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Figure7-9. Chlorophyll-a and Nutrient Sampling Sites on Cottonwood Creek. 
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Figure 7-10. Benthic Chlorophyll-a Values in Cottonwood Creek. 
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Chlorophyll-a values ranged from 17 to 86 mg/m2 with an average of 40 mg/m2 for all sites on 
Cottonwood Creek. All values fell below ‘nuisance algae’ criteria. However, photographs taken 
in August 2001 (Figure 7-11) and July 2003 (Figure 7-12) show excessive growths of algae at 
MTCWDC03. It is likely that the method used to collect samples was inappropriate. DEQ’s 
‘rock’ method was used at the some sites, whereas the appropriate sampling method employed 
should have been the ‘hoop’ method (DEQ SOPs). The rock method can be unrepresentative of 
chlorophyll-a densities in systems where much of the algae are unattached to the substrate, as 
was the case at lower sites (MTCWDC03 & MTCWDC06). 
 

 
Figure 7-11. Lower Cottonwood Creek 

MTCWDC03 in 2001. 
Figure 7-12. Lower Cottonwood Creek 

MTCWDC03 in 2003. 
 
7.5.2 Water Chemistry Data 
 
Nutrients 
 
Water Chemistry samples, primarily nutrients, were collected during May, July and October of 
2003 (Figures 7-13 and 7-14). In general values were below those considered to support nuisance 
algal blooms in the Northwestern Great Plains Ecoregion. One exception was in the lower end of 
the Creek, below the confluence with Beaver Creek, where total phosphorus exceeded the 
guideline of 0.029 mg/L. 
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Figure 7-13. Total P: Cottonwood Creek 2003. 
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Figure 7-14. Total N: Cottonwood Creek 2003. 

 
A conspicuous rise in TP and TN concentrations is evident at site, M22CTWDC06. 
Accompanying this rise are increases in algal growth at sites M22CTWDC06 and 
M22CTWDC03 (Figures 7-13 and 7-14). The mechanism behind this increase in nutrient 
concentrations is not fully understood, and may be a combination of nutrient inputs from Beaver 
Creek, natural P inputs from eroding banks (Figure 7-13) on Cottonwood Creek, nutrient-
enriched groundwater inputs, or other unidentified sources. 
 
Dissolved Oxygen 
 
24-hour dissolved oxygen data were logged from July 22-24th, 2003 at the mouth of Cottonwood 
Creek (M22CTWDC03) and also upstream at a site near the Beaver Creek confluence 
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(M22CTWDC06). Dissolved oxygen at the mouth of Cottonwood Creek ranged from 14 mg/L in 
the late afternoon to 3.1 mg/L at night during a single diel cycle, and the magnitude of these 
daily changes were much more pronounced than at the upstream location (Figure 7-15).  
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Figure 7-15. Lower Cottonwood Creek Dissolved Oxygen Levels, July 22-24, 2003. 

 
Dissolved oxygen concentrations at the mouth have fallen to levels well below the State’s 
instantaneous minima of 4 mg/L, which is applicable to “other life stages” (see footnote 15, 
WQB-7; DEQ, 2004). “Other life stages” refers to young and adult fish, which certainly live in 
or at least transit through the mouth of Cottonwood Creek. Large DO fluctuations frequently 
result from heavy growths of aquatic plants (including algae) that produce oxygen during the day 
but then utilize it at night (Chambers et al., 1999). Nighttime dissolved oxygen decline also 
results from decomposing organic material. Excess decomposing organic material was evidenced 
at the mouth by the presence of Euglena, which is very tolerant of the presence of decomposing 
organic matter (Bahls, 2001b). Euglena were not found at other upstream sites on Cottonwood 
Creek 
 
7.5.3 Existing Conditions Summary 
 
Cottonwood Creek (MT41S004_051) 
 
Nutrient concentrations in upper Cottonwood Creek are well below EPA ecoregional nutrient 
criteria. The maximum chlorophyll-a value is 47 mg/m2, also below criteria indicating nuisance 
algal growth. Evidence indicates that nutrients do not impair upper Cottonwood Creek 
(MT41S004_051); therefore no nutrient TMDL is required for this segment. 
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Cottonwood Creek (MT41S004_052) 
 
While lower Cottonwood Creek nutrient values are largely within ecoregional criteria generally 
believed to control nuisance algal growth, high levels of aquatic algae growth were witnessed at 
sites M22CTWDC06 and M22CTWDC03, exceeding the state of Montana’s narrative nutrient 
standard. In addition to excessive algae growth, dissolved oxygen levels below the State’s 
instantaneous minima of 4 mg/L were recorded at sites M22CTWDC06 and M22CTWDC03. 
Data shows that lower Cottonwood Creek (MT41S004_052), particularly below Glengarry, 
exceed both the state’s dissolved oxygen and nutrient standards, and therefore Cottonwood 
Creek is impaired due to nutrients and low dissolved oxygen, and nutrient/DO TMDLs are 
required. 
 
7.6 Casino Creek Existing Water Quality Conditions 
 
Casino Creek (MT41S004_040) originates in the foothills of the Big Snowy Mountains and 
flows north 12 miles to its confluence with Big Spring Creek just south of the city of Lewistown. 
Casino Creek has the characteristics of a foothill/valley stream and falls within the Montana 
Valley & Foothill Prairie ecoregion. The Casino Creek watershed is almost entirely privately 
owned. Land uses in the watershed are predominantly agriculture and livestock grazing.  
 
Grasses and woody shrubs dominate the riparian area of Casino Creek, and beaver activity is 
common. Beaver dams are responsible for slack-water areas on several segments of the creek, 
while other segments are comprised of riffle and pool sequences. A number of natural springs in 
the upper watershed provide inputs to Casino Creek. The stream is classified as an E-type 
channel and is highly entrenched in places, perhaps due to downcutting as a result of historic 
beaver dam removal. Deep organic-rich soils are common throughout the Casino Creek 
watershed. In general, the stream channel is rather stable and streambanks are comprised of fine-
grained organic rich soil. 
 
Casino Creek was listed on the 1996-303(d) list; cold-water fishery beneficial use was listed as 
threatened due to nutrients and suspended solids. The 1996 listing was based on a nonpoint 
source assessment conducted in 1989. The 1989 assessment relied on existing data and reports, 
and acknowledged that limited data existed for Casino Creek. No field assessments or new data 
collection was used to make the listing determination. On the 2002 303(d) list, cold-water 
fishery, aquatic life, and contact recreation were listed as partially supporting due to nutrients, 
riparian degradation, and other habitat degradation. The following data review examines data and 
information to verify the 1996 303(d) listing for the water quality pollutant, suspended solids. 
 
Note that the data presented in the following evaluation considers data relevant to nutrient-
related impairments. An evaluation of sediment conditions is presented in Section 4.0. 
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7.6.1 Biological Data 
 
7.6.1.1 Macroinvertebrates 
 
Macroinvertebrates were collected in August 2000 at 2 sites on Casino Creek: C1 and C2 (Figure 
7-17). For both sites, the MVFP metric index developed by Bollman (1998) was used to evaluate 
beneficial use support. Site C1 scored 33% and Site C2 scored 39% indicating moderate 
impairment and partial support of beneficial uses at both sites. Both macroinvertebrate 
assemblages showed strong indicators of water quality impairment due to nutrients/organic 
enrichment and warm water temperatures (Bollman, 2001c).  
 
7.6.1.2 Periphyton 
 
Periphyton was collected in August of 2000 at sites C1 and C2 (Figure 7-17). Periphyton 
analysis indicated nutrient-enriched conditions. The periphyton assemblage at C2 held evidence 
of increases in nutrients and organic loading between the two sites. 
 
7.6.1.3 Benthic Chlorophyll-a 
 
During August of 2000 and July of 2003, chlorophyll-a samples were taken at M22CSNOC04, 
M22CSNOC06, C1 and C2. Of four samples taken, algal biomass ranged from 50 to 163 mg/m2 

with an average of 98 mg/m2. In addition to high chlorophyll-a levels, moderate to heavy algae 
was estimated to cover 40% of the stream substrate at site M22CSNOC04 (Figure 7-16). 
 

 
Figure 7-16. Macroalgae Coverage on Casino Creek, 2003 (M22CSNOC04). 
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7.6.2 Water Chemistry Data 
 
Water chemistry data for Casino Creek is limited. Seven TN samples and nine TP samples were 
taken from 2000 through 2003. Total nitrogen ranged from 0.320 to 0.880 mg/L, with an average 
of 0.620 mg/l TN. Total phosphorous ranged from 0.021 to 0.123 mg/L, with an average of 0.066 
mg/l TP. Only five samples were taken by DEQ before 2003. In May, July and October of 2003, 
however, two sites on Casino Creek (M22CSNOC04 and M22CSNOC06) were sampled for 
phosphorous and nitrogen (Figure 7-17). Results are shown in Figures 7-18 and 7-19. 
 

 
Figure 7-17. Casino Creek Nutrient & Chlorophyll-a Sampling Sites. 
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Figure 7-18. Total P: Casino Creek 2003. Figure 7-19. Total N: Casino Creek 2003. 
 
Total phosphorous values ranged from 0.021 to 0.070 mg/L with a mean of 0.057 mg/L. Total 
nitrogen values ranged from 0.32 to 0.88 mg/L with a mean of 0.60 mg/L. Nutrient levels are 
significantly elevated above levels considered to control nuisance algae, and were within the 
range of what is considered ‘excessive’, according to EPA regional criteria.  
 
7.6.3 Existing Conditions Summary 
 
It appears that nutrient conditions in Casino Creek impair beneficial uses. Algal growth (163 
mg/m2) on Casino Creek is considered excessive, and algal coverage (40%) is high. Likewise, 
nutrient levels (total P and total N) significantly exceed criteria generally believed to control 
excessive algal growth. While Casino Creek, is thought to have naturally high levels of nutrients, 
nutrient concentration appear to be at levels beyond what is expected for natural conditions. 
While data does not allow an adequate assessment of natural and anthropogenic nutrient 
contribution, the impairment of biologic condition, significantly elevated nutrient concentrations, 
and excessive algal growth provide adequate evidence to conclude that Casino Creek is 
impaired due to nutrients and a nutrient TMDL is required. 
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SECTION 8.0 
NUTRIENTS – REQUIRED TMDL ELEMENTS 
 
As described in Section 7.0, the nutrient water quality standards do not currently appear to be 
met in Big Spring Creek, Cottonwood Creek and Casino Creek, requiring that TMDLs be 
developed for each of these waterbodies. This section of the document presents the required 
TMDL elements (i.e., targets, source assessment, TMDLs & allocations, adaptive management, 
margin of safety, implementation and monitoring strategies) to address nutrient impairments on 
Big Spring Creek, Cottonwood Creek and Casino Creek. 
 
8.1 Big Spring Creek 
 
8.1.1 Nutrient Targets 
 
Nutrient TMDL targets provide a means to assess whether water quality standards are being met, 
and act as water quality endpoints for nutrient-impaired streams. Nutrient targets are essentially a 
translation of the state’s water quality standards for nutrients, and achievement of water quality 
targets will, by definition, result in achievement of water quality standards for the specific 
pollutant of concern (phosphorous). 
 
In accordance with the Montana Water Quality Act (MCA 75-5-703(7) and (9)), the DEQ is 
required to assess the waters for which TMDLs have been completed to determine whether 
compliance with water quality standards has been attained. This assessment will use the suite of 
targets specified in Section 8.1.1.2 to measure compliance with water quality standards. If all of 
the target values are met, it will be assumed that water quality standards for sediment have been 
achieved. Alternatively, if one or more of the target values are exceeded, it will be assumed that 
water quality standards have not been achieved. However, it will not be automatically assumed 
that implementation of a TMDL was unsuccessful just because one or more of the target 
threshold values have been exceeded. As noted above, the circumstances around the exceedance 
will be investigated. For example, might the exceedance be a result of natural causes such as 
floods, drought, fire, or the physical character of the watershed? In addition, in accordance with 
MCA 75-5-703(9), an evaluation will be conducted to determine whether: 
 

• The implementation of a new or improved suite of control measures is necessary; 
• More time is needed to achieve water quality standards; or 
• Revisions to components of the TMDL are necessary. 

 
Figure 8-1 illustrates the process by which target compliance is evaluated after control measures 
are implemented. 
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Figure 8-1. Methodology for Determining Compliance with Water Quality Standards. 

 
8.1.1.1 Basis for Targets 
 
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. 
 
The exception to the application of narrative standards is the Clark Fork River above the 
confluence with the Flathead River, where numeric water quality standards for total nitrogen 
(0.300 mg/l) and total phosphorus (0.020 mg/l upstream of the confluence with the Blackfoot 
River and 0.039 mg/l downstream of the confluence) as well as algal biomass measured as 
chlorophyll a (summer mean and maximum of 100 and 150 mg/m2, respectively) have been 
established. 
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Water Chemistry Targets 
 
Two nutrient concentration target values have been developed for Big Spring Creek. These 
values are: 0.035 mg/L total phosphorus (TP) and 0.500 mg/L total nitrogen (TN). Nitrogen and 
phosphorus are the two macronutrients most commonly found to limit algae growth in aquatic 
systems (Ryther and Dunstan, 1971; Schindler, 1977; Howarth, 1988). The N and P 
concentrations above were derived using the following approach. A starting point was provided 
by the ecoregional nutrient concentration recommendations of the U.S. EPA (EPA, 2001). EPA’s 
recommended values for the ecoregion in which Big Spring Creek is located range from 0.023-
0.029 mg/L for TP and 0.380-0.650 mg/L for TN. A study on the Clark Fork River (CFR) 
showed that holding TN below 0.500 mg/L greatly decreased the likelihood of nuisance algae 
levels (Dodds et al., 1997). Total N concentration water quality data for Big Spring Creek were 
scant, but generally ranged from about 0.250 to 0.600 mg/L. Therefore, 0.500 mg/L TN was 
selected as a reasonable target value.  
 
Kahlert (1998) reports that freshwater benthic algae cellular N:P ratios higher than 15 (by 
weight) indicate that algal growth are limited by P. The Big Spring Creek target values should 
strive to maintain stream-water N:P concentration ratios at 15 or higher if limitation of nuisance 
algae growth by P is to be achieved. At a total N:P ratio of 15, the 0.500 mg/L TN discussed 
above equates to 0.035 mg/L TP. This value is only slightly above the EPA’s recommended 
ecoregional values, and also falls between the two TP standards for the Clark Fork River which 
are 0.020 and 0.039 mg/L for the upstream and downstream segments of the river, respectively 
(ARM 17.30.631). Review of water quality data from Big Spring Creek from STORET showed 
that above the Lewistown wastewater treatment plant (WWTP) median TP concentrations were 
0.010 mg/L, whereas just below the plant they increased to 0.075 mg/L (median). Given these 
considerations, 0.035 mg/L TP appears to be a reasonable target for Big Spring Creek. 
 
As TP and TN target concentrations are intended to control nuisance algal growth during 
summer growing periods, TP and TN targets will apply from June 1st to November 1st. 
 
Benthic Chlorophyll-a Targets 
 
The Clark Fork River Nutrient Standards and DEQ data for prairie regions were used to guide 
professional judgment on appropriate chlorophyll a targets for the Big Spring Creek TPA. 
Detailed analysis of the relationship between benthic algal chlorophyll-a densities and nutrient 
concentrations has been conducted in the Clark Fork River, Montana. 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 algal and nutrient standards for the Clark Fork River are 
comparable to Big Spring Creek because portions of the Clark Fork River watershed and the Big 
Spring Creek watershed lie within the same ecoregion (Montana Valley & Foothill Prairie).  
 
Montana DEQ has also conducted field sampling for setting algal biomass and nutrient standards 
in wadeable streams of the northwestern glaciated plains ecoregion (Suplee, 2004). Results from 
this effort show that average summer chlorophyll-a concentrations for streams that have 
filamentous algae and macrophyte growth are in the 10-130 mg/m2 range. It appears that even 
though the northwestern glaciated plains ecoregion contains soils and geology with higher 



8.0 Nutrients – Required TMDL Elements 

March 2005  164 

nutrient composition than the Montana valley and foothill prairies ecoregion, the 100 mg/m2 
average and 150 mg/m2 maximum benthic chlorophyll-a CFR standards are a reasonable 
approximation of appropriate target values for Big Spring Creek.  
 
CFR chlorophyll-a standards are also comparable to benthic chlorophyll a concentration 
guidance for trout streams outlined in a New Zealand periphyton guideline document (Biggs, 
2000). In New Zealand, gravel-bottomed trout streams are recommended to have no more than 
120 mg/m2 chlorophyll-a. Although New Zealand is geographically distant, water quality 
information from this country is comparable to many of Montana’s streams because landscape, 
water uses and climate is similar.  
 
Considering acceptable ranges of benthic chlorophyll-a concentrations from a variety of sources, 
the target for chlorophyll-a concentration in Big Spring Creek is 100 mg/m2 mean summer 
(June 1st – Nov 1st) concentration and 150 mg/m2 maximum summer concentration.  
 
8.1.1.2 Nutrient Target Values 
 
A summary of nutrient target values, compliance points, sampling methods and sampling 
frequency is given in Table 8-1. 
 
Table 8-1. Nutrient Water Quality Targets for Big Spring Creek (MT41S004_020). 

Indicator Target Value Compliance Points Sampling Method Frequency 

Total Nitrogen 
Concentration 

June 1st – Nov 1st 
0.500 mg/L 

M22BSPRC12 
M22BSPRC03 
M22BSPRC08 
M22BSPRC10 

Grab Samples 
DEQ SOPs 

3x/year 
July 
Aug 

October 

Total Phosphorous 
Concentration 

June 1st – Nov 1st 
0.035 mg/L 

M22BSPRC12 
M22BSPRC03 
M22BSPRC08 
M22BSPRC10 

Grab Samples 
DEQ SOPs 

3x/year 
July 
Aug 

October 

Benthic Chlorophyll-a 
Summer Concentration 

June 1st – Nov 1st  
100 mg/m2 mean 

150 mg/m2 maximum 

M22BSPRC12 
M22BSPRC03 
M22BSPRC08 
M22BSPRC10 

DEQ SOPs 

3x/year 
July 
Aug 

October 
 
8.1.1.3 Comparison of Target Values to Existing Conditions 
 
Water Chemistry (TN and TP) 
 
Upstream of Lewistown, eight nutrient samples were taken from 1998 through 2003. Total 
nitrogen ranged from 0.090 mg/L to 0.38 mg/L with and average of 0.173 mg/L TN. Total 
phosphorous values ranged from 0.005 to 0.011 mg/L with an average concentration of 0.008 
mg/L TP. There were no exceedances of TP and TN targets. 
 
Downstream of Lewistown, from the Lewistown to Cottonwood Creek, nine nutrient samples 
were taken from 1998 through 2003. Total nitrogen ranged from 0.100 to 1.010 mg/L, with an 
average of 0.453 mg/l TN. Total phosphorous ranged from 0.022 to 0.068 mg/L, with an average 
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of 0.044 mg/l TP. TN target values were exceeded in two of the nine samples (22%) and 
occurred during spring runoff (May 2003). TP target values were exceeded in seven of the 
nine samples (78%).  
 
Downstream of Lewistown, from Cottonwood Creek to the mouth, nine nutrient samples 
were taken from 1998 through 2003. Total nitrogen ranged from 0.100 to 0.650 mg/L, with an 
average of 0.319 mg/l TN. Total phosphorous ranged from 0.013 to 0.036 mg/L, with an average 
of 0.023 mg/l TP. TN target values were exceeded in only two of the nine samples (22%) and 
occurred during spring runoff (May 2003). TP target values were exceeded in one sample (11%). 
 
When seasonality of targets (June 1st – Oct 1st) is considered, TN concentrations meet target 
conditions at all sampling sites. TP targets are presently not being met at sites M22BSPRC03 and 
M22BSPRC08 downstream from the city of Lewistown (Table 8-2). Source assessments and 
allocations will therefore focus on assessing and reducing sources of total phosphorous in 
order to meet target conditions. 
 

Table 8-2. Big Spring Creek - Comparison of TP & TN Targets to Existing Conditions.
Segment 

 
Result 

(avg mg/L) 
Target Status 

Upper Big Spring 0.173 mg/L TN 0.500 mg/L TN Meeting Targets 
Upper Big Spring 0.008 mg/L TP 0.035 mg/L TP Meeting Targets 
Middle Big Spring 0.453 mg/l TN 0.500 mg/L TN Meeting Targets 
Middle Big Spring 0.044 mg/l TP 0.035 mg/L TP Exceeding targets 
Lower Big Spring 0.319 mg/l TN 0.500 mg/L TN Meeting Targets 
Lower Big Spring 0.023 mg/l TP 0.035 mg/L TP Meeting Targets 

 
Benthic Chlorophyll-a 
 
Benthic chlorophyll-a values exceed target conditions at all sites sampled upstream from the 
confluence of Cottonwood and Big Spring Creeks (Table 8-3). Samples taken on lower Big 
Spring Creek about ¼ mile from the mouth are meeting target conditions. 
 
Table 8-3. Big Spring Creek - Comparison of Chlorophyll-a Targets to Existing Conditions.

Segment/Date 
 

Result 
(mg/m2) 

Target Status 

Upper Big Spring Creek 2001 280 
Upper Big Spring Creek 2003 156 

Exceeding targets 

Middle Big Spring Creek 2001 380 

Middle Big Spring Creek 2003 344 
133 

Exceeding targets 

Lower Big Spring Creek 2001 15 
Lower Big Spring Creek 2003 19 

June 1st – Nov 1st  
 

100 mg/m2 mean 
150 mg/m2 maximum 

Meeting Targets 
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8.1.1.4 Targets - Adaptive Management, Uncertainty and Margin of Safety 
 
Water quality targets have been established based on the best available information and the 
current understanding of the relationship between nutrients and aquatic plant growth. As Big 
Spring Creek is a unique system, predictions of biologic response to nutrient loads may not 
adhere to present ecoregional criteria used to establish chlorophyll-a targets. 
 
It is understood that target attainment will not simply be an endpoint, but a process by which 
targets are regularly evaluated. As additional data and information is gathered and evaluated, it is 
anticipated that these targets may be modified to better reflect natural condition of Big Spring 
Creek and attainment of water quality standards. 
 
8.1.2 Source Assessment 
 
Nutrient source assessment includes identifying and assessing the contribution from all 
significant natural and human-caused sources of sediment, and factors affecting nutrient 
impairment conditions in Big Spring Creek (MT41S004_020). Source assessments information 
will be presented by major stream segment:  
 

• Upper Big Spring Creek from headwaters to Casino Creek 
• Middle Big Spring Creek from Casino Creek to Cottonwood Creek 
• Lower Big Spring Creek from Cottonwood Creek to the mouth 

 
Nutrient sources in Big Spring Creek include point (Lewistown wastewater treatment plant) and 
nonpoint sources (land use and streambank sources, urban). Source assessments were conducted 
using mainly empirical data on nutrient concentrations. A nutrient model was also employed to 
estimate the contribution from land use and streambank sources (Appendix E). Nutrient inputs 
derived from the model were based on a series of assumptions, and should not be relied on to 
generate numeric nutrient loads. Modeling output has been used to provide general estimations 
of relative natural and anthropogenic loads derived from land uses and bank erosion estimates in 
Big Spring Creek, and should be considered as evidence to support empirical conclusions. 
 
Based on source assessments from both empirical and modeled phosphorous loads, the major 
factor influencing nutrient impairment conditions in Big Spring Creek is phosphorous discharge 
from the Lewistown wastewater treatment plant (WWTP). Lesser inputs are received from 
nonpoint source urban inputs and nonpoint source inputs from agricultural and other land uses, 
however these are minor in relation to the present WWTP load. 
 
Figure 8-2 shows all phosphorous data locations on Big Spring Creek since 1998, from June 1st 
though Nov 1st. Total phosphorous target exceedances are marked as red dots, sampling sites 
with no TP exceedances are marked as yellow dots. 
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Figure 8-2. Total P Sampling Locations on Big Spring Creek (1998-2003). 

 
8.1.2.1 Upper Big Spring Creek from Headwaters to Casino Creek 
 
Water quality data shows that TN and TP targets in upper Big Spring Creek are currently being 
met (Section 8.1.1.3). However, chlorophyll-a targets are exceeded at two sites (M22BSPRC02, 
BSPRC12). While nutrient concentrations in upper Big Spring Creek are low (0.173 mg/L avg 
TN, 0.008 mg/L vg TP), the presence of high chlorophyll-a levels suggests that nutrients are 
available for algal growth. In the absence of supporting numerical nutrient data and detailed 
source assessments for upper Big Spring Creek, it is difficult to ascertain whether this condition 
is natural or a response to local anthropogenic inputs. 
 
Residential development, streambank erosion, fish hatcheries, and agriculture along upper Big 
Spring Creek may contribute nutrients affecting aquatic growth. Natural spring inputs may also 
be contributing nutrient loads responsible for aquatic growth. Modeled annual TP loads for upper 
Big Spring Creek estimated that 89% of the total phosphorous load was from natural sources. 
Anthropogenic sources related to land use accounted for the remaining 11%. Modeling loads, 
however, were computed as an annual load. As most nutrient loads from land use and 
streambank sources enter streams during spring runoff periods, it is expected that summertime 
nutrient loads from these sources are significantly less than that which is estimated using an 
‘annual load’ approach. Considering this, it is presumed that anthropogenic summertime TP 
loads are considerably less than 10% of the total load from upstream sources. Additional 
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investigation, however, is required to determine the causes of chlorophyll exceedances upstream 
from Lewistown, and to fully assess the load contributions from individual source categories. 
 
A numeric load, however, can be computed using water quality data. Measured flows at the Ash 
Street bridge (years 1979-1993), just upstream from the Casino Creek confluence, ranged from 
88 cfs to a maximum of 726 cfs, with an estimated average of 110 cfs for months June through 
October. Assuming an average flow of 110 cfs and an average measured TP concentration of 
0.008 mg/L, the average summer phosphorous load from upper Big Spring Creek is 4.75 lbs/day. 
Phosphorous concentrations are typically higher during runoff and high flow events. Data on 
phosphorous concentrations associated with higher flows is necessary in order to estimate 
phosphorous loads under different flow conditions. Based on three data points, the 
flow/concentration curve in Figure 8-3 was generated to estimate phosphorous concentrations 
under different flow conditions.  
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Figure 8-3. Total phosphorous concentration/Flow curve for upper Big Spring Creek. 

 
Phosphorous loads for different flow conditions (Table 8-4) were estimated using TP 
concentrations from Figure 8-3. Further data collection should be conducted to calibrate the 
flow/concentration curve in Figure 8-4 so that more accurate loading estimates may be made.  
 

Table 8-4. Estimated Phosphorous 
Loads from Upper Big Spring Creek. 

Flow (cfs) Phosphorous Load 
(lbs/day) 

80 2.59 
88 3.46 
110 4.75 
150 11.24 
200 18.88 
250 27.34 
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8.1.2.2 Middle Big Spring Creek from Casino Creek to Cottonwood Creek 
 
Water quality data shows that TN targets in middle Big Spring Creek are currently being met 
(Section 8.1.1.3). TP targets are exceeded in all samples (n=5) taken at M22BSPRC03 and 50% 
of the samples (n=4) taken at M22BSPRC08 (Figure 8-2). Likewise, chlorophyll-a targets are 
exceeded at sites M22BSPRC03 and M22BSPRC08. Significant increases in chlorophyll-a 
concentrations between upstream and downstream sites points to an increase in nutrient loading 
in this reach. 
 
Phosphorous sources in middle Big Spring Creek include: 

• Lewistown WWTP 
• Urban stormwater and nonpoint sources 
• Land use sources 
• Tributary inputs. 

 
Lewistown Wastewater Treatment Plant 
 
The average daily summer phosphorous load from the Lewistown WWTP is 22.9 lbs/day, 
based on discharge monitoring report (DMR) data submitted to DEQ for years 1995-2000. 
Measured at the Ash St Bridge, flows range from 88 to 238 cfs for months July through October 
(unpublished data). At average low summer flows (110 cfs estimated), a 22.9 lbs/day load 
discharge from the WWTP plant corresponds to an increase of 0.039 mg/l in TP concentration in 
Big Spring Creek. Data collected at sites upstream and downstream from the WWTP in 1998, 
2001 and 2003 confirm this calculated increase in summer TP concentrations (Figure 8-4).  
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Figure 8-4. Big Spring Creek Upstream/Downstream TP comparison. 

 
Attenuation of TP values downstream (M22BSPRC08) is likely a function of several factors: 
addition of low-P groundwater inputs, diversion of high-P creek water for irrigation between 
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M22BSPRC03 and M22BSPRC08, assimilation and cycling of nutrients through biologic 
activity.  
 
Accompanying the increase in TP loading from the Lewistown WWTP are significant increases 
in algal biomass densities recorded at sites, M22BSPRC03 and M22BSPRC08. Chlorophyll-a 
values at site M22BSPRC03 were 380 mg/m2 and 344 mg/m2 in 2001 and 2003. A drop in 
chlorophyll-a (133 mg/m2) correlated to a corresponding drop in nutrient concentrations at site 
M22BSPRC08 (Figure 8-4). 
 
Urban Storm Water and Nonpoint Sources 
 
Big Spring Creek flows through the city of Lewistown picking up nonpoint source nutrients from 
industrial, residential and commercial sources (Figure 5-11). Storm water runoff and nonpoint 
pollution inputs from streets, construction sites, parking lots, or other impervious or disturbed 
areas can be a source of nutrients if proper controls are not in place. 
 
The total phosphorous load from storm water and nonpoint sources through Lewistown was 
computed using a simple model. Storm water and nonpoint source load is the cumulative TP load 
that enters storm water collection drains or is directly delivered to Big Spring Creek. The Simple 
Method estimates pollutant loads for chemical constituents as a product of annual runoff volume 
and pollutant concentration, as: 

L = 0.226 * R * C * A 
 

Where: L = Annual load (lbs) 
R = Annual runoff (inches) 
C = Pollutant concentration (mg/l) 
A = Area (acres) 
0.226 = Unit conversion factor 

 
Annual runoff was calculated as a product of annual runoff volume, and a runoff coefficient 
(Rv). Runoff volume is calculated as: 
 

R = P * Pj * Rv 
 

Where: R = Annual runoff (inches)  
P = Annual rainfall (inches) 
Pj = Fraction of annual rainfall events that produce runoff (usually 0.9) 
Rv = Runoff coefficient 

 
Loads were calculated by using a median concentration value of 0.65 mg/l TP, representing arid 
and semi-arid watersheds (Caraco, 2000). Results of the loading calculation are shown in Table 
8-5. 
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Table 8-5. Annual Total Phosphorous (TP) Storm Water Loads to Big Spring Creek. 

  Estimated Annual Load (lbs/yr) 
Annual Residential TP Load 529 
Annual Commercial TP Load 179 
Annual Industrial TP Load 35 
Annual Roadway TP Load 15 
Total Annual Storm water Load (lbs/yr) 758 

 
Based on this analysis, the average TP load to Big Spring Creek is 2.1 lbs/day. Considering that 
annual TP loads are based on annual precipitation, that summertime load inputs are largely 
driven by precipitation events, and approximately 1/3 of Lewistown’s annual precipitation falls 
during the target dates of June 1st to Nov 1st, an average summertime load of less than 2.1 lbs/day 
is expected: 0.7 lbs/day seems a reasonable estimate of average TP summer loads from 
urban stormwater and nonpoint sources. 
 
Land Use and Streambank Sources 
 
Phosphorous inputs from land use sources and streambank sources for this segment was not 
calculated based on empirical data or field verification. A nutrient export model (Appendix D) 
was used to estimate annual TP contributions from these sources. Based on estimated annual 
loads for the entire reach from Casino Creek to Cottonwood Creek, 52% of TP loads were from 
natural sources (streambank erosion and land use inputs), 18% were from anthropogenic sources 
(streambank erosion and land use inputs), and 30% was from TP discharges from the Lewistown 
WWTP. Again, this estimate likely represents an overestimation on anthropogenic streambank 
erosion and land use sources as most nutrient input from these sources occurs outside the period 
of summer low-flow conditions. In addition, modeling estimates anthropogenic TP loading from 
streambank and land uses are computed for the entire reach from Lewistown to Cottonwood 
Creek: any potential phosphorous loads between Casino Creek and sampling site M22BSPRC03 
are minimal, and likely not significant when compared to the load contributed from the 
Lewistown WWTP. Empirical data shows a strong correlation between known WWTP inputs 
and instream water quality data, suggesting summer land-use loads are not significant 
phosphorous contributors in this segment. Based on this information, a best professional 
judgment estimate of the daily phosphorous load from land use and streambank sources 
for the reach from Casino Creek to sampling site M22BSPRC03, is estimated at <1 lb/day. 
 
Tributary Sources 
 
Tributaries that enter Big Spring Creek through the urban area of Lewistown include Casino 
Creek, Little Casino Creek, Breed Creek, and Boyd Creek. Cumulatively, the flow from these 
tributaries during summertime low-flow conditions does not typically exceed 4 to 5 cfs 
maximum (Tews 2005, personal communication). Using the maximum summertime TP 
concentration measured on Casino Creek (0.070 mg/l TP) and a cumulative flow of 5 cfs for 
these four tributaries, the load from tributaries is estimated to be a maximum of 1.9 lbs/day. 
Actual loads during low flow conditions (<4 cfs) can reasonably be estimated at <1 lb/day. 
This load estimate is based on assumptions regarding phosphorous concentrations and flows; 
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additional flow and water quality monitoring should be conducted to provide data with which to 
calculate actual phosphorous loads. Nutrient condition in Casino Creek is discussed more 
thoroughly in Section 8.3.  
 
8.1.2.3 Lower Big Spring Creek from Cottonwood Creek to the Mouth 
 
Water quality data shows that TN, TP and chlorophyll-a targets in this segment are currently 
being met (Section 8.1.1.3). Phosphorous TMDLs should therefore be aimed at controlling 
phosphorous sources in middle Big Spring Creek to ensure that water quality targets are being 
met. By controlling upstream phosphorous sources, it is assumed that water quality targets in 
lower Big Spring Creek will be maintained. 
 
A major tributary to Big Spring Creek, Cottonwood Creek, enters Big Spring Creek at the 
upstream boundary of this segment. Cottonwood Creek is listed for impaired for nutrients, 
however, summertime flows from Cottonwood Creek are very low (typically less than 5 cfs) and 
do not appear to contribute appreciable nutrient loads to Big Spring Creek: nutrients and 
chlorophyll-a data in this section of Big Spring Creek meet water quality targets. Cottonwood 
Creek, itself, is addresses in Section 8.2. 
 
Modeling estimated that for the entire reach, 83% of TP loads were from natural sources 
(streambank erosion and land use inputs) and 17% was from anthropogenic sources (streambank 
erosion and land use inputs). Again, this estimate likely represents an overestimation on 
anthropogenic streambank erosion and land use sources as most nutrient input from these sources 
occurs outside the period of summer low-flow conditions.  
 
8.1.2.4 Source Assessment Summary 
 
Based on discharge monitoring reports, empirical TP data, modeled estimates and professional 
assumptions, the Lewistown WWTP appears to be the major source of TP loads to Big Spring 
Creek during critical flow periods (<110cfs). It is expected that reduction in phosphorous loads 
from the WWTP will result in achieving water quality targets at all sites downstream from the 
WWTP. A summary of estimated phosphorous loads under different flow conditions is given in 
Table 8-6. 
 

Table 8-6. Estimated Phosphorous Loads to Middle Big Spring Creek (lbs/day) 
by Source Category. 
Flow Upper Big Spring Creek Urban Land Use Tributaries WWTP Total Load 

80 2.6 0.7 1.0 1.0 22.9 28.2 
88 3.5 0.7 1.0 1.0 22.9 29.1 

110 4.8 0.7 1.0 1.0 22.9 30.4 
150 11.2 0.7 1.0 1.5 22.9 37.3 
200 18.9 0.7 1.0 1.5 22.9 45.0 
250 27.3 0.7 1.0 2.0 22.9 53.9 
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8.1.2.5 Source Assessment - Uncertainty and Adaptive Management 
 
Nutrient source assessments were conducted using a variety of data and methods. Due to 
inherent uncertainties, flexibility to adjust nutrient-loading estimates based on inferences drawn 
from limited data is principal to adaptive management. It is expected that, as additional data and 
information becomes available, inferences and assumptions will be revisited and reevaluated. 
Relevant uncertainties associated with selected source categories are addressed below. 
 
Flow Uncertainties 
 
Estimates of in-stream TP concentrations were based on flow assumptions. Flow data for Big 
Spring Creek is incomplete. Flow data taken at the Ash Street Bridge and historic flow data from 
USGS station No. 06111500 was used to base estimates of streamflow for loading purposes. As 
additional flow data is collected, loading estimates may be adjusted to reflect all current and 
available flow data. 
 
Modeling Uncertainties 
 
It is understood that nutrient source modeling is intended to provide general estimations of 
loading from different sources. A discussion of uncertainties inherent in this approach is given in 
Appendix E. 
 
Urban Source Uncertainties 
 
While TP load estimated from a simple storm water model is a source of low significance, it is a 
conceptual estimation and may not reflect actual conditions. Development and implementation of 
a monitoring strategy (Section 5.1.4) to gather storm water and urban nonpoint source data will 
greatly reduce this uncertainty and allow for accurate estimates of storm water loads entering Big 
Spring Creek. 
 
Other Sources 
 
Phosphorous source assessments were conducted using available data. Effort was made to assess 
the most significant sources of phosphorous loading to Big Spring Creek. It is possible that 
additional unassessed sources exist. If and when additional sources are identified and defined, 
they will be included in phosphorous loading analysis. 
 
While it is not expected that tributaries that enter Big Spring Creek through the urban influence 
(Casino Creek, Little Casino Creek, Boyd Creek) contribute a significant nutrient load to Big 
Spring Creek, little data exists to confirm this supposition. Loading estimates from tributaries 
was based on observed rather than measured flows. In addition, no TP concentrations were 
available for tributaries, Breed Creek, Boyd Creek, and Little Casino Creek. It was assumed that 
TP concentrations in these tributaries are similar to or less than TP concentrations measured in 
Casino Creek. Additional monitoring of tributaries and Big Spring Creek above and below 
tributary inputs will assist in determining whether tributary inputs contribute appreciable nutrient 
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loads, specifically TP, to Big Spring Creek, and will assist in refining loading estimates from 
tributaries. 
 
Upstream loads are estimated using a flow/concentration curve given in Figure 8-3. At higher 
flows, loads from Upper Big Spring Creek given in Table 8-6 are a significant component of the 
TMDL. Actual TP concentrations at higher flows are speculative at this time, however, and 
additional TP concentrations should be collected under a variety of flow conditions in order to 
better estimate phosphorous loads from upstream sources.  
 
8.1.3 Total Maximum Daily Loads and Allocations 
 
8.1.3.1 TMDLs 
 
The Clean Water Act requires States to identify waters not meeting water quality standards and 
to develop a plan that when implemented, will result in achievement of water quality standards. 
The framework for these plans is the Total Maximum Daily Load (TMDL) program. A TMDL is 
essentially a prescription designed to restore the health of the polluted body of water by 
indicating the amount of pollutants that may be present in the water and still meet water quality 
standards. The water quality targets presented in Section 8.1.1 provide the endpoint water quality 
goal. The TMDL provides a quantification of the means to achieve this goal. 
 
The phosphorous TMDL for Big Spring Creek is the amount of total phosphorus (TP) that the 
stream can receive from all sources and still meet TP targets at selected compliance points. The 
TMDL is the sum of the waste load allocation (WLA), or point sources, plus the sum of the load 
allocations (LA), or natural and anthropogenic nonpoint sources, plus a margin of safety (MOS). 
 

TMDL = ΣWLA + ΣLA + MOS 
 
The phosphorous TMDL is set for the summer (June 1st – October 1st) when biological in-stream 
beneficial uses are impacted by the availability of excess nutrients. Big Spring Creek summer 
phosphorous TMDLs are based upon a maximum in-stream target concentrations of 0.035 mg/L 
total phosphorous. Since in-stream TP concentrations are a function of streamflow, the allowable 
total maximum daily load of a pollutant will vary with flow.  
 
While accurate summertime flow data through the city of Lewistown is scant, flows range from 
extreme highs over 600 cfs to extreme lows of 80 cfs. Typically, average summertime flows 
range from 100 to 200 cfs, with higher flows reported in June and early July. At typical low 
summertime flows (~88cfs), the total maximum daily load of phosphorous that will result in 
compliance with the in-stream target concentration of <0.035 mg/L TP is 16.6 lbs/day. At 
average summertime flows (~110 CFS), the total maximum daily load is 20.8 lbs/day of 
phosphorous. Figure 8-5 illustrates the relationship between the total maximum daily load of 
phosphorous and streamflow.  
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Figure 8-5. Allowable total maximum daily loads as a function of discharge for Big Spring 
Creek. 
 
Because the allowable phosphorous load is a function of flow, a static TMDL for phosphorous is 
not appropriate. Rather, the TMDL shall be the maximum phosphorous load allowed under 
specific flow conditions that will result in meeting water quality targets. Table 8-7 presents the 
Total Maximum Daily Load, estimated existing loads, and the necessary load reduction needed 
to meet the TMDL for phosphorous under different flow conditions. 
 

Table 8-7. TMDL, Existing Loads, and Load Reductions 
for Middle Big Spring Creek. 

Flow  
(cfs) 

TMDL  
(lbs/day) 

Existing Load 
(lbs/day) 

Load Reduction  
(lbs/day) 

80 15.1 28.2 13.1 
88 16.6 29.1 12.5 
110 20.8 30.4 9.6 
150 28.3 37.3 9.0 
200 37.8 45.0 7.2 
250 47.2 53.9 6.8 

 
Compliance with targets shall be used as the water quality endpoint, and determines whether the 
TMDL is achieved. For instance, at 88 cfs (typical low summer flows), the TMDL of 
phosphorous is calculated to be 16.6 lbs/day. At a flow of 200cfs, the TMDL of phosphorous is 
calculated to be 37.8 lbs/day. Permitted discharges should take flow into account when 
establishing load limits.  
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8.1.3.2 Allocations 
 
At lower flows (<110 cfs) greater that 75% of the total phosphorous load from sources upstream 
of M22BSPRC03 is from effluent discharges from the Lewistown wastewater treatment plant. 
Additional load comes from unsourced upstream contributions, however modeling results 
estimate that this load is >90% from natural sources. The sum of additional loads (tributaries, 
urban, land use) makes up less than 10% of the total load. 
 
The TMDL for phosphorous will be achieved through a load reduction allocated to the 
Lewistown wastewater treatment plant, and will result in meeting water quality targets at 
downstream compliance points (Table 8-1). The TMDL of phosphorous is the sum of the 
wasteload allocations, load allocations and a margin of safety: TMDL = ΣWLA + ΣLA + MOS. 
A margin of safety of 10% of the total maximum daily load is used, and is incorporated into load 
allocations given below. Table 8-8 presents TMDLs and load allocations for different flow 
conditions in Big Spring Creek.  
 
Table 8-8. Phosphorous TMDLs and Allocations for Big Spring Creek. 

Flow TMDL ΣWLA (lbs/day) ΣLA (lbs/day) MOS 
(cfs) (lbs/day) Lewistown WWTP Upstream Load Urban Land Use Tributaries (lbs/day)
80 15.1 8.3 2.6 0.7 1.0 1.0 1.5 
88 16.6 8.8 3.5 0.7 1.0 1.0 1.7 

110 20.8 11.3 4.8 0.7 1.0 1.0 2.1 
150 28.3 11.0 11.2 0.7 1.0 1.5 2.8 
200 37.8 11.9 18.9 0.7 1.0 1.5 3.8 
250 47.2 11.9 27.3 0.7 1.0 1.5 4.7 

 
It is expected that the load allocation given to the Lewistown WWTP will result in attainment of 
water quality targets, however, assumptions used in generating load allocation estimates from 
other phosphorous sources were based on limited data and information. Target compliance 
should be monitored according to the schedule given in Table 8-1 to verify whether 
recommended load reductions have the desired water quality effect.  
 
8.1.3.3 TMDLs and Allocations - Adaptive Management, Uncertainty and 
Margin of Safety 
 
Based on present knowledge of conditions and processes affecting impairment, it is expected that 
when recommended load reductions are emplaced Big Spring Creek will meet water quality 
targets. However, uncertainty is inherent when developing load allocations and reductions. 
Understanding and developing an appropriate allocation requires an adaptive management 
approach that allows for adjustment as uncertainty is reduced. As additional information and data 
becomes available, adjustments to load reductions may be warranted and should be considered. 
Consequently, allocations should not be considered a static, rigid endpoint, but a flexible 
guideline that is apt to change as additional information is assessed and evaluated. 
 



8.0 Nutrients – Required TMDL Elements 

March 2005  177 

Likewise, applying a margin of safety is a required component of TMDL development. The 
margin of safety (MOS) accounts for the uncertainty about the pollutant loads and the quality of 
the receiving water and is intended to protect beneficial uses in the face of this uncertainty. A 
margin of safety of 10% of the total maximum daily load is incorporated into the allocations 
given in Table 8-8. 
 
8.1.4 Restoration and Implementation Strategy 
 
Load reductions will be conducted through the State of Montana’s implementation of the 
National Pollutant Discharge Elimination System (NPDES). The DEQ issues permits under this 
system to regulate pollutant discharges to state waters. Based on discharge load limits and 
information presented in Section 8.1.3.2, the Permitting Section of the Montana Department of 
Environmental Quality will develop appropriate permit limitations and requirements for 
discharges from the Lewistown WWTP to Big Spring Creek.  
 
8.1.5 Monitoring and Assessment Strategy 
 
A monitoring and assessment strategy will evaluate the success of load reductions and permitting 
requirements in meeting TMDL targets. The following discussion is intended to be conceptual. It 
is envisioned that the first step in the implementation of this monitoring and assessment strategy 
will be the development of a detailed work plan and sampling and analysis plan. 
 
Monitoring and assessment goals include: 
 

1. Evaluating targets and assessing target attainment  
2. Establishing adequate flow information  
3. Investigating & delineating potential nutrient sources 

 
8.1.5.1 Evaluating Targets and Assessing Target Attainment  

Water quality targets, compliance points, sampling methods and sampling frequencies are given 
in Table 8-1. Established sampling sites are chosen above Lewistown (M22BSPRC12), below 
the WWTP (M22BSPRC03 and M22BSPRC08) and downstream from Cottonwood Creek near 
the mouth (M22BSPRC10). Monitoring of water quality targets at each site will assess whether 
load reductions result in target attainment. If load reductions do not result in the expected water 
quality response, targets will be evaluated according to the methodology presented in Figure 8-1.  
 
8.1.5.2 Establishing Adequate Flow Information 
 
Accurate flow information is integral to developing a TMDL that reflects proper conditions and 
includes an accurate and acceptable margin of safety. Flows used to develop the TMDL were 
based on the best available data, however establishing a flow gauging station downstream from 
Lewistown and upstream from the WWTP will allow accurate flow measurement with which to 
measure low flow conditions and to adequately determine the upstream TP load. Establishing the 
range of flows and low flow conditions immediately upstream from the Lewistown WWTP 
outfall will allow a more accurate flow with which to establish future NPDES permit 
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requirements. Flows on tributary inputs are also essential to estimating phosphorous loads from 
tributary inputs. 
 
8.1.5.3 Investigating Potential Nutrient Sources 
 
The continued assessment and evaluation of nutrient source should be monitoring and 
assessment priority. Although presently unassessed, residential development on upper Big Spring 
Creek has the potential to increase nutrient loads to Big Spring Creek. High chlorophyll-a values 
at sites M22BSPRC02 and M22BSPRC12 suggest that localized nutrient sources may be 
significant and contributing to algal growth. Whether this algal growth is a natural condition is 
unknown at this time.  
 
Other potential local nutrient sources that should be assessed through monitoring and source 
assessments include: 
 

• Storm water and nonpoint sources through the city of Lewistown 
• Residential sources associated with housing development, land clearing and 

construction 
• Livestock feedlots and animal feeding operations (AFOs) 
• Fish hatchery discharges 

 
While numeric data suggests that the above sources do not currently appear to be contributing 
appreciable nutrients concentrations to Big Spring Creek, the potential exists for local impacts in 
the form of depressed aquatic communities, nuisance algal growth or other detrimental effects. 
Local resource managers, landowners and city officials should be vigilant in addressing and 
reducing pollutant sources where appropriate.  
 
Establishment of a monitoring site to differentiate nutrient loads from urban and rural that enters 
Big Spring Creek through the city of Lewistown is integral to understanding nutrient source 
loading to Big Spring Creek. Given the variety of potential nutrient sources, it is recommended 
that monitoring sites be established, and water quality be monitored in order to distinguish 
between different nutrient source loads that enter Big spring Creek in the proximity of 
Lewistown. 
 
8.2 Cottonwood Creek 
 
8.2.1 Nutrient Targets 
 
In accordance with the Montana Water Quality Act (MCA 75-5-703(7) and (9)), the DEQ is 
required to assess the waters for which TMDLs have been completed to determine whether 
compliance with water quality standards has been attained. This assessment will use the suite of 
targets specified in subsequent Sections to measure compliance with water quality standards and 
achievement of full support of all applicable beneficial uses. If all of the target values are met, it 
will be assumed that beneficial uses are fully supported and water quality standards have been 
achieved. Alternatively, if one or more of the target threshold values are exceeded, it will be 
assumed that beneficial uses are not fully supported and water quality standards have not been 



8.0 Nutrients – Required TMDL Elements 

March 2005  179 

achieved. However, it will not be automatically assumed that implementation of a TMDL was 
unsuccessful just because one or more of the target threshold values have been exceeded. As 
noted above, the circumstances around the exceedance will be investigated. For example, might 
the exceedance be a result of natural causes such as floods, drought, fire, or the physical 
character of the watershed? In addition, in accordance with MCA 75-5-703(9), an evaluation will 
be conducted to determine whether: 
 

• The implementation of a new or improved suite of control measures is necessary; 
• More time is needed to achieve water quality standards; or 
• Revisions to components of the TMDL are necessary. 

 
This methodology is described in Figure 8-1. 
 
8.2.1.1 Basis for Targets 
 
Most waters of Montana are protected from excessive nutrient concentrations by narrative 
standards, with the exception of the Clark Fork River above the confluence with the Flathead 
River, where numeric water quality standards for total nitrogen (300 ug/l) and total phosphorus 
(20 ug/l upstream of the confluence with the Blackfoot River and 39 ug/l downstream of the 
confluence) as well as algal biomass measured as chlorophyll a (summer mean and maximum of 
100 and 150 mg/m2, respectively) have been established. 
 
The narrative standards applicable to nutrients elsewhere in Montana are contained in the 
General Prohibitions of the surface water quality standards (ARM 17.30.637 et. Seq.). The 
prohibition against the creation of “conditions, which produce undesirable aquatic life” is 
generally the most relevant to nutrients. This narrative standard does not allow for harmful or 
other undesirable conditions related to increases above naturally occurring levels or from 
discharges to state surface waters. Narrative standards translated into water quality goals should 
strive toward a condition that reflects a waterbody’s greatest potential for water quality given 
current and historic land use activities, where all reasonable land, soil, and water conservation 
practices have been applied.  
 
Water quality targets for Cottonwood Creek (MT41S004_052) include parameters that reflect: 
 

• Reduction of summertime dissolved oxygen fluctuations. 
• Decrease in streambed coverage by filamentous algae. 
• Maintenance of benthic chlorophyll density. 

 
Dissolved Oxygen Target 
 
The target value for dissolved oxygen is to maintain minima above the Montana water 
quality standard for B-1 waters of 4 mg/l. Dissolved oxygen concentrations at the mouth 
(Figure 7-15) have fallen to levels below the State’s instantaneous minima of 4 mg/L, which is 
applicable to “other life stages” (WQB-7; DEQ, 2004). “Other life stages” refers to young and 
adult fish, which certainly live in or at least transit through the mouth of Cottonwood Creek. 
Large DO fluctuations frequently result from heavy growths of aquatic plants (including algae) 
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that produce oxygen during the day but then utilize it at night (Chambers et al., 1999). Dissolved 
oxygen depletion also results from decomposing organic material. 
 
Filamentous Algae Cover Target 
 
The target value for summertime streambed coverage by filamentous algae in Cottonwood 
Creek is < 30%. This target is based on recommendations developed by DEQ to prevent 
nuisance algal growth. The recommendation for Montana prairie streams is for filamentous algae 
cover of the stream bottom to be a maximum of 30% (Suplee, 2004).  
 
Benthic Chlorophyll-a Target 
 
The target for chlorophyll-a concentration in Cottonwood Creek is 100 mg/m2 mean 
summer (June 1st – Nov 1st) concentration and 150 mg/m2 maximum summer 
concentration. Justification for this target is given in Section 8.1.1.1. 
 
8.2.1.2 Nutrients Target Values 
 
A summary of nutrient target values, compliance points, sampling methods and sampling 
frequency is given in Table 8-9. 
 
Table 8-9. Nutrient Water Quality Targets for Cottonwood Creek (MT41S004_052). 

Indicator Target Value Compliance 
Point 

Measurement Method Frequency 

Dissolved Oxygen >4 mg/l 
M22CTWDC03 
M22CTWDC05 
M22CTWDC06 

24 hour continuous field 
measurement of both 
dissolved oxygen and water 
temperature 

1x/month 
mid July 

mid August 

Filamentous algae cover June 1st – Nov 1st 
<30 % 

M22CTWDC03 
M22CTWDC05 
M22CTWDC06 

Field observation 
DEQ monitoring SOPs 

1x/month 
mid July 

mid August 

Benthic chlorophyll June 1st – Nov 1st 
< 110 mg Chl a/m2 

M22CTWDC03 
M22CTWDC05 
M22CTWDC06 

Hoop method 
DEQ monitoring SOPs 

1x/month 
mid July 

mid August 

 
8.2.1.3 Comparison of Target Values to Existing Conditions 
 
Dissolved Oxygen 
 
The useful data set for dissolved oxygen in Cottonwood Creek is limited to a single continuous- 
sampling event at two sites (Figure 7-9). Twenty four-hour dissolved oxygen data were logged 
from July 22-24th, 2003 at the mouth of Cottonwood Creek (M22CTWDC03) and upstream at a 
site near the Beaver Creek confluence (M22CTWDC06). Dissolved oxygen at the mouth of 
Cottonwood Creek ranged from 14 mg/L in the late afternoon to 3.1 mg/L at night and daily 
maxima and minima were 7.2 mg/L and 3.4 mg/L at the upstream location. The minima at both 
sites were below the target. 
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Filamentous Algae Cover 
 
There are only a few ocular estimates of filamentous algae cover for Cottonwood Creek. These 
filed observations were made on 23 and 24 July 2004 and indicate a downstream progression of 
increasing algal cover as follows: M22CTWDC01 - 5 %, M22CTWDC05 30%, M22CTWDC06 
>50%, and M22CTWDC03 - 60 %. Both estimates of coverage in the lower portion of 
Cottonwood Creek (M22CTWDC06 and M22CTWDC03) exceeded the proposed target. 
 
Benthic Chlorophyll-a 
 
Similar to other target parameters, there are only a single set of samples taken in July of 2003. 
The results ranged from 17 to 85, all below the target value. However it is believed that these 
data are unusable due to serious concern that the appropriate sampling method was not used for 
sample collection (see Section 7.5.1.3). 
 
8.2.1.4 Targets - Adaptive Management and Uncertainty 
 
The restoration targets have been established based on the best available information and the 
current understanding of the relationship between nutrients and stream health. It is understood 
that target attainment will not simply be an endpoint, but a process by which targets are regularly 
evaluated. As additional data and information is gathered and evaluated, it is anticipated that 
these targets may be modified to better reflect attainment of water quality standards. 
 
8.2.2 Source Assessment 
 
Source assessment is difficult at this point due to the paucity of data available for Cottonwood 
Creek. We do know that dissolved oxygen was showing extreme fluctuation at the mouth of 
Cottonwood Creek in July of 2003. The dissolved oxygen profiles were taken during low-flow 
conditions and warm temperature and are most likely representative of “worst-case” conditions. 
During the July 2003 dissolved oxygen study both daytime and night dissolved oxygen were 
depressed below the confluence with Beaver Creek.  
 
8.2.2.1 Natural Sources 
 
There are several apparent natural sources of nutrients and organic loading in the Cottonwood 
Creek watershed. There is a large complex of Beaver ponds on Cottonwood Creek in the vicinity 
of the confluence with Beaver Creek, in addition to extensive beaver pond complexes on Beaver 
Creek. Perhaps years of accumulation of organically rich sediment, plant material, and other 
detritus in the beaver pond complex impose heavy biological oxygen demand on Cottonwood 
Creek. The organically rich soils in current and historic beaver pond complexes and now stored 
as bank and bottom material may be nutrient sources. Higher temperature and low flows 
exacerbated by recent drought conditions also likely contribute to nuisance algal growth and low 
dissolved oxygen conditions. 
 



8.0 Nutrients – Required TMDL Elements 

March 2005  182 

8.2.2.2 Anthropogenic Sources 
 
As in any developed watershed, there are potential anthropogenic sources of nutrients in the 
Cottonwood Creek watershed including management-exacerbated erosion, irrigation return 
flows, and potential for nitrogen-rich groundwater input from fallow land. 
 
8.2.2.3 Source Assessment - Adaptive Management and Uncertainty 
 
A detailed source assessment that identifies natural and anthropogenic sources contributing to 
impairment conditions in Cottonwood Creek is lacking. In the absence to information that allows 
identification, quantification and allocation to specific sources and contributing factors, it would 
be premature to speculate on the causes of impairment in Cottonwood Creek. It is likely that a 
suite of interrelated factors, natural and non-natural are responsible for wide dissolved oxygen 
fluctuations, algal growth, high water temperature and low flows. It is expected that, as 
additional data and information becomes available, contributing sources will be identified and 
over time, inferences and assumptions will be revisited and reevaluated. Section 8.2.5 outlines a 
monitoring strategy designed to collect data to support source assessment that will lead to 
appropriate TMDLs and load allocations. 
 
8.2.3 Total Maximum Daily Loads and Allocations 
 
As stated in Section 8.2.2.3, lack of adequate source assessment information precludes the 
development of total maximum daily loads, and therefore load allocations at this time. 
Monitoring and assessment activities are proposed to gather information in order to properly 
assess source contributions. 
 
8.2.4 Restoration and Implementation Strategy 
 
At this time, the recommendation of restoration activities is premature. Implementation of the 
monitoring and assessment strategy set forth in Section 8.2.5 will provide the foundation for 
future restorative prescriptions. 
 
8.2.5 Monitoring and Assessment Strategy 
 
Monitoring and assessment will focus on obtaining nutrient and dissolved oxygen/organic 
enrichment source information with which to base TMDLs and allocations. Monitoring and 
assessment goals include: 
 

• Monitoring to evaluate targets and target attainment  
• Conducting further assessments of potential nutrient sources 

 
8.2.5.1 Target Evaluation 
 
Targets are to be evaluated as outlined in Table 5-1, with attention to the following 
considerations: 
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1. All measurements and observations need to be done under typical late summer low-flow 

conditions. 
2. Dissolved oxygen profiles should be done under typical summer warm to hot sunny 

weather conditions in addition to the flow consideration above. 
 
8.2.5.2 Nutrient Sources 
 
Further assessment of nutrient sources should be conducted in order to reduce uncertainty and to 
support development of TMDLs and load allocations, and ultimately restoration activities 
designed to meet water quality targets: 
 

1. Conduct watershed field evaluation to identify potential obvious potential sources such as 
springs, irrigation return flows, land use practices inconsistent with water quality 
protection, etc. The results of the watershed field evaluation should suggest appropriate 
sampling sites for synoptic sampling. 

2. Conduct synoptic nutrients (Total Phosphorus, Nitrate + Nitrite, Total Kjeldahl Nitrogen, 
and Total Suspended Solids) surveys to be collected under the following 3 scenarios: 

a. Low flow non-growing season. 
b. Low flow growing season (add chlorophyll A and ocular estimates of filamentous 

algae coverage for this run). 
c. High flow conditions. 

Sampling sites for the synoptic surveys should be done above and below potential 
sources of increased nutrients (as determined from field evaluation) 

3. Dissolved oxygen, chlorophyll-a, and ocular estimates of filamentous algal growth to be 
collected in conjunction with target monitoring above the beaver pond complex on both 
Beaver and Cottonwood Creeks (upstream of the confluence of these). 

 
8.2.5.3 Additional monitoring 
 
Continued monitoring of macroinvertebrates and periphyton at established biomonitoring sites is 
recommended so that trends in biological community health can be evaluated. Duplicate samples 
should be taken at these sites on alternate years during the third week in August. 
 
8.3 Casino Creek 
 
8.3.1 Nutrient Targets 
 
In accordance with the Montana Water Quality Act (MCA 75-5-703(7) and (9)), the DEQ is 
required to assess the waters for which TMDLs have been completed to determine whether 
compliance with water quality standards has been attained. This assessment will use the suite of 
targets specified in subsequent Sections to measure compliance with water quality standards and 
achievement of full support of all applicable beneficial uses. If all of the target values are met, it 
will be assumed that beneficial uses are fully supported and water quality standards have been 
achieved. Alternatively, if one or more of the target threshold values are exceeded, it will be 
assumed that beneficial uses are not fully supported and water quality standards have not been 
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achieved. However, it will not be automatically assumed that implementation of a TMDL was 
unsuccessful just because one or more of the target threshold values have been exceeded. As 
noted above, the circumstances around the exceedance will be investigated. For example, might 
the exceedance be a result of natural causes such as floods, drought, fire, or the physical 
character of the watershed? In addition, in accordance with MCA 75-5-703(9), an evaluation will 
be conducted to determine whether: 
 

• The implementation of a new or improved suite of control measures is necessary; 
• More time is needed to achieve water quality standards; or 
• Revisions to components of the TMDL are necessary. 

 
This methodology is described in Figure 8-1. 
 
8.3.1.1 Basis for Targets 
 
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. 
 
The exception to the application of narrative standards is the Clark Fork River above the 
confluence with the Flathead River, where numeric water quality standards for total nitrogen 
(0.300 mg/l) and total phosphorus (0.020 mg/l upstream of the confluence with the Blackfoot 
River and 0.039 mg/l downstream of the confluence) as well as algal biomass measured as 
chlorophyll a (summer mean and maximum of 100 and 150 mg/m2, respectively) have been 
established. 
 
Water Chemistry Targets 
 
Two nutrient concentration target values have been developed for the Big Spring Creek TMDL 
planning area. These values are: 0.035 mg/L total phosphorus (TP) and 0.500 mg/L total nitrogen 
(TN). Nitrogen and phosphorus are the two macronutrients most commonly found to limit algae 
growth in aquatic systems (Ryther and Dunstan, 1971; Schindler, 1977; Howarth, 1988). The N 
and P concentrations above were derived using the following approach. A starting point was 
provided by the ecoregional nutrient concentration recommendations of the U.S. EPA (EPA, 
2001). EPA’s recommended values for the ecoregion in which Casino Creek is located range 
from 0.023-0.029 mg/L for TP and 0.380-0.650 mg/L for TN. A study on the Clark Fork River 



8.0 Nutrients – Required TMDL Elements 

March 2005  185 

(CFR) showed that holding TN below 0.500 mg/L greatly decreased the likelihood of nuisance 
algae levels (Dodds et al., 1997). Total N concentrations for Casino Creek were scant, but 
generally ranged from about 0.320 to 0.880 mg/L, with a mean of 0.620 mg/L. Therefore, 0.500 
mg/L TN was chosen as a reasonable target value.  
 
Kahlert (1998) reports that freshwater benthic algae cellular N:P ratios higher than 15 (by 
weight) indicate that algal growth are limited by P. The Casino Creek target values should strive 
to maintain stream-water N:P concentration ratios at 15 or higher if limitation of nuisance algae 
growth by P is to be achieved. At a total N:P ratio of 15, the 0.500 mg/L TN discussed above 
equates to 0.035 mg/L TP. This value is only slightly above the EPA’s recommended 
ecoregional values, and also falls between the two TP standards for the Clark Fork River which 
are 0.020 and 0.039 mg/L for the upstream and downstream segments of the river, respectively 
(ARM 17.30.631). Total P data for Casino Creek were scant, but generally ranged from 0.020 to 
0.123 mg/L, with a mean of 0.066 mg/L. Given these considerations, 0.035 mg/L TP is chosen 
as a reasonable target for Casino Creek. 
 
As TP and TN target concentrations are intended to control nuisance algal growth during 
summer growing periods, TP and TN targets will apply from June 1st to November 1st. 
 
Benthic Chlorophyll-a Targets 
 
The CFR Nutrient Standards and DEQ data for prairie regions were used to guide professional 
judgment on appropriate chlorophyll a targets for the Big Spring Creek TMDL Planning Area. 
Detailed analysis of the relationship between benthic algal chlorophyll-a densities and nutrient 
concentrations has been conducted in the Clark Fork River, Montana. Benthic algal chlorophyll a 
standards for the Clark Fork River are 100 mg/m2 mean summer concentration and 150 mg/m2 
maximum summer concentrations. The algal and nutrient standards for the Clark Fork River are 
comparable to Casino Creek because portions of the Clark Fork River watershed and the Casino 
Creek watershed lie within the same ecoregion (Montana Valley and Foothill Prairie).  
 
CFR chlorophyll-a standards are also comparable to benthic chlorophyll a concentration 
guidance for streams supporting trout outlined in a New Zealand periphyton guideline document 
(Biggs, 2000). In New Zealand, gravel-bottomed trout streams are recommended to have no 
more than 120 mg/m2 chlorophyll-a. Although New Zealand is geographically distant, water 
quality information from this country is comparable to many of Montana’s streams because 
landscape, water uses and climates are similar.  
 
Considering acceptable ranges of benthic chlorophyll-a concentrations from a variety of sources, 
the target for chlorophyll-a concentration in Casino Creek is 100 mg/m2 mean summer 
(June 1st – Nov 1st) concentration and 150 mg/m2 maximum summer concentrations.  
 
8.3.1.2 Nutrient Target Values 
 
A summary of nutrient target values, compliance points, sampling methods and sampling 
frequency is given in Table 8-10. 
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Table 8-10. Nutrient Water Quality Targets for Casino Creek (MT41S004_020). 
Indicator Target Value Compliance Points Sampling Method Frequency 

Total Nitrogen 
Concentration 

June 1st – Nov 1st 
0.500 mg/L 

M22CSNOC04 
M22CSNOC06 

Grab Samples 
DEQ SOPs 

3x/year 
July 
Aug 

October 

Total Phosphorous 
Concentration 

June 1st – Nov 1st 
0.035 mg/L 

 
M22CSNOC04 
M22CSNOC06 

 

Grab Samples 
DEQ SOPs 

3x/year 
July 
Aug 

October 

Benthic Chlorophyll-a 
Summer Concentration 

June 1st – Nov 1st  
100 mg/m2 mean 

150 mg/m2 maximum 

 
M22CSNOC04 
M22CSNOC06 

 

DEQ SOPs 

3x/year 
July 
Aug 

October 
 
8.3.1.3 Comparison of Target Values to Existing Conditions 
 
Water Chemistry (TN and TP) 
 
Seven TN samples and nine TP samples were taken from 2000 through 2003. Excluding samples 
taken during spring runoff periods (n=2), total nitrogen ranged from 0.320 to 0.720 mg/L, with 
an average of 0.554 mg/l TN. Total phosphorous ranged from 0.020 to 0.123 mg/L, with an 
average of 0.064 mg/l TP. TN target values were exceeded in 3 of the 5 samples (60%) taken 
during target periods (June 1st – Nov 1st). TP target values were exceeded in 6 of 7 samples 
(86%). A comparison of nutrient concentration results to target conditions is given in Table 8-11. 
 

Table 8-11. Casino Creek - Comparison of TP & TN Targets to Existing 
Conditions. 

Sampling Site 
 

Result 
(avg mg/L) 

Target Status 

M22CSNOC04 0.554 mg/L TN 0.500 mg/L TN Exceeding Targets 
M22CSNOC06 0.064 mg/L TP 0.035 mg/L TP Exceeding Targets 

 
Benthic Chlorophyll-a 
 
Benthic chlorophyll-a values exceeded target conditions at site M22CSNOC04. The average 
benthic chlorophyll-a concentration was 98 mg/m2 for four sites sampled on Casino Creek in 
2000 and 2003. A comparison of chlorophyll-a results to target conditions is given in Table 8-12. 
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Table 8-12. Casino Creek - Comparison of Chlorophyll-a Targets to Existing 
Conditions. 

Sampling Site 
 

Result 
(mg/m2) 

Target Status 

C1 50 Meeting Target 
M22CSNOC04 163 Exceeding Target 

C2 81 Meeting Target 
M22CSNOC06 99 Meeting Target 

Mean summertime concentration 98 

June 1st – Nov 1st  
 

100 mg/m2 mean 
150 mg/m2 maximum 

Meeting Target 
 
8.3.1.4 Targets - Adaptive Management and Uncertainty  
 
Water quality targets have been established based on the best available information and the 
current understanding of the relationship between nutrients and aquatic plant growth. It is 
understood that target attainment will not simply be an endpoint, but a process by which targets 
are regularly evaluated. As additional data and information is gathered and evaluated, it is 
anticipated that these targets may be modified to better reflect the ‘natural condition’ of Casino 
Creek.  
 
8.3.2 Source Assessment 
 
Source assessments in Casino Creek are limited to field reconnaissance and information from 
aerial assessments. Water quality data does not have the spatial coverage to adequately 
characterize contributions from different natural and anthropogenic sources. In the absence of 
numeric source assessment information that allows nutrient loads to be allocated to specific 
sources, a qualitative approach that identifies source categories and employs performance-based 
approaches to reduce loads for these categories is employed. A qualitative discussion of natural 
and anthropogenic nutrient sources in the Casino Creek watershed follows. 
 
8.3.2.1 Natural Sources  
 
Casino Creek has a variety of natural nutrient sources in the watershed: nutrient-rich soils, 
natural spring inputs, and beaver activity appear to be the most significant. Soils in the Casino 
Creek drainage have a high organic matter content. This, coupled with a seasonally high water 
table, increases the potential for nutrient contribution to Casino Creek (Rick Bandy, 2002 
personal communication). The natural nutrient leaching load to Casino Creek is unknown, 
however, TN concentrations measured in spring inputs to Beaver Creek were measured at 0.97 
and 1.15 mg/L TN, suggesting that natural nutrient loads from soils and groundwater sources in 
the watershed may be significant.  
 
In addition to natural spring and soil nutrient inputs, nutrient concentrations in Casino Creek may 
also be naturally elevated due to the cumulative effect of past and present beaver activity (Figure 
8-6). Accumulation of organically rich sediment, plant material, and other detritus in historic 
beaver pond complexes, now stored as bank and bottom material may be nutrient sources.  
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Figure 8-6. Beaver Complex on Casino Creek. 

 
8.3.2.2 Anthropogenic Sources 
 
Casino Creek is almost entirely privately owned and agricultural land uses dominate the 
watershed. Row cropping and livestock use are the predominant agricultural activities that have 
the potential to influence nutrient conditions in Casino Creek. Also, steep sided slopes along 
Casino Creek may increase overland runoff from adjacent agricultural lands and increase nutrient 
delivery to streams, especially where stream buffer zones are limited or streamside vegetation 
has been removed.. Figures 8-7 and 8-8 show potential nutrient sources on Casino Creek. 
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Figure 8-7. Casino Creek Cropping near the Stream Channel. 

 

 
Figure 8-8. Evidence of Potential Overland Nutrient Inputs to Casino Creek. 

 
8.3.2.3 Source Assessment - Adaptive Management and Uncertainty 
 
A detailed source assessment that identifies natural and anthropogenic sources contributing to 
impairment conditions in Casino Creek is lacking. However, nutrient targets are being exceeded 
at several locations on Casino Creek, making a nutrient TMDL necessary. Until contributions 
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from natural and other sources can be adequately quantified, it would be premature to speculate 
on the nutrient source contributions from specific sources. It is expected that, as additional data 
and information becomes available, contributing sources will be identified and over time, 
inferences and assumptions will be revisited and reevaluated. Section 8.3.5 outlines a monitoring 
strategy designed to collect data to support source assessment that will lead to adequate estimates 
of nutrient sources on Casino Creek. 
 
8.3.3 Total Maximum Daily Loads and Allocations 
 
The Clean Water Act requires States to identify waters not meeting water quality standards and 
to develop a plan that when implemented, will result in achievement of water quality standards. 
The framework for these plans is the Total Maximum Daily Load (TMDL) program. A TMDL is 
essentially a prescription designed to restore the health of the impaired body of water by 
indicating the amount of pollutants that may be present in the water and still meet water quality 
standards. The restoration targets presented in Section 8.3.1 provide the endpoint water quality 
goal. The TMDL provides a quantification of the means to achieve this goal.  
 
Lack of information on natural and anthropogenic nutrient sources does not allow a quantifiable 
load, and therefore does not allow the specific allocation of nutrient loads to these sources. 
Evidence, however, suggests that nutrient levels may be elevated due to agricultural land uses in 
the Casino Creek drainage. Allocations will be based on controlling or managing these land use 
sources. 
 
Because type and quality of data preclude calculation of a numeric (lbs/day) Total Maximum 
Daily Load for sediment, TMDLs will be achieved through performance based allocations. In the 
end, the cumulative result of implementing performance-based allocations will result in meeting 
the TMDL, and therefore achieving water quality standards. The EPA recognizes that 
quantification of all sediment loads may not be possible, and endorses the use of performance-
based allocations, providing proper rationale that prescribed actions are expected to be adequate 
to achieve necessary load reductions (EPA, 1999). 
 
In the absence of significant nutrient sources aside from natural and agricultural land-use 
sources, a performance-based allocation is given agricultural land uses in the form of compliance 
with Best Management Practices (BMPs). 
 
Best Management Practices for grazing and agriculture are designed to protect stream corridors 
from excessive nutrient inputs by employing management techniques that maintain stabilizing 
stream bank vegetation and buffer zones, and by managing the timing and location of livestock 
grazing in riparian areas. BMP techniques involve adopting management plans: maintaining 
buffer zones, developing off-stream watering projects, adjusting timing and use by livestock, 
controlling distribution and access of livestock (BLM, 1998) or other management options 
designed to protect and promote riparian health and reduce nutrient input to streams.  
 
Ongoing efforts through FWP, NRCS and the Fergus County Conservation District have already 
resulted in significant improvements to riparian areas along Casino Creek. Since 1995, stream 
improvement projects through landowner partnerships with the NRCS has resulted in over 3,000 
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ft of improved stream through off-stream water projects, grazing management plans and stream 
channel revegetation (Ted Hawn, 2003 personal communication and unpublished data). 
Continuation of these efforts to ensure that “reasonable land, soil and water conservation 
practices” are emplaced should continue and will result in reduction of nutrient inputs to 
‘natural’ levels.  
 
Because specific nutrient sources have not been adequately assessed, allocation of loads to 
specific sources cannot be conducted at this time. Rather, attention should be focused on 
developing land use practices that protect and maintain water quality. In the absence of 
information that allows load allocations to known sources, an 85% compliance with 
agriculture and residential BMPs along the length of Casino Creek is employed as an 
allocation scheme. 
 
8.3.4 Restoration and Implementation Strategy 
 
Building and maintaining relationships between landowners and local natural resource agencies 
(FWP, NRCS) is integral to efforts to restore Casino Creek to an unimpaired condition. To date, 
local agencies and organizations such as NRCS, FWP, Fergus County Conservation District, and 
the Big Spring Creek Watershed Partnership have succeeded in developing and implementing a 
variety of projects (Table 4-3 and 5-6) that have enhanced riparian health through BMP 
implementation and fisheries improvement projects. The success of the public/private 
partnership is realized through these efforts, and the continuation of these efforts is crucial and 
should be the major mechanism for implementing projects aimed at restoring beneficial uses in 
Casino Creek and meeting water quality targets. 
 
8.3.5 Monitoring and Assessment Strategy 
 
Monitoring and assessment strategies will focus on gathering information that will aid in 
evaluating the success of BMPs in meeting water quality targets for Casino Creek. Following the 
methodology set forth in Figure 8-1, monitoring and assessments will focus on monitoring water 
quality targets following the sampling frequency and compliance points presented in Table 8-7. 
In addition to monitoring of water quality target compliance, additional source assessments 
should be conducted to help define the contribution from different nutrient source categories. 
The following discussion is intended to be conceptual. It is envisioned that the first step in the 
implementation of this monitoring and assessment strategy will be the development of a detailed 
work plan and sampling and analysis plan. 
 
8.3.5.1 Evaluation of Nutrient Targets 
 
Nutrient targets for Casino Creek have been developed based on the best available information 
regarding nutrient (TN and TP) concentrations and their influence on aquatic plant growth. 
Water quality targets will be monitored following the target compliance scheme presented in 
Table 8-7. As more information is gathered on Casino Creek, and natural or ‘reference’ condition 
is better defined, nutrient targets may be adjusted. Source assessments that distinguish between 
natural and anthropogenic loads (Section 8.3.5.1) will provide information that may help to 
refine water quality targets for Casino Creek.  
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8.3.5.2 Evaluation of Natural and Anthropogenic Nutrient Loads 
 
Existing source assessment information does not allow loads to be allocated to specific source 
categories. Target exceedances are presumably the result of both natural and anthropogenic 
nutrient loads, however the relative contribution of natural and anthropogenic loads is unknown 
at this time. A detailed nutrient source assessment designed to differentiate between the two is 
necessary in order to adequately allocate loads to sources and develop appropriate restoration 
plans. 
 
8.3.5.3 Evaluation of BMP Compliance 
 
Monitoring of BMPs is necessary to evaluate whether performance-based allocations result in 
attainment of water quality targets. Plans to evaluate BMP compliance and effectiveness for both 
grazing/agriculture should be developed to compliment and correlate with data from target 
evaluation and attainment (Figure 8-1). 
 
8.4 Seasonality Considerations 
 
Addressing seasonal variations is an important and required component of TMDL development. 
Throughout this plan, seasonality is an integral factor. Water quality and habitat parameters such 
as flow, fine sediment, and macroinvertebrate and periphyton communities are all recognized to 
have seasonal cycles.  
 
Specific examples of how seasonality has been addressed include:  

 
• Targets where developed with seasonality in mind: nutrient TMDL targets are in effect 

during the summer and early fall months (June – Oct) when flows are critical, water 
temperatures warmer, and biologic activity the highest. 

• Monitoring of flows, target indictors, and water chemistry are designed to assess critical 
summertime water quality conditions. 

• Detailed monitoring strategies shall be designed with seasonal considerations in mind, 
and under the guidance of trained monitoring professionals. 

• Urban stormwater phosphorous loading estimates are adjusted to accommodate for 
rainfall and runoff during summer months only (Section 8.1.2.2) 

• Throughout this document, the data reviewed cover a wide range of seasons, years and 
geographic area within the Big Spring TPA. 
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SECTION 9.0 
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 ensures the 
development of high quality, feasible plans and increases public acceptance. Stakeholders, 
including the Fergus County Conservation District, Natural Resource Conservation Service, Big 
Springs Watershed Partnership, Montana Department of Fish, Wildlife & Parks, and the Big 
Spring Creek PCB Advisory Committee were involved in review and technical assistance with 
the final draft document. Stakeholder review drafts were provided to several agency 
representatives, landowners, conservation district and government representatives, and 
representatives from conservation and watershed groups. Comments, both verbal and written, 
were accepted and addressed. 
 
An additional opportunity for public involvement is the 30-day public comment period. This 
public review period was initiated on December 20th, 2004 and extended to Jan 21st, 2005. At 
public meeting on January 10th in Lewistown, Montana provided an overview of the Water 
Quality Protection Plan and TMDLs for the Big Spring Creek TMDL Planning Area and an 
opportunity to solicit public input and comments on the plan. Appendix F includes the verbal 
public comments received from this meeting and via mail, as well as the DEQ response to each 
of these comments. Many of the comments were incorporated into this plan. 
 
DEQ provides another opportunity for public comment during the biennial review of the 303(d) 
list. This includes public meetings and opportunities to submit comments either electronically or 
through traditional mail. DEQ announces the public comment opportunities through several 
media including press releases and the Internet. 
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APPENDIX A 
BIG SPRING CREEK INVENTORY AND ASSESSMENT DATA, FERGUS COUNTY CONSERVATION 

DISTRICT, JUNE 1990 
 
 
 
 
 
 
 

Table A-1. Stream Inventory and Assessment Results for Upper Big Spring Creek (modified from Hawn, 1990). 
Photo 

Number
Stream 
Length

Blanket Rock 
Riprap

Eroding Bank 
Left

Eroding Bank 
Right

Streambank 
Failure Left

Streambank 
Failure Right

Bank Mass 
Wasting

(ft) (ft) (ft) (ft) (ft) (ft) (ft)
Upper Reach 197 4,650 180 0 0 120 0 0

195 6,040 0 0 0 380 290 0
Big Springs 193 6,060 270 150 80 550 680 0

to 191 6,600 640 380 340 660 840 0
Lewistown 189 7,440 500 120 140 940 1,210 0

187 6,940 260 380 200 1,210 380 0
185 5,460 0 0 460 140 220 0
183 6,760 720 200 390 0 0 0
181 3,440 690 0 0 0 0 0
179 5,760 1,940 100 0 160 0 0

Reach totals 59,150 5,200 1,330 1,610 4,160 3,620 0  
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Table A-2. Stream Inventory and Assessment Results for Upper Big Spring Creek (modified from Hawn, 1990). 

Photo 
Number

Stream 
Length

Blanket Rock 
Riprap

Eroding Bank 
Left

Eroding Bank 
Right

Streambank 
Failure Left

Streambank 
Failure Right

Bank Mass 
Wasting

(ft) (ft) (ft) (ft) (ft) (ft) (ft)
Middle Reach 179 1800 1,660 100 0 0 0 0

177 1340 740 250 0 580 540 0
Lewistown 175 5600 3,140 140 370 600 300 0

to 173 4000 1,400 40 260 810 500 0
Cottonwood Creek 171 8100 0 880 540 0 0 0

169 5480 0 350 450 0 0 0
167 4600 120 790 520 0 0 0
165 4150 100 50 0 0 0 0
163 5200 60 970 420 0 0 0
162 220 0 460 70 390 160 0
161 5350 0 450 550 740 440 0
159 4700 20 80 0 0 0 0
157 1550 0 0 20 490 690 0

Reach totals 52,090 7,240 4,560 3,200 3,610 2,630 0
 
 

Table A-3. Stream Inventory and Assessment Results for Lower Big Spring Creek (modified from Hawn, 1990). 
Photo 

Number
Stream 
Length

Blanket Rock 
Riprap

Eroding Bank 
Left

Eroding Bank 
Right

Streambank 
Failure Left

Streambank 
Failure Right

Bank Mass 
Wasting

(ft) (ft) (ft) (ft) (ft) (ft) (ft)
Lower Reach 157 3,380 420 720 460 0 0 0

155 5,880 0 440 200 0 260 0
Cottonwood Creek 153 4,140 0 160 520 0 0 0

to 151 6,050 60 0 550 840 880 1,050
Judith River 149 4,780 270 730 1,070 620 1,730 620

148 2,160 0 0 0 1,500 0 850
147 4,380 220 590 220 320 1,490 890
145 5,820 0 810 380 240 930 180
143 5,180 0 490 1,020 0 60 530
141 9,800 0 2,330 3,190 140 80 0

Reach totals 51,570 970 6,270 7,610 3,660 5,430 4,120
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Table A-4. Stream Inventory and Assessment Summary Results for Big Spring Creek (modified from Hawn, 1990). 

Entire Length
Photo 

Length
Blanket Rock 

Riprap
Eroding Bank 

Left
Eroding Bank 

Right
Streambank 
Failure Left

Streambank 
Failure Right

Bank Mass 
Wasting

Big Spring Creek (ft) (ft) (ft) (ft) (ft) (ft) (ft)
Totals 162,810 13,410 12,160 12,420 11,430 11,680 4,120
Percent of total 8% 7% 8% 7% 7% 3%
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1.0 INTRODUCTION 
 
This report presents the results of a remote assessment of channel and riparian vegetation 
conditions that was conducted for Big Spring Creek in central Montana. This assessment of Big 
Spring Creek is a portion of the assessment of Big Spring Creek and three of its tributary 
streams: Cottonwood Creek, Beaver Creek and East Fork of Big Spring Creek. Big Spring Creek 
is a tributary to the Judith River and is located in Central Montana near Lewistown. Under 
Section 303(d) of the Clean Water Act, three of the above streams, Big Spring Creek, 
Cottonwood Creek and Beaver Creek, are listed on the 2002 Montana 303(d) List. Existing data 
on the East Fork of Big Spring Creek were insufficient for making a beneficial use support 
determination in 2002, and the stream was scheduled for reassessment. Table 1-1 summarizes 
303(d) status of the streams assessed in this report. 
 
Table 1-1 303(d) Status of Big Spring Creek and Selected Tributaries in 2002 

Stream Beneficial Uses 
Impacted Probable Causes Probable Sources 

Big Spring Creek Aquatic Life 
Cold Water Fishery 

Fish Habitat 
Degradation 
Nutrients 
PCBs 
Riparian Degradation 
Sedimentation 

Municipal Point Sources 
Agriculture 
Grazing 
Land Disposal 
Septic Systems 
Hydromodification 
Channelization 

Cottonwood Creek 

Aquatic Life 
Cold Water Fishery 
Drinking Water Supply 
Industrial 
Recreation 

Dewatering 
Fish Habitat 
Degradation 
Flow Alteration 
Nutrients 
Organic Enrichment 
Riparian Degradation 
Sedimentation 

Agriculture 
Grazing 
Hydromodification 
Habitat Modification 
Removal of Riparian 
Vegetation 

Beaver Creek 

Aquatic Life 
Cold Water Fishery 
Drinking Water Supply 
Recreation 

Bank erosion 
Dewatering 
Fish habitat degradation 
Flow alteration 
Nutrients 
Riparian Degradation 
Sedimentation 

Agriculture 
Grazing 
Habitat Modification 
Removal of Riparian 
Vegetation 

East Fork of Big 
Spring Creek 

Scheduled for 
Reassessment 

Scheduled for 
Reassessment Scheduled for Reassessment 

 
According to the Montana Water Quality Act, the State of Montana must monitor the extent to 
which the state’s surface water bodies support legally designated beneficial uses. As part of this 
monitoring, the state must develop Total Maximum Daily Loads (TMDLs) and associated water 
quality restoration plans for Montana water bodies in which one or more pollutants impair 
designated beneficial uses. The Montana Department of Environmental Quality (MDEQ) will be 
developing a TMDL for Big Spring Creek Planning Area.  
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2.0 METHODS 
 
Black and white stereo aerial photography, 7.5-minute topographic maps and planimetric maps 
were used to delineate the target streams into relatively homogeneous reaches. Reach breaks 
were established using the following criteria: 1) at status boundaries as delineated by the 
applicable planimetric map, 2) at significant changes in channel slope, valley type, 3) at 
functional changes in riparian vegetation and 4) at the confluence of major tributary streams. 
Reach names and breaks were transcripted onto the topographic maps and aerial photos. Table 2-
1 provides a summary of the topographic and planimetric maps used for each target stream. 
 
Table 2-1 Map Summary 
Stream Topographic Map(s) Planimetric Map(s) 

Big Spring Creek 

Danvers 
Spring Creek Junction 
Glengarry 
Lewistown 
Pike Creek 

BLM Lewistown 1:100,000-scale 
planimetric map 

Cottonwood Creek 

Spring Creek Junction 
Glengarry 
West Fork Beaver Creek 
Castle Butte 
Jump Off Peak 

BLM Lewistown 1:100,000-scale 
planimetric map 

Beaver Creek 
Glengarry 
West Fork Beaver Creek 
Castle Butte 

Lewis and Clark National Forest  
Forest Visitors Map 

E. Fork of Big Spring Creek Heath 
Half Moon Canyon 

BLM Big Snowy 1:100,000-scale 
planimetric map 

 
Within each reach, aerial photography was used to characterize and assess several parameters 
(described below in Section 2.1) pertaining to channel and riparian vegetation condition for each 
target stream. The dates of the aerial photographs varied somewhat between the streams: aerial 
photo coverage from June 6, 1989 was used to assess Big Spring Creek; aerial photos taken on 
May 30, 1995 were used to assess the three target tributaries to Big Spring Creek. All aerial 
photographs were at a scale of 1:6,000.  
 
Each target stream was assessed from its mouth to its headwaters, with the exception of East 
Fork of Big Spring Creek where aerial photo coverage was not available for approximately the 
lower eight miles of the stream. Because of the lack of photo coverage these eight miles were not 
included in this assessment. 
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2.1 Assessment Parameters 
 
The following parameters were included in the aerial photo assessment: 
 
2.1.1 Reach Information 
 
Reach Name: Consists of the first three letters of the target stream name followed by a number 
(e.g. COT14). Reaches are numbered consecutively from the stream’s mouth to its headwaters.  
 
Reach Length (ft): The linear length of the specified stream reach. Measured to the nearest foot 
using a digital planimeter and topographic map. 
 
2.1.2 Riparian Vegetation Area 
 
Buffer Width: Measured to the nearest 5 feet to a maximum of 50 feet. An average width of the 
riparian vegetation buffer adjacent to both sides of the stream in the delineated reach. 

Vegetation Type (%): Occularly assessed from the aerial photos. Types included (within a 50’ 
buffer): 1) Conifers and Deciduous Trees, 2) Woody Shrubs, 3) Grass/Sedge (groundcover), 4) 
Bare ground/Disturbed and 5) Impervious/Urban. 

Vegetation Condition: This parameter was replaced by “Vegetation Impact Category”, 
described below. The replacement was made to more accurately organize and compare the 
reaches. This parameter appears on the data collection forms, but no data were collected. 

Degraded Riparian Vegetation: number of feet of stream bank (both sides) with human-
impacts to riparian vegetation. Impacts included: 1) areas that had physically observable 
damaged riparian communities (e.g. trampled), 2) complete lack of riparian vegetation and 3) no 
woody vegetation observable on banks where such vegetation would be expected based on 
comparison with upstream/downstream reaches. Impacted riparian vegetation areas were 
transcribed onto topographic maps and impacted areas were measured to the nearest decimal foot 
with GIS. The percentage of the reach with degraded riparian vegetation was then calculated by 
the following formula: 

(feet degraded riparian vegetation) / (feet of stream bank, both sides) = % of the reach impacted 

Vegetation Impact Category: The reaches were ranked according to the level (% of reach) of 
impacts and assigned to an impact category according to the following criteria: 1) degraded 
riparian conditions along 50% or more of the reach indicates a Highly Impacted condition; 2) 
degraded riparian conditions along 25-49% of the reach indicates a Moderately Impacted 
condition; and 3) degraded riparian conditions along 1-24% of the reach indicates a Lightly 
Impacted to riparian vegetation condition. Only reaches with no observable impacts to riparian 
vegetation (% of reach impacted = 0) were ranked as Not Impacted. 
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2.1.3 Channel Condition 

Sinuosity: Sinuosity = reach channel length / reach valley length (as measured from an aerial 
photo) 

Valley Gradient or Slope (%): Gradient = change in elevation in feet / distance of elevation 
change in feet (measured between contour intervals from the topographic map) 

Rosgen Type (Level 1): Stream channel classification based on channel slope, sinuosity, valley 
type, stream pattern and form (Rosgen, 1996). 

Rosgen Type Potential (Level 1): Potential (future) Rosgen stream classification based on 
occular evidence of natural stream geomorphologic transition or evidence of a degraded stream 
condition that with improvement would have a different stream classification 

Channel Degradation: Evidence of the following channel degradation characteristics on an 
aerial photo: 1) Rip rap, 2) Channelization, 3) Unstable Banks, 4) Severely Eroding Banks. 
Unstable banks were characterized as those with ocular evidence of light to moderate erosion, 
while severely eroding banks were characterized as those with evidence of wider scale bank 
slumping, mass wasting or bank failure. 

Impacted channel areas were transcribed onto topographic maps and impacted areas were 
measured to the nearest decimal foot with GIS. The percentage of the reach with each of the 
above channel characteristics was then calculated by the following formula: 

(feet of channel characteristic) / (feet of stream bank, both sides) = % of the reach impacted 

Overall Channel Condition: This parameter was replaced by “Channel Impact Category”, 
described below. The replacement was made to more accurately organize and compare the 
reaches. This parameter appears on the data collection forms, but no data were collected. 

Channel Impact Category: The reaches were ranked according to the cumulative score of 
anthropogenic impacts created by the summation of % of each reach in the four channel 
degradation parameters (rip rap, channelization, unstable banks, severely eroding banks): reaches 
with a cumulative score greater than 50 were labeled as Highly Impacted; reaches with a score 
of 25 to 49 were labeled as Moderately Impacted; reaches with a score of 1 to 24 were labeled 
as Lightly Impacted; reaches with a score of 0 were labeled as Not Impacted. In calculating the 
channel impact score, the eroding stream banks that appeared to result from naturally erodible 
bank terraces were removed so that only anthropogenic impacts were included. 

Meander Cutoff Potential: Subjective rating of Low, Medium or High potential that a stream 
meander will be cut off in the future due to erosion/deposition. 

2.1.4 General Characteristics 

Reference Potential: Whether or not the reach could be considered reference, or a reach 
representing “ideal” or least impacted channel and vegetation characteristics 
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Land Use: Adjacent anthropogenic or natural land use characteristics that may be contributing to 
water quality impairment and/or bank instability. Land use comments were transcripted onto 
aerial photos. 
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3.0 IMPACT SUMMARY 
 
3.1 Big Spring Creek 
 
This section presents a summary and analysis of selected riparian and channel condition 
variables. Appendix B presents a tabular summary of all of the data collected on Big Spring 
Creek. 
 
3.1.1 Riparian Vegetation Impacts 
 
Table 3-1 provides a summary of selected characteristics of riparian vegetation on Big Spring 
Creek. The majority of the reaches were classified as Highly and Moderately Impacted, 
indicating riparian degradation between 25 and 50 percent of the reach. Big Spring Creek 
reaches that were ranked as Lightly Impacted or Not Impacted will be considered “Vegetation 
Reference Reaches” for the purposes of this assessment (Section 4.0). 
 
Table 3-1 Riparian Vegetation Characteristics – Big Spring Creek 

Vegetation Type (% of reach) 

Reach Total Bank 
Length (ft) 

Buffer 
Width (ft) Con/Dec 

 

Woody 
Shrub 

 

Bare 
ground/ 

disturbed 
 

Grass/
Sedge 

 

Impervious/
Urban 

 

Degraded 
Riparian 
Vegetation 
(% of reach) 

Vegetation Impact 
Category 

BIG26 10758 0 10 0 0 0 90 100 Highly Impacted 
BIG25 8246 5 15 10 10 65 0 98 Highly Impacted 
BIG1 4228 10 0 20 20 60 0 96 Highly Impacted 
BIG7 4460 15 0 20 20 60 0 93 Highly Impacted 
BIG5 5594 0 10 10 5 65 10 92 Highly Impacted 
BIG10 12852 30 25 20 20 20 15 76 Highly Impacted 
BIG18 14930 15 10 30 10 30 20 75 Highly Impacted 
BIG19 6476 25 10 25 10 55 0 69 Highly Impacted 
BIG23 16006 30 10 30 10 50 0 64 Highly Impacted 
BIG8 10406 25 5 25 30 20 20 62 Highly Impacted 
BIG11 11010 40 15 15 10 55 5 62 Highly Impacted 
BIG3 7318 25 5 20 20 55 0 61 Highly Impacted 
BIG12 8544 25 5 30 5 60 0 60 Highly Impacted 
BIG20 12222 40 15 40 10 35 0 55 Highly Impacted 
BIG13 7538 50 25 40 15 20 0 54 Highly Impacted 
BIG6 7790 15 5 30 10 45 10 51 Highly Impacted 
BIG4 5134 50 5 50 5 35 5 49 Moderately Impacted 
BIG2 6990 40 0 30 10 60 0 47 Moderately Impacted 
BIG24 11644 40 30 30 10 30 0 44 Moderately Impacted 
BIG9 5300 40 0 15 20 65 0 43 Moderately Impacted 
BIG16 13850 50 35 35 0 30 0 42 Moderately Impacted 
BIG17 10918 40 20 40 15 25 0 40 Moderately Impacted 
BIG29 10102 20 10 30 0 50 10 40 Moderately Impacted 
BIG32 6108 25 20 40 0 30 10 38 Moderately Impacted 
BIG15 15746 >50 30 30 10 30 0 36 Moderately Impacted 
BIG30 11748 35 20 30 0 45 5 33 Moderately Impacted 
BIG33 11610 25 10 30 10 40 10 33 Moderately Impacted 
BIG14 12296 35 20 30 10 40 0 32 Moderately Impacted 
BIG27 13268 30 10 30 0 40 20 27 Moderately Impacted 
BIG21 11628 50 30 40 5 25 0 26 Moderately Impacted 
BIG28 12462 25 10 20 0 45 25 19 Moderately Impacted* 
BIG31 3962 50 0 50 0 45 5 21 Lightly Impacted 
BIG22b 12998 25 15 35 5 45 0 20 Lightly Impacted 
BIG35 13670 50 10 35 5 40 10 13 Lightly Impacted 
BIG22a 9224 40 40 30 0 30 0 11 Lightly Impacted 
BIG34 9824 40 10 45 0 45 0 0 Not Impacted 
* Downgraded to Moderately Impacted due to 25% impervious/urban surface 
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3.1.2 Stream Channel Characteristics 
 
Table 3-2 provides a summary of selected stream channel characteristics of Big Spring Creek. As 
was the case with the riparian vegetation, most of the reaches fell into the Highly and Moderately 
Impacted categories. There were no reaches that were considered Not Impacted. Big Spring 
Creek reaches that were ranked as Lightly Impacted will be considered “Channel Reference 
Reaches” for the purposes of the Discussions and Recommendations section of this report 
(Section 4.0). Note that the Cumulative Channel Impact Score is the sum of the four Channel 
Degradation Characteristics minus the portion of the eroding banks that were classified as natural 
erosion from unvegetated terraces. 
 
Table 3-2 Stream Channel Characteristics – Big Spring Creek 

Channel Degradation Characteristics (% of reach) 

Reach 

Total 
Bank 
Length 
(ft) 

Rip rap Channelized Unstable 
Banks 

Severely 
Eroding Banks 

Minus (-) 
“Natural” 
Erosion (%) 

Cumulative 
Channel 
Impact Score 

Channel Impact 
Category 

BIG25 8246 18 98 0 8 0 125 Highly impacted 
BIG26 10758 8 97 4 0 0 109 Highly impacted 
BIG6 7790 0 0 68 16 3 81 Highly impacted 
BIG28 12998 2 79 0 0 0 81 Highly impacted 
BIG18 14930 4 24 43 9 0 80 Highly impacted 
BIG11 11010 0 43 18 11 0 73 Highly impacted 
BIG19 6476 0 0 64 8 0 72 Highly impacted 
BIG7 4460 0 0 46 24 0 70 Highly impacted 
BIG1 4228 0 0 34 35 0 69 Highly impacted 
BIG10 12852 0 0 58 16 7 67 Highly impacted 
BIG5 5594 0 0 35 25 0 60 Highly impacted 
BIG3 7318 0 0 38 20 0 58 Highly impacted 
BIG23 16006 22 17 9 4 0 52 Highly impacted 
BIG12 8544 0 0 30 28 7 51 Moderately impacted 
BIG20 12222 0 26 9 16 0 51 Moderately impacted 
BIG4 5134 0 0 51 23 28 46 Moderately impacted 
BIG8 10406 0 0 33 19 7 46 Moderately impacted 
BIG9 5300 0 0 12 31 0 43 Moderately impacted 
BIG14 7538 2 0 29 13 2 42 Moderately impacted 
BIG13 12296 0 0 27 14 0 42 Moderately impacted 
BIG2 6990 0 0 57 33 49 41 Moderately impacted 
BIG15 15746 2 0 25 9 0 35 Moderately impacted 
BIG35 13670 2 24 2 6 0 33 Moderately impacted 
BIG21 11628 4 0 22 4 0 31 Moderately impacted 
BIG16 13850 0 0 24 4 0 28 Moderately impacted 
BIG34 9824 0 25 0 3 0 28 Moderately impacted 
BIG29 10102 1 10 2 9 0 22 Lightly Impacted 
BIG27 13268 12 0 0 7 0 19 Lightly Impacted 
BIG30 11748 0 0 13 6 0 19 Lightly Impacted 
BIG22a 9224 0 0 11 7 0 18 Lightly Impacted 
BIG17 10918 0 0 6 12 0 17 Lightly Impacted 
BIG33 11610 3 0 7 7 0 16 Lightly Impacted 
BIG24 11644 6 0 3 3 0 13 Lightly Impacted 
BIG32 6108 0 0 6 7 0 12 Lightly Impacted 
BIG31 12462 0 0 10 1 0 11 Lightly Impacted 
BIG22b 3962 0 0 4 6 0 10 Lightly Impacted 
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Table 3-3 provides a comparison of Vegetation and Channel Impact ratings, listed from the most 
highly impacted to the least impacted. In general, vegetation and channel conditions in each 
reach were within one impact category of one another. The exception was BIG34, where the 
vegetation was not impacted but the channel was moderately impacted. 
 
Table 3-3 Vegetation/Channel Impact Comparison - Big Spring Creek 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

BIG1 Highly 
Impacted 

Highly 
Impacted BIG8 Highly 

Impacted 
Moderately 
Impacted BIG17 Moderately 

Impacted 
Lightly 
Impacted 

BIG3 Highly 
Impacted 

Highly 
Impacted BIG12 Highly 

Impacted 
Moderately 
Impacted BIG24 Moderately 

Impacted 
Lightly 
Impacted 

BIG5 Highly 
Impacted 

Highly 
Impacted BIG13 Highly 

Impacted 
Moderately 
Impacted BIG27 Moderately 

Impacted 
Lightly 
Impacted 

BIG6 Highly 
Impacted 

Highly 
Impacted BIG20 Highly 

Impacted 
Moderately 
Impacted BIG29 Moderately 

Impacted 
Lightly 
Impacted 

BIG7 Highly 
Impacted 

Highly 
Impacted BIG28 Moderately 

Impacted 
Highly 
Impacted BIG30 Moderately 

Impacted 
Lightly 
Impacted 

BIG10 Highly 
Impacted 

Highly 
Impacted BIG2 Moderately 

Impacted 
Moderately 
Impacted BIG32 Moderately 

Impacted 
Lightly 
Impacted 

BIG11 Highly 
Impacted 

Highly 
Impacted BIG4 Moderately 

Impacted 
Moderately 
Impacted BIG33 Moderately 

Impacted 
Lightly 
Impacted 

BIG18 Highly 
Impacted 

Highly 
Impacted BIG9 Moderately 

Impacted 
Moderately 
Impacted BIG35 Lightly 

Impacted 
Moderately 
Impacted 

BIG19 Highly 
Impacted 

Highly 
Impacted BIG14 Moderately 

Impacted 
Moderately 
Impacted BIG22a Lightly 

Impacted 
Lightly 
Impacted 

BIG23 Highly 
Impacted 

Highly 
Impacted BIG15 Moderately 

Impacted 
Moderately 
Impacted BIG22b Lightly 

Impacted 
Lightly 
Impacted 

BIG25 Highly 
Impacted 

Highly 
Impacted BIG16 Moderately 

Impacted 
Moderately 
Impacted BIG31 Lightly 

Impacted 
Lightly 
Impacted 

BIG26 Highly 
Impacted 

Highly 
Impacted BIG21 Moderately 

Impacted 
Moderately 
Impacted BIG34 Not Impacted Moderately 

Impacted 
 
3.1.3 Previous Assessments 
 
The Fergus County Conservation District performed a Stream Inventory and Assessment of Big 
Spring Creek in 1990. The 1990 Inventory was performed on the ground. Observations that 
could be compared with Land & Water’s assessment of Big Spring Creek are summarized below 
in Table 3-4. 
 
Table 3-4 1990 Stream Inventory and Assessment (Fergus County) - Big Spring Creek 
Source “Bank erosion+failure+mass wasting” (ft) Rip rap (ft) 
1990 Inventory 50,730 13,410 

Land & Water Equivalent 108,992 (Unstable banks+Severely Eroding Banks) 10,822 

All data includes both natural and anthropogenic sources 
 
Land & Water’s comparison value for unstable or eroding banks is more than twice the value 
than that found by the Fergus County inventory. The reasons for the different findings are not 
clear, but likely result from the different methodologies employed in the two assessments. No 
information regarding the methods used by the Fergus County Conservation District or how the 
District defined eroding banks was found for this report. 
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4.0 DISCUSSION/RECOMMENDATIONS 
 
4.1 Relationship of Riparian Vegetation Characteristics with Channel Erosion 
 
Select riparian characteristics were compared to the total percentage of unstable and eroding 
banks in each reach in order to provide a quantitative estimate of the correlation between riparian 
vegetation and bank stability (Table 4-1). The combined % of unstable and eroding banks was 
sorted and divided in quartiles, and the data presented in Table 4-1 are presented separately for 
each of these quartiles. Few if any connections between vegetation condition and bank stability 
are obvious from this comparison, suggesting that a more complicated set of circumstances 
controls bank stability on Big Spring Creek. 
 
Table 4-1 Comparison Between Riparian Vegetation Characteristics and Channel Erosion - Big  
  Spring Creek 
 Riparian Vegetation Characteristics  

Reach 
Buffer 
Width 
(ft) 

Con/Dec (% 
of reach) 

Woody 
Shrub (% 
of reach) 

 Bare 
ground/ 
disturbed 
(% of 
reach) 

Grass/ 
Sedge (% 
of reach) 

Impervious/ 
Urban (% of 
reach) 

Combined 
Unstable/Eroding 
Banks (% of reach) 

BIG2 40 0 30 10 60 0 90 
BIG6 15 5 30 10 45 10 84 
BIG4 50 5 50 5 35 5 74 
BIG10 30 25 20 20 20 15 74 
BIG19 25 10 25 10 55 0 72 
BIG7 15 0 20 20 60 0 70 
BIG1 10 0 20 20 60 0 69 
BIG5 0 10 10 5 65 10 60 
BIG3 25 5 20 20 55 0 58 
Averages 
Quartile 4 23 7 25 13 51 4 72 

 
BIG12 25 5 30 5 60 0 58 
BIG8 25 5 25 30 20 20 53 
BIG18 15 10 30 10 30 20 52 
BIG9 40 0 15 20 65 0 43 
BIG13 50 25 40 15 20 0 42 
BIG14 35 20 30 10 40 0 42 
BIG15 >50 30 30 10 30 0 33 
BIG11 40 15 15 10 55 5 29 
BIG16 50 35 35 0 30 0 28 
Averages 
Quartile 4 35 16 28 12 39 5 42 

 
BIG21 50 30 40 5 25 0 27 
BIG20 40 15 40 10 35 0 25 
BIG30 35 20 30 0 45 5 19 
BIG22a 40 40 30 0 30 0 18 
BIG17 40 20 40 15 25 0 17 
BIG23 30 10 30 10 50 0 13 
BIG33 25 10 30 10 40 10 13 
BIG32 25 20 40 0 30 10 12 
Averages 
Quartile 4 36 21 35 6 35 3 18 

 



Appendix B 

March 2005  B-13 

Table 4-1 Comparison Between Riparian Vegetation Characteristics and Channel Erosion - Big  
  Spring Creek (continued) 
 Riparian Vegetation Characteristics (continued)  

Reach 
Buffer 
Width 
(ft) 

Con/Dec (% 
of reach) 

Woody 
Shrub (% 
of reach) 

 Bare 
ground/ 
disturbed 
(% of 
reach) 

Grass/ 
Sedge (% 
of reach) 

Impervious/ 
Urban (% of 
reach) 

Combined 
Unstable/Eroding 
Banks (% of reach) 

BIG29 20 10 30 0 50 10 11 
BIG31 50 0 50 0 45 5 11 
BIG22b 25 15 35 5 45 0 10 
BIG25 5 15 10 10 65 0 8 
BIG27 30 10 30 0 40 20 7 
BIG35 50 10 35 5 40 10 7 
BIG24 40 30 30 10 30 0 6 
BIG26 0 10 0 0 0 90 4 
BIG34 40 10 45 0 45 0 3 
BIG28 25 10 20 0 45 25 0 
Averages 
Quartile 4 29 12 29 3 41 16 7 

 
4.2 Characteristics of Reference Reaches 
 
Vegetation and Channel Reference Reaches were identified for Big Spring Creek to provide a 
gauge for forming restoration targets. As was discussed in Section 3.1.1 and 3.1.2, reference 
reaches are those that were classified as Lightly or Not Impacted in the vegetation condition 
assessment and Lightly Impacted in the channel condition assessment. The reference reaches 
occur throughout the Middle and Upper regions of Big Spring Creek, but are absent from the 
lower third of the stream. A summary of the average characteristics of the reference reaches is 
presented for vegetation and channel conditions in Table 4-2 and 4-3, respectively. 
 
Table 4-2 Vegetation Reference Reaches - Big Spring Creek 
Location on 
Big Spring 
Cr. 

Reach Coniferous/Deciduous (%) Woody Shrub 
(%) Degraded Riparian Vegetation (%) 

Middle BIG22a 40 30 11 
Middle BIG22b 15 35 20 
Upper BIG31 0 50 21 
Upper BIG34 10 45 0 
Upper BIG35 10 35 13 

averages 15 39 13  

TARGET 15% tree + 39% shrub = 
54% tree/shrub types Degraded Riparian Vegetation ≤ 13% 
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Table 4-3 Channel Reference Reaches - Big Spring Creek 
Location on 
Big Spring 
Cr. 

Reach Channelization (%) Unstable Banks (%) Severely Eroding Banks (%) 

Upper BIG29 10 2 9 
Upper BIG27 0 0 7 
Upper BIG30 0 13 6 
Middle BIG22a 0 11 7 
Middle BIG17 0 6 12 
Upper BIG33 0 7 7 
Middle BIG24 0 3 3 
Upper BIG32 0 6 7 
Upper BIG31 0 10 1 
Middle BIG22b 0 4 6 

averages 1 6 7  
TARGET Channelized ≤ 1% 6% unstable + 7% severely eroding = 

Eroding Banks ≤ 13% 
 
4.3 Comparison of Reference Reaches with Highly Degraded Reaches 
 
The target conditions derived in Tables 4-2 and 4-3 above were compared to the conditions in the 
most degraded reaches on Big Spring Creek. For Big Spring Creek, the “most degraded” reaches 
were defined to be those in which the vegetation condition and/or the channel condition were 
rated as Highly Impacted. These represent reaches of Big Spring Creek that appear to be in the 
greatest need of restoration and where the largest potential reductions in sediment loading could 
be achieved. Table 4-4 summarizes the most degraded reaches and describes their land use 
characteristics. Table 4-5 compares the most degraded reaches to reference conditions. 
 
Table 4-4 “Most Degraded” Reaches – Big Spring Creek 
Reach Location on 

Big Spring Cr. 
Vegetation Impact 
Category 

Channel Impact 
Category Land Use Characteristics 

BIG1 Lower Highly Impacted Highly Impacted confluence w/Judith, livestock grazing 

BIG3 Lower Highly Impacted Highly Impacted livestock grazing, agr field 25' from LB 
road 80' from RB, vehicle access on RB 

BIG5 Lower Highly Impacted Highly Impacted livestock grazing, agr field 30' RB 
2-track 25' RB, concentrated stock access point (3) 

BIG6 Lower Highly Impacted Highly Impacted 
livestock grazing, agr field <10' RB 
road 40' RB, pullout from road to RB 
concentrated stock access point (4) 

BIG7 Lower Highly Impacted Highly Impacted livestock grazing, agr field <10' LB 
concentrated stock access point (2) 

BIG10 Lower Highly Impacted Highly Impacted 

Spring Creek Colony farm operation 
Bridge, road/2-track 25' RB/LB 
concentrated stock access point (1) , agr field to bank 
edge, RB 

BIG11 Lower Highly Impacted Highly Impacted livestock grazing, agr fields <25', RB (2) 
vehicle fjord (2), road within 25', RB 
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Table 4-4 “Most Degraded” Reaches – Big Spring Creek (continued) 
Reach Location on 

Big Spring Cr. 
Vegetation Impact 
Category 

Channel Impact 
Category Land Use Characteristics 

BIG18 Middle Highly Impacted Highly Impacted 

ag. operation w/livestock grazing 
potential solid waste dumping over RB at ranch 
road/2-track to bank edge RB, bridges (2) 
intermittent stream joins RB, erosion upstream of 
confluence at RR bridge 

BIG19 Middle Highly Impacted Highly Impacted RR within 100' of 30% of reach, RB 

BIG23 Middle Highly Impacted Highly Impacted 
several small ranches 
riprap along majority of reach, RB/LB 
agr field to bank edge for most of RB 

BIG25 Upper Highly Impacted Highly Impacted Wastewater Treatment Plant LB, bridge, riprap 
majority of reach is lawn or agr field within 15',RB/LB 

BIG26 Upper Highly Impacted Highly Impacted residential and commercial urban landuse, majority of 
reach is channelized and concrete 

BIG8 Lower Highly Impacted Moderately 
Impacted 

roads to bank edge, RB/LB, bridge 
fields to bank edge, RB/LB (4) 

BIG12 Lower Highly Impacted Moderately 
Impacted 

livestock grazing 
agr fields to bank edge RB/LB (4), concentrated stock 
access point (1) 

BIG13 Middle Highly Impacted Moderately 
Impacted 

livestock grazing, agr field <50', LB (2) 
concentrated stock access points (5) 
bridges (2) 

BIG20 Middle Highly Impacted Moderately 
Impacted 

ranch operation w/livestock grazing 
agr fields to bank edge (7), RB/LB, concentrated stock 
access (2), bridge 

BIG28 Upper Moderately 
Impacted Highly Impacted 

confluence w/Casino Cr 
channelized between roads 80% of reach 
bridges (2) 

LB = left bank 
RB = right bank 
 
Table 4-5 Comparison of Most Degraded Reaches with Target Conditions – Big Spring  
  Creek 
 

Target 
Variable 

Target 
Value 
(%) B
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Tree/shrub 
Types ≥ 54 20 25 25 35 20 45 30 40 35 40 25 10 30 35 65 55 30 

V
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Degraded 
Riparian 
Vegetation 

≤ 13 96 61 92 51 93 76 62 75 69 64 98 100 62 60 54 55 19 

Channelized ≤ 1 0 0 0 0 0 0 43 24 0 17 98 97 0 0 0 26 79 

C
ha

nn
el

 

Eroding 
Banks ≤ 13 69 58 60 84 70 74 29 52 72 13 8 4 52 58 41 25 0 

  
4.4 Restoration Focus Areas 
 
4.4.1 Previous Restoration Activities 
 
In 1995, the NRCS conducted several restoration projects on privately owned and state land on 
Big Spring Creek. Table 4-6 describes the restoration projects that were detailed in the NRCS 
study. There was no information available regarding the success of these projects or describing 
whether the riparian management was continued past the 1995 study.  
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Table 4-6 1995 NRCS Restoration Projects 
Reach Owner Riparian 

Fencing (ft) 
Channel 
Improved* (ft) 

Stream/Riparian 
Improved* (ft) 

Off-site Watering 
Locations Provided 

Comments 

BIG16 Don Jenni None 100 2,300 One Continue willow 
plantings 

BIG20 Sam Weidner 7,915 None 5,940 One Complete 
BIG24 Emmet Butcher 3,300 None 4,620 One Complete 
BIG28 MT FWP 4,800 3,950 5,600 None None 
BIG33 George Hamilton None 110 720 None Conservation 

Easement on unit 
BIG31 Ron Isackson None None 570 None Complete 
*No information was provided as to the improvement technique. 
 
4.4.2 Restoration Priorities 
 
For each of the “most degraded” reaches of Big Spring Creek described in Section 4.3, this 
section summarizes the major impacts observed during the air photo assessment. Because of their 
heavily impacted condition, these reaches represent the areas most likely in need of restoration.  
 
BIG1 – This reach begins at the confluence of the Judith River and Big Spring Creek. The 
primary impact was to riparian vegetation; 96% of the riparian vegetation community was 
degraded and less than half the target value for tree/shrub types was observed. 69% of the 
channel was unstable or eroding, over five times the reference value for Big Spring Creek.  
 
BIG3 – The channel and riparian impacts were similar but slightly less than the near downstream 
reach, BIG1 (above). The impacts to riparian vegetation and the channel in this reach were 
similar; 61% of the vegetation was degraded and 58% of the channel was degraded by evidence 
of grazing, agricultural fields to the bank edge and vehicle access across the stream. Less than 
half of the tree/shrub cover target was observed on this reach.  
 
BIG5 – This reach is similar in characteristics to the downstream reaches BIG1 and BIG3 
(above). The primary impact was to riparian vegetation; 92% of the riparian vegetation 
community was impacted by evidence of grazing, agricultural fields and dirt roads within 30 feet 
of the bank edge and concentrated stock access points. Less than half the target value for 
tree/shrub types was observed. 60% of the channel was unstable or eroding, over four times the 
reference value for Big Spring Creek.  
 
BIG6 – BIG6 had a higher tree/shrub cover and nearly half the degraded riparian vegetation of 
the reaches listed above but a significantly higher (84%) amount of unstable or eroding banks. 
The reach was impacted by evidence of grazing, agricultural fields and dirt roads within 40 feet 
of the bank edge and concentrated stock access points.  
 
BIG7 – With the exception of BIG6, this reach is similar in characteristics to the downstream 
reaches listed above. The primary impact was to riparian vegetation; 93% of the riparian 
vegetation community was impacted by evidence of grazing, agricultural fields within 10 feet of 
the bank edge and concentrated stock access points. Less than half the target value for tree/shrub 
types was observed. 70% of the channel was unstable or eroding, over five times the reference 
value for Big Spring Creek.  
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BIG10 - The impacts to riparian vegetation and the channel in this reach were similar; 76% of 
the vegetation was degraded and 74% of the channel was degraded. However, the tree/shrub 
percentage was within 10% of the target. The impacts were primarily due to the Spring Creek 
Colony farm located on the reach; roads and agricultural fields were observed within 10 feet of 
the bank edge. Evidence of grazing and concentrated stock access points were observed. Less 
than half of the tree/shrub cover target was observed on this reach.  
 
BIG11 – The primary channel impacts to this reach were a result of channelization: 43% of the 
reach was channelized. 29% of the channel was unstable or eroding, which is within 16% of the 
target value. The tree/shrub cover was approximately 25% less than the target value, and 62% of 
the riparian vegetation on the reach was degraded. Evidence of grazing, roads and agricultural 
fields were observed within 25 feet of the bank. Restructuring of the channelized portions of the 
reach to a more sinuous condition will aid in reducing stream flow velocities.  
 
BIG18 – Channel impacts included 24% channelization of the reach and 52% unstable or eroding 
banks. 75% of the vegetation was degraded and 40% tree/shrub cover was observed. Evidence of 
grazing, roads to the bank edge and the dumping of solid waste (riprap?) over the bank edge was 
observed associated with an agricultural operation. Restructuring of the channelized portions of 
the reach to a more sinuous condition will aid in reducing stream flow velocities.  
 
BIG19 - The impacts to riparian vegetation and the channel in this reach were similar; 69% of 
the vegetation was degraded and 72% of the channel was degraded. The tree/shrub percentage 
was 35%. Railroad tracks ran approximately 100 feet from the reach. Enhancing the tree and 
woody shrub community where there is potential would aid in erosion reduction. Bank 
stabilization is recommended where possible. 
 
BIG23 – The channel condition was relatively good; the percentage of unstable or eroding banks 
was at the target value and a small amount of the reach was channelized (17%). However, 22% 
of the reach was stabilized with riprap (Table 3-2). The primary impacts to the reach were to the 
riparian vegetation: 64% of the riparian vegetation was degraded. The tree/shrub cover was 
within 15% of the target. Several small ranches were located on the reach.  
 
BIG25 and BIG26 – These two reaches run through the city of Lewistown. Nearly all of each 
reach has little to no riparian vegetation and is completely channelized. Where possible, restoring 
some sinuosity to the stream and installing flow-reducing structures would reduce flow velocities 
that may cause erosion downstream. Establishing riparian communities within the new stream 
bends would aid in restoring some riparian function to these reaches. 
 
BIG8 - The impacts to riparian vegetation and the channel in this reach were similar; 62% of the 
vegetation was degraded and 52% of the channel was degraded. Roads and agricultural fields 
were observed to the bank edge. Approximately 25% less than the tree/shrub cover target was 
observed on this reach.  
 
BIG12 - The impacts to riparian vegetation and the channel in this reach were similar; 60% of 
the vegetation was degraded and 58% of the channel was degraded. Evidence of livestock 
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grazing, concentrated stock access points and roads and agricultural fields to the bank edge were 
observed. Approximately 20% less than the tree/shrub cover target was observed on this reach.  
 
BIG13 – This reach had a higher percentage of tree/shrub cover (65%) and lower amounts of 
degraded riparian vegetation and channel erosion than its adjacent downstream reach BIG12 
(above). The tree/shrub cover is above the target value. Roads within 50 feet of the stream and 
evidence of livestock grazing was observed. 
 
BIG20 – The tree/shrub cover on this reach was above the target value. 55% of the vegetation 
was degraded. 25% of the reach was unstable or eroding; however, 26% of the reach had been 
channelized. A ranch operation with evidence of grazing, concentrated stock access points and 
roads to the bank edge was observed.  
 
According to the 1995 NRCS data, one off-site watering location, 7,915 feet of riparian fencing 
was installed in 1995 and 5,940 feet of the stream/riparian area was improved by the private 
landowner. No description of the improvements was provided. 
 
BIG28 – The primary impact to this reach is the high degree of channelization: 79% of the reach 
is channelized between roads. The percentage of tree/shrub cover is 25% less than the target 
value.  
 
According to the 1995 NRCS data, the Montana Fish, Wildlife and Parks installed 4,800 feet of 
riparian fencing, improved 3,959 feet of the channel and 5,600 feet of the stream/riparian area in 
1995. No description of the improvements was provided. 
 
 
5.0 CONCLUSIONS 
 
Impacts to riparian vegetation appeared to be the greatest potential source of sediment input to 
the stream. The primary sources of vegetation impacts were related to land use: agriculture and 
grazing appeared to have had significant impacts to riparian communities on the lower and upper 
portions of Big Spring Creek while the urban landscape appeared to have replaced the riparian 
zone in and around Lewistown. Channelization was observed mostly in the urban portion of Big 
Spring Creek. These channelized areas will have a greater influence on sediment generation 
downstream, where higher stream velocities will result in increased bank erosion. 
 
On the majority of the reaches, both the vegetation condition and the channel condition were 
classified as Highly and Moderately Impacted. 
 
Select riparian characteristics were compared to the total percentage of unstable and eroding 
banks in each reach in order to provide a quantitative estimate of the correlation between riparian 
vegetation and bank stability. Few if any connections between vegetation condition and bank 
stability were obvious from the comparison, suggesting a more complicated set of circumstances 
controls bank stability on Big Spring Creek. 
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In general, Big Spring Creek was significantly impacted, with 34% of the banks in either 
unstable (22%) or severely eroding (12%) condition and nearly half of the riparian vegetation 
(47%) in degraded condition. The 12% of the stream that has been channelized will complicate 
restoration efforts, as such “hard” impacts are difficult and expensive to re-naturalize and can 
have systemic effects on sediment production. 
 
Table 5-1 Summary of Degradation Statistics 
Degraded Riparian 
Vegetation 

Riprap Channelization Unstable Banks Severely Eroding 
Banks 

47% 2% 12% 22% 12% 
 
The air photo assessment that was conducted for this report was not at a scale that allows for 
detailed site-specific restoration recommendations. However, the following general 
recommendations could guide restoration efforts, particularly in those reaches identified in 
Section 4.3 as “most degraded” and thus most in need of restoration: 
 

 Restructuring of the channelized portions of the reach to a more sinuous condition to aid in 
reducing stream flow velocities; 

 Providing at least a 50 foot vegetation buffer between Beaver Creek and fields/roads; 
 Improving proper riparian function by providing off-site watering locations coupled with 

riparian fencing; 
 Enhancing the tree and woody shrub community where there is potential to aid in erosion 

reduction or maintenance of bank stability; and 
 Mechanical bank stabilization where possible 
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1.0 INTRODUCTION 
 
This report presents the results of a remote assessment of channel and riparian vegetation 
conditions that was conducted for Beaver Creek, tributary to Big Spring Creek in central 
Montana. This assessment of Beaver Creek is a portion of the assessment of Big Spring Creek 
and three of its tributary streams: Cottonwood Creek, Beaver Creek and East Fork of Big Spring 
Creek. Big Spring Creek is a tributary to the Judith River and is located in Central Montana near 
Lewistown. Under Section 303(d) of the Clean Water Act, three of the above streams, Big Spring 
Creek, Cottonwood Creek and Beaver Creek, are listed on the 2002 Montana 303(d) List. 
Existing data on the East Fork of Big Spring Creek were insufficient for making a beneficial use 
support determination in 2002, and the stream was scheduled for reassessment. Table 1-1 
summarizes 303(d) status of the streams assessed in this report. 
 
Table 1-1 303(d) Status of Beaver Creek and Selected Tributaries in 2002 

Stream Beneficial Uses 
Impacted Probable Causes Probable Sources 

Big Spring Creek Aquatic Life 
Cold Water Fishery 

Fish Habitat 
Degradation 
Nutrients 
PCBs 
Riparian Degradation 
Sedimentation 

Municipal Point Sources 
Agriculture 
Grazing 
Land Disposal 
Septic Systems 
Hydromodification 
Channelization 

Cottonwood Creek 

Aquatic Life 
Cold Water Fishery 
Drinking Water Supply 
Industrial 
Recreation 

Dewatering 
Fish Habitat 
Degradation 
Flow Alteration 
Nutrients 
Organic Enrichment 
Riparian Degradation 
Sedimentation 

Agriculture 
Grazing 
Hydromodification 
Habitat Modification 
Removal of Riparian 
Vegetation 

Beaver Creek 

Aquatic Life 
Cold Water Fishery 
Drinking Water Supply 
Recreation 

Bank erosion 
Dewatering 
Fish habitat degradation 
Flow alteration 
Nutrients 
Riparian Degradation 
Sedimentation 

Agriculture 
Grazing 
Habitat Modification 
Removal of Riparian 
Vegetation 

East Fork of Big 
Spring Creek 

Scheduled for 
Reassessment 

Scheduled for 
Reassessment Scheduled for Reassessment 

 
According to the Montana Water Quality Act, the State of Montana must monitor the extent to 
which the state’s surface water bodies support legally designated beneficial uses. As part of this 
monitoring, the state must develop Total Maximum Daily Loads (TMDLs) and associated water 
quality restoration plans for Montana water bodies in which one or more pollutants impair 
designated beneficial uses. The Montana Department of Environmental Quality (MDEQ) will be 
developing a TMDL for Big Spring Creek Planning Area. The results of the remote assessment 
presented in this report were designed to provide technical assistance to the MDEQ Big Spring 
Creek TMDL Assessment (MDEQ Task Order No. 202104-03). A copy of MDEQ Task Order 
No. 202104-03 is provided as Appendix A. 
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2.0 METHODS 
 
Black and white stereo aerial photography, 7.5-minute topographic maps and planimetric maps 
were used to delineate the target streams into relatively homogeneous reaches. Reach breaks 
were established using the following criteria: 1) at status boundaries as delineated by the 
applicable planimetric map, 2) at significant changes in channel slope, valley type, 3) at 
functional changes in riparian vegetation and 4) at the confluence of major tributary streams. 
Reach names and breaks were transcripted onto the topographic maps and aerial photos. Table 2-
1 provides a summary of the topographic and planimetric maps used for each target stream. 
 
Table 2-1 Map Summary 
Stream Topographic Map(s) Planimetric Map(s) 

Big Spring Creek 

Danvers 
Spring Creek Junction 
Glengarry 
Lewistown 
Pike Creek 

BLM Lewistown 1:100,000-scale 
planimetric map 

Cottonwood Creek 

Spring Creek Junction 
Glengarry 
West Fork Beaver Creek 
Castle Butte 
Jump Off Peak 

BLM Lewistown 1:100,000-scale 
planimetric map 

Beaver Creek 
Glengarry 
West Fork Beaver Creek 
Castle Butte 

Lewis and Clark National Forest 
Forest Visitors Map 

E. Fork of Big Spring Creek Heath 
Half Moon Canyon 

BLM Big Snowy 1:100,000-scale 
planimetric map 

 
Within each reach, aerial photography was used to characterize and assess several parameters 
(described below in Section 2.1) pertaining to channel and riparian vegetation condition for each 
target stream. The dates of the aerial photographs varied somewhat between the streams: aerial 
photo coverage from June 6, 1989 was used to assess Big Spring Creek; aerial photos taken on 
May 30, 1995 were used to assess the three target tributaries to Big Spring Creek. All aerial 
photographs were at a scale of 1:6,000. Data were entered into the Watershed Condition 
Inventory Remote Data Collection Form created by Land & Water Consulting and edited and 
approved by Pete Schade of the MDEQ. Completed data forms are included as Appendix B. 
 
Each target stream was assessed from its mouth to its headwaters, with the exception of East 
Fork of Big Spring Creek where aerial photo coverage was not available for approximately the 
lower eight miles of the stream. Because of the lack of photo coverage these eight miles were not 
included in this assessment. 
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2.1 Assessment Parameters 
 
The following parameters were included in the aerial photo assessment: 
 
2.1.1  Reach Information 
 
Reach Name: Consists of the first three letters of the target stream name followed by a number 
(e.g. COT14). Reaches are numbered consecutively from the stream’s mouth to its headwaters.  
 
Reach Length (ft): The linear length of the specified stream reach. Measured to the nearest foot 
using a digital planimeter and topographic map. 
 
2.1.2 Riparian Vegetation Area 
 
Buffer Width: Measured to the nearest 5 feet to a maximum of 50 feet. An average width of the 
riparian vegetation buffer adjacent to both sides of the stream in the delineated reach. 

Vegetation Type (%): Occularly assessed from the aerial photos. Types included (within a 50’ 
buffer): 1) Conifers and Deciduous Trees, 2) Woody Shrubs, 3) Grass/Sedge (groundcover), 4) 
Bare ground/Disturbed and 5) Impervious/Urban. 

Vegetation Condition: This parameter was replaced by “Vegetation Impact Category”, 
described below. The replacement was made to more accurately organize and compare the 
reaches. This parameter appears on the data collection forms, but no data were collected. 

Degraded Riparian Vegetation: number of feet of stream bank (both sides) with human-
impacts to riparian vegetation. Impacts included: 1) areas that had physically observable 
damaged riparian communities (e.g. trampled), 2) complete lack of riparian vegetation and 3) no 
woody vegetation observable on banks where such vegetation would be expected based on 
comparison with upstream/downstream reaches. Impacted riparian vegetation areas were 
transcribed onto topographic maps and impacted areas were measured to the nearest decimal foot 
with GIS. The percentage of the reach with degraded riparian vegetation was then calculated by 
the following formula: 

(feet degraded riparian vegetation) / (feet of stream bank, both sides) = % of the reach impacted 

Vegetation Impact Category: The reaches were ranked according to the level (% of reach) of 
impacts and assigned to an impact category according to the following criteria: 1) degraded 
riparian conditions along 50% or more of the reach indicates a Highly Impacted condition; 2) 
degraded riparian conditions along 25-49% of the reach indicates a Moderately Impacted 
condition; and 3) degraded riparian conditions along 1-24% of the reach indicates a Lightly 
Impacted to riparian vegetation condition. Only reaches with no observable impacts to riparian 
vegetation (% of reach impacted = 0) were ranked as Not Impacted. 
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2.1.3 Channel Condition 

Sinuosity: Sinuosity = reach channel length / reach valley length (as measured from an aerial 
photo) 

Valley Gradient or Slope (%): Gradient = change in elevation in feet / distance of elevation 
change in feet (measured between contour intervals from the topographic map) 

Rosgen Type (Level 1): Stream channel classification based on channel slope, sinuosity, valley 
type, stream pattern and form (Rosgen, 1996). 

Rosgen Type Potential (Level 1): Potential (future) Rosgen stream classification based on 
occular evidence of natural stream geomorphologic transition or evidence of a degraded stream 
condition that with improvement would have a different stream classification 

Channel Degradation: Evidence of the following channel degradation characteristics on an 
aerial photo: 1) Rip rap, 2) Channelization, 3) Unstable Banks, 4) Severely Eroding Banks. 
Unstable banks were characterized as those with ocular evidence of light to moderate erosion, 
while severely eroding banks were characterized as those with evidence of wider scale bank 
slumping, mass wasting or bank failure. 

Impacted channel areas were transcribed onto topographic maps and impacted areas were 
measured to the nearest decimal foot with GIS. The percentage of the reach with each of the 
above channel characteristics was then calculated by the following formula: 

(feet of channel characteristic) / (feet of stream bank, both sides) = % of the reach impacted 

Overall Channel Condition: This parameter was replaced by “Channel Impact Category”, 
described below. The replacement was made to more accurately organize and compare the 
reaches. This parameter appears on the data collection forms, but no data were collected. 

Channel Impact Category: The reaches were ranked according to the cumulative score of 
anthropogenic impacts created by the summation of % of each reach in the four channel 
degradation parameters (rip rap, channelization, unstable banks, severely eroding banks): reaches 
with a cumulative score greater than 50 were labeled as Highly Impacted; reaches with a score 
of 25 to 49 were labeled as Moderately Impacted; reaches with a score of 1 to 24 were labeled 
as Lightly Impacted; reaches with a score of 0 were labeled as Not Impacted. In calculating the 
channel impact score, the eroding stream banks that appeared to result from naturally erodible 
bank terraces were removed so that only anthropogenic impacts were included. 

Meander Cutoff Potential: Subjective rating of Low, Medium or High potential that a stream 
meander will be cut off in the future due to erosion/deposition. 

2.1.4 General Characteristics 

Reference Potential: Whether or not the reach could be considered reference, or a reach 
representing “ideal” or least impacted channel and vegetation characteristics 
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Land Use: Adjacent anthropogenic or natural land use characteristics that may be contributing to 
water quality impairment and/or bank instability. Land use comments were transcripted onto 
aerial photos. 
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3.0 IMPACT SUMMARY 
 
3.1 Beaver Creek 
 
This section presents a summary and analysis of selected riparian and channel condition 
variables. Appendix B presents a tabular summary of all of the data collected on Beaver Creek. 
 
3.1.1 Riparian Vegetation Impacts 
 
Table 3-1 provides a summary of selected characteristics of riparian vegetation on Beaver Creek. 
The majority of the reaches were classified as Highly and Moderately Impacted, indicating 
riparian degradation between 25 and 50 percent of the reach. Beaver Creek reaches that were 
ranked as Lightly or Not Impacted will be considered “Vegetation Reference Reaches” for the 
purposes of this assessment (Section 4.0). 
 
Table 3-1 Riparian Vegetation Characteristics – Beaver Creek 

Vegetation Type (% of reach) 

Reach 

Total 
Bank 
Length 
(ft) 

Buffer 
Width (ft) Con/Dec 

(%) 

Woody 
Shrub 

(%) 

Bare 
ground/ 

disturbed 
(%) 

Grass/
Sedge 
(%) 

Impervious/
Urban 

(%) 

Degraded 
Riparian 
Vegetation 
(%) 

Vegetation Impact 
Category 

BEA9 12638 15 20 20 0 60 0 83 Highly Impacted 
BEA12 16704 10 5 20 0 75 0 80 Highly Impacted 
BEA8 15788 15 5 35 0 60 0 79 Highly Impacted 
BEA7 8282 10 5 30 5 60 0 78 Highly Impacted 
BEA5 17234 15 5 60 0 35 0 69 Highly Impacted 
BEA16 8490 15 25 25 0 50 0 65 Highly Impacted 
BEA17 12170 15 30 20 0 50 0 65 Highly Impacted 
BEA3 9804 20 30 40 0 25 5 57 Highly Impacted 
BEA4 11218 30 55 20 0 20 5 51 Highly Impacted 
BEA2 16234 10 5 20 5 70 0 45 Moderately Impacted 
BEA18 5732 50 0 60 0 40 0 37 Moderately Impacted 
BEA6 14234 35 5 75 0 20 0 35 Moderately Impacted 
BEA11 14364 50 5 75 0 20 0 28 Moderately Impacted 
BEA15 12794 25 30 30 0 40 0 28 Moderately Impacted 
BEA10 15586 50 5 70 0 25 0 23 Lightly Impacted 
BEA14 11184 >50 40 40 0 20 0 8 Lightly Impacted 
BEA1 8844 >50 5 80 0 15 0 0 Not Impacted 
BEA13 8418 50 10 75 0 15 0 0 Not Impacted 
BEA19 39324 >50 75 15 0 10 0 0 Not Impacted 
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3.1.2 Stream Channel Characteristics 
 
Table 3-2 provides a summary of selected stream channel characteristics of Beaver Creek. There 
were no Highly Impacted reaches with respect to channel condition; all reaches fell into the 
Moderately Impacted, Lightly Impacted or Not Impacted categories. Beaver Creek reaches that 
were ranked as Lightly or Not Impacted will be considered “Channel Reference Reaches” for the 
purposes of this assessment (Section 4.0). Note that the Cumulative Channel Impact Score is the 
sum of the four Channel Degradation Characteristics minus the portion of the eroding banks that 
were classified as natural erosion from unvegetated terraces. 
 
Table 3-2 Stream Channel Characteristics – Beaver Creek 

Channel Degradation Characteristics (% of reach) 

Reach 

Total 
Bank 
Length 
(ft) 

Rip rap Channelized Unstable 
Banks 

Severely 
Eroding 
Banks 

Minus (-) 
“Natural” 
Erosion 

Cumulative 
Channel 
Impact Score 

Channel Impact 
Category 

BEA12 16704 1 0 37 8 0 46 Moderately Impacted 
BEA9 12638 0 11 19 15 0 45 Moderately Impacted 
BEA17 12170 0 0 35 2 0 37 Moderately Impacted 
BEA16 8490 0 16 19 0 0 35 Moderately Impacted 
BEA4 11218 3 11 11 4 0 29 Moderately Impacted 
BEA3 9804 6 0 18 3 0 26 Moderately Impacted 
BEA7 8282 0 0 11 9 0 20 Lightly Impacted 

BEA8 15788 0 0 11 9 0 20 Lightly Impacted 
BEA5 17234 0 2 12 4 0 17 Lightly Impacted 
BEA2 16234 3 0 7 2 0 12 Lightly Impacted 
BEA10 15586 0 0 7 5 0 12 Lightly Impacted 
BEA6 14234 0 0 4 7 0 11 Lightly Impacted 
BEA15 12794 0 0 10 0 0 10 Lightly Impacted 
BEA18 5732 0 0 6 0 0 6 Lightly Impacted 
BEA14 11184 0 0 5 0 0 5 Lightly Impacted 
BEA11 14364 0 0 0 2 0 2 Lightly Impacted 
BEA1 8844 0 0 0 0 0 0 Not Impacted 
BEA13 8418 0 0 0 0 0 0 Not Impacted 
BEA19 39324 0 0 0 0 0 0 Not Impacted 
 
Table 3-3 provides a comparison of Vegetation and Channel Impact ratings, listed from the most 
highly impacted to the least impacted. In general, vegetation and channel conditions in each 
reach were within one impact category of one another, with the exceptions of BEA5, BEA7 and 
BEA8, where the vegetation was highly impacted but the channel only lightly impacted. 
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Table 3-3 Vegetation/ Channel Impact Comparison - Beaver Creek 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

BEA3 Highly 
Impacted 

Moderately 
Impacted BEA7 Highly 

Impacted 
Lightly 
Impacted BEA10 Lightly 

Impacted 
Lightly 
Impacted 

BEA4 Highly 
Impacted 

Moderately 
Impacted BEA8 Highly 

Impacted 
Lightly 
Impacted BEA14 Lightly 

Impacted 
Lightly 
Impacted 

BEA9 Highly 
Impacted 

Moderately 
Impacted BEA2 Moderately 

Impacted 
Lightly 
Impacted BEA1 Not Impacted Not Impacted 

BEA12 Highly 
Impacted 

Moderately 
Impacted BEA6 Moderately 

Impacted 
Lightly 
Impacted BEA13 Not Impacted Not Impacted 

BEA16 Highly 
Impacted 

Moderately 
Impacted BEA11 Moderately 

Impacted 
Lightly 
Impacted BEA19 Not Impacted Not Impacted 

BEA17 Highly 
Impacted 

Moderately 
Impacted BEA15 Moderately 

Impacted 
Lightly 
Impacted 

BEA5 Highly 
Impacted 

Lightly 
Impacted BEA18 Moderately 

Impacted 
Lightly 
Impacted 

 

 
3.1.3 Previous Assessments 
 
The National Resource Conservation Service (NRCS) performed a helicopter survey of several 
of the Big Spring Creek tributaries in 1995. Observations that could be compared with Land & 
Water’s assessment of Beaver Creek are summarized below in Table 3-4. 
 
Table 3-4 1995 Helicopter Survey (NRCS) - Beaver Creek 
Source Channelization “Entrenched/Eroding 

Banks/Active Erosion Site” “Impacted/Absent Veg. Community” 

1995 NRCS 
Survey 3,427 3,557 15,363 

Land & Water 
Assessment 4,230 

36,625 
(Unstable Banks + Severely 
Eroding Banks) 

105,960 
(Degraded Riparian Vegetation) 

All data are in feet 
All data includes both natural and anthropogenic sources 
 
In all three data categories presented in Table 3-4, Land & Water found higher levels of impact 
than were found in the NRCS helicopter survey. The reasons for the different findings are not 
clear, but probably result from the different methodologies employed in the two assessments. No 
information regarding the method used by the NRCS or how the agency defined vegetation 
impacts or eroding banks was located for this report.



Appendix C 

March 2005  C-12 

4.0 DISCUSSION/RECOMMENDATIONS 
 
4.1 Relationship of Riparian Vegetation Characteristics with Channel Erosion 
 
Select riparian characteristics were compared to the total percentage of unstable and eroding 
banks in each reach in order to provide a quantitative estimate of the correlation between riparian 
vegetation and bank stability (Table 4-1). The combined % of unstable and eroding banks was 
sorted and divided in quartiles, and the data presented in Table 4-1 are presented separately for 
each of these quartiles. In general, erosion decreased as buffer width, tree cover and shrub cover 
increased, conforming to the expectation that woody vegetation stabilizes stream banks. 
Conversely, increased grass and sedge coverage was associated with increasing erosion. 
 
Table 4-1 Comparison Between Riparian Vegetation Characteristics and Channel   
  Erosion - Beaver Creek 
 Riparian Vegetation Characteristics  

Reach 
Buffer 
Width 
(ft) 

Con/Dec (% 
of reach) 

Woody 
Shrub (% 
of reach) 

 Bare 
ground/ 
disturbed 
(% of 
reach) 

Grass/ 
Sedge (% 
of reach) 

Impervious/ 
Urban (% of 
reach) 

Combined 
Unstable/Eroding 
Banks (% of reach) 

BEA12 10 5 20 0 75 0 46 
BEA17 15 30 20 0 50 0 37 
BEA9 15 20 20 0 60 0 34 
BEA3 20 30 40 0 25 5 21 
BEA7 10 5 30 5 60 0 20 
Averages 
Quartile 4 14 18 26 1 54 1 32 

 
BEA8 15 5 35 0 60 0 20 
BEA16 15 25 25 0 50 0 19 
BEA5 15 5 60 0 35 0 16 
BEA4 30 55 20 0 20 5 15 
BEA10 50 5 70 0 25 0 12 
Averages 
Quartile 3 25 19 42 0 38 1 16 

 
BEA6 35 5 75 0 20 0 11 
BEA15 25 30 30 0 40 0 10 
BEA2 10 5 20 5 70 0 9 
BEA18 50 0 60 0 40 0 6 
BEA14 >50 40 40 0 20 0 5 
Averages 
Quartile 2 30 16 45 1 38 0 8 

 
BEA11 50 5 75 0 20 0 2 
BEA1 >50 5 80 0 15 0 0 
BEA13 50 10 75 0 15 0 0 
BEA19 >50 75 15 0 10 0 0 
Averages 
Quartile 1 50 24 61 0 15 0 1 
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4.2 Characteristics of Reference Reaches 
 
Vegetation and Channel Reference Reaches were identified for Beaver Creek to provide a gauge 
for forming restoration targets. As was discussed in Section 3.1.1 and 3.1.2, reference reaches are 
those that were classified as Lightly or Not Impacted in the vegetation and channel condition 
assessments. Reaches in reference condition occurred throughout the three regions of Beaver 
Creek (upper, middle, and lower). A summary of the average characteristics of the reference 
reaches is presented for vegetation and channel conditions in Table 4-2 and 4-3, respectively. 
 
Table 4-2 Vegetation Reference Reaches - Beaver Creek 
Location on 
Beaver Cr. Reach Coniferous/Deciduous (%) Woody Shrub (%) Degraded Riparian Vegetation 

(%) 
Middle BEA10 5 70 23 
Upper BEA14 40 40 8 
Lower BEA1 5 80 0 
Upper BEA13 10 75 0 
Upper BEA19 75 15 0 

averages 27 56 6 

TARGET 27% tree + 56% shrub = 
≥ 83% tree/shrub types 

Degraded Riparian Vegetation 
≤ 6% 

 
Table 4-3 Channel Reference Reaches - Beaver Creek 
Location on 
Beaver Cr. Reach Channelization (%) Unstable Banks 

(%) 
Severely Eroding Banks (%) 

Middle BEA7 0 11 9 

Middle BEA8 0 11 9 

Lower BEA5 2 12 4 

Lower BEA2 0 7 2 

Middle BEA10 0 7 5 

Lower BEA6 0 4 7 

Upper BEA15 0 10 0 

Upper BEA18 0 6 0 

Middle BEA14 0 5 0 

Middle BEA11 0 0 2 

Lower BEA1 0 0 0 

Upper BEA13 0 0 0 

Upper BEA19 0 0 0 

averages 0 6 3  

TARGET Channelized 0% 6% unstable + 3% severely eroding = 
Eroding Banks ≤ 9% 
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4.3 Comparison of Reference Reaches with Highly Degraded Reaches 
 
The target conditions derived in Tables 4-2 and 4-3 above were compared to the conditions in the 
most degraded reaches on Beaver Creek. For Beaver Creek, the “most degraded” reaches were 
defined to be those in which the vegetation condition and/or the channel condition were rated as 
Highly Impacted (Table 3-3). These represent reaches of Beaver Creek that appear to be in the 
greatest need of restoration and where the largest potential reductions in sediment loading could 
be achieved. Table 4-4 summarizes the most degraded reaches and describes their land use 
characteristics. Table 4-5 compares the most degraded reaches to reference conditions. 
 
Table 4-4 “Most Degraded” Reaches – Beaver Creek 

Reach Location on 
Beaver Cr. 

Vegetation 
Impact 
Category 

Channel Impact 
Category Land Use Characteristics 

BEA3 Lower Highly 
Impacted 

Moderately 
Impacted 

ranch on LB; extensive grazing; 2 bridges both 
with riprap; dirt roads; 1 agriculture field to 
within 20' of bank LB/RB 

BEA4 Lower Highly 
Impacted 

Moderately 
Impacted fields to edge, LB/RB; 2 bridges; riprap 

BEA9 Middle Highly 
Impacted 

Moderately 
Impacted 

ranch; fields to edge; RB/LB; 1 fiord; 1 bridge; 
road and stock access near ranch facility 

BEA12 Middle Highly 
Impacted 

Moderately 
Impacted grazing; ranch on LB 

BEA16 Upper Highly 
Impacted 

Moderately 
Impacted grazing; stock access 

BEA17 Upper Highly 
Impacted 

Moderately 
Impacted 2 bridges; grazing 

BEA5 Lower Highly 
Impacted Lightly Impacted channelized ~ 300' road; 1 bridge; grazing 

BEA7 Middle Highly 
Impacted Lightly Impacted field to edge RB/LB; 2 bridges; ranch 

BEA8 Middle Highly 
Impacted Lightly Impacted creek runs through agriculture fields with little 

to no buffer; 1 bridge 
LB = left bank 
RB = right bank 
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Table 4-5 “Most Degraded” Reach Target Characteristic Values – Beaver Creek 
 

Target 
Characteristic  

Target 
Value (%) 

B
E

A
3 

B
E

A
4 

B
E

A
9 

B
E

A
12

 

B
E

A
16

 

B
E

A
17

 

B
E

A
5 

B
E

A
7 

B
E

A
8 

Tree/shrub Types ≥ 83 70 75 40 25 50 50 65 35 40 

V
eg

et
at

io
n 

Degraded Riparian 
Vegetation ≤ 6 57 51 83 80 65 65 69 78 79 

Channelized 0 0 11 11 0 16 0 2 0 0 

C
ha

nn
el

 

Eroding Banks ≤ 9 21 15 34 45 19 37 16 20 20 

 
4.4 Restoration Focus Areas 
 
4.4.1 Previous Restoration Activities 
 
In 1995, the NRCS conducted several restoration projects on privately owned and state land on 
Beaver Creek. Table 4-6 describes the restoration projects that were detailed in the NRCS study. 
There was no information available regarding the success of these projects or describing whether 
the riparian management was continued past the 1995 study.  
 
Table 4-6 1995 NRCS Restoration Projects 
Reach Owner Riparian 

Fencing (ft) 
Channel 
Improved* 
(ft) 

Stream/Riparian 
Improved* (ft) 

Off-site 
Watering 
Locations 
Provided 

Comments 

BEA16/
BEA17 

Walt and Gail 
Regli 

None 1,930 3,200 One Complete 

*No information was provided as to the improvement technique. 
 
4.4.2 Restoration Priorities 
 
For each of the “most degraded” reaches of Beaver Creek described in Section 4.3, this section 
summarizes the major impacts observed during the air photo assessment. Because of their 
heavily impacted condition, these reaches represent the areas most likely in need of restoration.  
 
BEA3 - The primary impact was to riparian vegetation; 57% of the riparian vegetation 
community was degraded. The tree/shrub cover was within 13% of the target value. 21% of the 
channel was unstable or eroding, also within 13% of the target value for eroding banks. A ranch 
with evidence of grazing and fields/roads to within 20 feet of the bank edge was observed. 
Proper riparian function may be improved by providing off-site watering locations coupled with 
riparian fencing. 
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BEA4 – This reach was similar in characteristics to the adjacent downstream reach, BEA3 
(above). The primary impact was to riparian vegetation; 51% of the riparian vegetation 
community was degraded. The tree/shrub cover was within 8% of the target value. 11% of the 
channel was unstable or eroding, within 6% of the target value for eroding banks. 11% of the 
channel had been channelized. Agricultural fields with limited streamside buffers were observed 
and 3% of the banks are stabilized with riprap.  
 
BEA9 - The primary impact was to riparian vegetation; 83% of the riparian vegetation 
community was degraded. The tree/shrub cover was half of the target value. 34% of the channel 
was unstable or eroding, over three times the target value for eroding banks. 11% of the channel 
had been channelized. A ranch with fields to the bank edge and concentrated stock access was 
observed.  
 
BEA12 - The primary impact was to riparian vegetation; 80% of the riparian vegetation 
community was degraded. The tree/shrub cover was approximately 25% of the target value. 45% 
of the channel was unstable or eroding, over four times the target value for eroding banks. A 
ranch with evidence of livestock grazing was observed.  
 
BEA16 - The channel condition was relatively good; the percentage of unstable or eroding banks 
was within 10% of the target value and a small amount of the reach was channelized (16%). The 
primary impacts to the reach were to the riparian vegetation: 65% of the riparian vegetation was 
degraded. The tree/shrub cover was less than approximately 35% of the target value. Evidence of 
grazing and concentrated stock access was observed.  
 
According to the 1995 NRCS data, between BEA16 and BEA17, 1,930 feet of the channel and 
3,200 feet of the stream/riparian area was improved in 1995, although not information was 
provided to describe how these improvements were made. One off-site watering location was 
installed.  
 
BEA17 – The riparian conditions were the same as in the adjacent downstream reach, BEA16 
(above). 65% of the riparian vegetation was degraded. The tree/shrub cover was less than 
approximately 35% of the target value. 37% of the channel was unstable or eroding. Evidence of 
grazing was observed.  
 
According to the 1995 NRCS data, between BEA16 and BEA17, 1,930 feet of the channel and 
3,200 feet of the stream/riparian area was improved in 1995, although no information was 
provided to describe how these improvements were made.  One off-site watering location was 
installed.  
 
BEA5 - The primary impact was to riparian vegetation; 69% of the riparian vegetation 
community was degraded. The tree/shrub cover was approximately 20% below the target value. 
The channel condition was relatively good; the percentage of unstable or eroding banks was 
within 7% of the target value and a small amount of the reach was channelized (2%). Evidence 
of grazing was observed.  
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BEA7 - The primary impact was to riparian vegetation; 78% of the riparian vegetation 
community was degraded. The tree/shrub cover was nearly 50% below the target value. 20% of 
the channel was unstable or eroding, within 9% the target value for eroding banks. A ranch with 
evidence of grazing and agricultural fields to the bank edge was observed.  
 
BEA8 – This reach was similar in characteristics to the adjacent downstream reach, BEA7 
(above). The primary impact was to riparian vegetation; 79% of the riparian vegetation 
community was degraded. The tree/shrub cover was 50% of the target value. 20% of the channel 
was unstable or eroding, within 9% the target value for eroding banks. The stream ran through 
agricultural fields that were to the bank edge.  
 
 
5.0 CONCLUSIONS 
 
Degraded riparian vegetation appeared to be the most common impact to Beaver Creek and the 
greatest potential cause of increased sediment input. The primary sources of vegetation impacts 
were related to land use: agriculture and grazing appeared to have had significant impacts to 
riparian communities. 
 
On the majority of the reaches, the vegetation condition was classified as Highly or Moderately 
Impacted, indicating that on the majority of the reaches, greater than 25% of the riparian 
vegetation was degraded. There were no Highly Impacted reaches with respect to channel 
condition; all reaches fell into the Moderately Impacted, Lightly Impacted or Not Impacted 
categories 
 
Select riparian characteristics were compared to the total percentage of unstable and eroding 
banks in each reach in order to provide a quantitative estimate of the correlation between riparian 
vegetation and bank stability. Few if any connections between vegetation condition and bank 
stability were obvious from the comparison, suggesting a more complicated set of circumstances 
controls bank stability on Beaver Creek. 
 
In general, the proportion of stream banks in unstable condition decreased as buffer width, tree 
cover and shrub cover increased, suggesting that woody vegetation is key to maintaining bank 
stability on Beaver Creek.  As is presented below (Table 5-1), degraded riparian vegetation was 
observed along 44% of the total bank length of Beaver Creek, and 15% of the streambanks were 
rated as either unstable (11%) or severely eroding (4%). Only 1% of the banks have been 
stabilized with riprap and only 2% of the stream has been channelized, indicating that few 
permanent “hard” alterations have been made to Beaver Creek and suggesting that restoration 
potential is very good. 
 
Table 5-1 Summary of Degradation Statistics 
Degraded Riparian 
Vegetation Riprap Channelization Unstable Banks Severely Eroding 

Banks 
44% 1% 2% 11% 4% 
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The air photo assessment that was conducted for this report was not at a scale that allows for 
detailed site-specific restoration recommendations. However, the following general 
recommendations could guide restoration efforts, particularly in those reaches identified in 
Section 4.3 as “most degraded” and thus most in need of restoration: 
 

 Providing at least a 50 foot vegetation buffer between Beaver Creek and fields/roads; 
 Improving proper riparian function by providing off-site watering locations coupled with 

riparian fencing; 
 Enhancing the tree and woody shrub community where there is potential to aid in erosion 

reduction or maintenance of bank stability;  
 Restructuring of the channelized portions of the reach to a more sinuous condition to aid in 

reducing stream flow velocities; and 
 Mechanical bank stabilization where possible. 
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1.0 INTRODUCTION 
 
This report presents the results of a remote assessment of channel and riparian vegetation 
conditions that was conducted for Cottonwood Creek in central Montana. This assessment of 
Cottonwood Creek is a portion of the assessment of Big Spring Creek and three of its tributary 
streams: Cottonwood Creek, Beaver Creek and East Fork of Big Spring Creek. Big Spring Creek 
is a tributary to the Judith River and is located in Central Montana near Lewistown. Under 
Section 303(d) of the Clean Water Act, three of the above streams, Big Spring Creek, 
Cottonwood Creek and Beaver Creek, are listed on the 2002 Montana 303(d) List. Existing data 
on the East Fork of Big Spring Creek were insufficient for making a beneficial use support 
determination in 2002, and the stream was scheduled for reassessment. Table 1-1 summarizes 
303(d) status of the streams assessed in this report. 
 
Table 1-1 303(d) Status of Cottonwood Creek and Selected Tributaries in 2002 
Stream Beneficial Uses 

Impacted 
Probable Causes Probable Sources 

Big Spring Creek Aquatic Life 
Cold Water Fishery 

Fish Habitat 
Degradation 
Nutrients 
PCBs 
Riparian Degradation 
Sedimentation 

Municipal Point Sources 
Agriculture 
Grazing 
Land Disposal 
Septic Systems 
Hydromodification 
Channelization 

Cottonwood Creek 

Aquatic Life 
Cold Water Fishery 
Drinking Water Supply 
Industrial 
Recreation 

Dewatering 
Fish Habitat 
Degradation 
Flow Alteration 
Nutrients 
Organic Enrichment 
Riparian Degradation 
Sedimentation 

Agriculture 
Grazing 
Hydromodification 
Habitat Modification 
Removal of Riparian 
Vegetation 

Beaver Creek 

Aquatic Life 
Cold Water Fishery 
Drinking Water Supply 
Recreation 

Bank erosion 
Dewatering 
Fish habitat degradation 
Flow alteration 
Nutrients 
Riparian Degradation 
Sedimentation 

Agriculture 
Grazing 
Habitat Modification 
Removal of Riparian 
Vegetation 

East Fork of Big 
Spring Creek 

Scheduled for 
Reassessment 

Scheduled for 
Reassessment Scheduled for Reassessment 

 
According to the Montana Water Quality Act, the State of Montana must monitor the extent to 
which the state’s surface water bodies support legally designated beneficial uses. As part of this 
monitoring, the state must develop Total Maximum Daily Loads (TMDLs) and associated water 
quality restoration plans for Montana water bodies in which one or more pollutants impair 
designated beneficial uses. The Montana Department of Environmental Quality (MDEQ) will be 
developing a TMDL for Big Spring Creek Planning Area. The results of the remote assessment 
presented in this report were designed to provide technical assistance to the MDEQ Big Spring 
Creek TMDL Assessment (MDEQ Task Order No. 202104-03). A copy of MDEQ Task Order 
No. 202104-03 is provided as Appendix A. 
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2.0 METHODS 
 
Black and white stereo aerial photography, 7.5-minute topographic maps and planimetric maps 
were used to delineate the target streams into relatively homogeneous reaches. Reach breaks 
were established using the following criteria: 1) at status boundaries as delineated by the 
applicable planimetric map, 2) at significant changes in channel slope, valley type, 3) at 
functional changes in riparian vegetation and 4) at the confluence of major tributary streams. 
Reach names and breaks were transcripted onto the topographic maps and aerial photos. Table 2-
1 provides a summary of the topographic and planimetric maps used for each target stream. 
 
Table 2-1 Map Summary 
Stream Topographic Map(s) Planimetric Map(s) 

Big Spring Creek 

Danvers 
Spring Creek Junction 
Glengarry 
Lewistown 
Pike Creek 

BLM Lewistown 1:100,000-scale 
planimetric map 

Cottonwood Creek 

Spring Creek Junction 
Glengarry 
West Fork Beaver Creek 
Castle Butte 
Jump Off Peak 

BLM Lewistown 1:100,000-scale 
planimetric map 

Beaver Creek 
Glengarry 
West Fork Beaver Creek 
Castle Butte 

Lewis and Clark National Forest  
Forest Visitors Map 

E. Fork of Big Spring Creek Heath 
Half Moon Canyon 

BLM Big Snowy 1:100,000-scale 
planimetric map 

 
Within each reach, aerial photography was used to characterize and assess several parameters 
(described below in Section 2.1) pertaining to channel and riparian vegetation condition for each 
target stream. The dates of the aerial photographs varied somewhat between the streams: aerial 
photo coverage from June 6, 1989 was used to assess Big Spring Creek; aerial photos taken on 
May 30, 1995 were used to assess the three target tributaries to Big Spring Creek. All aerial 
photographs were at a scale of 1:6,000. Data were entered into the Watershed Condition 
Inventory Remote Data Collection Form created by Land & Water Consulting and edited and 
approved by Pete Schade of the MDEQ. Completed data forms are included as Appendix B. 
 
Each target stream was assessed from its mouth to its headwaters, with the exception of East 
Fork of Big Spring Creek where aerial photo coverage was not available for approximately the 
lower eight miles of the stream. Because of the lack of photo coverage these eight miles were not 
included in this assessment. 
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2.1 Assessment Parameters 
 
The following parameters were included in the aerial photo assessment: 
 
2.1.1 Reach Information 
 
Reach Name: Consists of the first three letters of the target stream name followed by a number 
(e.g. COT14). Reaches are numbered consecutively from the stream’s mouth to its headwaters.  
 
Reach Length (ft): The linear length of the specified stream reach. Measured to the nearest foot 
using a digital planimeter and topographic map. 
 
2.1.2 Riparian Vegetation Area 
 
Buffer Width: Measured to the nearest 5 feet to a maximum of 50 feet. An average width of the 
riparian vegetation buffer adjacent to both sides of the stream in the delineated reach. 

Vegetation Type (%): Occularly assessed from the aerial photos. Types included (within a 50’ 
buffer): 1) Conifers and Deciduous Trees, 2) Woody Shrubs, 3) Grass/Sedge (groundcover), 4) 
Bare ground/Disturbed and 5) Impervious/Urban. 

Vegetation Condition: This parameter was replaced by “Vegetation Impact Category”, 
described below. The replacement was made to more accurately organize and compare the 
reaches. This parameter appears on the data collection forms, but no data were collected. 

Degraded Riparian Vegetation: number of feet of stream bank (both sides) with human-
impacts to riparian vegetation. Impacts included: 1) areas that had physically observable 
damaged riparian communities (e.g. trampled), 2) complete lack of riparian vegetation and 3) no 
woody vegetation observable on banks where such vegetation would be expected based on 
comparison with upstream/downstream reaches. Impacted riparian vegetation areas were 
transcribed onto topographic maps and impacted areas were measured to the nearest decimal foot 
with GIS. The percentage of the reach with degraded riparian vegetation was then calculated by 
the following formula: 

(feet degraded riparian vegetation) / (feet of stream bank, both sides) = % of the reach impacted 

Vegetation Impact Category: The reaches were ranked according to the level (% of reach) of 
impacts and assigned to an impact category according to the following criteria: 1) degraded 
riparian conditions along 50% or more of the reach indicates a Highly Impacted condition; 2) 
degraded riparian conditions along 25-49% of the reach indicates a Moderately Impacted 
condition; and 3) degraded riparian conditions along 1-24% of the reach indicates a Lightly 
Impacted to riparian vegetation condition. Only reaches with no observable impacts to riparian 
vegetation (% of reach impacted = 0) were ranked as Not Impacted. 
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2.1.3 Channel Condition 

Sinuosity: Sinuosity = reach channel length / reach valley length (as measured from an aerial 
photo) 

Valley Gradient or Slope (%): Gradient = change in elevation in feet / distance of elevation 
change in feet (measured between contour intervals from the topographic map) 

Rosgen Type (Level 1): Stream channel classification based on channel slope, sinuosity, valley 
type, stream pattern and form (Rosgen, 1996). 

Rosgen Type Potential (Level 1): Potential (future) Rosgen stream classification based on 
occular evidence of natural stream geomorphologic transition or evidence of a degraded stream 
condition that with improvement would have a different stream classification 

Channel Degradation: Evidence of the following channel degradation characteristics on an 
aerial photo: 1) Rip rap, 2) Channelization, 3) Unstable Banks, 4) Severely Eroding Banks. 
Unstable banks were characterized as those with ocular evidence of light to moderate erosion, 
while severely eroding banks were characterized as those with evidence of wider scale bank 
slumping, mass wasting or bank failure. 

Impacted channel areas were transcribed onto topographic maps and impacted areas were 
measured to the nearest decimal foot with GIS. The percentage of the reach with each of the 
above channel characteristics was then calculated by the following formula: 

(feet of channel characteristic) / (feet of stream bank, both sides) = % of the reach impacted 

Overall Channel Condition: This parameter was replaced by “Channel Impact Category”, 
described below. The replacement was made to more accurately organize and compare the 
reaches. This parameter appears on the data collection forms, but no data were collected. 

Channel Impact Category: The reaches were ranked according to the cumulative score of 
anthropogenic impacts created by the summation of % of each reach in the four channel 
degradation parameters (rip rap, channelization, unstable banks, severely eroding banks): reaches 
with a cumulative score greater than 50 were labeled as Highly Impacted; reaches with a score 
of 25 to 49 were labeled as Moderately Impacted; reaches with a score of 1 to 24 were labeled 
as Lightly Impacted; reaches with a score of 0 were labeled as Not Impacted. In calculating the 
channel impact score, the eroding stream banks that appeared to result from naturally erodible 
bank terraces were removed so that only anthropogenic impacts were included. 

Meander Cutoff Potential: Subjective rating of Low, Medium or High potential that a stream 
meander will be cut off in the future due to erosion/deposition. 

2.1.4 General Characteristics 

Reference Potential: Whether or not the reach could be considered reference, or a reach 
representing “ideal” or least impacted channel and vegetation characteristics 
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Land Use: Adjacent anthropogenic or natural land use characteristics that may be contributing to 
water quality impairment and/or bank instability. Land use comments were transcripted onto 
aerial photos. 
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3.0 IMPACT SUMMARY 
 
3.1 Cottonwood Creek 
 
This section presents a summary and analysis of selected riparian and channel condition 
variables. Appendix B presents a tabular summary of all of the data collected on Cottonwood 
Creek. 
 
3.1.1 Riparian Vegetation Impacts 
 
Table 3-1 provides a summary of selected characteristics of riparian vegetation on Cottonwood 
Creek. The majority of reaches were classified as either Moderately Impacted or Lightly 
Impacted. Only two reaches (COT 21 and COT 20) were classified as Highly Impacted, 
indicating that 50% or more of the riparian vegetation was significantly impacted by human 
activities on these two reaches. Cottonwood Creek reaches that were ranked as Lightly or Not 
Impacted will be considered “Vegetation Reference Reaches” for the purposes of this assessment 
(Section 4.0). 
 
Table 3-1 Riparian Vegetation Characteristics – Cottonwood Creek 

Vegetation Types (% of reach) 

Reach 
Buffer 
Width 

(ft) 

Total 
Bank 

Length 
(ft) 

Con/Dec 
 

Woody 
Shrub 

 

Bare 
ground/ 

disturbed 
 

Grass/
Sedge 

 

Impervious/
Urban 

 

Degraded 
Riparian 
Vegetation 
(% of reach) 

Vegetation Impact 
Category 

COT21 10 6718 10 50 20 20 0 69 Highly Impacted
COT20 20 8710 20 40 10 30 0 61 Highly Impacted
COT23 35 9680 50 0 5 45 0 49 Moderately Impacted
COT18 30 9622 40 30 5 25 0 40 Moderately Impacted
COT27 50 7150 20 50 20 10 0 39 Moderately Impacted
COT6 35 14578 50 40 0 10 0 37 Moderately Impacted
COT17 50 7136 50 30 0 20 0 36 Moderately Impacted
COT9 15 9082 40 20 0 40 0 35 Moderately Impacted
COT15 50 13700 50 25 5 20 0 33 Moderately Impacted
COT7 >50 17076 30 50 0 20 0 30 Moderately Impacted
COT28 40 9028 40 30 0 30 0 30 Moderately Impacted
COT14 50 8956 50 30 10 10 0 29 Moderately Impacted
COT24 50 9602 40 35 10 10 5 27 Moderately Impacted
COT2 15 16972 30 20 0 50 0 26 Moderately Impacted
COT3 20 14240 10 30 0 60 0 25 Moderately Impacted
COT4 30 17006 20 50 0 30 0 25 Moderately Impacted
COT25 35 9890 40 50 0 10 0 23 Lightly Impacted
COT19 >50 15164 15 70 5 10 0 18 Lightly Impacted
COT1 >50 15194 20 60 0 20 0 18 Lightly Impacted
COT16 50 13958 50 30 0 20 0 18 Lightly Impacted
COT13 >50 13306 50 30 0 20 0 16 Lightly Impacted
COT8 >50 11168 30 50 0 20 0 14 Lightly Impacted
COT11 >50 12514 60 20 0 20 0 14 Lightly Impacted
COT22 50 14748 40 40 10 10 0 13 Lightly Impacted
COT10 >50 18926 50 30 0 10 10 5 Lightly Impacted
COT12 >50 17240 70 15 0 15 0 4 Lightly Impacted
COT26 >50 9926 45 35 0 20 0 2 Lightly Impacted
COT5 >50 11896 30 60 0 10 0 0 Not Impacted
COT29 >50 14206 70 15 0 15 0 0 Not Impacted
COT30 >50 14832 100 0 0 0 0 0 Not Impacted
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3.1.2 Stream Channel Characteristics 
 
Table 3-2 provides a summary of selected stream channel characteristics of Cottonwood Creek. 
As was the case with the riparian vegetation, most reaches fell into the Moderately Impacted or 
Lightly Impacted categories. Only one reach, COT1, was rated as Highly Impacted. Cottonwood 
Creek reaches that were ranked as Lightly or Not Impacted to the stream channel will be 
considered “Channel Reference Reaches” for the purposes of this assessment (Section 4.0). Note 
that the Cumulative Channel Impact Score is the sum of the four Channel Degradation 
Characteristics minus the portion of the eroding banks that were classified as natural erosion 
from unvegetated terraces. 
 
Table 3-2 Stream Channel Characteristics – Cottonwood Creek 

Channel Degradation (% of reach) 

Reach 

Total 
Bank 
Length 
(ft) Rip rap  Channelize

d  
Unstable 
Banks  

Severely 
Eroding 
Banks  

Minus (-) 
“Natural” 
Erosion (%) 

Total 
Cumulative 
Channel 
Impact 
Score 

Channel Impact 
Category 

COT1 15164 0 22 12 5 5 34 Highly Impacted* 
COT23 9680 0 0 22 20 0 42 Moderately Impacted 
COT20 8710 0 0 32 3 0 35 Moderately Impacted 
COT9 9082 0 0 16 18 0 34 Moderately Impacted 
COT25 9890 0 0 33 0 0 33 Moderately Impacted 
COT24 9602 0 0 15 16 0 31 Moderately Impacted 
COT27 7150 0 0 30 0 0 30 Moderately Impacted 
COT14 8956 0 0 2 27 0 29 Moderately Impacted 
COT6 14578 0 0 9 14 1 22 Lightly Impacted 
COT17 7136 0 0 22 0 0 22 Lightly Impacted 
COT18 9622 0 0 14 9 3 20 Lightly Impacted 
COT19 13958 0 0 15 3 0 18 Lightly Impacted 
COT8 11168 4 0 9 6 3 16 Lightly Impacted 
COT16 15194 0 0 10 3 0 13 Lightly Impacted 
COT2 16972 0 0 12 6 6 12 Lightly Impacted 
COT21 6718 0 0 11 0 0 11 Lightly Impacted 
COT22 14748 0 0 5 5 0 10 Lightly Impacted 
COT13 12514 0 0 6 6 3 9 Lightly Impacted 
COT11 13306 0 0 7 6 4 9 Lightly Impacted 
COT10 18926 0 0 5 6 5 6 Lightly Impacted 
COT15 14240 1 0 4 0 0 5 Lightly Impacted 
COT28 13700 0 0 5 0 0 5 Lightly Impacted 
COT3 9028 0 0 2 4 1 5 Lightly Impacted 
COT4 17006 0 0 2 13 11 4 Lightly Impacted 
COT12 17240 0 0 4 0 0 4 Lightly Impacted 
COT7 17076 0 0 7 3 3 3 Lightly Impacted 
COT26 11896 0 0 0 0 0 0 Not Impacted 
COT29 9926 0 0 0 0 0 0 Not Impacted 
COT30 14206 0 0 0 0 0 0 Not Impacted 
COT5 14832 0 0 0 1 1 0 Not Impacted 
* Downgraded to Highly Impacted due to 22% channelization of the reach 
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Table 3-3 provides a comparison of Vegetation and Channel Impact ratings, listed from the most 
highly impacted to the least impacted. In general, vegetation and channel conditions in each 
reach were within on impact category of one another, with the exception of COT21, where the 
vegetation was highly impacted but the channel only lightly impacted, and COT1, where the 
vegetation was lightly impacted but the channel was highly impacted. 
 
Table 3-3 Vegetation/Channel Impact Comparison - Cottonwood Creek 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

Reach 
Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

COT20 Highly 
Impacted 

Moderately 
Impacted COT4 Moderately 

Impacted 
Lightly 
Impacted COT11 Lightly 

Impacted 
Lightly 
Impacted 

COT21 Highly 
Impacted 

Lightly 
Impacted COT6 Moderately 

Impacted 
Lightly 
Impacted COT12 Lightly 

Impacted 
Lightly 
Impacted 

COT1 Lightly 
Impacted 

Highly 
Impacted COT7 Moderately 

Impacted 
Lightly 
Impacted COT13 Lightly 

Impacted 
Lightly 
Impacted 

COT9 Moderately 
Impacted 

Moderately 
Impacted COT15 Moderately 

Impacted 
Lightly 
Impacted COT16 Lightly 

Impacted 
Lightly 
Impacted 

COT14 Moderately 
Impacted 

Moderately 
Impacted COT17 Moderately 

Impacted 
Lightly 
Impacted COT19 Lightly 

Impacted 
Lightly 
Impacted 

COT23 Moderately 
Impacted 

Moderately 
Impacted COT18 Moderately 

Impacted 
Lightly 
Impacted COT22 Lightly 

Impacted 
Lightly 
Impacted 

COT24 Moderately 
Impacted 

Moderately 
Impacted COT28 Moderately 

Impacted 
Lightly 
Impacted COT26 Lightly 

Impacted Not Impacted 

COT27 Moderately 
Impacted 

Moderately 
Impacted COT25 Lightly 

Impacted 
Moderately 
Impacted COT29 Not Impacted Not Impacted 

COT2 Moderately 
Impacted 

Lightly 
Impacted COT8 Lightly 

Impacted 
Lightly 
Impacted COT30 Not Impacted Not Impacted 

COT3 Moderately 
Impacted 

Lightly 
Impacted COT10 Lightly 

Impacted 
Lightly 
Impacted COT5 Not Impacted Not Impacted 

 
3.1.3 Previous Assessments 
 
The Natural Resource Conservation Service (NRCS) conducted a helicopter survey of several of 
the Big Spring Creek tributaries in 1995. Observations that could be compared with Land & 
Water’s assessment of Cottonwood Creek are summarized below in Table 3-4. 
 
Table 3-4 1995 Helicopter Survey (NRCS) - Cottonwood Creek (feet) 
Source Channelization “Entrenched/Eroding 

Banks/Active Erosion Site” “Impacted/Absent Veg. Community” 

1995 NRCS 
Survey 2,977 22,805 31,283 

Land & Water 
Assessment 3,457 

54,364 
(Unstable Banks + Severely 
Eroding Banks) 

81,585 
(Degraded Riparian Vegetation) 

Includes both natural and anthropogenic sources 
 
In all three data categories presented in Table 3-4, Land & Water found higher levels of impact 
than were found in the NRCS helicopter survey. The reasons for the different findings are not 
clear, but probably result from the different methodologies employed in the two assessments. No 
information regarding the method used by the NRCS or how the agency defined vegetation 
impacts or eroding banks was located for this report.
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4.0 DISCUSSION/RECOMMENDATIONS 
 
4.1 Relationship of Riparian Vegetation Characteristics with Channel Erosion 
 
Select riparian characteristics were compared to the total percentage of unstable and eroding 
banks in each reach in order to provide a qualitative estimate of the correlation between riparian 
vegetation and bank stability (Table 4-1). The combined % of unstable and eroding banks was 
sorted and divided in quartiles, and the data presented in Table 4-1 are presented separately for 
each of these quartiles. Few, if any, obvious connections between vegetation condition and bank 
stability are obvious from this comparison, suggesting a more complicated set of circumstances 
controls bank stability in Cottonwood Creek. 
 
Table 4-1 Comparison Between Riparian Vegetation Characteristics and Channel   
  Erosion - Cottonwood Creek 
 Riparian Vegetation Characteristics  

Reach 
Buffer 
Width 
(ft) 

Con/Dec(% of 
reach) 

Woody 
Shrub (% 
of reach) 

 Bare 
ground/ 
disturbed 
(%of reach) 

Grass/ 
Sedge (% 
of reach) 

Impervious/ 
Urban(%of 
reach) 

Combined 
Unstable/Eroding 
Banks (% of reach) 

COT23 35 50 0 5 45 0 42 
COT20 20 20 40 10 30 0 35 
COT9 15 40 20 0 40 0 34 
COT25 35 40 50 0 10 0 33 
COT24 50 40 35 10 10 5 31 
COT27 50 20 50 20 10 0 30 
COT14 50 50 30 10 10 0 29 
COT6 35 50 40 0 10 0 23 
Averages 
Quartile 4 36 39 33 7 21 1 32 

 
COT17 50 50 30 0 20 0 22 
COT18 30 40 30 5 25 0 22 
COT2 15 30 20 0 50 0 18 
COT19 >50 15 70 5 10 0 18 
COT1 >50 20 60 0 20 0 17 
COT4 30 20 50 0 30 0 15 
COT8 >50 30 50 0 20 0 15 
COT13 >50 50 30 0 20 0 13 
Averages 
Quartile 3 

43 32 43 1 24 0 18 

 
COT16 50 50 30 0 20 0 13 
COT11 >50 60 20 0 20 0 12 
COT10 >50 50 30 0 10 10 11 
COT21 10 10 50 20 20 0 11 
COT7 >50 30 50 0 20 0 10 
COT22 50 40 40 10 10 0 10 
COT3 20 10 30 0 60 0 6 
Averages 
Quartile 2 

35 36 36 4 23 1 10 
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Table 4-1 Comparison Between Riparian Vegetation Characteristics and Channel   
  Erosion - Cottonwood Creek (continued) 
 Riparian Vegetation Characteristics  

Reach 
Buffer 
Width 
(ft) 

Con/Dec(% of 
reach) 

Woody 
Shrub (% 
of reach) 

 Bare 
ground/ 
disturbed 
(%of reach) 

Grass/ 
Sedge (% 
of reach) 

Impervious/ 
Urban(%of 
reach) 

Combined 
Unstable/Eroding 
Banks (% of reach) 

COT28 40 40 30 0 30 0 5 
COT12 >50 70 15 0 15 0 4 
COT15 50 50 25 5 20 0 4 
COT5 >50 30 60 0 10 0 1 
COT26 >50 45 35 0 20 0 0 
COT29 >50 70 15 0 15 0 0 
COT30 >50 100 0 0 0 0 0 
Averages 
Quartile 1 50 58 26 1 16 0 2 

 
4.2 Characteristics of Reference Reaches 
 
Vegetation and Channel Reference Reaches were identified for Cottonwood Creek to provide a 
gauge for forming restoration targets. As was discussed in Section 3.1.1 and 3.1.2, reference 
reaches are those that were classified as Lightly or Not Impacted in the vegetation and channel 
condition assessments. The reference reaches occur throughout the three regions of Cottonwood 
Creek (upper, middle, and lower). A summary of the average characteristics of the reference 
reaches is presented for vegetation and channel conditions in Table 4-2 and 4-3, respectively. 
 
Table 4-2 Vegetation Reference Reaches - Cottonwood Creek 
Location on 
Cottonwood 
Cr. 

Reach Coniferous/Deciduous (%) Woody Shrub (%) Degraded Riparian 
Vegetation (%) 

Upper COT25 40 50 23 
Middle COT19 15 70 18 
Lower COT1 20 60 18 
Middle COT16 50 30 18 
Middle COT13 50 30 16 
Lower COT8 30 50 14 
Middle COT11 60 20 14 
Upper COT22 40 40 13 
Lower COT10 50 30 5 
Middle COT12 70 15 4 
Upper COT26 45 35 2 
Lower COT5 30 60 0 
Upper COT29 70 15 0 
Upper COT30 100 0 0 
averages 48 36 10 

TARGET 48% tree + 36% shrub = 
≥ 84% tree/shrub types 

Degraded Riparian 
Vegetation ≤ 10% 
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Table 4-3 Channel Reference Reaches - Cottonwood Creek 
Reach Location on 

Cottonwood Cr. 
Channelization (%) Unstable Banks 

(%) 
Severely Eroding Banks (%) 

COT6 Lower 0 9 14 
COT17 Middle 0 22 0 
COT18 Middle 0 14 9 
COT19 Middle 0 15 3 
COT8 Lower 0 9 6 
COT16 Middle 0 10 3 
COT2 Lower 0 12 6 
COT21 Upper 0 11 0 
COT22 Upper 0 5 5 
COT13 Middle 0 6 6 
COT11 Middle 0 7 6 
COT10 Lower 0 5 6 
COT15 Middle 0 4 0 
COT28 Upper 0 5 0 
COT3 Lower 0 2 4 
COT4 Lower 0 2 13 
COT12 Middle 0 4 0 
COT7 Lower 0 7 3 
COT26 Upper 0 0 0 
COT29 Upper 0 0 0 
COT30 Upper 0 0 0 
COT5 Lower 0 0 1 

averages 0 7 4 
 

TARGET Channelized 0% 7% unstable _4% severely eroding = 
Eroding Banks ≤ 11% 
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4.3 Comparison of Reference Reaches with Highly Degraded Reaches 
 
The target conditions derived in Tables 4-2 and 4-3 above were compared to the conditions in the 
most degraded reaches on Cottonwood Creek. For Cottonwood Creek, the “most degraded” 
reaches were defined to be those in which 1) the vegetation conditions or the channel condition 
were rated as Highly Impacted; and/or 2) reaches in which both categories scored as Moderately 
Impacted (Table 3-3). These represent reaches of Cottonwood Creek that appear to be in the 
greatest need of restoration and where the largest potential reductions in sediment loading could 
be achieved. Table 4-4 summarizes the most degraded reaches and describes their land use 
characteristics. Table 4-5 compares the most degraded reaches to reference conditions. 
 
Table 4-4 “Most Degraded” Reaches – Cottonwood Creek 

Reach 
Location on 
Big Spring 
Cr. 

Vegetation 
Impact 
Category 

Channel 
Impact 
Category 

Land Use Characteristics 

COT20 Middle Highly Impacted Moderately 
Impacted 

grazing; concentrated stock access points; 
fiord 

COT21 Middle Highly Impacted Lightly 
Impacted 

numerous fiords; concentrated stock access 
points; grazing 

COT1 Lower Lightly Impacted Highly 
Impacted ranch; fiord; floodplain is fenced off 

COT9 Lower Moderately 
Impacted 

Moderately 
Impacted grazing; agriculture fields to bank 

COT14 Middle Moderately 
Impacted 

Moderately 
Impacted grazing; agriculture fields to bank 

COT23 Upper Moderately 
Impacted 

Moderately 
Impacted fiord; grazing; stock access 

COT24 Upper Moderately 
Impacted 

Moderately 
Impacted 

ranch on bank; grazing; road adjacent to bank; 
2 fiords; bridge 

COT27 Upper Moderately 
Impacted 

Moderately 
Impacted grazing; road adjacent to bank 

 
Table 4-5 Comparison of most degraded reaches with target conditions – Cottonwood  
  Creek 
 

Target Variable Target 
Value (%) 

C
O

T
20

 

C
O

T
21

 

C
O

T
1 

C
O

T
9 

C
O

T
14

 

C
O

T
23

 

C
O

T
24

 

C
O

T
27

 

Tree/shrub Types ≥ 84 60 60 80 60 80 50 75 70 

V
eg

et
at

io
n 

Degraded Riparian 
Vegetation ≤ 10 61 69 18 35 29 49 27 39 

Channelized 0 0 0 22 0 0 0 0 0 

C
ha

nn
el

 

Eroding Banks ≤ 11 35 11 17 34 29 42 31 30 
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4.3 Restoration Focus Areas 
 
4.3.1 Previous Restoration Activities 
 
In 1995, the NRCS conducted several restoration projects on privately owned and state land on 
Cottonwood Creek. Table 4-6 describes the restoration projects that were detailed in the NRCS 
study. There was no information available regarding the success of these projects or describing 
whether the riparian management was continued past the 1995 study.  
 
Table 4-6 1995 NRCS Restoration Projects 
Reachs Owner Riparian 

Fencing (ft) 
Channel 
Improved* 
(ft) 

Stream/Riparian 
Improved* (ft) 

Off-site 
Watering 
Locations 
Provided 

Comments 

COT4/COT6 Dave 
Leinenger 

6,330 None 9,480 Two Restoration 
complete 

COT13 Floyd 
Maxwell 

None None None One Planning and 
design complete 
(as of 1995) 

*No information was provided as to the improvement technique. 
 
4.3.2 Restoration Priorities 
 
For each of the “most degraded” reaches of Cottonwood Creek described in Section 4.3, this 
section summarizes the major impacts observed during the air photo assessment. Because of their 
heavily impacted condition, these reaches represent the areas most likely in need in restoration. 
 
COT20 – The primary impact was to riparian vegetation; 61% of the riparian vegetation 
community was impacted. 35% of the channel was unstable or eroding, three times the reference 
value for Cottonwood Creek. Evidence of grazing and concentrated stock access points was 
noted. Proper riparian function may be improved by providing off-site watering locations 
coupled with riparian fencing. The tree/shrub cover was 60%, which was 24% below the average 
reference reach value.  
 
COT21 – The channel was less degraded on COT21 than on its adjacent upstream reach COT20 
(above). The channel condition met Cottonwood Creek reference conditions. The primary impact 
was to riparian vegetation; 69% of the riparian vegetation community was impacted. The 
tree/shrub cover was 60%, which was 24% below the average reference reach value. Evidence of 
grazing, concentrated stock water access points and numerous vehicle fjords across the stream 
were noted. Proper riparian function may be improved by providing off-site watering locations 
coupled with riparian fencing. The tree/shrub cover was 60%, which was 24% below the average 
reference reach value.  
 
COT1 – This reach begins at the confluence of Cottonwood Creek and Big Spring Creek. COT1 
was primarily affected by a long channelized section (22%). The riparian characteristic values 
were within 10% of target values. The value of bank erosion was within 10% of the target 
channel value. Restructuring of the channelized portion of the reach to a more sinuous condition 
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will aid in reducing stream flow velocities. Maintenance of the current functioning riparian zone 
is recommended through riparian fencing and off-site watering locations. 
 
COT9 – 35% of the riparian vegetation was degraded, three times the degraded vegetation 
reference value for Cottonwood Creek. Similarly, 34% of the channel was unstable or eroding, 
three times the channel reference value. The vegetation and channel conditions were primarily 
impacted by evidence of grazing and agricultural fields that came to the bank edge. The 
tree/shrub cover was 60%, which was 24% below the average reference reach value.  
 
COT14 – There was 80% tree and shrub cover in the riparian zone. 29% of the riparian 
community was degraded, nearly 20% over the vegetation reference value. Similarly, 29% of the 
channel was unstable or eroding, nearly 20% over the channel reference value. The vegetation 
and channel conditions were primarily impacted by grazing and agricultural fields that came to 
the bank edge.  
 
COT23 – 50% of the riparian zone consisted of trees and shrubs. Nearly 50% of the riparian 
vegetation on the reach was degraded. 42% of the banks on the reach were unstable or eroding. 
The riparian vegetation and channel were impacted by grazing, concentrated stock access and 
vehicle crossing.  
 
COT24 – COT24 had 25% greater tree/shrub cover and a more healthy riparian and channel 
condition than its adjacent downstream reach, COT23 (above). The value of riparian degradation 
and channel instability/erosion exceeded the reference values by approximately 20%. Riparian 
function and channel stability were impacted by grazing and a dirt road and ranch on the stream 
bank.  
 
COT27 - 39% of the riparian vegetation was degraded, nearly four times the degraded vegetation 
reference value for Cottonwood Creek. 30% of the channel was unstable or eroding, three times 
the channel reference value. The vegetation and channel conditions were primarily impacted by 
grazing and agricultural fields that came to the bank edge. The tree/shrub cover was 60%, which 
was 24% below the average reference reach value.  
 
 
5.0 CONCLUSIONS 
 
Degraded riparian vegetation appeared to be the most common impact to Beaver Creek and the 
greatest potential cause of increased sediment input. The primary sources of vegetation impacts 
were related to land use: agriculture and grazing appeared to have had significant impacts to 
riparian communities. 
 
On the majority of the reaches, both the vegetation condition and the channel condition were 
classified as Moderately and Lightly Impacted. 
 
Select riparian characteristics were compared to the total percentage of unstable and eroding 
banks in each reach in order to provide a quantitative estimate of the correlation between riparian 
vegetation and bank stability. Few if any connections between vegetation condition and bank 
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stability were obvious from the comparison, suggesting that a more complicated set of 
circumstances controls bank stability on Cottonwood Creek, or possibly that are more detailed 
analysis is required to understand the causes of bank instability on Cottonwood Creek. 
 
Across the entire length of Cottonwood Creek, conditions were generally good, with 25% of the 
riparian vegetation in a degraded condition and 16% of the banks in either unstable (10%) or 
severely eroding (6%) condition. Few permanent “hard” alterations to the stream have been 
made through channelization or riprap, suggesting that restoration potential is very good. 
 
Table 5-1 Summary of Degradation Statistics 
Degraded Riparian 
Vegetation 

Riprap Channelization Unstable Banks Severely Eroding 
Banks 

25% 0% 1% 10% 6% 
 
The air photo assessment that was conducted for this report was not at a scale that allows for 
detailed site-specific restoration recommendations. However, the following general 
recommendations could guide restoration efforts, particularly in those reaches identified in 
Section 4.3 as “most degraded” and thus most in need of restoration: 
 

 Providing at least a 50 foot vegetation buffer between Cottonwood Creek and fields/roads; 
 Improving proper riparian function by providing off-site watering locations coupled with 

riparian fencing; 
 Enhancing the tree and woody shrub community where there is potential to aid in erosion 

reduction or maintenance of bank stability; 
 Restructuring of the channelized portions of the reach to a more sinuous condition to aid in 

reducing stream flow velocities; and 
 Mechanical bank stabilization where possible. 
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APPENDIX E 
MODELING APPROACH 
 
A simplistic modeling approach was applied to the Big Springs Creek watershed to estimate the 
natural and anthropogenic pollutant sources in the drainage, and provide insight on how loading 
reductions could be achieved through the implementation of best management practices (BMPs). 
The Spreadsheet Tool for Estimating Pollutant Loads (STEPL) was selected due to its relative 
ease in application, and the minimal driving data requirements. Different from many of its 
complex counterparts, STEPL calculates watershed loads on a yearly basis, neglecting process 
components such as infiltration, evaporation, and nutrient cycling. The model was initially 
developed to estimate load reductions for the Grant Reporting and Tracking System (GRTS) and 
was applied to the main stem of Big Springs Creek to provide a coarse numerical estimate of the 
pollutant load entering the stream. Implementation of the model is best suited for assessing the 
general source contribution of sediment and nutrient delivery from various land cover and land 
use. 
 
To compliment the STEPL overland loading model, a secondary model component was added to 
estimate stream bank erosion. Stream bank erosion is typically omitted in most simple 
watershed-loading models and STEPL is no exception, accounting only for erosion that 
originates from raindrop impact and sheet flow. To assess the relative contribution of in-stream 
sources to the overall load in Big Springs Creek, the empirical Bank Erosion Hazard Index 
(BEHI) model (Rosgen, 2001) was used. The BEHI method is especially attractive due to the 
absence of site-specific recession data in the area. Used in combined with STEPL, a rudimentary 
estimate of the overall sediment and nutrient delivery to Big Springs Creek is possible. It is 
important to note that the empirical nature of STEPL and BEHI make the tools applicable for 
pollutant loading estimation only, not for direct TMDL target development or allocation of 
pollutant loads. Further descriptions of each of the models are provided in the following sections. 
 
STEPL Model Description 
 
The Spreadsheet Tool for Estimating Pollutant Loads (STEPL) was developed by the 
Environmental Protection Agency (EPA) to compute non-point source pollutant loads originating 
from urban, agricultural, and forested land use. The model employs simple algorithms to 
calculate nutrient and sediment loads from different land uses and the load reductions that would 
result from the implementation of various best management practices (BMPs). For each 
watershed, nitrogen, phosphorus, and 5-day biological oxygen demand (BOD-5) are estimated 
using surface water runoff volumes derived by the SCS runoff method and the pollutant 
concentrations in the runoff water. The annual sediment load from the various land use 
distribution and management practices is calculated using a sediment delivery ratio and the 
Universal Soil Loss Equation (USLE). Pollutant sources incorporated into the model include 
farm animals, feedlots, agriculture, urban runoff, and failing septic systems. 
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BEHI Model Description 
 
The Bank Erosion Hazard Index (BEHI) provides a quantitative prediction of stream bank 
erosion rates and is an effective tool to allocate sediment contribution of stream bank sediment 
sources to the total sediment load. It is particularly advantageous for TMDL development 
(Rosgen, 2001). The premise of the model/classification system is that stream bank erosion is 
related to two factors: stream bank characteristics (erodibility potential) and hydraulic forces. 
The bank characteristics form the BEHI rating and incorporate such aspects as bank height to 
bankfull depth ratio, rooting depth to bank height ratio, slope steepness, root density, and percent 
of surface area of bank protected. A secondary index called Near Bank Stress (NBS) relates to 
the hydraulic forces within the channel and includes the vertical velocity gradient and the ratio of 
near-bank stress to overall shear stress. The BEHI system is collectively used to determine 
stream bank recession rates in feet per year. A more comprehensive description of the model is 
found in “Applied River Morphology” 2001. 
 
Model Setup and Parameters 
 
In order to speed the model setup process and increase the resolution of the driving data, the GIS 
interface for the Soil and Water Assessment Tool (SWAT) was utilized to determine land use 
and land cover information, soil erodibility and hydrologic soil group, watershed subbasin areas, 
and topographic factors. Raster datasets used during the process included the USGS Landcover 
and National Elevation Dataset (NED) and NRCS STATSGO soils grid. Rainfall intensity-depth-
frequency (IDF), animal density, and septic contribution were provided through the STEPL 
Model Input Data Server or internal tables included in the STEPL worksheet. 
 
For the purpose of modeling, the Big Springs Creek HUC (10040103) was subdivided into four 
subbasins to reflect the various changes in land use and their spatial distribution within the 
watershed. Criteria include major tributaries to Big Springs Creek, and known point sources. 
Table E-1 summarizes watershed parameters for each of the subbasins. Watershed boundaries 
are shown in Figure E-1. 

 



Appendix E 

March 2005  E-3 

 
Table E-1. 
WATERSHED AREA 

(ACRES) 
HYDROLOGIC 
SOIL GROUP 

LAND USE 
DISTRIBUTION 

  K (1) CN(2)  

TOPOGRAPHY 
 S (3) L (4) 

W1 88495 C RANGE 
CROP 
FOREST 
URBAN 
*USER DEF 

0.29 
0.32 
0.20 
--- 

0.35 

74 
82 
70 
88 
99 

9% 
4% 
14% 
--- 
1% 

80 
80 
80 
--- 
20 

W2 77637 C RANGE 
CROP 
FOREST 
URBAN 
*USER DEF 

0.20 
0.30 
0.20 
--- 

0.35 

74 
82 
70 
88 
99 

8% 
4% 
16% 
--- 
1% 

60 
60 
60 
--- 
20 

W3 71317 C RANGE 
CROP 
FOREST 
URBAN 
*USER DEF 

0.25 
0.31 
0.20 
--- 

0.35 

74 
82 
70 
88 
99 

8% 
5% 
13% 
--- 
1% 

60 
60 
60 
--- 
20 

W4 18086 C RANGE 
CROP 
FOREST 
URBAN 
*USER DEF 

0.35 
0.30 
0.20 
--- 

0.35 

74 
82 
70 
88 
99 

9% 
4% 
17% 
--- 
1% 

80 
80 
80 
--- 
20 

(1) Soil erodibility factor (from NRCS STATSGO grid)  *USER DEF – combination of water and wetland LULC 
(2) SCS curve number (McCuen, 1998) 
(3) Slope steepness (GIS calculated from USGS LULC and DEM) 
(4) Avg. slope length (GIS calculated from USGS DEM) 
 
Sediment Modeling 
 
Modeling of the overall sediment delivery and load in the Big Springs Watershed was divided 
into two separate components. STEPL was used to assess sheet flow derived erosion (raindrop 
detachment and rill and interill erosion) originating from pervious land surfaces. BEHI was then 
applied to provide supporting information on stream bank erosion rates. The summation of the 
pollutant estimates from STEPL and BEHI result in a cumulative numerical load for each of the 
watersheds based on a given land use scenario (tons/year). Urban values are determined from a 
simple wash-off function and include the addition of known point sources, specifically the City 
of Lewistown wastewater treatment plant (WWTP). The applicability of the load value to the 
relative pollutant source contribution is for assessment purposes only, not to develop a numerical 
waste load target for TMDL planning. 
 
Rill and Interill Erosion 
 
STEPL computes rill and interill erosion using the Universal Soil Loss Equation (USLE). The 
generalized equation is one of the most widely used sheet erosion equations where soil loss (A) 
is a function of the rainfall erosivity index (R), soil erodibility factor (K), overland flow slope 
and length (LS), crop management factor (C), and conservation practice factor (P). The USLE is 
shown below. 

A = RK(LS)CP (in tons/acre/year) 
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Although USLE calculates soil erosion for a given slope, much of the eroded soil in a watershed 
is not delivered to a point downstream. Rather, it is re-deposited at locations where the 
momentum of transporting water is insufficient to keep the material in suspension or to move the 
soil particles along the watershed surface. To compensate for deposition, a sediment delivery 
ratio (SDR) is applied to the USLE estimate to determine gross erosion for the watershed. The 
SDR is based entirely on watershed area and reflects the actual percentage of sediment that it 
delivered to the waterway. The value is then combined with stream bank erosion and urban 
sediment sources to determine the total sediment load for the watershed.  
 
Erosion Scenarios 
 
Due to the uncertainty in applying empirically based models to watershed specific conditions and 
the wide range of USLE variables, sediment pollutant loads were estimated for several different 
scenarios. These include: 
 

• Natural conditions with no urban or agricultural influence. 
• Existing conditions based on low erosion potential. 
• Existing conditions based on high erosion potential. 

 
Assumptions made for each of the scenarios above are presented in Table E-2. Existing 
conditions reflect the probable field conditions and variation of literature based modeling 
coefficients. Default export mean coefficient (EMC) model values were used for impervious 
surfaces and calculation of total suspended solids (TSS) loading from urban runoff.  
 
Table E-2. 

SCENARIO CROPLAND (1) RANGELAND (2) FOREST (3) 

• Canopy cover; 
short brush (20 inch 
fall height) 25% 

• Surface cover; 
grass/litter layer 

• Percent ground 
cover; 70-80% 

• Canopy cover; short 
brush (20 inch fall 
height) 25% 

• Surface cover; 
grass/litter layer 

• Percent ground 
cover; 70-80% 

• Undisturbed 
woodlands 

• Effective canopy 
cover; 70-80% 

• Forest litter; 90-
100% 

Natural Conditions 

C value = 0.02 C value = 0.02 C value = 0.001 

• 4 year rotation 
cycle, wheat (1) - 
alfalfa (3)  

• Intermediate spring 
wheat stubble 
between plantings 

• Canopy cover; short 
brush (20 inch fall 
height) 25% 

• Surface cover; 
grass/litter layer 

• Percent ground 
cover; 60-70% 

• Undisturbed 
woodlands 

• Effective canopy 
cover; 50-60% 

• Forest litter; 70-
80% 

Existing Conditions – 
Low Sediment Delivery 

C value = 0.05 C value = 0.03 C value = 0.003 
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Table E-2. 
SCENARIO CROPLAND (1) RANGELAND (2) FOREST (3) 

• 50% spring wheat, 
stubble with fall 
turnplow 

• 50% alfalfa 
 

• Canopy cover; short 
brush (20 inch fall 
height) 25% 

• Surface cover; 
grass/litter layer 

• Percent ground 
cover; 50-60% 

• Undisturbed 
woodlands 

• Effective canopy 
cover; 30-40% 

• Forest litter; 50-
60% 

Existing Conditions – 
High Sediment Delivery 

C value = 0.14 C value = 0.06 C value = 0.006 
(1) McCuen, 1998 
(2) Brooks, 1997 
(3) Maidment, 1993 
 
The remaining USLE parameters were developed through GIS spatial analyses including (LS)-
overland flow length and slope and (K)-soil erodibility factor. These have been identified as part 
of the subbasin parameters in Table E-1. The rainfall erosivity index values (R) were taken from 
the STEPL database and vary by land use, roughly correlating to topography and orographic 
influences in the watershed. All conservation practice factors (P) were set to unity, meaning no 
conservation practice was applied. 
 
Stream Bank Erosion  
 
The BEHI stream bank erosion model relies on empirically based bank recession studies and 
field interpretation of the various components of the stream system. BEHI scoring results 
(depend on stream bank characteristics) and the NBS rating (hydraulic forces) result in a 
cumulative index that translates to a category of either low, moderate, high, very high, or 
extreme stream bank erosion. Bank recession values are than determined from one of four 
different regression curves that vary in magnitude from between 0.02-3 feet per year. The NBS 
ratings for Big Springs Creek were developed from surveyed cross sections in watershed W1, 
W3, and W4 and cumulative BEHI scores for each subbasin were estimated using the DEQ aerial 
assessment and NRCS ground truth. Although certain parameters required professional judgment 
due to a lack of site-specific data, it is assumed that the model provides a reasonable estimate of 
stream bank erosion. Many of the logistics of the BEHI model are beyond the scope of this 
document and the reader is recommended to consult the appendix for further information. 
 
Nutrient Modeling  
 
The nutrient modeling capability of STEPL is limited to the use of event mean concentration 
(EMC) coefficients to calculate the total load of nitrogen, phosphorus, and 5-day BOD in 
stormwater runoff. The underlying premise is that overland flow from various land uses produces 
a specific mass of pollutant per unit runoff volume. Excess rain values are derived from the SCS 
curve number method and the total EMC pollutant load (mg/L) is applied to this volume. 
Additional mass is introduced to the system through soil erosion from USLE, stream bank 
erosion, and City of Lewistown WWTP discharge effluent. Soil loss loading (both sheet flow and 
stream bank erosion) is identified by the relative nutrient enrichment ratio of the eroded soil and 
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the specific percentage of N, P, and BOD in the soil matrix (N-0.01%, P-0.004%, and BOD-
0.02% for the Lewistown area). Yearly nutrient loads of N and P were provided by the City of 
Lewistown and BOD demand was based off of daily per capita average (Chapra, 1997). 
 
In order to compensate for some of the underlying deficiencies in the STEPL nutrient model, 
EMCs were calibrated to existing water quality/discharge data to provide site-specific loading 
coefficients. Although this procedure largely neglects in-stream nutrient cycling processes, 
calibrated EMCs for Big Springs Creek are well within the limits of the available literature 
sources, including the PLOAD user’s manual (developed for EPA) and guidance documents 
published by the EPA Nationwide Urban Runoff Program (NURP). Event mean concentration 
values used during Big Springs Creek Modeling are shown in Table E-3. Default model values 
were used for urban lands. 
 
Table E-3. 

SCENARIO LAND USE TOTAL N 
(MG/L) 

TOTAL P 
(MG/L) 

BOD-5 
(MG/L) 

NATURAL 
CONDITIONS 

RANGE 
CROP 
FOREST 
WETLAND-
WATER 

1.1 
1.1 
1.1 
0 

0.10 
0.10 
0.10 
0 

4 
4 
4 
0 

EXISTING 
CONDITIONS 

RANGE 
CROP 
FOREST 
WETLAND-
WATER 

1.9 
2.2 
1.1 
0 

0.15 
0.15 
0.10 

0 

5 
5 
5 
0 

 
PLOAD user manual values (CH2M HILL, 2000) 
 
Modeled results should be used with discretion due to a limited number of published EMC 
values and the underlying assumptions regarding in-stream processes. Actual loading values may 
vary significantly due to pollutant uptake by biomass. 
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Figure E-1. Watershed Subbasins. 
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HUC 10040103, BIG SPRINGS CREEK
MODELING OUTPUT

WATERSHED 1
SCENARIO - LOW SEDIMENT DELIVERY

STREAMBANK MODEL (1) STEPL MODEL TOTAL LOAD DISCHARGE

SED N (4) P (4) BOD SED N P BOD SED N P BOD Q (5) BAS (5) QT
(TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (AC-FT) (CFS) (AC-FT)

NATURAL (2) 5,140 20,560 8,224 41,120 900 48,900 5,550 171,950 6,040 69,460 13,774 213,070 15,740 65 62,800
COMBINE W1-W3 5,760 23,040 9,216 46,080 1,400 81,930 9,170 288,790 7,160 104,970 18,386 334,870 26,230 175 152,900

85% STREAMBANK EROSION (W1) MODELED NATURAL (MG/L) 34 0.25 0.04 0.81
15% RILL & INTERILL EROSION (W1)

EXISTING (3) 6,440 25,760 10,304 51,520 1,620 87,500 8,240 231,810 8,060 113,260 18,544 283,330
WWTP EFFL (6) 0 0 0 0 0 0 0 0 30 48,470 8,100 583,500
COMBINE W1-W3 7,060 28,240 11,296 56,480 2,440 136,300 12,430 379,420 9,530 213,010 31,826 1.0E+06

80% STREAMBANK EROSION (W1) MODELED EXISTING (MG/L) 46 0.51 0.08 2.45
20% RILL & INTERILL EROSION (W1) OBSERVED (MG/L) 5** 0.42** 0.05 ---

SED N (4) P (4) BOD SED N P BOD SED N P BOD
(TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR)

ANTPG LOAD 1,300 5,200 2,080 10,400 720 38,600 2,690 59,860 2,050 92,270 12,870 653,760
TOTAL LOAD 6,440 25,760 10,304 51,520 1,620 87,500 8,240 231,810 8,090 161,730 26,644 866,830
PERCENT 20% 20% 20% 20% 44% 44% 33% 26% 25% 57% 48% 75%
(1) Rosgen BEHI streambank erosion model
(2) Conditions with no agricultural or urban land use practices
(3) Existing land use practices/conditions
(4) Nutrient enrichment ratio of 2; 0.1% N content in soil, 0.04% P, 0.2% BOD
(5) SCS runoff volume (acre-feet); estimated baseflow in cfs (USGS - NRCS records)
(6) Values provided by city of Lewistown (P & N), BOD based on per capita average of 0.275 lb/day for 5813 people (2000 census)
**Approximated on very limited data

*FINAL - CHECKED BY KFF 12/03/2004
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HUC 10040103, BIG SPRINGS CREEK
MODELING OUTPUT

WATERSHED 2
SCENARIO - LOW SEDIMENT DELIVERY

STREAMBANK MODEL (1) STEPL MODEL TOTAL LOAD DISCHARGE

SED N (4) P (4) BOD SED N P BOD SED N P BOD Q (5) BAS (5) QT
(TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (AC-FT) (CFS) (AC-FT)

NATURAL (2) 0 0 0 0 400 39,000 4,040 139,250 400 39,000 4,040 139,250 12,530 10 19,800
EMPHEMERAL MODELED NATURAL (MG/L) 15 0.72 0.08 2.59

EXISTING (3) 0 0 0 0 780 63,010 5,350 177,420 780 63,010 5,350 177,420
EMPHEMERAL MODELED EXISTING (MG/L) 29 1.17 0.10 3.30

OBSERVED (MG/L) --- --- --- ---

SED N (4) P (4) BOD SED N P BOD SED N P BOD
(TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR)

ANTPG LOAD 0 0 0 0 380 24,010 1,310 38,170 380 24,010 1,310 38,170
TOTAL LOAD 0 0 0 0 780 63,010 5,350 177,420 780 63,010 5,350 177,420
PERCENT 0% 0% 0% 0% 49% 38% 24% 22% 49% 38% 24% 22%
(1) Rosgen BEHI streambank erosion model
(2) Conditions with no agricultural or urban land use practices
(3) Existing land use practices/conditions
(4) Nutrient enrichment ratio of 2; 0.1% N content in soil, 0.04% P, 0.2% BOD
(5) SCS runoff volume (acre-feet); estimated baseflow in cfs (USGS - NRCS records)

*FINAL - CHECKED BY KFF 12/03/2004
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HUC 10040103, BIG SPRINGS CREEK
MODELING OUTPUT

WATERSHED 3
SCENARIO - LOW SEDIMENT DELIVERY

STREAMBANK MODEL (1) STEPL MODEL TOTAL LOAD DISCHARGE

SED N (4) P (4) BOD SED N P BOD SED N P BOD Q (5) BAS (5) QT
(TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (AC-FT) (CFS) (AC-FT)

NATURAL (2) 620 2,480 992 4,960 500 33,030 3,620 116,840 1,120 35,510 4,612 121,800 10,490 110 90,100
55% STREAMBANK EROSION (W3) MODELED NATURAL (MG/L) 9 0.15 0.02 0.50
45% RILL & INTERILL EROSION (W3)

EXISTING (3) 620 2,480 992 4,960 820 48,800 4,190 147,610 1,440 51,280 5,182 152,570
43% STREAMBANK EROSION (W3) MODELED EXISTING (MG/L) 12 0.21 0.02 0.62
57% RILL & INTERILL EROSION (W3) OBSERVED (MG/L) 13 0.26 0.01 ---

SED N (4) P (4) BOD SED N P BOD SED N P BOD
(TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR)

ANTPG LOAD 0 0 0 0 320 15,770 570 30,770 320 15,770 570 30,770
TOTAL LOAD 620 2,480 992 4,960 820 48,800 4,190 147,610 1,440 51,280 5,182 152,570
PERCENT 0% 0% 0% 0% 39% 32% 14% 21% 22% 31% 11% 20%
(1) Rosgen BEHI streambank erosion model
(2) Conditions with no agricultural or urban land use practices
(3) Existing land use practices/conditions
(4) Nutrient enrichment ratio of 2; 0.1% N content in soil, 0.04% P, 0.2% BOD
(5) SCS runoff volume (acre-feet); estimated baseflow in cfs (USGS - NRCS records)

*FINAL - CHECKED BY KFF 12/03/2004
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HUC 10040103, BIG SPRINGS CREEK
MODELING OUTPUT

WATERSHED 4
SCENARIO - LOW SEDIMENT DELIVERY

STREAMBANK MODEL (5) STEPL MODEL TOTAL LOAD DISCHARGE

SED N (4) P (4) BOD SED N P BOD SED N P BOD Q (3) BAS (3) QT
(TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (AC-FT) (CFS) (AC-FT)

NATURAL (1) 4,780 19,120 7,648 38,240 380 11,070 1,480 37,760 5,160 30,190 9,128 76,000 3,200 5 6,800
COMBINE ALL 10,540 42,160 16,864 84,320 2,180 132,000 14,690 465,800 12,720 174,160 31,554 550,120 41,960 190 179,500

93% STREAMBANK EROSION (W4) MODELED NATURAL (MG/L) 52 0.36 0.06 1.13
7% RILL & INTERILL EROSION (W4)

EXISTING (2) 5,580 22,320 8,928 44,640 650 19,710 2,100 48,570 6,230 42,030 11,028 93,210
COMBINE ALL 12,640 50,560 20,224 101,120 3,870 219,020 19,880 605,410 16,540 318,050 48,204 1.3E+06

90% STREAMBANK EROSION (W4) MODELED EXISTING (MG/L) 68 0.65 0.10 2.64
10% RILL & INTERILL EROSION (W4) OBSERVED (MG/L) --- 0.4-0.7** 0.02 ---

SED N (4) P (4) BOD SED N P BOD SED N P BOD
(TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR) (TON/YR) (LB/YR) (LB/YR) (LB/YR)

ANTPG LOAD 800 3,200 1,280 6,400 270 8,640 620 10,810 1,070 11,840 1,900 17,210
TOTAL LOAD 5,580 22,320 8,928 44,640 650 19,710 2,100 48,570 6,230 42,030 11,028 93,210
PERCENT 14% 14% 14% 14% 42% 44% 30% 22% 17% 28% 17% 18%
CUM APG LOAD 2,100 8,400 3,360 16,800 1,690 87,020 5,190 139,610 3,820 143,890 16,650 739,910
CUM LOAD 12,640 50,560 20,224 101,120 3,870 219,020 19,880 605,410 16,540 318,050 48,204 1.3E+06
CUM PERCENT 17% 17% 17% 17% 44% 40% 26% 23% 23% 45% 35% 57%
(1) Rosgen BEHI streambank erosion model
(2) Conditions with no agricultural or urban land use practices
(3) Existing land use practices/conditions
(4) Nutrient enrichment ratio of 2; 0.1% N content in soil, 0.04% P, 0.2% BOD
(5) SCS runoff volume (acre-feet); estimated baseflow in cfs (USGS - NRCS records)
**Approximated on very limited data *FINAL - CHECKED BY KFF 12/03/2004
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APPENDIX F 
RESPONSE TO PUBLIC COMMENTS 
 
Public comments to the draft Big Spring Creek TMDL were accepted and are addressed through 
specific written response and through changes made to the draft document. At a public meeting 
in Lewistown on Jan 10th, several verbal comments were received and are addressed in the 
document. Written comments were received via email, and are included below. In addition, 
verbal comments and recommendations were received from state and federal resource 
management agencies and the city of Lewistown, and changes were made to the document in 
response to these comments.  
 
Verbal Comments 
 
The verbal comments below are paraphrased based on notes from public meetings. Verbal 
comments addressed the following issues: 
 

• The need for additional monitoring data and to determine the relative contribution of a 
variety of rural, residential, and urban sources on water quality measured downstream 
from the city of Lewistown. 

• The need to establish monitoring stations to accurately characterize water quality and 
water quantity immediately upstream of the city of Lewistown and upstream of the 
Lewistown wastewater treatment plant. 

• PFC assessments may not be an appropriate water quality target. PFC assessments are not 
a translation of water quality standards. 

 
Response to Verbal Comments 
 
In response to the aforementioned comments, changes were made to the document in several 
sections.  
 

• DEQ acknowledges that additional monitoring information is need to more accurately 
characterize the relative contribution of sediment and nutrient sources through the city of 
Lewistown, and adjustments were made to Monitoring and Assessment Strategies to 
accommodate for these data needs. 

• DEQ acknowledges that PFC assessments are not a direct reflection of water quality 
standards, but are a surrogate for determining whether “reasonable land, soil and water 
conservation practices” are employed. PFC has been removed as a water quality target, 
and a comprehensive stream channel inventory is included in the Monitoring and 
Assessment Strategy in Section 5.1.5. 

 
Written Comments 
 
Comment: Has any data been collected on Total Phosphorous, Total Suspended Solids after 
Boyd Creek, Little Casino and Big Casino Creek have entered Big Spring Creek before the 
Lewistown WWTP? 
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Response: Data on Big Spring Creek in this reach is scant. TP data were collected in 
1982, 1983 and 1987 just upstream from the WWTP. All summertime values were 
reported at 0.010 mg/L TP. Because the reporting limit for TP analysis was 0.010 mg/L 
results were rounded to the nearest 0.01 mg/L. Actual values may range from 0.014 mg/L 
to less that 0.010 mg/L. The DEQ recognizes the need to collect additional data in order 
to accurately characterize phosphorous loads from tributary sources and sources upstream 
from the WWTP so that accurate and defensible load allocations may be established for 
the WWTP. Changes have been made to Section 8.1.2 to reflect the uncertainties in 
estimating loads from upstream and tributary sources. 

 
Comment: Has flow data been measured below the Broadway Canal take out point?  
 

Response: Yes. Flows were recorded ten times during the summer months in 1983 and 
1987, just upstream and downstream of the WWTP outfall. Flows ranged from 107 cfs to 
170 cfs, with and average of 134 cfs. No recent flow data exists for this reach. Recent 
drought conditions have likely influenced flow conditions and it is expected that 
summertime flows through this stretch are lower than those recorded in the 1980s. 
Additional flow information is needed to more accurately characterize flow conditions 
through this reach.  

 
Comment: How would the Department go about selecting a monitoring site? What would the 
criteria be for a site? 
 

Response: Criteria for sampling site selection would be dependent on the sampling 
objectives. With respect to flows and TP concentrations in the segment of Big Spring 
Creek that flows through Lewistown, sampling sites should be selected so that flows and 
phosphorous loads from different sources (tributaries, WWTP, urban runoff, etc) can be 
determined. The DEQ recommends that additional sampling sites be established in order 
to accurately determine phosphorous loads from varying sources. A monitoring and 
assessment strategy is put forth in Section 8.1.5. 

 
Comment: This document needs a more detailed summary that explains the main problems and 
discusses on-going and future solutions to these problems, such as how new sewage treatment 
plant in Lewistown will reduce nutrients in the lower creek. 
 

Response: An updated executive summary is provided in the final document. 
 
Comment: I doubt that flows exceeding 250 cfs are a rare event, even based on the data 
presented in the report. 
 

Response: Changes were made to the final document that acknowledges this supposition, 
and additional flow information is presented (Section 5.1.2.1). Additionally, care was 
made to address the uncertainties inherent in the available flow data. 


