads to the TMDL, an average load reduction of 36% is needed to meet 
the TMDL during February-April. The conversion factor of 0.0269 is a combination of TDS 
target, time, water volume, and mass conversion factors.  
 
Figure 7-15. Muddy Creek Selenium TMDL and Measured Loads from 1991-2000. 
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Allocation 
 
Limited sampling indicates that water entering Muddy Creek from the major drainages on the 
Greenfields Bench meets the selenium chronic aquatic life standard and contributes an estimated 
20% or less of the loading to Muddy Creek (Figure 7-13,7-14). Also, irrigation water dilutes 
selenium concentrations in the Muddy Creek. Very little irrigation on glacial lake deposits or 
glacial drift occurs in the Muddy Creek watershed, and thus selenium concentrations in water 
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derived from irrigation return flows are relatively low. For these reasons, irrigated areas are not 
allocated a load reduction. 
 
Limited data suggest that fallow cropping areas are sources of high selenium concentrations, but 
have great temporal variation in producing selenium loads.  Because of limited direct evidence 
and convincing indirect evidence, fallow cropping areas are given a 100% allocation of selenium 
reduction needed to meet the TMDL at this time. This allocation will be based on the most 
sensitive months of the year when selenium concentrations are the highest, February through 
April.   When comparing the 1991-2000 measured loads to the TMDL, an average load reduction 
of 36% is needed to meet the TMDL during February-April. Loads from fallow crop areas during 
this timeframe need to be reduced by 41% to likely meet the TMDL during this timeframe.  A 
5% MOS is applied to this allocation.  By applying this allocation, other less sensitive times of 
the year will also meet the selenium TMDL.  Fallow cropping fields are the only other 
significant source of human caused increase in water contacting soils and geology in the Muddy 
Creek watershed other than the irrigated areas discussed previously.  
 
No waste load allocations are necessary at this time because there are no NPDES POTWs in the 
watershed. 
 
7.2.4 Restoration Strategy 
 
Salinity and selenium sources are almost exclusively the same in the Sun River watershed. See 
the Muddy Creek salinity restoration section (Section 6.2.4) for detailed restoration strategies 
that will reduce selenium loading to Muddy Creek. Activities that introduce the most water into 
soils and geology that lie over the highest selenium holding soil and geologic groups are the 
highest priority for restoration. The priority for restoration is fallow cropping on areas of glacial 
drift. 
 
7.2.5 Margin of Safety, Seasonal Considerations and Adaptive Management 
 
A number of approaches are incorporated into the Muddy Creek selenium TMDL margin of 
safety. An inherent margin of safety is built into establishing metals standards and the targets are 
based upon standards (EPA 440/5-80-070). The water column targets set for Muddy Creek are to 
be met at all locations in the stream, thus the most problematic areas of the lake should meet the 
selenium targets and other less sensitive areas are likely to fall below the target concentrations. 
Montana’s selenium chronic aquatic life standard concentration is based on a “96 hour average”, 
but the water column target concentration is a “not to exceed” target using the chronic aquatic 
life standard concentration. Seasonality is considered by setting a target to protect aquatic life 
use during all seasons. The TMDL reduction is set for the months of February through April 
when selenium concentrations are at their highest. 
 
An adaptive management approach is being used for meeting selenium targets and the TMDL 
within the Muddy Creek watershed. If identified conservation practices do not achieve targets or 
load allocations in the watershed, further strategies to meet these goals should be developed in 
future planning. If the goals of this document appear to be unachievable after reasonable land, 
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soil and water conservation practices are in place; targets, TMDL and allocations may have to be 
revised. 
 
7.2.6 Effectiveness Monitoring Plan 
 
Future selenium data should be analyzed using a total recoverable technique for easier 
comparison to Montana’s water quality standards. Synoptic selenium sampling for toxicity 
studies should also consider dissolved selenium concentrations because dissolved selenium is 
one of the more toxic and transient forms of selenium. Monitoring of selenium in saline seep 
areas and areas of fallowed wheat production would be able to further characterize the dry land 
sources of selenium in Muddy Creek’s watershed. Load monitoring should be conducted 3 times 
per year, once in February, March, and April at the Muddy Creek at Vaughn USGS station to 
determine if targets and TMDL are being met during the most sensitive time of the year.  
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SECTION 8.0 
NUTRIENTS 
 
This section of the Sun River Water Quality Restoration Plan focuses on nutrients and other 
physical and biological factors affected by nutrients. Nutrients can affect the fishery and 
associated aquatic life, aesthetics, agricultural and drinking water uses. Algal mats, decaying 
algal clumps, odors, low dissolved oxygen levels and discoloration of water are adverse 
environmental effects associated with excessive nutrients. These conditions may interfere with 
recreational uses or affect the aesthetic value of the stream. Excessive algae can interfere with 
irrigation systems and pose problems for public water supply use by fouling intake structures. 
Aquatic life and fish can suffer from depleted dissolved oxygen as a result of plant respiration at 
night. In extreme cases, surface waters may exceed drinking water nitrate standards. 
 
The analysis for the nutrient TMDLs relies on existing nutrient data. Nutrient concentrations in 
the Sun River Watershed have been analyzed and reported using a number of different methods. 
Nitrogen or phosphorus data that are reported as TN, TP, TKN, NO2, NO3, or PO4 were 
converted to equivalent concentrations as N or P using methods described in Mueller et al., 
(1995).  
 
Impairment listings covered in the nutrient section are noxious aquatic plants, organic 
enrichment/dissolved oxygen, nutrients, and phosphorus.  Table 8-1 provides a list of 
waterbodies within the Sun River TPA that appear on either the 1996 or 2002 303(d) list for 
nutrient related pollutants. This chapter addresses Ford Creek, the upper Sun River, Muddy 
Creek, the lower Sun River, and Freezeout Lake. TMDLs will be presented for all of these 
waterbodies except Freezeout Lake and Ford Creek. Limited nutrient and vegetation data for 
Freezeout Lake does not allow for TMDL development at this time. A TMDL development 
strategy will be provided in this chapter for guidance to complete the Freezeout Lake nutrient 
TMDL planning by 2007. There is no need for a Ford Creek nutrient TMDL. Conclusions from  
a Ford Creek nutrient impairment review indicate a nutrient TMDL is not necessary.  
 

Table 8-1 Waterbodies Listed for Nutrient Related Listings. 
Water Quality 
Limited Segment 1996 303(d) List 2002 303(d) List 

Freezeout Lake Organic Enrichment/DO Nutrients, Noxious 
aquatic plants 

Muddy Creek Nutrients No causes listed 
because of use 
classification 

Upper Sun River Nutrients Nutrients, Phosphorus 
Lower Sun River Nutrients Nutrients 
Ford Creek Nutrients No nutrient related 

pollutant listings 
 
The remainder of this section presents all of the required TMDL elements for each waterbody, 
one waterbody at a time.  
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8.1 Nutrient Target Setting Criteria 
 
Nutrient targets are based upon Montana’s narrative standards and regional nutrient criteria. The 
standard pertaining to nutrients indicates that, “surface waters must be free from substances 
attributable to municipal, industrial, agricultural practices or other discharges that will: create 
conditions which produce undesirable aquatic life” (ARM 17.30.637 (1)(e)).  Montana’s 
standards that relate to nutrient enrichment are described in slightly more detail in Section 3.2.  
The undesirable aquatic life most commonly associated with elevated nutrient concentrations in 
streams are excess benthic algae and aquatic vascular plants. Aquatic plant growth becomes a 
nuisance when it adversely affects beneficial uses of a stream. Fisheries, recreation and 
aesthetics are usually the most sensitive beneficial uses of streams in Montana when considering 
nutrient enrichment. In shallow riffles, benthic algal chlorophyll a concentration is commonly 
used to measure the amount of aquatic plant growth on the stream bottom. Therefore, TMDL 
water chemistry and benthic chlorophyll a targets are based upon preventing excess growth of 
benthic algae.  
 
Plants require a balance of nutrients for growth. Most aquatic algae contain nitrogen, phosphorus 
and carbon in a ratio by weight of 41/7/1 (Redfield, 1958; Chapra, 1997). Increases in plant 
production may occur if the limiting nutrient is elevated. Most aquatic plants are not limited by 
carbon, however, either nitrogen or phosphorus can limit growth. A nitrogen to phosphorus (N/P) 
ratio of around 7 is generally thought to be optimal for algae growth. Therefore if a N/P ratio is 
lower than 7 the stream is most likely limited by nitrogen, if the ratio is higher than 7 it is most 
likely to be limited by phosphorus. Conditions may change in streams daily or seasonally that 
affect the nitrogen to phosphorus ratio, and either nutrient may be limiting at times. The N/P 
ratio can be used as a general indicator of which nutrient is most likely limiting algae growth in a 
stream. The N/P ratio is 66 in Muddy Creek, 34 in the upper Sun River, and 100 in the lower Sun 
River. Therefore, all three stream sections appear to be limited by phosphorus. Although 
phosphorus is likely the limiting nutrient in these waterbodies, both nitrogen and phosphorus are 
addressed in this document because of the effects of downstream nitrogen loading. Also, the 
limiting nutrient may change as restoration occurs. 
 
Benthic algal chlorophyll a is usually the most useful indication of nutrient impairment. 
Currently, two factors hinder the use of benthic algal chlorophyll a as an indicator of nutrient 
enrichment in Muddy Creek and the lower Sun River. The first factor is elevated sediment levels 
in both streams. In the Sun River, median nutrient and suspended sediment concentrations 
increase two to three times downstream of the Muddy Creek confluence (McDonald, 2000). 
Even though high nutrient concentrations exist, aquatic plants cannot grow efficiently because of 
high water column suspended sediment and unstable stream bottom. Thus, plants cannot use 
much of the available dissolved nutrients and loads are transported downstream. Second, there is 
a lack of benthic algal chlorophyll a data for Muddy Creek and the lower Sun River. For these 
reasons, both nutrient concentration and benthic algal chlorophyll a targets are presented.  
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Chlorophyll a 
 
The CFR Nutrient Standards and MDEQ data for prairie regions were used to guide professional 
judgment on appropriate chlorophyll a targets for the Sun River TPA. Detailed analysis of the 
relationship between benthic algal chlorophyll a concentrations and nutrient concentrations has 
been conducted in the Clark Fork River, Montana. The algal and nutrient standards for the Clark 
Fork River are comparable to the Sun River watershed because portions of the Clark Fork River 
watershed and the Sun River watershed lie within the same ecoregion. Delineation of ecoregions 
is based upon climate, geology, physiography, soils, land use, hydrology and wildlife. Benthic 
algal chlorophyll a standards for the Clark Fork River are 100 mg/m2 mean summer 
concentration and 150 mg/m2 maximum summer concentration. The Clark Fork River 
chlorophyll a standards are proposed as targets in the Sun River Watershed.  
 
Portions of the Sun River TPA also lie within the periphery of the northwestern glaciated plains 
ecoregion. MDEQ has conducted sampling for setting algal biomass and nutrient standards in 
wadeable streams of the northwestern glaciated plains ecoregion (Suplee, 2002). Preliminary 
results from reference site monitoring in this region indicate mean summer algae and macrophyte 
chlorophyll a concentrations for slightly entrenched Rosgen classified C channeled streams are 
in the range of 8.44-590 mg Chl a/m2. It appears that reference sites in the northwestern glaciated 
plains ecoregion that produced chlorophyll a levels above 150 mg Chl a/m2 had larger quantities 
of macrophytes. Macrophytes are rooted plants that can use nutrients in stream bottom sediments 
thus they do not always indicate nutrient enrichment of the stream water. The CFR standards of 
150 mg/m2 maximum and 100 mg/m2 mean benthic algal chlorophyll a concentration appear to 
be appropriate for the northwestern glaciated plains ecoregion. Nutrient concentrations may be 
naturally higher in the northwestern glaciated plains ecoregion, but algal chlorophyll a 
concentrations do not appear to increase with the higher nutrient concentrations. All guidance 
pointed to a similar range of values for setting benthic algal chlorophyll a targets across a 
relatively broad range of stream and region types.  
 
Nutrient Chemistry 
 
Nutrient targets are based upon the Clark Fork River (CFR) numeric nutrient standards 
(ARM17.30.631), MDEQ prairie stream data, and EPA’s Ambient Water Quality Criteria 
Recommendations for nutrient ecoregions (Table 8-2). Portions of the Sun River TPA are located 
in the Northwestern Glaciated Plains, Canadian Rockies, Montana Valley and Foothill Prairies, 
and Northwestern Great Plains EPA nutrient ecoregions (Woods et al., 1999). The criteria used 
from each of these ecoregions are also provided in Table 8-2 (Map 8-1). Similarities and 
differences between the ecoregions are explained in Appendix A and were considered in setting 
the nutrient concentration targets in each of the following waterbody nutrient TMDLs. 
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Table 8-2. Nutrient Criteria Used to Derive Sun River Nutrient Targets. 

Location* Criteria Total Phosphorus 
(μg/L) 

Total Nitrogen 
(μg/L) 

Benthic Chl a 
(mg/m2) 

Clark Fork River Standards# 39 300 100 ave. 
150 max. 

EPA Nutrient Ecoregion 
II/16 

Median summer 
concentration 30 350 --- 

EPA Nutrient Ecoregion 
VI/43 

Median summer 
concentration 100 900 --- 

EPA Nutrient Ecoregion 
V/42 

Median summer 
concentration 180 1370 --- 

MDEQ 
Data From Nutrient 

Ecoregion V/42 

Median summer 
concentration 113 713 See text. 

# Clark Fork Nutrient Standards Downstream of Missoula 
   II/16  - Montana Valley and Foothill Prairies   

  This ecoregion is used in EPA nutrient criteria guidance but has been incorporated into other 
ecoregions in the latest ecoregion delineation effort.  

VI/43  - Northwestern Great Plains  
 Data used for deriving EPA nutrient criteria in this region is limited. (TP-n=111/ /TN- n=21) 

V/42      -  Northwestern Glaciated Plains  
Data used for deriving EPA nutrient criteria in this region is very limited. EPA cautions use of the criteria 
(TP-n=50/ /TN-n=13) 

V/42 -MDEQ  -  Northwestern Glaciated Plains (Milk River Watershed) 
(TP-n=98/ /TN-n=98) 

 
The Clark Fork Nutrient Standards and median summer concentrations for EPA nutrient 
ecoregions II/16, V/42 and VI/43 were used to guide professional judgment on appropriate 
nutrient targets for each waterbody. When regional nutrient criterion are refined for the 
northwestern glaciated plains ecoregion, more detailed reference data for the Sun River 
Watershed becomes available, or the state of Montana adopts numeric nutrient criteria, the 
targets presented in this document should be updated to reflect attainment of acquired 
knowledge.  
 
Additionally, a new nationwide modeling approach using data from least impacted watersheds in 
each EPA nutrient ecoregion has estimated background nutrient conditions slightly lower than 
the targets presented for each nutrient listed waterbody (Smith et al., 2003). Background nutrient 
conditions are not necessarily the goal of Montana’s water quality standards, but are useful in 
identifying nutrient conditions that would likely support all designated uses.  
 
Other environmental factors may affect algal production in streams. This section does not 
address the specific linkage of algal production to stream discharge, temperature, and shading. 
These influences on algal conditions are dealt with indirectly in the temperature and sediment 
TMDLs (Sections 9.0,10.0). 
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8.2 Ford Creek 
 
8.2.1 Water Quality Status 
 
Montana’s 1996 303(d) list indicates that nutrients are a probable cause of impairment in Ford 
Creek. A feedlot located on the stream was the reason for the nutrient listing. Aerial photo 
assessment indicates no other concentrated sources of nutrients in this watershed. The animal 
feeding operation is located about 9.75 miles upstream of the confluence with Smith Creek. In 
the early 1990s the animal feeding operation was permitted as a CAFO, moved off stream and 
animal waste drainage was modified. During 1998, nutrient and benthic algal chlorophyll a 
samples were collected from Ford Creek above and below the feedlot area (Table 8-3). The 
animal feeding operation is located between sites F-9 and F-17. Data from 1998 indicates that 
restoration strategies have achieved nutrient and chlorophyll a criteria in Ford Creek (Table 8-3). 
Benthic algal chlorophyll a and nutrient concentrations during 1998 were below all proposed 
nutrient targets presented for the upper Sun River in Section 8.3.1, which also apply to Ford 
Creek. Periphyton analysis of samples collected during 1998 indicates full support of use at each 
site listed in Table 8-3 (Bahls, 1999). Nutrients were not listed as a probable cause of impairment 
for Ford Creek on Montana’s 2002 303(d) list. A nutrient TMDL/Water Quality Restoration plan 
is not presented for Ford Creek because the 1998 data indicates non-impairment and previous 
land use changes.  
 
Table 8-3. Ford Creek Nutrient and Chlorophyll a Data. 

Sample ID 
(River Miles from Mouth) 

Ortho-
phosphorous 

(μg/L) 

NO2+NO3 
(μg/L) 

Total Kjeldahl 
Nitrogen (μg/L) 

Benthic Chl. a 
(mg/m2) 

F1 (17.24) < 1  120 < 100  5.56 
F-5 (15.20) < 1  120 < 100  73.0 
F-9 (10.57) < 1  50 < 100  25.1 
F-17 (8.04) < 1  40 < 100  20.2 
F-30 (1.09) < 1  30 < 100  28.9 

 
8.3 Upper Sun River (Gibson Dam to Muddy Creek Confluence) 
 
8.3.1 Nutrient Targets and Current Water Quality Status 
 
Targets 
 
Nutrient targets for the upper Sun River are based on the Clark Fork River nutrient standards and 
EPA ecoregion II/16 criteria that are presented in Table 8-2. The targets are set for the summer 
months, May through September, when nutrients are likely to increase algal production. Nutrient 
targets for the upper Sun River are 39 μg/L total phosphorus, 350 ug/L total nitrogen, 100 mg/m2 
benthic algal chlorophyll a mean and 150 mg/m2 maximum. Both the Clark Fork River and 
upper Sun River fall within the U.S. EPA Montana Valley and Foothill Prairie nutrient 
ecoregion.  
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Nutrient criteria for Mill Creek, Big Coulee, Duck Creek, and Adobe Creek are higher than the 
upper Sun River target because their watersheds are more comparable to prairie, plain areas, than 
mountain foothill areas. These specific upper Sun River tributary nutrient concentration criteria 
are indicated in Figure 8-1 and 8-2 for guidance and are based upon the same premise as Muddy 
Creek and the lower Sun River nutrient targets (see Section 8.4.1). Elk Creek and Smith Creek 
watersheds are in mountain foothill areas and therefore have the same nutrient concentration 
criteria as the upper Sun River nutrient target.  
 
Impairment Status 
 
Recently collected summer nutrient chemistry data for the upper Sun River indicates potentially 
elevated levels of total phosphorus and elevated nitrogen concentrations. In the upper Sun River, 
three of 55 total phosphorus water sample results from 1996-2004 are above water quality 
targets. The highest total phosphorus concentration detected in the upper Sun River, 186 μg/L, 
was detected at Simms (Figure 8-1). This exceedance is 377% of the target concentration but was 
during a flood when total phosphorus levels can be high naturally. Two out of the three 
exceedances of the total phosphorus target were during flood events of 3000 cfs or higher when 
high phosphorus levels are expected. Floods do not usually produce conditions that favor benthic 
algal production because of natural stream scour and turbidity. Therefore, these higher 
phosphorus concentrations are not likely to promote algal growth.  
 
Thirty of 58 total nitrogen samples were above targets but nitrogen is not limiting algal 
production in this segment. Phosphorus limits algal production in this segment (Section 8-1). The 
highest total nitrogen concentration sampled in the upper Sun River exceeds targets by 683% 
(Figure 8-2). TMDLs for the lower Sun River and Missouri River should deal with transported 
nitrogen loads from this area if nitrogen is limiting algal production downstream. 
 
Phosphorus is the limiting nutrient in this section of the Sun River. Phosphorus levels in the 
upper Sun River segment do not appear to be an environmental problem because concentrations 
are low to moderate when conditions are suitable for benthic algal growth. Some of the 
tributaries to the upper Sun River do have higher total phosphorus concentrations than criteria 
that are presented and may be investigated further, but the upper Sun River appears to dilute the 
phosphorus loads from these tributaries.  
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Figure 8-1. Upper Sun River Total Phosphorus Summer Concentrations (1996-2003).  
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-The total nitrogen target for the upper Sun River is indicated as a dashed line.  
-Nutrient criteria for tributaries are also included as dashed lines. 

 
Figure 8-2. Upper Sun River Total Nitrogen Summer Concentrations (1996-2003). 
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-The total nitrogen target for the upper Sun River is indicated as a dashed line.  
-Nutrient criteria for tributaries are also included as dashed lines. 
SR = Sun River, FSID = Fort Shaw Irrigation District  
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Benthic algal chlorophyll a and dissolved oxygen levels are key indicators for determining if 
high nutrient concentrations are affecting beneficial uses. The following pictures of stream 
bottom provide some insight into the amount of benthic algae growth in this stream segment 
(Figure 8-3). Additionally, benthic chlorophyll a concentration was measured in the Sun River 
near the town of Sun River, on the lower end of this segment. An average of 71.3 mg/m2 was 
found in three summer samples from 2001-2003. The minimum and maximum concentrations 
found were 69 and 74 mg/m2. The chlorophyll a data indicate that nutrients do not impact 
beneficial uses in the upper Sun River.  
 
Figure 8-3. Pictures of Algae Growth on the Stream Bottom in Shallow Glide Areas of the 
Upper Sun River, September 9th, 2004.  

   
 Near Augusta                  Near Simms 
 
Recently collected data indicates that Montana’s dissolved oxygen standards are met (Figure 8-
4). Dissolved oxygen concentrations were lowest during the morning hours in the heat of the 
summer (Figure 8-5). The dissolved oxygen levels during these timeframes are just above 
Montana’s dissolved oxygen standards (Section 3.0). 
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Figure 8-4. Dissolved Oxygen Concentrations in the Upper Sun River 2001-2003.  
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Figure 8-5. Dissolved Oxygen Concentrations and Time of Day Sample was Collected in the 
Upper Sun River 2001-2003.  
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A single macroinvertebrate sample was collected August 2001 near the town of Sun River 
(Bollman, 2001; Bollman, 2002). The biotic index for macroinvertebrates used in Montana is a 
slight derivation from the Hilsenhoff biotic index and is used to determine if nutrient enrichment 
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affects the aquatic insect community. Mayfly taxa richness is also used as an indicator of nutrient 
enrichment. The biotic index was 4.83 and the mayfly taxa richness was high (7), suggesting 
little effect of nutrients on the aquatic insect community (Bollman, 2001; Bollman, 2002).  
 
Assessing tributaries by comparing their existing water quality to nutrient criteria indicates a 
number of tributaries are sources of human caused nutrient loads. Nutrient concentrations in 
Adobe Creek, Mill Coulee, Elk Creek, Big Coulee, and Duck Creek are above nutrient criteria 
(Figures 8-1 and 8-2). Human influenced, nutrient producing activities such as irrigation, grazing 
and fallow cropping occur in these tributary watersheds.  
 
8.3.2 Nutrient Conditions and Discharge Analysis  
 
Nutrient loads were assessed for the upper Sun River. Phosphorus is assessed first because it 
appears to be the limiting nutrient that controls algae growth. Upper loading criteria that are 
likely to control algal growth are based on the nutrient targets presented in Section 8.3.1. The 
upper Sun River summer TP upper loading criteria that are likely to control algal growth are 
based upon maximum target concentrations of 39 μg/L. When targets are exceeded, the loading 
criteria are exceeded. Measured loads above and to the left of the load criteria line in Figure 8-6 
are likely to create conditions that promote excessive benthic algal growth during mid and low 
discharges.  
 
The Simms monitoring station was the only station on the upper Sun River with TP and 
associated discharge data. This site is used to compare existing TP loads to the upper loading 
criteria based on targets. The conversion factor of 0.2098 for the load criteria equation presented 
in Figure 8-6 is a combination of the TP target, time, water volume conversion, and mass 
conversion factors. Figure 8-6 shows that there are only three exceedances of the TP load criteria 
at Simms and two of these exceedances were during high flow. On average, the loading criteria 
are not being exceeded except during very high flow events when phosphorus levels are expected 
to be quite high. During mid and low range flow conditions that provide an optimal environment 
for benthic algal growth, only one of 23 samples exceeds the loading criteria. This evidence 
along with biological and dissolved oxygen data indicate that the total phosphorus conditions 
during mid and low range flows are controlling the algal growth in the upper Sun River to a point 
that uses are being met. Therefore, total phosphorus load reductions are not needed, but no 
increases in TP concentrations or loads should occur.  
 
The Simms monitoring station was the only station on the upper Sun River with TN monitoring 
and associated discharge data. This site is used to compare existing TN loads to the loads that are 
likely to produce benthic algal conditions that support beneficial uses in the upper Sun River. 
The conversion factor of 1.883 for the loading criteria equation presented in Figure 8-7 is a 
combination of the TN target, time, water volume conversion, and mass conversion factors. 
Figure 8-7 includes nitrate loads because they indicate that nitrogen loading in the dissolved 
form is high and because there is not a robust TN data set at Simms. Nitrate is only a portion of 
TN. Actual associated TN loads would be higher than the measured nitrate loads. Most measured 
TN load criteria exceedances occur between flows of 50 and 150 cfs but higher discharges have 
not been sampled. The TN loading criteria are exceeded by 77 % of the samples, but nitrogen is 
not the limiting nutrient in the upper Sun River and is therefore not controlling benthic algal 
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growth. Therefore, a TN TMDL is not needed. If nitrogen TMDLs are needed downstream of 
this segment, load reductions for this area may be called for in the future.  
 
Estimated background concentrations ranges are derived from a study by Smith et al. (2003). 
Information from studies identified in Section 8.1 guided the selection of a background 
concentration from the range provided in Smith et al. (2003). The background concentration was 
then converted into a load equation in the same fashion as the TMDL targets were converted to 
the TMDL and is provided on the TMDL graphs below. Smith et al. (2003) modeled background 
TN and TP concentrations on a broad scale using reference watersheds in each EPA nutrient 
ecoregion. The background loads are modeled estimates and are provided as guidance on 
potentially achievable nutrient levels. Background levels are not necessarily the objective of a 
TMDL. The TMDLs are based on protecting in-stream beneficial uses. The background loads do 
coincide well with the State of Montana’s water quality law because the modeling uses a 
reference watershed approach and extrapolates to impacted watersheds. See Smith et al (2003) 
for methods and modeling assumptions.  
 
Figure 8-6. Upper Sun River Total phosphorus Load Criteria, Estimated Background 
Loads, and Measured Loads at Simms.  
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Figure 8-7. Upper Sun River Total Nitrogen Load Criteria, Estimated Background Loads 
and Measured Total Nitrogen and Nitrate Loads at Simms. 
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8.3.3 Monitoring Plan 
 
Continuing a nutrient monitoring program is essential because TP concentrations are just below 
levels that could cause impairment. The follow up monitoring strategy is an essential part of an 
adaptive management program. TP and TN monitoring should continue at Simms along with 
discharge measurements. TP and TN monitoring should also be conducted along with associated 
discharge measurements at the town of Sun River. Nutrient monitoring should be conducted 
monthly during the summer months at these sites. Chlorophyll a and dissolved oxygen 
monitoring should also occur at these sites twice per summer during late July and August for two 
years. Dissolved oxygen (DO) should be monitored during the early morning. The results of this 
monitoring will be used to refine understanding of existing conditions resulting from nutrient 
loading in the upper Sun River.  
 
This section identifies general ideas for further monitoring but does not provide the detail 
necessary for future monitoring activities. Monitoring resources are not defined at this time nor 
are stakeholder and agency monitoring responsibilities. Future monitoring activities should 
include developing a detailed monitoring plan, or quality assurance project plan (QAPP), prior to 
fieldwork. 
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8.4 Muddy Creek  
 
8.4.1 Nutrient Targets and Current Water Quality Status 
 
Targets 
 
Nutrient targets for Muddy Creek are based on EPA nutrient ecoregion VI/43 and V/42 nutrient 
criteria and on recently collected MDEQ data from Ecoregion V/42 (see Section 8.1.1). Portions 
of the Muddy Creek watershed fall within EPA nutrient ecoregions VI/43 and V/42. The targets 
are set for the summer months, May through September when aquatic plant production affects 
in-stream beneficial uses. The targets for Muddy Creek are set at 50 μg/L total phosphorus and 
650 μg/L total nitrogen, 100 mg/m2 chlorophyll a mean and 150 mg/m2 chlorophyll a maximum.  
 
Impairment Status 
 
Muddy Creek has elevated total phosphorus and nitrogen concentrations. Thirty-nine of 60 total 
phosphorus (TP) water samples from 1996-2000 were above targets. The highest TP 
concentration detected in Muddy Creek, 1710 μg/L, was detected at Vaughn (Figure 8-8). This 
exceedance is 3,320% of the target concentration. All of the 17 total nitrogen (TN) samples from 
Muddy Creek were above targets. The highest TN concentration sampled in Muddy Creek 
exceeds targets by 492% (Figure 8-9).  
 
Benthic algal chlorophyll a is a key indicator for determining if high nutrient concentrations are 
affecting beneficial uses. Benthic chlorophyll a has not been assessed in Muddy Creek. 
Currently, low benthic chlorophyll a concentrations would be found in Muddy Creek. Elevated 
streambed and suspended sediment levels in Muddy Creek suppress the growth of benthic algae 
or macrophytes. Even though high nutrient concentrations exist, aquatic plants cannot grow 
efficiently because of poor habitat conditions due to high sediment yields and extreme flow 
fluctuations. Suspended sediment in the water column blocks light and a shifting stream bottom 
does not provide a stable place for plant growth. Thus, plants cannot use the available dissolved 
nutrients that are delivered to the stream. The nutrients are transported downstream. 
 



8.0 Nutrients 

December, 2004  102 

Figure 8-8. Muddy Creek Total Phosphorus Summer Concentrations (1996-2003).  
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Figure 8-9. Muddy Creek Total Nitrogen Summer Concentrations (1996- 2003). 
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8.4.2 Source Assessment 
 
Most of the source assessment monitoring in the Muddy Creek watershed has focused on nitrate 
analysis. Nutrients are transported, instead of being used by aquatic plants, in the Muddy Creek 
watershed. Therefore, nitrates are indicative of total nitrogen transport in the Muddy Creek 
watershed.  
 
A 1980 study by Walther (1982) began to identify sources of nitrate in the Muddy Creek 
Watershed. Nitrate concentrations in Greenfields Bench groundwater, drainages from the 
Greenfields Bench, dry land drainages, and Muddy Creek were sampled (Figure 8-10). Walther 
(1982) rationalizes that lower nitrate levels in the drainages are due to channel stability giving 
better habitat for algal growth than in Muddy Creek. The algae in the drainages can utilize 
nitrate, but poor conditions due to stream channel instability in Muddy Creek inhibit nitrate use 
by aquatic plants or algae. Nitrate concentrations also increase in the drains during cold weather 
periods when diluting effects of surface waste from irrigation do not occur and algae growth is 
inhibited by low temperature and light conditions. During 1980, mean nitrate concentrations in 
three Greenfields Bench drainages exceeded Muddy Creek’s targets for total nitrogen (Walther, 
1982).  
 
The majority of Muddy Creek’s base flow is derived from irrigation groundwater return flow 
draining from the Greenfields Bench aquifer. When discharge is lowest, typically in March, the 
median nitrate concentration in Muddy Creek is 5.1 mg/l. At this same time, the median nitrate 
concentration is 5.7 mg/l in groundwater under the Greenfields Bench (Walther, 1982).  
 
Walther (1982) and USGS data at Vaughn is used to identify loading from sources in Muddy 
Creek (Table 8-4) during 1980. Three of the larger Greenfields Bench drains (E, J, M) 
contributed approximately 9 percent of the nitrate loading to the Muddy Creek at Vaughn site in 
1980 (Table 8-4). Even though loading from dry land areas was not reported because of low 
sampling frequency (n=9) due to intermittent flows, Walther (1982) indicates that the majority of 
nitrate load is derived from the Greenfields Bench by extrapolation of data. Because of the 
intermittent nature of most dry land drainages in Muddy Creeks watershed, accurate gauging and 
discharge data is not available in dry land areas, thus loading from dry land areas is either grossly 
estimated or unknown.  
 
During 2000, nitrate loads from six major Greenfields Bench drainages contributed 
approximately 61 percent of nitrate loading during low flow and 87 percent during high flow 
conditions when compared to loads at Vaughn (Miller, 2002; USGS, 2002) (Figure 8-11). Other 
potentially significant sources of nitrates include smaller Greenfields Bench drains, runoff from 
dry land areas, groundwater discharge directly entering the stream, and stream channel erosion 
along the Muddy Creek corridor. There is insufficient information about these other sources to 
provide load estimates. 
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Figure 8-10. Mean Nitrate Concentrations in Greenfields Bench Groundwater, Drainages 
from the Bench, Dry Land Drainages, and Muddy Creek. 
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Table 8-4. Muddy Creek Nitrate Loading. 

Station  Number of Samples  
(April –Oct. 1980) 

Mean Load 
(lbs/day) 

MC at Cordova (M-1) 14 240 
MC upstream of drain E (M-3) 14 460 
Drain E (D-1) 14 40 
MC upstream of Drain J (M-4) 14 580 
Drain J (D-2) 14 120 
MC upstream of Drain M (M-5) 14 700 
Drain M (D-3) 14 100 
MC nr Vaughn - USGS data 20* 2858 
MC at Vaughn - USGS data  20* 2929 

MC = Muddy Creek 
- Drainage data collected and analyzed in 1980 by Walther, 1982.  
*   USGS data collected April –Oct, 1979-81 and analyzed by MDEQ, 2002.Multi year data   
      (April-Oct data from 1980-1984) used at USGS station to better represent mean conditions. 
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Figure 8-11. Nitrate Loading Contribution to the Muddy Creek at Vaughn USGS Site from 
Six Major Tributaries Originating on Greenfields Bench.  
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Greenfields Bench tributary data collected in 2000 by Miller, (2002). USGS data used in 
this comparison is the monthly (April or July) mean from 1996-2000 at the Muddy Creek 
at Vaughn station. A USGS mean from a 4-year period is used to offset variability in 
discharge levels because the two studies were not synoptic.  

 
There are a number of possible nitrate sources on the Greenfields Bench, including fertilizers, 
domestic septic systems, soil organic nitrogen, stock animals and geologic sources. Nitrogen 
atoms from each of these sources have different isotopic signatures (Exner and Spalding, 1994). 
USGS collected water samples from 16 wells for nitrogen isotope analysis. Results indicate that 
nitrate in groundwater underlying irrigation on the bench is attributable to nitrogen fertilizer, 
ammonium fertilizer, soil organic nitrogen or a combination of these sources (Figure 8-12) 
(Miller, 2002). Sixty to seventy percent of the irrigated area groundwater samples indicate that 
fertilizers could be a major source of nitrate to the groundwater. The two samples collected from 
wells in non-irrigated areas indicate that soil nitrogen and nitrogen fertilizers are potential 
sources. Although the relative contribution of each source is not obtainable through this analysis, 
it is apparent that the majority of nitrate in groundwater under the Greenfields Bench is probably 
derived from fertilizers or leaching from geologic sources and not from animal or human waste 
(Miller, 2002).  
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Figure 8-12. Map Showing Locations of 15NNO3 Sampling from Wells Completed in Gravel 
Underlying the Greenfields Bench and Relation of Nitrate Concentration, Nitrogen Isotope 
Ratio, and Land-Use Based on Groundwater Samples Collected in December, 1998. 
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Loading from bank erosion on Muddy Creek is also a significant source of nutrients, particularly 
total phosphorus, which adsorbs to suspended solids (Froelich, 1988). The most severe bank 
erosion in Muddy Creek’s Watershed occurs between Muddy Creek near Vaughn (at Gordon 
Rd.) and Muddy Creek at Vaughn USGS stations. Total phosphorus loads increase by about 53 
percent between these two sites. Nitrate loads decreased by 3 percent between these sites. This 
indicates that erosion is a source of phosphorus.  
 
There are no MPDES permitted CAFOs or POTWs located in the Muddy Creek Watershed. 
Power has a non-discharging evaporative wastewater lagoon system that was upgraded in 1990 
(MDEQa). Limited areas of septic use may be a small source of nutrients in the lower portion of 
Muddy Creek, but given the magnitude of the agricultural nutrient sources, septic is not likely a 
significant contributor of nutrients (Map 8-2). 
 
8.4.3 TMDL and Allocations 
 
Nutrient TMDLs 
 
The nutrient TMDLs for Muddy Creek are the amount of total nitrogen (TN) or total phosphorus 
(TP) that the stream can receive from sources and support all of its beneficial uses. TMDLs are 
the sum of the waste load allocation, or point sources, plus the sum of the load allocations, or 
nonpoint sources, plus a margin of safety. Allocations and the margin of safety are provided in 
subsequent sections. The nutrient TMDLs are set for the summer (May-September) when 
biological in-stream beneficial uses are impacted by the availability of excess nutrients. The 
TMDLs are expressed as discharge dependant equations in Figures 8-13 and 8-14 and are 
compared to actual load measurements at Vaughn. Muddy Creek summer TN and TP TMDLs 
are based upon maximum target concentrations of 650 μg/L and 50 μg/L respectively. When 
targets are exceeded, the TMDL is exceeded. Measured loads above and to the left of the TMDL 
lines in the graphs are historic exceedances of the TMDLs.  
 
Load measurements at Vaughn are used to compare existing total phosphorus loads to the TMDL 
because it is just upstream of the confluence with the Sun River. Seventy two percent of the TP 
samples exceed the TMDL. The conversion factor of 0.269 for the TMDL equation presented in 
Figure 8-13 is a combination of the TP target, time, water volume conversion, and mass 
conversion factors.  
 
Load measurements at Vaughn are also used to compare existing total nitrogen loads to the total 
nitrogen TMDL. Figure 8-14 includes nitrate loads because they indicate that nitrogen loading in 
the dissolved form is high and because there is not a robust TN data set at Vaughn. Nitrate is 
only a portion of TN. Actual associated TN loads would be higher than the measured nitrate 
loads. All of the TN samples exceed the TMDL. The conversion factor of 3.497 for the TMDL 
equation presented in Figure 8-14 is a combination of the TN target, time, water volume 
conversion, and mass conversion factors.  
 
Estimated background concentrations ranges are derived from a study by Smith et al. (2003). 
Information from studies identified in Section 8.1 guided the selection of a background 
concentration from the range provided in Smith et al. (2003). The background concentration was 
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then converted into a load equation in the same fashion as TMDL targets were converted to 
TMDL equations and is provided on the TMDL graphs below. Smith et al. (2003) modeled 
background TN and TP concentrations at a broad scale using reference watersheds in each EPA 
nutrient ecoregion. The background loads are modeled estimates and are provided as guidance on 
potentially achievable nutrient levels. Background levels are not necessarily the objective of a 
TMDL. The TMDLs are based on targets that protect in-stream beneficial uses. Using 
background loads as an indicator coincides well with the State of Montana’s water quality law 
because the modeling uses a reference watershed approach and extrapolates to impacted 
watersheds. See Smith et al (2003) for methods and modeling assumptions. 
 
Figure 8-13. Muddy Creek Total Phosphorus TMDL and Background Loads Compared to 
Measured Loads at Vaughn.  
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Figure 8-14. Muddy Creek Total Nitrogen TMDL and Background Loads Compared to 
Measured Total Nitrogen and Nitrate Loads at Vaughn. 
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Allocations 
 
The current source assessment for nutrients in Muddy Creek provides sufficient detail for a 
compelling allocation strategy. The source assessment identifies agricultural activities on 
Greenfields Bench as the major contributor of high nitrate concentration and load. The source 
assessment also indicates that increased irrigation return flow from Greenfields Bench and poor 
riparian management on Muddy Creek causes significant bank erosion. The bank erosion 
produces high phosphorus loads. Fallow cropping in other portions of the watershed is likely a 
contributor of nitrates, although current data about this source is less compelling. Nutrient 
reductions of both TN and TP needed to meet nutrient targets and TMDLs for Muddy Creek will 
come from addressing agricultural activities with reasonable land, soil and water conservation 
practices, specifically those agricultural activities mentioned above. The actual load reduction of 
total nitrogen and total phosphorus from agricultural sources depends upon stream discharge 
conditions. The total nitrogen allocation for agricultural sources is 105.1 lbs/day TN and 10.9 
lbs/day TP if Muddy Creek were flowing at 45 cfs at Vaughn.  Forty-five cfs is the July through 
October, 10 year, 7 day duration (summer 7Q10), low flow in Muddy Creek at Vaughn.  The 
nitrogen reductions needed to meet the discharge based TMDL will come from nonpoint source 
agricultural activities, specifically fertilizer application and activities that cause stream bank 
erosion.  Allocation to specific agricultural sources during future TMDL reviews will contribute 
to a stronger nutrient allocation for Muddy Creek. There is not a waste load allocation because 
there are no NPDES POTW point sources in the watershed.  
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8.4.4 Margin of Safety, Seasonal Consideration, and Adaptive Management 
 
The margin of safety for this TMDL is provided in the allocation process and an adaptive 
management approach. Ten percent of the TMDL is reserved as a MOS in the allocation of loads 
to sources. The TMDL is set for an extended summer season, from May-September, because 
algal growth can be influenced during this timeframe if spring runoff is below average. Total 
nitrogen and TP TMDLs are presented because as restoration occurs, nutrient conditions may 
change the limiting nutrient. A monitoring plan to provide data for further refinement of source 
assessment and allocation is presented in the next section. If followed, the monitoring strategy 
will provide data for refining the impairment status, source assessment and allocation during 
future TMDL review. The uncertainty of the Muddy Creek nutrient TMDL analysis is addressed 
by future TMDL review, which is identified in Montana law.  
 
Identified conservation practices in Section 8.4.5 should be tracked over time to see if 
implementation occurs. If implementation occurs and does not achieve targets or load allocations 
in the watershed, further strategies to meet these goals should occur in future TMDL planning. If 
the goals of this document appear to be unachievable after reasonable land, soil and water 
conservation practices are in place, the document may need revision.  
 
Figure 8-15 is an example of Muddy Creek’s nutrient TMDL, allocation, and margin of safety 
strategies in use at a specific discharge scenario. The daily average discharge for the scenario is 
100 cfs because this is a moderate flow condition. Existing loads at 100 cfs are estimated from an 
average of three samples similar to this discharge for TN and six samples for TP. Natural load 
estimates are derived from the background loads identified in Figures 8-13 and 8-14. Subtracting 
natural loads from existing total loads derives existing agricultural load estimates at 100 cfs.  The 
TMDLs are derived from the TMDL equations.  The natural components of the TMDLs were 
derived by using background loads from Figures 8-13 and 8-14.  The margin of safety is 10% of 
the TMDL allocation.  The load allocations are then calculated using the TMDL equation. 
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Figure 8-15. Muddy Creek Estimated Existing Loads, TMDL, Allocation, and Margin of 
Safety Scenario at 100cfs. 

 
8.4.5 Restoration Strategy 
 
Restoration approaches in the Muddy Creek watershed should focus on agricultural activities 
identified in the allocation Section 8.4.3. The following activities should be addressed with 
reasonable land, soil, and water conservation practices: 
 

• Fertilizer use on all agricultural lands should be addressed by on-farm nutrient 
management plans, especially on Greenfields Bench. Use of slow release fertilizers 
would benefit water quality. Excessive use of ammonia fertilizer contributes to nitrate 
loading in Muddy Creek and increases crop production costs. In conjunction with nutrient 
application management, irrigation management will decrease the leaching fraction of 
water on inefficiently irrigated fields. Decreasing the amount of water that percolates 
through the soils will reduce nitrate loading to groundwater and will also save irrigators 
money by reducing the amount of fertilizer needed to grow crops. More fertilizer will be 
left in the soil for plants to use. 

• Irrigation water management should continue to be addressed on the Greenfields Bench 
to reduce erosion in lower Muddy Creek due to increased stream energy that produces 
near stream erosion. The bank erosion contributes significant phosphorus loads.  

• Areas of fallow cropping that predominate in the northern and eastern portions of the 
watershed contribute nitrate to Muddy Creek during low flow timeframes. Fallow 
cropping BMPs could include reduction in summer fallow acreage, flex cropping, 

Daily average Muddy Creek discharge scenario: 100 cfs 

TMDL = Load Allocation + Natural +Waste Load Allocation + Margin of Safety  

26.9   lbs/day TP  = 7.81     lbs/day + 16.4 lbs/day  + 2.69 lbs/day 
349.7 lbs/day TN = 234.0 lbs/day + 80.7 lbs/day + 35.0 lbs/day 

An estimated 66%TN and 83% 
TP average load reduction is 
needed from fertilizers, 
irrigation, riparian grazing, and 
fallow cropping with flows at 
100 cfs 

10% of TMDL 

There are no 
POTWs in the 
Watershed

Estimated existing loads at 100 cfs: 
Total:  65   lbs/day TP    Natural:  16.4 lbs/day TP      Agricultural Load: 46.2 lbs/day TP 
   532 lbs/day TN        80.7 lbs/day TN       451  lbs/day TN  

Total Maximum Daily Load at 100 CFS  
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conversion to alfalfa, or temporary inclusion into the Conservation Reserve Program 
(CRP).  

• Intense riparian livestock grazing increases near stream erosion on Muddy Creek and 
tributaries. The near stream erosion contributes phosphorus loads during high flow. 
Riparian area livestock grazing can be managed with off stream water, cross fencing, 
pasture rotation management techniques and potentially with riparian fencing.  

• Livestock waste management systems on any AFOs within 300 feet of any stream in the 
Sun River watershed should be examined. If runoff from these areas reaches the stream 
network, BMPs will be installed. 

• All restoration activities should be tracked in a watershed restoration database. Pre and 
post BMP effectiveness nutrient monitoring should be conducted on a subset of 
restoration activities to further define nutrient loading from these categories and to 
determine BMP effectiveness.  

 
8.4.6 Monitoring Plan 
 
Continuing a nutrient monitoring program is essential because of uncertainties in the source 
assessment and allocation process. TP and TN monitoring should continue at the USGS station at 
Vaughn along with discharge measurements. Nutrient monitoring should be conducted monthly 
at this site. Vaughn data should be used for further refining the TMDL during future TMDL 
reviews and to determine nutrient trends over time. If the USGS is collecting water samples, they 
should analyze water chemistry for NO2+NO3 as N, TKN, PO4 as P, and total phosphorus.  
 
Chlorophyll a monitoring should occur once per summer during August for at least three of the 
next five years at Muddy Creek at Vaughn and Power, as well as in 2 of the major Greenfields 
Bench drainages. The chlorophyll a results will be used to refine our understanding of 
impairment conditions resulting from nutrients in Muddy Creek. 
 
Tracking water quality changes due to restoration activities is an important component of a long 
term monitoring plan. Spatial and functional attributes of restoration activities should be 
documented in a spatial database on a 5-year review period in Muddy Creek’s watershed. The 
restoration tracking system would be used for all pollutant/waterbody TMDL reviews in the 
future and is not specific to this nutrient TMDL. 
 
This section identifies general ideas for further monitoring but does not provide the detail 
necessary for future monitoring activities. Monitoring resources are not defined at this time nor 
are stakeholder and agency monitoring responsibilities. Future monitoring activities should 
include developing a detailed monitoring plan, or quality assurance project plan (QAPP), prior to 
fieldwork. 
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8.5 Lower Sun River 
 
8.5.1 Nutrient Targets and Current Water Quality Status 
 
Targets 
 
Nutrient targets for Lower Sun River are based on EPA nutrient ecoregion VI/43 and V/42 
nutrient criteria and on recently collected MDEQ data from Ecoregion V/42 (see Section 8.1.1). 
Portions of the lower section of the Sun River fall within EPA nutrient ecoregions VI/43 and 
V/42. The targets are set for the summer months, May through September when aquatic plant 
production affects in-stream beneficial uses. The targets for the lower Sun River are set at 50 
μg/L total phosphorus and 650 μg/L total nitrogen, 100 mg/m2 chlorophyll a mean and 150 
mg/m2 chlorophyll a maximum.  
 
Impairment Status 
 
The lower Sun River has elevated levels of total phosphorus and nitrogen. Fifty eight percent of 
the 38 total phosphorus water samples collected in this stream segment during the summer 
months from 1996-2000 were above targets. The highest total phosphorus concentration detected 
in the lower Sun River, 283 μg/L, was detected near Vaughn (Figure 8-16). This exceedance is 
466% of the target concentration. Eighty six percent of the 28 total nitrogen samples from the 
lower Sun River segment were above targets. The highest total nitrogen concentration sampled in 
the lower Sun River exceeds targets by 265% (Figure 8-17). Nitrate data from the lower Sun 
River also indicates nitrogen enrichment. 
 
Benthic algal chlorophyll a is a key indicator for determining if high nutrient concentrations are 
affecting beneficial uses. Benthic chlorophyll a has not been assessed in the lower Sun River. 
Currently, low benthic chlorophyll a concentrations would likely be found in portions of the 
lower Sun River. Elevated streambed and suspended sediment levels derived from Muddy Creek 
suppress the growth of benthic algae or macrophytes. Even though high nutrient concentrations 
exist, aquatic plants cannot grow very efficiently because of poor habitat conditions due to high 
sediment yields and extreme flow fluctuations. Suspended sediment in the water column blocks 
light. Thus, plants cannot use much of the available dissolved nutrients that are delivered to the 
stream. Much of the nutrient load delivered to the lower Sun River is transported downstream 
even during the typical season that algae usually proliferate in nutrient rich conditions. Pictures 
of the stream bottom could not be taken because the water was too turbid. 
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Figure 8-16. Lower Sun River Total Phosphorus Summer Concentrations (1996-2003).  
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Figure 8-17. Lower Sun River Total Nitrogen Summer Concentrations (1996-  2003). 
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8.5.2 Source Assessment 
 
SPARROW Model 
 
The source assessment for the lower Sun River uses a modeling approach called “spatially 
referenced regressions of contaminant transport on watershed attributes” (SPARROW). The 
SPARROW model was completed at the Sun River watershed scale by the USGS and is used for 
general watershed scale source assessment (Smith et al., 1997). See Smith et al. (1997), and 
http://water.usgs.gov/nawqa/sparrow/wrr97/results.html for discussion of SPARROW model 
methods, justification, assumptions, and uncertainties. The standard error for some of the nutrient 
source loads indicated by the SPARROW model is quite high. Therefore, it is used as a coarse 
level source assessment to be used along with existing water quality data.  
 
Agricultural Sources 
 
SPARROW model output indicates that fertilizer and livestock production is the largest human 
caused contributors of nutrients to the Sun River. SPARROW modeling estimated these two 
sources combined, contribute about 45% of the total nitrogen and 52% of the total phosphorus 
loads in the Sun River Watershed (Smith et al., 1997) (Figures 8-18 and 8-19).  
 
Nitrogen from fertilizers can easily be transported as nitrate in groundwater, and are usually 
associated with augmented groundwater flow and fertilizers from irrigated and Fallow cropped 
fields (Walther, 1982). Nitrogen from fertilizers is usually transported with groundwater in the 
form of nitrate. Groundwater derived from irrigation and fallow cropping also increases the 
amount nitrogen that dissolves from the soil and underlying geology. Groundwater flows are 
increased from irrigated agricultural areas in Muddy Creek, Duck Creek/Big Coulee, Mill 
Coulee, Adobe Creek, Elk Creek, and the upper Sun River Valley (Map 2-5).  Most of these 
tributaries have high total nitrogen concentrations when compared to criteria (Figure 8-2).  
 
In the Sun River Watershed, phosphorus tends to cling on soils particles and is usually 
transported and associated with suspended sediment in water (Walther, 1982). Irrigation return 
flow causes increases in stream energy, and subsequently, bank erosion in Muddy Creek, Duck 
Creek/Big Coulee, Mill Coulee, and Adobe Creek. These tributaries also have high total 
phosphorus concentrations (Figure 8-1). The SPARROW model does not address erosional 
processes due to increased stream energy. 
 
Highly regulated stream discharge combined with riparian livestock grazing on the upper Sun 
River decreases the resiliency of riparian vegetation to flood events (Section 9.0). Unstable and 
eroding banks comprise 25 miles or 19.4 percent of the upper Sun River main stem channel 
between Gibson Reservoir and the town of Sun River as assessed by Chrest et al. (1987). 
Historic floods have caused some of the erosion along the Sun River, but a portion of the erosion 
comes from agricultural practices that reduce riparian vegetative cover and rooting strength of 
near stream areas. See Section 9.0 for sediment source assessments.  The eroding banks are 
likely a significant source of phosphorus. 
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Other Sources 
 
The SPARROW model combines rangeland, forestland, and urban sources into one category 
called non-agriculture. The model estimates that these sources contribute about 42% of the total 
nitrogen and 45% of the total phosphorus loads to the watershed. Grazing on rangeland is an 
agricultural activity, even though it is combined into a nonagricultural grouping for the model 
output. Forestland and upland range are generally not sources of human induced nutrient loading 
in the Sun River watershed. Better management of riparian area grazing land is expected to foster 
better riparian vegetation growth and reduce bank erosion and likely total phosphorus loading. 
Riparian grazing is the only activity found in the Sun River watershed in this general modeling 
category that is likely a significant source of nutrients, but the model does not consider this 
detailed linkage of riparian grazing and bank erosion.  
 
Aerial deposition of nitrogen on land surfaces contributes a significant portion of total nitrogen 
loading in the Sun River watershed. The model (SPARROW) estimated that 12% of the total 
nitrogen load in the Sun River watershed comes from atmospheric deposition. Aerial deposition 
is derived from both natural and anthropogenic sources. Natural sources may include wind-
blown dust, wildfires, volcanoes, natural gas seeps, non-domestic animals, vegetation emission, 
and decomposition process. Human influenced sources include agricultural and wild-land 
burning, wood burning, oil, coal and gas combustion, and other activities. Total phosphorus 
loads are not significantly influenced by atmospheric deposition according to the model (Smith 
et al., 1997).  
 
Figure 8-18. SPARROW Model Results: Estimated Total Phosphorus Source Loading in 
the Sun River Watershed. 
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Figure 8-19. SPARROW Model Results: Estimated Total Nitrogen Source Loading in the 
Sun River Watershed. 
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The nutrient source assessment for the lower Sun River also depends heavily upon an approach 
that considers the upper Sun River watershed and Muddy Creek watershed as source areas. 
Muddy Creek contributes 63 percent of the total phosphorus loading to the Sun River when 
comparing the Muddy Creek at Vaughn site to the Sun River near Vaughn site. The contributing 
land area of Muddy Creek is only 16 percent of the whole Sun River watershed. Total nitrogen 
loading calculations could not be compared between these sites because of insufficient available 
data; nitrate loads were analyzed as a surrogate. Muddy Creek contributes 85 percent of the 
nitrate loading to the Sun River when comparing the Muddy Creek at Vaughn site to the Sun 
River near Vaughn site (MDEQ, 2002). The upper Sun River contributes 37 percent of total 
phosphorus loads and 15 percent of nitrate loads to the lower Sun River but encompasses a large 
land area. 
 
Most of the nutrient load found in this section of river is derived from upstream sources that are 
identified in the Muddy Creek lower Sun River source assessment sections (Section 8.3.2 and 
8.5.2). Other potential sources of nutrients in the immediate lower Sun River corridor and its 
immediate small, intermittent tributaries are unstable, eroding banks, fallow cropping, hay 
production, AFOs, a CAFO, urban activities and a POTW. Agricultural lands comprise a 
significant portion of the near-stream areas along the lower Sun River and small intermittent 
tributaries. These lands are generally hay pasture, irrigated crops and dry land crops (Maps 2-5 
and 2-6). Unstable and eroding banks comprise 11.3 miles or 21 percent of the lower Sun River 
channel between the town of Sun River and the confluence with the Missouri River as assessed 
by Chrest et al. (1987). Urban sources in the Great Falls area compose a small portion of the 
watershed, but may contribute nutrient loads to the lower Sun River. 
 
Although there are a number of potential nutrient sources in the immediate area, these sources do 
not appear to cause increased nutrient loading. Figure 8-20 shows Sun River nutrient loads in 
relation to discharge volume near Vaughn and Great Falls. These two sites are at the upper and 
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lower ends of the lower Sun River segment respectively. Total nitrogen and TP loads actually 
decrease at Great Falls when compared to Vaughn loads upstream. The loading decrease is likely 
due to Muddy Creek delivering most of the nutrient load to the Sun River at Vaughn and nutrient 
storage and assimilation occurring in the lower Sun River stream channel due to settling 
sediment or by limited aquatic plant uptake.  
 
Figure 8-20. Comparison of Nutrient Loads in the Lower Sun River Near Vaughn and 
Great Falls.  
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Point Sources and Waste Load Assessment (MPDES)  
 
Sun Prairie Village and the Vaughn sewer districts are the only MPDES permitted wastewater 
discharges contributing to the Sun River nutrient loads. The town of Fairfield discharges to 
Freezeout Lake and eventually the load may enter the Teton River. Sun Prairie Village is 
designed to service 1,835 people. Vaughn is designed to service 542 people. Vaughn is currently 
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discharging slightly below non-degradation guidelines although Sun Prairie Village is well 
below non-degradation guidelines (Table 8-5). Because nonpoint source nutrient loads are 
elevated in the Sun River, current wastewater loads to the Sun River are not a significant portion 
of the overall load. Wastewater sources currently contribute 0.6 % of total nitrogen loads and 0.8 
% of measured average summer time total phosphorus loads (Table 8-6).  Existing wastewater 
loading would contribute 1.6 % of total nitrogen loads and 19.3 % of total phosphorus loads to 
the TMDL at the summer 7Q10 discharge. Wastewater loading levels could increase in the Sun 
River with an increase in population. If municipalities were to discharge at constant non-
degradation thresholds identified in their MPDES permits, wastewater sources in the Sun River 
watershed would contribute 2.8 % of total nitrogen and 39 % of total phosphorus load to the 
TMDL at the July-October 7Q10 discharge.   
 
The evaporative lagoon system at Simms may need an upgrade to meet current design standards 
for seepage loss (MDEQ, 1999b). Simms should remedy excessive groundwater leakage that is 
occurring from their evaporative lagoon system. 
 

Table 8-5. Wastewater Treatment Plant Nutrient Loading. 

Permit Type of load 
indicated 

Total Phosphorus 
load 

 (lbs/day) 

Total Nitrogen 
load (lbs/day) 

Current2 5.6  17.8 Sun Prairie Village 
Water and Sewer 

District 
MT-0028665* 

Non-degradation 
limit3 

(waste load allocation) 
12.8 51 

Current2 1.7 8.2  
Vaughn Sewer District 

MT-0021440* 
Non-degradation 

limit 3 

(waste load allocation) 
2.1 8.4 

Current2 7.3 26  
Total Sun River waste 

load 
Non-degradation 

limit 3 

(waste load allocation) 
14.9 59.4 

1.  MNI=Monitoring Not Included in Permit 
2.  Current loads calculated are the mean of the following data: Sun Prairie Village – January 1997-March 2002; Vaughn – October 

1999-March 2002 
3.  Non-degradation limits are based upon non-degradation calculations. MTWQS, ARM 17.30.637 (1)(e); MT Non-degradation 

Rules, ARM 17.30.700 et seq. 
*  Permits currently without load based limits 
# Personal comm. Bennatt, 2003. 

 
 



8.0 Nutrients 

December, 2004  120 

 
Table 8-6. Comparison of NPDES Point Source Nutrient Loads to Total 
Nutrient Loads in the Sun River Watershed. 

Description Total 
Nitrogen 

Total 
Phosphorus 

Percent of current point source load compared to the average 
measured summer time in-stream load at Vaughn 1996-2000 0.6% 0.8% 
Percent of current point source loads contributing to the TMDL 
at July – October 7Q10 discharge 1.6% 19.3% 
Percent of non-degradation load threshold contributing to the 
average measured summer time in-stream load at Vaughn 1996-
2000 0.4% 1.7% 
Percent of non-degradation load threshold contributing to the 
TMDL at July – October 7Q10 discharge 2.8% 39.0% 
The USGS Sun River near Vaughn site is used to calculate the total Sun River Watershed load.  

 
8.5.3 TMDL and Allocations 
 
Nutrient TMDLs 
 
The nutrient TMDLs for the lower Sun River are the amount of total nitrogen (TN) or total 
phosphorus (TP) that the stream can receive from sources and support all of its beneficial uses. 
TMDLs are the sum of the waste load allocation, or point sources, plus the sum of the load 
allocations, or nonpoint sources, plus a margin of safety. In this case, the TMDL is computed 
from the water quality targets and allocations and MOS are built form the TMDL calculation.  
Allocations and the margin of safety are provided in subsequent sections. The nutrient TMDLs 
are set for the summer (May-September) when biological in-stream beneficial uses are impacted 
by the availability of excess nutrients. The TMDLs are expressed as discharge dependant 
equations in Figures 8-21 and 8-22 and are compared to actual load measurements near Vaughn. 
Lower Sun River summer TN and TP TMDLs are based upon maximum target concentrations of 
650 μg/L and 50 μg/L respectively. When targets are exceeded, the TMDL is exceeded. 
Measured loads above and to the left of the TMDL lines in the graphs are historic exceedances of 
the TMDLs.  
 
Sun River near Vaughn data is used to compare existing total phosphorus loads to the TMDL 
because this site has the most data of all sites on the lower Sun River. Forty six percent of the TP 
samples exceed the TMDL. The conversion factor of 0.269 for the TMDL equation presented in 
Figure 8-21 is a combination of the TP target, time, water volume conversion, and mass 
conversion factors.  
 
Sun River near Vaughn data is also used to compare existing total nitrogen loads to the total 
nitrogen TMDL. Figure 8-22 includes nitrate loads because they indicate that nitrogen loading in 
the dissolved form is high and because there is not a robust TN data set for this segment of river. 
Nitrate is only a portion of TN. Actual associated TN loads would be higher than the measured 
nitrate loads. Seventy five percent of the TN samples exceed the TMDL. The conversion factor 
of 2.959 for the TMDL equation presented in Figure 8-22 is a combination of the TN target, 
time, water volume conversion, and mass conversion factors.  
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Estimated background concentration ranges are derived from a study by Smith et al. (2003). 
Information from studies identified in Section 8.1 guided the selection of a background 
concentration from the range provided in Smith et al. (2003). The background concentration was 
then converted into a load equation in the same fashion as TMDL targets were converted to 
TMDL equations and is provided on the TMDL graphs below. Smith et al. (2003) modeled 
background TN and TP concentrations at a broad scale using reference watersheds in each EPA 
nutrient ecoregion. The background loads are modeled estimates and are provided as guidance on 
potentially achievable nutrient levels. Background levels are not necessarily the objective of a 
TMDL. The TMDLs are based on protecting in-stream beneficial uses. The background loads do 
coincide well with the State of Montana’s water quality law because the modeling uses a 
reference watershed approach and extrapolates to impacted watersheds. See Smith et al (2003) 
for methods and modeling assumptions. 
 
Figure 8-21. Lower Sun River Total Phosphorus TMDL and Background Loads Compared 
to Measured Loads Near Vaughn.  
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Figure 8-22. Lower Sun River Total Nitrogen TMDL and Background Loads Compared to 
Measured Total Nitrogen and Nitrate Loads Near Vaughn. 
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Allocations 
 
The source assessment identifies Muddy Creek as the most significant nonpoint nutrient source 
in the watershed. A comparison of nutrient loads entering the lower Sun River indicates that they 
are higher than those exiting the segment during summer months.  Immediate sources on the 
lower Sun River are not significant.  Therefore, the full reduction needed to achieve the lower 
Sun River TMDL is given to Muddy Creek. The upper Sun River nutrient concentrations 
generally meet the lower Sun River nutrient targets and thus contribute a dilution factor for the 
lower Sun River. The upper Sun River not increase its nutrient loads to the lower Sun River 
during the summer months. Muddy Creek’s source assessment (Section 8.4.2) identifies 
agricultural activities on Greenfields Bench as the major contributor of high nitrate 
concentrations and loading to Muddy Creek. Muddy Creek’s source assessment also indicates 
that increased irrigation return flow from Greenfields Bench and poor riparian management on 
Muddy Creek causes significant bank erosion in lower Muddy Creek. The bank erosion produces 
high phosphorus loads. Thus, the full nutrient reduction needed to meet targets and TMDLs for 
the lower Sun River is given to agricultural activities in the Muddy Creek watershed.  
 
The source assessment identifies that point sources are currently not a significant nutrient 
contributor because nonpoint sources are so large.  When comparing the nutrient TMDL based 
on 7Q10 low flows to the current wasteload, POTWs become a significant phosphorus source.  
When comparing the non-degradation limits of the POTWs to the TMDL they become an even 
larger contribution to the TMDL (Table 8-6).   
 
A waste load nutrient reduction strategy will be implemented by the State of Montana in the Sun 
River Watershed.  Nutrient permit limits will be set according to non-degradation rules for total 
nitrogen and total phosphorus during the next revision to the Sun Prairie Village and Vaughn’s 
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permits. Their next permit revision will also call for to investigate approaches to reduce 
phosphorus loading during May-September.  The second permit revision will reduce phosphorus 
load limits to help achieve the phosphorus TMDL.  The next TMDL review will use results of 
the phosphorus load reduction studies by Vaughn and Sun Prairie Village to produce revised TP 
allocations in the watershed.  The phosphorus waste load reduction studies should investigate 
approaches to achieve a combined waste load from the two POTWs that contribute less than 10% 
of the overall TMDL based on 7Q10 low flows.   
 
8.5.4 Margin of Safety, Seasonal Consideration, and Adaptive Management 
 
The margin of safety for this TMDL is provided in conservative assumptions, the allocation 
process, and an adaptive management approach. Ten percent of the TMDL is reserved as a MOS 
in the allocation of loads to sources. The TMDL is set for an extended summer season, from 
May-September, because algal growth can be influenced during this timeframe if spring runoff is 
below average. Total nitrogen and TP TMDLs are presented because as sources are addressed 
with BMPs, the limiting nutrient may shift. A monitoring plan to provide data for further 
refinement of source assessment and allocation is presented in the next section. If followed, the 
monitoring strategy will provide data for refining the impairment status, source assessment and 
allocation during future TMDL review. The uncertainty of the Muddy Creek nutrient TMDL 
analysis is addressed by future TMDL review, which is identified in Montana law.  
 
Identified conservation practices in Section 8.4.4 should be tracked over time to see if 
implementation occurs. If implementation occurs and does not achieve targets or load allocations 
in the watershed, further strategies to meet these goals should occur in future TMDL planning. If 
the goals of this document appear to be unachievable after reasonable land, soil and water 
conservation practices are in place, the document may need revision.  
 
Figure 8-23 is an example of the lower Sun River nutrient TMDL, allocation, and margin of 
safety strategies in use at a specific discharge scenario. The average discharge for the scenario is 
400 cfs. Existing loads at 400 cfs are estimated from an average of three samples similar to this 
discharge for TN and four samples for TP. Natural load estimates are derived from the 
background loads identified in Figures 8-19 and 8-20.  Existing agricultural load estimates at 400 
cfs are derived by subtracting natural loads and waste loads from existing total loads.  The 
TMDLs are derived from the TMDL equations.  The natural components of the TMDLs were 
derived by using background loads from Figures 8-13 and 8-14.  The margin of safety is 10% of 
the TMDL.  The load allocations are then calculated using the TMDL equation. 
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Figure 8-23. Sun River Estimated Existing Loads, TMDL, Allocation, and Margin of Safety 
Scenario at 400cfs. 

 
8.5.5 Restoration Strategy 
 
Because the nonpoint source nutrient loads are mostly derived upstream, see the Muddy Creek 
and upper Sun River restoration strategy sections for the highest priority nonpoint source 
restoration activities (Section 8.4.4). See the allocation section (8.5.3 allocation subsection) for a 
point source TP reduction strategy.   
 
8.5.6 Monitoring Plan 
 
Continuing a nutrient monitoring program is essential because of uncertainties in the source 
assessment and to track changes in nutrient conditions. Total phosphorus, TN, and discharge 
monitoring should continue in the Sun River near Vaughn. Nutrient monitoring should be 
conducted monthly at this site from May to September. Vaughn data should be used for further 
refining the TMDL during future TMDL reviews and to determine nutrient trends over time. If 
the USGS is collecting water samples at this site, they should analyze water chemistry for 
NO2+NO3 as N, Total Kjeldahl nitrogen, PO4 as P, and total phosphorus. Nutrient and discharge 
monitoring at Great Falls should also continue for future loading comparisons between Vaughn 
and Great Falls. 
 
Chlorophyll a monitoring should occur once per summer during August at Sun River near 
Vaughn and Sun River at Great Falls. The chlorophyll a results will be used to refine our 
understanding of impairment conditions resulting from nutrients. If low chlorophyll a levels are 

TMDL = Load Allocation + Natural +Waste Load Allocation + Margin of Safety  

107.6  lbs/day TP  =53.7 lbs/day + 32.3 lbs/day  +   10.8 lbs/day  +  10.8    lbs/day 
1184 lbs/day TN  = 626  lbs/day + 322  lbs/day  +    118  lbs/day  +  118    lbs/day 

10% of TMDL 

Daily average lower Sun River discharge scenario: 400 cfs 

An estimated 57%TN and 45% 
TP average load reduction is 
needed from fertilizers, 
irrigation, riparian grazing, and 
fallow cropping with flows at 
400 cfs 

Estimated existing loads at 400 cfs: 
Total:  83.9     lbs/day TP    Natural: 32.3 lbs/day TP      Agricultural Load: 51.6  lbs/day TP 
  1905  lbs/day TN       322  lbs/day TN       1583 lbs/day TN  

~10% of TMDL 
after TP reduction 
strategy 

Lower Sun River Nutrient TMDL and Allocation at 400 cfs 
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found during the first year and can be attributed to high sediment conditions impairing plant 
growth, chlorophyll a monitoring may not be useful until sediment yields from Muddy Creek are 
reduced. 
 
At this time, AFOs have not been specifically identified other than a potential source of nutrients 
in the SPARROW nutrient modeling described in Section 8.3.2. Livestock waste management 
systems on any AFOs within 300 feet of any stream in the Sun River watershed should be 
examined and potentially have BMPs applied. Pre and post restoration monitoring for TN and TP 
should occur to further the understanding of nutrient impacts due to AFOs. 
 
Tracking water quality changes due to restoration activities is an important component of a long 
term monitoring plan. Spatial and functional attributes of restoration activities should be 
documented in a spatial database on a 5-year review period in the Sun River watershed. The 
restoration tracking system would be used for all pollutant/waterbody TMDL reviews in the 
future and is not specific to this nutrient TMDL. 
 
This section identifies general ideas for further monitoring but does not provide the detail 
necessary for future monitoring activities. Monitoring resources are not defined at this time nor 
are stakeholder and agency monitoring responsibilities. Future monitoring activities should 
include developing a detailed monitoring plan, or quality assurance project plan (QAPP), prior to 
fieldwork. 
 
8.6 Freezeout Lake 
 
See Section 3.3 for a discussion about possible reclassification of Freezeout Lake. Because 
Freezeout Lake’s potential for nutrient conditions and exiting nutrient conditions are poorly 
understood, the nutrient TMDL for Freezeout Lake will be completed at a later date. An existing 
conditions assessment and a basic strategy to initiate TMDL activities are provided in the 
following sections.  
 
Existing Conditions 
 
Freezeout Lake is a mosaic of emergent wetland, shallow marsh and deep marsh with 
interspersed areas of open water. Freezeout Lake was originally a closed basin with a small 
watershed located between the Teton and Sun River watersheds. It is located just north of 
Fairfield along Highway 89. Before the Greenfields Bench Irrigation Project, Freezeout Lake 
water levels fluctuated naturally because of climate conditions in the area. Because Freezeout 
Lake was a closed basin without a surface water outlet, salinity, selenium and nutrient 
concentrations fluctuated with water levels. The lake now receives increased water yield through 
irrigation drainage and canal waste from the Greenfields Irrigation District (GID). Currently 
there are 27 manmade drain ditches entering Freezeout Lake originating from irrigation of 
surrounding farmland. As irrigation on Greenfields Bench began, surface and groundwater from 
the irrigation activities began to influence water levels in Freezeout Lake. Eventually the water 
level rose above the current SR89 roadbed. In 1953, an outlet ditch to Priest Butte Lake and onto 
the Teton River was installed. MFWP owns and manages this area (MFWP, 1997a). Water levels 
are regulated for bird production and to moderate salinity levels in the Teton River.  
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Freezeout Lake consists of shallow ponds that benefit fish, wildlife and bird populations 
associated with shallow, salty wetlands of the arid west. Freezeout Lake’s hydrology has been 
altered throughout this century. The system now contains several small lake units separated by 
dikes. Water is moved between basins for wildlife and bird management. Salinity control in the 
Teton River, which receives water from a constructed effluent, is also a consideration when 
managing water. The primary inflows originate from irrigation in the Greenfield Irrigation 
District (MFWP, 1997a). 
 
Freezeout Lake is in a natural eutrophic condition and was in this same general eutrophic 
condition prior to surrounding irrigation (The Fairfield Times, 1954). The maximum lake size is 
3,120 acres, but most of its area is actually a shallow, open water wetland. Maximum depth at 
full pool is 12 feet with an average depth of 4 feet. Less than 10 percent of the lake is greater 
than 5 feet deep. The MFWP lake database indicates that there is both summer and winterkill 
that impact fish populations in the lake. Winterkill is probably occurring because of the shallow 
nature of the lake. In relation to biological processes that affect a fishery, this waterbody is more 
like a large, shallow, open water, wetland that would fall under a warm water classification. The 
most prominent use of Freezeout Lake is from resident and migrating waterfowl. The highest 
recreational use of this area is during waterfowl hunting season.  
 
The most abundant fish species in Freezeout Lake are carp (Cyprinus carpio) and stickleback 
(Culaea inconstans). Although trout enter the lake incidentally through irrigation canals, they are 
not expected to sustain a viable population in the shallow waters of Freezeout Lake. The most 
substantial historical and current use of Freezeout Lake is for waterfowl habitat, although fish 
wildlife and other bird species are important components of the ecosystem. Water quality in the 
lake currently and prior to irrigation activities was most likely marginal or not supportive of 
human drinking water, agriculture, and industrial uses.  
 
Lands adjacent to Freezeout Lake consist primarily of native and converted short grass 
rangelands as well as continuous and fallow-cropped lands. The basin drains bench lands and 
erosion formed hills. Dry land cropping of wheat and irrigated cropland have been developed in 
the Freezeout watershed (MFWP, 1997a). The Greenfield Irrigation District lies to the south and 
west of Freezeout Lake.  
 
MFWP estimates that 80-90 percent of water entering Freezout Wildlife Management Area 
(WMA) is derived from 3 drainage ditches originating in the Greenfield Irrigation District 
(MFWP, 1997a). Storm events and snowmelt contribute to most flows from watershed areas 
used for dry land farming and grazing, although, a couple of spring fed and intermittent 
drainages contribute minor flows from non-irrigated areas. Discharge from Freezeout Lake is 
managed depending on water levels in Priest Butte Lake and flow conditions of the Teton River. 
Most of the outflow to the Teton River occurs from May to July. Water releases out of Freezeout 
Lake are intended to maintain water quality in the Teton River and adjust water levels relative to 
bird habitat in Freezout WMA (MFWP, 1997a). Prior to irrigation of the Greenfields Bench and 
subsequent drainage control, water levels fluctuated greatly from flooding of US89 to a dry 
alkali flat in the 1930s (The Fairfield Times, 1954).  
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Although nutrient sources in the watershed may increase plant production in Freezeout Lake, 
linkage of increased nutrient levels to impairment of uses is not clearly defined at this time. The 
town of Fairfield POTW discharges to Freezeout Lake and agricultural activities contribute to 
nutrient loading. There is little useful nutrient chemistry or vegetation condition information 
available at this time. One of five summer time dissolved oxygen samples were below 5mg/L. 
Algal blooms occur in Freezeout Lake during warm weather conditions in July and August. 
Algae and macrophyte decay can cause odorous conditions in the WMA after this warm weather 
period, but no complaints have occurred (Verbal Com. Mark Schlepp, 2002). Periphyton analysis 
indicates a healthy community structure for a wetland setting (Apfelbeck, 1996). Nutrients in 
Freezeout Lake do not affect shorebird or waterfowl uses and may be beneficial to some species 
of waterfowl (Verbal Com. Mark Schlepp, 2002).  
 
Sources of nutrients are present in the watershed that have potential to affect uses, thus Freezeout 
Lake nutrient concentration and aquatic vegetation should not increase above current conditions. 
This nondegradation strategy is outlined to protect beneficial uses in Freezeout Lake in relation 
to nutrient loading for the interim. Meanwhile, a phased strategy that depends upon outcome 
from assessment, potential reclassification and subsequent 303(d) listing process will be 
initiated. If the reclassification assessment and subsequent 303(d) listing assessment indicate a 
nutrient TMDL is needed, a nutrient TMDL will be completed. 
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SECTION 9.0 
SEDIMENT 
 
This section of the Sun River Water Quality Restoration Plan focuses on sediment related 
pollutants: siltation, suspended solids, and sources of sediment. Table 9-1 provides a list of those 
waterbodies within the Sun River TPA that appear on either the 1996 or 2002 303(d) list for 
sediment related pollutants. Pollution 303(d) listings related to sediment are also provided in 
Table 9-1. Both pollution and the resulting pollutant listings are addressed by TMDLs in this 
section. 
 

Table 9-1. Waterbodies Listed for Sediment Related Pollutants in the Sun River 
Watershed. 
Water Quality 
Limited 
Segment 

1996 303(d) List 2002 303(d) List 

Upper Sun 
River (from 
Gibson Dam to 
Muddy Creek 
Confluence) 

Siltation 
Suspended solids 

Habitat alteration 
Bank erosion 
Riparian degradation 

Lower Sun 
River (Muddy 
Creek 
Confluence to 
mouth) 

Suspended solids 
Habitat alteration 

Siltation 
Suspended Solids 

Muddy Creek Suspended solids No causes listed because of use 
classification 

Ford Creek Not listed for sediment 
related impairments 

Siltation 
Bank erosion 
Channel entrenchment 
Riparian degradation 
Fish habitat alteration 
Habitat alteration 

Gibson 
Reservoir 

Siltation 
Suspended solids 

 

 
Sediment, suspended or deposited, can impact a number of water uses in Montana. Suspended 
sediment may cause irrigation equipment to wear quickly. It may affect in-stream biological uses 
by causing gill abrasion, inhibiting visual predation, or causing avoidance behavior that 
consumes energy. Deposited sediment can clog irrigation canals, fill reservoirs, smother fish 
spawning beds, fill pools that fish depend upon for security, and fill interstitial spaces in riffles 
that aquatic insects depend upon for security and habitat. The most sensitive beneficial uses are 
usually in-stream, biological uses. Therefore, this section addresses in-stream uses and also 
protects other, less sensitive uses. 
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The remainder of this section presents all of the required TMDL elements for each of the above 
listed waterbodies, one waterbody at a time. In the case of Gibson Reservoir, the impairment 
status section indicates that a TMDL is not needed. 
 
9.1 Gibson Reservoir 
 
9.1.1 Gibson Reservoir Impairment Status 
 
The basic characteristics of Gibson Reservoir are described in Section 2.8.1. As will be described 
in the following paragraphs, Gibson Reservoir is not impaired for sediment. Therefore, no 
TMDL is necessary. 
 
Gibson Reservoir began to store water in December of 1929. Since the initiation of water storage 
there has been a loss of 7.99 percent of storage capacity (Ferrari, 1997). This equates to 125.7-
acre foot loss of storage per year. Assuming that sediments displace water storage, all sediment 
introduced into the reservoir is from the watershed, and little to no sediment passes through the 
reservoir there has been a mean annual erosion rate of less than 1/10th of a millimeter per year 
across the watershed. This equates to an annual sediment load of approximately 2,419 tons 
entering the Reservoir. Given the landscape, sizeable discharge, steep slopes, and natural erosion 
potential of this area (Maps 1-1, 2-1, and 2-3), this erosion rate appears to be reasonable for the 
watershed. When comparing the overall erosion rate for the reservoir to an erosion rate from 
1973-1996, the more recent period experienced 10 percent less erosion (Ferrari, 1997). 
Furthermore, accelerated shoreline erosion does not appear to be occurring. Most of the banks 
are composed of rock and boulder.  
 
Land use activities in the watershed are mostly recreational, although livestock grazing occurs in 
some of the lower drainages. Most of the recreation is composed of boating and fishing on the 
reservoir, hiking and horseback riding on trails, and other outdoor activities. There are only a few 
developed building sites in the watershed. Most of the watershed is a roadless wilderness area. 
Historic land use included small-localized logging. In recent decades, there has been no 
commercial logging. Although five fires have been allowed to burn in the wilderness from 1991-
2000, 38 natural and human caused fires have been fully suppressed by the Forest Service within 
that same period.  
 
Trail maintenance and reconstruction has been completed along 11.5 miles of foot and stock 
trails on National Forest System lands from 2000-2003. This work involves clearing brush from 
trails, hardening trail surfaces with aggregate, installing/maintaining cross drain structures, 
improving stream ford approaches and installing/maintaining bridges and boardwalks. All of 
these actions will help to reduce erosion and sediment delivery to streams from the recreational 
trails. A prescribed burn is planned in the Scapegoat Wilderness within the South Fork Sun River 
drainage. This burn is expected to cover roughly 10,000 acres within a 16,500 perimeter. 
Implementation of the burn is expected to be over a 5-year period beginning in 2003. The goals 
of the burn are to 1) allow wild land fire to play a more natural role in the wilderness and 2) 
reduce the fuels to prevent more intensive burns in the future. Implementation of this burn is 
expected to reduce the risk of a larger catastrophic fire in the future and therefore, reduce the 
magnitude of larger sediment loads that are possible with highly fueled, large fires.  
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Because of the information presented above, a TMDL for siltation and suspended sediment is not 
warranted for Gibson Reservoir. The Montana DEQ will gather and analyze sufficient and 
credible data for the Gibson Reservoir according to 303(d) listing data quality objectives by 
2006.  
 
9.2 Ford Creek 
 
General characteristics of Ford Creek are presented in Section 2.8.3. Ford Creek’s water quality 
standards and use classification are provided in Section 3.0. 
 
9.2.1 Current Sediment Water Quality Status 
 
It is important that the condition and contributing factors that caused existing conditions in lower 
Ford Creek are discussed collectively. Lower Ford Creek is incised, or down cut, and cannot 
effectively access its floodplain. The cause of the incision is not absolutely certain and is due to a 
combination of historic factors such as riparian grazing, floods, and beaver removal either in this 
section of stream or as a head cut from areas downstream that had these same influences. The 
stream will need to slowly erode a small, new floodplain to achieve a functioning stream channel 
geometry comparable with an upstream reference area. The causes of this incision are key to 
determining if any TMDL or restoration approaches are needed. The source assessment is 
discussed in the following section and links back into this impairment section. Measured 
indications of impairment as they relate to targets are reviewed in this section.  
 
Targets 
 
Ford Creek sediment targets will center on the attainment of an enhanced riparian vegetation 
community, stream channel geometry, and aquatic insect use. Sediment targets were developed 
on the premise that proper riparian management will enhance riparian vegetation growth that will 
allow the stream channel to heal itself slowly over time and achieve balanced stream channel 
geometry. A target that relates to in-stream use is also provided.  
 
Riparian Vegetation 
 
Natural riparian vegetation, such as willows, grasses and forbs, provide the necessary rooting 
strength to sufficiently stabilize eroding banks and provide resistance to sheer stress during 
floods. For example, a study reported in Gordon et al. (1992, pg 338) found that stream banks 
with a 50 mm-thick root mat of 16-18 percent root volume provided 20,000 times more 
protection from erosion than comparable banks without vegetation. In addition, properly 
functioning riparian areas will assist in reducing any tendency toward further channel incision.  
 
An internal reference approach is used to determine the desired riparian condition. Targets are 
based on reference condition from an upstream area with similar characteristics. The reference 
area had 16% more combined under-story and canopy cover along the stream banks than the 
listed segment of Ford Creek (Figure 9-1). Shrub species dominate both the under-story and 
canopy in the reference area. Shrub species such as willow and dogwood provide a deeper and 
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thicker root mass than most grasses and forbs provide and apparently kept the stream channel 
stable in the reference section. The riparian vegetation target is essential in providing a resilient 
riparian community that will resist erosion during floods.  
 
Erosion will continue to occur in the impaired segment as the stream channel builds a new 
floodplain, but will be decelerated by binding roots from shrub species growing in the stream 
bank. It will take many years to reach the desired riparian condition on the impaired segment of 
Ford Creek because of stream channel constraints and because vegetative succession takes time 
even when riparian areas are managed well. Assessment of the riparian structure indicates that 
historic circumstances have caused a shift from shrub cover to grasses and forbs.  
 
Figure 9-1. Riparian Community Comparison of Impaired Reach and Reference Reach of 
Ford Creek. 

Lower Ford Creek

7.73.7

30.8
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Canopy
Under-story 
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Bare Ground
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12.91.3

42.0

43.8

 
 
Stream Channel Geometry 
 
The stream channel geometry targets are derived using appropriate stream channel indicators for 
the existing valley slope, width, geology and soils, as well as total drainage area. The overall 
stream slope of lower Ford Creek (T20N R8W section 36) is approximately 0.0035. The valley 
slope is approximately 0.0063 and valley bottom widths range from 200 to 600 feet with an 
average of about 400 feet. The stream sinuosity is approximately 1.8. The total watershed area is 
approximately 16,000 acres or 25.5 mi2. This stream reach is currently a Rosgen F channel type 
that is slowly changing to a C channel type. Predictions of Rosgen stream channel type using 
stream slope, sinuosity, drainage area, valley width and valley slope indicate that a Rosgen C 
channel type is appropriate for this setting using Rosgen (1996) and Bengeyfield’s (1999, 2002) 
methods.  
 
Stream channel geometry targets are set using a Rosgen C channel type and reference condition 
from an upstream segment of Ford Creek with similar valley characteristics (Table 9-2). The 
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lower section of Ford Creek is incised and thus has higher bank erosion hazard index rating than 
the reference section just upstream. Assessment of stream channel geometry indicates 
impairment because of entrenchment and associated sheer stress on banks that are eroding. To 
achieve an entrenchment ratio close to a Rosgen C channel, a ratio higher than 2.2 is needed. An 
entrenchment target of 2.6 is provided. These targets should be met through natural stream 
channel process and riparian management. The entrenchment ratio target is not set at reference 
because the reference site had an entrenchment ratio of 5.1. The reference site entrenchment ratio 
is likely not attainable within a reasonable timeframe without the use of heavy machinery to 
construct a floodplain. Resources are not available for this type of effort at this time.  
 
Biological Indicators 
 
Macroinvertebrate data helps to provide a better understanding of the cumulative and intermittent 
impacts that may have occurred over time in a stream, and they are a direct measure of the 
aquatic life beneficial use. Analytical methods used to interpret macroinvertebrate data are 
constantly evolving, based on new data and information offered from research. The 
macroinvertebrate target is intended to provide information regarding which pollutant(s) might 
be causing the impairment, in this case sediment.  
 
Several biological indicators were considered for Ford Creek. These indicators include: Montana 
Valley and Foothill Prairies ecoregion Metric (MVFP) (Bollman, 1998) and number of clinger 
taxa. Of the evaluated metrics, the number of clinger taxa provides the strongest indication of 
sediment impairment. Clinger taxa have morphological and behavioral adaptations that allow 
individuals to maintain position on an object in the substrate even in the face of potentially 
shearing flows. These taxa are sensitive to fine sediments that fill interstitial spaces, one of their 
main niches. This metric is calculated as the number of clinger taxa in a sample, and decreases in 
the presence of stressors. A minimum of 14 clinger taxa are expected in unimpaired Montana 
streams, and this is proposed as a target (Bollman, 1998).  
 
MDEQ collected macroinvertebrate samples at four locations on Ford Creek on October 3, 1998 
as part of a stream assessment. (Bollman, 1999) analyzed the macroinvertebrate samples by 
comparing them to the Montana Valley and Foothill Plains ecoregion (MVFP) metric and 
concluded that the macroinvertebrate community indicated water quality impairments at a 
sampling site located in the lower section of Ford Creek. The MVFP metric at the site near the 
Smith Creek Confluence scored an average 58.5% of regional potential in the duplicate samples 
collected. More than half of the aquatic insects sampled here were tolerant to habitat degradation 
and water quality degradation. The community taxonomic composition and calculated metrics at 
this site suggested impairment of water quality due to habitat degradation associated with 
sediment deposition on the stream bottom (Bollman, 1999). In addition, clinger taxa richness was 
low, with an average of 10.5 taxa at this site in duplicate samples, suggesting fine sediment 
deposition is affecting the aquatic insect community.  
 
Future Targets 
 
Targets based on stream bottom content, residual pool volume, and potentially other sediment 
targets may be provided in the future when the stream channel has built a new floodplain at the 
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entrenched level and reverts to a Rosgen C channel type. This will take many years of proper 
riparian management for the stream to slowly erode a new floodplain, become less entrenched 
and evolve to a Rosgen C channel that provides more defined riffles and pools. The stream 
energy and more defined riffle and pool areas will sort sediment more efficiently than the current 
Rosgen F channel. The C channel structure will provide better fishery and aquatic insect habitat 
than the current F channel provides. Target refinement may be provided when the stream channel 
on the lower two miles of Ford Creek has reached the stream channel targets provided in Table 
9-2. 
 
The Wolman pebble count method is one method for determining the amount of fine sediment in 
a waterbody. Wolman pebble counts involve walking a transect in a riffle section from bank full 
to bank full width. The field person places one foot in front of the other and, without looking 
down, selects a rock and measures the intermediate diameter of the rock. This information is 
recorded and the procedure followed until a minimum of 100 rocks per transect are counted 
(Wolman, 1954). Pebble count data can be interpreted to compare median particle sizes between 
streams, evaluate the percent fines less than a specific size, and compare particle distributions 
between streams. Wolman pebble counts were collected in the listed segment of Ford Creek in 
2004. 
 
Threshold pebble count values have not been fully developed by MDEQ for Montana. Recent 
work completed in the Boise National Forest in Idaho showed a strong correlation between the 
health of macroinvertebrate communities and percent surface fines, where fine sediments are 
defined as all particles less than 2 millimeters. The most sensitive species were affected at 20 
percent surface fines and a definite threshold was observed at 30 percent surface fines (Relyea, 
personal communication, April 28, 2004). The New Mexico Environmental Department has also 
established a percent surface fines target of less than 20 percent for TMDL development 
(NMED, 2002). Although pebble count percent fine measurements are not used as targets for 
lower Ford Creek at this time, the data is compared to these general reference values. Although 
this is not used as a current target, Lower Ford Creek pebble count data indicate that 28% of the 
substrate samples were smaller than 2 millimeters. 
 
Biological and physical indications of impairment are present in the lower end of the watershed. 
Therefore, a sediment source assessment is pursued in the following section.  
 

Table 9-2. Sediment Targets. 
Waterbody Riparian Stream Channel Biology 

Targets 

55% shrub species 
cover at bank full. 

1. Rosgen C channel  
2. BEHI ≤ 10 
3. Entrenchment ratio ≥ 2.6  

14 Clinger Taxa 

Existing Conditions 

Ford Creek 

31% shrub species 
cover at bank full. 

1. Rosgen F channel  
2. BEHI  = 22.5 
3. Entrenchment ratio = 1.3 

10.5 Clinger Taxa 

 



9.0 Sediment 

December, 2004  135 

9.2.2 Sediment Sources 
 
Current human caused sediment sources are agricultural and recreation based. Livestock grazing 
is the most widespread land use within the watershed. A few irrigated hay fields encroach 
riparian areas. The road network infringes on riparian areas and is a potential source of sediment 
delivery. There are no urban areas in the watershed and one Confined Animal Feeding Operation 
(CAFO).  
 
The conclusions presented in this section have been developed from the best data available at the 
time this report was prepared. Measured sediment loads from all sediment sources are not 
available; therefore, estimates were made based on literature values or were developed using 
various modeling techniques. Further, detailed, on-the-ground assessments have not been 
conducted in the entire watershed. As a result, interpolation was required and assumptions were 
made regarding conditions that were not directly observed. However, it is felt that the 
information contained in the following subsections allows reasonable comparisons to be made 
regarding the relative contributions of sediment from each of the various source categories. 
Uncertainties are discussed in greater detail in the source summary subsection and other source 
subsections below. 
 
Individual assessments were conducted to compare the most significant sources. Current 
agricultural and historic sources were assessed through a stream bank erosion sediment load 
assessment. Sediment loading from roads was considered using The Water Erosion Prediction 
Project (WEPP) model. Background upland erosion was estimated using a soil creep erosion 
estimate. Methodology for each of these is discussed in more detail in the following subsections. 
 
Upland Background Erosion Rate 
 
The background erosion estimate uses an approach based on soil creep rates. This methodology 
was used along with other background erosion estimates in the Upper Lolo TMDL document. 
The soil creep equation is: 
 
Annual Erosion Volume (m3/yr) = L (m)* 2 * D (m) *C (m/yr) 
 
Where:  L = Length of stream network in meters 
 D = Depth of soil in meters 
 C = Annual creep rate in meters 
 
This approach to estimating background erosion estimates is identified in Standard Methodology 
for Conducting Watershed Analysis (Washington Forest Practice Board, 1997). If no local data 
exists, methodology recommends a creep rate of 0.001 meters per year if average watershed 
slopes are less than 30%, as they are in Ford Creek. The most recent national hydrography 
dataset (NHD) stream layer is used for calculating stream length in a GIS framework. The NHD 
stream layer and is built from 1:24,000 USGS hydrography mapping. The length of Ford Creek 
and tributary stream channels is calculated at 87,600 meters. An average soil depth was 
estimated at one meter for the whole watershed. The average annual erosion rate was calculated 
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at 262.8 m3/year. The conversion factor of 1.76 tons per m3 is used to convert the yield to tons 
per year. The average estimate is 462 tons/year and 18.5 tons/mi2/year.  
 
Bank Erosion 
 
Results reported in the Sun Canyon Range Analysis (USFS, 1997) indicate riparian vegetation is 
not affected to the degree that would cause bank erosion on USFS lands due to resilient stream 
channel form and generally low levels of riparian grazing. Ford Creek watershed’s USFS lands 
are generally the same areas encompassed by the Canadian Rockies ecoregion. This ecoregion 
was therefore not assessed for bank erosion sources.  
 
An aerial photo assessment identified three reaches of Ford Creek in the Montana Valley and 
Foothill Plains ecoregion that displayed distinct riparian influence characteristics. One segment 
was identified as a reference area and the other two were identified as segments with potential 
riparian impacts. Two 1,000-foot sections of Ford Creek were assessed by bank erosion 
inventories conducted in September, 2004. One inventory section was on the impaired segment 
of Ford Creek; the other was in the reference reach identified by the aerial photo assessment. The 
green-line riparian assessment from these two sections is presented in Figure 9-1. The data 
collected from the bank erosion assessment stream sections were then extrapolated to the whole 
segment by applying bank erosion rates to the three larger reaches identified in the aerial 
assessment.  
 
Relative sediment yields from stream bank sources are calculated by multiplying the sediment 
source erosional area (height x length), by literature values for rate of erosion per year based on 
severity, and by bulk density of bank soils to derive loads in tons/year.  
 
Yearly sediment load produced by eroding banks was determined using rates based on a range of 
values from similar stream systems published in scientific literature. These rates are presented in 
Table 9-3. 
 

Table 9-3. Bank Retreat Rates Used for Banks of Varying Erosion Severity. 
 Migration Rate (m/y)  

Condition Zaroban and Sharp 
(2001) Rosgen (2001) Nanson and Hickin (1986) 

Slight 0.032 0.061 0.10 
Moderate 0.070 0.189 0.40 
Severe 0.183 0.335 0.70 

 
The moderate bank retreat values from Rosgen (2001) will be used for the Ford Creek analysis. 
These values have been used in stream bank erosion calculations for other TMDLs in Montana 
(Blackfoot Headwaters TMDL). The sediment TMDL described by Zaroban and Sharp (2001) 
was conducted in the Palisades Subbasin in Idaho, which has more precipitation and higher 
stream flow than Ford Creek. Nanson and Hickin (1986) conducted their analysis on 18 
meandering river channels in western Canada. These rivers have non-cohesive substrate material, 
higher discharges, and relatively steep slopes compared to Ford Creek. Rosgen (2001) examined 
lateral stream bank erosion rates for the Lamar River basin in Yellowstone National Park and a 
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series of streams along the Colorado Front Range. Of the three study areas, these streams most 
closely resemble the Ford Creek watershed in geomorphic and physiogeographic setting. 
 
The following are steps used to calculate total sediment load from eroding banks: 
 
• Assign retreat rates based on severity of sediment source, based on field observations, 

fracturing, vegetative cover, and signs of deposition; 
• Assign percent of erosion due to separate types and causes of erosion for each eroding bank; 
• Calculate tonnage of sediment produced yearly by each eroding bank and each cause (length 

× height × retreat rate × bulk density); 
• Extrapolate from field inventory reaches to the applicable larger reaches determined from 

aerial photo interpretation to derive yields for entire waterbodies;  
• Summarize relative yield of each cause of bank erosion. 
 
The 2004 stream bank sediment source inventory identified the following causes of erosion: 1) 
current grazing practices 2) combination of past overuse, floods, and beaver removal 3) natural 
sources. Estimated sediment yields from these three sources are 23, 389, and 340 tons/year 
respectively. The stream bank erosion source assessment identifies current grazing practices as 
having little impact on the overall bank erosion sediment yield (Figure 9-2). Natural sources and 
historic impacts are responsible for 97% of the sediment yield from stream bank erosion.  
 
Figure 9-2. Percent of Stream Bank Erosion Sediment Yield by Source Category. 

3%

52% 45%

Current grazing
practices

Natural erosion

Historic causes

 
 
Road Assessment 
 
The Forest Service WEPP web interface tool was used to determine load estimates from Ford 
Creek’s road network. Aerial photos, USGS DRGs (digital raster graphics), the NHD stream 
layer, and the 2000 US census road layer was used in a GIS framework to determine road 
crossings, proximity of roads to the stream network, average road tread width, cut and fill 
widths, slope of roads and slope of buffer area. Road crossings were modeled using USFS WEPP 
Web Interface Tool, http://forest.moscowfsl.wsu.edu/fswepp/. The WEPP Road module was 
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used to model sediment derived from roads. All roads in the watershed within a 300-foot buffer 
of the stream network were assessed. Most roads paralleled the stream and were broken into 
segments with similar characteristics for analysis. Characteristics that influence sediment 
production were averaged by the road segment. The longest modeled road segments were 775 
feet in length.  
 
Because aerial photos were used instead of data derived from field monitoring, a number of 
estimations for model input had to be constructed for the WEPP road sediment analysis. Table 9-
4 reviews parameters derived from GIS and aerial photos. When input parameters were difficult 
to determine from aerial photos and GIS framework, an estimated value was provided that would 
err on the side of higher sediment production from the road. Thus, the model output likely 
predicts higher loads than it would if field generated data were used. Weather data from Gibson 
Dam, MT was used for the model. 
 

Table 9-4. WEPP Road Analysis Input Data. 
Benchmark Road  

Ave. Road 
Width 

Ave. Road 
Slope 

Ave. Fill 
Slope 

Ave. 
Fill 

Length 

Ave. 
Percent 

rock 
(gravel) 

Traffic 
Level 

Buffer 
Gradient 

Soil 
Texture 

- 15ft on out-sloped 
segments (54% of 
length) 
- 18ft on in-sloped 
segments (46% of 
length) 

2.9% 50% 15 ft 30% High 3% Sandy 
Loam 

Mountain Spur Roads 

10 ft   (all in-sloped) 2.9% 50% 15 ft 30% Low 3% Sandy 
Loam 

Foot Hill Roads 

10 ft   (all in-sloped) 1% 10% 5 ft 20% Low 1% Silty 
Loam 

 
The WEPP road model predicted an average of 4.1 tons of sediment per year has been derived 
from roads in the Ford Creek Watershed over the last 30 years. Benchmark Road contributes 
76% of this load while the other roads in the watershed produce an estimated 23% of the road 
derived sediment load (Figure 9-3).  
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Figure 9-3. Percent of Road Sediment Yield by Road Type. 
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Other Sources 
 
Other sediment sources in the watershed exist but, based on professional judgment, are 
considered to be insignificant. Upland forest harvest has occurred on very limited areas of 
private land in the watershed.  A small CAFO has been addressed with mitigation practices (see  
8.2.1 for details). Recent forest fires have not burned significant areas of the Ford Creek 
Watershed. A few irrigation diversions are used to irrigate hay fields in Ford Creek. An irrigation 
diversion from Smith Creek transects the Ford Creek watershed and runs to Nilan Reservoir but 
appears to be managed appropriately and does not appear to be a cause of impairment. There are 
no indications of significant changes to stream energy from irrigation influences. 
Macroinvertebrate and fishery data do not indicate impairment from dewatering.  
 
Source Summary 
 
When comparing the individual sediment studies to each other for an overall sediment yield and 
source assessment, caution should be used. Different models and erosion assessments can 
provide various estimates of sediment yields for the same source. However, the information 
contained in the following subsections allows reasonable comparisons to be made regarding the 
relative contributions of sediment from each of the various source categories.  
 
It appears that most, about two-thirds, of the sediment yield in the watershed originates from 
natural upland and natural bank erosion sources (Figure 9-4). A little less than one third of the 
sediment yield is derived from historic sources of bank erosion derived from incised conditions. 
Causes of this historic bank erosion are not easily recognized as stated in the beginning of 
Section 9.2.1. Human caused sediment yields from roads and current grazing contribute less than 
2% of the estimated sediment yield. The source assessment indicates that impairments are caused 
by historic influences.  
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The bank erosion caused by historic sources is likely a combination of historic grazing pressure, 
historic floods, and potentially past beaver removal. Section 2.7 provides historic land use 
perspective of the Sun River watershed.  The extent of each historic source of stream channel 
incision cannot be determined at this time. Two of the three historic source categories are at least 
partially influenced by human activity. The segment of Ford Creek directly upstream of the 
incised segment is in a similar setting and didn’t incise in the past. Both stream segments have 
experienced the same floods and weather conditions. The healthy upstream segment has higher 
riparian vigor that appears to be a climax community. Historic grazing was likely a cause of the 
riparian seral stage of the lower Ford Creek segment. Using these lines of evidence, human 
influence was likely a contributor to the stream channel entrenchment and a TMDL and 
allocation strategy will be provided.  
 
Figure 9-4. Percent of Total Sediment Yield by Source Category. 
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9.2.3. Load Limit and Allocation 
 
There are no NPDES POTW sources in the watershed. Therefore, there is no waste load 
allocation.  
 
The only significant impact to sediment yield is bank erosion from historic caused channel 
entrenchment. Reasonable grazing practices are currently in place in the incised section of Ford 
Creek where historic bank erosion contributes significant sediment loads. Less than 2% of the 
load is derived from soil exposed from current grazing activities. Further application of grazing 
management tools can not significantly reduce sediment loads from these sources in the near 
future, but an allocation to current grazing is provided to ensure reasonable grazing practices 
continue so that further stream channel incision and bank erosion from the historic causes is not 
accelerated by potential future grazing activities. Loads from soils eroded due to existing grazing 
activities should stay below 30 tons per year. This allocation is slightly higher than the estimated 
load entering Ford Creek from current grazing activities during 2004.  
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Loads from the historic causes of stream channel entrenchment and subsequent bank erosion 
should be cut by two thirds in three decades. It is estimated, using professional judgment, that 
about one third of the bank erosion from the new terrace will be present for a long timeframe and 
will be considered a natural component of the historic caused bank erosion load. The bank 
erosion due to historic causes will slowly be reduced as the stream creates a new floodplain and 
thus reduces sheer stress on the current stream banks. The sediment derived from the new 
terrace, what are now the stream banks, will slowly decrease as the stream channel evolves from 
an unstable Rosgen F channel type to a more stable C channel. When the entrenchment ratio 
reaches about 2.6, the historic terrace will still be eroding on the outside of the channel meander 
belt. It is estimated that about one-third of the current loads from the terrace will be present with 
the entrenchment ratio of 2.6 and meander pattern of a Rosgen C channel. The TMDL and 
allocation strategy are outlined in Figure 9-5. Therefore, the allocation to historic bank erosion 
loads will be to reduce this source by two-thirds. 
 
Figure 9-5. Ford Creek Estimated Existing Loads, TMDL, Allocation, and Margin of 
Safety. 

 
9.2.4. Margin of Safety, Adaptive Management, and Seasonal Consideration 
 
The targets, TMDL, and allocation are set to provide a long-term restoration approach that 
relates to decreasing sheer stress on eroding banks caused by historic sources. While the exact 
partitioning of the historic causes cannot be determined, lines of reasoning are provided that 
indicate human affects likely influenced the stream channel to incise and cause subsequent long-
term bank erosion. The TMDL and allocation are provided to prevent further stream channel 
degradation and also to prevent accelerated stream bank erosion while the stream channel 
naturally adjusts to a new, lower elevation.  
 

 

TMDL = Load Allocation + Natural + Margin of Safety  

966 t/yr  = 164 t/yr  + 802 t/yr   

Roads = 4 tons/yr 
Current Grazing = 30 tons/yr (30% increase) 
Historic Causes of Entrenchment = 130 tons/yr 
(66% decrease)

Conservative assumptions in source 
assessment

Estimated existing sediment load: 
Total: 1218 tons/yr  Bank Erosion: 752 tons/yr  Upland Background: 462 tons/yr   Roads: 4 tons/yr 
 
 
Current Grazing: 23 tons/yr    Historic Causes:  389 tons/yr     Background:  340 tons/yr 

Background Bank Erosion = 340 tons/yr 
Background Upland Erosion = 462 tons/yr

Load Limit  
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Addressing sensitive seasons is less of a concern with sediment production than for many 
chemical pollutants. The load limit is provided in an average annual load rate. This load limit and 
allocation timeframe should adequately protect the uses. If loads need to be broken into daily or 
monthly loads because future knowledge indicates that uses are being impacted seasonally, the 
load limit timeframe should be addressed in future TMDL reviews. 
 
Based on the source assessment and that sediment load delivered to Ford Creek appears to be 
largely of natural or historic origin, one could argue that no TMDL is necessary for lower Ford 
Creek because there is little restoration that can be reasonably implemented to reduce this source 
in the near term. However, interpretation of the State’s narrative water quality criteria is not a 
“black and white” exercise. The relevant narrative standards prohibit harmful or other 
undesirable conditions related to pollutant increases above “naturally” occurring levels. To be 
conservative and err on the side of water quality protection, a TMDL has been prepared that 
addresses historic causes of current erosion. In the case of lower Ford Creek, this fact alone 
provides a substantial margin of safety. 
 
A margin of safety for this TMDL is also provided in an adaptive management approach. The 
uncertainty of the Ford Creek sediment TMDL analysis is addressed by future TMDL reviews as 
provided for in Montana law. A monitoring plan is identified in Section 9.2.6 to aid in future 
TMDL review. Identified conservation practices in Section 9.2.5 should be tracked over time to 
see if implementation occurs. If implementation occurs and does not achieve targets or load 
allocations in the watershed, further strategies to meet these goals should occur in future TMDL 
planning. If the goals of this document appear to be unachievable after reasonable land, soil and 
water conservation practices are in place; targets, TMDL, allocations, or attainment timeframes 
may have to be revised. 
 
9.2.5. Restoration Strategy 
 
Current grazing management is allowing lower Ford Creek’s channel to slowly erode a new 
floodplain, does not cause accelerated bank erosion, and is allowing riparian areas to re-vegetate. 
Currently there is no riparian fencing. Pastures are being managed in a way that is allowing 
riparian recovery. Grazing management practices that may help to avoid acceleration of stream 
bank erosion if this area is grazed in the future could include: 
 

• Using riparian browse and grazing indictors to manage riparian grazing pressure.  
• Timing grazing to coincide with dry or freezing weather to reduce erosion.  
• Timing pasture use to promote grazing, not browse.  
• Placing supplemental feed or salt in upland areas to promote even grazing in pastures.  
• If needed, fencing riparian areas while providing water gaps.  
• Employing weed control. 

 
9.2.6. Monitoring Strategy 
 
If access allows, a permanent cross section on the lower section of Ford Creek should be 
established to track stream channel elevation, entrenchment of the stream channel, percent fines 
on the streambed, and parameters necessary for determining Rosgen level 1 stream channel type. 
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Riparian green line transects should be conducted that can determine the percentage of riparian 
plant size (bare ground, ground cover, mid-story, canopy) and type (tree, shrub, grass/forb). A 
bank erosion assessment that measures the same attributes as the bank erosion source assessment 
should also be conducted along with the green line riparian assessment. This monitoring should 
occur every decade. 
 
9.3 Muddy Creek 
 
Muddy Creek’s general watershed description is provided in Section 2.8.5. Muddy Creek’s water 
quality standards and use classification are provided in Section 3.0. 
 
9.3.1 Targets and Sediment Water Quality Status History 
 
The history of erosion is discussed before the sediment targets are presented because they 
provide the needed background information for target justification. Muddy Creek has a mean 
slope of 13 feet per mile, or .0024 (Andrews, 1985a). The slope is indicative of a low gradient, 
meandering stream. In Muddy Creek’s upper valley, the stream bottom is controlled by Colorado 
shale and overlying gravels. The lower portion of Muddy Creek’s valley is composed of 100-foot 
deep clay and silt sediments that were deposited by ancient Great Falls Lake. Most of the 
riparian areas in the watershed are grazing land. Fallowed crops encroach the stream channel in 
limited areas (Andrews, 1985a). 
 
Much of Muddy Creek was intermittent before the initiation of irrigation within the watershed. 
There was likely only a small amount of base-flow in the lower end of the watershed. Early 
settlers could not rely on Muddy Creek as a source for summer irrigation (The Fairfield Times, 
1978). The Greenfield Irrigation Project was initiated in 1915 and by 1936 the distribution 
system at Fairfield was mostly complete. Funds were supplied by the Bureau of Reclamation for 
irrigation drainage until 1958 (Systems Technology Inc, 1979). The initiation of irrigation on the 
Greenifelds Bench brought increased flows and increased stream energy in Muddy Creek. 
Controlling the elevated energy derived from high flows is a key component to a sediment 
restoration strategy. 
 
Greenfields Bench has a thin layer of soil overlying very hydraulically conductive gravel situated 
on top of less pervious Colorado shale. Irrigation water applied on Greenfields Bench moves 
quickly through the gravel aquifer. Muddy Creek tributaries draining the bench show significant 
increase in base-flow about a week after irrigation water application begins. Although 
Greenfields Bench composes only 25 percent of the watershed, its irrigated lands contribute over 
90 percent Muddy Creek’s total discharge (Systems Technology Inc, 1979). New irrigation water 
management improvements have slightly decreased water contribution from Greenfields Bench. 
Thunderstorms on the bench and subsequent cancellation of irrigation water that is already in 
route usually occur a few times per year. The surplus storm water and irrigation water flowing in 
Greenfields Bench main canal and distributary canals surge into Muddy Creek. This situation 
accelerates stream bank erosion in the deep silts and clays in lower section of Muddy Creek 
between Gordon Road and the City of Vaughn. 
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A photo from 1936 indicates that the lower Muddy Creek corridor supported a fairly continuous 
riparian habitat of willow (Figure 9-6). When floods occurred they were able to spread out across 
a floodplain. Shortly after this photo was taken, irrigation in the Muddy Creek watershed was 
further developed on the Greenfields Bench and caused increased stream flow and stream 
energy. The increased stream energy created a larger stream channel by eroding down into the 
soft silts and clays of the lower Muddy Creek valley. Riparian grazing exacerbated this vertical 
and lateral stream instability due to increased runoff from the Greenfield Irrigation Project. The 
entrenchment eliminated wet riparian areas that can support willow species. The loss of 
hydrophilic, soil holding, woody riparian species in a silt and clay dominated valley further 
worsened the erosion and stability conditions (Figure 9-7). The stream could no longer disperse 
energy exerted by floods to a floodplain. No riparian woody shrub species were present to hold 
soils together near the stream. After cutting down, or degrading, into the silts and clays, the 
stream's energy focused on trying to create a larger flood prone area by eroding banks as high as 
30 feet. The height of erosion in lower Muddy Creek occurred during the 1950s through the 
1970s.  
 
An effort to curb the erosion by the Muddy Creek Task Force and the Sun River Partnership 
began in the late 1970s. The Task Force/partnership includes landowners, Greenfields Irrigation 
District, the Cascade County Conservation District and County Commissioners, Teton County 
Conservation District, City of Great Falls, Audubon Society, Medicine River Canoe Club, 
Missouri River Flyfishers, Russell Country Sportsman Club, Montana Power Company, 
Burlington Northern Railroad, and several state and federal agencies. The goals of the Muddy 
Creek Task Force and Sun River Partnership are to: 
 

1. Reduce sediment delivery to the Sun and Missouri Rivers, 
2. Reestablish riparian vegetation along Muddy Creek, 
3. Enhance irrigation practices to minimize surface and groundwater degradation,  
4. Improve upland range and pasturelands. 

 
The Muddy Creek Task Force and Sun River Partnership were awarded grant funds to achieve 
these objectives by:  
 

1. Reducing erosion by installing rock vortex weirs and barbs to stabilize the stream 
channel (Figure 9-8), 

2. Working with land operators to reduce erosion by restoring the Muddy Creek riparian 
zone through fencing, tree planting, and prescribed grazing systems, 

3. Designing better irrigation practices to reduce return flows, 
4. Working with Montana Fish, Wildlife, and Parks to produce a productive fishery. 

 
Previous actions from stakeholders and land managers have already shown measurable benefits 
to Muddy Creek. Yearly average flows have decreased by 2 cfs and yearly maximum discharges 
have been reduced by roughly 26 cfs (Wittler et al., 1996) (Table 9-5 and Figure 9-9). Base flows 
have increased and high flows have decreased after initiating irrigation conservation efforts 
(Figure 9-10). Historic yearly loads have been calculated by the USGS for both Muddy Creek 
near Vaughn (Gordon) and Muddy Creek at Vaughn sites (Figure 9-11). Suspended sediment 
loads have been greatly reduced by the restoration efforts in lower Muddy Creek. Changes in the 
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relationship between SSC and discharge are apparent after 300 rock barbs, 11 fish friendly grade 
control structures and riparian vegetation restoration projects were installed between 1994 and 
1996 (Figure 9-12). Since the initiation of the locally lead restoration activities, the mean SSC 
concentration in Muddy Creek has been reduced by approximately 94 percent (Figure 9-13).  
 
Figure 9-6. Lower Muddy Creek (1936). 
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Figure 9-7. Mass Bank Erosion Occurring on Lower Muddy Creek.  

 
This picture was taken during the 1975-1983 time period, but the exact 
year is unknown. 

 
Figure 9-8. Rock Barb Installation on Lower Muddy Creek for Energy Dissipation (1996). 

 
 

Person
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Table 9-5. Minimum, Mean, Median, and 
Maximum Discharge 1972-82, 1993-96, at 
Vaughn.  
Water Year Qmin Qave Qmed Qmax 

1972 15 162 69.5 654 
1973 16 118.1 70 439 
1974 19 139.6 99 730 
1975 17 189.4 116 2540 
1976 20 153.4 84.5 636 
1977 4.8 102.4 61 506 
1978 26 165.3 75 1600 
1979 29 162.2 78 1200 
1980 16 128.1 73 1080 
1981 15 146.4 65 1740 
1982 20 155.4 82 839 
1993 20 110.3 67 408 
1994 20 92.5 60 328 
1995 15 108.7 57 636 
1996 15 129.4 117 469 

(from Wittler et al., 1996) 
 
Figure 9-9. Water Discharge for Water Years 1972-82, 1993-96 at Vaughn. 
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(from Wittler et al., 1996) 
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Figure 9-10. Muddy Creek at Vaughn Flow Duration Relationships for Water Years 1972-
82, 1993-2000.  
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Figure 9-11. USGS Calculated Suspended Sediment Loads and Average Annual Rainfall 
1972-2001. 
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Figure 9-12. Relationship Between SSC and Stream Discharge at Muddy Creek at Vaughn 
Station 1972-1982 and 1992-2000.  
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Figure 9-13. Suspended Solids Concentration at Muddy Creek at Vaughn USGS Station 
1972-1982 and 1992-2000. 
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Targets and Impairment Status 
 
Large reductions in SSC concentrations have been achieved through restoration activities that 
have already been installed (Figure 9-13). The studies that are reviewed in this section indicate 
that further management activities are likely to reduce sediment loading and erosion in Muddy 
Creek. Therefore, flow, riparian condition, and sediment loading targets are presented for Muddy 
Creek based upon conditions that are achievable through management practices (Table 9-6). The 
targets are based upon principals outlined in the studies described in this section. 
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Table 9-6. Muddy Creek Sediment Targets and TMDL. 

Targets 
Flow 

(Discharge) 
Suspended 

Sediment Load 
(TMDL)  

Riparian1 Channel Indicators Biology 

See Figure 9-15 for 
target flow duration 

curve. Reduce 
surface water 

irrigation waste from 
Greenfields Bench by 

50% during June, 
July, and August. 

Reduce 3-year 
average SSC load 
at Vaughn to 
29,959 tons/year. 
15% reduction 
from current USGS 
estimated load. 
Based on meeting 
flow targets. 

Achieve PFC for 
85% of stream 
length along 
Muddy Creek and 
major tributaries 
with less than 5% 
non-functioning 
riparian areas.  

Limit new channel 
constrictions. Allow the 
channel adequate space to 
slowly erode a new 
floodplain.  
Achieve sheer stress 
comparable to a Rosgen C 
or E channel. Little to no 
channel degradation. 

Monitor Muddy 
Creek fishery, 
periphyton and 
aquatic insects 
for use in future 
TMDL review. 

1Using NRCS/BLM/USFS Riparian Area Management Technical Reference 1737-15, 1998. 
 
Wittler et al. (1996) analyzed the relationship between duration of water discharge and the 
sediment yield at specific discharge rates. This study identifies a stream flow of 320 cfs that is 
likely to discharge the most sediment load. Because of limited funding, the flow duration to 
sediment yield relationship was analyzed at relatively few discharge rates. The study identifies a 
marked increase of sediment loading between the discharge rates of 125 cfs and 320 cfs. 
Discharges of approximately 200 cfs and higher exert the heightened sheer stress on the stream 
channel (Figure 9-14). The study indicates that flows from 200 cfs to 400 cfs move the most 
suspended sediment because their frequency and duration is high and their associated sheer stress 
is also high. Higher discharges, above 400 cfs, may have higher energy, but occur very 
infrequently and for short periods. Further analysis of the relationship between duration of 
discharge and sediment yield at specific discharge rates should be conducted between the 
discharges rates of 125 cfs and 450 cfs if future funding permits. Further analysis would refine 
the relationship between these two factors in this critical range of discharge.  
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Figure 9-14. Sediment Loading from Different Discharges in Muddy Creek.  
Note that flow duration is a component of the X-axis. 
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(from Wittler et al., 1996) 

 
Wittler et al. (1996) estimates that the 300 rock barbs, 11 fish friendly grade control structures 
and riparian vegetation restoration that occurred from 1994-1996 would increase channel 
roughness by 30 percent. Stream channel roughness decreases the energy exerted on stream 
banks. The study builds on this concept by using Mannings equation to estimate that increasing 
the roughness will likely decrease sediment yields by 42 percent. The modeling results are 
supported by data collected after the restoration that occurred 1994-1996 (Figure 9-13).  
 
The amount of water that flows through the channel affects stream energy. High discharge has 
high energy. The longer the duration of high flow the more energy is exerted on the stream 
channel. Wittler et al. (1996) calculate that flow management practices that would decrease the 
duration of flows at 100 cfs by 12 percent, 200 cfs by 8 percent and 300 cfs by 4 percent would 
reduce SSC loads by 38 percent if implemented alone without increasing channel roughness 
(Figure 9-15). Implementing a flow restoration plan and a physical restoration plan together 
should decrease loads by 63 percent (Wittler et al., 1996). Most of the physical restoration plan 
that increases channel roughness is completed. Thus, if the duration of flows stated above can be 
achieved, at least another 21 percent (63 %-42 %) reduction in SSC loads is expected (Wittler et 
al., 1996).  
 
Sessoms and Bauder (2002) roughly estimate Muddy Creek base flow, springtime seepage from 
snowmelt and rain, irrigation seepage, and irrigation spillage for focusing additional 
investigation efforts of water sources to Muddy Creek (Figure 9-16). If the estimations are 
accurate, a 200 cfs in-stream average summer target would coincide with roughly a 50 percent 
reduction in the average annual irrigation spillage to Muddy Creek during June, July and August. 
The first step to implementing irrigation management projects of this scale is to acquire a 
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comprehensive understanding of Muddy Creek discharge sources. The Bureau of Reclamation, 
Greenfield Irrigation District, and Montana State University are working together to refine the 
current understanding about water sources and water flow paths that influence Muddy Creek 
discharge.  
 
Muddy Creek’s flow and SSC loading targets are based upon information that in-stream water 
discharge and SSC loads can be reduced with initiation of further irrigation management 
restoration activities. Muddy Creek’s SSC target is based upon reducing loads to the lower Sun 
River by implementing a flow management plan that exceeds 25 cfs 99.9 percent of the time and 
does not exceed100 cfs more than 25 percent of the time, 200 cfs less than 1.75 percent of the 
time, 300 cfs less than 0.3 percent of the time and 400 cfs less than 0.15 percent of the time 
(Wittler et al., 1996) (Figure 9-15 square points). By achieving these discharge rates and 
durations it is believed that the SSC load can be reduced by 21 percent (Wittler et al., 1996). But, 
an irrigation management plan that has already taken place in the 1980s is believed to have 
achieved about a 25 percent of the reduction needed to meet flow targets set forth by Wittler et 
al. (1996) (Figure 9-15 dashed line). Taking the previous irrigation management activities into 
account and assuming reduction in discharge and sediment yield is directly proportional, the 
target becomes a 15 percent reduction of existing average USGS calculated 1997-2001 
suspended solids loading at Vaughn, or a reduction from 35,246 to 29,959 tons of suspended 
solids/year (Table 9-6).  
 
Riparian health targets are provided to guide appropriate riparian management activities. Natural 
riparian vegetation, such as willows, grasses and forbs, provide the necessary rooting strength to 
stabilize eroding banks and provide resistance to high stream flows. For example, a study 
reported in Gordon et al. (1992, pg 338) found that stream banks with a 50 mm-thick root mat of 
16-18 percent root volume provided 20,000 times more protection from erosion than comparable 
banks without vegetation. In addition, properly functioning riparian areas will likely assist in 
reducing any tendency toward further channel incision. NRCS regularly uses the PFC riparian 
assessment technique. Currently there are no PFC measurements on the segment for existing 
condition comparisons.  
 
Muddy Creek’s channel geometry targets are performance based because of the magnitude of the 
sediment erosion problem in the watershed. Lower Muddy Creek’s stream channel, between 
Gordon Road and Vaughn, is highly entrenched. The targets are based upon achievable goals and 
restoration strategies. Erosion in the Muddy Creek watershed will likely be elevated for many 
years as the stream enlarges and widens a new, lower altitude valley bottom because of the 
degradation, or down cutting, that has occurred in the past. One of the goals of Muddy Creek’s 
TMDL/Water Quality Restoration Plan is to reduce downstream impacts to the Sun and Missouri 
rivers. At this time there are no detailed stream channel morphology targets presented for Muddy 
Creek, but channel constrictions by new buildings or infrastructure should be limited to allow the 
stream the needed space to slowly erode a new floodplain. A healthy stream channel morphology 
comparable to pre degradation is highly unlikely in the short or long term. The goal of the 
Muddy Creek TMDL is to erode the new, lower elevation, floodplain with reasonable stream 
channel characteristics at a reasonable erosion rate that does not prevent downstream uses to be 
met. Meanwhile, the channel should not degrade, or down cut, at an accelerated pace. 
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Biological targets that relate directly to in-stream beneficial uses should be investigated for use 
in the future. The fishery, periphyton, and aquatic insect communities should be assessed prior to 
the TMDL review to indicate if portions or all of Muddy Creek can be reclassified according to 
the Administrative Rules of Montana. Appropriate biological targets that relate more directly to 
in-stream beneficial uses will be identified when a reclassification occurs. 
 
Figure 9-15. Muddy Creek at Vaughn Flow Duration Relationships Compared to Targeted 
Flow Durations. 
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Figure 9-16. Comparison of Estimated Flow Contributions to Twenty-Year Average Flows 
for Muddy Creek at Vaughn. 
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(from Sessoms and Bauder, 2002) 

 
9.3.2 Sediment Sources 
 
Agricultural activities are significant sediment sources that exacerbate the natural erosion 
process. The primary source is increased stream bank erosion caused by sheer stress of high 
discharges. Irrigators order irrigation water and then do not use it because rainfall provides water 
for crops on the Greenfields Bench. The irrigation water is then wasted into Muddy Creek 
because there is no place to store it. If the irrigators were to use it they would ruin crops and 
cause field erosion. A secondary source of bank erosion is poor management of riparian 
livestock grazing. The historic entrenchment that exacerbates sediment loading from bank 
erosion was derived from these same sources. There are no point source loads and other non-
point sources are likely insignificant. 
 
Although Greenfields Bench composes only 25 percent of the watershed, its irrigated lands 
contribute over 90 percent of Muddy Creek’s total discharge (Andrews, 1985a). Sessoms and 
Bauder (2002) estimate that most of Muddy Creek’s discharge is derived above Gordon Road 
(Figure 9-17). The U.S. Bureau of Reclamation and Montana State University are cooperating to 
further identify and characterize sediment and water discharge sources to Muddy Creek that are 
derived from Greenfields Bench but data are not currently available (Verbal Comm. Bauder, 
2002). Recent irrigation water management improvements have reduced the discharge 
contribution to Muddy Creek from Greenfields Bench. Sediment and flow contributions from 
specific Greenfields Bench tributaries will be available in the near future.  
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Suspended solids loads are used as an indicator of sediment trends and for source assessment in 
Muddy Creek. On average, from 1997-2001, suspended sediment loading per square mile of 
watershed area increase by 191% between Gordon Road and Vaughn USGS sites (Table 9-7). 
During the same timeframe, average suspended solids loads increase by 264% between Gordon 
Road and Vaughn USGS sites (Table 9-7). The two USGS sites are about 12.5 river miles apart. 
The increase in load from this section of stream is due to eroding banks from increased stream 
energy and historic entrenchment from increased stream energy and riparian grazing.  
 
Figure 9-17. Comparison of Total Flow Contribution (Acre Feet) from Above Gordon to 
Between Gordon and Vaughn. 
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(From Sessoms and Bauder, 2002) 

 
Table 9-7. Suspended Solids Loads (1996-2000). 

Site SSC Load 
(tons/yr) 

Watershed 
Drainage Area 

(mi2) 

Load per area 
(tons/mi2/yr) 

Muddy Creek nr Vaughn (Gordon 
Rd) 13,374 282 47 

Muddy Creek at Vaughn 35,246 391 90 
 
9.3.3 Load Limit and Allocations 
 
The TMDL is set to reduce the 3-year average suspended solids load at Vaughn to 29,959 
tons/year (Table 9-6). The basis for the 15% reduction of load is presented in the Section 9.3.2 
because it is based on meeting flow (discharge) targets that are also presented in that section. The 
full load allocation is given to natural sources and bank erosion accelerated by agricultural 
activities in the watershed. There is no waste load allocation. The allocations are based on 
modeling that identifies loads would be achievable through irrigation water management 
activities and riparian grazing management.  
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9.3.4 Margin of Safety, Adaptive Management, and Seasonal Considerations 
 
A margin of safety for this TMDL is provided in an adaptive management approach. The 
uncertainty of the Muddy Creek sediment TMDL analysis is addressed by future TMDL reviews 
as provided for in Montana law. A monitoring plan is identified in Section 9.3.7 to aid in future 
TMDL review. Identified conservation practices in Section 9.3.6 should be tracked over time to 
see if implementation occurs. Irretrievable harm has occurred to Muddy Creek through massive 
degradation, or down cutting of the stream channel. The water quality goals in the Muddy Creek 
sediment TMDL should be achievable over a period of decades if resources are allocated to 
restoration work. When the goals in this TMDL are achieved, the stream should be assessed for 
potential reclassification and sediment targets based upon beneficial uses should be considered.  
 
Addressing sensitive seasons is less of a concern with sediment production than for many 
chemical pollutants. The load limit is provided in an average annual load rate. This load limit and 
allocation timeframe is provided for a long term restoration approach. If loads need to be broken 
into daily or monthly loads because future knowledge indicates that uses are being impacted only 
seasonally, the load limit timeframe should be changed during future TMDL reviews. 
 
9.3.5. Restoration Strategy 
 
Reducing surface irrigation water waste to alleviate sheer stress on eroding banks in Muddy 
Creek is a priority. Restoration approaches to irrigation water management delivery need to be 
further developed on the Greenfields Bench. On-farm irrigation and delivery system efficiency 
will also be useful to reduce summer groundwater return flow to Muddy Creek. On-farm erosion 
prevention strategies are also incorporated into the sediment restoration strategy. In order of 
importance, restoration activities for the Muddy Creek Watershed TMDL include:  
 

• Capturing all or most of the surface irrigation waste water and/or devising a more 
efficient approach to water delivery on Greenfields Bench that may include draining 
surface waste water to Freezeout Lake instead of Muddy Creek. 

• Preventing on-farm surface irrigation water runoff from exiting fields or ditches. 
• Studying water loss in ditches, prioritizing ditch lining using water loss study, and lining 

ditches in areas that leak the most, especially near the periphery of the Greenfields Bench 
in Muddy Creek’s watershed. Using evapotranspiration or soil moisture monitoring for 
irrigation scheduling. 

• Installing head gates that can be fully controlled, if not already in use. 
• Using efficient irrigation methods on Greenfields Bench. 
• Leaving crop residue on fields by using low/no till methods when possible. 

 
Current grazing management, in conjunction with reduced sheer stress from irrigation water 
management, should allow Muddy Creek to slowly erode a new floodplain, prevent accelerated 
bank erosion, and allow riparian areas to revegetate. Pastures should be managed in a way that 
allows riparian recovery. Grazing management practices that may help to avoid acceleration of 
stream bank erosion in the future could include: 
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• Using riparian browse and grazing indictors to manage riparian grazing pressure.  
• Timing grazing to coincide with dry or freezing weather to reduce erosion.  
• Timing pasture use to promote grazing, not browse.  
• Placing supplemental feed or salt in upland areas to promote even grazing in pastures.  
• If needed, fencing riparian areas and provide water gaps.  
• Employing weed control.  

 
9.3.6. Monitoring Strategy 
 
Permanent cross sections on Muddy Creek should be established to track stream channel 
elevation, entrenchment of the stream channel, and parameters necessary for determining Rosgen 
level 2 stream channel type. Riparian green line transects should be conducted that can determine 
the percentage of riparian plant size (bare ground, ground cover, mid-story, canopy) and type 
(tree, shrub, grass/forb). Data should be collected to estimate sheer stress near cross sections. 
Proper functioning condition assessment should occur on riparian areas near the cross sections. 
USGS SSC monitoring should continue at both Gordon Road and at Vaughn. Analysis of 
suspended solid loads should continue at both sites.  
 
9.4 Upper Sun River 
 
A generalized watershed description for the Sun River can be found in Section 2.8.4. The upper 
Sun River water quality standards and use classification are provided in Section 3.0. This 
segment of the Sun River is approximately 80 miles long. Therefore, it is broken into two 
reaches for the existing condition report. The first reach starts at Gibson Dam and ends at the 
Highway 287 Bridge near Augusta. The second reach runs from Highway 287 Bridge and ends at 
Muddy Creek. The source assessment, and TMDL encompasses the whole upper Sun River 
watershed, both reaches combined. 
 
9.4.1 Existing Conditions and Targets 
 
9.4.1.1 Gibson Dam to Highway 287 Bridge 
 
This reach of the main stem Sun River used to be called the North Fork of the Sun River and Elk 
Creek was once called the South Fork of the Sun River. Now, the north fork of the Sun River is a 
named stream segment above Gibson Dam. 
 
Physical and Riparian Indicators 
 
Stream gradient from Gibson Dam to the Highway 287 Bridge is 0.0039 (Chrest et al., 1987). 
The Sun River exhibits B and some limited C Rosgen channel type characteristics in this reach 
(Rosgen, 1996). A considerable amount of the channel substrate in the upper 12 miles of this 
reach is composed of bedrock and large boulders. Areas of cobbles and gravel are limited and are 
usually associated with side drainages. Since the construction of Gibson and Diversion Dams in 
1929, very little smaller sized bed load has entered this reach, thereby preventing development of 
a more diverse substrate composition. Channel substrates diversify somewhat farther 
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downstream, and are composed of boulders and cobbles. Percent fines less than 2 millimeters 
were not found during two pebble count measurements in pool tail-outs in this reach (Table 9-8). 
The targeted upper threshold for percent fines less than 2 millimeters is a cumulative 20% in 
riffles. Pool tail out areas are more prone to siltation than are riffles. See Section 9.2.1 Future 
Targets for justification of the percent fines target. Fine bed load sediment does not appear to 
cause impairment in this reach of the Sun River. Lack of fine sediment may be of a concern, but 
this section of the Sun River likely had little fine sediment prior to dam installation above. 
 
The combination of natural flooding, higher stream gradient, bedrock control, and an upstream 
dam that impedes sediment movement has caused scour in this portion of the stream channel. 
The average of two entrenchment ratio measurements near Willow Creek’s confluence is 1.8, 
which is appropriate for a Rosgen B channel. Bedrock control does not allow the stream to 
entrench from the scour. The dam and natural scour influence the substrate particle size to larger 
fractions by intercepting upstream sand, pebble, and small cobble sediment supply and by 
moving these sediment fractions downstream, out of this reach.  
 
This reach of the Sun River is severely dewatered at times, but the dewatering does not appear to 
influence in-stream sediment or stream channel conditions. Spring floods and associated stream 
energy are reduced during many years because of water retention in Gibson Dam, but this is not 
always the case. Spring floods in 1964 overtopped the dam and provided extreme scour in the 
Sun River (Figure 9-18). Flooding during 1988 was also quite severe. The effects of lower 
stream energy during spring floods due to upstream dams does not appear to reduce the ability of 
this reach to transport sediment. Changes in stream energy do not appear to cause siltation or 
stream channel instability in this reach.  
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Figure 9-18. Gibson Dam over Flowing During 1964 Flood. 

 
 
There are very few unnatural sediment sources on this reach of the Sun River other than very 
minor impacts from historic grazing. The riparian community in this upper segment is naturally 
limited. A large area of stream bank is bare ground because of bedrock outcrops. Well drained, 
boulder and sand dominated, alluvial banks containing little soil for vegetative growth dominate 
many riparian areas. An arid climate and very permeable bank conditions also contribute to 
stream banks that do not support much vegetation. Chrest et al. (1987) indicate that only 9.3% of 
the stream banks in this reach of the Sun River are actively eroding. Grasses and forbs along with 
bare ground dominate bank full elevations. Willows and cottonwood grow in limited areas of 
stream banks (Figure 9-19). Bank erosion from this reach is estimated to produce less than one 
percent of the overall sediment load to the upper Sun River segment (Section 9.4.2).  
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Figure 9-19. Sun River Bank Full Vegetation Assessment Above Highway 287. 
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Biological Indicators 
 
Macroinvertebrate and periphyton communities have not been assessed in this reach of the Sun 
River. Fish shocking occurred during 1987 on the up-stream and down-stream portions of this 
reach. Fish shocking results are provided in Table 1-4. Low fish counts are due to extreme low 
flow conditions produced by irrigation water withdrawal for Greenfields and Fort Shaw 
irrigation districts from the upper end of this reach. 
 
Water Quality Indicators 
 
Limited total suspended solids data is available in this reach. All four samples collected during 
2001 were below a detection limit of 10 mg/L. The data is of little use to determine impairment 
because suspended solids concentration and loading are variable and extremely dependent upon 
discharge conditions, rainfall events, and other weather conditions that can fluctuate by the 
moment. These limited samples do not constitute a data set that can adequately reflect these 
variations over time and are of little use. However, this limited data indicates that during these 
sampling events, TSS in this reach was below detection limits and below target levels. 
 
9.4.1.2 Highway 287 to Muddy Creek 
 
Physical and Riparian Indicators 
 
The gradient in this section of the Sun River is approximately 0.0022 (Chrest et al., 1987). This 
reach of the Sun River has a C Rosgen channel type. Substrate consists of cobbles and gravel 
with moderate amounts of silt. Deposition of sand and silts in the stream bottom increases in a 
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downstream direction. This reach receives recharge water and significant amounts of sediment 
from irrigation surplus water derived on bench lands north of Sun River, via Big Coulee, Duck 
Creek, and Mill Coulee. Irrigation on the south side of the river in the Fort Shaw and Adobe 
Creek areas also contribute discharge and sediment associated with irrigation. Much of the time 
this portion of the river is severely dewatered. Most of this segment is slowly degrading, or 
incising.  
 
The average of two entrenchment ratio measurements near Simms is 2.8, which is appropriate for 
a Rosgen C channel. Simms is near the middle of this reach. A gentle gradient and more 
sediment sources contribute to higher fine sediment accumulation in a downstream direction on 
this reach. Nevertheless, at Simms, near the middle of this reach, there was an average of only 
14.5 % particles less than 2 millimeters found in pool tail outs using Wolman pebble count 
methods. All of the particles less than 2 millimeters were silts. The targeted threshold for percent 
fines less than 2 millimeters is a cumulative 20% in riffles. See Section 9.2.1 Phased Targets for 
justification of the percent fines target. Pool tail out areas are more prone to siltation than are 
riffles. When comparing recent data near Simms to this target it appears that this reach is not 
impaired due to siltation. 
 
In this reach, grazing is more concentrated and crop production impacts the river. Numerous 
irrigation diversions along this segment cause severe de-watering at certain times of the year, to 
the detriment of aquatic life and the fishery (Chrest et al., 1987). From the Town of Simms to 
Muddy Creek, human impacts on the river are most pronounced. About 26.5% of the stream 
banks are actively eroding according to Chrest et al. (1987). Grasses and forbs dominate bank 
full elevations. Willows and cottonwood produce a more significant under story and canopy here 
than upstream (Figure 9-20). Though, it is estimated that bank erosion from this reach produces 
significant amounts of sediment delivery to the upper Sun River segment (Section 9.4.2).  
 
Limited TSS data from 2002 and 2003 indicates that tributaries such Adobe Creek, Mill coulee 
and especially Big Coulee contribute sediment to this reach of the Sun River (Figure 9-21). 
Irrigation activities and grazing impact stream energy and riparian resilience in these tributaries. 
Tributaries of Big Coulee are actively incising and contributing sediment loads because of these 
sources (Figure 9-22 and 9-23). Big Coulee, Adobe, and Mill creek confluences are below the 
town of Simms where many of the stream channel indicators were assessed, but above the town 
of Sun River area where macroinvertebrate samples were collected. An adaptive management 
and follow up monitoring strategy that addresses these tributaries is provided in Sections 9.5.4 
and 9.5.6. 
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Figure 9-20. Sun River Bank Full Vegetation Assessment Near Simms. 
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Figure 9-21. Upper Sun River Tributary Total Suspended Solid Concentrations. 
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Figure 9-22. Big Coulee Confluence with the Sun River. 

 
Note the difference in turbidity between Big Coulee and Sun River 

 
Figure 9-23. Erosion on Duck Creek, a Tributary of Big Coulee. 

 
 
Biological Indicators 
 
Macroinvertebrate samples have been collected near the Town of Sun River, on the lower end of 
this reach, during 2001 and 2002. Of the many macroinvertebrate metrics that are assessed, the 
number of clinger taxa provides the strongest indication of sediment impairment. These taxa are 
adapted to live on rocks and other surfaces in swift currents. They are sensitive to fine sediments 
that fill in their habitat. The average number of clinger taxa found in the two samples was 10.5. 
At least 14 clinger taxa are expected in unimpaired Montana streams (Bollman, 1998). This is a 
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proposed target for the Sun River. Other indicators relating to the macroinvertebrate community 
are percent of individuals that are filterers found in a sample. Aquatic insects that filter stream 
water usually cling to hard surfaces and use antennae, webs, or other means of filtering water as 
it passes by. High numbers of filtering macorinvertebrates support a conclusion that fine 
suspended sediment transport is occurring just upstream of Muddy Creek’s confluence. Filterers 
composed 55.5 % of the samples at Sun River. Filterers composed 8.4 % of the samples 
collected during the same sampling timeframe on the Dearborn River near its confluence with 
the Missouri River. Siltation and suspended sediment appear to be influencing the aquatic insect 
community on the lower end of this reach. 
 
Fish shocking occurred during 1987 and 2001 at various locations on this reach. Fish shocking 
results are provided in Tables 1-3 through 1-5. Low fish counts are due to extreme low flow 
conditions produced by irrigation water withdrawals for irrigation. 
 
Water Quality Indicators 
 
Limited total suspended solids data is available in this reach. Available TSS data from this reach 
of the Sun River is provided in Figure 9-24. All available TSS data for this reach is summarized 
in Figure 9-25. Caution should be advised in using suspended solids concentration and loading 
for impairment justification because TSS is variable and extremely dependent upon discharge 
conditions, rainfall events, and other local conditions that may fluctuate by the moment. The data 
set is not robust enough to adequately reflect environmental variations over time, and therefore, 
caution should be used when interpreting this data. However, this limited data set is used in 
conjunction with biological and physical indicators to support that suspended sediment may 
impact uses in this reach.  
 
TSS is weakly correlated with flow in this reach (Figure 9-25). TSS concentrations are above 10 
mg/L during low flow discharges below 200 cfs. This indicates that unnatural sources of 
sediment likely influence TSS concentrations. TSS data and pictures of mass bank wasting 
indicate that Big Coulee/Duck Creek tributaries are sources of TSS loading even when the Sun 
River may be at low discharge. 
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Figure 9-24. Sun River Total Suspended Solids Concentration. 
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Figure 9-25. Sun River Total Suspended Solids Concentration and Discharge Relationship 
Near Simms. 
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Table 9-8. Upper Sun River Sediment Targets and Existing Conditions. 

Reach Riparian Stream Channel Biology TSS 
Targets 

Eroding banks ≤ 
 10%  

1. Entrenchment ratio 
 1.4-2.2 
2. Percent fines (2mm) 
 < 20% 

Macroinvertebrates 
 
14 Clinger Taxa 
 
% of sample filter feeders 
≤ 20% 

Less than 10 mg/L at 
discharges under 200 cfs 

Existing Conditions 

Gibson 
Dam to 

Highway 
287 

Bridge 

Eroding Banks = 
 9.7% 

1. Entrenchment ratio = 
 1.8 
2. Percent fines (2mm) 
 = 0% 

Unknown No exceedance in four 
samples. 

Targets 

Eroding Banks ≤  
 10% 

1. Entrenchment ratio ≥  
 2.2 
2. Percent fines (2mm) 
 ≤ 20%  

Macroinvertebrates 
14 Clinger Taxa 
 
% of sample filter feeders 
≤ 20% 

Less than 10 mg/L at 
discharge under 200 cfs 

Existing Conditions 

287 
Bridge to 
Muddy 
Creek 

Eroding Banks = 
 26.5%  

1. Entrenchment ratio = 
 2.8 
2. Percent fines (2mm) 
 = 14.5% 

Macroinvertebrates 
Average of 10.5 Clinger 
Taxa in two samples 
 
55.5% of samples are 
filter feeders. 

Four of six samples 
exceed target. 

 
Upper Sun River Impairment Summary 
 
The reach above Highway 287 is not impaired due to sediment, riparian habitat, or stream 
channel conditions. Siltation, stream channel form, and TSS conditions are meeting targets in 
this reach. No biological samples have been collected on this reach, but are proposed for 
collection in the follow up monitoring strategy as a precautionary measure. There are 
insignificant human caused sources of sediment in this reach (Section 9.4.2). This reach is 
severely dewatered to the extent that impacts the fishery. However, sediment, stream energy, and 
stream channel dimensions that influence sediment transport and sorting, do not appear to impact 
beneficial uses here.  To ensure this is the case, the TMDL monitoring plan in Section 9.5.6 
identifies macroinvertebrate sampling should be conducted in this reach.  
 
The lower end of the reach from the Highway 287 Bridge to Muddy Creek appears to be 
impaired by TSS and potentially siltation. Pebble counts indicate there is not a siltation impact at 
Simms, about midpoint of this reach. All of the fines found at this site were silt sized particles. 
However, low numbers of clinger taxa and high numbers of filter feeders in the aquatic insect 
community near the town of Sun River, on the lower end of the reach, indicate impairment due 
to siltation and TSS. TSS samples collected as Simms also indicate that there are suspended 
solids concentrations at moderate levels during low discharges. There are significant sediment 
sources in this reach (Section 9.4.2). Sediment and TSS appear to impact in-stream beneficial 
uses in the lower end of this reach, from Simms to the Muddy Creek’s confluence. 
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9.4.2 Sediment Sources 
 
The source assessment does not consider sediment sources above the Gibson Reservoir because 
the reservoir effectively traps most sediment from above. Sediment sources are agricultural and 
potentially transportation based. Livestock grazing, irrigated cropping, and fallow cropping are 
the most widespread land use within the watershed. The road network infringes on riparian areas 
and is a potential source of sediment delivery. There are very few lightly developed urban areas 
in the watershed that include Augusta, Simms, Fort Shaw, and Sun River but they do not have 
POTWs that discharge to the Sun River. Vaughn has a POTW that is permitted and discharges to 
the lower end of this segment.  
 
The conclusions presented in this section have been developed from the best data available at the 
time this report was prepared. Measured sediment loads from all sediment sources are not 
available; therefore estimates were made based on literature values or were developed using 
various modeling techniques. Further, detailed, on-the-ground assessments have not been 
conducted in the entire watershed. As a result, interpolation was required and assumptions were 
made regarding conditions that were not directly observed. However, it is felt that the 
information contained in the following subsections allows reasonable comparisons to be made 
regarding the relative contributions of sediment from each of the various source categories. 
Uncertainties are discussed in greater detail in the source summary subsection and other sources 
subsection below. 
 
Individual assessments were conducted to compare the most significant sources. Current 
agricultural, hydromodification, and historic sources that affect bank stability were assessed 
through a stream bank erosion sediment load assessment. Sediment from roads were considered 
by extrapolating loads by using the Ford Creek Water Erosion Prediction Project (WEPP) model 
results estimate loads from roads in the upper Sun River watershed. Background upland erosion 
was estimated using a soil creep erosion estimate. Methodology for each of these is discussed in 
more detail in the following subsections. 
 
Upland Background Erosion Rate 
 
The background erosion estimate uses an approach based on soil creep rates. This methodology 
was used along with other background erosion estimates in the Upper Lolo TMDL document. 
The soil creep equation is: 
 
Annual Erosion Volume (m3/yr) = L (m)* 2 * D (m) *C (m/yr) 
 
Where:  L = Length of stream network in meters 
 D = Depth of soil in meters 
 C = Annual creep rate in meters 
 
This approach to estimating background erosion estimates is identified in Standard Methodology 
for Conducting Watershed Analysis (Washington Forest Practice Board, 1997). If no local data 
exists, methodology recommends a creep rate of 0.001 meters per year if average watershed 
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slopes are less than 30%, as they are in the upper Sun River. The most recent national 
hydrography dataset (NHD) stream layer is used for calculating stream length in a GIS 
framework. The NHD stream layer is built from 1:24,000 USGS hydrography mapping. The 
length of the upper Sun River and tributary stream channels from Gibson Dam to Muddy Creek 
(not including Muddy Creek) is calculated at 4,233,130 meters. An average soil depth was 
estimated at one meter for the whole watershed. The average annual erosion rate was calculated 
at 8,466 m3/year. A conversion factor of 1.76 tons per m3 is used to convert the yield to tons per 
year. The average estimate of background upland loading is 14,901 tons/year.  
 
Bank Erosion 
 
Chrest et al. (1987), an aerial photo assessment, and field conformation identified two reaches of 
the upper Sun River that displayed distinct stream channel characteristics. The reaches coincide 
with those presented in the impairment status section for the upper Sun River. Representative, 
one thousand-foot sections of each reach were assessed by bank erosion inventories conducted in 
September, 2004. The data collected from the two bank erosion assessment stream sections were 
then extrapolated to each reach by dividing the length of the reach in feet by 1,000 and 
multiplying the results by the load derived in the representative section. See Section 9.3.2, 
subsection bank erosion, for a detailed description of the bank erosion source load estimate 
methodology that was conducted on each 1,000-foot section. 
 
The 2004 stream bank sediment source inventory identified the following causes of erosion: 1) 
current grazing practices 2) combination of past overuse, floods, and beaver removal 3) natural 
sources 4.) hydromodification from dams and irrigation. Estimated sediment yields from these 
four sources are 8,943, 376, 7,742 and 20,867 tons/year respectively. Bank erosion from the 
reach above Highway 287 contributes an estimated 1.7 % while the lower segment contributes 
98.3% of sediment load from all bank erosion. The stream bank erosion source assessment 
identifies current grazing practices produce about 24% of the total bank erosion sediment yield 
(Figure 9-26). The most significant source of bank erosion on the upper Sun River is 
hydromodification, which accounts for 55% of the overall calculated bank erosion sediment 
yield. Very low discharge dewaters stream banks, which in turn, reduce riparian vegetation 
growth at and below bank full. When floods occur, the vegetative bank protection is not present 
and banks erode more easily. This, along with historic floods, creates a unprotected banks many 
areas of this segment. Natural sources are responsible for approximately 20% of the calculated 
sediment yield from stream bank erosion on the upper Sun River. The stream bank erosion 
assessment did not assess tributary erosion. 
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Figure 9-26. Percent of Stream Bank Erosion Sediment Yield by Source Category, Upper 
Sun River. 
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Road Assessment 
 
Professional judgment indicates that sediment loading from roads is not a significant impact in 
the Sun River watershed. A very coarse road sediment loading assessment was conducted to 
back professional judgment. Road related sediment yields were grossly estimated by comparing 
the upper Sun River road network to the Ford Creek watershed road network and extrapolating 
sediment yield. The length of roads within 300 feet of a stream corridor was calculated using US 
Census road data and the most recent version of the national hydrography dataset (NHD) in a 
GIS framework. Upper Sun River sediment loads from roads were derived by dividing the length 
of road in the upper Sun River watershed by the length of road in Ford Creek’s watershed and 
multiplying by the sediment load associated with roads in Ford Creek’s watershed.  
 
An assumption is that the road and stream network are comparable in these two areas, which 
may not be the case. Roads in the upper Sun River watershed are more likely to have a stream 
buffer with gentler slopes than in Ford Creek. Road approaches to a stream are likely a gentler 
slope than those in Ford Creek. Road surface types and road sanding were not considered in this 
comparison. There are no paved roads in Ford Creek’s watershed, but there are a number of 
paved roads in the upper Sun River watershed. Based on professional judgment, road sanding is 
likely not a significant source in the Sun River watershed. All of these assumptions and those 
identified in the road assessment for Ford Creek indicate that this assessment produces gross 
estimates and should be used only for general purposes. However, the results allow a reasonable 
comparison to be made regarding the relative contribution of sediment from roads to other source 
categories. The road assessment predicted 193 tons of sediment per year is derived from the road 
network in the upper Sun River watershed.  
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Point Sources 
 
The only permanent point source is half a mile from the lower end of this stream segment. Sun 
Prairie Village POTW discharges 6.6 tons of TSS per year. This equates to about 0.01% of the 
estimated sediment load in the upper Sun River. The point source is not a significant sediment 
source. At Sun Prairie Village’s non-degradation threshold limit, it would contribute about 
0.05% of existing sediment load in the upper Sun River.  
 
Other Sources 
 
Tributary bank erosion was not assessed in the source analysis. This source could be significant 
given the mass wasting found in Duck Creek (Figures 9-22, 2-23). Tributary sediment sources 
will be addressed in an adaptive management approach and follow up monitoring plan. The 
limited TSS concentration data indicates that Duck Creek/Big Coulee, Mill, and Adobe Creeks 
are potential sources of unnatural sediment production (Figure 9-21). These tributaries will be 
identified for further bank stability source assessment monitoring in the TMDL monitoring 
strategy.  
 
Other sediment sources in the watershed exist but, based on professional judgment, are 
considered to be insignificant. Although there have been fires above Gibson Dam, recent fires 
have not burned significant areas in the upper Sun River watershed below the dam. Only a few 
small towns are located in this watershed, therefore urban sources are not considered except for 
the Sun Prairie Village POTW.  
 
Source Summary 
 
When comparing the individual sediment studies to each other for an overall sediment yield and 
source assessment, caution should be used. Different models and erosion assessments can 
provide various estimates of sediment yields for the same source. However, the information 
contained in the following subsections allows reasonable comparisons to be made regarding the 
relative contributions of sediment from each of the various source categories.  
 
According to the source assessments, about 43% of the sediment yield in the watershed 
originates from natural upland and natural bank erosion sources when combined (Figure 9-27). 
Historic sources of bank erosion, the point source, and roads, when combined, contribute less 
than 1.5% of the total assessed load. These three human caused sources are not significant 
contributors to the sediment load. Bank erosion due to current agricultural activities and 
hydromodifcation contribute an estimated 16.9% and 39.4% of the sediment loads respectively. 
The allocation process will call for reductions from these two sources. 
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Figure 9-27. Percent of Total Sediment Yield in the Upper Sun River by Source Category. 
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9.4.3. Load Limit and Allocation 
 
A TMDL is composed of the sum of individual waste load allocations (WLAs) for point sources 
and load allocations (LAs) for nonpoint sources and natural background levels. In addition, the 
TMDL must include a margin of safety (MOS), either implicitly or explicitly, that accounts for 
the uncertainty in the relationship between pollutant loads and the quality of the receiving 
waterbody. Conceptually, this definition is denoted by the equation: 
 

TMDL = WLAs + LAs + Natural + MOS 
 
The source assessment identified riparian agricultural impacts and hydromodification as the two 
most significant human caused sources of sediment loads in the upper Sun River. It is estimated, 
based on professional judgment, if grazing and crop practices identified in the restoration 
strategy are implemented, loads from riparian agricultural impacts can be reduced by 80 percent 
(Figure 9-28). Loads from eroding banks due to existing grazing activities could be reduced to an 
estimated 1,789 tons/year. It is also estimated, based on professional judgment, that if irrigation 
water management practices identified in the restoration strategy are implemented, loads from 
hydromodification impacts can be reduced by 50 percent. Loads from eroding banks due to 
hydromodification could be reduced to an estimated 10,434 tons/year (Figure 9-28). Sun Prairie 
Village POTWs allocation is to stay below the non-degradation threshold limit. This would be an 
increase of 424% of current TSS discharge. Because this source is insignificant, this increased 
allocation is estimated at 0.08% of the TMDL. Other sources are allocated their current estimated 
loads in the source assessment. An overall 33% reduction from currently assessed estimated 
sediment loads is needed to achieve the TMDL. 
 
A phased allocation approach will be used to assess sediment sources and provide allocations to 
tributaries of the upper Sun River. For this allocation process, the tributary bank erosion sources 
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are assumed to be the same proportions as those found on the main stem of the upper Sun River. 
The phased allocation can be accomplished by implementing the monitoring strategy in Section 
9.4.6. The tributary sources can then be addressed by future TMDL reviews as provided for in 
Montana law. 
 
Figure 9-28. Upper Sun River Estimated Existing Loads, TMDL, Allocation, and Margin of 
Safety. 

 
9.4.4. Margin of Safety, Adaptive Management, and Seasonal Considerations 
 
Although some of the source assessment techniques are based on methods that provide gross 
estimates, they used assumptions that would tend toward protecting natural resources when 
uncertainties were encountered. See Section 9.2.5 for specific examples.  
 
A margin of safety for this TMDL is provided in an adaptive management approach. The 
uncertainty of the upper Sun River sediment TMDL analysis is addressed by future TMDL 
reviews as provided for in Montana law. A monitoring plan is identified in Section 9.4.6 to aid in 
future TMDL review and the phased allocation for tributary bank erosion. Conservation practices 
identified in Section 9.4.5 should be tracked over time to see if implementation occurs. If 
implementation occurs and does not achieve targets or load allocations in the watershed, further 
strategies to meet these goals should occur in future TMDL planning. If the goals of this 
document appear to be unachievable after reasonable land, soil and water conservation practices 
are in place, targets, TMDL and allocations may have to be revised.  
 
Addressing sensitive seasons is less of a concern with sediment production than for many 
chemical pollutants. The load limit is provided in an average annual load rate. This load limit and 

 Estimated existing sediment load (tons/year): 
Total: 53,029     Bank Erosion: 37,928     Upland Background: 14,901     Roads: 193    Point Source:  6.6 
           
   
Current Agriculture: 8,943   Historic Causes:  376   Background:  7,742    Hydromodification:  20,867 

TMDL = Load Allocation + Natural + Waste Load Allocation + Margin of Safety  

35,454 t/yr  = 12,783 t/yr  + 22,643 t/yr  + 28 t/yr 

Roads = 193 tons/yr   (no reduction) 
Current Agriculture = 1,789 tons/yr  (80% reduction) 
Historic Causes = 376 tons/yr   (no reduction) 
Hydromodification = 10,434 tons/yr   (50% reduction) 

Conservative 
assumptions in 
source assessment 
and adaptive 
management 

Background Bank 
Erosion = 7,742 tons/yr 
Background Upland 
Erosion = 14,901 tons/yr 

Sun Prairie 
Village =  
28 tons/yr    
(424% increase) 

Upper Sun River Load Limit 
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allocation timeframe should adequately protect the uses. If loads need to be broken into daily or 
monthly loads because future knowledge indicates that uses are being impacted seasonally, the 
load limit timeframe should be addressed in future TMDL reviews. 
 
9.4.5. Restoration Strategy 
 
Grazing Management 
 
Application of grazing management tools can reduce sediment loads from bank erosion sources. 
Grazing management practices that may help to avoid acceleration of stream bank erosion on the 
upper Sun River and tributaries are: 
 

• Using riparian browse and grazing indictors to manage riparian grazing pressure.  
• Timing grazing to coincide with dry or freezing weather to reduce erosion.  
• Timing pasture use to promote grazing, not browse.  
• Placing supplemental feed or salt in upland areas to promote even grazing in pastures.  
• If needed, fencing riparian areas and providing water gaps.  
• Employing weed control. 

 
Riparian Buffer Zones 
 
Allowing a riparian buffer between the river and agricultural fields will promote growth of 
riparian vegetation with better soil binding properties. The riparian species root mass will protect 
banks better than shallow rooted field grasses. 
 
Irrigation Water Management 
 
Reducing surface irrigation water flowing back into tributaries is a priority. This will alleviate 
sheer stress on eroding banks in tributaries. The recovered water should be left in the Sun River 
to promote riparian vegetation growth by stabilizing in-stream water levels. Restoration 
approaches that address inefficient irrigation water delivery are vital. Increasing on-farm 
irrigation and delivery system efficiency will be useful to reduce summer irrigation water return 
flow to tributaries and divert less water from the Sun River. On-farm erosion prevention 
strategies are also incorporated into the sediment restoration strategy. The following activities 
should be addressed by BMPs: 
 

• Capturing all or most of the surface irrigation waste water and/or devising a more 
efficient approach to water delivery on Greenfields Irrigation District. 

• Preventing on-farm surface irrigation water runoff from exiting fields or ditches. 
• Studying water loss in ditches, prioritize ditch lining using water loss study, and lining 

ditches in areas that leak the most, especially near the periphery of the Greenfields 
Bench.  

• Using evapotranspiration or soil moisture monitoring for irrigation scheduling. 
• Installing head gates that can be fully controlled, if not already in use. 
• Using efficient irrigation methods on Greenfields Bench. 
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• Leaving crop residue on fields by using low/no till methods when possible. 
 
Duck Creek/Big Coulee erosion is severe enough to specifically include in a restoration strategy 
at this time even though supporting information is pragmatic (Figures 9-22 and 2-23). The state 
of Montana has received complaints about the erosion in this sub-watershed in the past and 
pictures of mass erosion are available. The causes of this in-stream erosion are a combination of 
increased stream energy due to inter-basin irrigation water transfers and riparian management. 
The exact restoration approaches for this tributary cannot be presented at this time, but should 
include irrigation water management practices and riparian management. Engineered fixes may 
be appropriate in entrenched sections of Duck Creek. A more detailed source assessment and 
project restoration design should be constructed prior to restoration work.  Pre and post 
restoration monitoring should occur to determine the effectiveness of restoration. 
 
9.4.6 Monitoring Strategy 
 
Water Budget Analysis 
 
Discharge monitoring along the Sun River, major diversions, and major tributaries was 
conducted during the summer and fall of 2004 to determine existing flow conditions in the Sun 
River watershed. A feasibility analysis of basin-wide irrigation management practices, associated 
water savings, and the feasibility of applying saved water to in-stream flow should be conducted. 
The water budget and feasibility analysis could be used in conjunction to solidify how much 
water can be applied to in-stream uses. 
 
Trend Monitoring 
 
If access allows, permanent cross sections near Simms and Sun River should be established to 
track stream channel elevation, entrenchment of the stream channel, and percent fines on the 
streambed. A bank erosion assessment using the same methodologies as those in this document 
should be conducted along with riparian green line assessments just prior to the next TMDL 
review.  
 
Biological Monitoring to Determine Use Attainment 
 
Biological monitoring should occur in the upper Sun River above the Highway 287 Bridge, at 
Simms, and at Sun River prior to the next TMDL review. Biological monitoring should include 
macroinvertebrate and periphyton sampling and analysis according to MDEQ protocols. Data 
from this assessment should be available prior to the next TMDL review for the Sun River 
watershed.  
 
Phased Source Assessment 
 
A phased source assessment should be conducted prior to the next TMDL review. An aerial 
photo and GIS assessment of Big Coulee/Duck Creek, Adobe Creek, Simms Creek and Mill 
Coulee should be used to partition these streams into segments with similar attributes. A phased 
sediment source assessment using the same bank erosion assessment methods as those used on 
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the Sun River main stem should be conducted on these tributaries. A few representative cross 
sections should be measured on these tributaries to assess Rosgen level 1classification, stream 
channel stability, width/depth ratios, sheer stress, and entrenchment. This data will then be used 
to allocate to tributary streams during the next TMDL review as provided for in Montana law. 
 
Restoration Management Tracking 
 
All restoration management projects that fall into categories provided in Section 9.4.5 should be 
tracked using a Sun River watershed BMP spatial database. Project location, size, type, and 
restoration results should be attributed. 
 
9.5 Lower Sun River 
 
The lower Sun River’s general watershed description is provided in Section 2.8.4. The lower Sun 
River’s water quality standards and use classification are provided in Section 3.0. 
 
9.5.1 Targets and Water Quality Status  
 
Stream gradient from Muddy Creek’s confluence to the Missouri River is very low, 0.0003. 
From the Muddy Creek confluence to the mouth, the Sun River channel alternately exhibits 
estimated C6 and F6 channel types, denoting excessive silt deposition, slightly to highly 
entrenched, meandering, gentle gradient channel. The silt deposition in this area is a direct result 
from excessive sediment loads that have been deposited in the channel originating from Muddy 
Creek and other upstream tributary sources over the past half century. This reach receives major 
recharge from surplus water as a result of irrigation practices occurring on the bench lands of 
Sun River, principally via Muddy Creek. This segment’s channel is confined by sedimentary 
bench land deposits, as well as dikes associated with residential development. The channel 
characteristics and flow are also influenced increasingly in a downstream direction by backwater 
effects from Black Eagle Dam, which is located on the Missouri River approximately 1.5 miles 
below the Sun River confluence. During limited times when the Missouri River stage is high, 
backwater affects are exerted along most of this stream segment.  
 
Stream Channel and Riparian Indicators 
 
An attempt to collect stream channel cross section and substrate particle size data during the 
2004 sampling was unsuccessful using the same methodologies as upstream sites on the Sun 
River. Deep, muddy substrates were a drowning hazard at a number of locations. Therefore, no 
channel geometry data exists. The USGS has had to move discharge monitoring stations near 
Vaughn because of problems associated with shifting and deep fine sediments. The USGS now 
measures discharge at low flows on a sandstone cross vein near Vaughn on this segment of the 
Sun River. Estimated cross section data at this bedrock controlled site using stream depth 
measurements from high flows could be provided, but does not represent all other areas of this 
stream segment that are not bedrock controlled. This more empirical information of a high 
volume of fine sediment deposition in itself provides enough support to justify sediment 
impairment. When sediment prohibits monitoring that could be conducted just a few miles 
upstream, above Muddy Creek, is there impairment? 
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Riparian green line vegetation and bank erosion assessments were completed on this segment of 
the Sun River. At a representative riparian site, half of the bank full area is covered by grasses 
and herbatious ground cover and the other half is covered by willows or sapling cottonwood that 
compose an under story. Chrest et al. (1987) measured 11.3% eroding banks in this segment of 
the Sun River. The 2004 sediment source bank erosion assessment results are described in 
Section 9.5.2. 
 
Setting stream channel or riparian vegetation condition targets is presently problematic because a 
specific reference condition for this reach is unknown. A general bank erosion target for less than 
10% eroding banks is provided to address eroding bank sources in this segment. More specific 
targets that relate to stream channel geometry such as W/D ratio, entrenchment, and number and 
quality of pool habitat should be considered during future TMDL reviews. 
 
Suspended Sediment 
 
Total suspended solids and suspended solids concentration data are available for this segment. 
Suspended sediment concentrations are variable and extremely dependant upon discharge 
conditions, human activity, rainfall events, and other weather conditions that can fluctuate by the 
moment. The available samples constitute a moderate sized data set that can be used to infer 
about suspended solids variations over time and characterize conditions relatively well. The high 
magnitude of human caused fine sediment transport in this segment of the Sun River also 
contributes to an easier interpretation of suspended sediment data. 
 
Ingman et al. (1984) conducted two synoptic TSS sampling events in September of 1980. The 
limited TSS data from this study suggests that Muddy Creek is the main source of high 
suspended solid concentrations (Figure 9-29). More recently collected TSS and SSC 
concentrations from USGS and SRWG monitoring also indicate high concentrations downstream 
of Muddy Creek’s confluence (Figure 9-30). The 75th percentile of suspended sediment data 
collected on the Sun River above Muddy Creek’s confluence near the town of Sun River is 42 
mg/L, while at the USGS gauge station near Vaughn, below Muddy Creek, it is about 90 mg/L 
(Figures 9-26 and 9-30). The 75th percentile of SSC concentrations in Muddy Creek near Vaughn 
is 327 mg/L during recent monitoring (Figure 9-13). Suspended sediment concentrations in the 
lower Sun River are not very flow dependant, but are likely more dependant upon discharge rates 
in Muddy Creek (Figures 9-31 and 9-12). 
 
The suspended sediment problem in the lower Sun River is a matter of loading from bank 
erosion sources on the Sun River and tributaries. It is thought that the appropriate suspended 
sediment condition in the lower Sun River should approximate the existing suspended sediment 
condition just above Muddy Creek, at the town of Sun River. Therefore, suspended solids targets 
for lower Sun River are based on upstream conditions in the Sun River at the town of Sun River 
(Table 9-9). The basis for this target is professional judgment, and therefore may need revision 
during the next TMDL review.  
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Figure 9-29. Mean TSS Concentrations Below Muddy Creek During Two Sampling Events, 
September 1980. 
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Figure 9-30. Suspended Sediment Concentrations in the Lower Sun River at Ulm Bridge, 
USGS Gauge, and Great Falls. 
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Figure 9-31. Suspended Sediment Concentration and Flow Relationship at Sun River Near 
Vaughn USGS Gauge. 
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Biology 
 
The only fisheries data from this reach of the Sun River was collected in 1981 (Table 1-3). 
Montana FWP has not devoted resources to sampling this section of river since then because of 
its severely impaired nature and presently low fishery value. The lower Sun River is classified as 
B-3, which should support a warm water fishery. Depressed fish populations are apparent in this 
section of the Sun River most likely due to sediment conditions, but cold-water species are 
present along with warm water species. This section of the Sun River may be misclassified 
because cold-water fish inhabit this section of river. 
 
Ingman et al. (1984), indicate that sediment production from Muddy Creek reduces benthic algal 
biomass growth in the Sun River. This study also found that the number of aquatic insects 
colonizing artificial substrates was lowest just downstream of Muddy Creek. No biological data 
has been collected in this segment of the Sun River since 1980. 
 
Currently, there is not enough, or the right type of biological information in the lower Sun River 
to use for target setting. Biological sampling in 1980 did not collect organisms from their habitat, 
instead it provided habitat for organisms to colonize. These biological results from 1980 indicate 
impairment but were not monitored in the same way as in other streams in this region and are 
therefore not comparable to reference data. Also, this stream segment lies within the periphery of 
a prairie ecoregion but drains mountainous and foothill areas; Because of this, comparable 
reference areas are not easily identified. Biological monitoring that is comparable to reference 
stream segment data should be conducted prior to future TMDL review. Biological monitoring is 
addressed in the lower Sun River’s adaptive management section and TMDL monitoring strategy 
section (Section 9.4.6). 
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Table 9-9. Lower Sun River Sediment Targets and Existing Conditions. 

Riparian Stream Channel Biology SSC 
Targets 

Eroding banks ≤ 
 10%  

Phase channel geometry 
targets.  

Phased biological targets 
based on reference 
condition. 

75th percentile near Vaughn 
≤ 42 mg/L 

Existing Conditions 

Eroding Banks = 
 11.3% 

Unable to access 
representative site  for 
conventional X-section 
sampling due to deep 
mud in channel. 

Severely impacted due to 
suspended sediment and 
siltation in 1980.  

75th percentile near Vaughn 
= 90 mg/L 

 
9.5.2 Sediment Sources 
 
The source assessment does not consider sediment sources above the Gibson Reservoir because 
the reservoir effectively traps most sediment from above. The conclusions presented in this 
section have been developed from the best data available at the time this report was prepared. 
Measured sediment loads from all sediment sources are not available; therefore, estimates were 
made based on literature values or were developed using various modeling techniques. Further, 
detailed, on-the-ground assessments have not been conducted in the entire watershed. As a result, 
interpolation was required and assumptions were made regarding conditions that were not 
directly observed by using data from representative areas. However, it is felt that the information 
contained in the following subsections allows reasonable comparisons to be made regarding the 
relative contributions of sediment from each of the various source categories. Uncertainties are 
discussed in greater detail in the source summary subsection and other sources subsection below. 
 
Individual assessments were conducted to compare the most significant sources in the Sun River 
watershed. Current agricultural, hydromodification, natural and historic sources that affect bank 
stability were assessed through a stream bank erosion sediment load assessment in the upper Sun 
River, Muddy Creek and immediate lower Sun River watershed watersheds. Sediment from 
roads were considered by extrapolating loads derived from the Water Erosion Prediction Project 
(WEPP) model in Ford Creek to the upper Sun River, Muddy Creek and immediate lower Sun 
River watersheds. Background upland erosion was estimated using a soil creep erosion estimate 
for each of these watershed areas. See Section 9.2.2 for methodology of each of these 
assessments.  
 
Bank Erosion 
 
A bank erosion estimate for Muddy Creek was not necessary for Muddy Creek’s sediment 
TMDL because Muddy Creek’s TMDL is performance based for flow management. A bank 
erosion estimate for Muddy Creek that is comparable to the upper Sun River bank erosion 
assessment is necessary for comparing these two source areas. Muddy Creek was broken into 
two segments for the bank erosion sediment assessment. One stream reach is located between 
Gordon Road and the confluence with the Sun River where stream bank erosion is extreme. The 
other reach is above Gordon Road where stream bank erosion is less severe. Muddy Creek’s 
average eroding bank height, length, severity and causes are estimated using professional 
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judgment based on pictures, cross sectional data, and first hand knowledge of the area, instead of 
actual measurements such as were conducted on the Sun River and Ford Creek. These estimates 
were used to model sediment production in Muddy Creek in the same manner as actual 
measurements were on the Sun River and Ford Creek (Section 9.2.2). Muddy Creek bank erosion 
assessment results are compared to the upper Sun River for relative sediment contribution for the 
TMDL but should be refined using actual stream bank measurements in the future (Table 9-10, 
Column C).  
 
A representative 1,000-foot section of the lower Sun River was assessed by a bank erosion 
inventory conducted in September, 2004. The data collected from the bank erosion assessment 
was then extrapolated to the whole segment by dividing the length of the segment in feet by 
1,000 and multiplying the results by the load derived in the representative section. See Section 
9.2.2, subsection bank erosion, for a detailed description of the bank erosion source load estimate 
methodology. 
 
Background Erosion 
 
The background erosion estimates for the lower Sun River and Muddy Creek (for comparison to 
the upper Sun River) uses an approach based on soil creep rates. This methodology was used 
along with other background erosion estimates in the Upper Lolo TMDL document. The soil 
creep equation is: 
 
Annual Erosion Volume (m3/yr) = L (m)* 2 * D (m) *C (m/yr) 
 
Where:  L = Length of stream network in meters 
 D = Depth of soil in meters 
 C = Annual creep rate in meters 
 
This approach to estimating background erosion estimates is identified in Standard Methodology 
for Conducting Watershed Analysis (Washington Forest Practice Board, 1997). If no local data 
exists, methodology recommends a creep rate of 0.001 meters per year if average watershed 
slopes are less than 30%, as they are in Muddy Creek and the lower Sun River. The most recent 
national hydrography dataset (NHD) stream layer is used for calculating stream length in a GIS 
framework. The NHD stream layer and is built from 1:24,000 USGS hydrography mapping. The 
length of the lower Sun River and tributary stream channels from Muddy Creek to the 
confluence with the Missouri River is calculated at 261,647 meters. The length of Muddy Creek 
and tributaries is calculated at 1,370,000 meters. An average soil depth was estimated at one 
meter for both watersheds. The average annual upland erosion estimates for Muddy Creek and 
the lower Sun River are 4,822 and 921 tons/year respectively.  
 
Roads 
 
Professional judgment indicates that sediment loading from roads is not a significant impact in 
the Sun River watershed. A very coarse road sediment loading assessment was conducted to 
back professional judgment. Road related sediment yields were grossly estimated by comparing 
the Muddy Creek and lower Sun River watershed's road networks to Ford Creek watershed road 
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network and extrapolating sediment yield. The upper Sun River’s road assessment was presented 
in Section 9.4.2. The length of roads within 300 feet were calculated using US Census data and 
the most recent version of the national hydrography dataset (NHD) in a GIS framework. Muddy 
Creek’s and lower Sun River’s sediment loads from roads were derived by dividing the length of 
road in the each watershed by the length of road in Ford Creek’s watershed and multiplying by 
the sediment load associated with roads in Ford Creek’s watershed. The same assumptions are 
made for Muddy Creek’s and the lower Sun River’s road assessments as are made for the upper 
Sun River road sediment source assessment in Section 9.4.2.  Results are reported in Column F 
of Table 9-10.  
 
Suspended Sediments 
 
MDEQ suspended sediment concentration load estimates are used for SSC load comparison of 
the upper Sun River at Simms to Muddy Creek at Vaughn. MDEQ used a regression of discharge 
to SSC concentration and then calculated the average discharge for each month of the year 
during 1996-2000 timeframe (Table 9-10, Column B). The average monthly discharges from this 
timeframe were then applied to the regression equation to derive an average sediment yield for 
each month of the year. USGS estimates of SSC load were available at Vaughn in an 
unpublished format. MDEQ and USGS load assessments used different methodology. There was 
a 33% difference between USGS and MDEQ estimates at the Muddy Creek at Vaughn site. The 
MDEQ estimate was higher than the USGS estimate.  
 
Point Sources 
 
Vaughn and Sun Prairie Village, the only POTW point sources in the Sun River watershed, 
contribute 0.013% of the MDEQ estimated sediment load combined from Muddy Creek and the 
upper Sun River in Column B of Table 9-10. The sediment load from Muddy Creek and upper 
Sun River combined is used as a surrogate comparison to a watershed outlet load. The point 
sources are not significant.  
 
A review of SSC loading, bank erosion, upland background, point source, and roads sediment 
source assessment results for the upper Sun River, Muddy Creek, and the immediate lower Sun 
River areas are provided in Table 9-10. The results are reviewed in the sediment source summary 
section below. 
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Table 9-10. Lower Sun River Sediment Source Assessment (Tons Per Year). 

A B C D E F G 

Source Area 
(size) 

SSC Load 
Estimated 
From In-
stream 

Monitoring 

Main Stem 
Bank Erosion 

Upland 
Back- 

ground 

Point 
Sources 
(TSS) 

Roads 
Total of 

columns d, 
e, f, g 

Upper Sun 
River 

 
15,335^ 

Hydromodification – 20,867 
Riparian Agricultural – 8,943 
Natural – 7,742 
Historic – 367 
Total: 37,919 

14,901 6.6 193 53,020 
(52%) 

Muddy Creek 
 

35,326* 
47,091^ 

Hydromodification – 28,977  
Riparian Agricultural – 3,585 
Natural – 3,585 
Total: 36,147 

4,822 none 177 41,146 
(41%) 

Lower Sun 
River  ID 

Riparian Agricultural – 3,107 
Natural – 3,107 
Total: 6,214 

921 2.0 34 7,171 
(7%) 

*USGS unpublished estimated load 1997-2001 
^MDEQ estimated load 1996-2000 
ID = Insufficient Data 
 
Other Sources 
 
Bank erosion in tributaries to the upper Sun River, Muddy Creek, and the lower Sun River were 
not assessed in the source analysis. This source could be significant given the mass wasting 
found in Duck Creek (Figures 9-22 and 2-23). Significant tributaries will be identified for further 
bank stability source assessment monitoring in the sediment TMDL monitoring strategy. For the 
current source assessment, it is assumed that the same sources of sediment are influencing 
sediment production in the tributaries by the same portions as the main stem of the upper Sun 
River. 
 
Other sediment sources in the watershed exist but, based on professional judgment, are 
considered to be insignificant. Although there have been fires above the Gibson Dam, recent 
fires have not burned significant areas in the Sun River watershed below the dam. Only a few 
small towns are located in the upper Sun River and Muddy Creek watersheds therefore urban 
sources are not considered except as point sources in these areas. The Great Falls urban area 
encompasses the extreme lower end of the Sun River watershed and should be considered in 
future TMDL reviews but is not thought to be a significant source at this time. Industrial storm 
water and agricultural CAFO MPDES permitted facilities are not thought to be a significant 
source of sediment based on infrequency of runoff from these sources and very limited data from 
a number of the permits. 
 
Source Summary 
 
When comparing the individual sediment source modeling studies to each other for an overall 
sediment yield and source assessment, caution should be used. Different models and erosion 
assessments can provide various estimates of sediment yields for the same source. However, the 



9.0 Sediment 

December, 2004  183 

information contained in Table 9-10 allows reasonable comparisons to be made regarding the 
relative contributions of sediment from each of the various source categories.  
 
According to the modeled source assessments, about 43% of the sediment yield in the watershed 
originates from natural upland and natural bank erosion sources when combined. When 
combined, historic sources of bank erosion, POTWs, and roads, contribute less than 1.5% of the 
total assessed load. These sources are not significant contributors to the sediment load. When 
combined, bank erosion on the Sun River and Muddy Creek due to current agricultural activities 
and hydromodifcation contribute an estimated 16.9% and 39.4% of the sediment loads 
respectively. The allocation process in Section 9.5.3 will call for reductions from these two 
source categories. 
 
Actual water quality monitoring of  SSC loads support that the modeling source studies are 
reliable.  SSC loads do not consider all sediment loads, only the portion of sediment load that is 
small enough to be moved in the water column. The portion of sediment that moves along the 
stream bottom is not considered by the SSC load assessment. SSC loads can be used as an 
indicator of sediment trends or used for source assessment. Existing in-stream loads were 
calculated because data was already available and the analysis is used to identify sediment source 
areas. Based upon MDEQ SSC load estimates at Sun River near Simms and Muddy Creek at 
Vaughn, the upper Sun River contributes about 25% of the sediment yield to the lower Sun 
River, and Muddy Creek contributes about 75% of the yield. A problem in this source 
assessment scenario exists; tributaries between Simms and Muddy Creek’s confluence are not 
assessed. These tributaries are Big Coulee, Adobe Creek, and Mill Coulee. When combined, 
these tributaries are likely significant contributors of suspended sediments in the Sun River 
watershed. Big Coulee is likely a significant sediment source in itself (Figures 9-22 and 9-23). 
Further monitoring should quantify sediment loads from these tributaries (Section 9.4.6).  
 
Empirical evidence, an aerial photo of Muddy Creek’s confluence with the Sun River, supports 
the SSC load assessment data reported in Table 9-10 which indicates Muddy Creek is the most 
influential source of suspended sediment to the lower Sun River (Figure 9-32).  
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Figure 9-32. Muddy Creek Confluence with the Sun River, Flight Date 8/9/95. 

 
Note the difference in turbidity between Muddy Creek and Sun River 

 
Evaluation of sediment production estimates from the bank erosion, upland sediment, point 
sources, and roads reveals that the upper Sun River, Muddy Creek, and the lower Sun River 
contribute 52%, 41% and 4% of the estimated loads respectively (Table 9-10). The estimate 
methods are very coarse, use different methodologies, and are meant to be used for general 
comparisons. The modeling of these sources in the upper Sun River, Muddy Creek, and the 
lower Sun River areas indicates that 60%, 80% and 43% of the respective loads in each area are 
likely human caused. 
 
9.5.3. Load Limit and Allocation 
 
A TMDL is composed of the sum of individual waste load allocations (WLAs) for point sources 
and load allocations (LAs) for nonpoint sources and natural background levels. In addition, the 
TMDL must include a margin of safety (MOS), either implicitly or explicitly, that accounts for 
the uncertainty in the relationship between pollutant loads and the quality of the receiving 
waterbody. Conceptually, this definition is denoted by the equation: 
 

TMDL = WLAs + LAs + Natural + MOS 
 
 
Total sediment loads based on the different source assessments (road, upland erosion, bank 
erosion, and point source TSS loading) will be used to represent an allocation for the whole Sun 
River watershed. Based on modeling the use of reasonable irrigation water management 
practices, estimated loads from Muddy Creek can be reduced by 15% (Section 9.3.4). If the 15% 
reduction is applied only to the estimated total sediment load from the bank erosion on Muddy 
Creek due to hydromodification, it equates to a total allocation of 36,799 tons of sediment per 
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year to all of Muddy Creek’s sediment sources. Implementing irrigation and grazing 
management BMPs along with setting a permit limit for the POTWs at the non-degradation 
criteria is estimated to reduce 33% of total sediment loading from the upper Sun River (Figure 9-
28). This equates to an allocation of 35,454 tons/year to the upper Sun River sediment sources 
(Figures 9-28, 9-33).  
 
The source assessment for the immediate lower Sun River identified riparian agricultural impacts 
as the most significant human caused source of sediment load. It is estimated, based on 
professional judgment, that if grazing and crop practices identified in the restoration strategy are 
implemented, loads from riparian agricultural impacts can be reduced by 80 percent. Loads from 
eroding banks due to existing grazing activities could be reduced to an estimated 621 tons/year. 
Other sources that were assessed in this segment are either natural or insignificant. The total 
allocation to all natural and human caused immediate sediment sources on the lower Sun River 
will be 4,685 tons/year. The overall allocation assesses a 35% reduction in loading from 
immediate sources in the lower Sun River (Figure 9-33).  
 
A phased allocation approach will be used to assess sediment sources in significant tributaries 
throughout the Sun River watershed and provide allocations to these areas. This can be 
accomplished by implementing the monitoring strategy in Section 9.4.6. The tributary sources 
can then be addressed by future TMDL reviews as provided for in Montana law. The TMDL and 
allocation strategy in Figure 9-33 does not consider bank erosion sources on tributaries to the 
Sun River or Muddy Creek. 
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Figure 9-33. Sun River Estimated Existing Loads, TMDL, Allocation, and Margin of 
Safety. 

 
9.5.4. Margin of Safety, Adaptive Management, and Seasonal Variation 
 
Although some of the source assessment techniques are based on methods that provide gross 
estimates, they used assumptions that would tend toward protecting natural resources when 
uncertainties were encountered. See Section 9.2.5 for specific examples.  
 
A margin of safety for this TMDL is provided in an adaptive management approach. The 
uncertainty of the Sun River sediment TMDL analysis is addressed by future TMDL reviews as 
provided for in Montana law. A monitoring plan is identified in Section 9.5.6 to aid in future 
TMDL review and the phased allocation for tributary bank erosion. Identified conservation 
practices in Section 9.5.5 should be tracked over time to see if implementation occurs. If 
implementation occurs and does not achieve targets or load allocations in the Watershed, further 
strategies to meet these goals should occur in future TMDL planning. If the goals of this 
document appear to be unachievable after reasonable land, soil and water conservation practices 
are in place, targets, TMDL and allocations may have to be revised.  
 
9.5.5. Restoration Strategy  
 
Loading from upstream is the most major source of sediment on this segment of the  
Sun River. See Muddy Creek and upper Sun River restoration sections for specific restoration 
approaches that relate to each source area (Sections 9.3.5 and 9.4.5). Upstream restoration 
activities in Muddy Creek and the upper Sun River are crucial to restoring uses in the lower Sun 
River. The source assessment indicates that most of the sediment sources are upstream. Channel 
geometry may not be in a stable form in sections of the lower Sun River, but it is likely that this 

Estimated existing sediment load from source assessments (tons/year): 
Total: 101,337     Bank Erosion:  80,280    Upland Background: 20,664     Roads: 404    Point Source:  8.6 
           
   
Current Agriculture: 15,635   Historic Causes:  367   Background:  14,434    Hydromodification:  49,844 

TMDL = Load Allocation and Natural + Waste Load Allocation + Margin of Safety  

76,938 t/yr  = 41,860 t/yr  + 35,078 t/yr  + 33 t/yr 

Muddy Creek = 36,799 tons/yr    
Upper Sun River = 35,454 tons/yr    
Lower Sun River = 4,685 tons/yr  
 
See upper Sun River and Muddy Creek TMDLs for specific allocation to activities 
in each watershed. See text in this section for specific allocation to activities in the 
lower Sun River 

Conservative 
assumptions in 
source 
assessment and 
adaptive 
management 

Sun Prairie 
Village and 
Vaughn  POTWs 
combined =  
33 tons/yr TSS 
(284 % increase) 

Lower Sun River Load Limit 
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is caused by upstream sediment loads and low stream energy caused by both naturally low 
gradient and backwater effects from damming the Missouri River near Great Falls. Grazing 
management and buffer enhancement are the only restoration goals presented for the lower Sun 
River segment at this time.  
 
Grazing Management 
 
Application of grazing management tools can reduce sediment loads from bank erosion sources. 
Grazing management practices that may help to avoid acceleration of stream bank erosion on the 
upper Sun River and tributaries are: 
 

• Using riparian browse and grazing indictors to manage riparian grazing pressure.  
• Timing grazing to coincide with dry or freezing weather to reduce erosion.  
• Timing pasture use to promote grazing, not browse.  
• Placing supplemental feed or salt in upland areas to promote even grazing in pastures.  
• If needed, fencing riparian areas and providing water gaps.  
• Employing weed control. 

 
Riparian Buffer Zones 
 
Allowing a riparian buffer between the river and agricultural fields will allow riparian vegetation 
with better soil binding properties to grow. The riparian species root mass will protect banks 
better than shallow rooted field grasses. 
 
9.5.6. Monitoring Strategy 
 
Trend Monitoring 
 
SSC and associated discharge monitoring should continue at the Sun River near Vaughn site. 
Sites closer to the confluence with the Missouri River are problematic because discharge 
monitoring is costly or dangerous on this section of the Sun River because of deposited 
sediments. Also, backwater effects that would obscure discharge monitoring results occur in the 
lower portions of this segment due to Rainbow Dam on the Missouri River. This data will be 
used during future TMDL review for determining watershed loads and assessing trends in SSC 
loading over time. 
 
Biological and Physical Monitoring to Determine Use Attainment 
 
Biological monitoring should occur near the USGS gauge station at Vaughn prior to the next 
TMDL review. Biological monitoring should include macroinvertebrate and periphyton sampling 
and analysis according to MDEQ protocols. Data from this assessment should be available prior 
to the next TMDL review for the Sun River Watershed. These data will then be used to 
determine use attainment during the next TMDL review as provided for in Montana law.  
 
A stream channel cross section should be measured at a representative site on this section of the 
Sun River prior to the next TMDL review. Data will be used to solidify Rosgen level 1 
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classification and assess stream channel stability, width/depth ratios, sheer stress, channel 
gradient, and entrenchment. This data will then be used to identify stream channel restoration 
potential during TMDL review and may provide data useful for target revisions. This monitoring 
may prove to be difficult because of sediment conditions. 
 
Phased Source Assessment of Tributaries 
 
A phased source assessment should be conducted prior to the next lower Sun River TMDL 
review. An aerial photo and GIS assessment of Big Coulee/Duck Creek, Adobe Creek, and Mill 
Coulee should be used to partition these streams into segments with similar attributes. A phased 
sediment source assessment using the same bank erosion assessment methods as those used on 
the Sun River main stem should be conducted on these tributaries. A few representative cross 
sections should be measured on these tributaries to assess Rosgen level 1classification, stream 
channel stability, width/depth ratios, sheer stress, and entrenchment. This data will then be used 
to allocate to tributary streams during the next TMDL review as provided for in Montana law.  
 
TSS data is being collected by a combined effort of MDEQ and SRWG near the mouth of these 
tributaries (Figure 9-21). This monitoring should continue. Associated discharge measurements 
are essential when collecting the TSS samples to determine TSS loads derived from these 
tributaries. 
 
Restoration Management Tracking 
 
All restoration management projects that fall into categories provided in Sections 9.3.5, 9.4.5 and 
9.5.5 should be tracked using a Sun River Watershed BMP spatial database. Project location, 
size, type, and restoration results should be attributed. 
 
9.6 Sediment Water Quality Restoration Strategy and Monitoring Summary 
for the Sun River TPA 
 
This section of the sediment section compiles a restoration strategy for the entire Sun River 
watershed and should be used for prioritizing restoration work when possible. Restoration 
opportunities may be driven by landowners’ willingness to work with local watershed groups 
and government agencies that provide environmental funding incentives or cost share. Groups or 
agencies that work with landowners should use this section as guidance for where restoration 
funds will provide the most benefit to restoring water quality. This section also provides a 
prioritized list of restoration practices and associated areas that should be implemented to help 
restore water quality impairment related to sediments and stream channel geometry. 
 
9.6.1 Sun River Sediment Restoration Plan 
 
The following is a prioritized list of restoration actions and locations that should be followed if 
landowner and agency participation permits.  
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1. Identify where surface water irrigation waste originates on the Greenfields Bench. 
Reduce surface irrigation water waste from Greenfields Irrigation District that enters 
Muddy Creek.  

2. Complete a feasibility study to reduce surface irrigation water waste entering Big 
Creek/Duck Coulee, reduce sheer stress in incised sections, and prevent further 
degradation. Follow remedies identified in the feasibility study. 

3. Stabilize flows in the upper Sun River to promote hydrophilic riparian vegetation growth 
on eroding banks in the section of the Sun River between Augusta and the town of Sun 
River. This is a relatively simple statement with a very complex and potentially 
confrontational solution. A feasibility study should be completed before embracing this 
task. In general, this would include irrigation water management (IWM) in all irrigation 
delivery systems that take water from the segment of river between Gibson Dam and 
Muddy Creek. Water savings could also come from on farm IWM BMPs that will save 
water. The only way to achieve this goal is to use the saved water to manage in-stream 
flows that would provide higher water levels during the critical summer growing season. 
The 2004 field crew identified that water level fluctuations are causing bare banks in 
many areas because low summer flows do not allow for water loving plants that have 
binding roots to grow at an appropriate level on the bank that protects against bank 
erosion during average spring discharge. 

4. Apply riparian grazing management practices and cropping practices that will promote 
more hydrophilic plant growth in riparian areas along Muddy Creek, upper Sun River, 
upper Sun River tributaries, and the lower Sun River.  

 
See the sediment restoration sections of each waterbody for restoration approaches to irrigation 
water management, riparian grazing, and stream buffer management (Sections 9.3.5, 9.4.5, and 
9.5.5). 
 
9.6.2 Sun River Watershed Sediment Monitoring Plan 
 
9.6.2.1 Monitoring for Phased Approaches 
 
This monitoring is strongly encouraged for comparing existing conditions to targets and 
providing a stronger source assessment. 
 

1. Ford Creek phased targets for residual pool volume and percent fines – Residual pool 
volume and percent fine data should be collected for the impaired segment and a 
reference area for the Ford Creek TMDL review.  

2. Upper Sun River phased tributary source assessment - A phased source assessment 
should be conducted prior to the next TMDL review. An aerial photo and GIS assessment 
of Big Coulee/Duck Creek, Adobe Creek, and Mill Coulee should be used to partition 
these streams into segments with similar attributes. A phased sediment source assessment 
using the same bank erosion assessment methods as those used on the Sun River main 
stem should be conducted on these tributaries. A few representative cross sections should 
be measured on these tributaries to assess Rosgen level 1classification, stream channel 
stability, width/depth ratios, sheer stress, and entrenchment. This data will then be used to 
allocate to tributary streams during the next TMDL review as provided for in Montana 
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law. TSS data is being collected by a combined effort of MDEQ and SRWG near the 
mouth of these tributaries (Figure 9-21). This monitoring should continue. Associated 
discharge measurements are essential when collecting the TSS samples to determine TSS 
loads derived from these tributaries. 

3. Lower Sun River Source Assessment and Target Revision – Data for stream channel and 
biological target setting should be collected for the TMDL review. Biological monitoring 
should occur near the USGS gauge station at Vaughn prior to the next TMDL review. 
Biological monitoring should include macroinvertebrate and periphyton sampling and 
analysis according to MDEQ protocols. Data from this assessment should be available 
prior to the next TMDL review for the Sun River watershed. These data will then be used 
to determine use attainment during the next TMDL review as provided for in Montana 
law. A stream channel cross section should be measured at a representative site on this 
section of the Sun River prior to the next TMDL review. Data will be used to solidify 
Rosgen level 1classification and assess stream channel stability, width/depth ratios, sheer 
stress, channel gradient, and entrenchment. This data will then be used to identify stream 
channel restoration potential during TMDL review and may provide data useful for target 
revisions. This monitoring may prove to be difficult because of sediment conditions. The 
phased tributary assessment for the upper Sun River also applies to defining loading to 
the lower Sun River. 

 
9.6.2.2 Monitoring for Future TMDL Reviews 
 
This monitoring should occur in conjunction with the next TMDL review for the Sun River 
watershed. This monitoring will provide minimal trend information and restoration 
implementation tracking. 
 

1. Ford Creek – Two permanent cross sections on the impaired segment would provide 
entrenchment ratio and streambed elevation trends. Riparian green line transects and bank 
erosion inventory that are comparable to the assessments conducted for the TMDL source 
assessment will provide a comparison to 2004 data. This monitoring should occur every 
other TMDL review because target conditions will change very slowly over time. It is not 
envisioned that targets will be attained in a short timeframe, less than 30 years, even with 
good riparian stewardship. 

2. Muddy Creek – Permanent cross sections on Muddy Creek should be established to track 
stream channel elevation, entrenchment of the stream channel, and parameters necessary 
for determining Rosgen level 2 stream channel type. Riparian green line transects should 
be conducted that can determine the percentage of riparian plant size (bare ground, 
ground cover, mid-story, canopy) and type (tree, shrub, grass/forb). Data should be 
collected to estimate sheer stress near cross sections. Riparian green line transects and 
bank erosion inventory that are comparable to the assessments conducted for the TMDL 
source assessment on the Sun River will refine sediment source loads. USGS SSC 
monitoring should continue at both Gordon Road and at Vaughn. Suspended solid load 
estimates analysis for both sites should continue. 

3. Upper Sun River – Permanent cross sections near Simms and Sun River should be 
established to track stream channel elevation, entrenchment of the stream channel, and 
percent fines on the streambed. A bank erosion assessment using the same methodologies 
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as those in this document should be conducted along with riparian green line assessments 
just prior to the next TMDL review. Biological monitoring should occur in the upper Sun 
River above the Highway 287 Bridge, at Simms, and at Sun River prior to the next 
TMDL review. Biological monitoring should include macroinvertebrate and periphyton 
sampling and analysis according to DEQ protocols. Data from this assessment should be 
available prior to the next TMDL review for the Sun River watershed.  

4. Lower Sun River – Urban sources should be assessed further for future TMDL reviews.  
All riparian restoration and irrigation water management projects should be tracked using 
a Sun River watershed BMP spatial database. Project location, size, type, and restoration 
results should be attributed. 
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SECTION 10.0 
TEMPERATURE 
 
This section of the Sun River Water Quality Restoration Plan focuses on thermal related 
pollutant listings and sources of heat. Table 10-1 provides a list of those waterbodies within the 
Sun River TPA that appear on either the 1996 or 2002 303(d) list for temperature related 
pollutants. Both pollution and the resulting thermal pollutant listings are addressed by TMDLs in 
this section. Temperature related water quality standards are reviewed in Section 3.2.2. 
 

Table 10-1. Waterbodies Listed for Thermal Related Pollutants in the Sun 
River Watershed. 
Water Quality Limited 
Segment 

1996 303(d) List 2002 303(d) List 

Upper Sun River (from 
Gibson Dam to Muddy Creek 
Confluence) 

Thermal 
Modification 

Thermal Modification 

Lower Sun River (Muddy 
Creek Confluence to mouth) 

Thermal 
Modification 

No thermal related 
pollutant listing during 
2002 

Muddy Creek Thermal 
Modification 

No causes listed because of 
use classification 

 
High water temperatures can impact fisheries and associated aquatic life uses in Montana. 
Although all energy comes from the sun, there are two major source categories of thermal energy 
that affect stream temperature. The first is direct solar radiation and the second is latent energy 
dissipating from warmed soils, air or other heat sources. Climate, elevation, flow volume, stream 
channel geometry, stream shading, riparian function, and ground water affect water temperature. 
Therefore, critical factors that can be influenced by human activity relate to the amount of area 
exposed to latent thermal sources and solar energy and also relate the volume of water present to 
adsorb the energy.  
 
The remainder of this section presents all of the required temperature TMDL elements for each 
of the above listed waterbodies, one waterbody at a time. In the case of the lower Sun River, the 
impairment status review indicates that a TMDL is not needed at this time. 
 
10.1 Upper Sun River 
 
A generalized watershed description for the Sun River can be found in Section 2.8.4. The upper 
Sun River’s water quality standards and use classification are provided in Section 3.0.  
 
10.1.1 Targets and Thermal Water Quality Status  
 
This section reviews water temperature, stream channel, riparian condition, biological, and flow 
conditions that relate to thermal conditions on the upper Sun River. 
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10.1.1.1 Targets 
 
An EPA and several independent studies show that salmonids need cool water to survive and 
compete with other fish (USEPA, 1976; Coutant, 1977; Cherry et al., 1977; Bell, 1986; Lee and 
Rinne, 1980). These laboratory studies indicate some approximate conditions that salmonids are 
influenced by increased water temperatures. Increased water temperature can affect fish 
reproduction, susceptibility to disease, metabolism, and feeding habits. Warmer water 
temperatures can lead to a shift in fish species from cold-water to warm-water fish. Increases in 
water temperature are not normally lethal to fish because they can usually avoid areas of warmer 
water by migrating to areas of thermal refuge. However, prolonged periods of extremely warm 
water temperatures without any cold-water refuge can be fatal. 
 
USDI, 1998 equated specific in-stream threshold temperature values to the success of various life 
stages of cold-water fish. These primary life stages are spawning, incubation, rearing, and 
migration. In the Sun River TPA, it is believed that spawning and incubation temperatures are 
not limiting cold-water fish. Instead, warm mid-summer temperatures may be influencing 
migration, adult survival, or rearing. Existing in-stream data in the Sun River TPA has shown 
that spring and fall temperatures routinely drop due to day length and natural weather conditions. 
Therefore the focus of this WQRP and the in-stream temperature targets is on mid-summer 
maximum temperatures.  
 
Montana Administrative Rules state that “the maximum allowable increase over naturally 
occurring temperature (if the naturally occurring temperature is less than 67º Fahrenheit) is 1° 
(F) and the rate of change cannot exceed 2° F per hour. If the natural occurring temperature is 
greater than 67º F, the maximum allowable increase is 0.5º F” (ARM 17.30.623(e)) for a B-1 
classification. Use of this narrative standard is the preferred route to use as the primary 
temperature targets for the Sun River. The only way to interpret this standard is to compare the 
impaired streams to appropriate reference streams. 
 
An attempt was made to identify a suitable reference stream with which to assess “naturally 
occurring temperatures” in the Sun River Watershed so that the temperature standards could be 
more directly applied. Ambient data from the Sun River could be compared with those from 
other streams of similar size near the Sun River, including the Dearborn River, Teton River, 
Marias River, Smith River, and Little Prickly Pear Creek. However, all of these regional, similar 
sized streams have been listed on a 303(d) list (the 1996 or 2002 303(d) list or both) for thermal 
modifications, and are therefore not considered appropriate as reference streams for the Sun 
River. No other appropriate reference streams were identified.  
 
Reference temperature conditions were modeled. The modeling methods and results are provided 
in the source assessment Section 10.1.2.2. The modeling indicates that the state water quality 
temperature standards are exceeded on at least a portion of the upper Sun River. 
 
In addition to a modeled reference condition to use for comparing to the temperature standards, 
four other supplemental targets are used that are based upon literature values of thermal criteria 
that protect a cold-water fishery. One of these surrogate targets is based on protecting riparian 
vegetation to promote shading. The targets provided for indication of temperature impairment 
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are: riparian shade, absolute maximum temperature, maximum daily temperatures, and weekly 
average temperature.  
 
Reference condition for riparian shade target was investigated during 2004 monitoring. The only 
area on the impaired segments where increased shading potential was found was on the Sun 
River from Highway 287 Bridge to Muddy Creek’s confluence. The target for riparian shade 
only applies to this reach of the Sun River, is based on a reference site in this area, and is set at 
22% shade. 
 
Thermal requirements specific to westslope cutthroat trout were investigated because they 
inhabit the Sun River headwaters above Gibson Dam and are temperature sensitive and a species 
of concern. As reported by McMahon et al. (2004), the thermal requirements of westslope 
cutthroat trout are largely unknown. In addition, increased water temperature is thought to favor 
non-natives in many cases, yet the affect of temperature on competition between westslope 
cutthroat trout and non-natives in unknown. Also, hybridization between westslope cutthroat 
trout and non-native rainbow trout has resulted in a decline in populations of genetically pure 
westsopes. McMahon et al. (2004) conducted laboratory tests to assess the thermal requirements 
of hybrids, as well as how competitive interaction between hybrids, genetically pure westslope 
cutthroat trout, and non-natives is influenced by water temperature. The tests were conducted 
over 60 days and used the acclimated chronic exposure method to assess upper thermal limits 
and growth optima during 60-day trials. Preliminary results suggest upper limit for survival of 
westslope cutthroat trout is near 69.8 F, whereas peak growth occurred around 53.6 F.  
 
A number of reasons contribute to not using targets that relate to the McMahon et al. (2004) 
research for the Sun River TPA at this time. The results of the study are preliminary. Cutthroat 
trout are not found in this segment of the Sun River. Also, MFWP is not managing the Sun River 
below Gibson Reservoir for cutthroat trout populations. The McMahon et al. (2004) optimal 
growth criterion was compared to temperature data in the upper Sun River (Column K, Table 10-
2). The differences between the criterion and existing conditions are quite large. Professional 
judgment indicates that targets relating to optimal growth of this species may not be achievable 
in the upper Sun River even when all reasonable land, soil, and water conservation practices are 
in place. This criterion may be appropriate if temperature conditions greatly improve due to 
restoration activities identified in this document, and will be considered as an added target during 
future TMDL reviews that are mandated by State law. 
 
The following temperature targets are based on MFWPs’ Drought Fishing Closure Policy, Bell 
(1986), Cherry et al. (1977), and Lee and Rinne (1980): 
 

• Daily maximum water temperature should not exceed 73 ºF for at least some period of 
time during 3 consecutive days. (MFWP) 

• Average temperatures over any 7-day period should not exceed 66 ºF. (Bell, 1986; 
Cherry et al., 1977) 

• Temperatures should not exceed 75 ºF. (Lee and Rinne, 1980) 
 
These targets are justified below. 
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Among the objectives of MFWP’s Drought Fishing Closure Policy is to “protect long-term 
health of aquatic systems from impacts of severe drought, especially waters supporting species of 
special concern and to “provide consistency in decisions across the state” (MFWP, 2004). The 
policy specifies that exceedance of threshold levels for salmonids and for bull trout will initiate a 
discussion for appropriate action to protect the fisheries. The MFWP thresholds for salmonids 
are the following: 
 

• Flows are at the 95 percent monthly exceedence level (1-in-20-year low flows); or 
• Daily maximum water temperature reaches or exceeds 73 ºF (23 degrees Celsius [ºC]) 

for at least some period of time during 3 consecutive days. 
 
The temperature related MFWP threshold is used as a target.  
 
The other two temperature targets are based on studies that investigated temperature tolerance of 
rainbow trout (Lee and Rinne, 1980; Bell, 1986; Cherry et al., 1977). Sixty-six degrees is a range 
of temperatures for optimal growth and 75 ºF is the lowest temperature found to induce mortality 
to rainbow trout. A maximum weekly average of 66 ºF is used to sustain long term health and 
survival and the absolute maximum temperature of 75 ºF is used to protect against mortality.  
 
It is unknown if the temperature targets based on literature values can be achieved by applying 
reasonable land, soil, and water conservation practices. Therefore, an adaptive management 
approach to meeting these targets is provided (Section 10.1.4.3). Restoration and monitoring 
should occur in tandem to determine if these targets are achievable. 
 
10.1.1.2 Supplemental Indicators 
Supplemental indicators are to be used along with targets to provide a weight of evidence 
approach to determining impairment.  Supplemental indicators do not in them selves stipulate 
that temperature impairment exists, but they do provide evidence that a healthy setting exists to 
support aquatic life.  Therefore, they should be used in conjunction with targets to provide a 
holistic assessment of impairment. 
 
In-stream Flow 
 
Supplemental indicators are provided for in-stream discharge conditions. The in-stream 
discharge supplemental indicators are based on FWP wetted perimeter analysis described in 
Section 4.2. Increasing water volume in the stream increases the streams buffering capacity to 
assimilate heat. These flows are not directly calculated by using the relationship between in-
stream temperatures and discharge rates. Therefore, these minimum discharge rates are provided 
as supplemental indicators, not targets. The in-stream flow indicators during drought conditions 
are 100 cfs above Elk Creek and 130 cfs below Elk Creek as absolute minimum flows. A 
recommended flow of 220 cfs along the whole upper Sun River is suggested by FWP during 
non-drought conditions. A limited analysis of discharge vs. in-stream temperature indicates that 
these flow conditions may inadvertently achieve a temperature condition that will support a 
viable salmonid fishery (Figure 10-1). This indicator is used for all TMDLs on the upper Sun 
River. 
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Figure 10-1. Temperature vs. Mean Daily Flow Graphs Comparing Flow to Water 
Temperature Near Simms from 21 July – 20 October 2003. 

40.0

50.0

60.0

70.0

80.0

90.0

25 50 75 100 125 150 175 200
Discharge (cfs)

W
at

er
 T

em
pe

ra
tu

re
 (F

) Daily Mean (F)

Daily Maximum (F)

Linear (Daily
Maximum (F))

Linear (Daily Mean
(F))

 
*data and analysis from MFWP 

 
Fish Population 
 
The fish population on the upper Sun River is severely depressed when compared to reference 
streams in the area. At this time, fish populations in the Sun River are depressed to the point 
where quantitative data is often difficult to obtain. Fish population density in the two unimpacted 
forks of the Sun River upstream from Gibson Reservoir provide a good reference for the 
potential in the main stem Sun River. Based on long term average trout populations in the two 
forks above the reservoir, trout densities of around 600 per mile should be achievable in the 
upper Sun River downstream of Gibson Dam. Optimal condition could be 600 per mile, but 
realistically values similar to the long-term average of trout populations in the Deep Creek 
Section of the Smith River (420 per mile) may be more achievable and would likely produce a 
suitable fishery. Thus, a value of 66% (400/mile) of the population levels in the N & S Forks Sun 
will be used as a supplimental indicator of impairment that may be revised during subsequent 
TMDL reviews. Salmonid populations in the upper Sun River are nowhere near reference level 
(Tables 2-4 and 2-5). This indicator is used for all TMDLs on the upper Sun River.  The fishery 
supplemental indicator analysis is provided by MFWP. 
 
10.1.1.3 Existing Conditions 
 
Temperature 
 
Continuous water temperature is available at five locations on the upper Sun River from 1996 
through 2001. Temperature monitoring was not necessarily conducted annually at each site. 
Some annual continuous temperature data sets for specific sites are not used in for analysis in 
this document because data collection devices (temperature loggers) went dry during the heat of 
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the summer. It was unknown if poor placement of temperature loggers or severe dewatering was 
the cause of air temperature data collection at certain sites during certain years. Data sets that 
measured water temperatures during the whole summer season are used for this assessment and 
are summarized in Table 10-2 and Appendix B. 
 
Most sites on the upper Sun River recorded water temperatures sufficiently high to adversely 
affect salmonids by affecting metabolic levels, growth, and avoidance behavior (USEPA, 1976; 
Cherry, et al., 1977). In many cases, maximum summer temperatures exceeded the lower range 
(75°F) shown to be lethal for rainbow trout in a controlled setting (Columns E, F, G, Table 10-2) 
(Lee and Rinne, 1980). All continuous temperature monitoring sites in this segment recorded 
weekly averages exceeding 66°F, indicating that the upper optimal temperature limit for growth 
(66°F) in rainbow trout was surpassed for extended durations (Column J, Table 10-2). All bolded 
values in Table 10-2 are exceedances of temperature targets. Maximum daily change in 
temperature, 60-day average temperature, and total number of days temperature exceeded 73 ºF 
are provided in Table 10-2 as supporting information that is used to indicate impairment. 
Because existing data indicates that temperatures are exceeding criteria for a healthy salmonid 
fishery, a temperature TMDL is needed for the upper Sun River. 
 

Table 10-2. Continuous Temperature Data Analysis Results Compared to Temperature 
Criteria and Targets for the Upper Sun River from 1997 Through 2001. 

A B C D E F G H I J K
Days 

> 
Hours 

> 
Days 

> Site Name 
 
 

Start Date for 
Data 
Collection 

Stop Date 
for Data 
Collection 

Max. 
Daily 
ΔT 
ºF 

Max. 
Temp.
Value  

ºF 75 ºF 75 ºF 73 ºF 

Consecutive 
Days Above 

73 ºF 

Max. 7-Day 
Weekly 
Moving 
Average 

ºF 

Max. 60 
Day 

Average
ºF 

Targets  NA NA NA < 75 0 0 NA < 3  < 66 NA 

05/15/98 10/29/98 17.5 78.0 7 34 18 11 69 59.5 

07/10/99 10/17/99 14.7 73.9 0 0 3 1 67 61.3 
Sun River below Willow 
Cr  

05/22/00 09/29/00 14.1 75.8 4 10.5 14 9 70.2 63.8 

07/14/97 10/03/97 13.6 75.2 1 2 6 2 67.2 63.4 

06/01/98 10/27/98 15.4 77.4 11 40 24 13 69.9 59.9 

07/10/99 10/19/99 14.2 73.7 0 0 4 2 67.8 64.1 

06/02/00 09/29/00 16.9 76.5 10 29.5 22 17 70.7 65.1 

Sun River at Augusta 

06/02/01 10/05/01 16.5 76.6 10 28 28 5 68.7 66.1 

07/20/97 10/03/97 12.0 75.2 1 2 13 8 69.1 64.3 

06/01/98 10/27/98 13.7 79.2 17 94 27 9 71 67.7 

07/11/99 10/10/99 14.2 76.6 4 12 13 4 69.8 66.6 

Sun River above Fort Shaw 
Irrigation Diversion  

05/27/01 08/17/01 16.6 78.7 20 92.5 41 15 72.6 67.8 
Sun River below the Sun R 
Ditch Company Diversion 05/27/01 10/05/01 17.1 76.3 8 21 25 5 68.8 67.1 

Sun River near the Town 
of Sun River 08/09/01 10/28/01 10.3 73.2 0 0 2 2 69.9 65.3 

 
Stream Channel and Riparian Indicators 
 
See Sections 9.4.1.1 and 9.4.1.2 
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Biology 
 
The upper Sun River has a reduced fishery dominated by whitefish, rainbow and brown trout 
(Tables 2-4 and 2-5). Low fish populations are a result of low stream discharges that influence 
fishery habitat and water temperatures.  
 
Aquatic macroinvertebrate community structure metrics were assessed at a site near the town of 
Sun River. The metrics that relate to temperature were compared to prairie ecoregion criteria, 
which is not appropriate for the site. Biological metrics at this site should be compared to foothill 
metrics. Also, irrigation return flows in this area create cool stream temperatures by increasing 
the amount of groundwater returning to the Sun River upstream of this location. Based on the 
continuous temperature monitoring reviewed in Table 10-2, more sensitive thermal areas are 
upstream of the biological monitoring location. 
 
Discharge Conditions 
 
See Section 4.0 for discussion about in-stream discharge conditions and water use in the Sun 
River Watershed. The upper Sun River regularly has flow conditions below the flow based 
supplemental indicators (Figure 4-3). See Section 10.1.2 for the source assessment that considers 
stream discharge as a source of thermal impairment. The upper Sun River is chronically 
dewatered (MFWP, 1997b). 
 
10.1.2 Thermal Sources 
 
Stream temperatures in the upper Sun River are influenced by a number of human caused 
activities. The most significant human influenced source is irrigation water management.  
Operations of Gibson and Willow Creek reservoirs can impact downstream water temperatures. 
Irrigation diversions affect stream temperature by reducing water volume in the stream, and thus, 
reducing the streams buffering capacity to assimilate heat. Irrigation return flows usually 
influence water in one of two ways: by reducing stream temperatures during critical timeframes 
by ground water return pathways, or increasing temperatures during critical timeframes by 
surface water return pathways. 
 
Understanding how irrigation activities in the upper Sun River watershed affect stream 
temperature is difficult. Irrigation activities can influence stream temperatures both positively 
and negatively, depending upon many compounding factors. Discharge monitoring was 
conducting during the summer and fall of 2004 and is incorporated into a modeling source 
assessment approach discussed later in this section. The modeling source assessment scenarios 
consider irrigation practices as sources of increased stream temperature. 
 
The second source of increased temperature in the Sun River watershed is riparian shading.  
Riparian shading is influenced by grazing and hydromodification in the upper Sun River (Section 
9.3.2). Riparian vegetation intercepts direct sunlight that increases stream temperature. Riparian 
shade was measured and incorporated into the temperature source assessment modeling effort at 
5 sites on the upper Sun River. The shade assessment determined that increased shading could 
not be increased significantly by grazing or water management activities above the Highway 287 
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Bridge. Shade in the upper section of this stream segment is naturally limited. A reference 
approach was used to assess stream shading potential in the segment from Highway 287 to the 
confluence with Muddy Creek. The reference shade was then used in temperature modeling 
scenarios.  
 
The 2004 field monitoring team did not identify stream channel geometry as a potential source of 
increased temperatures although there was indication that dewatering causes high width to depth 
ratios. High width to depth ratios increase surface water area, which increases influences of 
latent heat and direct solar energy on stream temperature. The high width to depth ratios are 
addressed in the source assessment modeling by running different discharge scenarios. As 
discharge increases, width to depth ratios decrease in most sections of the upper Sun River.  
 
The sites in Table 10-2 are listed in an upstream to downstream order. Gibson Reservoir outflow, 
the Sun River Diversion (to the Greefields Bench and Willow Creek Reservoir), Willow Creek 
Reservoir return flow, and Floweree Canal Diversion influence flows above the Willow Creek 
Site (Figure 10-2). The Augusta temperature monitoring site is only a few miles downstream 
from the first site with no other major surface water influences on flow between the sites. Water 
temperatures appear to warm slightly between these two sites. Between Augusta and Fort Shaw 
diversion temperature monitoring sites, Elk Creek flows into the Sun River. Once again, water 
temperatures appear to warm slightly between these two sites. The lowest two monitoring sites 
are very close to each other. Between the Fort Shaw diversion and lowest two monitoring sites, 
the Fort Shaw diversion, Simms Creek, Big Coulee, Rocky Reef Diversion, Adobe Creek, and 
Sun River Valley diversion influence flows. Water temperature appears to cool when compared 
to the upstream site. The cooling between these areas is likely from two factors: first, severe 
dewatering, and then groundwater irrigation return flow entering the river directly or via 
tributaries. It is likely that the warmest temperatures on the upper Sun River occur between these 
two areas. Mill Coulee’s confluence is downstream of the lowest temperature monitoring site. 
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Figure 10-2. Sun River Discharge Monitoring Results and Temperature Monitoring and Modeling Sites, Summer 2004. 
(upper left is upstream, lower right is downstream) 
 

 

Temperature modeling 

Temperature modeling 

             Continuous temperature monitoring sites from Table 10.1 
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10.1.2.1 Point Sources 
 
In-stream and point source discharge rates are compared to each other to determine if point 
sources are a likely source of heat. July discharges are compared because this is a sensitive 
month for in-stream temperature impacts. The average July discharge (1996-2001) from Vaughn, 
the only POTW MPDES permit in the upper Sun River watershed, is 0.06 cfs. The July, 2004 
discharge measured at the town of Sun River during a water budget assessment was 112 cfs 
(Figure 10-2). Using this data, Vaughn contributes approximately 0.05 % of the flow to the Sun 
River from its discharge. A number of temperature models use criteria of 10% inflow to the main 
river to determine if surface water sources have significant thermal impacts (Barthollow, 2002). 
Vaughn POTW is likely not a significant source of heat to the upper Sun River because it 
supplies only a small contribution to in-stream discharge. 
 
10.1.2.2 Stream Segment Temperature Model (SSTEMP) 
 
The SSTEMP model was chosen to simulate stream temperatures in the upper Sun River. The 
goals of the SSTEMP modeling were to create realistic temperature models; to ascertain the 
relative benefits of restoration measures, such as enhancing riparian vegetation; and to evaluate 
modeling results against naturally occurring temperature for the upper Sun River. Values for the 
model input parameters were assigned based on available monitoring data or on default 
parameters suggested in the SSTEMP User’s Manual (Bartholow, 2002). This section 
summarizes the basis for the hydrology, channel geometry, shading, and meteorology modeling 
assumptions. 
 
Modeling Assumptions, Inputs, and Calibration  
 
Because of budget and data constraints, only two representative reaches of the upper Sun River 
segment were modeled. One reach was above Willow Creek’s confluence; the other modeled 
reach was near the town of Simms. From here on, they will be referred to as the upper and lower 
modeled reaches. The modeling results are used to extrapolate temperature impacts to the whole 
upper Sun River segment. Each of the two reaches were approximately one mile in length. 
Discharge, stream geometry, temperature, and riparian shade were monitored on the upstream 
and downstream points of each modeled reach on September 9-10, 2004. Another reference area 
was monitored for potential shading reference downstream of Simms.  
 
SSTEMP model calibration was performed to minimize model error in mean stream temperature 
by determining the percent error between modeled mean and actual stream temperatures. 
SSTEMP is a simplified water temperature model that requires the modeler to make assumptions 
about the system to be modeled. This section describes the assumptions made about the physical 
system and model input parameters.  
 
The first assumption relates to Simms Creek, a tributary of the Sun River that bisects the lower 
modeled reach and was approximately 3 °C cooler than the Sun River. Simms Creek was thought 
to be less than 10% of the flow of the lower modeled reach, but after monitoring occurred, data 
indicated it was above the 10% discharge contribution threshold. The August 2002 revised 
manual for the SSTEMP model (Bartholow, 2002) recommends that if a tributary of a modeled 
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stream segment contributes more than 10% of the overall flow in the reach, then the tributary 
should be modeled separately. Simms Creek contributes between 10 and 20 % of the total flow 
in the reach and would therefore typically be divided into two reaches, above and below Simms 
Creek, each modeled separately. However, because flow data were not measured for Sun River 
above and below the Simms Creek confluence, and only data from the mouth of Simms Creek 
were measured, it is not possible to model this stretch as two reaches. Therefore, it was modeled 
as a single reach, assuming the input from Simms Creek is spread out throughout the lower 
modeled reach. It is expected that the stretch of river below the Simms Creek confluence with 
Sun River will result in higher modeled temperatures than actually exist, while the area above the 
Simms Creek confluence is expected to result in cooler modeled temperatures. 
 
The second assumption is related to the wetted width of the channel at varying flow rates. For 
purposes of this model it is assumed that the wetted width of each channel does not change with 
variations in flow rate. Typically, a width-discharge relationship would be developed for each 
stream segment from measurements of width at several flow rates. However, only two widths 
and flow rates were measured for each reach, one at the September 10 or 11, 2004 measurements 
and one estimated at bank-full conditions, and the bank full estimations appear to have 
inconsistencies. To be confident this assumption would not adversely influence results, use of a 
width-discharge curve was tested on the upper Sun River reach. Use of a width-discharge curve 
for this reach resulted in a modeled outflow temperature 0.3 °C cooler than the modeled 
temperature using a rectangular channel assumption, a 0.05% change. Based on the above 
analysis, we expect this assumption to have minimal effect on model results.  
 
The third assumption is related to accretion temperature, which is defined as the temperature of 
lateral inflows, barring tributaries. The SSTEMP manual recommends use of the mean annual air 
temperature for the accretion temperature where geothermal activity and impacts due to 
irrigation are insignificant. Irrigation, however, contributes a significant amount to stream flow 
in the modeled reaches through conveyance losses and irrigation return flows. More accurate 
estimates of accretion temperature were sought through assessment of irrigation returns to the 
three reaches and groundwater temperatures in wells, but existing well temperature data was 
limited and inconsistent. The accretion temperature in the upper Sun River reach is based on the 
mean annual air temperature of 44.5 °F, however it was increased to 52 °F based on the idea that 
some of the irrigation ground water return flow comes from near the surface and would be 
slightly warmer that typical groundwater inflow. The accretion temperature in the lower reach is 
based on the combined effect of cool groundwater returns and the warmer inflow of Simms 
Creek.  
 
Finally, as recommended in the SSTEMP manual (Bartholow, 2002), ground temperature is 
assumed to be equal to the mean annual air temperature in all three reaches, and the thermal 
gradient, which is defined as the rate of thermal transfer to the river from the streambed, is 
assumed to be 1.65 Joules/meter2/second. Thermal gradient is identified as a possible calibration 
parameter in the SSTEMP manual, however, recommendations by John Bartholow, the 
developer of SSTEMP and SNTEMP, suggest this parameter is insensitive to change and 
calibration would drive the thermal gradient outside the bounds of values reported in the 
Forsythe (1954). Tables 10-3 and 10-4 provide input variables for calibration. 
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Detailed weather data for September 10, 2004 were acquired from Golf, MT Remote Automated 
Weather Station data. Data were available for all climate model input parameters with the 
exception of possible percent sun (an inverse estimate of cloud cover). The model was calibrated 
using two parameters: possible percent sun and wind speed. Percent sun is a subjective parameter 
and was varied between 1% and 100% for calibration. The resulting spread of outflow 
temperatures, using various values of percent sun within this range, was 0.4 °F and the resulting 
spread in percent error was 0.6%. The small resulting spread indicates that the model is relatively 
insensitive to this parameter. Therefore, a value of 75% is used for future modeling scenarios. 
 
Wind speed was measured at Golf, MT Remote Automated Weather Station. However, due to 
the inherent variability of wind speed, application of this measured value can impose uncertainty. 
A range of wind speeds between 0 and 30 mph was used in the calibration and results indicated 
that wind speed had minor impact on the modeled outflow temperatures, with increased wind 
causing slight increases in % error. It is unlikely that there was no wind during the entire day, 
however lower winds provided more accurate modeled outflow temperatures. Therefore, a wind 
speed of 3 mph at the nearby gage will be used for modeling scenarios. Using these calibration 
parameters resulted in model calibration of 3.2% (2.0 °F) error for the upper reach and a 0.1% 
(0.1 °F) error for the lower reach.  
 

Table 10-3. Upper Sun River Discharge and Thermal Inputs for Calibration of 
SSTEMP Model. 

Reach 
Segment 
Inflow  

(cfs) 

Downstream 
Flow  
(cfs) 

Inflow 
Temp.  

(°F) 

Accretion 
Temp. 

(°F) 

Air 
Temp. 

(°F) 

Maximum 
Air Temp. 

(°F) 

Total 
Shade 
(%) 

Upper Sun River 94 104 60.8 52 66.2 75 4.5 
Lower Sun River 93 114 66.2 54.7 71.6 75 14 

 
Table 10-4. Upper Sun River Channel 
Geometry and Climate Inputs for SSTEMP 
Model Calibration. 
Reach Upper  Lower  

Latitude 47.58 47.51 
Dam at Head of Segment no no 

Upstream Elevation 4095 3641 
Downstream Elevation 4041 3569 

Width's A Term 95 88 
Width's B Term See text See text 

Manning's N 0.028 0.019 
Relative Humidity 38 38 

Wind Speed 3 3 
Ground Temperature 44.06 44.06 

Thermal Gradient 1.65 1.65 
Percent Possible Sun 75 75 

Solar Radiation 473 473 
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SSTEMP Modeling Scenarios 
 
Various SSTEMP modeling runs were conducted for the two reaches. The goals of the modeling 
runs were to evaluate the potential effectiveness of various reasonable restoration measures in 
reducing in-stream water temperatures. All modeling scenario runs were conducted at worst case 
scenario summer time climate condition based on July 23, 2003. The first model run scenario 
was to change climate conditions to reflect conditions on July 23, 2003 and change incoming 
water temperature to conditions on that date for both reaches. All subsequent model runs were 
run with the hot summer conditions and changes to input described below. Restoration measures 
of riparian vegetation enhancement, changes in accretion discharge, and in-stream flow 
augmentation were then modeled in order to assess the effectiveness of each measure alone as 
well as in combination. 
 
Upper Reach (above Willow Creek) Scenarios 
 
For the first scenario on the upper reach, in-stream flow was increased by 74%, from 94 cfs to 
164 cfs. This flow scenario is based on applying savings to in-stream flows from irrigation water 
management practice savings to the Greefields Irrigation District, Broken O, and Fort Shaw 
Irrigation District delivery systems and on farm water savings. The savings are based on a 30% 
savings from reasonable irrigation water management practices such as ditch lining and more 
efficient on-farm application. Half of the saved water is applied evenly throughout the year to in-
stream flow. Because irrigation efficiency increases by 30%, accretion discharge to the segment 
was decreased by 30% because much of the incoming groundwater is likely derived from 
irrigation activities. Vegetation density for upper reach was kept the same as existing conditions. 
Significant increases in shading are not achievable through restoration approaches in this upper 
reach because of natural constraints on vegetation. Appling water savings to in-stream flows 
during specific timeframes is likely realistic because Gibson Reservoir could potentially be used 
to regulate summer flows. Results for this scenario increased temperature in the upper stream 
segment. A higher volume of the same temperature water entering a reach that is gaining cool 
groundwater will buffer the cooling effects of the groundwater influence on average but will not 
heat up as much during the hot afternoon hours. The average modeled daily temperature 
increased by 0.7 °F but the maximum estimated temperature decreased by 1.9 °F (Table 10-5). In 
reality, the water entering the segment would likely be cooled because of upstream temperature 
buffering due to increased in-stream flow. Unfortunately, the existing data and modeling cannot 
determine the upstream buffering due to increased flow. 
 
Because groundwater influence was found to be a major influence on stream temperature, 
another scenario was completed on the upper segment to determine what would happen to stream 
temperatures in a similar reach that is losing water to the aquifer in this general area when flows 
are increased. All of the above scenario inputs were used but the outflow was decreased so that 
the reach would be modeled to lose 3 cfs to groundwater. This scenario was run at baseline 
inflow of 94 cfs and at an increased inflow of 164 cfs, or a 73% increase in flow as in the 
scenario run above. The average modeled daily temperature decreased by 0.3 °F and the 
maximum daily temperature decreased by 2.3 °F (Table 10-5).  
 
In another scenario for the upper reach, all of the conditions of the previous scenario were held 
the same (losing reach) except the inflow was increased to 234 cfs, which represents a 148% 
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increase in flow. This value represents the all the water savings being applied to in-stream flow, 
or half of the savings being applied to in-stream flows during the warmer half of the year. The 
average modeled daily temperature decreased by 0.5 °F and the maximum daily temperature 
decreased by 3.9 °F (Table 10-5).  
 
Temperature standards for a B-1 state water are “A 1 ºF maximum increase above naturally 
occurring water temperature is allowed within the range of 32 ºF to 66 ºF; within the naturally 
occurring range of 66 ºF to 66.5 ºF, no discharge is allowed which will cause the water 
temperature to exceed 67 ºF; and where the naturally occurring water temperature is 66.5 ºF or 
greater, the maximum allowable increase in water temperature is 0.5 ºF (17.30.24(b)).” The 
model calibration for the upper reach had an error of 2 oF. Modeled maximum daily temperatures 
are increased by 1.9 degrees in the upper reach of the upper Sun River. Although it is likely that 
increases in temperature occur in the upper in this reach due to irrigation, the modeled increases 
are within the modeling error limit when run on this reach that is gaining groundwater. On a 
hypothetical losing reach with all other conditions the same as this reach, an increase of the 
maximum daily temperature would be 3.9 oF from irrigation activities. If there are losing reaches 
in the area, they are likely in violation of the state standard. If a larger reach was modeled it may 
have provided a stronger indication of impairment. Modeling results in this segment are unclear 
because the model error is higher than the actual modeled increase in maximum daily 
temperature. It is unclear if the upper reach of the upper Sun River segment is in violation of B-1 
temperature standards.  
 
Augmenting flows by increasing irrigation efficiency will reduce daily temperature fluctuations 
in this area and reduce daily maximum temperatures. It is unclear how flow augmentation would 
affect average daily in-stream temperatures, but it appears that the combination of in-stream flow 
conditions and groundwater influence create the largest influence on water temperature in this 
area. 
 
Lower Reach (near Simms) Scenarios 
 
For the first scenario on the lower reach, in-stream flow was increased by 74%, from 93 cfs to 
163 cfs. This flow scenario is based on applying savings to in-stream flows from irrigation water 
management practice savings to the Greefields Irrigation District, Broken O, and Fort Shaw 
Irrigation District delivery systems and on farm water savings. The savings are based on a 30% 
savings from reasonable irrigation water management practices such as ditch lining and more 
efficient on-farm application. Half of the saved water is applied evenly throughout the year to in-
stream flow. Because irrigation efficiency increases by 30%, accretion discharge to the segment 
was decreased by 30% because much of the groundwater is likely derived from irrigation 
activities. Vegetation density for this scenario was kept the same as existing conditions. Appling 
water savings to in-stream flows during specific timeframes is likely realistic because Gibson 
Reservoir could potentially be used to regulate summer flows. Results for this scenario increased 
temperature in the upper stream segment. A higher volume of the same temperature water 
entering a reach that is gaining cool groundwater will buffer the cooling effects of the 
groundwater influence on average but will not heat up as much during the hot afternoon hours. 
The average modeled daily temperature increased by 0.7 °F but the maximum estimated 
temperature decreased by 0.3 °F (Table 10-5). In reality, the water entering the segment may be 
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cooled because of upstream temperature buffering due to increased in-stream flow. 
Unfortunately, the existing data and modeling cannot determine the upstream buffering due to 
increased flow. 
 
A shading scenario was run on the lower reach because the reference shading reach is 
comparable to this reach and had more shade than this reach. Percent shade was increased from 
14% to 22%. The increased shade was applied at the existing flow of 93 cfs. The scenario results 
decreased average daily temperature by 1.8 °F and the maximum daily temperature also 
decreased by 1.8 °F (Table 10-5).  
 
Temperature standards for a B-1 state water are “A 1 ºF maximum increase above naturally 
occurring water temperature is allowed within the range of 32 ºF to 66 ºF; within the naturally 
occurring range of 66 ºF to 66.5 ºF, no discharge is allowed which will cause the water 
temperature to exceed 67 ºF; and where the naturally occurring water temperature is 66.5 ºF or 
greater, the maximum allowable increase in water temperature is 0.5 ºF (17.30.24(b)).” The 
model calibration for the lower reach had an error of 0.1 oF. Modeled maximum daily 
temperatures are increased by 1.8 degrees in the lower reach of the upper Sun River. State water 
quality temperature standards are exceeded in this reach because natural temperatures are above 
66 ºF and the model indicates increases in temperature greater than 0.5 ºF. If a larger reach was 
modeled it may have provided a stronger indication of impairment. Modeling results in this 
segment demonstrate impairment due to temperature.  
 
Augmenting flows by increasing irrigation efficiency will reduce daily temperature fluctuations 
in this area and reduce daily maximum temperatures. It is unclear how flow augmentation would 
affect average daily in-stream temperatures, but it appears that the combination of in-stream flow 
conditions, shading, and groundwater influence create the largest influence on water temperature 
in this area. 
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Table 10-5. Results of the SSTEMP Model Scenarios for the Upper Sun River. 

 

Reach Restoration Measure Parameter
(Daily) 

Value 
°F 

Difference 
From 

Existing 
Condition 

°F 
Mean 69.2 NA Above Willow 

Creek (upper) 
Existing condition.  
(July 23, 2003) Max 85.5 NA 

Mean 69.9 +0.7 

C
om

pa
ris

on
 

Above Willow 
Creek 

Increase inflow by 74% to reflect ½ 
of IWM savings applied to in-
stream flow over full year. 
Decrease of groundwater inflows to 
the reach by 30%. 

Max 83.6 -1.9 

Mean 70.9 NA Above Willow 
Creek 

Change the reach to a losing reach -
Hypothetical Condition (water flows 
from the river to groundwater). Max 86.9 NA 

Mean 70.6 -0.3 
Above Willow 
Creek 

Change the reach to a losing reach -
Increase flow by 74% to reflect ½ 
of IWM savings applied to in-
stream flow over full year (3 cfs flows 
from the river to groundwater). 

Max 84.6 -2.3 

Mean 70.4 -0.5 

C
om

pa
ris

on
 

Above Willow 
Creek 

Change the reach to a losing reach -
Increase flow by 148% to reflect 
IWM savings applied to in-stream 
flow over full year (3 cfs flows from 
the river to groundwater). 

Max 83.0 -3.9 

Mean 70.0 NA Near Simms 
(lower) Existing condition. 

Max 86.0 NA 
Mean 71.7 +1.7 

Near Simms 
Increase inflow by 74% to reflect ½ 
of IWM savings applied to in-
stream flow over full year. Max 85.7 -0.3 

Mean 69.9 -1.8 C
om

pa
ris

on
 

Near Simms Shading increased from 14% to 
22% Max 84.9 -1.8 

 
SSTEMP Modeling Conclusions 
 
Limited in-stream field data were available to calibrate the SSTEMP models. The modeling 
scenarios represented worst-case climate conditions. This is especially important given the fact 
that air temperature is a very significant variable for the SSTEMP model. Nonetheless, the 
calibration models appeared to give reasonable estimates of mean and maximum temperature for 
the upper Sun River. 
 
The goals of modeling with SSTEMP were to determine the relative benefits of restoration 
measures, such as augmenting flows, and to determine if B-1 temperature standards are violated 
within the suspected thermally impaired segments. The modeled maximum and average daily 
temperatures for lower reach violate the state standard set for B-1 class streams naturally above 
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67 ºF. Of the significant ‘controllable’ variables revealed in the sensitivity analysis, increasing 
riparian vegetation density appeared to have the greatest potential impact on reducing mean in-
stream water temperatures. The other significant ‘controllable’ variable was stream flow. When 
flows were augmented the input flow temperatures would be even more important than air 
temperatures. Should the ultimate goal of restoring coldwater fisheries and associated aquatic life 
in the upper Sun River, it would appear that restoration measures will need to consider irrigation 
water management and riparian shade enhancement. 
 
To understand the full impact of reduced in-stream flow on temperature, the SNTEMP model 
would need to be run for the entire upper Sun River. This was not possible with current 
budgetary and time constraints. It is likely that increasing in-stream flows will decrease water 
temperatures more than the SSTEMP modeling indicates because of cumulative upstream affects 
of increasing in-stream heat buffering capacity that the SSTEMP modeling could not take into 
account. 
 
10.1.3 Load Limits 
 
A TMDL is composed of the sum of individual waste load allocations (WLAs) for point sources 
and load allocations (LAs) for nonpoint sources and natural background levels. In addition, the 
TMDL must include a margin of safety (MOS), either implicitly or explicitly, that accounts for 
the uncertainty in the relationship between pollutant loads and the quality of the receiving 
waterbody. Conceptually, this definition is denoted by the equation: TMDL = WLAs + LAs + 
Natural + MOS. This section identifies load limits and the allocation section will address how 
each of the TMDL components are considered. 
 
For this temperature TMDL, the source assessment is not investigated in terms of heat loads. 
Although temperature impacts from significant sources were modeled to assess relative impacts, 
the number of joules or calories coming from each source is not directly assessed. The modeling 
was not reliable enough to fully base allocations or a TMDL upon. Also, temperature standards 
exceedances that are influenced by reduced in-stream discharges are not easily addressed in 
terms of heat loading. Reduction in discharge does not introduce more heat to the stream, instead 
it reduces the streams capacity to adsorb heat. Because of the arguments above, the TMDL is 
expressed as a simple discharge based TMDL that relates to meeting targets. This requires a 
number of load limits that relate to different target temperatures and durations in Section 
10.1.1.1.  
 
10.1.3.1 Instantaneous Load Limit  
 
An acute TMDL is provided to ensure that heat accumulation does not contribute to temperatures 
that cause short-term death of salmonids. This load-based limit is calculated by the second. The 
limit depends upon the in-stream discharge rate. The load limit can be calculated for any flow 
condition in the upper Sun River. The basis for an acute load limit is meeting the absolute 
maximum temperature target of 75°F at all discharge rates. Heat loading should not surpass the 
load for any discharge rate based upon the following loading equation:  
 

Maximum Load (in kilocalories/second) = Discharge (cfs) * 676.206 



10.0 Temperature 

December, 2004  210 

 
The factor of 676.206 is a combination of volume and temperature conversion factors. If the 
absolute maximum target of 75 °F of is not met, the maximum load limit is exceeded.  
 
10.1.3.2 Average Weekly Load Limit 
 
A chronic load limit is provided to ensure that heat accumulation does not contribute to 
temperatures that cause long-term health affects in salmonid populations. This load limit is 
calculated for an average load over a week’s time. This load limit calculation is based upon 
average weekly discharge. The basis for a chronic load limit is meeting the seven-day average 
temperature target of 66°F at all seven-day average discharge rates. Heat loading should not 
surpass the load for any seven-day average discharge rate based upon the following loading 
equation:  

 
Maximum Load (in mega calories/week) = Discharge (7-day average discharge in cfs) * 32351.07 

 
The factor of 32351.07 is a combination of volume, time, and temperature conversion factors. If 
the maximum seven-day average target of 66°F is not met, the weekly load limit is not met. Both 
the weekly and instantaneous load limits are exceeded on the upper Sun River. Any bolded 
existing conditions in Table 10-2 Columns E, F, G, and J would be an exceedance of a load limit.  
 
10.1.4 Allocations and Margin of Safety 
 
Waste Load Allocation (point sources) 
 
No temperature data is available for determining the thermal waste load allocation from Vaughn. 
The heat waste load is thought to be very small based on comparison of Vaughn POTW and in-
stream discharge rates. The allocation to Vaughn’s POTW will be phased into future TMDL 
revisions that are authorized by state law. Until that time, Vaughn should not significantly 
increase heat loading to the upper Sun River. Vaughn should keep their discharge less than 1% 
of the in-stream flow during the months of July and August until a true heat allocation can be 
made during a future TMDL review. During the next permit review, MDEQ will require Vaughn 
to monitor continuous temperatures (1/2 hour increments) in their discharge and also monitor 
continuous ambient in-stream conditions immediately upstream of their discharge for one year, 
during July, August, and September. This data will be used to allocate a load to Vaughn during 
future TMDL review. 
 
Load Allocation (nonpoint sources) and Natural Loading  
 
The TMDL is based upon meeting temperature targets that represent attainment of in-stream 
beneficial uses. Excluding the waste load, which is likely insignificant, the remainder of the 
TMDL is derived from nonpoint sources and natural sources. The methodologies used in the 
source assessment do not allow for a partitioning of natural and nonpoint source heat loads. The 
source assessment identified stream shading and flow modification, both due to agricultural 
activities, as the significant nonpoint sources. Therefore, the full reduction of heat load or 
reduction of in-stream buffering capacity needed to attain the instantaneous and weekly average 
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load limits will be allocated to agricultural activities that increase stream temperatures by 
modifying in-stream flow conditions and shading.  These agricultural activities include irrigation 
water withdrawals, overland irrigation return to the Sun River and tributaries, hydromodification 
that affects riparian vegetation shading, and riparian grazing that affects riparian vegetation 
shading.  If these agricultural sources are addressed by restoration management actions identified 
in Section 10.1.5, the targets and loads will likely be achieved.   
 
Phased Load Allocation Approach 
Phase I 
A performance based allocation is currently provided for phase I to reduce in-stream 
temperatures by providing increased shade on the segment of the Sun River between highway 
287 and Muddy Creek.  Shading in a reference area was found at 22% while in an impacted area 
it was 14%.  Therefore, the performance based allocation to restore shading to 22% along this 
reach of the sun river is provided.  SSTEMP modeling identified that there is a significant 
decrease in temperature due to a 8% change in shading.  Riparian grazing and extremely low 
summer flows were identified as impacting riparian vegetation growth.  Shading above highway 
287 can not be increased with restoration approaches. Riparian vegetation is at or very close to 
it’s potential in this area. 
 
Phase II  
The Sun River discharge requirements identified by MFWP for survival of salmonids in Table 4-
2  in conjunction with the phase I allocation will likely achieve temperature targets in the upper 
Sun River (Figure 10-1).  The second phase of a load allocation will be to do the following: 
 

1. Conduct a feasibility analysis of meeting MFWP discharge requirements for survival of a 
salmonid population. 

2. Use results of the feasibility analysis to collaborate with irrigation system operation 
personnel to attain irrigation conveyance efficiencies. 

3. Use results of the feasibility analysis to collaborate with irrigators to attain on-farm 
irrigation efficiencies. 

4. Use results of the feasibility analysis to apply savings to in-stream use. 
5. Continue monitoring in-stream discharge and fishery. 

 
The phase II allocation strategy has to consider Montana’s water law that prohibits the taking or 
imperilment of any existing water right in order to attain water quality standards.  This indicates 
that a locally coordinated approach to restoring in-stream flow is essential for achiving the goals 
of phase II allocation process.  
 
10.1.4.3 Margin of Safety, Adaptive Management, and Seasonality 
Considerations 
 
A margin of safety for this TMDL is provided in an adaptive management approach. The 
uncertainty of the Sun River temperature TMDL analysis is addressed by future TMDL reviews 
as provided for in Montana law. A monitoring plan is identified in Section 10.1.6 to aid in future 
TMDL review and the phased allocation for the point source.  
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The upper Sun River temperature TMDL is based on targets that protect in-stream uses. While 
this may be protective of the use, it is unknown if reasonable land, soil, and water conservation 
practices can actually achieve the TMDL. Therefore, identified nonpoint source conservation 
practices in Section 10.1.5 should be tracked over time to determine if and where implementation 
occurs. If implementation occurs and does not achieve targets or the TMDL, further strategies to 
meet these goals should occur in future TMDL planning. If the goals of this document appear to 
be unachievable after reasonable land, soil, and water conservation practices are in place, targets, 
TMDL and allocations may need to be revised.  
 
Sensitive seasons are addressed by setting year round targets. For the most part the targets will 
be a concern in July or August when hot summer weather conditions persist. The temperature 
targets and load limits provide protection over two different time durations. This load limit and 
allocation timeframe should adequately protect the uses. If targets or loads need to be broken into 
daily, monthly, or other load timeframes because future knowledge indicates that uses are being 
impacted over different timeframes than those addressed in this document, the load limit 
timeframe should be addressed in future TMDL reviews. 
 
10.1.5 Restoration Strategy 
 
10.1.5.1 Irrigation Water Management 
 
Irrigation water management activities that will reduce temperatures in the upper Sun River 
ultimately reflect back to one idea: leaving more water in-stream. Reducing or discontinuing 
surface irrigation water returns to the upper Sun River or tributaries is also essential. The 
recovered water from the irrigation water management activities identified below should be left 
in the Sun River to promote riparian vegetation growth by stabilizing in-stream water levels. 
Increased discharges in the upper Sun River will provide restoration approaches that address 
inefficient irrigation water delivery are vital. Increasing on-farm irrigation and delivery system 
efficiency will be useful to reduce summer groundwater return flow to tributaries and divert less 
water from the Sun River. The following activities are provided as irrigation water management 
practices:  
 

• Capture all or most of the surface irrigation waste water and devise a more efficient 
approach to water delivery on all major conveyance ditches. 

• Study water loss in ditches, prioritize ditch lining using water loss study, and line ditches 
in areas that leak the most, especially near the periphery of the Greenfields Bench.  

• Prevent on-farm or conveyance irrigation water runoff from exiting fields or ditches and 
entering state waters via overland flow. 

• Use evapotranspiration or soil moisture monitoring for irrigation scheduling. 
• Install head gates that can be fully controlled, if not already in use. 
• Apply irrigation savings to in-stream use. 
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10.1.5.2 Riparian Grazing Management 
 
Application of grazing management tools can reduce sediment loads from bank erosion sources. 
Grazing management practices that may help to avoid acceleration of stream bank erosion on the 
upper Sun River and tributaries are: 
 

• Use riparian browse and grazing indictors to manage riparian grazing pressure and rotate 
riparian pasture appropriately.  

• Time grazing to coincide with dry or freezing weather to reduce erosion.  
• Time pasture use to promote grazing, not browse.  
• Place supplemental feed or salt in upland areas to promote even grazing in pastures 

without riparian fencing.  
• If needed, fence riparian areas and provide water gaps.  
• Employ weed control. 

 
Riparian Buffer Zones 
 
Allowing a riparian buffer between the river and agricultural fields will promote growth of 
riparian vegetation with better soil binding properties. The riparian species root mass will protect 
banks better than shallow rooted field grasses. 
 
10.1.6 Monitoring Strategy 
 
10.1.6.1 Existing Condition and Trend Monitoring 
 
Continuous temperature monitoring should continue yearly at sites identified in Table 10-2 to 
track existing conditions and any trends. The Bureau of Reclamation should begin monitoring 
continuous temperature conditions on an annual basis during the summer time below Gibson 
Reservoir and below the Sun River Diversion.  
 
10.1.6.2 Water Budget Analysis 
 
Discharge monitoring along the Sun River, major diversions, and major tributaries was 
conducted during the summer and fall of 2004 to determine existing flow conditions in the Sun 
River Watershed. A feasibility analysis of basin wide irrigation management practices, 
associated water savings, and the feasibility of applying saved water to in-stream flow should be 
conducted. The water budget and feasibility analysis could be used in conjunction to solidify 
how much water can be applied to in-stream uses and to identify where BMPs should be applied 
in the irrigation systems. 
 
10.1.6.3 Phased Waste Load Allocation 
 
No temperature data is available for determining the thermal waste load allocation from Vaughn. 
The allocation to Vaughn’s POTW will be phased into future TMDL revisions that are 
authorized by state law. During the next permit review, MDEQ will require Vaughn to monitor 
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continuous temperatures (1/2 hour increments) in their discharge and also monitor continuous 
ambient in-stream conditions immediately upstream of their discharge for one year, during July, 
August, and September. This data will be used to allocate a load to Vaughn during future TMDL 
review. 
10.1.6.4 Restoration Management Tracking 
 
All restoration management projects that fall into categories provided in Sections 10.4 should be 
tracked using a Sun River Watershed BMP spatial database. Project location, size, type, and 
restoration results should be attributed. 
 
10.2 Muddy Creek 
 
Muddy Creek’s general watershed description is provided in Section 2.8.5. Muddy Creek’s water 
quality standards and use classification are provided in Section 3.0. 
 
10.2.1 Targets 
 
It is Montana’s goal to attain the same uses in Muddy Creek as the upper Sun River. Therefore, 
the temperature targets  for Muddy Creek are the same as those provided for the upper Sun River 
in Section 10.1.1. The Sun River supplemental indicators are not applicable to Muddy Creek. 
 
10.2.2 Existing Conditions 
 
10.2.2.1 Temperature 
 
Continuous temperature data from Muddy Creek is not available at this time. The available 
instantaneous temperature USGS data for Muddy Creek indicates that water temperatures during 
the hottest period of the year are usually compatible for rainbow and brown trout. The average of 
July and August instantaneous temperature data is 63.7 °F. The maximum recorded value is 80.6 
°F. Only three of the 162 data points at the two USGS stations were above 75 °F (Figure 10-3). 
Weekly average temperatures above 66 °F affect growth and exceed the values preferred by fry 
and fingerling rainbows (USEPA, 1976; Coutant, 1977; Cherry et al., 1977; Bell, 1986). About 
26 percent of the 162 data points at the two USGS stations were above 66 °F. Little can be 
concluded from instantaneous temperature data when compared to a weekly average temperature 
for growth, but exceedances of the 75 °F target and human influenced sources of heat indicate 
that a temperature TMDL is needed for Muddy Creek. 
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Figure 10-3. Muddy Creek at Vaughn and Muddy Creek Near Vaughn Summer (July - 
August) Discrete Water Temperature vs. Discharge Relationship.  
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Stream Channel and Riparian Indicators 
 
When irrigation was initiated on the Greenfields Bench, the increased stream flow and energy 
created a larger stream channel by eroding down into the soft silts and clays of the lower Muddy 
Creek Valley. Riparian grazing also had a role in eliminating riparian areas that support willow 
species. Efforts to reduce erosion in Muddy Creek have resulted in a more stable stream channel, 
an improved riparian condition and temperature regime, especially on the lower 10 stream miles 
where most of the past damage had occurred. Trout and aquatic life habitat in this lower section 
of Muddy Creek has improved and continues to move toward more stable condition. This helps 
enable the stream to maintain a cool base flow.  
 
Stream channel and riparian conditions are described in Section 9.4.1.  
 
10.2.2.2 Biology 
 
Old fisheries data indicate that Muddy Creek has a reduced fishery dominated by whitefish and 
brown trout (Table 2-3). Although there has been no recent fishery data collected in Muddy 
Creek, local reports indicate that the stream currently supports a minimal population of large 
brown trout above Gordon. Low fish populations are a result of physical conditions and flow 
fluctuations that influence fishery habitat and water temperatures. If destructive, high, summer 
flows and over-heated surface returns are prevented in the future, Muddy Creek shows promise 
for a rehabilitated cold-water fishery. No aquatic insect or periphyton data are available for 
Muddy Creek. 
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10.2.2.3 Discharge Conditions 
 
Historically, much of Muddy Creek was intermittent before the initiation of irrigation within the 
watershed. The initiation of irrigation in the watershed brought increased flows to Muddy Creek. 
Groundwater from the Greenfields Bench has a beneficial influence on the temperature regime 
for Muddy Creek and is a significant source of cool water supporting a cold-water fishery.  
 
Muddy Creek tributaries draining the Greenfields Bench show significant increases in base-flow 
about a week after irrigation water application begins. Although the Greenfields Bench 
composes only 25 percent of the watershed, its irrigated lands contribute over 90 percent Muddy 
Creek’s total discharge (Systems Technology Inc, 1979). Of the total water originating from 
irrigation on the Bench, Osborn (1983) estimates that 65 percent occurred as ground water base 
flow entering Muddy Creek. An estimated 35% of Greenfields Bench irrigation water returns to 
Muddy Creek via surface wasting. 
 
Irrigation derived surface return flows are usually heated by solar energy in open conveyance 
ditches and also by contact with soils in fields. Muddy Creek water temperatures rise in response 
to these inflows and the warmest summer values are recorded under these circumstances. Surface 
irrigation return flow is the largest human influenced contributor of heat to Muddy Creek during 
the critical summer timeframe.  
 
See Section 4.0 for discussion about in-stream discharge conditions and water use in the Sun 
River Watershed.  
 
10.2.3 Thermal Sources 
 
Increased stream temperatures in Muddy Creek are influenced by a couple of human caused 
activities. The most significant human influenced source is overland return of irrigation water 
from the Greenfields Bench to Muddy Creek and it’s tributaries. The second is agricultural 
encroachment and overgrazing along Muddy Creek and tributary corridors. There are no 
permanent point sources in the Muddy Creek Watershed. 
 
10.2.3.1 Stream Segment Temperature Model (SSTEMP) 
 
The SSTEMP model was chosen to simulate stream temperatures in Muddy Creek for source 
assessment purposes. The goals of the SSTEMP modeling were to create realistic temperature 
models; to ascertain the relative benefits of restoration measures, such as enhancing riparian 
vegetation or reducing irrigation overland return flow; and to evaluate modeling results against 
naturally occurring temperatures. Values for the model input parameters were assigned based on 
available monitoring data or on default parameters suggested in the SSTEMP User’s Manual 
(Bartholow, 2002). This section summarizes the basis for the hydrology, channel geometry, 
shading, and meteorology modeling assumptions. 
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Modeling Assumptions, Inputs, and Calibration  
 
Because of budget and modeling constraints, only a representative reach of Muddy Creek was 
modeled. The modeled reach ran was between Gordon Road and Vaughn. The modeling results 
are used to extrapolate temperature impacts to all of Muddy Creek. The reach is approximately 
one mile in length. Discharge, stream geometry, temperature, and riparian shade were monitored 
on the upstream and downstream points of the reach on September 10, 2004.  
 
SSTEMP model calibration was performed to minimize model error in mean stream temperature 
by determining the percent error between modeled mean and actual stream temperatures. 
SSTEMP is a simplified water temperature model that requires the modeler to make assumptions 
about the system to be modeled. This section describes the assumptions made about the physical 
system and model input parameters.  
 
The second assumption is related to the wetted width of the channel at varying flow rates. For 
purposes of this model it is assumed that the wetted width of each channel does not change with 
variations in flow rate. Typically, a width-discharge relationship would be developed for each 
stream segment from measurements of width at several flow rates. However, only two widths 
and flow rates were measured for each reach, one at the September 10 or 11, 2004 measurements 
and one estimated at bank-full conditions, and the bank full estimations appear to have 
inconsistencies. To be confident this assumption would not adversely influence results, use of a 
width-discharge curve was tested on a modeled reach. Use of a width-discharge curve for one 
reach resulted in a modeled outflow temperature 0.3 °C cooler than the modeled temperature 
using a rectangular channel assumption, a 0.05% change. Based on the above analysis, we expect 
this assumption to have minimal effect on model results.  
 
The third assumption is related to accretion temperature, which is defined as the temperature of 
lateral inflows, barring tributaries. The SSTEMP manual recommends use of the mean annual air 
temperature for the accretion temperature where geothermal activity and impacts due to 
irrigation are insignificant. Irrigation, however, contributes all of the accretion flow to the 
modeled Muddy Creek reach. The accretion temperature in the lower reach is based on the 
combined effect of cool groundwater returns and the warmer inflow of Simms Creek.  
 
Finally, as recommended in the SSTEMP manual (Bartholow, 2002), ground temperature is 
assumed to be equal to the mean annual air temperature in all three reaches, and the thermal 
gradient, which is defined as the rate of thermal transfer to the river from the streambed, is 
assumed to be 1.65 Joules/meter2/second. Thermal gradient is identified as a possible calibration 
parameter in the SSTEMP manual, however, recommendations by John Bartholow, the 
developer of SSTEMP and SNTEMP, suggest this parameter is insensitive to change and 
calibration would drive the thermal gradient outside the bounds of values reported in the 
Forsythe (1954). Tables 10-6 and 10-7 provide input variables for calibration. 
 
Detailed weather data for September 10, 2004 were acquired from Golf, MT Remote Automated 
Weather Station data. Data were available for all climate model input parameters with the 
exception of possible percent sun (an inverse estimate of cloud cover). The model was calibrated 
using two parameters: possible percent sun and wind speed. Percent sun is a subjective parameter 
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and was varied between 1% and 100% for calibration. The resulting spread of outflow 
temperatures, using various values of percent sun within this range, was 0.4 °F and the resulting 
spread in percent error was 0.6%. The small resulting spread indicates that the model is relatively 
insensitive to this parameter. Therefore, a value of 75% is used for future modeling scenarios. 
 
Wind speed was measured at Golf, MT Remote Automated Weather Station. However, due to 
the inherent variability of wind speed, application of this measured value can impose uncertainty. 
A range of wind speeds between 0 and 30 mph was used in the calibration and results indicated 
that wind speed had minor impact on the modeled outflow temperatures, with increased wind 
causing slight increases in % error. It is unlikely that there was no wind during the entire day, 
however lower winds provided more accurate modeled outflow temperatures. Therefore, a wind 
speed of 3 mph at the nearby gage will be used for modeling scenarios. Using these calibration 
parameters resulted in model calibration of 2.7% (1.5 °F) error for Muddy Creek. 
 

Table 10-6. Muddy Creek Discharge and Thermal Calibration Inputs for 
SSTEMP Model. 

Reach 
Segment 
Inflow 
(cfs) 

Downstream 
Flow 
(cfs) 

Inflow 
Temp. 

(°F) 

Accretion 
Temp. 

(°F) 

Air 
Temp. 

(°F) 

Maximum 
Air Temp. 

(°F) 

Total 
Shade
(%) 

Muddy Creek 163 178 54.5 54.5 71.6 87 43 
 

Table 10-7. Muddy Creek channel 
geometry and climate inputs for 
SSTEMP model calibration. 

Reach 
Muddy 
Creek  

Latitude 47.61 
Dam at Head of Segment no 

Upstream Elevation 3498 
Downstream Elevation 3434 

Width's A Term 33.1 
Width's B Term See text 

Manning's N 0.038 
Relative Humidity 38 

Wind Speed 3 
Ground Temperature 44.06 

Thermal Gradient 1.65 
Percent Possible Sun 75 

Solar Radiation 473 
 
SSTEMP Modeling Scenarios 
 
Various SSTEMP modeling runs were conducted. The goals of the modeling runs were to 
evaluate the potential effectiveness of various reasonable restoration measures in reducing in-
stream water temperatures. All modeling scenario runs were conducted at worst case scenario 
summer time climate condition based on July 23, 2003. The first model run scenario was to 
change climate conditions to reflect conditions on July 23, 2003 and also changes incoming 
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water temperature to conditions on that date for both reaches. All subsequent model runs were 
run with the hot summer conditions. Restoration measures of riparian vegetation enhancement, 
changes in accretion discharge, and in-stream flow augmentation were then modeled in order to 
assess the effectiveness of each measure alone as well as in combination. 
 
A scenario was run that simulated increases in overland irrigation return from the Greenfields 
Bench. A mixing calculation was used to add 45 cfs of incoming, 79 °F, water to the upper end 
of the segment. This raised the average daily temperature by 4.8 °F and the maximum daily 
temperature by 3.6 °F (Table 10-8).  
 
Another scenario was run that simulated a decrease in warm discharge from Greenfields Bench 
of 30 cfs when compared to the baseline model run. This lowered the average daily temperature 
by 3.8 °F and the maximum daily temperature by 2.6 °F (Table 10-8). 
 
The monitoring on Muddy Creek did not identify a reference riparian condition to use for 
reference shading for an increased shading scenario. Shading is not influenced greatly by riparian 
vegetation management on this segment because current stream channel condition is not 
conductive to growing shrubs and much of the shading is provided from the old terrace that 
Muddy Creek created during the past 40 years. 
 
Table 10-8. Results of the SSTEMP Model Scenarios for Muddy Creek. 

 

Reach Restoration Measure Parameter Value 
°F 

Difference 
From 

Existing 
Condition 

°F 
Mean 55.0 NA Muddy Creek Baseline Condition 
Max 62.5 NA 
Mean 59.8 +4.8 

Muddy Creek 
Increased warm irrigation overland 
flow by 45 cfs when compared to 
Baseline. Max 66.1 +3.6 

Mean 51.2 -3.8 C
om

pa
ris

on
 

Muddy Creek 
Decreased warm irrigation overland 
flow by 30 cfs when compared to 
Baseline. Max 59.9 -2.6 

 
SSTEMP Modeling Conclusions 
 
Limited in-stream field data were available to calibrate the SSTEMP model. The modeling 
scenarios represented worst-case climate conditions. This is especially important given the fact 
that air temperature is a very significant variable for the SSTEMP model. Nonetheless, the 
calibration models appeared to give reasonable estimates of mean and maximum temperature for 
Muddy Creek. 
 
The goals of modeling with SSTEMP were to determine the relative benefits of restoration 
measures, such as augmenting flows, and to determine if B-1 temperature standards are violated 
within the suspected thermally impaired segments. The modeled maximum and average daily 
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temperatures for lower reach violate the state standard set for B-1 class streams. Model output 
indicates that overland irrigation return flow can significantly impact water temperatures in 
Muddy Creek. Significant increases in stream temperature were modeled from this source. 
 
10.2.4 Load Limits 
 
A TMDL is composed of the sum of individual waste load allocations (WLAs) for point sources 
and load allocations (LAs) for nonpoint sources and natural background levels. In addition, the 
TMDL must include a margin of safety (MOS), either implicitly or explicitly, that accounts for 
the uncertainty in the relationship between pollutant loads and the quality of the receiving 
waterbody. Conceptually, this definition is denoted by the equation: TMDL = WLAs + LAs + 
Natural + MOS. This section identifies load limits and the allocation section will address how 
each of the TMDL components are considered. 
 
For this temperature TMDL, the source assessment is not investigated in terms of heat loads. 
Although temperature impacts from significant sources were modeled to assess relative impacts, 
the number of joules or calories coming from each source is not directly assessed. The modeling 
was not reliable enough to fully base allocations or a TMDL upon. Also, temperature standards 
exceedances that are influenced by reduced in-stream discharges are not easily addressed in 
terms of heat loading. Reduction in discharge does not introduce more heat to the stream; instead 
it reduces the streams capacity to adsorb heat. Because of the arguments above, the TMDL is 
expressed as a simple discharge based TMDL that relates to meeting targets. This requires a 
number of load limits that relate to different target temperatures and durations in Section 
10.1.1.1.  
 
10.2.4.1 Instantaneous Load Limit  
 
An instantaneous load limit is provided to ensure that heat accumulation does not contribute to 
temperatures that cause acute fatality in salmonids. This load-based limit is calculated by the 
second. The limit depends upon the in-stream discharge rate. The load limit can be calculated for 
any flow condition in Muddy Creek. The basis for an acute based load limit is meeting the 
absolute maximum temperature target of 75°F at all discharge rates. Heat loading should not 
surpass the load for any discharge rate based upon the following loading equation:  
 

Maximum Load (in kilocalories/second) = Discharge (cfs) * 676.206 
 
The factor of 676.206 is a combination of volume and temperature conversion factors. If the 
absolute maximum target of 75 °F of is not met, the maximum load limit is exceeded.  
 
10.2.4.2 Average Weekly Load Limit 
 
A chronic load limit is provided to ensure that heat accumulation does not contribute to 
temperatures that cause long-term health affects in salmonid populations. This load limit is 
calculated for an average load over a week’s time. This load limit calculation is based upon 
average weekly discharge. The basis for a chronic load limit is meeting the seven-day average 
temperature target of 66 °F at all seven-day average discharge rates. Heat loading should not 
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surpass the load for any seven-day average discharge rate based upon the following loading 
equation:  
 

Maximum Load (in mega calories/week) = Discharge (7-day average discharge in cfs) * 32351.07 
 
The factor of 32351.07 is a combination of volume, time, and temperature conversion factors. If 
the maximum seven-day average target of 66°F is not met, the weekly load limit is not met. The 
instantaneous load limit is exceeded in Muddy Creek. Continuous water temperature is lacking 
and comparison of existing conditions to the average weekly load limit cannot be completed.  
 
10.2.5 Allocations and Margin of Safety 
 
10.2.5.1 Waste Load Allocation (point sources) 
 
There are no permanent point sources in Muddy Creek’s watershed. 
 
10.2.5.2 Load Allocation (nonpoint sources) and Natural Loading  
 
The TMDL is based upon meeting temperature targets that represent attainment of in-stream 
beneficial uses. Excluding the waste load, which is likely insignificant, the remainder of the 
TMDL is derived from nonpoint sources and natural sources. The methodologies used in the 
source assessment do not allow for a partitioning of natural and nonpoint source heat loads. The 
source assessment identified overland irrigation water return from the Greenfields Bench as the 
only significant source. Therefore, the full reduction of heat load needed to attain the 
instantaneous and weekly average load limits will be assessed to this source.  If irrigation water 
management activities identified in Section 10.2.6 are implemented, the load limits and targets 
will likely be met. 
 
10.2.5.3 Margin of Safety, Adaptive Management, and Seasonal 
Considerations 
 
A margin of safety for this TMDL is provided in an adaptive management approach. The 
uncertainty of the Sun River temperature TMDL analysis is addressed by future TMDL reviews 
as provided for in Montana law. A monitoring plan is identified in Section 10.2.7 to aid in future 
TMDL review and the phased allocation for the point source.  
 
Muddy Creek’s temperature TMDL is based on targets that protect in-stream uses. While this 
may be protective of the use, it is unknown if reasonable land, soil and water conservation 
practices can actually achieve the TMDL. Therefore, identified nonpoint source conservation 
practices in Section 10.2.6 should be tracked over time to determine if and where implementation 
occurs. If implementation occurs and does not achieve targets or the TMDL, further strategies to 
meet these goals should occur in future TMDL planning. If the goals of this document appear to 
be unachievable after reasonable land, soil, and water conservation practices are in place, targets, 
TMDL and allocations may need to be revised.  
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Sensitive seasons are addressed by setting year round targets. For the most part the targets will 
be a concern in July or August when hot summer weather conditions persist. The temperature 
targets and load limits provide protection over two different time durations. This load limit and 
allocation timeframe should adequately protect the uses. If targets or loads need to be broken into 
daily, monthly, or other load timeframes because future knowledge indicates that uses are being 
impacted over different timeframes than those addressed in this document, the load limit 
timeframe should be addressed in future TMDL reviews. 
 
10.2.6 Restoration Strategy  
 
10.2.6.1 Irrigation Water Management 
 
Irrigation water management activities that will reduce temperatures in Muddy Creek ultimately 
reflect back to one idea: restricting overland irrigation water wasting to Muddy Creek. A strategy 
to do capture a large portion of overland irrigation waste is currently being contemplated. A 
“reregulation reservoir” is being investigated for installation in a coulee on the east side of 
Greenfields Bench. The reservoir can easily be controlled with reasonable practices to reduce 
erosion in Muddy Creek. The reservoir should be constructed and managed in a way that allows 
for cool water discharge that will lead to compliance of the Muddy Creek temperature TMDL at 
Vaughn.  
 
10.2.6.2 Riparian Grazing Management 
 
Application of grazing management tools can reduce sediment loads from bank erosion sources. 
Grazing management practices that may help to avoid acceleration of stream bank erosion on the 
upper Sun River and tributaries are: 
 

• Use riparian browse and grazing indictors to manage riparian grazing pressure.  
• Time grazing to coincide with dry or freezing weather to reduce erosion.  
• Time pasture use to promote grazing, not browse.  
• Place supplemental feed or salt in upland areas to promote even grazing in pastures 

without riparian fencing.  
• If needed, fence riparian areas and provide water gaps.  
• Employ weed control. 

 
10.2.7 Monitoring Strategy 
 
10.2.7.1 Existing Condition and Trend Monitoring 
 
Continuous temperature monitoring should occur annually at Gordon Road, Muddy Creek at 
Vaughn USGS station, and if built, below the “reregulation reservoir”.  
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10.2.7.2 Water Budget Analysis 
 
Greenfields Irrigation District, USBR, SRWG, and Montana State University are currently 
coordinating a study to determine where surface and groundwater discharges originate on the 
Greenfields Bench. The data from study should be used for further source assessment if 
necessary during future TMDL reviews.  
 
10.2.7.3 Restoration Management Tracking 
 
All restoration management projects that fall into categories provided in Section 10.2.6 should be 
tracked using a Sun River Watershed BMP spatial database. Project location, size, type, and 
restoration results should be attributed. 
 
10.3 Lower Sun River 
 
The lower Sun River supports a limited cold-water fish population below Muddy Creek even 
though it is classified as a warm water stream (Table 2-3). The increase in sediment loading to 
the Sun River at Muddy Creek is partially responsible for the change in the fishery population 
and water quality in the lower part of the river from predominately a salmonoid fishery above 
Muddy Creek to a non-salmonoid fishery in the lower reach (Chrest et al., 1987). MFWP’s 
MFISH website rates brown trout as common in the lower 17 miles of the Sun River, with about 
95 brown trout per 1,000 feet of river in 1988. This number of brown trout exceeds that of the 
upper Sun River between river mile 62 and 66, which had 28 brown trout per 1,000 feet. 
Rainbow trout were rated as rare in the lower Sun River, with 13 fish per 1,000 feet of river. The 
upper Sun River between river between miles 62 and 66 held 46 rainbows per 1,000 feet of river. 
Reclassification of at least a portion of the lower Sun River will be examined in the future. Under 
current standards classification the lower Sun River is considered a warm water fishery and the 
and therefore, no TMDL is needed at this point. 
 
As the channel stability, riparian condition and thermal regime of Muddy Creek continue to 
improve as a result of conservation efforts and improved land use practices, the lower segment of 
the Sun River may support a healthier cold-water fishery. The health of the cold-water fishery in 
this segment of the Sun River also depends upon flow from the upper Sun River and climatic 
conditions.  
 
The relationship of temperature to discharge during the summer of 2000 is demonstrated in 
Figure 10-4. During the warmest months of the year, as flow volumes decline, increases in water 
temperature generally occur. Below 500 cfs, average daily temperatures are reached that cause 
avoidance behavior in rainbow trout. Below 400 cfs, temperatures as high as 78.8 °F occurred 
during August 2000. Temperatures in this range have potential to affect survival, stifle growth, 
and cause trout to seek thermal refuge in cooler water.  
 
A temperature TMDL is not required for the lower segment of the Sun River. This 17-mile 
length of the river is currently classified as B-3 and must support the growth propagation of 
warm-water fish. Northern Pike are used to compare existing conditions to a temperature 
threshold because they are a warm water species that preferres cooler temperatures than most 
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warm water fish. The maximum weekly average temperature for growth of northern pike is 82 
ºF. The short-term maximum for survival for pike is 86 ºF. It is doubtful that either of these 
values is surpassed. The highest in-stream temperature recorded at the Sun River near Vaughn in 
2000 was 78.8 ºF (Figure 10-4). Also, the presence of brown trout and a limited number of 
rainbow trout is evidence that temperature conditions are suitable for salmonids at least during a 
portion of the year. A portion of this segment should be considered for reclassification because 
of the limited cold-watery fishery present here. Because the lower Sun River appears to be 
meeting a warm water fishery thermal regime, no TMDL is presented at this time. 
 
Figure 10-4. Relationship Between Water Temperature and Discharge at Sun River at 
Vaughn USGS Site (2000). 
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SECTION 11.0 
ROADMAP FOR ONGOING AND FUTURE RESTORATION ACTIVITIES 
 
The Sun River Watershed is an interactive system of rivers, streams, irrigation delivery ditches, 
irrigation drains, lakes, reservoirs, and groundwater. Water use in one locale can impact uses in 
another area. This portion of the TMDL plan is intended to look at tools to restore the 
watershed’s impaired waterbodies. At the same time, the restoration practices should fit into the 
regions economic and cultural characteristics and also follow all state and federal laws. 
 
Restoration strategies for each impaired waterbody are presented below. Where information gaps 
exist for identifying the best restoration approaches, more knowledge will be pursued to make 
the best management decisions possible. Areas that are not identified as impaired in the states 
303(d) list but should be addressed in order to benefit the entire watershed are Duck Creek, Big 
Coulee, Adobe Creek, Mill Coulee, and Willow Creek.  
 
11.1 Ford Creek, lower segment  
 
The landowner is engaged in a proactive land management improvement program that benefits 
the uplands and riparian area. By continuing to manage grazing along the stream banks, the 
erosion and bank instability should improve. Applying riparian grazing practices for the long 
term on this reach of Ford Creek is essential to meeting the TMDL. 
 
11.2 Gibson Reservoir 
 
Since all the land that drains into the reservoir is within national forest boundaries and most of it 
is a protected area, the critical component to keep sediment loading to a minimum rests with the 
Forest Service. The USFS continues to improve the trail system. The USFS has planned a 
number of controlled burn areas in the South Fork of Sun River Watershed to reduce fuels that 
could contribute to larger and more intense fires that could burn, in part, due to historic fire 
suppression. 
 
11.3 Willow Creek Reservoir 
 
The land surrounding this reservoir is primarily owned by the Bureau of Reclamation and 
managed for grazing by a group of individuals. It is crucial that the BOR continue to ensure the 
range health when allocating AUM levels. The Willow Creek Feeder Canal System currently 
contributes a significant amount of sediment to the reservoir. Under the leadership of the Lewis 
& Clark Conservation District and in cooperation with Bureau of Reclamation, Greenfields 
Irrigation District, Montana Fish, Wildlife & Parks, local landowners, and many others, an 
erosion control program has begun. The project began at the upper end of the erosion area and is 
working downstream on stabilizing techniques that will reduce erosion into the reservoir. The 
Reservoir was not listed for sediment in 1996 or 2002, but a restoration plan is already underway 
to reduce sedimentation.  
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11.4 Freezeout Lake 
 
Improving the cropland management on sensitive soils and geology in the Freezeout Lake 
Watershed is necessary to reduce salinity, selenium and nutrient loading to the system. Irrigation 
water management activities such as ditch lining and improving irrigation water application 
efficiency will reduce loading to Freezeout Lake. If the total amount of water entering Freezeout 
Lake decreases, dilution and flushing rates in the Lake will be decreased and pollutant 
concentrations would likely increase. Therefore, irrigation water savings from the irrigation 
water management activities in the Freezeout Lake watershed should be monitored and the 
unused water should be diverted to Freezeout Lake so the overall water budget for the Lake does 
not decrease. If all of the water savings are not needed to meet beneficial uses and targets, 
unused water should be left in the Sun River. Increased diversions from the Sun River should not 
be used for dilution in Freezeout Lake. Monitoring the effectiveness of irrigation water 
management activities is crucial for furthering the understanding of restoration effects on 
Freezeout Lake. The Conservation Reserve Program should continue to address resting the 
fallow cropped lands in the Freezeout Lake watershed, and if possible, increase the percentage of 
land in CRP to address saline and selenium seepage from fallow cropped areas. 
 
11.5 Upper Sun River - above Vaughn   
 
Low in-stream flow is the biggest obstacle for meeting all uses and achieving sediment and 
temperature targets in the upper Sun River. In general, irrigation water management practices 
(IWMs) such as ditch lining and on-farm efficiency would reduce irrigation water use. The best 
locations to complete IWM BMP should be identified in a watershed wide water budget and 
irrigation efficiency analysis. Savings from any irrigation water management activities should be 
utilized for in-stream flow. In order to achieve in-stream flows that are likely to support aquatic 
life in the upper Sun River, water savings on existing irrigated acreage should not be allocated to 
newly irrigated land. A minimum flow regime should be achieved through the voluntary 
cooperation of Sun River Watershed Group members, without jeopardizing established water 
rights.  
 
Improving irrigation efficiency, curbing overland irrigation water waste and improving riparian 
buffers on upper Sun River tributaries (Duck Creek/Big Coulee, Simms Creek, Adobe Creek, 
and Mill Coulee) are essential in restoring uses of the upper Sun River. Tributaries are a 
significant source of sediment. Adobe Creek may be a major contributor of salts. Riparian 
management and vegetation improvements will help stabilize stream channels. Structural 
components of stream channel work may be needed as a last resort in very limited areas on Duck 
Creek/Big Coulee. Also, irrigation diversions on the Sun River should be compatible to a healthy 
stream channel. 
 

• The Duck Creek/Big Coulee tributary system has been assessed and riparian improvements 
and IWM are sorely needed. Stream channel degradation has occurred and mass wasting of 
stream banks continues. 

• Adobe Creek is a contributor of salinity to the Sun River. Riparian improvements and 
continued lining of canals along with other IWM practices within Fort Shaw Irrigation 
District will reduce saline water seepage into Adobe Creek.  



11.0 Roadmap for Ongoing and Future Restoration Activities 

December, 2004  227 

• Elk Creek is a minor contributor of pollution to the Sun River so any improvements to this 
system will be primarily a fishery habitat benefit to the Elk Creek watershed.  

• Mill Coulee is also a contributor of salinity, nutrients, and sediment. Initially, addressing 
livestock impacts and implementing irrigation water management practices to the stream 
would address the largest impacts. 

 
11.6 Muddy Creek  
 
Many restoration activities have occurred in the Muddy Creek watershed during the past 15 
years. Irrigation water management, riparian management, and stream channel work have 
contributed to significant improvements in water quality in Muddy Creek. Continuing these 
activities where cost effective approaches are feasible will further improve water quality. Muddy 
Creek continues to be the largest sediment contribution to the Sun River. The Greenfields 
Irrigation District is continuing its efforts to reduce erosion causing peak flows. A “reregulation 
reservoir” is being investigated to capture overland irrigation waste that currently enters Muddy 
Creek. Because sediment is being addressed, nutrients and salinity will begin to emerge as 
limiting factors. Fertilizer application on the Greenfields Bench should be inventoried and 
further characterized. Nutrient management planning should be implemented in the Muddy 
Creek Watershed. The Conservation Reserve Program should continue to address resting the 
crop-fallow lands in Muddy Creek watershed, and if possible, increase the percentage of land in 
CRP to address saline and selenium seepage from fallow cropped areas. 
 
11.7 Lower Sun River, below Vaughn  
 
Improving water quality in this segment depends upon improving the water quality in Muddy 
Creek and the upper Sun River. Land management that addresses erosion along the river corridor 
is still important and should be improved. The extreme lower end of this segment with unsightly 
urban impacts can be restored to a less spoiled setting and could be used for urban recreation. If 
restoration occurs in the urban area, it would be a habitat restoration issue instead of a pollutant 
loading issue.  
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SECTION 12.0 
PUBLIC INVOLVEMENT 
 
Public and stakeholder involvement is a component of TMDL planning efforts supported by 
EPA guidelines and Montana State Law. Public and stakeholder involvement is desirable to 
ensure development of high quality, feasible plans and increase public acceptance. Montana 
MDEQ and the Sun River Watershed Group have collaborated throughout the duration of the 
Sun River Watershed TMDL development. Many of the technical citations that reference local 
data were funded through the Sun River Watershed Group by US EPA grants. A technical review 
committee that represents stakeholders in the Sun River Watershed was provided a stakeholder 
review draft and allowed to provide comment. See Appendix C for a list of technical committee 
participants. A presentation was given to the Sun River Watershed Group reviewing the contents 
of this document.  
 
An additional opportunity for public involvement is the 30-day public comment period. This 
public review period was initiated on October 15th and closed on November 16, 2003. A 
stakeholder comment session and formal public meeting were held on October 22, 2003 in Great 
Falls. Montana provided an overview of the Water Quality Protection Plan and TMDLs for the 
Sun River Watershed and an opportunity to solicit public input and comments on the plan. 
Appendix C includes review of the public comments received from this meeting and via mail, as 
well as the MDEQ response to each of these comments. Many of the public comments were 
incorporated into this plan. MDEQ also received technical comments from USEPA and 
incorporated USEPA’s comments into the final document.  
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