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ERRATA SHEET FOR THE “PROSPECT CREEK WATERSHED 
SEDIMENT” 

This TMDL was approved by EPA on January 21, 2009. Several copies were printed and spiral 
bound for distribution, or sent electronically on compact disks. The original version has a minor 
change that is explained and corrected on this errata sheet. If you have a bound copy, please note 
the correction listed below or simply print out the errata sheet and insert it in your copy of the 
TMDL. If you have a compact disk please add this errata sheet to your disk or download the 
updated version from our website. 
 
Appropriate corrections have already been made in this version of the TMDL. 
 
The following table contains corrections to the TMDL. The first column cites the page and 
paragraph where there is a text error. The second column contains the original text that was in 
error. The third column contains the new text that has been corrected for the “Prospect Creek 
Watershed Sediment” document.  
 

Location in the TMDL Original Text Corrected Text 
Page 7, Section 1.3, First table in 
section, Cox Gulch, Zinc, TMDL 
Completed column 

Yes No 

Page 7, Section 1.3, First table in 
section, Cox Gulch, Stream 
column 

Add ** next to Cox Gulch 

Page 7, Section 1.3, First table in 
section, Cox Gulch, Justification 
column 

TMDL completed for 
metals in 2006* 

Existing data did not support 
impairment 

Page 7, Section 1.3, First table in 
section, Antimony Creek Add ** next to Antimony Creek 

Page 7, Section 1.3, First table in 
section, add below the first note 
at the bottom of the table 

**An antimony impairment cause was identified for both 
Antimony Creek and Cox Gulch after the completion of the 
2006 List. Antimony TMDLs were subsequently developed for 
each stream and documented with the October 2006 metals 
TMDL document. 

 

http://deq.mt.gov/wqinfo/TMDL/finalReports.mcpx
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EXECUTIVE SUMMARY 
 
General Description of Clean Water Act, 303d List and Montana Standards 
 
The federal Clean Water Act (CWA) requires that states and tribes restore and maintain the 
chemical, physical, and biological integrity of the nation’s waters. The State of Montana has 
adopted water quality standards necessary for protecting its identified beneficial uses; namely, 
fisheries, aquatic life, agriculture, industrial use, drinking water, and recreation. Water quality 
impacts to these beneficial uses are identified by comparing existing water quality to the state 
water quality standards. Rivers, streams, and lakes that do not meet these standards are identified 
on an impaired waters list, often referred to as the 303(d) List. This list is published and updated 
every two years as part of the Department of Environmental Quality’s (DEQ) 305(b) integrated 
report (IR). For waters identified as being impaired by a pollutant on this list, states and tribes 
must develop a total maximum daily load (TMDL) for each pollutant. The TMDL sets the level 
by which to achieve water quality standards and protect beneficial uses. 
 
General Description of the Prospect Creek Watershed 
 
This document addresses the streams in the Prospect Creek Watershed that are or have been 
listed on Montana’s 303(d) List. Sediment TMDLs have been developed for Prospect Creek, 
Clear Creek, and Dry Creek. Metal TMDLs were previously developed for Prospect Creek, Cox 
Gulch, and Antimony Creek and are detailed in Total Maximum Daily Loads for Metals in 
Prospect Creek Watershed (DEQ, 2006b). The assessment contained within this document 
describes the physical, biological, and cultural setting; water quality status; pollutant sources; 
and strategies to attain and maintain water quality standards, including TMDLs. Development of 
all TMDLs and the preparation of this document was conducted by the Montana DEQ1 in 
consultation with the Green Mountain Conservation District (GMCD) and the Prospect Creek 
Watershed Council (PCWC) representing a broad range of stakeholders in the basin. 
 
The Prospect Creek Watershed drains 182 square miles (108,160 acres) located on the eastern 
face of the Bitterroot Mountains in western Montana. Draining northeast from its headwaters 
near the Montana-Idaho border, mainstem Prospect Creek joins the Clark Fork River at Noxon 
Reservoir 0.5 miles from the town of Thompson Falls in Sanders County, Montana (Figure 1-1). 
Primary tributaries in the watershed include Dry, Clear, Wilkes, Antimony, and Crow Creeks 
and Cooper and Cox Gulch. Multiple smaller tributaries occur throughout the watershed and 
generally reflect seasonal intermittency. 
 
The Prospect Creek Watershed fish community was originally comprised of nine native species, 
with bull trout (Salvelinus confluentus) and westslope cutthroat trout (Oncorhynchus clarki 
lewisi) the representative trout species. The Prospect Creek Watershed is considered core habitat 
for bull trout (Montana Bull Trout Restoration Team; MBTRT, 2000) and was proposed by the 
U.S. Fish and Wildlife Service (USFWS) (2002) as critical bull trout habitat. Bull trout are 
federally listed as threatened by the USFWS, and classified as a sensitive species by the U.S. 

                                                 
1 “DEQ” refers to the Montana Department of Environmental Quality unless otherwise noted. 
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Forest Service (USFS). Westslope cutthroat trout are recognized by the State of Montana as a 
Species of Special Concern (Roedel, 1999). 
 
In the Prospect Creek Watershed, much of the land is owned by the USFS, with private 
landowners owning only 6% of the overall watershed area. Land use has transitioned over time 
although timber harvest remains a secondary land use in the headwaters of the watershed. 
Historic and current mining has also played an active role in the economic development of the 
area. Valley bottom land uses include irrigated pasture, grazing, and timber harvest. Other land 
uses include transportation, recreational hunting and fishing, and off-highway vehicle operation. 
The Prospect Creek Watershed also serves as a corridor for pipeline, electric, and road 
infrastructure. 
 
Key Findings – TMDLs developed, Allocations, and Future Actions 
 
Development throughout the watershed, infrastructure management, physical stream 
straightening, flood plain encroachment, and resource extraction has combined to impact water 
quality in the Prospect Creek Watershed. Sediment is the major pollutant of concern addressed in 
this document. Five significant sources have been identified as contributing sediment due to 
anthropogenic influence; bank erosion, surface erosion from roads, potential culvert failure, 
timber harvest, and road traction sanding. The sediment TMDL and allocations are based from 
the analysis of loads from all of these sources, including the natural contribution of sediment 
from bank erosion and the watershed. TMDLs and allocations for Prospect Creek, Clear Creek, 
and Dry Creek are shown in the table below. Bank erosion related to anthropogenic influences is 
the largest contributor of sediment within the watershed. 
 
To achieve the TMDL, this assessment has found that sediment must be reduced by 58% 
throughout the Prospect Creek Watershed, and by 25% within the Clear Creek subwatershed. In 
order to meet these reductions, restoration efforts will need to establish healthy and mature 
riparian corridors including in those stream corridors that contain powerline or pipeline routes; 
improve culverts, road/stream crossings, and forest and county road design including present and 
future roads; ensure all appropriate best management practices (BMPs) for future timber harvest 
and streamside activities are followed; as well as engage in active channel restoration and 
stabilization. The TMDL process and the conclusions based on the assessments from this study 
incorporate an adaptive management strategy. The values presented here are not static, and it is 
expected that stakeholders and agency personnel interested in the Prospect Creek Watershed will 
further assess and refine these results and strategies as improvements are made both to water 
quality in the watershed and the methods to assess it. 
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Table Ex-1. Water Quality Plan and TMDL Summary Information 

Impaired Water 
Body Summary 

According to the State’s 2006 303d List: 
Prospect Creek – Alteration in stream-side or littoral vegetation 
cover; Metals 
 
Clear Creek - Alteration in stream-side or littoral vegetation 
cover; Sediment/Siltation 
 
Dry Creek - Alteration in stream-side or littoral vegetation cover; 
Chlorophyll a 

Impacted Uses 

Prospect Creek 
Not Supporting: Cold Water Fishery, Aquatic Life, and Drinking 
Water 
 

Clear Creek and Dry Creek 
Partially Supporting: Cold Water Fishery, Aquatic Life 

Identified Pollutant 
Source 

Descriptions 

• Bank Erosion – anthropogenic influenced bank erosion as a result 
of riparian clearing, stream channel modification and 
channelization, increased water yield, bank hardening, and stream 
crossings 

• Forest Roads – erosion of sediment from unpaved forest roads, as 
contributed at road-stream crossings 

• Culvert Failure – potential sediment load from failure at given 
flow events 

• Upland Timber Harvest – sediment as a result hillside 
destabilization and vegetation removal 

• Traction Sand – road sand applied and associated delivery to 
stream along county highways throughout the Prospect Creek 
Watershed 

Sediment Targets 
Indicators 

• <15% Percent Surface Fines in Riffles < 6.35 mm (pebble count) 
• <10% Percent Surface Fines < 6.35 mm in Pool Tails and Riffles 

(grid toss or equivalent)  
• <28% Percent Substrate Fines in Pool Tails < 6.35 mm (McNeil 

cores) 
• >26 Pool Frequency (number of pools per unit length) for 

Prospect Creek mainstem B and C stream types 
• >47 Pool Frequency for Prospect Creek tributary B and C stream 

types 
• <30 Width to Depth Ratio (ratio of bankfull width to bankfull 

depth at riffle cross sections) for Prospect Creek mainstem B and 
C stream types 

• <20 Width to Depth Ratio for Prospect Creek tributary B and C 
stream types 

• 1.2 – 1.4 Sinuosity 
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Table Ex-1. Water Quality Plan and TMDL Summary Information 
• 40-70 Riffle Stability Index 
• Large Woody Debris (amount of large woody debris per unit 

length); dependent on stream size 
• Riparian Vegetation (using densiometer) >75% for streams with 

active channel width < 75 feet; >60% for streams with active 
channel width > 75 feet 

• Macroinvertebrate Populations 
Other Use Support 

Objectives (non-
pollutant & non-

TMDL) 

• Fish Passage 
• Large Woody Debris (as related to habitat alteration impairment) 

Sediment TMDL 
and Allocation 

Summary 

Prospect Creek TMDL: 58% reduction in total loading achieved via 
loading reductions applied to all major anthropogenic sources 
 
Clear Creek TMDL: 25% reduction in total loading achieved via 
loading reductions applied to all major anthropogenic sources  
 
Dry Creek TMDL: 29% reduction in total loading achieved via loading 
reductions applied to all major anthropogenic sources 
 
Allocations (applied to each 6th code HUC): 

• Bank Erosion – 80% reduction 
• Forest Roads – 50% reduction 
• Culvert Failure – 77% reduction 
• Upland Timber Harvest – ensure all BMPs and reasonable land, 

soil, and water conservation practices are employed for future 
harvest activities 

• Traction Sand – 31% reduction 

Restoration & 
Mitigation Strategy 

• Improve Riparian Corridor Health and Maturity 
• Culvert Upgrade for Fish Passage Improvement and Failure Risk 

Reduction 
• Restoration and Stabilization of Bank Erosion from 

Anthropogenic Influences including Private Development, and 
Road and Utility Corridors 

• Reduce Sediment Delivery from Forest Roads Through Road 
BMP Improvements and Decommissioning 

• Channel Reconstruction Where Appropriate To Return Stream 
Conditions to Single Channel and More Natural Morphology 
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SECTION 1.0  
INTRODUCTION 
 
1.1 Prospect Creek Watershed Summary 
 
Prospect Creek is a fifth order watershed draining approximately 182 square miles (116,480 
acres) located on the eastern face of the Coeur d’Alene Mountains of the Bitterroot Range in 
western Montana. Draining northeast from its headwaters near the Montana-Idaho border, 
mainstem Prospect Creek joins the Clark Fork River at Noxon Reservoir 0.5 miles from the town 
of Thompson Falls in Sanders County (Figure 2-1). Other major streams within the Prospect 
Creek Watershed include Dry Creek, Crow Creek, Clear Creek, Wilkes Creek, Antimony Creek, 
Cox Gulch, and Cooper Gulch. Multiple smaller tributaries and gulches occur throughout the 
basin and generally reflect seasonal intermittency. 94% of the Prospect Creek Watershed exists 
within USFS lands, with the rest under private ownership. 
 
Historic and current silviculture practices, agriculture, powerline and pipeline infrastructure, 
grazing, and county and USFS forest access roads have all affected Prospect Creek and its 
primary tributaries. These anthropogenic influences have lead to increased sediment from 
landscape and in-stream sources, changes in morphology and habitat conditions, and altered 
riparian age class and composition. 
 
The Prospect Creek Watershed is considered core spawning and rearing habitat for bull trout, a 
federally listed threatened species and was proposed by the USFWS (2002) as critical bull trout 
habitat. Westslope cutthroat trout are recognized by the State of Montana as a Species of Special 
Concern (Roedel, 1999) and are also present within the watershed. 
 
1.2 TMDL as Part of a Water Quality Restoration Plan 
 
Development of a TMDL water quality restoration plan (WQRP) follows a series of successive 
steps, which are described below to provide the reader with a general understanding of the 
process that was used in developing the Prospect Creek plan. 
 
The first step in developing a WQRP is to thoroughly evaluate and describe the water quality 
problems of concern. This includes understanding the characteristics and function of the 
watershed, documenting the location and extent of the water quality impairments, and identifying 
each of the contributing causes and sources of impairment. Pollution source assessments are 
performed at a watershed scale because all potential sources of the water quality problems must 
be considered when developing the restoration plan.  
 
The next step in the process is to develop water quality targets, or restoration goals, for each 
impaired stream segment and for each pollutant of concern. These targets will be used as 
restoration benchmarks and will help to identify what improvements or restoration measures are 
needed throughout the watershed. The required pollutant reductions and corresponding 
restoration measures are then allocated across the watershed planning area, the sum of which 
when met equal the TMDL. This allocation process may be applied on the basis of land use (e.g. 
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forestry, urban, mining, transportation, etc.), land ownership (federal, state, private), sub-
watersheds or tributaries, or any combination of these. Specific allocations are also established 
for future growth and development in the watershed and for any natural sources of impairment 
that may be present.  
 
The pollutant allocations and restoration measures become the basis for a water quality 
restoration strategy, which may include a combination of non-point and point source pollution 
control measures. Montana has adopted a policy of voluntary compliance for addressing many 
non-point sources of pollution emanating from private lands. As a result, non-point source 
control measures rely heavily on public education and other programs that encourage private 
landowners to apply appropriate BMPs and additional land, soil, and water conservation 
practices where necessary. Point source pollution is regulated through a state-administered 
discharge permit program, and any point source allocations that are included in the restoration 
plan will become a mandatory component of the discharge permits.  
 
Lastly, the WQRP must include a monitoring component designed to evaluate progress in 
meeting the water quality targets established by the plan and to ensure that the restoration 
measures are, in fact, implemented. The monitoring strategy also provides useful information to 
help fine-tune the restoration plan over the long-term. This process is called adaptive 
management, and it is a frequent component of watershed-scale restoration plans because of the 
complexity of the water quality problems, and the inherent uncertainties involved with 
establishing cause-and-effect relationships between pollution sources and their effects over such 
large geographic areas.  
 
Taken together, the steps in the WQRP process described above constitute a water quality-based 
approach to water pollution control. This is also known as the TMDL process. 
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1.3 2006 List Summary and TMDLs Written 
 

Stream Assessment 
Unit 2006 Listings TMDL 

Completed Justification 

Prospect 
Creek MT76N003_020 

Alteration in stream-
side or littoral 
vegetation cover 

Yes 
Current load above target and significant 
sources exist basin wide; TMDL 
completed for sediment 

Metals Yes TMDL completed for metals in 2006* 

Dry Creek MT76N003_070 

Alteration in stream-
side or littoral 
vegetation cover 

Yes 

Although not listed for sediment, current 
loads above target and significant 
sources exist basin wide; TMDL 
completed for Sediment 

Chlorophyll a No Chlorophyll a not addressed in this 
document 

Clear Creek MT76N003_050 

Sediment-Siltation Yes TMDL completed 
Alteration in stream-
side or littoral 
vegetation cover 

Yes 
TMDL for sediment addresses this cause 

Antimony 
Creek** MT76N003_021 Arsenic Yes TMDL completed for metals in 2006* 

Lead Yes TMDL completed for metals in 2006* 
Cox 

Gulch** MT76N003_022 Lead Yes TMDL completed for metals in 2006* 
Zinc No Existing data did not support impairment  

* See TMDLs for Metals in Prospect Creek Watershed, October 2006 
**An antimony impairment cause was identified for both Antimony Creek and Cox Gulch after completion of the 
2006 list. Antimony TMDLs were subsequently developed for each stream and documented within the October 2006 
metals TMDL document. 
 
Within this document, Sediment TMDLs have been developed for Prospect Creek, Clear Creek, 
and Dry Creek. 
 
Dry Creek is listed on the 2006 303d List as impaired from Chlorophyll a, a pollutant associated 
with nutrients, but this pollutant is not addressed via TMDL as part of this document.  
 
1.4 Document Organization 
 
The main body of this document contains the necessary information to assess and develop the 
TMDLs and allocations for those pollutants affecting water quality, along with information that 
provides a contextual description of the processes and characteristics that influence water quality 
in the Prospect Creek Watershed. 
 
The Watershed Characterization (Section 2) is a source of general information regarding 
physical and biological character, constraints, conditions, as well as historical data and anecdotes 
that help put the Prospect Creek Watershed into context with its environment.  Section 3.0 
describes the applicable Water Quality Standards for the State of Montana, and how those 
standards regulate and define the course of action for developing TMDLs for streams appearing 
on Montana’s 303(d) Impaired Waters List. 
 
Current water quality and habitat conditions within the Prospect Creek Watershed are presented 
in Section 4.0, and compared to target conditions that indicate departure from state standards. 

http://deq.mt.gov/wqinfo/TMDL/ProspectMetals/FinalProspectMetalsMaster.pdf
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Based on this comparison, water quality status is determined, and streams are designated for 
TMDL development. 
 
Section 5.0 provides details of all of the significant sources for those pollutants of concern 
including information for how those sources were identified, analyzed, and ultimately quantified 
into loads. 
 
TMDLs and allocations of allowable loads from the various sources are discussed in Section 6.0. 
Loading capacity and seasonality is described, as well as the assumptions, uncertainties, and 
margins of safety that are included in analysis and development of TMDL at the watershed scale. 
 
Suggestions for implementation of actions to meet the goals of the WQRP and monitoring to 
refine and assess the findings of this study are presented in the final two sections of this 
document (Sections 7.0 and 8.0). 
 
Lastly, additional detail for some of the methods, data, and conclusions within this document is 
provided in corresponding appendices when warranted. 
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SECTION 2.0 
WATERSHED CHARACTERIZATION 
 
2.1 Watershed and Subbasin Location  
 
Prospect Creek is a fifth order watershed draining approximately 182 square miles (116,480 
acres) located on the eastern face of the Coeur d’Alene Mountains of the Bitterroot Range. 
Draining northeast from its headwaters near the Montana-Idaho border, mainstem Prospect 
Creek joins the Clark Fork River at Noxon Reservoir 0.5 miles from the town of Thompson Falls 
in Sanders County, Montana (Figure 2-1). The planning area comprises the entire Prospect 
Creek 5th Hydrologic Unit Code (HUC) (17010213) in the Lower Clark Fork Watershed in the 
Columbia Basin.  
 

 
Figure 2-1. Prospect Creek Watershed Location 
 
2.2 Land Ownership 
 
The USFS is the dominant landowner in the Prospect Creek drainage, and private landowners 
owning a fraction of the overall watershed area (Table 2-1). Private land is primarily located in 
the valley bottoms adjacent to the stream corridor. Utility and infrastructure corridors exist 
through easements and special use permits granted to entities such as Yellowstone Pipeline 
(YPL), Bonneville Power Administration (BPA), Northwestern Energy (NWE), and Montana 
Department of Transportation (MDT) by the USFS and private landowners. 
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Table 2-1. USFS Land Ownership Summary for the Prospect Creek Watershed 
From USDA,2000 

6th Code HUC FS Ownership (mi2) Percent of HUC in FS Ownership 
Clear Creek 26.3 91.9 

Cooper Creek 15.7 99.4 
Crow Creek 14.7 99.5 
Dry Creek 32.7 91.4 

Lower Prospect 36.5 90.6 
Upper Prospect 29.2 98.6 
Wilkes Creek 15.2 96.0 

 
2.3 Geology and Soils 
 
The geology of the area is characterized by Belt series metasedimentary rock of middle 
Proterozoic age (Woessner and Shapley, 1984). Major rocks are comprised of quartzite, siltite, 
argillite, and dolomite. Surficial deposits of glacial till, outwash, and lacustrine sediments mantle 
the underlying bedrock. These deposits are overlain by volcanic ash delivered by the eruption of 
Mt. Mazama in southwestern Oregon approximately 6,800 years ago.  
 
Glaciers occupied tributary valleys in the Lower Clark Fork River basin repeatedly during the 
Pleistocene Epoch. Unconsolidated rocks in the valley were partly removed and ground up to 
form a mixture of sandy clay and cobbles, referred to as “till”. Underlying the ice, the till was 
mounded into terraces and plastered against the lower walls of the Lower Clark Fork River 
valley. Glacial meltwater carried some of the till southward, sorting and depositing it as outwash 
in the Prospect Creek valley and as deltaic deposits in the waters of glacial Lake Missoula. 
Lacustrine sediments deposited during the repeated inundations of the Prospect Creek valley by 
glacial Lake Missoula form a distinctive soil unit critical to surface water retention in the 
watershed.  
 
Outwash, material derived from the erosion of till by melt water, forms the coarse-grained 
deposits comprising terraces in the Prospect Creek drainage. In addition to outwash material, 
alluvium, which has been eroded from older rocks and deposited by streams and rivers, is 
prevalent in the basin.  
 
2.4 Climate 
 
The climate of the Prospect Creek drainage is characterized as a combination of modified Pacific 
maritime and continental climates (USFS, 2000). Annual precipitation totals vary from 23 inches 
near the confluence of Prospect Creek with the Clark Fork River to about 60 inches at the highest 
elevations in the watershed (Daly and Taylor, 1998). The nearest weather station, located at the 
Thompson Falls Dam Powerhouse, has recorded a long-term average precipitation of 23.07 
inches per year (NOAA, 2000). January has the highest monthly average precipitation at 2.75 
inches, and September has the lowest at 1.2 inches (NOAA, 2000). Temperatures in the area are 
moderate. During the summer months, minimum (night-time) temperatures are in the 50 to 60 
degree Fahrenheit (°F) range. Winter cold waves occur, but mild weather is more common. 
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Temperature and precipitation extremes are more pronounced in the higher elevations of 
Prospect Creek relative to the Clark Fork Valley floor. 
 
2.5 Topography  
 
The northwest-southeast trending Coeur d’Alene Mountains of the Bitterroot Range are the 
dominant topographic feature influencing the Prospect Creek Watershed. Prospect Creek 
drainage elevations range from approximately 6,600 feet at the watershed divide, to 
approximately 2,400 feet at the confluence with the Clark Fork River near Thompson Falls, 
Montana. The area's topography is a function of the underlying rock types, rock structure, and 
geologic history.  
 
Alpine glaciation influenced the Prospect Creek Watershed similar to other side tributaries in the 
Lower Clark Fork River drainage. Glacially-derived sediments historically transported by glacial 
melt-water, and more recently by alluvial processes, filled the valley bottom. Reworking of these 
materials by Prospect Creek shapes and redistributes sediments.  
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2.6 Hydrography and Hydrology 
 
Bounded by the Coeur d’Alene Mountains of the Bitterroot Range, Prospect Creek flows in a 
northeasterly direction before joining the Clark Fork River at the Noxon Reservoir, just 
downstream from Thompson Falls Dam. Primary tributaries in the drainage include Dry, Clear, 
Wilkes, and Crow Creeks and Cooper Gulch. Multiple smaller tributaries, or gulches, occur 
throughout the basin and generally reflect seasonal intermittency (Figure 2-2).  
 

 
Figure 2-2. Major Streams in the Prospect Creek TMDL Planning Area 
 
The streamflow regime (i.e. timing, magnitude, and duration), and in particular spring runoff, is 
periodically influenced by rain-on-snow and rain-on-snowmelt events that can occur anytime 
during the winter months in response to warm air temperatures and rain. Typically, however, the 
peak flow event occurs in May or early June. 
 
High magnitude flood events have occurred in the Prospect Creek Watershed over the past 40 
years, most notably in 1974, 1995-1996, and 1997. These events were attributed to multiple 
factors including high snowfall and seasonal precipitation, and rain-on-snow events in the spring.  
 
A stream gaging station located above the confluence of Dry Creek has been maintained by the 
U.S. Geological Survey (USGS) (#12390700) on Prospect Creek since 1956. Based on the daily 
records, the mean annual discharge is 244 cubic feet per second (cfs). A maximum discharge of 
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5,490 cfs was measured in January, 1974. A minimum discharge of 25 cfs was measured on 
multiple days in February 2001. Recurrence interval flood series flows based on two methods 
were presented in the Final Prospect Creek Watershed Assessment and Water Quality 
Restoration Plan (River Design Group (RDG), 2004).  
 
Since the “Final Prospect Creek Watershed Assessment and Water Quality Restoration Plan” 
(RDG, 2004) was completed, the USGS has completed its own flood frequency analysis for 
gaged streams in Montana (Parrett and Johnson, 2004) using gage records through 1998. These 
values differ from those presented in the “Final Prospect Creek Watershed Assessment and 
Water Quality Restoration Plan” for several reasons. First, the instantaneous peak flow values 
presented in the “Final Prospect Creek Watershed Assessment and Water Quality Restoration 
Plan” were based on a modified log-Person Type III distribution which did not include the skew 
factor typically used by the USGS. Second, the purpose of the new USGS publication was to 
develop more refined regression equations based on gage data from Montana and adjacent areas 
(Parrett and Johnson, 2004) than the equations found in Omang 1992. Finally the watershed area 
and average annual precipitation values used in the “Final Prospect Creek Watershed Assessment 
and Water Quality Restoration Plan” and  “Methods for Estimating Flood Frequency in Montana 
Based on Data through Water Year 1998” (Parrett and Johnson, 2004)varied in the methods used 
to derive them. The “Final Prospect Creek Watershed Assessment and Water Quality Restoration 
Plan” used a planar watershed area above the gage of 169 mi2 and average annual precipitation of 
43.5 inches (based on Daly and Taylor, 1998). The USGS used a planar watershed area of 182 
mi2, which presumably includes the watershed area of Dry Creek, and average annual 
precipitation of 54 inches from the Natural Resources Conservation Service/Soil Conservation 
Services (NRCS/SCS) 1981 (Parrett and Johnson, 2004). The new USGS analysis included gage 
records for 43 years up through 1998. Table 2-2 contains the results of the flood frequency 
analysis reported in “Methods for Estimating Flood Frequency in Montana Based on Data 
through Water Year 1998” (Parrett and Johnson, 2004) for Prospect Creek. 
 
Table 2-2. Estimated Recurrence Interval Flood Series 
From Parrett and Johnson, 2004  

Recurrence Interval (Years) Instantaneous Peak Flow Method (cfs)* 
Q2 1,680 
Q5 2,400 
Q10 2,880 
Q25 3,430 
Q50 5,210 
Q100 6,940 

*Input values include planar watershed area = 182 mi2 and average annual precipitation = 54 inches.  
 
Prospect Creek is characterized by both intermittent and perennial flow sections. Stream 
intermittency may have been exacerbated by sediment deposition linked to the fires of 1889 and 
1910 and the large magnitude floods that presumably followed in 1916. Since that time, 
additional sediment sources and channel disequilibrium in mainstem Prospect Creek have 
increased sediment production and deposition resulting in aggraded sections of the channel. The 
effects of this aggradation as a result of these natural and anthropogenic watershed disturbances 
are reflected in the intermittent nature of Prospect Creek. During summer when surface flows 
decrease, Prospect Creek becomes intermittent in multiple reaches of up to 2.5 miles in length 
(Woessner and Shapely, 1987). Surface flows recharge to the alluvial valley groundwater system 



Prospect Creek Watershed Sediment TMDLs – Section 2.0 

1/21/09  14 

particularly where valley fill depths are greatest. Groundwater discharge to the channel is 
typically associated with decreasing valley fill depths and/or semi-impermeable soil layers that 
force shallow groundwater to the surface.  
 
2.7 Land Use and Population 
 
Land use in the Prospect Creek Watershed varies temporally and spatially. In the valley bottoms, 
land uses have included irrigated pasture, grazing, timber harvest, mining, and residential 
development. Most of the residential homes are located at an elevation higher than the Prospect 
Creek floodplain. Other land uses watershed-wide include timber harvest, transportation, utility 
corridors, recreational hunting and fishing, and off-highway vehicle operation. Analyses of 
timber harvest activity, roads, and utility corridors in the Prospect Creek Watershed are detailed 
in Appendices A and B. 
 
As of the 2000 Montana census, the population of Sanders County totaled 10,227 people. The 
largest town in the county, Thompson Falls (population 1,319), is located about 6 miles southeast 
of Prospect Creek. Prospect Creek also supports uses from traffic originating over the watershed 
boundary in neighboring Idaho and Washington and elsewhere.  
 
2.8 Vegetation Cover 
 
The Lower Clark Fork River drainage is identified as a moist forest climate. This region is a 
transitional zone between drier, lower elevation forests and moister, higher subalpine forests. 
Moist forest types are characterized by high soil moisture in the spring and drought stress 
through late summer and early fall (USFS, 2000). Historical vegetation composition for the 
moist forest type consisted of a mixed seral, shade intolerant species composition comprised of 
western white pine (Pinus monticola), western larch (Larix occidentalis), ponderosa pine (Pinus 
ponderosa), and lodgepole pine (Pinus contorta). 
 
Natural and human-caused fires have played a role in changing the character of vegetation in the 
Prospect Creek Watershed. The moist forest type was dependent upon a frequent fire return 
interval to maintain the mixed seral species composition (USFS, 2000). Intense fires in 1889 and 
1910 followed by modern fire suppression have resulted in a transition to shade tolerant species 
and a reduced mixed seral component. Fire suppression has also promoted overstocked stands 
more prone to intense and severe fires than was historically common.  
 
Vegetation changes have also occurred in response to human activities associated with a variety 
of land uses including agriculture, grazing, and timber harvest as discussed above. In particular, 
land uses have affected the character of the riparian community. 
 
Riparian Vegetation 
Upland and riparian vegetation communities influence the rate of water and sediment delivery to 
stream channels. Vegetation characteristics such as density, type, and age class play a critical 
role in channel characteristics including resistance to scour. Large woody debris (LWD) 
recruitment influences in-stream sediment storage, channel scour, and fish habitat creation. 
Accumulations of LWD may also provide valuable habitat for wildlife, provide protected areas 
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for vegetation recruitment, and maintain bank integrity. Vegetation removal by harvest or fire 
may have a large effect on bank integrity, as complex root masses are responsible for 
maintaining bank strength.  
 
Agriculture, grazing, road, utility corridor and pipeline construction, and residential development 
in the Prospect Creek drainage have been concentrated in the valley bottoms thereby having the 
greatest effects to vegetation in the riparian community.  
 
2.9 Stream Geomorphology  
 
The channel morphology of Prospect Creek transitions from its headwaters along the Montana-
Idaho divide to Prospect Creek’s confluence with the Lower Clark Fork River. Topography, 
basin geology, vegetation condition, and land uses interact to define the channel morphologies 
observed in Prospect Creek. The primary tributaries in the watershed are influenced similarly.  
 
This section provides a generalized overview of channel morphology and existing stream 
channel conditions in the Prospect Creek Watershed. Detailed assessments are presented in 
Sections 3.0 and 4.0 of the Phase I Assessment document (RDG, 2004) and in Appendix F of 
this document.  
 
Mainstem Prospect Creek 
Mainstem Prospect Creek is a fourth and fifth order stream, approximately 19 miles long from 
Twentyfour mile Creek to its confluence with the Clark Fork River. The stream channel along 
the mainstem transitions from a steep, confined Rosgen B reach in the upper watershed to 
moderate to low gradient Rosgen C reaches through most of the middle and lower watershed. 
Large inclusions of D reaches are found in the middle and lower watershed where channel 
instability is greatest as a result of land use activities. A few small inclusions of steeper, more 
confined B reaches are found in the lower watershed, particularly the reach immediately above 
the confluence with the Clark Fork River.  
 
The mainstem Prospect Creek has been subject to both natural and human-caused disturbances 
dating back to the late 19th century. Disturbances have included wildfire, floods, clearing and 
conversion of riparian vegetation, utility corridor and gas pipeline installation and associated 
maintenance activities, and highway encroachments. Currently, the middle reaches of Prospect 
Creek from Clear Creek upstream to Evans Gulch depart from their potential stable state (RDG, 
2004). This is reflected in the braided channel condition and altered riparian floristics relative to 
the historical riparian forest composition.  
 
Appendix F provides additional channel discussion along with a summary of physical 
parameters.  
 
Clear Creek 
Mainstem of Clear Creek is approximately nine miles long, a fourth order stream, and is the 
second largest tributary to Prospect Creek. The upper half of Clear Creek mainstem is primarily 
Rosgen type C reaches with short inclusions of B reaches in steeper, more confined segments. 
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The lower half of Clear Creek mainstem is unconfined and low gradient, with generally 
alternating C and D reaches.  
 
The Clear Creek Watershed encompasses approximately 28 mi2.USFS manages the land 
surrounding the upper 6.5 miles of Clear Creek. The lower 2.5 miles flow through privately 
owned land. Although land uses have changed over time, historic natural and human 
disturbances have resulted in the greatest watershed impacts. Two large fires between 1880 and 
1910 burned a large portion of the watershed resulting in stand replacement. A sheep grazing 
allotment opened in 1917 took advantage of forage that followed the 1910 fire (USFS, 1997). 
Initially up to 13,000 sheep grazed the lower Clear Creek Watershed. Roads and periodic timber 
harvest began in the drainage around the beginning of the 20th century. By the mid-1940s, the 
riparian community inhabiting the Clear Creek valley bottom was characterized by shrub, grass, 
and scattered tree cover, a substantially different community than the historical condition. 
 
Significant flood events occurred in 1995 and 1996, and evidence suggests a large flood event 
took place in the mid-1940s. Damage caused by the estimated 50-year flood events in the mid-
1990s was repaired in 1997. Channel conditions vary within the Clear Creek drainage based on 
the influence of historic natural as well as human-caused disturbances. Section 4.0 of the Phase I 
document (RDG, 2004) provides additional information on existing as well as potential channel 
conditions in the Clear Creek drainage.  
 
Dry Creek 
Mainstem Dry Creek is approximately six miles long, a fourth order stream and is the largest 
tributary to Prospect Creek. Rosgen channel types are generally steeper, confined B reaches with 
inclusions of A, C, and D. Dry Creek enters Prospect Creek near the mouth of Prospect Creek’s 
confluence with the Clark Fork River.  
 
The historical condition of the Dry Creek drainage was likely similar to the Clear Creek 
drainage. Land use activities including upland and riparian timber harvest, roads, grazing, and 
residential development modified the historical stream corridor. Similar to Clear Creek, roads 
and periodic timber harvest began in the late 19th or early 20th centuries. The location of Forest 
Road 352 necessitates maintenance in response to cutslope failures and direct runoff from the 
road surface.  
 
Wilkes Creek 
Mainstem of Wilkes Creek is approximately five miles long, a fourth order stream. Rosgen 
Channel types in mainstem Wilkes Creek alternate between confined B reaches and moderately 
confined C reaches.  
 
Wilkes Creek enters Prospect Creek in the lower portion of the middle watershed. Wilkes Creek 
is the third largest tributary (similar in size to Cooper Gulch) in the Prospect Creek drainage, 
measuring approximately 15.8 square miles. Similar to other tributaries, Wilkes Creek 
experiences localized intermittency related to channel aggradation.  
 
Wilkes Creek, flowing through the upper private in-holding is in near reference conditions. The 
stream corridor in the lower watershed exhibits the effects of channel modification from both 
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natural and human-caused activities. A series of headcuts located on private land have likely 
formed due to lowering of the base elevation of the mainstem Prospect Creek.  
 
Crow Creek 
Mainstem of Crow Creek is a fourth order stream, approximately two miles long. Rosgen 
channel types on the mainstem of Crow Creek are primarily C reaches with a long F inclusion 
below the confluence of the East and West Forks.  
 
Bonneville Power Administration transmission lines extend up the Crow Creek valley bottom 
County Highway No. 471 to the confluence of the East and West Forks Crow Creek. At the 
confluence of the forks, the BPA line follows the ridge dividing the watersheds of the forks to 
the Crow Creek divide where it crosses into the St. Regis Watershed to the south.  
 
Cooper Gulch 
Cooper Gulch is approximately seven miles long and is a fourth order tributary to Prospect 
Creek. Rosgen channel types along Cooper Creek include confined B reaches and moderately 
confined C reaches. Portions of Lower Cooper Gulch are classified as D and F reaches. 
 
NWE power lines and FSR 7623 extend up the Cooper Gulch valley bottom from County 
Highway No. 471 to the Montana-Idaho border at Cooper Pass. Spokane, Chipmunk, and 
Summit Creeks are major second order tributaries to Cooper Gulch.  
 
2.10 Fisheries and Aquatic Life 
 
The Phase I document Section 2.8 (RDG, 2004) discusses fisheries and aquatic 
macroinvertebrates in the Prospect Creek Watershed. In addition, the most recent Avista fisheries 
report presents fish abundance results for 2003 (Moran, 2004). Appendix D of this document 
includes a synopsis of these documents as well as new information including additional Montana 
DEQ macroinvertebrate sampling results. 
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SECTION 3.0  
TMDL REGULATORY FRAMEWORK 
 
This section of the Prospect Creek Watershed WQRP describes the applicable water quality 
standards and reviews the water quality and water use-support status of Prospect Creek basin 
streams in relation to those standards. A review of the available water quality data is also 
provided for each threatened or impaired stream segment. 
 
3.1 TMDL Development Requirements 
 
Waters of the State of Montana must fully support beneficial uses associated with their 
classification and water quality standards (Montana Code Annotated (MCA) 75-5-703, ARM 
17.30.606-614, and 17.30.620-629). Beneficial water uses that apply to all Montana water bodies 
include cold or warm water fisheries, aquatic life, drinking water, contact recreation (e.g. 
swimming), and agricultural and industrial uses. DEQ determines the level of beneficial use-
support of surface waters according to the following definitions: 
 

A use is fully supported when all water quality standards applicable to that use are met. 
When one or more standards are not met due to human activities, the water body is either 
"not supporting" or "partially supporting" the beneficial use tied to that standard. A use 
that is currently fully supported but for which observed trends or proposed new sources 
of pollution indicate a high probability of future impairment may be rated as 
"threatened." Because the standards for determining use support are different for each 
use, the use-support determinations for the various uses of a waterbody are often not the 
same. Only those beneficial uses that apply to the particular water-use classification of a 
waterbody are evaluated for that waterbody (DEQ, 2004b). 

 
Water bodies that do not support, or are unlikely to support, all of their designated beneficial 
uses due to other than natural causes are classified as “water quality-limited” and are 
summarized on the Montana 303(d) List prepared by the DEQ. 303(d) refers to a section of the 
federal CWA, which describes surface water quality monitoring and assessment requirements. 
The Montana 303(d) List provides a report of impaired and threatened water bodies in need of 
TMDLs for those impairment or threatened conditions that are linked to pollutants. These 
TMDLs, along with additional planning to address non-pollutant causes of impairment, will 
ensure the full support of all beneficial uses when implemented. The 303(d) List includes 
identification of the probable cause(s) of the water quality impairment problems (e.g. pollutants 
such as sediment, metals, or nutrients), and the suspected source(s) of the pollutants of concern 
(e.g. various land use activities). The Montana 303(d) List is published biennially.  
 
Prior to 2004, a 305(b) Report documenting waters listed as fully supporting beneficial uses and 
waters that lacked sufficient credible data was published along with the 303(d) List. In 2006, the 
303(d) List was combined with the 305(b) Report into the 2006 Montana Water Quality 
Integrated Report. The 2006 IR reflects water quality assessments conducted by the DEQ as of 
December 2005. The 2006 IR incorporates new guidance from the United States Environmental 
Protection Agency (EPA) which requires TMDLs be developed for waters impaired by 
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“pollutants,” such as nutrients, sediment, or metals. TMDLs are not required for waters impaired 
solely by “pollution,” such as flow alterations or habitat degradation (DEQ, 2004b).  
 
Water bodies appearing on the 1996 and 1998 303(d) Lists were subsequently re-evaluated using 
more rigorous review criteria during the preparation of the 2000 and 2002 303(d) Lists and, most 
recently, the 2006 IR. The review criteria were revised as a result of 1997 amendments to the 
Montana Water Quality Act (WQA) pertaining to the 303(d) Listing and water quality 
restoration planning processes. The 1997 changes require the consideration of “all currently 
available data,” and a determination that adequate data of sufficient quality are available for a 
particular stream, before a 303(d)-listing decision can be made. DEQ has developed specific 
decision criteria for evaluating “sufficient credible data (SCD)” and for making “beneficial use 
determinations (BUDs)” (DEQ, 2006a). SCD is defined under Montana Law as "chemical, 
physical, or biological monitoring data, alone or in combination with narrative information, that 
supports a finding as to whether a water body is achieving compliance with applicable water 
quality standards" (75-5-103 MCA). 
 
The 2006 303(d) List is the most recently approved by DEQ, but by federal court order DEQ 
must also address all pollutant waterbody combinations appearing on the 1996 303(d) List. 
TMDLs must be developed for all pollutants appearing on either the 2006 and 1996 303(d) Lists, 
except where the later listing represents a refinement of the original listing (based on sufficient 
and credible data). The sufficient credible data indicates that the basis for the original listing 
was in error, or that water quality standards are presently being attained and a listing is no longer 
valid. Sufficient credible data was assessed for all streams in the Prospect Creek Watershed 
appearing on the 1996 303(d) List and is reflected in the listings on the 2006 303(d) List.  
 
3.2 Water Bodies and Pollutants of Concern 
 
A Prospect Creek TMDL planning area (TPA) has been established by DEQ. A total of three 
individual stream segments in the Prospect Creek Watershed were identified as impaired on the 
1996 303(d) List, while five segments were identified as impaired on the 2006 303(d) List 
(Table 3-1, Figure 2-1). As mentioned earlier in this section, all necessary TMDLs must be 
completed for all pollutant/water body combinations identified on the 1996 303(d) List. TMDLs 
are not required for pollutant waterbody combinations that are not listed, but may be developed 
at the discretion of the DEQ. Although not listed for sediment in 1996 nor 2006, in this case, data 
and information for Prospect Creek and Dry Creek justifies completing sediment TMDLs for 
these waterbodies. Clear Creek was listed for sediment/siltation in 2006 and has been addressed 
via TMDL in this document, as well. 
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Table 3-1. Stream Segments in the Prospect Creek TMDL Planning Area that Appear on 
Montana's 303(d) List of Impaired Waters, and Their Associated Levels of Beneficial Use-
Support 
Water body & Stream Description Water body # 
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Prospect Creek MT76N003-
020 

B-1 1996 - T - - - - 
2006 N N N F F F 

Clear Creek MT76N003-
070 

B-1 1996  - T - - - - 
2006 P P F F F F 

Dry Creek MT76N003-
050 

B-1 1996  - T - - - - 
2006 P P F P F F 

Antimony Creek MT76N003-
021 

B-1 1996 X X X X X X 
2006 N N N X X X 

Cox Gulch MT76N003-
022 

B-1 1996  X X X X X X 
2006 N N N X N X 

F= Full Support; P= Partial Support; N= Not Supported; T= Threatened; X = Not Assessed.    
 
Table 3-2. Probable Causes and Sources of Impairment for 303(d)-Listed Stream Segments 
in the Prospect Creek TMDL Planning Area 
Water 
body 

1996 1996 2006 2006 
Causes Sources Causes Sources 

Prospect 
Creek 

Flow 
Alterations 

Agriculture; 
Silviculture 

Alteration in stream-
side or littoral 
vegetative covers 

Grazing in Riparian or 
Shoreline Zones; Silviculture 
Activities 

Other Habitat 
Alterations 

Antimony Mine Tailings  

 Thermal 
Modifications 
  

Lead Mine Tailings 
Zinc Mine Tailings 

Clear 
Creek 

Flow 
Alterations 

Land Development Sedimentation/Siltation Forest Roads (Road 
Construction and Use); 
Streambank 
Modifications/Destabilization 

Alteration in stream-
side or littoral 
vegetative covers 

Streambank 
Modifications/Destabilization 

Dry Creek  Flow 
Alterations 

 Highway/Bridge/Road 
Construction 

 Alteration in stream-
side or littoral 
vegetative covers 

Highways, Roads, Bridges, 
Infrasturcture (New 
Construction) 
Rangeland Grazing 

Other Habitat 
Alterations 

Chlorophyll a Rangeland Grazing 

Antimony 
Creek 

 N/A N/A Arsenic Mill Tailings 

Lead Mill Tailings 
Cox 
Gulch 

N/A N/A Lead Mill Tailings 

Zinc Mill Tailings 
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3.3 Applicable Water Quality Standards 
 
Water quality standards include the uses designated for a water body, the legally enforceable 
standards that ensure that the uses are supported, and a non-degradation policy that protects the 
high quality of a water body. The ultimate goal of this WQRP, once implemented, is to help 
ensure that all designated beneficial uses are fully supported and all standards are met for 
streams in the Prospect Creek Watershed, particularly those identified as impaired on the 303(d) 
List. Water quality standards form the basis for the targets described in Section 4.0. Pollutants 
addressed in this WQRP include sediment and thermal modifications. This section provides a 
summary of the applicable water quality standards for each of these pollutants.  
 
3.3.1 Classification and Beneficial Uses 
 
Classification is the assignment (designation) of a single use or group of uses to a water body 
based on the potential of the water body to support those uses. Designated Uses or Beneficial 
Uses are simple narrative descriptions of water quality expectations or water quality goals. There 
are a variety of “uses” of state waters including growth and propagation of fish and associated 
aquatic life, drinking water, agriculture, industrial supply, and recreation and wildlife. The 
Montana WQA directs the Board of Environmental Review (BER, i.e., the state) to establish a 
classification system for all waters of the state that includes their present (when the Act was 
originally written) and future most beneficial uses (Administrative Rules of Montana (ARM) 
17.30.607-616) and to adopt standards to protect those uses (ARM 17.30.620-670).  
 
Montana, unlike many other states, uses a watershed based classification system with some 
specific exceptions. As a result, all waters of the state are classified and have designated uses and 
supporting standards. All classifications have multiple uses and in only one case (A-Closed) is a 
specific use (drinking water) given preference over the other designated uses. Some waters may 
not actually be used for a specific designated use, for example as a public drinking water supply.  
However, the quality of that water body must be maintained suitable for that designated use. 
When natural conditions limit or preclude a designated use, permitted point source discharges, or 
non-point source discharges may not make the natural conditions worse. 
 
Modification of classifications or standards that would lower a water’s classification or a 
standard (i.e., B-1 to a B-3), or removal of a designated use because of natural conditions can 
only occur if the water was originally misclassified. All such modifications must be approved by 
the BER, and are undertaken via a Use Attainability Analysis (UAA) that must meet EPA 
requirements (40 Code of Federal Regulations (CFR) 131.10(g), (h), and (j)). The UAA and 
findings presented to the BER during rulemaking must prove that the modification is correct, and 
all existing uses are supported. An existing use cannot be removed or made less stringent. 
 
Descriptions of Montana’s surface water classifications and designated beneficial uses are 
presented in Table 3-3. Within the Prospect Creek TPA, all listed streams are classified as B-1. 
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Table 3-3. Montana Surface Water Classifications and Designated Beneficial Uses 

Classification Designated Uses 
B-1 CLASSIFICATION: Waters classified B-1 are to be maintained suitable for drinking, culinary and food 

processing purposes after conventional treatment; bathing, swimming and recreation; 
growth and propagation of salmonid fishes and associated aquatic life, waterfowl and 
furbearers; and agricultural and industrial water supply. 

 
3.3.2 Standards 
 
In addition to the Use Classifications described above, Montana’s water quality standards 
include numeric and narrative criteria as well as a nondegradation policy that currently applies to 
the numeric criteria. 
 
Numeric surface water quality standards have been developed for many parameters to protect 
human health and aquatic life. These standards are in the Department Circular WQB-7 , (DEQ, 
2004a). The numeric human health standards have been developed for parameters determined to 
be toxic, carcinogenic, or harmful and have been established at levels to be protective of long-
term (i.e., life long) exposures, as well as through direct contact such as swimming.  
 
The numeric aquatic life standards include chronic and acute values that are based on extensive 
laboratory studies including a wide variety of potentially affected species, a variety of life stages, 
and durations of exposure. Chronic aquatic life standards are protective of long-term exposure to 
a parameter. The protection afforded by the chronic standards includes reproduction, early life 
stage survival, and growth rates. In most cases the chronic standard is more stringent than the 
corresponding acute standard. Acute aquatic life standards are protective of short-term exposures 
to a parameter and are not to be exceeded.  
 
High quality waters are afforded an additional level of protection by the nondegradation rules 
(ARM 17.30.701 et. seq.,) and in statute (75-5-303 MCA). Changes in water quality must be 
“non-significant” or an authorization to degrade must be granted by DEQ. However under no 
circumstance may standards be exceeded. It is important to note that waters that meet or are of 
better quality than a standard are high quality for that parameter, and nondegradation policies 
apply to new or increased discharges to that water body.  
 
Narrative standards have been developed for substances or conditions for which sufficient 
information does not exist to develop specific numeric state wide standards. The term “Narrative 
Standards” commonly refers to the General Prohibitions in ARM 17.30.637 and other descriptive 
portions of the surface water quality standards. The General Prohibitions are also called the “free 
from” standards; that is, the surface waters of the state must be free from substances attributable 
to discharges (including thermal pollution) that impair the beneficial uses of a water body. Uses 
may be impaired by toxic or harmful conditions (from one or a combination of parameters) or 
conditions that produce undesirable aquatic life. Undesirable aquatic life includes bacteria, fungi, 
and algae.  
 
The standards applicable to the list of pollutants addressed in the Prospect Creek TPA are 
summarized below. 
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3.3.2.1 Sediment Standards 
 
Sediment (i.e., coarse and fine bed sediment) and suspended sediment are addressed via the 
narrative criteria identified in Table 3-4. The relevant narrative criteria do not allow for harmful 
or other undesirable conditions related to increases above naturally occurring levels or from 
discharges to state surface waters. This is interpreted to mean that water quality goals should 
strive toward a condition in which any increases in sediment above naturally occurring levels are 
not harmful, detrimental, or injurious to beneficial uses (see definitions in Table 3-4).  
 
Table 3-4. Applicable Rules and Definitions for Sediment Related Pollutants 

Rule(s) Standard 
17.30.602(28) “Sediment” means solid material settled from suspension in a liquid; mineral or organic solid 

material that is being transported or has been moved from its site of origin by air, water or ice 
and has come to rest on the earth’s surface, either above or below sea level; or inorganic or 
organic particles originating from weathering, chemical precipitation or biological activity. 

17.30.602(19) “Naturally occurring” means conditions or material present from runoff or percolation over 
which man has no control or from developed land where all reasonable land, soil, and water 
conservation practices have been applied. Conditions resulting from the reasonable operation 
of dams in existence as of July 1, 1971 are natural. 

17.30.602(24) “Reasonable land, soil, and water conservation practices” means methods, measures, or 
practices that protect present and reasonably anticipated beneficial uses. These practices 
include but are not limited to structural and nonstructural controls and operation and 
maintenance procedures. Appropriate practices may be applied before, during, or after 
pollution-producing activities.  

17.30.622(3) & 
17.30.623(2) 

No person may violate the following specific water quality standards for waters classified A-1 
or B-1. 

17.30.622(3)(f) & 
17.30.623(2)(f) 

No increases are allowed above naturally occurring concentrations of sediment or suspended 
sediment (except a permitted in 75-5-318, MCA), settleable solids, oils, or floating solids, 
which will or are likely to create a nuisance or render the waters harmful, detrimental, or 
injurious to public health, recreation, safety, welfare, livestock, wild animals, birds, fish, or 
other wildlife.  

17.30.622(3)(d) No increase above naturally occurring turbidity or suspended sediment is allowed in A-1 
except as permitted in 75-5-318, MCA. 

17.30.623(2)(d) The maximum allowable increase above naturally occurring turbidity is 5 NTU for B-1 except 
as permitted in 75-5-318, MCA. 

17.30.637(1)  
(a & d) 

State surface waters must be free from substances attributable to municipal, industrial, 
agricultural practices or other discharges that will: (a) settle to form objectionable sludge 
deposits or emulsions beneath the surface of the water or upon adjoining shorelines; (d) create 
concentrations or combinations of materials which are toxic or harmful to human, animal, 
plant or aquatic life. 
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SECTION 4.0 
EXISTING STREAM CONDITIONS, TARGETS, DEPARTURE ANALYSIS, 
AND WATER QUALITY SUMMARY 
 
This section provides updated water quality summaries for the Prospect Creek Planning Area. 
Numerous pieces of information are often necessary to adequately evaluate water quality. Water 
quality assessments involve several steps. The first step involves identifying water quality 
reference values using the guidance presented in Section 3.0 and Appendix G. The second step 
is to develop TMDL targets and beneficial use support objectives based on the identified 
reference conditions. The third step, also known as departure analysis, is to evaluate existing 
stream conditions against targets and objectives. Water quality assessments are based on the 
results of departure analysis. 
 
Section 4.1 provides an introductory discussion on reference values, TMDL targets, beneficial 
use support objectives, and considerations for natural variability and adaptive management. 
Section 4.2 presents each parameter used to assess existing stream conditions. The importance of 
each parameter to beneficial use support conditions and linkages to water quality standards are 
described. Existing Prospect Creek Watershed data are presented and are compared to targets and 
use support objectives (departure analysis). Finally, water quality summaries for the Prospect 
Creek Planning Area are provided in Section 4.3.  
 
4.1 Introduction 
 
4.1.1 Reference Value Development 
 
Reference development (Appendix G) is focused on those parameters that can be linked closely 
to the beneficial use support (Figure 4-1). Ideally, the best parameters would include robust 
measures of fishery and aquatic life from reference water bodies where all sediment and habitat 
conditions are functioning at their potential given historic land uses and the application of all 
reasonable land, SWCP. There has been, and continues to be, significant progress toward the 
development of macroinvertebrate and periphyton reference values throughout Montana. These 
reference values, along with reference values for habitat parameters such as percent fines, can 
provide vital information to make aquatic life BUDs. On the other hand, a robust reference data 
set to represent the primary species of cold-water fish found in the Prospect Creek Watershed 
represents a difficult challenge given the multitude of variables that can influence fishery data. 
For this reason, cold-water fish beneficial use support decisions linked to sediment and habitat 
impairments often rely on fish habitat and channel condition parameters because of the impact 
that these parameters, represented within Figure 4-1, can have on fishery health. 
 
Reference values were identified for the following parameters to help determine impact to cold 
water-fish and/or aquatic life:  
 

• Percent Surface Fines in Riffles < 6.35 mm (pebble count) 
• Percent Surface Fines < 6.35 mm in Pool Tails and Riffles (grid toss or equivalent)  
• Percent Substrate Fines in Pool Tails < 6.35 mm (McNeil cores) 



Prospect Creek Watershed Sediment TMDLs – Section 4.0 

1/21/09  26 

• Pool Frequency (number of pools per unit length) 
• Width to Depth (W/D) Ratio (ratio of bankfull width to bankfull depth at riffle cross 

sections) 
• Sinuosity 
• Riffle Stability Index (RSI) 
• LWD (amount of LWD per unit length) 
• Riparian Vegetation 
• Macroinvertebrate Populations 

 
The above parameters cover a broad range of direct habitat measures and measures of channel 
conditions, as well as a direct measure of aquatic life (macroinvertebrate metrics). All of the 
above parameters are measures of sediment-related impacts. Reference value development for 
each of the parameters is presented in Appendix G. 
 
Given the potential widespread historical human impacts throughout the Prospect Creek 
Watershed, the use of internal reference values from within the watershed for reference 
development cannot be justified for many parameters, and historical data is not available for 
many parameters. This leaves the use of regional reference data as a remaining primary approach 
used in many of the following sections. Focus is on the use of regional reference data 
supplemented by some internal Prospect Creek Watershed data and secondary reference 
development approaches. 
 
Management activities, natural events, watershed and riparian processes, and stream inputs such 
as sediment loading all play an important role in assessing the condition of a waterbody (Figure 
4-1). Most of these must be considered when evaluating the applicability of reference values, 
assessing water quality, and applying the adaptive management approach discussed in Section 
4.1.4. This includes consideration of historical land use and linkages to sediment loading and 
habitat impacts, as well as consideration of anticipated natural variability as part of the process of 
selecting, developing and applying reference parameters to the Prospect Creek Watershed. 
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Figure 4-1. How Various Measures and Potential Reference Parameters Fit in the 
Watershed Cause and Effect Pathway for Sediment and Habitat Measures 
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4.1.2 TMDL Targets 
 
This section presents beneficial use support objectives, or “TMDL targets”, for the Prospect 
Creek Watershed. These targets are numeric or measurable values that represent desired 
conditions and achievement of water quality standards, both numeric and narrative, for a 
waterbody. Since narrative standards apply to the impairments (Section 3.0), the TMDL targets 
are based on reference conditions developed in Appendix G. Sediment, habitat and flow 
impairments are the focus of the beneficial use support objectives. The beneficial use objectives 
also represent the water quality endpoints by which the ultimate success of implementation of 
this plan will depend upon. 
 
A range of targets is developed to address potential sediment impairment conditions using 
several indicator parameters. Per EPA sediment guidance (EPA, 1999) it is stated that “in many 
watersheds more than one indicator and associated numeric target might be appropriate to 
account for process complexity and the potential lack of certainty regarding the effectiveness of 
an individual indicator.” 
 
Targets fall within two general categories in this document as described below. All targets are 
developed for sediment, with consideration of both fine and coarse or total sediment impairment 
indicators.  
 

1. Primary Targets: Primary targets must be satisfied under most conditions to ensure full 
support of the beneficial use. Not meeting a Primary target means likely impact to one or 
more beneficial use, as long as the application of this target is strengthened by supporting 
indicators that can be linked to sources of pollutant loading at a minimum. Indicator 
parameters used for developing Primary targets include pool frequency, percent fines < 
6.35 mm in riffles (pebble count), percent subsurface fines (McNeil core), and 
macroinvertebrate metrics.  

2. Supporting Targets: Supporting targets can be used to assist with the assessment of water 
quality. There is more flexibility with the application of these targets. The Supporting 
targets can be used as substitutes for Primary targets under some conditions, such as 
where Primary target data is lacking for a given stream segment and it is determined that 
meeting or not meeting Supporting targets provides sufficient information to assess the 
stream. Where sufficient Primary target data is available, a Supporting Target may be 
used to reinforce the conclusions based on the primary target. Indicator parameters used 
for developing Supporting targets include W/D Ratio, grid toss fines, and pebble count 
percent fines. 

 
Primary and Supporting targets provide evidence, and/or collaborative information when used in 
combination, to indicate that Montana’s sediment related water quality standards are not met. 
Not meeting one particular target, primary or supporting, does not necessarily mean sediment 
standards are not met. However, some target exceedences can be directly linked to a standard 
exceedence when weighed along with supporting target data, known sediment sources, and other 
available information about stream and watershed health. Subsequent data or information can 
also help refine targets through time as part of the adaptive management approach and can help 
determine whether or not meeting one or more targets is a result of natural versus human causes. 



Prospect Creek Watershed Sediment TMDLs – Section 4.0 

1/21/09  29 

Supporting targets do not necessarily require development of a reference or numeric value, 
although development of a reference value, or a value that indicates relatively high levels of 
human impact, is often desirable. Supporting targets may also include values for LWD, 
sinuosity, meander length ratio, bull trout redd levels, and residual pool depth. Several additional 
supporting targets that may be without a reference or numeric values may include sediment 
loading information and sources, visual indicators of in-channel sediment or stream stability, and 
other fish data.  
 
Each target includes a rationale and applicability considerations. Because of the adaptive 
management considerations discussed below, all targets developed in this document are subject 
to potential modification and further interpretations through time, with the DEQ taking a lead or 
needing to approve any modifications. Appendix G provides reference and target development 
details. Table 4-1 provides a summary of the targets. 
 
When target application is specified by stream type, targets apply to the most probable, stable 
stream type of the reach in question. For example, targets for C stream types will also be applied 
to a reach where the existing condition is a D stream type but under most probable, stable, 
functioning conditions the reach would be a C stream type.  
 
Table 4-1. Summary of Sediment TMDL Targets 

Parameter Target 
Type 

Value How Applied How Measured 

Percent Surface 
Fines < 6.35 mm in 

Riffles  

Primary < 15% All reaches Wolman Pebble Count 

Percent Surface 
Fines < 6.35 mm in 

Pool Tails and 
Riffles 

Primary < 10% All reaches Grid Toss or Equivalent 
(e.g. viewing bucket) 

Percent Substrate 
Fines < 6.35 mm 

Primary < 15% All streams where spawning 
occurs in pool tail areas 

McNeil Core 

Pool Frequency Primary > 26 
 

> 47-66 

Prospect Creek main stem 
B and C stream types 

 
Tributary B and C stream 

types 

Longitudinal Profile; 
R1/R4; or equivalent 

Width-to-Depth 
Ratio 

Supporting < 30  
 

< 20  

Prospect Creek main stem 
B and C stream types 

 
Tributary B and C stream 

types 

Standard Bankfull 
Cross Section Measures 

Sinuosity Supporting 1.2 – 1.4 All B and C stream types Standard aerial 
assessment 

Riffle Stability 
Index 

Supporting 40-70 All B and C stream types Method established by 
Kappesser  

Large Woody 
Debris 

Supporting Refer to Table 4-9 By stream width, stream 
order, Rosgen stream types 

R1/R4 Method or 
Equivalent 

Riparian Vegetation Supporting 60% canopy 
density in riparian 
areas of the lower 

reaches of 

Lower reaches are 
considered those reaches of 
Prospect Creek where active 

channel widths are > 75’ 

% density; shade with 
densiometer 
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Table 4-1. Summary of Sediment TMDL Targets 
Parameter Target 

Type 
Value How Applied How Measured 

Prospect Creek; 
75% canopy 

density in riparian 
areas of the upper 

reaches of 
Prospect Creek 

(Reaches 2-4). Upper 
reaches are those reaches of 
Prospect Creek where active 

channel widths are <75’ 
(Reaches 4-5). 

Macroinvertebrate 
Populations 

Supporting Acceptable 
metrics per DEQ 

protocol 

All reaches (focus on riffles)  Standard DEQ 
protocols 

 
4.1.3 Natural Variability 
 
The targets established in this section all apply under normal or median type conditions of 
natural background loading and natural disturbance. It is recognized that under some natural 
conditions such as a large fire or flood events, it may be impossible to satisfy some of the targets 
until the stream and/or the watershed recovers from the natural event. The goal, under these 
conditions, will be to ensure that management activities within the watershed or individual 
tributaries are undertaken in such a way that the achievement of targets is not significantly 
delayed compared to natural recovery. Another goal will be that human activities do not 
significantly increase the extent of negative water quality or habitat impacts from natural events 
during the recovery period. Human activities within the Prospect Creek Watershed that are 
lacking application of reasonable land, SWCP, or have historically occurred without the 
application of these practices, cannot be defined as a natural disturbance or as naturally 
occurring. 
 
It is recognized that natural disturbance pulses can be a positive influence toward the creation 
and maintenance of habitat features such as pools or LWD. In fact, under some circumstances 
significant floods or other types of natural disturbances may aid in eventually meeting target 
conditions. For example, flood flows may be necessary to help move excess bedload size 
material through the system under conditions where W/D and other stream morphology 
conditions can effectively transport excess material (i.e. when these parameters are within target 
conditions). In some systems, flood flows interact with LWD to create pool and other desirable 
habitat features. 
 
4.1.4 Adaptive Management 
 
Adaptive management is applied toward the water quality goals defined within this section. For 
the purpose of this document, adaptive management relies on continued monitoring of water 
quality and stream habitat conditions, continued assessment of impacts that human activities and 
natural conditions have on water quality and stream habitat conditions, and continued assessment 
of how aquatic life and cold-water fish, particularly bull trout and cutthroat trout, respond to 
changes in water quality and stream habitat conditions. Adaptive management addresses 
important considerations such as feasibility and uncertainty in establishment of targets. For 
example, despite implementation of all restoration activities (Sections 7.0 and 8.0), the 
attainment of targets may not be feasible due to natural disturbance such as forest fires, flood 
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events, or landslides. Similarly, it is possible that the natural potential of some streams will 
preclude achievement of some targets. For instance, natural geologic and other conditions may 
contribute sediment at levels that cause a deviation from numeric targets associated with 
sediment. Conversely, some targets may be underestimates of the potential of a given stream and 
it may be appropriate to apply more protective targets upon further evaluations. Supplemental 
indicators are used to help with these determinations. In light of all this, it is important to 
recognize that the adaptive management approach provides the flexibility to refine targets as 
necessary to ensure protection of the resource or to adapt to new information concerning target 
achievability. 
 
As part of this adaptive management approach, increased land use activities should be tracked 
along with increased monitoring of target parameters before and after land use activities should 
always be considered. The extent of monitoring should be consistent with the extent of potential 
impacts, and can vary from basic BMP compliance inspections to a complete measure of target 
parameters below the project area before the project and after completion of the project. 
Cumulative impacts from multiple projects must also be a consideration. This approach will help 
track the recovery of the system and the impacts, or lack of impacts, from ongoing management 
activities in the watershed. Under these circumstances, additional targets and other types of water 
quality goals may need to be developed to address new stressors to the system, depending on the 
nature of the activity. 
 
4.2 Targets, Existing Conditions and Departure Analysis 
 
Target values were selected from reference values presented in Appendix G. In this section the 
targets and objectives are presented for each parameter followed by a discussion of the 
importance of each parameter (rationale) as it relates to water quality standards. Applicability 
considerations are also discussed. Existing stream condition data from Appendix F are presented 
and compared to the selected targets values and use support objectives. These comparisons are 
made for Prospect Creek as well as the tributary streams to Prospect Creek.  
 
Parameters used as primary sediment targets include percent surface fines < 6.35 mm (pebble 
count and grid toss), percent substrate fines < 6.35 mm (McNeil Core), and pool frequency. 
Parameters used as supporting sediment targets include width-to-depth ratio, sinuosity, RSI, 
LWD, riparian vegetation, macroinvertebrate populations, and fish data. 
 
4.2.1 Sediment-Related Parameters  
 
Excess fine sediment is typically referred to as a “siltation” cause of impairment on Montana’s 
303(d) List, with potential impacts often relating to excess subsurface fines in spawning gravels 
or excess surface fines in riffles. Excessive surface and substrate fines may limit fish egg and 
embryo survival. Macroinvertebrate richness may also be limited by excess surface fines, thus 
limiting aquatic life and potentially having a negative impact on cold-water fish that rely on 
macroinvertebrates as a food source (Suttle et al., 2004).  
 
Fine sediment on the channel bed surface and within the channel substrate may be evaluated in 
several ways. McNeil core samples may be used to determine the percent of fines in the upper 
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several inches of channel substrate, usually in pool tail outs where fish spawning is likely to 
occur. The 49-point grid toss method may be used to determine percent surface fines < 6.35 mm 
at pool tail outs and riffles, although data from pool tail outs is used in this document. Pebble 
counts may also be used to evaluate surface fines in riffles and pools. Grid-toss and pebble count 
measures of surface fines can also be used as surrogates for assessing substrate fines. For pool 
tail outs, McNeil coring is believed to be a more consistent method for evaluating the impacts of 
fines on spawning success than the grid-toss method, and is therefore a preferred method. 
McNeil core data were not available for the Prospect Creek Watershed, although McNeil core 
data are identified as a primary target related to sediment impairments.  
 
4.2.1.1 Percent Surface Fines < 6.35 mm in Riffles (pebble counts) 
 
Primary Sediment Target 
Less than 15% surface fines less than 6.35 mm in riffles based on Wolman pebble counts. 
 
Rationale 
This target encompasses particle size classes less than 2 mm as well as less than 6.35 mm. 
Development of this target is one of the important criteria for evaluating whether or not excess 
sediment loading indicates a “siltation” or excess fine sediment type of impairment cause. The 
target values are based on the reference indicators developed in Appendix G. 
 
Applicability Considerations 
Not meeting this target suggests a fine sediment impact to aquatic life and possibly cold water 
fish. Where the target value is not met, the stream is potentially impaired unless there is 
appropriate evidence, including macroinvertebrate results from the same area, to otherwise 
suggest that the high level of fines is not negatively affecting aquatic life. The target also helps 
with use support determinations in areas where McNeil Core data is lacking to evaluate substrate 
fines in fish spawning areas. 
 
Where there are multiple representative samples in a reach, meeting the target value with 75% or 
more of the pebble count results may be acceptable as long as there are acceptable 
macroinvertebrate results from at least one or more areas with elevated fine sediment. Part of the 
reason for allowing this flexibility is the inherent variability in pebble count results, particularly 
at the low range of sediment sizes. Another reason is due to the fact that the macroinvertebrate 
samples are a more direct measure of beneficial use based on developed reference approaches. 
 
The grid toss target can apply in areas where pebble count data are lacking.  
 
Existing Conditions and Departure Analysis 
Results of percent surface fines < 6.35 mm in riffles based on pebble counts indicate that percent 
surface fines in riffles of mainstem Prospect Creek generally meet the target (Table 4-2). 
Exceptions include one site in Reach 2, and two sites in Reach 5. Most tributary sites also meet 
the target. Exceptions include Clear Creek Reaches 4 and 8, all Dry Creek reaches, except for the 
steep A reach, the upper three reaches in Wilkes Creek, the upper reaches in Crow Creek 
including the East Fork and West Fork reaches, and Reaches 3 and 4 in Cooper Creek.  
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Table 4-2. Percent Surface Fines <6.35 mm in Riffles from Pebble Count Results (RDG and 
USFS 2003 data) and Comparison to Target Values 
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Main Stem RDG R1, XS1 B3c/F3 riffle 13 <15 -2 Meets Target 
Main Stem RDG R2, XS1 D4 riffle 20 <15 +5 Above Target 
Main Stem RDG R2, XS3 C4 riffle 13 <15 -2 Meets Target 
Main Stem RDG "Ref" C, XS1 Ref C4 riffle 12 <15 -3 Meets Target 
Main Stem RDG "Ref" C, XS2 Ref C4 riffle 8 <15 -7 Meets Target 
Main Stem RDG R3, XS1 C3 riffle 1 <15 -14 Meets Target 
Main Stem RDG R3, XS2 D4 braid 6 <15 -9 Meets Target 
Main Stem RDG R3, XS3 D4 braid 11 <15 -4 Meets Target 
Main Stem RDG R3, XS4 C4 riffle 6 <15 -9 Meets Target 
Main Stem RDG R4, XS1 D4 braid 12 <15 -3 Meets Target 
Main Stem RDG R4, XS2 D3 braid 3 <15 -12 Meets Target 
Main Stem RDG R4, XS3 D4b riffle 8 <15 -7 Meets Target 
Main Stem LNF R5, XS1, (FS R4) C riffle 17 <15 +2 Above Target 
Main Stem LNF R5, XS2, (FS R4) C riffle 18 <15 +3 Above Target 
Main Stem LNF R5, (FS R3) C riffle 5 <15 -10 Meets Target 
Main Stem LNF R6, (FS R1) B riffle 14 <15 -1 Meets Target 
Clear Creek RDG R1, XS1 C4 riffle 8 <15 -7 Meets Target 
Clear Creek RDG R1, XS2 C4 riffle 10 <15 -5 Meets Target 
Clear Creek RDG R3 C4 riffle 12 <15 -3 Meets Target 
Clear Creek RDG R4 D4 braid 35 <15 +20 Above Target 
Clear Creek LNF R6, (FS R2) C riffle 7 <15 -8 Meets Target 
Clear Creek LNF R8, (FS R2b) C riffle 20 <15 +5 Above Target 
Dry Creek RDG R1 C4 riffle 20 <15 +5 Above Target 
Dry Creek RDG R2 A3 riffle 6 <15 -9 Meets Target 
Dry Creek RDG R3 C4 riffle 17 <15 +2 Above Target 
Dry Creek RDG R4, WF D4b braid 22 <15 +7 Above Target 
Dry Creek RDG R4, EF D4b braid 35 <15 +20 Above Target 
Dry Creek RDG R5, WF Ref B4 riffle 18 <15 +3 Above Target 
Dry Creek LNF R3, (FS R1) C4 riffle 18 <15 +3 Above Target 
Dry Creek LNF EF C4 riffle 37 <15 +22 Above Target 
Dry Creek LNF WF B4 riffle 34 <15 +19 Above Target 
Wilkes Creek RDG R1 B4c riffle 9 <15 -6 Meets Target 
Wilkes Creek RDG R2 C4 riffle 13 <15 -2 Meets Target 
Wilkes Creek RDG R3 B4c riffle 16 <15 +1 Above Target 
Wilkes Creek LNF R2, XS1 C4 riffle 19 <15 +4 Above Target 
Wilkes Creek LNF R2, XS2 C4 riffle 23 <15 +8 Above Target 
Crow Creek LNF R2, XS1 C3/4 riffle 14 <15 -1 Meets Target 
Crow Creek LNF R2, XS2 C3/4 riffle 20 <15 +5 Above Target 
Crow Creek LNF R1, EF, XS1 C4b riffle 24 <15 +9 Above Target 
Crow Creek LNF R1, EF, XS2 C4b riffle 30 <15 +15 Above Target 
Crow Creek LNF R1, WF XS1 C4b riffle 38 <15 +23 Above Target 
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Table 4-2. Percent Surface Fines <6.35 mm in Riffles from Pebble Count Results (RDG and 
USFS 2003 data) and Comparison to Target Values 
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Crow Creek LNF R1, WF XS2 C4b riffle 26 <15 +11 Above Target 
Cooper Creek LNF R2, XS1, (FS R1) B3c riffle 8 <15 -7 Meets Target 
Cooper Creek LNF R2, XS2, (FS R1) B3c riffle 4 <15 -11 Meets Target 
Cooper Creek LNF R3, (FS R2) C4/D4 riffle 20 <15 +5 Above Target 
Cooper Creek LNF R4, (FS R3) C4/B riffle 26 <15 +11 Above Target 

 
4.2.1.2 Percent Surface Fines < 6.35 mm in Pool Tails and Riffles (grid toss or 
equivalent) 
 
Primary Sediment Target  
Less than 10% surface fines less than 6.35 mm in riffles and pools based on 49-point grid toss 
method or equivalent grid procedure.  
 
Rationale 
Development of this target is another important criterion for evaluating whether or not excess 
sediment loading indicates an impact from “siltation” or excess fine sediment. The target values 
are based on the reference indicators developed in Appendix G. 
 
Applicability Considerations 
Not meeting this target suggests a fine sediment impact to aquatic life and possibly cold water 
fish. Where the target value is not met, the stream is potentially impaired. The targets help with 
impairment or use support determinations in areas where McNeil Core data is lacking to evaluate 
substrate fines in fish spawning areas. The grid toss target can also apply in areas where pebble 
count data are lacking. 
 
Where large sets of data are available, the median value can be used for comparison to the target 
value with caution. Individual reach areas where the target is not met may still require additional 
investigation to ensure that important spawning habitat or large reaches do not have significant 
beneficial use impacts.  
 
Existing Conditions and Departure Analysis 
Results of percent surface fines < 6.35 mm in riffles based on grid toss data indicate that percent 
surface fines in riffles of mainstem Prospect Creek generally meet the target (Table 4-3) with the 
exception of one site in Reach 5. Results from tributary sites are variable. All sites in Clear 
Creek meet the target. In Dry Creek, both sites in Reach 3 on the mainstem do not meet the 
target as do one site in each of the East and West Forks of Dry Creek. All but one site in Wilkes 
Creek meet the target. In Cooper Creek, sites in Reaches 1 and 3 do not meet the target. 
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Table 4-3. Percent Surface Fines <6.35 mm in Riffles and Pool Tails Measured According 
to the 49-point Grid Toss Method (USFS 2003 data) and Comparison to Target Values 
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Main Stem LNF R5, XS1, (FS R4) C riffle 2 <10 -8 Meets Target 
Main Stem LNF R5, XS2, (FS R4) C riffle 27 <10 17 Above Target 
Main Stem LNF R5, XS2,  

(FS R4) 
C pool 6 <10 -4 Meets Target 

Main Stem LNF R5, (FS R3)  C riffle 4 <10 -6 Meets Target 
Main Stem LNF R5, (FS R3)  C pool 2 <10 -8 Meets Target 
Main Stem LNF R6, (FS R1) B riffle 2 <10 -8 Meets Target 
Main Stem LNF R6, (FS R1) B pool 4 <10 -6 Meets Target 
Clear Creek LNF R6 C riffle 4 <10 -6 Meets Target 
Clear Creek LNF R8 C riffle 4 <10 -6 Meets Target 
Clear Creek LNF R8 C pool 0 <10 -10 Meets Target 
Dry Creek LNF R3 C4 riffle 12 <10 2 Above Target 
Dry Creek LNF R3 C4 pool 61 <10 51 Above Target 
Dry Creek LNF R5, EF C4 riffle 4 <10 -6 Meets Target 
Dry Creek LNF R5, EF C4 pool 18 <10 8 Above Target 
Dry Creek LNF R5, WF B4 riffle 2 <10 -8 Meets Target 
Dry Creek LNF R5, WF B4 pool 16 <10 6 Above Target 
Wilkes Creek LNF R2, XS1 C4 riffle 8 <10 -2 Meets Target 
Wilkes Creek LNF R2, XS1 C4 pool 16 <10 6 Above Target 
Wilkes Creek LNF R2, XS2 C4 riffle 2 <10 -8 Meets Target 
Wilkes Creek LNF R2, XS2 C4 pool 8 <10 -2 Meets Target 
Crow Creek LNF R2, XS1 C3/4 riffle 6 <10 -4 Meets Target 
Crow Creek LNF R2, XS1 C3/4 pool 2 <10 -8 Meets Target 
Crow Creek LNF R2, XS2 C3/4 riffle 8 <10 -2 Meets Target 
Crow Creek LNF R1, EF, XS1 C4b riffle 4 <10 -6 Meets Target 
Crow Creek LNF R1, EF C4b pool 43 <10 33 Above Target 
Crow Creek LNF R1, EF, XS2 C4b riffle 14 <10 4 Above Target 
Crow Creek LNF R1, WF XS1 C4b riffle 6 <10 -4 Meets Target 
Crow Creek LNF R1, WF C4b pool 6 <10 -4 Meets Target 
Crow Creek LNF R1, WF XS2 C4b riffle 8 <10 -2 Meets Target 
Cooper Creek LNF R1 F3 pool 33 <10 23 Above Target 
Cooper Creek LNF R2, XS1 B3c riffle 4 <10 -6 Meets Target 
Cooper Creek LNF R2, XS2 B3c riffle 2 <10 -8 Meets Target 
Cooper Creek LNF R3 C4/D4 riffle 0 <10 -10 Meets Target 
Cooper Creek LNF R3 C4/D4 pool 14 <10 4 Above Target 
Cooper Creek LNF R4 C4/B riffle 10 <10 0 Meets Target 
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4.2.1.3 Percent Substrate Fines < 6.35 mm in Pool Tails (McNeil Core) 
 
Primary Sediment Target 
Less than 28% surface fines less than 6.35 mm in pool tailouts based on McNeil Cores. 
 
Rationale 
Development of this target is one of the important criteria for evaluating whether or not excess 
fine sediment loading indicates a “siltation” type of impairment cause. Elevated levels of fine 
sediment in pool tail areas where fish spawning can occur will reduce fry emergence, therefore 
impairing cold-water fish. The target values are based on the reference development in 
Appendix G. 
 
McNeil Core values that fall below 15%, which is the low end of the reference range, could be 
an indicator of another type of problem such as a degrading stream reach. If values this low 
occur, further investigation may be warranted.  
 
Applicability Considerations 
This target can be applied based on yearly average results from a given stream reach or spawning 
segment. Where sampling is routinely performed, the target can instead be applied to an average 
value from three subsequent years of sampling. 
 
This target (< 28% substrate fines) should only be applied in areas where bull trout or cutthroat 
trout spawning occurs or has the potential to occur under full support conditions. Not meeting 
this target alone represents a potential impairment from excess fine sediment if the upper end of 
the value is exceeded. If the lower end is exceeded, the stream could be impaired due to habitat 
alterations and additional study should be done to ensure proper pool values in the impacted 
range and to ensure that spawning locations are not being lost. 
 
Core sampling tends to focus on potential impacts to bull trout spawning success. Equivalent 
core sampling targets that can provide a surrogate for core substrate fines also apply to cutthroat 
trout spawning areas.  
 
Existing Conditions and Departure Analysis 
McNeil Core data were not available for the Prospect Creek Watershed however this method is 
recommended as part of the monitoring and implementation strategy described later in this 
document. 
 
4.2.1.4 Pool Frequency 
 
Primary Sediment Target 
For B and C stream types, greater than 26 pools per mile for mainstem Prospect Creek and 
greater than 47 pools per mile for tributaries. 
 
Rationale 
Pool frequency (pools/mile) is an important physical habitat parameter. Pools provide critical 
habitat for cold-water fish and are linked to the storage, deposition, and sorting of sediment 
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within the channel. This target is directly linked to the habitat alterations and to excess sediment 
loading conditions associated with bed load and larger size material contributing to aggradation, 
pool filling and/or interfering with pool formation. Loss of pools from excess sediment supply 
results in a direct reduction in fish habitat quantity and quality. The target values are based on the 
reference development in Appendix G. 
 
Decreased pool frequency is the result of aggradation and pool filling which displaces in-stream 
water from the once deep pools that can provide refuge for fish, especially at low flow 
conditions. When streams aggrade and pools fill, in-stream water spreads across wide and 
shallow riffles which provide little habitat, and which under low flow conditions may dry up 
completely, providing no habitat. 
 
Applicability Considerations 
Not meeting the target in the applicable reaches suggests potential sediment impact to cold-water 
fish. 
 
Pool frequency targets may be supplemented and/or replaced by additional pool reference values 
or additional analysis based on measures such as residual pool depth or residual pool volume. 
Development of new pool targets could require a similar reference analysis as developed 
Appendix G.  
 
Existing Conditions and Departure Analysis 
Based on counting the number of pool in sample segments of Prospect mainstem Reaches 2 
through 4, Reaches 2, 3 and 4 of Prospect mainstem do not meet the pool frequency target of 26 
pools per mile. Departure values are 33% or more below the target level. These results impact to 
mainstem Prospect Creek from either sediment or habitat alterations. 
 
Based on pool counts from longitudinal profile surveys in Prospect mainstem Reaches 5 and 6, 
the pool target is satisfied by 124 and 248%. In the tributaries, conditions satisfy the low end of 
the pool target in Clear Creek Reach 8 and Dry Creek Reach 3. Other tributary reaches do not 
meet the minimum pool target of 47 pools per mile. Tributaries below target levels include Clear 
Creek Reaches 1 and 3, which are below the minimum pool target by 38 and 70% respectively, 
Crow Creek Reaches 1 and 2, which are below the minimum pool target by 25 and 62% 
respectively, Cooper Creek Reaches 1 and 3 which are below the minimum pool target by 30 and 
61% respectively, and Dry Creek Reach 1 which is below the minimum pool target by 50%. 
These results indicate impairment conditions from sediment and/or habitat alterations in Clear, 
Crow and Cooper Creeks. 
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Table 4-4. Pool Frequency (Number of Pools per Unit Length) Based on Field Counts 
within Sample Segments (RDG 2004 data, unpublished) and Comparison to Target Values  
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Mainstem RDG R2, XS1 D4 211.4 17 26 -9 Below Target 
Mainstem RDG R2, XS2 D4/C4 102.1 10 26 -16 Below Target 
Mainstem RDG R2, XS3 C4 87.5 12 26 -14 Below Target 
Mainstem RDG 2   14 26 -12 Below Target 
Mainstem RDG R3, XS1 C3 61.7 4 26 -22 Below Target 
Mainstem RDG R3, XS2 D4 179.9 9 26 -17 Below Target 
Mainstem RDG R3, XS3 D4 104.4 13 26 -13 Below Target 
Mainstem RDG 3   9 26 -17 Below Target 
Mainstem RDG R4, XS1 D4 118.0 4 26 -22 Below Target 
Mainstem RDG R4, XS2 D3 81.7 13 26 -13 Below Target 
Mainstem RDG R4, XS3 D4b 83.1 13 26 -13 Below Target 
Mainstem RDG 4   9 26 -17 Below Target 
*Bankfull width or mean bankfull width from multiple riffle cross sections. 
 
Table 4-5. Pool Frequency (Number of Pools per Unit Length) Based on Pools Measured in 
Longitudinal Profile Survey of Channel Thalweg (RDG 2004 data, unpublished) and 
Comparison to Target Values 
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Mainstem LNF R5  
(FS 
R3 

&R4) 

C 37.1 91 26 +65 Meets Target 

Mainstem LNF R6  
(FS 
R1) 

B 32.1 58 26 +32 Meets Target 

Clear  RDG R3 C4 38.8 29 47 -18 Below Target 
Clear  RDG R1 C4 31.9 14 47 -33 Below Target 
Clear  LNF R8  

(FS R 
2b) 

C 20.9 77 47 +30 Meets Target 

Crow RDG R2 C4 29 35 47 -12 Below Target 
Crow RDG R1 C4 26 18 47 -29 Below Target 

Cooper  RDG R3 C4/D4 21.7 33 47 -14 Below Target 
Cooper  RDG R1 C/F 29 18 47 -29 Below Target 

Dry RDG R3 C4 20.8 47 47 0 Meets Target 
Dry RDG R1 C4 27.7 23.5 47 -24 Below Target 
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4.2.1.5 Width-to-Depth Ratio 
 
Supporting Sediment Target 
For B and C stream types, less than 30 for Prospect Creek mainstem and less than 20 for 
tributaries. 
 
Rationale 
Width-to-depth (w/d) ratio is an important indicator of proper channel function. Width-to-depth 
ratio is normally measured as bankfull width to average bankfull depth at riffle cross sections. 
The target values are based on the reference development in Appendix G. 
 
This target is directly linked to potential habitat alterations and is linked to excess sediment 
loading conditions. An excessive width-to-depth ratio can be the result of accelerated bank 
erosion and can decrease a stream’s sediment transport capacity resulting in aggradation and 
pool filling. Excessive w/d can also lead to increased temperatures that can have negative 
impacts on aquatic life in Prospect Creek or downstream waters.  
 
Decreasing the width-to-depth ratio will concentrate flow into a narrower channel. Therefore, it 
will probably take less flow to meet a wetted perimeter type goal in a narrower, deeper channel 
than in the existing over-widened channel. 
 
Applicability Considerations 
Not meeting this target implies potential impairment to cold-water fish. Excessive w/d values are 
a major indicator of sediment transport problems that can and likely are contributing to 
aggradation and pool filling. Furthermore, high w/d ratios are likely related to potential 
temperature impacts discussed below.  
 
Existing Conditions and Departure Analysis 
In general, sites on Prospect Creek mainstem do not meet the w/d target. Exceptions include one 
site in each of Reaches 1 through 3, two of three sites in Reach 5, and the site in Reach 6 which 
meet the target. In Clear Creek, four of seven sites do not meet the w/d target. W/d results for 
sites in Dry Creek are variable. On the mainstem of Dry Creek, Reaches 1 and 3 do not meet the 
target as do the lower reaches in both East and West Fork Dry Creeks. The upper reaches of the 
East and West Forks of Dry Creek meet the target. All sites in Wilkes Creek meet the w/d target 
and all but one site in Reach 2 of Crow Creek meet the target. In Cooper Creek, half of the sites 
meet the target. 
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Table 4-6. Bankfull Width, Width to Depth Ratio (Ratio of Bankfull Width to Bankfull 
Mean Depth at Cross Sections (RDG and USFS 2003 data) and Comparison to Target 
Values 
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Main Stem RDG R1, 1 B3c/F3 77.6 31.9 riffle <30 +1.9 Above Target 
Main Stem RDG R1, 

XS2 
B2-3c/F2-3 51.3 11.5 step/ 

pool 
<30 -18.5 Meets Target 

Main Stem RDG R2, 
XS1 

D4 211.4 225.3 riffle <30 +195.3 Above Target 

Main Stem RDG R2, 
XS2 

D4/C4 102.1 29.0 pool/ 
braid 

<30 -1.0 Meets Target 

Main Stem RDG R2, 
XS3 

C4 87.5 36.2 riffle <30 +6.2 Above Target 

Main Stem RDG "Ref" 
C, XS1 

Ref C4 114.8 102.1 riffle <30 +72.1 Above Target 

Main Stem RDG "Ref" 
C, XS2 

Ref C4 68.6 70.5 riffle <30 +40.5 Above Target 

Main Stem RDG R3, 
XS1 

C3 61.7 30.4 riffle <30 +0.4 Above Target 

Main Stem RDG R3, 
XS2 

D4 179.9 319.1 braid <30 +289.1 Above Target 

Main Stem RDG R3, 
XS3 

D4 104.4 212.4 braid <30 +182.4 Above Target 

Main Stem RDG R3, 
XS4 

C4 49.6 27.1 riffle/ 
Ref C 

<30 -2.9 Meets Target 

Main Stem RDG R4, 
XS1 

D4 118.0 99.4 braid <30 +69.4 Above Target 

Main Stem RDG R4, 
XS2 

D3 81.7 108.7 braid <30 +78.7 Above Target 

Main Stem RDG R4, 
XS3 

D4b 83.1 103.8 riffle <30 +73.8 Above Target 

Main Stem LNF R5, 
XS1, 
(FS R4) 

C 37.3 21.7 riffle <30 -8.3 Meets Target 

Main Stem LNF R5, 
XS2, 
(FS 
R4) 

C 40.9 31.4 riffle <30 +1.4 Above Target 

Main Stem LNF R5, (FS 
R3)  

C 33.2 14.6 riffle <30 -15.4 Meets Target 

Main Stem LNF R6, (FS 
R1) 

B 32.1 13.8 riffle <30 -16.2 Meets Target 

Clear Creek RDG R1, 
XS1 

C4 29.1 73.2 riffle <20 +53.2 Above Target 

Clear Creek RDG R1, 
XS2 

C4 34.6 34.8 riffle <20 +14.8 Above Target 

Clear Creek RDG R2 B4c/F4b 26.5 13.7 step/ 
pool 

<20 -6.3 Meets Target 
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Table 4-6. Bankfull Width, Width to Depth Ratio (Ratio of Bankfull Width to Bankfull 
Mean Depth at Cross Sections (RDG and USFS 2003 data) and Comparison to Target 
Values 
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Clear Creek RDG R3 C4 38.8 32.3 riffle <20 +12.3 Above Target 
Clear Creek RDG R4 D4 353.2 441.0 braid <20 +421.0 Above Target 
Clear Creek LNF R6, (FS 

R2) 
C 36.8 25.8 riffle <20 +5.8 Above Target 

Clear Creek LNF R8, (FS 
R2b) 

C 20.9 13.6 riffle <20 -6.4 Meets Target 

Dry Creek RDG R1 C4 27.7 23.6 riffle <20 +3.6 Above Target 
Dry Creek RDG R2 A3 20.0 7.4 riffle <20 -12.6 Meets Target 
Dry Creek RDG R3 C4 27.5 39.8 riffle <20 +19.8 Above Target 
Dry Creek RDG R4, 

WF 
D4b 71.3 229.7 braid <20 +209.7 Above Target 

Dry Creek RDG R4, EF D4b 67.0 107.2 braid <20 +87.2 Above Target 
Dry Creek RDG R5, WF Ref B4 14.2 11.7 riffle <20 -8.4 Meets Target 
Dry Creek LNF R3 C4 20.8 12.6 riffle <20 -7.4 Meets Target 
Dry Creek LNF R5, EF C4 14.7 12.7 riffle <20 -7.3 Meets Target 
Dry Creek LNF R5, WF B4 13.0 7.0 riffle <20 -13.0 Meets Target 
Wilkes Creek RDG R1 B4c 13.4 10.5 riffle <20 -9.5 Meets Target 
Wilkes Creek RDG R2 C4 14.6 17.0 riffle <20 -3.1 Meets Target 
Wilkes Creek RDG R3 B4c 17.6 16.5 riffle <20 -3.5 Meets Target 
Wilkes Creek LNF R2, 

XS1 
C4 17.8 17.8 riffle <20 -2.2 Meets Target 

Wilkes Creek LNF R2, 
XS2 

C4 19.1 12.0 riffle <20 -8.0 Meets Target 

Crow Creek LNF R2, 
XS1 

C3/4 28.9 20.5 riffle <20 +0.5 Above Target 

Crow Creek LNF R2, 
XS2 

C3/4 26.2 17.2 riffle <20 -2.8 Meets Target 

Crow Creek LNF R1, EF, 
XS1 

C4b 19.3 16.7 riffle <20 -3.3 Meets Target 

Crow Creek LNF R1, EF, 
XS2 

C4b 19.8 15.6 riffle <20 -4.4 Meets Target 

Crow Creek LNF R1, WF 
XS1 

C4b 17.7 12.0 riffle <20 -8.0 Meets Target 

Crow Creek LNF R1, WF 
XS2 

C4b 17.9 12.2 riffle <20 -7.8 Meets Target 

Cooper 
Creek 

LNF R2, 
XS1 

B3c 27.5 16.7 riffle <20 -3.3 Meets Target 

Cooper 
Creek 

LNF R2, 
XS2 

B3c 30.5 21.3 riffle <20 +1.3 Above Target 

Cooper 
Creek 

LNF R3 C4/D4 73.1 104.9 riffle <20 +84.9 Above Target 

Cooper 
Creek 

LNF R4 C4/B 21.7 9.3 riffle <20 -10.7 Meets Target 

 



Prospect Creek Watershed Sediment TMDLs – Section 4.0 

1/21/09  42 

4.2.1.6 Sinuosity 
 
Supporting Sediment Target 
For B and C stream types 1.2 to 1.4. 
 
Rationale 
This indicator is linked to habitat alterations and is linked to excess sediment loading conditions. 
Reduced sinuosity causes increased sheer stress contributing to accelerated bank erosion, 
increased width-to-depth ratio and reduced sediment transport capacity. As a result, there is an 
excess sediment supply, aggradation and pool filling/loss of pools. The sinuosity range is based 
on the reference development in Appendix G. 
 
Not meeting the low end of the range implies continued sediment problems.  
 
Applicability Considerations 
Exceeding the high end should not be a problem. Values below 1.2 suggest an undesirable and 
over-straightened reach. 
 
Existing Conditions and Departure Analysis 
In general, the sinuosity target is not met in Prospect Creek mainstem. All sites in all reaches are 
below the low end of the target range with a few exceptions. Exceptions include the “reference” 
site found in Reach 2, one site in Reach 3, and one site in Reach 5. Most sites in Clear Creek also 
do not meet the sinuosity target. All sites in the mainstem of Dry Creek meet the sinuosity target 
although sites in East and West Fork of Dry Creek do not meet the sinuosity target. Three out of 
four sites in Wilkes Creek meet the target while sites in Crow Creek do not. In Cooper Creek, 
four out of seven sites meet the sinuosity target.  
 
Table 4-7. Sinuosity (Ratio of Channel Length to Valley Length) Interpreted from 2000 Air 
Photos for Approximately 10 Bankfull Widths Upstream and 10 Bankfull Widths 
Downstream of 2003 Cross Section Locations (RDG and USFS 2003 data) and Comparison 
to Target Values 
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Main Stem RDG R1, XS1 B3c/F
3 

1.02 1.2 - 1.4 -0.18 -0.38 Below Target 

Main Stem RDG R1, XS2 B2-3c 
/F2-3 

1.02 1.2 - 1.4 -0.18 -0.38 Below Target 

Main Stem RDG R2, XS1 D4 1.06 1.2 - 1.4 -0.14 -0.34 Below Target 
Main Stem RDG R2, XS2 D4/C

4 
1.04 1.2 - 1.4 -0.16 -0.36 Below Target 

Main Stem RDG R2, XS3 C4 1.15 1.2 - 1.4 -0.05 -0.25 Below Target 
Main Stem RDG "Ref" C, Ref 1.7 1.2 - 1.4 +0.5 +0.3 Meets Target 
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Table 4-7. Sinuosity (Ratio of Channel Length to Valley Length) Interpreted from 2000 Air 
Photos for Approximately 10 Bankfull Widths Upstream and 10 Bankfull Widths 
Downstream of 2003 Cross Section Locations (RDG and USFS 2003 data) and Comparison 
to Target Values 
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XS1 C4 
Main Stem RDG R3, XS1 C3 1.12 1.2 - 1.4 -0.08 -0.28 Below Target 
Main Stem RDG R3, XS2 D4 1.09 1.2 - 1.4 -0.11 -0.31 Below Target 
Main Stem RDG R3, XS3 D4 1.05 1.2 - 1.4 -0.15 -0.35 Below Target 
Main Stem RDG R3, XS4 C4 1.46 1.2 - 1.4 +0.26 +0.06 Meets Target 
Main Stem RDG R4, XS1 D4 1.03 1.2 - 1.4 -0.17 -0.37 Below Target 
Main Stem RDG R4, XS2 D3 1.08 1.2 - 1.4 -0.12 -0.32 Below Target 
Main Stem RDG R4, XS3 D4b 1.15 1.2 - 1.4 -0.05 -0.25 Below Target 
Main Stem LNF  R5, (FS 

R3) 
C 1.1 1.2 - 1.4 -0.1 -0.3 Below Target 

Main Stem LNF  R5, (FS 
R4)  

C 1.36 1.2 - 1.4 +0.16 -0.04 Meets Target 

Main Stem LNF  R6 B 1.04 1.2 - 1.4 -0.16 -0.36 Below Target 
Clear Creek RDG R1 C4 1.14 1.2 - 1.4 -0.06 -0.26 Below Target 
Clear Creek RDG R2 B4c/F

4b 
1.09 1.2 - 1.4 -0.11 -0.31 Below Target 

Clear Creek RDG R3 C4 1.5 1.2 - 1.4 +0.3 +0.1 Meets Target 
Clear Creek RDG R4 D4 1.05 1.2 - 1.4 -0.15 -0.35 Below Target 
Clear Creek LNF  R1 C4/D

4 
1.12 1.2 - 1.4 -0.08 -0.28 Below Target 

Clear Creek LNF  R2 C4/D
4 

1.12 1.2 - 1.4 -0.08 -0.28 Below Target 

Clear Creek LNF  R3 C4/D
4 

1.24 1.2 - 1.4 +0.04 -0.16 Meets Target 

Clear Creek LNF  R4 C4/D
4 

1.32 1.2 - 1.4 +0.12 -0.08 Meets Target 

Clear Creek LNF  R5 F3 1.12 1.2 - 1.4 -0.08 -0.28 Below Target 
Clear Creek LNF  R6 C3/D

4 
1.3 1.2 - 1.4 +0.1 -0.1 Meets Target 

Dry Creek RDG R1, XS1 C4 1.4 1.2 - 1.4 +0.2 0 Meets Target 
Dry Creek RDG R1, XS1 B4c 1.4 1.2 - 1.4 +0.2 0 Meets Target 
Dry Creek RDG R3, XS1 C4 1.7 1.2 - 1.4 +0.5 +0.3 Meets Target 
Dry Creek RDG R3, XS1 C4b 1.7 1.2 - 1.4 +0.5 +0.3 Meets Target 
Dry Creek RDG R3, XS1 Ref C 1.7 1.2 - 1.4 +0.5 +0.3 Meets Target 
Dry Creek RDG R4, WF, 

XS1 
D4b 1.5 1.2 - 1.4 +0.3 +0.1 Meets Target 

Dry Creek RDG R4, EF, 
XS1 

D4b 1.0 1.2 - 1.4 -0.2 -0.4 Below Target 
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Table 4-7. Sinuosity (Ratio of Channel Length to Valley Length) Interpreted from 2000 Air 
Photos for Approximately 10 Bankfull Widths Upstream and 10 Bankfull Widths 
Downstream of 2003 Cross Section Locations (RDG and USFS 2003 data) and Comparison 
to Target Values 
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Dry Creek RDG R5, WF, 
XS1 

Ref 
B4 

1.03 1.2 - 1.4 -0.17 -0.37 Below Target 

Dry Creek LNF  R3 C4 1.13 1.2 - 1.4 -0.07 -0.27 Below Target 
Dry Creek LNF  R5, EF  C4 1.2 1.2 - 1.4 0 -0.2 Meets Target 
Dry Creek LNF  R5, WF B4 1.02 1.2 - 1.4 -0.18 -0.38 Below Target 
Wilkes Creek RDG R1 B4c 1.07 1.2 - 1.4 -0.13 -0.33 Below Target 
Wilkes Creek RDG R2 C4 1.5 1.2 - 1.4 +0.3 +0.1 Meets Target 
Wilkes Creek RDG R3 B4c 1.33 1.2 - 1.4 +0.13 -0.07 Meets Target 
Wilkes Creek LNF  R2 (FS 

R1) 
C4 1.23 1.2 - 1.4 +0.03 -0.17 Meets Target 

Crow Creek LNF  R1 C3/4 1.14 1.2 - 1.4 -0.06 -0.26 Below Target 
Crow Creek LNF  R2 C3/4 1.14 1.2 - 1.4 -0.06 -0.26 Below Target 
Cooper Creek  LNF  R1 F3 1.0 1.2 - 1.4 -0.2 -0.4 Below Target 
Cooper Creek  LNF  R2 B3c 1.31 1.2 - 1.4 +0.11 -0.09 Meets Target 
Cooper Creek  LNF  R3 C4/D

4 
1.23 1.2 - 1.4 +0.03 -0.17 Meets Target 

Cooper Creek  LNF  R4 C4/B 1.26 1.2 - 1.4 +0.06 -0.14 Meets Target 
Cooper Creek  LNF  R5 B4/C 1.15 1.2 - 1.4 -0.05 -0.25 Below Target 
Cooper Creek  LNF  R6 C4/B 1.09 1.2 - 1.4 -0.11 -0.31 Below Target 
Cooper Creek  LNF  R7 B4 to 

C4 
1.22 1.2 - 1.4 +0.02 -0.18 Meets Target 

-- Sinuosity difficult or impossible to measure due to dense vegetation cover and/or to stream size relative to photo 
scale. 
 
4.2.1.7 Riffle Stability Index 
 
Supporting Sediment Target 
For B and C stream types, 40 to 70.  
 
Rationale 
The RSI target values are based on the reference development in Appendix G. The “Riffle 
Stability Index” (RSI) developed by Kappesser (2002) provides a means of evaluating sediment 
loading. High RSI values (>70%) suggest excess sediment loading, low RSI values (<40%) 
suggest low sediment loading and/or channel scour. RSI values between 40% and 70% suggest 
dynamic equilibrium. 
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Applicability Considerations 
RSI analysis should be based on pebble counts and bar count data from the same year or same 
stream flow conditions.  
 
Existing Conditions and Departure Analysis 
All mainstem Prospect Creek sites exceed the upper end of the target range suggesting excess 
sediment loading. In Clear Creek, of the four sites evaluated, two in lower Clear Creek exceed 
the upper end of the target range suggesting excess sediment loading, one in middle Clear Creek 
is within the target range, suggesting equilibrium, and one in upper Clear Creek is below the 
lower end of the target range, suggesting scour or lack of sediment loading. Three of the four 
sites evaluated in Dry Creek are above the target range indicating excess sediment loading. All 
sites evaluated in the remaining tributaries (Wilkes, Crow and Cooper Creeks) were also above 
the upper end of the target range indicating excess sediment loading. 
 
Table 4-8. Riffle Stability Index (Percent Cumulative Finer-Than Value of Riffle Pebble 
Count Results Corresponding to the Geometric Mean of the 30 Largest Mobile Particles on 
the Depositional Bar Nearest the Riffle Pebble Count Location) (RDG and USFS 2003 
data) and Comparison to Target Values 

Water Body Surveyor Reach Rosgen 
Stream 
Type 

Feature Target RSI Target 
Comparison 

Main Stem RDG R2, XS1 D4 riffle 40-70 97 Above Target 
Main Stem RDG R2, XS2 D4/C4 riffle 40-70 98 Above Target 
Main Stem RDG Ref C, XS1 Ref C4 riffle 40-70 96 Above Target 
Main Stem RDG "Ref" C, XS2 Ref C4 riffle 40-70 98 Above Target 
Main Stem RDG R3, XS2 D4 braid 40-70 97 Above Target 
Main Stem RDG R3, XS3 D4 braid 40-70 90 Above Target 
Main Stem RDG R4, XS1 D4 braid 40-70 85 Above Target 
Main Stem RDG R4, XS2 D3 braid 40-70 89 Above Target 
Main Stem RDG R4, XS3 D4b riffle 40-70 77 Above Target 
Main Stem LNF R5, (FS R3) C riffle 40-70 78 Above Target 
Clear Creek RDG R3 C4 riffle 40-70 97 Above Target 
Clear Creek RDG R4 D4 braid 40-70 98 Above Target 
Clear Creek LNF R6, (FS R2) C riffle 40-70 65 Meets Target 
Clear Creek LNF R8, (FS R2b) C riffle 40-70 24 Below Target 
Dry Creek RDG R1 C4 riffle 40-70 80 Above Target 
Dry Creek RDG R3 C4 riffle 40-70 93 Above Target 
Dry Creek LNF R3 C4 riffle 40-70 68 Meets Target 
Dry Creek LNF EF C4 riffle 40-70 92 Above Target 
Wilkes Creek RDG R2 C4 riffle 40-70 81 Above Target 
Wilkes Creek LNF R2, XS2 C4 riffle 40-70 77 Above Target 
Crow Creek LNF R1, WF XS1 C4b riffle 40-70 71 Above Target 
Cooper Creek LNF R3, (FS R2) C4/D4 riffle 40-70 98 Above Target 
Cooper Creek LNF R4, (FS R3) C4/B riffle 40-70 77 Above Target 
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4.2.1.8 Large Woody Debris 
 
Supporting Sediment Target: LWD objectives are defined in Table 4-9. 
 
Table 4-9. Summary of LWD Reference Values for Prospect Creek Watershed 

Stream Type and Bankfull Width  
(Stream Order) 

LWD / Mile Indicator 
Range  

LWD and/or Aggregates per Mile 
Indicator Range  

B & C streams 10’ - 20’  
(generally 2nd and 3rd order)  

163 - 371  228 - 519  

B & C streams 20’ - 35’  
(generally 3rd and 4th order streams)  

112 - 443  157 - 620  

B and C streams 36’ - 50’,  
(generally 4th or 5th order streams)  

104 - 210  146 - 294  

 
Rationale 
The LWD target values are based on the reference development in Appendix G. LWD 
frequency (total pieces of LWD/mile) is a parameter used as a physical habitat indicator. LWD is 
considered an important habitat feature for cold-water fish, particularly for bull trout. In many 
streams, LWD can play an important role in forming pools or creating pools with greater residual 
pool depths. LWD can also help establish streambed stability, dissipate energy, and directly 
influence sediment storage (Rosgen, 1996). A lack of woody debris (values less than the low end 
of the indicator range in Table 4-9) can be linked to potential sediment impairment since LWD 
helps establish streambed stability, dissipates energy, and directly influences sediment storage 
(Rosgen, 1996).  
 
Applicability Considerations 
Not meeting the LWD use support objective, along with other indications of habitat problems, 
can support an “other habitat alterations” impairment cause. Impairment determinations linked to 
LWD should generally be limited to smaller stream sizes, primarily those less than 35 feet 
bankfull width. It can be applied to larger C reaches where LWD retention is more likely. 
Statistical distributions of the individual stream or watershed data can be used to help evaluate 
overall LWD conditions relative to reference. Future monitoring of the streams of interest and 
any reference streams should include identification of any linkages between LWD and increased 
refugia for fish and linkages between LWD and pool formation. 
 
Factors that can influence a stream’s ability to retain LWD within the active channel will be a 
function of stream size, stream gradient, and the overall size of the LWD piece (both diameter 
and length) relative to stream size and energy. Higher numbers of LWD are typically associated 
with narrower and lower order streams.  
 
Existing Conditions and Departure Analysis 
Using the results for LWD greater than 16’ length, mainstem Prospect Creek Reaches 3 and 5 do 
not meet the LWD target. All reaches of Clear Creek, Dry, and Cooper Creeks do not meet the 
LWD target. In Crow Creek, East Fork Crow Creek reach is the only reach to meet the LWD 
target. 
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Table 4-10. Large Woody Debris Concentration (Amount of Large Woody Debris per Unit Length) (RDG 2004 data) and 
Comparison to Target Values 
Water Body Surveyor Reach Rosgen 

Stream 
Type 

LWD* 
Indicator 

Range 

Total 
LWD 

(pcs/mile) 
>16ft 

Departure 
from Low 

End of 
Indicator 

Range 
(>16ft) 

Comparison 
to Indicator 

Range (>16ft) 

Total 
LWD 

(pcs/mile) 
>5ft 

Departure 
from Low 

End of 
Indicator 

Range 
(>5ft) 

Comparison to 
Indicator 

Range (> 5ft) 

Main Stem RDG R2 D4/C4 146-294 155 9 Meets Target 213 67 Meets Target 
Main Stem RDG R3 D4/C4 146-294 117 -29 Below Target 139 -7 Below Target 
Main Stem RDG R4 D4/3 146-294 173 27 Meets Target 232 86 Meets Target 
Main Stem LNF R5, (FS R3) C 146-294 119 -27 Below Target 172 26 Meets Target 
Clear Creek RDG R1 C4 146-294 129 -17 Below Target 164 18 Meets Target 
Clear Creek RDG R2 B4c/F4b 146-294 53 -93 Below Target 79 -67 Below Target 
Clear Creek RDG R3 C4 146-294 88 -58 Below Target 168 22 Meets Target 
Clear Creek RDG R4 D4 146-294 128 -18 Below Target 189 43 Meets Target 
Clear Creek LNF R1 C4/D4 146-294 59 -87 Below Target 164 18 Meets Target 
Clear Creek LNF R2 C4/D4 146-294 44 -102 Below Target 88 -58 Below Target 
Dry Creek RDG R1 C4 157-620 151 -6 Below Target 211 54 Meets Target 
Dry Creek RDG R2 A3 157-620 70 -87 Below Target 188 31 Meets Target 
Dry Creek RDG R3 C4 157-620 136 -21 Below Target 174 17 Meets Target 
Dry Creek RDG R4, WF D4b/B4 228-519 70 -158 Below Target 158 -70 Below Target 
Dry Creek RDG R4, EF D4b/C4 228-519 67 -161 Below Target 120 -108 Below Target 
Crow Creek LNF R1 C3/4 157-620 99 -58 Below Target 148 -9 Below Target 
Crow Creek LNF R2 C3/4 157-620 147 -10 Below Target 153 -4 Below Target 
Crow Creek LNF R1, EF C4b 228-519 264 36 Meets Target 340 36 Meets Target 
Crow Creek LNF R1, WF C4b 228-519 170 -58 Below Target 182 -46 Below Target 
Cooper Creek LNF R1 F3 157-620 141 -16 Below Target 246 89 Meets Target 
Cooper Creek LNF R2 B3c 157-620 97 -60 Below Target 123 -34 Below Target 
Cooper Creek LNF R3 C4/D4 157-620 60 -97 Below Target 99 -58 Below Target 
Cooper Creek LNF R4 C4/B 157-620 114 -43 Below Target 128 -29 Below Target 
Cooper Creek LNF R5 B4/C 157-620 62 -95 Below Target 79 -78 Below Target 
Cooper Creek LNF R6 C4/B 157-620 18 -139 Below Target 18 -139 Below Target 
Cooper Creek LNF R7 B4 to 

C4 
228-519 62 -166 Below Target 70 -158 Below Target 

* In-channel and recruitable, singles and aggregates 
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4.2.1.9 Riparian Vegetation 
 
Supporting Sediment Target 
For streams with active channel width < 75 feet: 
% Canopy Cover using densiometer measurement > 75% 
For streams with active channel width > 75 feet: 
% Canopy Cover using densiometer measurement > 60% 
 
Rationale 
The ability for riparian vegetation to reduce the effects of erosion on a stream is dependent upon 
the type of vegetation and the degree of stabilization (related to vegetative maturity and depth of 
roots) that the vegetation provides. The amount of LWD that is suitable for impacting 
morphology and creating fish habitat is also directly linked to the maturity and composition of 
the adjacent riparian community. 
 
The Prospect Creek Watershed has a long history of activities that have affected the riparian 
vegetation, and in many places along the stream corridor, these effects are still evident. The 
target values for mature tree percentage is based on the results of an field assessment which 
found that in areas of least disturbance that demonstrate a healthy riparian community, a canopy 
density of approximately 75% can be expected. These areas typically occur on active channels 
less than 75 feet. Based on this information, a conservative estimation for those reaches with 
active channel widths greater than 75 feet is proposed to contain 60% riparian canopy density. In 
the Prospect Creek Watershed, areas with active channel widths greater than 75 feet typically 
have greater variation in stream morphology and have a greater amount of influencing factors 
(roads, powerlines, private property) that reduce the potential for the riparian community to 
achieve a 75% mature pine forest composition. 
 
The target values for % canopy are based on the comparison between aerial photo interpretations 
and field derived densiometer measurements for riparian areas dominated by mature pine forest. 
A conservative estimation for potential for areas currently not dominated by this vegetative 
community type are based on those results. 
 
Applicability Considerations 
Not meeting these targets indicates a potential lack of bank stability which may have a direct 
impact on a number of factors influencing water quality and the ability to support cold water fish 
and aquatic life. A lack of riparian vegetation and associated bank instability may lead to an 
increase in sediment from eroding banks. Increases in sediment often lead to a decrease in pools 
as they fill in with the additional depositional load. As banks erode and pools fill in, a stream will 
often increase in width and decrease in depth, altering and limiting the available holding habitat 
for trout. When streams widen and shallow, they are often quicker to show the effects of thermal 
radiation (heat), especially if shade that would be provided by riparian vegetation is not 
available. Furthermore, an intact riparian corridor along the stream provides input of LWD that is 
influential in creating pools and holding or refuge habitat for fish. 
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Existing Conditions and Departure Analysis 
All the sites pertain to the mainstem of Prospect Creek. A review of each reach shows 
exceedence of the riparian canopy target by 52% in Reach 2, 59% in Reach 3, 80% in Reach 4, 
and 90% in Reach 5. (Table 4-11) 
 
Information presented in Appendix C describes some inaccuracies between percent canopy 
derived from aerial photo analysis and field verification using a densiometer. In general for field 
verified sites, percent canopy cover for sites with left bank/right bank vegetation composition 
other than mature trees was considerably lower than aerial photo analysis results. This suggests 
departure from targets may actually be greater than that what is represented through the aerial 
photo analysis. 
 
Table 4-11. Riparian Canopy Analysis and Comparison to Target Values 
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2 1 2 150 shrub/small trees shrub/small trees 46 60 14 
2 2 2 220 mature trees shrub/small trees 47 60 13 
2 3 1 100 shrub/small trees shrub/small trees 39 60 21 
2 4 1 120 bare ground/grass/shrub bare ground/grass 27 60 33 
2 5 1 210 bare ground/grass/shrub shrub/small trees 30 60 30 
2 6 2 150 mature trees shrub/small trees 68 60  
2 7 1 130 shrub/small trees shrub/small trees 74 60  
2 8 2 150 shrub/small trees shrub/small trees 74 60  
2 9 1 90 bare ground/grass mature trees 71 60  
2 10 3 300 shrub/small trees shrub/small trees 41 60 19 
2 11 1 150 shrub/small trees shrub/small trees 52 60 8 
2 12 1 150 bare ground/grass shrub/small trees 58 60 2 
2 13 2 180 bare ground/grass shrub/small trees 64 60  
2 14 3 210 shrub/small trees grass/shrub 44 60 16 
2 15 1 165 grass/shrub/small trees shrub/small trees 39 60 21 
2 16 1 100 bare ground/grass shrub/small trees 68 60  
2 17 3 300 bare ground/grass/shrub shrub/small trees 61 60  
2 18 1 135 mature trees mature trees 77 60  
2 19 1 150 mature trees shrub/small trees 74 60  
2 20 1 150 shrub/small trees mature trees 68 60  
2 21 2 150 shrub/small trees shrub/small trees 81 60  
2 22 2 170 shrub/small trees bare ground/grass 52 60 8 
2 23 3 120 shrub/small trees mature trees 64 60  
2 24 4 350 bare ground/grass/shrub mature trees 55 60 5 
2 25 2 225 shrub shrub/small trees 63 60  
2 26 2 350 shrub shrub/small trees 49 60 11 
2 27 1 120 shrub/small trees mature trees 49 60 11 
2 28 1 210 bare ground/grass/shrub mature trees 37 60 23 
2 29 3 200 shrub shrub/small trees 51 60 9 
2 30 2 375 shrub/small trees shrub/small trees 60 60 0 
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Table 4-11. Riparian Canopy Analysis and Comparison to Target Values 
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2 31 1 225 small trees shrub/mature trees 68 60  
3 1 1 120 shrub/small trees mature trees 77 60  
3 2 2 300 grass/shrub/small trees shrub/small trees 49 60 11 
3 3 1 150 shrub/small trees mature trees 72 60  
3 4 1 120 bare ground/grass/shrub shrub/small trees 54 60 6 
3 5 1 180 grass/shrub/small trees shrub/small trees 61 60  
3 6 3 90 shrub/small trees shrub/small trees 68 60  
3 7 1 100 grass/shrub/small trees mature trees 21 60 39 
3 8 2 300 grass/shrub/small trees shrub/small trees 59 60 1 
3 9 2 160 shrub/small trees mature trees 54 60 6 

3 10 1 225 bare ground/grass 
bare ground/ 
grass/shrub/mature trees 56 60 4 

3 11 2 120 shrub/small trees shrub/small trees 76 60  
3 12 2 190 shrub/small trees mature trees 72 60  
3 13 2 375 bare ground/grass/shrub shrub/small trees 35 60 25 
3 14 1 95 shrub/small trees mature trees 75 60  
3 15 2 135 geadss/shrub/small trees mature trees 66 60  
3 16 3 110 shrub/small trees mature trees 71 60  
3 17 2 120 bare ground/grass/shrub mature trees 43 60 17 
3 18 2 150 mature trees shrub/mature trees 74 60  
3 19 1 225 grass/mature trees grass/shrub/small trees 58 60 2 
3 20 2 225 bare ground/grass/shrub bare/shrub/small trees 64 60  
3 21 1 100 bare ground/grass mature trees 39 60 21 
3 22 1 200 bare ground/grass/shrub shrub/small trees 38 60 22 
3 23 1 120 grass/shrub/small trees small/mature trees 31 60 29 
3 24 1 95 bare ground/grass shrub/small trees 45 60 15 
3 25 1 210 shrub/small trees shrub/small trees 58 60 2 
3 26 2 190 shrub/small trees grass/shrub/small trees 56 60 4 
3 27 1 150 shrub/small trees shrub/small trees 65 60  
3 28 1 120 bare ground/grass/shrub grass/shrub/small trees 64 60  
3 29 1 100 bare ground/grass/shrub grass/shrub/small trees 44 60 16 
3 30 2 75 shrub/small trees shrub/mature trees 71 75 4 
3 31 3 65 bare ground/grass/shrub shrub/small trees 42 75 33 
3 32 1 150 grass/shrub/small trees shrub/small trees 47 60 13 
4 1 2 250 bare ground/grass mature trees 25 60 35 
4 2 3 180 bare ground/grass/shrub grass/mature trees 32 60 28 
4 3 3 250 shrub/small trees grass/shrub/small trees 34 60 26 
4 4 1 180 shrub/mature trees shrub/shrub/small trees 46 60 14 
4 5 2 195 shrub/small trees grass/shrub 26 60 34 
4 6 3 225 grass/shrub/small trees grass/shrub/small trees 18 60 42 
4 7 3 300   bare/grass/shrub 17 60 43 
4 8 2 300 bare ground/grass/shrub bare/grass/shrub 14 60 46 
4 9 2 300 mature trees grass/shrub/small trees 25 60 35 
4 10 2 270 shrub/mature trees grass/shrub 31 60 29 
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Table 4-11. Riparian Canopy Analysis and Comparison to Target Values 
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4 11 2 200 mature trees grass/shrub 25 60 35 
4 12 1 225 grass/shrub/small trees bare/grass/shrub 28 60 32 
4 13 1 120 shrub/small trees shrub/small trees 46 60 14 
4 14 2 70 bare ground/grass/shrub shrub/mature trees 44 75 31 
4 15 1 90 grass/shrub/small trees grass/shrub/small trees 39 60 21 
4 16 1 105 mature trees shrub/small trees 41 60 19 
4 17 1 120 mature trees mature trees 54 60 6 
4 18 2 135 mature trees mature trees 39 60 21 
4 19 2 115 mature trees mature trees 52 60 8 
4 20 1 115 mature trees mature trees 61 60  
4 21 1 135 mature trees shrub/small trees 34 60 26 
4 22 1 90 mature trees grass/mature trees 61 60  
4 23 2 75 mature trees mature trees 90 75  
4 24 1 65 mature trees mature trees 90 75  
4 25 1 75 mature trees mature trees 71 75 4 
4 26 2 90 mature trees grass/mature trees 63 60  
4 27 2 110 bare ground/grass/shrub grass/shrub/small trees 32 60 28 
4 28 2 105 mature trees mature trees 76 60  
4 29 2 150 shrub/small trees mature trees 49 60 11 
4 30 2 190 shrub/small trees shrub/small trees 40 60 20 
5 1 1 40 mature trees mature trees 59 75 16 
5 2 2 80 grass/shrub shrub/mature trees 53 60 7 
5 3 1 60 mature trees mature trees 56 75 19 
5 4 1 50 mature trees shrub/mature trees 53 75 22 
5 5 1 75 mature trees shrub/small trees 50 75 25 
5 6 2 50 mature trees mature trees 57 75 18 
5 7 1 40 bare ground/grass/mature trees mature trees 43 75 32 
5 8 2 40 mature trees shrub/small trees 50 75 25 
5 9 1 45 mature trees mature trees 61 75 14 
5 10 2 90 mature trees grass/shrubs/mature trees 56 60 4 
5 11 1 75 shrub/small trees grass/shrub/small trees 16 75 59 
5 12 1 75 shrub/small trees shrub/small trees 31 75 44 
5 13 2 100 shrub/small trees shrub/small trees 53 60 7 
5 14 1 90 mature trees grass/shrub/small trees 53 60 7 
5 15 1 90 bare ground/grass/shrub shrub/small trees 30 60 30 
5 16 1 30 grass/small trees mature trees 57 75 18 
5 17 1 30 mature trees mature trees 87 75  
5 18 1 20 mature trees mature trees 87 75  
5 19 1 25 shrub/mature trees mature trees 74 75 1 
5 20 1 45 grass/mature trees mature trees 78 75  
5 21 1 20 bare ground/grass mature trees 50 75 25 
5 22 1 20 grass/shrub/small trees mature trees 50 75 25 
5 23 1 20 grass/shrub/small trees mature trees 64 75 11 
5 24 1 55 bare ground/grass shrub/small trees 43 75 32 
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Table 4-11. Riparian Canopy Analysis and Comparison to Target Values 
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5 25 1 30 bare ground/grass/shrub shrub/mature trees 50 75 25 
5 26 1 30 bare ground/grass/shrub shrub/small trees 50 75 25 
5 27 2 45 shrub/small trees mature trees 43 75 32 
5 28 1 25 grass/shrub/small trees mature trees 57 75 18 
5 29 1 20 grass/mature trees mature trees 71 75 4 
5 30 1 25 shrub/small trees mature trees 64 75 11 
5 31 1 20 mature trees mature trees 71 75 4 

 
4.2.1.10 Macroinvertebrate Populations 
 
Supporting Sediment Target 
 Mountain Multi Metric Index (MMI) >63 
 RIVPACS observed/expected (O/E) value: 0.8 < X > 1.2 
 
Rationale 
The DEQ employs two tools when evaluating the health of the aquatic invertebrate community in 
a stream of concern. An MMI and the River Invertebrate Prediction and Classification System 
(RIVPACS). The threshold values or targets for these tools provide a direct indication of 
beneficial use support for aquatic life. 
 
The MMIs are organized based upon the ecoregions of Montana. Ecoregions are mapped areas 
based upon climate, geophysical, and general vegetation characteristics. Three MMIs are used to 
represent the various ecoregions of Montana: Mountain, Low Valley, and Plains. The Prospect 
Creek Watershed requires the Mountain MMI. Both the MMI and RIVPACS models use 
reference data that capture the characteristics of healthy aquatic invertebrate communities, and 
compare the results of a given sampling event to the threshold values for each tool. 
 
The MMI score is based upon the average of individual metrics scores. The metric scores 
measure predictable attributes of benthic macroinvertebrate communities to make inferences 
regarding aquatic life condition when pollution or pollutants affect stream systems and instream 
biota. 
 
The RIVPACS model compares the taxa that are expected at a site under a variety of 
environmental conditions with the actual taxa that were found when the site was sampled. The 
RIVPACS model provides a single number to infer the health of the macroinvertebrate 
community. If the output value of the RIVPACS model falls between a range of 0.8-1.2 the 
stream is considered fully supporting aquatic invertebrates. 
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Used in combination, if both tools impairment determinations are in agreement, the results 
suggest strong evidence that a waterbody is either supporting or non-supporting for aquatic 
invertebrates, depending on if the threshold values are met. If the impairment determinations of 
the two tools do not agree, inferences can still be made based on the departure from the threshold 
value, and a more detailed look at the taxa that exist at the site. 
 
Applicability Considerations 
Not meeting these targets represents a potential impairment to aquatic life. Data collection 
should ideally include riffle samples from two to four typical cross sections along each stream 
segment being evaluated. Sampling should also be performed in areas where target conditions 
indicate a possible impairment (such as high percent fines in riffle areas). 
 
Existing Conditions and Departure Analysis 
Both the MMI and RIVPACS models have only recently been developed and applied to data 
available to the DEQ. Clear Creek, Cooper Creek, and Dry Creek are the only streams in the 
Prospect Watershed that have been analyzed using the new tools. At some locations, Dry Creek 
had values well below the thresholds for both tools, while all locations on Clear Creek and 
Cooper Creek meet the thresholds necessary to show conditions that support a healthy aquatic 
macroinvertebrate community. 
 
The use of the new aquatic macroinvertebrate tools, and the associated target values are to be 
used for all subsequent aquatic macroinvertebrate data collected throughout the Prospect Creek 
Watershed for analysis of aquatic life support in the Prospect TPA. 
 
Table 4-12. Aquatic Macroinvertebrate Summary Statistics for Prospect Creek Watershed 

Waterbody Name Station ID MMI Score RIVPACS score 
Clear Creek C13CLERC01 86.54407312 1.071121 
Clear Creek C13CLERC02 77.45756019 0.886019 
Cooper SHB-471 70.56321054 1.011798 
Cooper Creek PIBO_0137 71.28927717 0.943565 
Cooper Creek PIBO_0137 73.74690079 0.943565 
Dry Creek BKK047 86.30642824 0.692118 
Dry Creek C13DRYC01 35.94884465 0.63469 
Dry Creek PIBO_0138 67.48776595 0.760349 
Dry Creek PIBO_0138 64.99256248 0.760349 
Dry Creek C13DRYC02 14.3991808 --- 

 
Bold indicates the target values have been met. Bold/italics indicate the target values have not 
been met but are within a close range of the target value. Shaded cells indicate probable 
impairment to the aquatic macroinvertebrate community. 
 
4.3 Water Quality Status Summary  
 
Primary targets must be satisfied under most conditions to support the achievement of the 
beneficial uses. Meeting primary targets will likely suggest a fully supporting determination, 
however, a stream can have impacted water quality despite meeting some primary targets when 
the entire suite of supporting targets and other factors linked to pollutant source loading 
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ultimately show a significant negative impact to the resource. Similarly, the achievement of one 
primary target parameter, in the absence of any additional data linked to other primary or 
supporting targets, does not preclude that the stream is in optimal condition. Rather, it is strongly 
advised that a determination be withheld until sampling could occur to address at least a few 
other of the parameters of concern and strengthen the argument either for or against. 
 
4.3.1 Prospect Creek Mainstem 
 
Departure analysis results suggest that aquatic life mainstem Prospect Creek is not likely 
impacted by excessive fine sediment loading as indicated by Wolman pebble counts and grid toss 
data. Although, grid toss data were only available in the upper two reaches of mainstem Prospect 
Creek. 
 
Pool frequency data demonstrates a lack of pools in mainstem Prospect Creek suggesting habitat 
impairment for cold-water fish likely related to excess sediment loading and habitat alterations. 
Low pool frequency values are influenced by low LWD numbers. 
 
Width-to-depth ratio results in mainstem Prospect Creek also generally indicate impairment to 
cold-water fish and aquatic life due to excess sediment loading and habitat alterations. These 
results are linked to overall lack of pools and are indicative of high stream temperatures.  
 
Generally low sinuosity values on mainstem Prospect Creek also suggest impairments to cold-
water fish and aquatic life due to habitat alterations and sediment loading.  
 
RSI results indicate excess sediment loading to all evaluated reaches of mainstem Prospect 
Creek. These results indicate impairment to cold-water fish and aquatic life as a result of excess 
sediment and habitat alterations. High RSI values are likely related to low pool frequency and 
high w/d values.  
 
Mainstem Prospect Creek is generally deficient in LWD suggesting impairment to cold-water 
fish as a result of habitat alterations. Where LWD targets are met, they are met minimally. Low 
LWD is also likely a contributing factor to low pool frequency.  
 
Of the 13 sub-reaches inventoried as part of the canopy density study, only two sections in Reach 
5 met the canopy density target, and all sections with an active channel width >75’ were well 
below the 60% target at an average of 24%. 
 
Macroinvertbrate communities were not able to be analyzed using the new DEQ metrics at the 
time of this report. 
 
Overall, indicators suggest that mainstem Prospect Creek aquatic life and cold-water fish is 
impacted as a result of excessive sediment loading (coarse sediment) and habitat alterations. 
While no TMDL related target for temperature has been established for this watershed, 
Appendix I – temperature exhibits data showing elevated stream temperatures which may also 
be impacting aquatic life and cold-water fish. 
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4.3.2 Clear Creek 
 
Generally, percent surface fines targets in Clear Creek are met indicating no impairment to 
aquatic life or cold water fish from excess fine sediment. 
 
Pool frequency in Clear Creek is below target levels in two of three reaches assessed. This 
suggests habitat impairment for cold-water fish related to sediment loading and habitat 
alterations. Low pool frequency is linked to high w/d, low sinuosity, and low LWD. 
 
Width-to-depth ratios in Clear Creek do not meet target values in most reaches indicating 
impairment to cold water fish from excess sediment loading and habitat alterations. These results 
are linked to low pool frequency and low sinuosity. 
 
Clear Creek generally has low sinuosity indicating impairment to cold-water fish and aquatic life 
as a result of excess sediment loading and habitat alterations. Low sinuosity is linked to low pool 
frequency and high width-to-depth values. 
 
RSI results in Clear Creek, where available, are variable. Excess sediment loading is indicated in 
the lower reaches, conditions meet target levels in the middle reach, and in the upper, headwater 
reach, RSI results suggest channel scour. Based on these results, it is likely that cold water fish 
and aquatic life are impaired in the lower reaches as a result of sediment loading. High RSI 
values in the lower reaches are likely related to low pool frequency and high w/d values. The 
Upper Reach is a higher gradient reach in a headwater location with low sediment supply. While 
RSI results suggest channel scour and possible impairment, the nature of the reach may 
otherwise explain conditions.  
 
Clear Creek is deficient in LWD in all reaches indicating impairment to cold-water fish as a 
result of habitat alterations. Low LWD values is likely related to low pool frequency. 
 
Clear Creek was not analyzed as part of the riparian canopy density study. However future field 
efforts should be made to compare existing conditions to the targets. 
 
The two sites on Clear Creek were analyzed using the new macroinvertebrate tools indicate full 
support of the aquatic macroinvertebrate community. 
 
Overall, indicators suggest cold-water fish in Clear Creek is impacted as a result of excessive 
sediment loading (coarse sediment) and habitat alterations. 
 
4.3.3 Dry Creek 
 
Excess percent surface fines in all riffles of Dry Creek (except the high gradient A reach) 
indicate an impact to aquatic life from excessive fine sediment loading. Where available, grid 
toss data also generally suggest impairment to aquatic life and cold-water fish from excess fine 
sediment.  
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Pool frequency results in Dry Creek are variable. Reach 3 meets the target, whereas pool 
frequency in Reach 1 is insufficient. This may indicate habitat impairment for cold-water fish in 
the lower part of the stream and is likely related to excess sediment loading, high w/d and low 
LWD numbers. 
 
High width-to-depth ratios in Dry Creek (except for the high-gradient A reach and the upper 
reaches of the forks) suggest impairment to cold-water fish and aquatic life due to excess 
sediment loading. These results are linked to lack of LWD and are indicative of high stream 
temperatures.  
 
Dry Creek generally meets the sinuosity target. Low sinuosity in the lower reaches of both forks 
is likely related to road and trail encroachment.  
 
Of the Dry Creek sites evaluated for RSI, generally high RSI results indicate excess sediment 
loading. These results indicate impairment to cold-water fish and aquatic life as a result of excess 
sediment and are likely related to low pool frequency, low LWD and high w/d values.  
 
LWD is deficient in all reaches of Dry Creek indicating impairment to cold-water fish as a result 
of habitat alterations.  
 
Dry Creek was not analyzed as part of the riparian canopy density study however future field 
efforts should be made to compare existing conditions to the targets. 
 
Of the four macroinvertebrate samples analyzed for Dry Creek, two samples had a large 
divergence from the target for both the MMI and RIVPACS, while the other two samples were 
meeting but close to the threshold for MMI and just under the threshold for the RIVPACS 
model. 
 
Overall, indicators suggest that aquatic life and cold-water fisheries is impacted in Dry Creek as 
a result of excessive sediment loading and habitat alterations. 
 
4.3.4 Wilkes Creek  
 
Percent surface fines in riffles in reaches 2 and 3 of Wilkes Creek do not meet the target, 
although the values are only slightly above, with an average exceedence of 4%. The grid toss or 
equivalent method for determining percent fines in riffles and pool tails resulted in all sites 
meeting the target except for one site in Reach 2 which is only slightly above the target. 
 
Width-to-depth ratio targets were met for all sampled sites in Wilkes Creek. 
 
Of the reaches measured for sinuosity, the lowest most reach (Reach 1) is the only section below 
the target. 
 
Only two sites, both in Reach 2 were evaluated for riffle stability. Both sites are above the high 
end of the target with values of 81 and 77 respectively. Values over 70 indicate excess sediment 
loading. 
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Wilkes Creek was not analyzed as part of the riparian canopy density study however future field 
efforts should be made to compare existing conditions to the targets. 
 
LWD, pool frequency, and macroinvertebrate communities were not sampled in the Wilkes 
Creek drainage, but the majority of the information suggests that Wilkes Creek is in relatively 
good condition related to sediment. 
 
4.3.5 Crow Creek 
 
Of the six sites sampled for percent surface fines using the pebble count method, only one site is 
meeting the target. The grid toss method provides data showing most sites are in compliance 
with the target, although two sites in the East Fork Crow Creek are exceeding by 33% and 4% 
respectively. 
 
Reaches 1 and 2 of the mainstem Crow Creek are the only locations investigated for pool 
frequency and are below the minimum pool target by 25% and 62%. 
 
All sites inventoried are meeting the W/D target with the exception of one site which was only 
above the target by 0.5%. 
 
Crow mainstem reaches 1 and 2 are slightly below the low end of the target for sinuosity. These 
values may be influenced by roads and infrastructure maintenance within the Crow Creek 
Watershed. 
 
One site on West Fork Crow Creek was evaluated for riffle stability and was just barely above 
the high end of the target with a value of 71. The target range for RSI is 40-70 with numbers on 
the high end or above indicating excess sediment loading. 
 
East Fork Crow Creek is the only section in the Crow Creek Watershed to meet the target for 
LWD. 
 
Crow Creek was not analyzed as part of the riparian canopy density study however future field 
efforts should be made to compare existing conditions to the targets. 
 
Although limited, data does suggest that Crow Creek does have some impact to cold water fish 
and aquatic life from fine and course sediment, and habitat alterations. Percent fines were high in 
some instances, pool frequency low, with sinuosity slightly below the target as well. LWD was 
lacking in all sections but the East Fork. 
 
Further support can be made for impact from sediment by looking to the source assessment 
studies (Section 5.0) which show that Reach 2 of Crow Creek has an extremely high sediment 
load from bank erosion (518 tons/.1 mile/year) when compared to other sections of the Crow 
Creek Watershed (38 tons/.1 mile/year). Likewise, surface erosion from roads using the XDrain 
method indicates that Crow Creek is the largest contributor of sediment in the watershed from 
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this source at 47.3 tons/year. This information indicates that Crow Creek should be targeted for 
additional assessment and restoration and implementation projects should be considered. 
 
4.3.6 Cooper Creek 
 
Of the eight reaches identified in Cooper Creek, only reaches 1,2,3, and 4 had data available to 
analyze percent surface fines. Using the Wolmann pebble count method, reaches 2, 3, and 4 were 
analyzed with only reach 2 meeting the target. With the grid toss method, sites 1 and 3 were 
exceeding the target with reach 1 being well above the target by 23%. 
 
Pool frequency was only analyzed in reaches 1 and 3 but in both cases was well short of the 
target value by 30 and 61 respectively. 
 
Of the four sites investigated for W/D Ratios, reach 3 is the only site in exceedence, however it is 
drastically above the desired W/D value with a measurement of 105 in comparison to the target 
of 20. 
 
Sinuosity was also below the target in some reaches with Reach 1 being the most beneath the 
target with a value of 1.0 compared to the target range of 1.2-1.4. 
 
Using the RSI as an indicator of possible aggrading or degrading conditions, a target range of 40-
70 is proposed, with numbers at the upper exceedence of the range indicating excess sediment 
loading, and numbers at the beneath the range suggesting channel scour and sediment poor 
system. Only two sites were measured in Cooper Creek but both were above the RSI target with 
values of 98 and 77. 
 
All sites in the Cooper Creek drainage that were investigated did not meet the LWD target. 
 
Cooper Creek was not analyzed as part of the riparian canopy density study however future field 
efforts should be made to compare existing conditions to the targets. 
 
Three sites were analyzed using the new DEQ macroinvertebrate assessment tools and all three 
sites were determined to be fully supporting based on the results of these assessments. 
 
Despite the macroinvertebrate tools which suggest that the macroinvertebrate community is 
currently being supported, a substantial amount of the data currently available for Cooper Creek 
indicates that there may be impacts from sediment (both fine and coarse) and that habitat 
important to cold water fish is lacking throughout much of the drainage as well. Efforts to further 
assess Cooper Creek and investigate restoration options should be considered. 
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SECTION 5.0  
SOURCE ASSESSMENT AND SEDIMENT QUANTIFICATION 
 
Several different sediment models were used to evaluate average annual sediment loading from 
various sources identified in the Prospect Creek Watershed. LoloSED, a watershed-based model, 
was used to estimate average annual natural background sediment loading. LoloSED was also 
used to model erosion and sediment delivery at the watershed scale from timber harvest. The 
XDRAIN model was used to examine site-specific sediment contribution from road surface 
erosion. Sediment from bank erosion was estimated using field data and the Bank Erosion 
Hazard Index (BEHI) (Rosgen, 2001). Finally, sediment contribution from traction sand 
application to County Highway 471 was approximated using known application rates and field-
measured buffer characteristics. Potential average annual sediment loading from culvert failures 
was evaluated in a separate analysis presented in Appendix H. 
 
Models simplify extremely complex physical systems and are developed from a limited database. 
Although specific quantitative values for sediment are generated from the models used in this 
analysis, it is important to note that the results are used as a tool in the interpretation of how real 
systems may respond. Therefore, the models’ use is realistically limited to providing a means of 
comparison, not an absolute measure against verifiable standards. 
 
5.1 LoloSED 
 
The LoloSED computer model was used to analyze sediment production at the watershed scale. 
LoloSED was adapted from the WATSED model. WATSED is a sediment production model 
developed by USFS Region One and others (USFS, 1991). LoloSED is a spatially based, 
Geographic Information System (GIS) implementation of WATSED, and includes coefficients 
specific to resources on the Lolo National Forest (LNF). LoloSED uses GIS layers for soil and 
landform (LSI), topography (Digital Elevation Model; DEM), hydrology (streams), vegetation 
(Timber Stand Management Recording System [TSMRS] stands), transportation (roads), 
precipitation (average annual), and project specific layers. 
 
5.1.1 Natural Background Loading from Hillslope Erosion 
 
The LNF’s Land System Inventory (LSI) provides a natural hillslope sediment production 
coefficient for every land unit. Land units in the LSI, also known as LSI units or LSI’s, were 
delineated based on soil, landform, and habitat type (USFS, 1988). 
 
Natural sediment production from National Forest land in the Prospect Creek Watershed was 
calculated by first overlaying the HUC 6 watersheds layer for the Prospect Creek with the LSI 
layer. A DEM was used to determine the average side slope and topographic position for each 
LSI unit in the Prospect Creek Watershed. Hillslope and topographic position determine the 
sediment delivery ratio for each unit. The natural sediment production coefficients and delivery 
ratios were multiplied together to get a sediment yield value for each HUC 6.  
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Natural sediment production based on average annual precipitation was modeled for each HUC 6 
tributary to the Prospect Creek . These results were then summarized for the Prospect Creek 
HUC 5 (Table 5-1), which represents the entire Prospect Creek Watershed. HUC 6 watersheds 
and overall Prospect Creek HUC 5 watershed is illustrated in Figure 5-1. LoloSED- modeled 
annual, natural sediment production for the Prospect Creek HUC 5 is approximately 1010 
tons/year. HUC 6 sediment production normalized by area shows the Cooper Creek Watershed 
as most erosive, 8.4 tons/mi2/year, and Lower Prospect Creek HUC 6 as least erosive, 4.4 
tons/mi2/year (Table 5-1). It should be noted that natural hillslope sediment production can be 
significantly increased as a result of fire events and is not accounted for in this analysis. 

 
Figure 5-1. Prospect Creek Watershed Hydrology 
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Table 5-1. LoloSED Modeled Natural Sediment Production from Hillslope Erosion in the 
Prospect Creek Watershed 

Watershed 
(6th code HUC) 

Modeled Annual, Natural 
Sediment Production 

(tons/year) 

Area 
(mi2) 

Natural Sediment 
Production Normalized by 

area (tons/mi2/year) 
Clear 147 28.6 5.1 
Cooper 133 15.8 8.4 
Crow 87 14.8 5.9 
Dry 206 35.8 5.7 
Lower Prospect 177 40.3 4.4 
Upper Prospect 187 29.6 6.3 
Wilkes 74 15.8 4.7 
Prospect Creek (HUC 5 watershed) 1011 180.7 5.6 
 
5.1.2 Sediment from Timber Harvest  
 
In addition to natural sediment production and delivery, hillslope erosion sediment from harvest 
activity was also analyzed. Other sediment erosion impacts that could be linked to harvest 
activity, such as roads, are addressed later in this section. The LoloSED model was used to 
estimate current hillslope sediment production increases above natural due to timber harvest 
activities on record. This information is for National Forest Service land only. 94% of the 
Prospect Creek Watershed is located within National Forest lands. The remaining 6% currently 
constitutes small subdivision type land use with impacts largely associated with stream side 
development (e.g. bank erosion), and not timber harvest. LoloSED was run in March 2004 to 
generate these estimates which are based on the information provided in the TSMRS for this 
date, and will not include sediment produced from harvest operations not included in TSMRS at 
that time. 
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Figure 5-2. LoloSED-Modeled Average Annual Hillslope Erosion Sediment Load from 
TSMRS-Recorded Timber Harvest Activity on National Forest Land 
 
For sediment production from timber harvest areas, production coefficients for the logging 
system used (tractor, skyline, or helicopter) were applied to the natural sediment production 
values discussed in the previous section. The production coefficients assume varying levels of 
sediment production and imply certain incorporated BMPs that affect the overall sediment load.  
 
Based on model results for years 1990 - 2007, sediment production from timber harvest peaked 
in the early 1990’s at approximately 70.5 tons above natural, and continued to decline until 1997 
for all sub-watersheds except for Upper Prospect HUC 6. Increases in harvest-related sediment 
production occurred in 1995 and 1999, in Upper Prospect Creek, in 1998 in Clear Creek, in 2000 
in Crow Creek and 2001 in Cooper Creek. After 2001, sediment from recorded harvest activities 
declined through the remainder of the analysis period. This analysis does not reflect activities 
which have occurred since March 2004, and those not recorded in the TSMRS database at the 
time of the analyses. Sediment projected for 2005-2007 reflects a static condition in harvest 
activity. Future harvest activities may increase sediment above the static condition. The current 
(2007) sediment load from timber harvest is derived from this analysis. 
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Figure 5-3. Projected 2007 Lolosed-Modeled Average Annual Sediment Load from 
TSMRS-Recorded Timber Harvest Activity on National Forest Land if No Harvest Activity 
 
5.2 Sediment at Stream Crossings  
 
5.2.1 XDRAIN Methods 
 
Analysis of potential sediment input to stream crossings from roads was conducted using X-
DRAIN 2.0 (Elliot et al., 1999). X-DRAIN 2.0 requires 5 input variables: climate station, soil 
type, buffer length, buffer gradient, and road width. From the X-DRAIN climate database, the 
climate data for Seeley Lake, MT most closely resembled climate data in Thompson Falls, MT, 
and was therefore used in the model runs for Prospect Creek. Soil types were determined based 
on the LSI unit corresponding to each crossing location.  
 
The buffer length value used for all stream crossings was either 0 or 33 feet depending on field 
measurements. If the field-measured distance from the road to the stream at the crossing was 
closer to 0 than to 33 feet (e.g. 4 feet), then 0 was selected as the input variable. If the field-
measured distance from the road to the stream at the crossing was closer to 33 feet than to 0 (e.g. 
28 feet), then 33 was selected as the input variable. None of the field-measured buffer distances 
exceeded 33 feet. 
 
If a buffer was present, buffer gradient used was 60%. Buffer gradients observed in the field 
were all 60% or greater. Road width varied from 10 to 27 feet. Based on these input variables, X-
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DRAIN 2.0 generated an output matrix of annual sediment yield for variable road gradients (2, 4, 
8, and 16%) and cross-drain spacing (30, 100, 200, 400, 800 feet). For each crossing, a sediment 
yield value was selected from the appropriate output matrix according to the field-measured 
drain spacing and road gradient.  
 
Table 5-2. XDRAIN Variable Values Used to Evaluate Sediment Yield for Stream 
Crossings in the Prospect Creek Watershed 
XDRAIN Variable Value Used for Prospect Creek Crossings 
Climate station Seeley Lake, MT 
Soil type Varied by LSI 
Buffer length 0 or 33 feet depending upon field data 
Buffer gradient 60 % 
Road width Varies (10-27 feet) 
 
Seventy-four Prospect Creek Watershed crossings were evaluated for road sediment contribution 
using X-DRAIN 2.0. This sub-sample represents approximately 30% of the stream crossings in 
the Prospect Creek Watershed. GIS analysis of road and stream intersections results in 307 
crossings (Appendix B).  
 
5.2.2 XDRAIN Results  
 
Total sediment contribution from the XDRAIN analysis was summarized by HUC 6 (Table 5-3). 
Assuming the sub-sample is a representative sample of all the culverts in the Prospect Creek 
Watershed, extrapolating the HUC 6 means of the 74-culvert sub-sample to the projected 307-
culvert crossing population, total annual sediment contribution at stream crossings is 126.5 tons 
per year. The greatest contributions are from Clear, Crow and Lower Prospect Creek (Figure 5-
4).  
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Table 5-3. XDRAIN-Calculated Sediment Load from Road Surface Erosion Contributed 
at Inventoried Stream Crossings and Extrapolated Sediment Load to Un-Inventoried 
Stream Crossings 

 Inventoried Crossings Extrapolation 
HUC 6 Number of 

Inventoried 
Crossings 

Min. Mean Max. Sediment 
Yield 
(tons/year) 

Number of 
Crossings in 
HUC 6 by 
GIS 

Extrapolated* 
Sediment Yield 
(tons/year) 

Clear 19 0.02 0.42 2.79 7.94 76 31.7 
Cooper 12 0.02 0.24 1.37 2.91 16 3.9 
Crow 15 0.02 1.48 9.65 22.15 32 47.3 
Dry 5 0.01 0.34 1.49 1.69 23 7.8 
Lower 
Prospect 

14 0.01 0.19 0.63 2.71 114 22.1 

Upper 
Prospect 

5 0.03 0.32 1.13 1.58 29 9.2 

Wilkes 4 0.02 0.27 0.96 1.08 17 4.6 
Total 74    40.06 307 126.5 
*Mean sediment yield of inventoried crossings by HUC 6 multiplied by adjusted estimate of total number of 
crossings in HUC 6.  
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Figure 5-4. XDRAIN-Calculated Extrapolated Sediment Load from Road Surface Erosion 
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BMP upgrades and road closures typically are reflected in model results initially as an increase 
from ground disturbance associated with the upgrades or closures followed by an overall 
decrease in average annual sediment load. Several examples of this may be found in the Prospect 
Creek Watershed. In Cooper Creek, BMP upgrades were implemented in the upper Chipmunk 
area (Cooper Creek) in 2003. Roads in the Mosquito Peak area (Clear Creek) received similar 
improvements in 2003. Road 2179 (Antimony Creek) was brought up to BMP standards in 2004 
and Road 876 in 2003 (Cox Gulch). Partial BMP upgrades were installed on Road 352 (Dry 
Creek) in 2004. 
 
Since the time of this modeling study, additional road closures and improvements have occurred 
in the Prospect Creek Watershed on Crow Creek, Daisy Creek, and West Crow Creek. These 
activities and potential future restoration projects are discussed further in Section 8.0. 
 
This study makes the assumption that most sediment from the road network is provided by the 
road conditions and contributing lengths leading to the streams at road/stream crossings. While 
this may be a reasonable assumption for determining the sediment loads from roads at road 
crossings it does not necessarily evaluate the full impact road systems have on watersheds. Road 
density, road proximity to streams, and road condition can all influence a streams ability to fully 
support beneficial uses as they may lead to modifications in the hydrologic conditions of the 
watershed. These and other impacts can lead to impairment from causes such as habitat alteration 
and other forms of “pollution” for which a TMDL is not developed. Further information 
regarding road/stream interaction in the Prospect Creek Watershed is provided in Appendix B. 
 
5.3 Bank Erosion 
 
5.3.1 BEHI Methods 
 
Data collected during the 2004 bank erosion inventory provided the basis for estimating average 
annual sediment loading from stream banks on mainstem Prospect Creek and tributary streams. 
RDG walked the entire length of Prospect Creek mainstem reaches 2 - 5 and the lower reaches of 
Clear, Cooper, Crow, and Dry creeks in July 2004. Measurements were recorded at a subsample 
of segments representing approximately 25% of the total main stem length. For example, on the 
main stem, four-hundred foot bank lengths were sampled at 1200-foot intervals. Measurements 
were then applied to the BEHI (Rosgen, 2001) to determine loads from eroding banks. Tributary 
main stems and portions of their tributaries (Dry, Clear, Crow and Cooper Creeks) were also 
inventoried using the same sampling method. Figures 5-5 and 5-6 show inventoried reaches and 
identified eroding banks. 
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Figure 5-5. Map of Prospect Creek TMDL Upper Watershed BEHI Sample Sites 
 

 
Figure 5-6. Map of Prospect Creek TMDL Lower Watershed BEHI Sample Sites 
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To estimate the average annual sediment load produced by eroding banks, an average rate of 
bank erosion was determined for each inventoried bank erosion site. Bank erosion rates were not 
field measured but were instead estimated on bank erosion rates calculated by David Rosgen for 
the Colorado Front Range (Rosgen, 2001). Of the available literature values, bank erosion related 
to glaciated, metasedimentary belt rock geology characterizing the Colorado Front Range is most 
similar to the geology of the Prospect Creek drainage.  
 
Average annual sediment loading was estimated by multiplying the length and height of each 
eroding bank by the determined erosion rate to get cubic feet per year, dividing by 27 to convert 
to cubic yards per year, and multiplying by 1.3 to get tons per year. This assumes the dry bulk 
density of one cubic yard of bank material is 1.3 tons.  
 
When appropriate, field surveyors assigned one or more contributing anthropogenic influences to 
each eroding bank based on visual evidence and best professional judgment. It is acknowledged 
the assignment of bank erosion influence among the anthropogenic factors in the watershed is 
coarse and based on best professional judgment. However it does provide some direction for 
prioritizing restoration efforts and identifying relative contributions. 
 
To account for the average annual sediment loading in uninventoried reaches, average annual 
sediment loading rates from inventoried reaches were extrapolated to the portions of each 
tributary that were not field inventoried. Total average annual sediment loads were summarized 
by stream and by human-related versus non-human related sources.  
 
5.3.2 BEHI Results 
 
Inventoried Banks  
Results indicate that approximately 17,872 tons/year of sediment are delivered to the Prospect 
Creek drainage network from the inventoried stream segments. A comparison of average annual 
sediment loading by human-related versus non-human-related influences is presented in Table 5-
4. Inventoried bank erosion from human-related influences accounts for 13,341 tons (75%) of the 
total average annual sediment load. An additional 4,531 tons (25%) are associated with either 
natural causes or causes which were undetermined. Figure 5-7 presents these results graphically. 
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Table 5-4. Average Annual Bank Erosion Sediment Loading (Tons/Year) from Inventoried 
Banks 
Load is differentiated by human- versus non-human-related influences 
Stream Name  Human-Related Non-human-Related (natural or 

undetermined) 
 

 

  (t/y) % (t/y) % Total 
Prospect Cr 10,695 81 2,489 19 13,184 
Clear Cr 399 31 899 69 1,298 
Cooper Cr 771 83 160 17 931 
Crow Cr 1,004 85 173 15 1,177 
Dry Cr 472 37 810 63 1,282 
  13,341 75 4,531 25 17,872 
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Figure 5-7. Percent of Inventoried Average Annual Sediment Load from Bank Erosion 
Differentiated by Human- Versus Non-Human Related Influences 
Human-related influences include channel relocation or armoring, roads, utility corridors, or riparian modification. 
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Table 5-5. Average Annual Bank Erosion Sediment Loading (Tons/Year) From Inventoried 
Banks of Prospect Creek and Tributaries 
Load is differentiated by different types of human-related influence. Values are not cumulative. Many bank erosion 
sites were attributable to multiple human-related influences.\ 
 Bank Stabilization / Rip 

Rap 
Roads Utilities# Private Residence Riparian Modification* 

Prospect Cr 1860 5926 10498 1404 11426 

Clear Cr 74 355 0 166 1277 

Cooper Cr 0 136 722 0 280 

Crow Cr 0 118 946 0 1117 

Dry Cr 17 412 60 17 1273 
* Riparian modification includes a wide range of riparian vegetation removal, from extensive modification as a 
result of clear cutting to accommodate roads or utilities to limited modification as evidenced by several or more tree 
stumps. Riparian modification was almost always noted along with the other identified human-related influences. # 
Utilities include NWE, YPL, and BPA. 
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Figure 5-8. Average Annual Bank Erosion Sediment Loading (Tons/Year) from 
Inventoried Banks of Prospect Creek Tributaries 
Load is differentiated by different types of human-related influence. Values are not cumulative. Many bank erosion 
sites were attributable to multiple human-related influences. 
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Figure 5-9. Average Annual Bank Erosion Sediment Loading (tons/year) from Inventoried 
Banks of Prospect Creek 
Load is differentiated by different types of human-related influence. Values are not cumulative. Many bank erosion 
sites were attributable to multiple human-related influences. 
 
Total Extrapolated Average Annual Bank Erosion Sediment Load  
Additional load is likely contributed from stream segments not included as part of the 25% bank 
erosion sub-sample. Average annual sediment loading rates calculated from the inventoried 
segments were applied to the uninventoried segment lengths to derive an extrapolated average 
annual sediment load for the uninventoried segments. The total calculated (inventoried segments) 
and extrapolated (uninventoried segments) average annual sediment loading was combined to get 
a total average annual load from bank erosion. Inventoried sediment loads, extrapolated sediment 
loads and total sediment load from bank erosion are presented in Table 5-6. The total sediment 
load is presented graphically in Figure 5-10. 
 
Inventoried results were extrapolated to C stream types, potential C stream types which are 
currently classified as D stream types and combination C stream types which have small B 
inclusions. The inventoried results were applied to these reach types because the geomorphology 
associated with them is more sensitive to anthropogenic influence, and is more likely to 
accommodate human activities that would lead to anthropogenic influenced bank erosion. 
Streams or stream types that are not sensitive or unlikely to have anthropogenic influence did not 
have inventoried results applied to them so as not to inflate bank erosion loads throughout the 
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watershed. Extrapolation did not include A, B or F reaches and did not include any reaches in the 
following segments: 
 

• Upper Cooper Gulch from about 1 mile upstream from Summit Creek 
• Forks of Clear Creek 
• Lower most Prospect Creek below Dry Creek confluence 
• Prospect Creek above Twenty-three mile Creek 
• East and west Forks of Crow Creek above the lowest C sections 
• Wilkes Creek upstream from about 1 mile above private inclusion  
• No Wilkes 
• East Fork Dry upstream of private 
• West Fork Dry Creek upstream from lowest D section in private 

 
The total average annual bank erosion load to Prospect Creek including inventoried and 
uninventoried segments of Prospect Creek mainstem and select tributaries is 67,447 tons per year 
or approximately 3,200 tons/mile/year. Of the tributaries, Crow Creek has the greatest average 
annual sediment loading rate from bank erosion at approximately 1,300 tons/mile/year followed 
by Cooper and Clear creeks, both just under 1,000 tons tons/mile/year. Dry Creek has the lowest 
average annual sediment loading rate (700 tons/mile/year). 
 
Table 5-6. Inventoried Bank Erosion and Extrapolation for Human Caused and Natural 
Sediment Load 
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Prospect 4.1 13184 11.6 36839 15.7 50023 81/19 40519 9504 
Clear 1.4 1298 5.1 4860 6.5 6158 31/69 1909 4249 
Cooper 1 931 2.7 2628 3.7 3559 83/17 2954 605 
Crow 0.8 1178 2 2412 2.8 3591 85/15 3052 539 
Dry 1.3 1281 4.5 4312 5.8 5593 37/63 2069 3524 
  17872  51051  68923 73/27 50503 18421 
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Figure 5-10. Average Annual Bank Erosion Sediment Loading (tons/year) from 
Inventoried Banks and Extrapolated to Un-inventoried Banks 
 
5.4 Traction Sand 
 
5.4.1 Traction Sand Methods 
 
GIS analysis was used to divide the Prospect Creek Road (State Secondary Highway 471) into 
segments for data collection and analysis of sediment contribution from winter road sanding and 
snow plowing. The Digital Ortho Quarter Quad (DOQQ) image for Prospect was used to on-
screen digitize the river-left (facing downstream) bank or river-left edge of the flood prone area 
and the south shoulder of the highway below Crow Creek. Above the Highway bridge at Crow 
Creek, the opposite bank and floodprone edge were digitized, the sides closest to the highway. 
The highway shoulder was buffered at several intervals including 25, 50, 100, 200, 300, 400, and 
500 feet. Buffer polygons were then intersected with the stream bank/floodprone edge layer to 
break out the stream segments into categories according to distance from road edge. 
 
Consideration of sand delivered to the floodprone area, while not immediate, direct delivery to 
the active bankful channel, is important when determining the potential contribution of the 
sediment source to water quality. Sand deposited on the floodprone area in a “dry” year, one in 
which peak flows do not rise above bankfull elevation or only partially inundate the floodprone 
area, will most likely remain where initially deposited. In a “wet” year when the floodprone area 
is inundated, a portion of traction sand deposited in previous years may be mobilized by flood 
flows or snow melt runoff and incorporated into the streams sediment load.  
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In mid-July 2004, field data were collected at sites with the potential of receiving road sanding 
sediment, primarily those at stream crossings and those road segments within 100 feet of stream 
bank or floodprone area (Figure 5-11). The surveyed crossings included bridges and culverts as 
well as ditch relief culverts identified as linking road sand to the mainstem channel network. The 
100-foot distance was selected based on findings in a St. Regis River TMDL study which found 
most traction sand is deposited within 45 feet of the sanded highway. The same study also 
observed a maximum dispersal distance of 112 feet from the sanded highway.  
 

 
Figure 5-11. Traction Sand Contribution Points and Segments 
 
Parameters measured and recorded at each site included the type of feature (crossing or road 
segment), contributing sides (inlet and/or outlet for crossings and left and/or right for road 
segments); gradient (percent) of the vegetative buffer slope, if any, between the road shoulder 
and Prospect Creek or connected channel; buffer slope length (feet), buffer mitigation category; 
and contributing length of road (feet). Also noted at each site was whether delivery of road sand 
was evident. Photos were taken at each site.  
 
MDT provided sand application totals for Highway 471 for four recent winters (Table 5-7). It is 
assumed that sand is distributed at a relatively constant rate along the 22 miles of road (Stimson, 
E., pers. comm., 2004). Prospect mainstem Reach 6, which extends from the headwaters to 
approximately 0.5 miles below Twentyfourmile Creek, is coincident with the upper six miles of 
highway. The upper six miles of highway are not plowed or sanded from about December to 
March. However, plowing and heavy sanding in October and November and again in the spring 
offset the lack of application through the rest of the winter months (Stimson, E., pers. comm., 
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2004). Based on this information, the average annual application rate, 72.1 tons/mile/year (Table 
5-8), distributed evenly over the 22 miles of road equates to 0.014 tons/foot/year (72.1/5280 = 
0.014).  
 
Table 5-7. Highway 471 Annual Sand and Magnesium Chloride Application Statistics 

Winter Sand (tons) Magnesium Chloride 
(gallons) 

2000-2001 2181 0 
2001-2002 1769 1860 
2002-2003 1050 3024 
2003-2004 1349 3541 
Average 1587.3 2106.3 

Reference: MDT, 2004 
 
Effects of magnesium chloride application were not part of this investigation. Recently (2003-
2004) MDT has monitored chloride levels in Prospect Creek. The unpublished results of their 
monitoring show little to no increase in chlorides above background (tributary) levels, indicating 
a minimal effect to water quality in Prospect Creek from application of magnesium chloride to 
Highway 471.  
 
Table 5-8. Annual Sand Application Rates for Sections of Highway 471 

Winter Sand (tons) Magnesium Chloride 
(gallons) 

2000-2001 99.1 0.019 
2001-2002 80.4 0.015 
2002-2003 47.7 0.009 
2003-2004 61.3 0.012 
Average 72.1 0.014 

 
The average annual application rate (0.014 tons/foot) was assigned to all inventoried field sites. 
Bridges, crossings and road segments with no buffer vegetation and/or zero slope lengths 
received a delivery ratio of 1, assuming 100% of sand applied to the highway in these areas is 
delivered to the stream channel or to the floodprone area. Conversely, crossings and segments 
with greater than 60 percent vegetation buffer and/or buffer slope length greater than 100 feet 
received a delivery ratio of 0, assuming none of the sand applied in those segments reached the 
stream channel or floodprone area. Within the range of 0 to 1, delivery ratios decreased with 
increasing vegetation cover in the buffer and decreased with increasing slope distance (Table 5-
9).  
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Table 5-9. Delivery Ratio for Varying Buffer Slope Lengths and Degrees of Mitigating 
Buffer Vegetation 

Buffer Slope Length 
Class 

0% Vegetation Cover 1-20% Vegetation 
Cover 

20-60% 
Vegetation 

Cover 

> 60% 
Vegetation 

Cover 
0-25’ 1.0 0.8 0.5 0.3 

25-50’ 0.8 0.6 0.4 0.2 
50-100’ 0.6 0.5 0.3 0.1 
>100’ 0.4 0.3 0.2 0.0 

 
Five other crossings along Prospect Creek Reaches 2 and 3 were identified from GIS layers, but 
were not located in the field. It is assumed that some traction sand is contributed to the channel 
network at these locations. The minimum sand contribution from all measured contributing 
crossings (1.4 tons per year) was assigned to each of these crossings not located.  
 
5.4.2 Traction Sand Results 
 
Modeled results of traction sand application and delivery are provided in Table 5-10.  
 
Table 5-10. Traction Sand Application and Delivery Estimates 

  Sand Applied 
(tons/year) 

Sand Delivered+ 
(tons/year) 

Sand Delivered * 
(tons/year) 

All Inventoried 
Segments and Crossings  

Total  397.3 208.5 215.5 

 Average 12.8 6.7 6.0 
 Min 1.4 1.4 1.4 
 Max 147 58.8 58.8 
 StDev 25.3 10.3 9.7 
     
Road Segments Only  Total  120.8 81.9 81.9 
 Average 10.1 6.8 6.8 
 Min 2.8 2.1 2.1 
 Max 21 16.8 16.8 
 StDev 4.6 4.5 4.5 
     
Crossings Only Total  46.9 34.0 41.0 
 Average 4.7 3.4 2.7 
 Min 1.4 1.4 1.4 
 Max 10.5 8.4 8.4 
 StDev 3.1 2.4 2.2 
+ Does not include estimate for 5 un-located crossings.  
 * Includes estimate of 4.1 tons/year for each of 5 un-located crossings. 
 
This analysis does not account for county road sanding which could enter Prospect Creek above 
Dry Creek and could enter Dry Creek just above it’s confluence with Prospect Creek. Based on 
the Highway 471 calculations, similar sanding operations might result in an additional 1 ton of 
sand delivered to Lower Prospect Creek at these entry points.  
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5.5 Other Sediment Sources 
 
Mass wasting was not observed in the Prospect Creek Watershed during air photo review or field 
surveys. Mass wasting is not considered here as a source of sediment loading.  
 
Potential sediment contribution from culvert failure is presented in Appendix H. 
 
5.6 Summary 
 
The following table (Table 5-11) provides a summary of quantified loads from each of the major 
source categories and brief summary description of each source.  
 
Table 5-11. Summary of Quantified Sediment Loads for Each Major Source Category in 
Each HUC 6 Watershed 
 Upper 

Prospect 
Lower 

Prospect 
Dry Clear Crow Cooper Wilkes Prospect 

Creek 
Watershed 

Sources         
Natural Hillslope 

Erosion (LoloSed) 
187 177 206 147 87 133 74 1011 

Timber Harvest (Lolo 
Sed) 

2.4 0 0 0.2 0 2 0 5 

Roads (XDRAIN) 9.2 22.1 7.8 31.7 47.3 3.9 4.6 127 
Culverts 217 55 44 144 61 30 32 583 

Bank Erosion         
Attributed to Natural 2070 7434 3524 4249 539 605 0 18421 

Attributed to 
Anthropogenic 

8826 31693 2069 1909 3052 2954 0 50503 

Traction Sand 107.75 107.75      216 
TOTAL SEDIMENT 

LOAD 
11419 39489 5851 6481 3786 3728 111 70865 

 
Sediment from Hillslope Erosion Associated with Timber Harvest 
The LoloSed model used to determine the sediment loads from timber harvest was based on 
known timber harvest activity from 1990 to 2004. No significant harvest has occurred in recent 
years. Based on the declining load from timber harvest over the years, as of now, very little 
sediment is contributed. Upper Prospect, Clear, and Lower Prospect supply a very small amount 
while the rest of the watershed does not supply any sediment. Renewed harvest activity in the 
area would likely increase loads and any activity should ensure all reasonable land, soil, and 
water conservation practices are employed during and after harvest to minimize the water quality 
impacts. 
 
Sediment from Roads 
Based on the XDRAIN analysis, Crow Creek and Clear Creek are the two largest contributing 
watersheds of sediment from roads. XDRAIN looks at road design, contributing length, soil type, 
and climate for those road segments that drain to a road-stream crossing. Reducing contributing 
road length and installing road BMPs such as water diversions and appropriate buffers, as well as 
road decommissioning or relocating when appropriate, may lead to significant sediment 
reductions. 
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Human-Influence Bank Erosion 
Bank erosion loads are greatest along the Prospect Creek mainstem although it should be noted 
that this also accounts for a longer stream and therefore more banks with issues. When looking at 
the ratio of human caused vs. naturally influenced bank erosion then Prospect, Cooper, and Crow 
are all predominated by anthropogenically attributed bank erosion. 
 
Traction Sand 
Prospect Creek is the main stream affected by traction sand. Traction sand delivery was 
determined based on road length, design, and associated buffer characteristics. 
 
Potential Load from Culverts 
From the analysis presented in Appendix H, upper Prospect and Clear Creek have the largest 
number of culverts and the therefore the greatest potential load at risk given abnormal high flow 
conditions. Of the culverts analyzed, Dry Creek, Clear Creek, and Lower Prospect are the only 
watersheds with actual documented sediment load potential, however a limited number of 
culverts were sampled (22 of 307) and results extrapolated to derive sediment potential across 
the watershed. Further investigation should be pursued to identify culverts at risk and prioritize 
culverts for improvement. 
 
Discussion 
Sediment from timber harvest, sediment from roads, human-influenced bank erosion, traction 
sand, and potential culvert failure are the significant sources of sediment in the Prospect Creek 
Watershed. Although the methods used to quantify the source loads vary, and therefore make it 
difficult to compare to each other, the information collected still allow prioritization for which 
watersheds are most affected by which source. In doing so it can help focus implementation 
efforts towards the development of the most effective strategies for reducing sediment in each 
respective HUC 6 watershed. 
 
Table 5-12. Relative Rankings of Source Categories 

Source 
Category 

Upper 
Prospect 

Lower 
Prospect 

Clear  Cooper Crow Dry 

Bank Erosion 2 1 6 4 3 5 
Roads 4 3 2 6 1 5 
Timber 
Harvest 

1 4 3 2 4 4 

Culverts 1 4 2 6 3 5 
Road Sand 1 1 2 2 2 2 
Relative 
Ranking1 

9 13 15 20 13 21 

1The relative ranking is merely the sum of the ranks for each subwatershed. The lower the number, the greater the 
potential for sediment loading. 
 
The relative rankings show that the Upper Prospect Creek Watershed is the most significant area 
of sediment input, followed by Lower Prospect and Crow Creek, Clear Creek, Cooper Creek, and 
Dry Creek respectively. These rankings were based on the sediment load from each 
subwatershed, but not normalized by area. 
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The sediment loading described in this section does not differentiate between fine and coarse 
sediment however the sources analyzed in this assessment contribute varying amounts of one or 
both. Depending on the source, the impacts to the resource are varied based on the relative 
contribution of fine or coarse sediment. Fine sediment from sources such as hillslope erosion 
from timber harvest may have a significant impact on aquatic life and cold water fishery success 
due to loss of spawning habitat, lack of interstitial spaces in substrate to support 
macroinvertebrates, turbidity increase, etc. Coarse sediment loads from sources such as bank 
erosion may lead to significant alterations in channel form and function leading to loss of pools, 
stream over-widening, and changes in channel pattern. In the Prospect Creek Watershed, both 
sediment load types are evident and reflected in the known sources and data presented in Section 
4.0, and both types have a definite impact on the beneficial uses. In order to ensure proper 
protection of uses throughout the Prospect Creek Watershed, both fine and coarse sediment 
loading must be reduced and therefore are not differentiated for analysis. 
 
It should also be noted that since the time of the source analysis and quantification some projects 
have been completed throughout the watershed which has resulted in sediment reductions from 
some of these source categories. These projects may alter the relative ranking and contributions 
of sediment within a given subwatershed. Recent watershed improvement projects are described 
in Section 8.0. 



Prospect Creek Watershed Sediment TMDLs – Section 5.0 

1/21/09  80 

 
 



Prospect Creek Watershed Sediment TMDLs – Section 6.0 

1/21/09  81 

SECTION 6.0  
TMDLS & LOAD ALLOCATIONS 
 
6.1 Introduction 
 
The technical definition of TMDL is “the sum of load allocations plus waste load allocations 
plus a margin of safety (MOS).” The load allocations apply to nonpoint sources (NPS) and the 
waste load allocations apply to point sources covered by a Montana Pollutant Discharge 
Elimination Systems Permit. There are not any permitted sediment discharges in the Prospect 
Creek Watershed and wasteload allocations are therefore not considered a necessary part of this 
TMDL. In addition, the TMDL includes a MOS that accounts for the uncertainty in the 
relationship between pollutant loads and the quality of the receiving stream. A TMDL is 
expressed by the following equation: 
 

TMDL = ΣWLA + ΣLA + MOS 
 
The TMDL can be expressed through appropriate measures other than a given loading rate (40 
CFR 130.2). The use of an alternative approach for sediment TMDL analysis is justified in 
guidance developed by EPA (EPA, 1999) given the uncertainties around sediment TMDL 
development. The approach used for the Prospect Creek Watershed is to express the TMDL as a 
percent reduction in loading based on reductions applied to controllable human sources. These 
percent reductions applied to controllable human sources are the basis for sediment load 
allocations that cumulatively define the TMDL. The source load reduction percentages used for 
load allocations are based on departure from target conditions, estimates of human associated 
loads above natural background, achievable reductions, and best professional judgment. 
 
As shown in Section 4.0, loading conditions and departure from sediment impairment indicators 
vary between the major streams in the Prospect Creek Watershed. Analysis of sediment 
contribution throughout the watershed was conducted at the HUC 6 watershed scale and based 
on the major sources identified in Section 5.0. The Prospect Creek Watershed is composed of six 
HUC 6 watersheds. Sediment TMDLs have been developed for Prospect Creek, Clear Creek, and 
Dry Creek. The allocations pertaining to Prospect Creek encompass all six HUC 6 watersheds. 
The TMDL for Prospect Creek is applied to all cumulative loading along the length of Prospect 
Creek. Allocations are developed to ensure that water quality standards for sediment are met 
along all of Prospect Creek. The TMDLs for both Clear Creek and Dry Creek are also applied to 
all cumulative loading along the length of each stream. Allocations for Clear Creek and Dry 
Creek are specific to each respective HUC 6 watershed and are also developed to ensure that 
water quality standards for sediment are met along the whole length of each stream. 
 
6.2 Seasonality and Margin of Safety 
 
All TMDL documents must consider the seasonal variability, or seasonality, on water quality 
impairment conditions, maximum allowable pollutant loads in a stream (TMDLs), and load 
allocations. TMDL development must also incorporate a MOS into the load allocation process to 
account for uncertainties in pollutant sources and other watershed conditions and must ensure (to 



Prospect Creek Watershed Sediment TMDLs – Section 6.0 

1/21/09  82 

the degree practicable) that the TMDL components and requirements are sufficiently protective 
of water quality and beneficial uses. This section describes the considerations of seasonality and 
a Margin of Safety (MOS) in the Prospect Creek TPA sediment TMDL development process. 
 
6.2.1 Seasonality 
 
Sediment loading varies considerably with season. For example, sediment delivery increases 
during spring months when snowmelt delivers sediment from upland sources and resulting 
higher flows scour streambanks. However, these higher flows also scour fines from streambeds 
and sort sediment sizes, resulting in a temporary decrease in the proportions of deposited fines in 
critical areas for fish spawning and insect growth. Because both fall and spring spawning 
salmonids reside in the Prospect Creek TPA, streambed conditions need to support spawning 
through all seasons. Therefore, sediment targets are not set for a particular season and source 
characterization is geared toward identifying average annual loads. 
 
6.2.2 Margin of Safety 
 
An implicit MOS is provided by conservative assumptions for sediment loading, which are 
designed to ensure restoration goals will be sufficient to protect beneficial uses. These 
assumptions and considerations are discussed within the allocation section below. The margin of 
safety is to ensure that target reductions and allocations are sufficient to sustain conditions that 
will support of beneficial uses. An additional margin of safety is provided through an adaptive 
management approach that includes adjusting future targets and water quality goals based on 
monitoring outlined in Section 9.0. No explicit MOS is included in sediment TMDLs specified 
for each water body, rather an implicit MOS is included within the analysis of each source and 
the development of allocations. 
 
6.3 Prospect Creek Sediment TMDL and Allocations 
 
6.3.1 Prospect Creek Sediment Total Maximum Daily Load 
 
Table 6-1. Sediment Allocations and TMDL for Prospect Creek 
Sources Current Estimated 

Load (Tons/Yr) 
Load Allocation 
(as percent 
reduction) 

Resultant Estimated 
Sediment Load 
(Tons/Yr) 

Anthropogenic 
Nonpoint Sources 

Bank Erosion 50,503 80%  10,101 
Forest Roads 127 50%  64 
Culvert Failure 399 77%  92 
Upland Timber 
Harvest 

5 0%* 5* 

Traction Sand 216 31% 149 
Natural Background 19,432 0% 19,432 
Total Load 70,682 TMDL = 58%  29,838 
* Future increases in loading are acceptable as defined in Section 6.3.2.5. 
 
The total sediment TMDL for Prospect Creek is expressed as a 58% reduction in the total yearly 
sediment loading achieved by applying the load allocation reductions identified in Table 6-1. 
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This is a reduction in both coarse and fine sediment loading to ensure full protection of beneficial 
uses. This 58% value is based on information provided in the Section 5.0 and a determination 
that approximate reductions from the Prospect Creek Watershed as a whole cumulatively account 
for an approximate 58% reduction in sediment load and is achievable by addressing the major 
human caused sources described in this section. The sediment load allocations to major sources 
and associated rationale behind the allocations are presented below. TMDLs explicitly expressed 
as daily loads are presented in Appendix D. 
 
6.3.2 Allocations 
 
Allocations are developed for significant sediment sources or source categories consistent with 
the total sediment TMDL. The allocation approach used in this section is based on load 
reductions or load limits applied to controllable sediment sources. This also includes allocations 
applicable to future activities/growth consistent with EPA guidance (EPA, 1999). This approach 
does not include development of load reduction allocations for natural background loading since 
natural background loading is not considered a controllable source. 
 
The watershed characterization and source assessment information is used to identify source 
categories for developing sediment load allocations. As previously discussed in Section 5.0, the 
different methodologies for assessing loads vary to the extent that caution must be used when 
comparing loads from one source type in Table 6-1 to another. Also, there is spatial variability in 
this loading to Prospect Creek, as well as the fact that some loading sources, particularly sources 
other than bank erosion, tend to be a higher percentage of fine sediment. Addressing many of 
these fine sediment sources from tributary and upper portions of the watershed is important to 
ensure that there are no fine sediment impairment conditions to fish habitat, particularly bull 
trout and cutthroat trout spawning habitat. These sediment source categories are discussed in 
further detail below. 
 
6.3.2.1 Human Caused Bank Erosion 
 
Allocation  
80% reduction in bank erosion for all human related sources 
 
Rationale 
Most human caused bank erosion can be rectified through a combination of BMP 
implementation and active restoration/stabilization. It is acknowledged that the road and utility 
corridors in the Prospect Creek Watershed may not allow for a full 100% reduction from human 
caused bank erosion. However, riparian corridor restoration in addition to a reduction in stream 
encroachment and the use of rip rap where possible will significantly improve bank stability 
along Prospect Creek. 
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Assumptions/Considerations: 
• 80% of the human caused bank erosion in the Prospect Creek Watershed can be rectified 

through BMP implementation and active restoration/stabilization 
• It may take many years or decades before these measures are effective, particularly 

regarding those stream stability improvements linked to an increase in a mature riparian 
forest 

• Active stream channel restoration efforts in the form of channel reconstruction may be 
desirable, based on further evaluations and peer review, to help accomplish the reduction 
in bank erosion and achieve an overall improved stream stability condition (at this time, 
this allocation neither requires nor restricts such active restoration efforts) 

• This allocation approach may need to be modified based on a more robust review of 
overall achievability 

• A modification may require additional measures and a greater percent reduction to ensure 
that TMDL targets are met or could conversely result in a lower percent reduction based 
on further analyses 

 
6.3.2.2 Surface Erosion from Forest Roads 
(specific to Road/Stream Crossing locations) 
 
Allocation 
50% reduction in sediment load from road surface erosion contributed at stream crossings (Based 
on XDRAIN study). 
 
Rationale 
Although no modeled scenarios were run with XDRAIN that predict the resultant sediment 
reduction once all BMPs are applied, DEQ has conducted various studies regarding surface 
erosion from forest roads throughout watersheds in western Montana. In the neighboring St. 
Regis Watershed, which is also predominantly within USFS land, a similar study using WEPP 
found a reduction of 48% in sediment from surface erosion from forest roads once all BMPs 
were applied. Similarly, in the Ruby Watershed, the Washington Method was applied and found 
a 60% reduction in sediment from roads is achievable once BMPs are applied. Therefore, a 50% 
reduction in the Prospect Creek Watershed for erosion from forest roads is considered 
reasonable. 
 
Assumptions/Considerations: 

• Results from the St. Regis and Ruby road studies are comparable to the Prospect Creek 
Watershed 

• Not all roads within the Prospect Creek Watershed are appropriately designed 
 
This allocation can be accomplished through: 

• Reduced road density to Moderate Classification (0.7 – 1/7) where appropriate 
• Remove or relocate high risk roads and roads with close proximity to streams 
• Ensure all appropriate BMPs are implemented on all roads throughout the Prospect Creek 

Watershed 
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6.3.2.3 Culverts 
 
Allocation 
77% reduction in average yearly sediment at risk from potential culvert failure. 
 
Rationale 
This allocation applies to the average annual potential load that could occur as a result of a 100-
year flow event, or the flow that equates to a recurrence interval of once per 100 years. Based on 
the culvert-failure analysis and extrapolation presented in Appendix H the risk of sediment 
contribution from potential culvert failures will be reduced if the restoration objective (load 
allocation) is met. The restoration objective is to upgrade all culverts to meet Q100 with Hw:D 
of less than 1.4. This objective is based on UFSF INFISH management objectives which call for 
all road stream crossings to be able to pass a Q100 flow event. Meeting Q100 flow is also 
consistent with USFS Region 1 direction for accommodating aquatic organism passage. 94% of 
the Prospect Creek Watershed is owned by the USFS. 
 
When interpreting the results of this culvert assessment, it must be understood that the modeled 
approach used does not reflect actual loads on any given year, but represents an average modeled 
load over a 100-year period. The annual culvert failure loads during low-flow years will likely be 
substantially less than given estimates, while annual loads during high-flow years (>Q50) may be 
higher than given estimates. 
 
Assumptions/Considerations 

• Culvert assessments were conducted on a small subset of culverts (24), which may not be 
representative of the larger set of crossings within the Prospect Creek Watershed (307) 

• After meeting Q100 capabilities, load at risk must not increase with the addition of new 
stream crossings and/or replacement of existing stream crossings that are undersized for 
any flows up to the 100 year event 

• If new crossings are established that are less than the 100 year event, then existing 
crossings should be upgraded or removed to equally compensate for the increase in road 
fill at risk from the new crossing structure 

• It may be more difficult for privately owned road-stream crossings to be upgraded to the 
Q100 

o These crossings should be upgraded to pass the largest flow possible given 
socioeconomic considerations 

• Consideration in culvert sizing must also be given to fish passage, the geomorphic effects 
such structures have on stream channels including sediment load (bank erosion and 
channel scour) and effects to fish habitat 

 
6.3.2.4 Road Sanding 
 
Allocation 
31% reduction in tons of sediment per year from traction sand along with the reasonable 
application of traction sand for given road conditions.  
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Rationale 
The sediment load from traction sand is based on the road sanding study described in Section 
5.0. In that study, the delivery factor used to calculate the amount of sediment that reaches the 
stream at a given location was based on a combination of the road slope and buffer slope and 
vegetation. The delivery factor is a function of the ability of the buffer to mitigate sediment input 
to the stream. Buffer mitigation is classified as low, medium, and high. For the purposes of 
developing a potential reduction, all sites with low buffer mitigation were given the typical 
delivery factor of 0.3 associated with medium buffer mitigation. Sites with delivery factors of 1.0 
were not changed as it is assumed those sites occur at bridges and buffers do not exist. A 31% 
reduction in sediment delivery resulted from this improvement scenario. 
 
It is recognized that traction sand is necessary to maintain safe travel conditions for winter 
months on the roads in the Prospect Creek Watershed. In this case, “reasonable application” 
refers to applying the least amount of sand to the roads to maintain safe driving conditions. 
Conditions for any given year will vary, and therefore the amount of sand applied to the roads 
will be a function of the conditions at the time. However, since 2001, MDT has been able to 
reduce the amount of sand applied through the combined application of Magnesium Chloride. 
With the winters of 2002-03 and 2003-04 as a reference, a ratio of approximately 2.75 gallons of 
Magnesium Chloride per every ton of sand has been applied to Highway 471. It is therefore 
recommended that this application ratio be continued until future studies or methodologies find 
that the application of sand can be reduced further, with no negative impact to travel conditions 
or local biologic communities. 
 
Assumptions/Considerations: 

• Those locations identified with low buffer mitigation can be improved to a minimum of 
“medium” 

• Delivery factors can be affected by improving buffer slope, buffer length, buffer density, 
contributing road length, or any combination of these factors 

• Sand application is distributed evenly over the 22 miles of road 
 
6.3.2.5 Timber Harvest 
 
Allocation 
No increase in sediment from timber harvest activities beyond what is contributed when all 
BMPs are implemented. This allocation is applied to the entire Prospect Creek Watershed. 
 
Rationale 
This allocation addresses all forest management activities related to timber harvest such as 
clearing linked to timber harvest or recreational facilities, thinning of overgrown areas, 
prescribed fires, post-fire mitigation, etc. These activities, under existing conditions, were not 
considered significant sediment loads due in part to the limited amount of timber harvest that has 
occurred in recent years and the relatively small contribution these activities have had on the 
sediment load as modeled through the LoloSED analysis. Nevertheless, future timber harvest and 
other activities are a possibility and should not be precluded based on the Prospect Creek TMDL 
and this allocation as long as all BMPs and other protective efforts, such as INFSH standards, are 
pursued to ensure minimal sediment loading.  
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The exception to this allocation is where the total removal of canopy from timber harvest 
activities adds up to a cumulative increase in peak flow above 10% to the mainstem of Prospect 
Creek. When this occurs, any proposed timber harvest projects that will cause or contribute to 
increases above 10% will require additional analyses. These analyses must show how any 
additional bedload transport or additional bank erosion from peak flow increases or other 
hydrologic modifications within the watershed are consistent with the overall bank erosion and 
other load allocations for Prospect Creek.  
 
Assumptions/Considerations 
This allocation is to be accomplished as follows: 

• Appropriate application of all forest harvest BMPs 
• Adherence to Montana’s SMZ law 
• In addition to the SMZ law, no riparian harvesting within 125 of stream 

 
6.4 Clear Creek 
 
6.4.1 Sediment TMDL for Clear Creek 
 
Table 6-2 Sediment Allocations and TMDL for Clear Creek 
Sources Current Estimated Load 

(Tons/Yr) 
Load Allocation (as 
percent reduction) 

Resultant Estimated 
Sediment Load 
(Tons/Yr) 

Anthropogenic 
Nonpoint Sources 

Bank 
Erosion 

1909 80%  382 

Forest 
Roads 

32 50%  16 

Culvert 
Failure 

99 77%  23 

Upland 
Timber 
Harvest 

0.2 0%* 0.2* 

Natural Background 4396 0% 4396 
Total Load 6436 TMDL = 25%  4817 
* Future increases in loading are acceptable as defined in Section 6.3.2.5. 
 
The total sediment TMDL for Clear Creek is expressed as a 25% reduction in the total yearly 
sediment loading achieved by applying the load allocation reductions identified in Table 6-2. 
This is a reduction in both coarse and fine sediment loading to ensure full protection of beneficial 
uses. This 25% value is based on information provided in the Section 5.0 and a determination 
that approximate reductions from Clear Creek, and it’s contributing tributaries, cumulatively 
account for an approximate 25% reduction in sediment load and is achievable by addressing the 
major human caused sources described in this section. The sediment load allocations and 
associated rationale behind the allocations are presented below.  
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6.4.2 Allocations 
 
All allocations, rationales, assumptions, and considerations are consistent with the Prospect 
Creek Watershed allocations in Section 6.3.2. Identification of sources, and the development of 
reductions were applied throughout the Prospect Creek HUC 5 watershed to each HUC 6 
subwatershed. The load values used for determining the Clear Creek TMDL are specific to the 
Clear Creek Watershed, with the allocations based on the analysis at the Prospect Creek 
Watershed scale. 
 
6.5 Dry Creek 
 
6.5.1 Sediment TMDL for Dry Creek 
 
Table 6-3 Sediment Allocations and TMDL for Dry Creek 
Sources Current Estimated Load 

(Tons/Yr) 
Load Allocation Resultant Estimated 

Sediment Load 
(Tons/Yr) 

Anthropogenic 
Nonpoint Sources 

Bank 
Erosion 

2069 80%  414 

Forest 
Roads 

8 50%  4 

Culvert 
Failure 

30 77%  7 

Upland 
Timber 
Harvest 

0 0%* 0* 

Natural Background 3730 0% 3730 
Total Load 5837 TMDL = 29% 4155 
* Future increases in loading are acceptable as defined in Section 6.3.2.5. 
 
The total sediment TMDL for Dry Creek is expressed as a 29% reduction in the total yearly 
sediment loading achieved by applying the load allocation reductions identified in Table 6-2. 
This is a reduction in both coarse and fine sediment loading to ensure full protection of beneficial 
uses. This 29% value is based on information provided in  Section 5.0 and a determination that 
approximate reductions from Dry Creek, and it’s contributing tributaries, cumulatively account 
for an approximate 29% reduction in sediment load and is achievable by addressing the major 
human caused sources described in this section. The sediment load allocations and associated 
rationale behind the allocations are presented below.  
 
6.5.2 Allocations 
 
All allocations, rationales, assumptions, and considerations are consistent with the Prospect 
Creek Watershed allocations in Section 6.3.2. Identification of sources, and the development of 
reductions were applied throughout the Prospect Creek HUC 5 watershed to each HUC 6 
subwatershed. The load values used for determining the Clear Creek TMDL are specific to the 
Dry Creek Watershed, with the allocations based on the analysis at the Prospect Creek 
Watershed scale. 
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6.6 Adaptive Management and Monitoring Recommendations 
 
The adaptive management process allows for continual feedback on the progress of restoration 
activities and status of beneficial uses. Adaptive management may, at times, necessitate changing 
one or more components to improve ways of achieving and measuring success. Furthermore, the 
use of multiple lines of evidence (biological and physical) allow for a more robust measure of 
stream conditions. In order to track success and further refine the connections between sediment 
targets and beneficial use support, monitoring of in-stream sediment targets should be part of the 
adaptive management plan to meet water quality goals. This, in conjunction with efforts to 
improve the stream via implementation of allocations through BMPs and other watershed 
improvements, will allow for a better understanding of the effectiveness of the management 
strategies and permit adaptation over time. Effectiveness monitoring will include restoration 
progress tracking and also measuring sediment parameters to determine the effectiveness of 
restoration activities. 
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SECTION 7.0 
NON-POLLUTANT IMPAIRMENTS AND TARGETS 
 
7.1 Introduction 
 
Several beneficial use support objectives have been identified where a pollutant is not linked 
directly to the negative beneficial use impairment. These objectives address conditions that 
negatively affect beneficial uses but are not otherwise addressed adequately via the TMDL target 
development. Use support objectives address fish passage and fish habitat (LWD).  
 
7.2 Fish Passage 
 
Human caused fish passage barriers that lead to undesirable fishery or aquatic life conditions can 
justify an impairment linked to habitat alteration. 
 
Rationale and Applicability Considerations 
Where fish passage is desirable, the presence of any significant human caused fish passage 
barrier can provide the basis for an impaired waterbody determination. This is because the fish 
passage problem can prevent a waterbody from fully supporting the cold-water fish beneficial 
use by restricting access to key spawning areas or refuge during flow or temperature fluctuations. 
In some cases, it may be desirable to keep a culvert or other type of barrier in place to prevent 
undesirable species from moving into areas they currently do not inhabit. Input from fisheries 
professionals and information from Appendix H will be used to determine where fish passage 
barriers are a significant concern. 
 
7.3 LWD and Fish Habitat 
 
The same values used for LWD as supporting targets (Table 7-1) also apply as a supporting 
target or objective to assist with habitat alteration impairment determinations.  
 
Rationale 
Woody debris is an important component for fisheries and aquatic life habitat as it aids in 
creating additional in-stream habitat, refuge areas, pool formation, morphology variability, and 
habitat for various life stages of fish and aquatic macroinvertebrates. A significant lack of LWD 
in comparison to a reference condition can provide a basis for an impairment determination due 
to loss of aquatic habitat.  
 
Applicability Considerations 
Not meeting the LWD supporting target, along with other indications of habitat problems, can 
justify an “other habitat alterations” impairment cause. Impairment determinations linked to 
LWD should generally be limited to smaller stream sizes, primarily those less than 35 feet 
bankfull width. It can be applied to larger C reaches where LWD retention is more likely. 
Statistical distributions of the individual stream or watershed data can be used to help evaluate 
overall LWD conditions relative to reference. Future monitoring of the streams of interest and 
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any reference streams should include identification of any linkages between LWD and increased 
refugia for fish.  
 
Table 7-1. Summary of Use Support Objectives 
Parameter Value/Condition How Applied How Measured 
LWD 
Frequency 

Refer to Table 4-9 By stream width, 
stream order, Rosgen 
stream types 

R1/R4 Method or 
Equivalent 

Fish Passage No human caused fish passage 
barriers that lead to 
undesirable fishery or aquatic 
life conditions 

All reaches  Standard fish barrier 
approaches; expert 
biological opinions 
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SECTION 8.0 
WATER QUALITY RESTORATION PLAN IMPLEMENTATION STRATEGY 
 
An important component of this Water Quality Protection Plan will involve supporting and 
documenting the implementation efforts of the major land stewards in the basin. Achieving the 
targets and allocations set forth in this plan and as part of the TMDL development process will 
require a coordinated effort between land management agencies and other important stakeholders 
including the County Government and Conservation District, private landowners, and 
representatives from conservation, recreation and community groups with water quality interests 
in the Prospect Creek Watershed. Coordination of water quality protection in the Prospect Creek 
Watershed is being facilitated via the GMCD in cooperation with PCWC and technical advisory 
personnel that worked on development of this plan.  
 
A watershed group such as GMCD and/or PCWC can encourage stakeholder involvement, and 
help provide for a feedback mechanism whereby stakeholders can discuss and document water 
quality improvements being made. The group can provide peer input to monitoring plans and 
analysis of results, and help identify new water quality concerns and methods to document 
impacts. The group can also compile reports and serve as a repository for data being collected 
throughout the Prospect Creek Watershed.  The group can also pursue funding and support for 
water quality implementation projects.  
 
8.1 Introduction 
 
The following section outlines a conceptual Water Quality and Habitat Restoration Plan 
(WQHRP) for the Prospect Creek Watershed. This WQHRP is intended to be an evolving 
document and will be updated as new information regarding resource conditions is collected. As 
described in preceding sections of this assessment, Prospect Creek has been subjected to a 
variety of direct and indirect natural and anthropogenic disturbances. Documented impacts to the 
channel date back to the middle to late 19th century when the valley was settled by early settlers. 
With this in mind, it is not realistic to expect a quick reversal from these impacts in the short-
term. The proposed WQHRP attempts to restore water quality and habitat conditions by 
incorporating a watershed scale approach that first identifies the causes and sources of 
impairment, such as the approach applied in Sections 1.0 through 7.0, and secondly implements 
projects that will reduce the sources of sediment. It is imperative that the causes and sources of 
channel disequilibrium, specifically in mainstem Prospect Creek be addressed at the watershed 
scale. It is not unrealistic to assume that the components outlined in this WQHRP will require 
more than 10 years to fully implement, in addition to on-going monitoring (Section 9.0) and 
adaptive management strategies.  
 
Restoration of water quality and habitat conditions in the Prospect Creek Watershed can be 
achieved through a diverse assortment of restoration actions and management strategies. The 
strategies and recommendations suggested throughout this section are based on considerable 
local knowledge, practices accepted and proven by the scientific community, and analysis of 
currently available data and information. The following does not imply it is the only approach by 
which to achieve the TMDL, but is a solid guide by which to begin. The goals of the TMDL and 
WQHRP plan parallel restoration efforts currently underway and completed in the watershed. 
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Sections 8.2.1 summarizes completed and ongoing restoration projects in the Prospect Creek 
Watershed. Additional strategies to achieve water quality goals and TMDL targets are presented 
in Sections 8.2.2. Strategies specific to Prospect Creek mainstem and tributary streams are 
described in Sections 8.3 and 8.4. 
 
Management or restoration strategies fall into two categories: 1) watershed-wide management 
activities to promote overall upland and stream health, and 2) targeted strategies to address 
observed impairments primarily on mainstem Prospect Creek and major tributary streams. Each 
restoration strategy will need to be assessed on a site-specific basis to determine its feasibility 
with respect to site constraints, cost, environmental benefit, and stakeholder support. Restoration 
strategies will be prioritized based on benefit and feasibility. Implementation and effectiveness 
monitoring of the restoration strategies is outlined in Section 9.0. Monitoring and adaptive 
management, as described in Sections 4.0, 6.0 and 9.0, are critical to achieving and/or updating 
water quality goals and to the overall success of the restoration strategies. In any instance where 
watershed-wide or stream specific restoration activities are proposed, all appropriate 
stakeholders should be consulted whom may help inform decisions or provide input about the 
project. In some cases, areas may have been previously evaluated and/or mitigated and this 
inherent knowledge can be crucial to prioritizing restoration strategies. 
 
8.2 Watershed-Wide Restoration Strategies 
 
As demonstrated in Sections 4.0, Prospect Creek is currently functioning below geomorphic and 
biological potentials. This condition may also be occurring in one or more tributaries. 
Impairments described in Section 4.0 and water quality restoration goals outlined in Section 7.0 
provide much of the basis for future water quality restoration strategies presented in this plan. 
Restoration strategies recently implemented by the LNF are described and additional strategies, 
which apply across the Prospect Creek Watershed, are presented. Strategies specific to mainstem 
Prospect Creek and major tributary streams are presented in Sections 8.3 and 8.4.  
 
In this section, water quality strategies for Prospect Creek focus on overall watershed 
improvements and related fish habitat improvements such as increasing pool frequency and 
LWD concentration. Strategies include reducing surface and substrate fines and/or maintaining 
low levels of surface fines and substrate fines, maintaining a diverse macroinvertebrate 
community, and maintaining fish passage where desirable. Overall, restoration strategies should 
also concentrate on improving habitat conditions and increasing bull trout spawning access and 
spawning redd conditions. 
 
Recommendations for improving stream corridor conditions include passive and active 
restoration techniques applied at site-specific locations and at the reach scale. A number of 
potential watershed-wide restoration strategies have been identified. To varying degrees, these 
strategies can be applied to meet the goals of the WQHRP. They include: 1) forest management 
practices, 2) riparian management plans, 3) addressing roads and stream crossing problems, and 
4) fish habitat improvement including fish passage barrier removal (if deemed desirable) and 
active and passive LWD recruitment. 
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8.2.1 Completed and Planned Watershed-Wide Prospect Creek Water Quality 
and Habitat Restoration Strategies 
 
Since TMDL development began in the Prospect Creek Watershed, there have been a number of 
activities that have been completed or designed that are consistent with the overall restoration 
goals as outlined throughout this document. The following identifies some of those activities 
undertaken recently. 
 
Crow Creek BPA Powerline Stream Restoration Project 
The removal of valley bottom trees in order to install the BPA powerlines in the mid-1950s 
caused unstable stream conditions, bank erosion, poor fish habitat, and an altered migration 
corridor in a ½ mile section of Crow Creek. A cooperative project between the USFS, Montana 
Fish, Wildlife and Parks, the Lower Clark Fork Watershed Group and Avista involved stabilizing 
stream banks, reconstructing meanders, reducing W/D Ratios where the channel was 
overwidened and constructing a single channel where channel braiding had occurred, shaping the 
channel, and replacing large woody materials. Wetland areas were also created as part of this 
project. Particular attention was placed on the revegetation plan. Low-growing species including 
alder and dogwood were incorporated into the design in order to naturally stabilize stream banks 
and floodplain areas. These low growing species would not disrupt the overhead powerlines in 
the area and provide a significant improvement over the previous condition. 
 
Cooper Creek Watershed Culvert Replacements 
Two sites containing undersized culverts within the Cooper Creek Watershed were replaced with 
adequately sized bridges. Undersized culverts have a direct relationship to potential sediment 
loads, channel morphology disruption, and diminishing fish passage capability. Replacing 
culverts with open span bridges is the preferred option when economically feasible as it 
maintains the most natural flow and morphology conditions over varying flow conditions, and 
dramatically reduces the potential for failure and associated sediment loads. 
 
Daisy Creek Stream Restoration Project 
A tributary to Prospect Creek in the Lower Prospect HUC 6 watershed, in 2005 Daisy Creek had 
1000 feet of stream relocation and 600 feet of stream restoration which included reshaping 
channel to natural pattern form and adding habitat structure. Two failing culverts were also 
removed along with ½ mile of trail relocation outside of the riparian area. 
 
Forest Service Road Decommissioning and Timber Sales 
Since 1993, the Prospect Creek Watershed has seen multiple road decommissions with varying 
degrees of decommission intensity in East Fork Crow Creek, West Fork Crow Creek, Crow 
Creek, Cooper Creek, and Dry Creek. This work has included road obliteration; blading and 
revegetation of road surface; road closure; culvert removal; and resloping and recontouring. As 
vegetation recovers on decommissioned roads, it effectively reduces the sediment loads 
associated with forest roads and reduces the overall road density within each watershed. 
 
Yellowstone Pipeline Reroutes  
Since 1997, YPL has completed eight pipeline reroutes to move the pipeline away from Prospect 
Creek, into highway right-of-way. The construction phase of the project was completed in 2002 
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and involved rerouting or replacing approximately 10 miles of pipeline, abandoning in-place 
approximately 7 miles of pipeline and completion of 2.2 miles of pipeline removal. These efforts 
are anticipated to provide a significant improvement toward reducing bank erosion associated 
with the pipeline where pipeline has been removed and improve riparian corridor where pipeline 
has been abandoned in place. 
 
8.2.2 Additional Watershed-Wide Prospect Creek Water Quality and Habitat 
Restoration Strategies 
 
8.2.2.1 Forest Management Practices 
 
In general, many of the most damaging forestry practices of the past, including riparian clear 
cutting, have been abandoned by the timber industry. In the Prospect Creek Watershed, timber 
sales are planned and laid out by the LNF on National Forest land as well as by individual lands 
owners on privately owned land.  
 
Future management (harvest, road building, fuels treatmnts, etc.) should be conducted by all 
landowners according to Forestry BMPs for Montana (DNRC, 2002a) and the Montana 
streamside management zone (SMZ) law (DNRC, 2002b). Additionally, LNF should continue to 
comply with the Inland Native Fish Strategy (INFSH) and Forest Plan standards. This includes 
road building and maintenance (also discussed below), as well as prescribed burning, forest 
thinning and timber harvest.  
 
Compliance with the voluntary forestry BMPs, Soil and Water Conservation Practices handbook, 
and the SMZ law is a strategy to help achieve sediment- and habitat-related water quality goals, 
including meeting the sediment load allocation by preventing mass wasting, keeping forest 
management-related sediment from entering streams, and preventing excess fine sediment 
loading and potential pool filling. USFS is mandated through a Memorandum of Understanding 
(MOU) with the Water Quality Bureau (now DEQ) to comply with SWCPs. Compliance will 
also help with improving habitat conditions by fostering LWD recruitment.  
 
In particular, the USFS’s mandatory compliance with SMZ law and the LNF Plan Standards. 
(USFS, 1986) will help in meeting LWD targets in the upper watershed and will eventually help 
in meeting pool targets as well. Under both, vegetative buffers strips are required and will help 
achieve sediment-related water quality goals. The area of disturbance can be reduced through 
appropriate selection of harvesting systems (i.e., cable logging from roads on steep slopes rather 
than using tractors) and by reducing the number of roads needed. These also limit the amount of 
harvest that can occur within certain stream buffer distances. INFISH (1995) provides additional 
protective measures for streamside vegetation within the National Forest. 
 
Forestry BMPs are particularly important for achieving sediment-related targets, allocations and 
the TMDL. Steep slopes and highly erodible soils have the potential to deliver high sediment 
loads to streams if bare mineral soil is exposed and inadequate erosion control applied. Since 
vegetative cover plays a critical role in preventing hillslope erosion, the management strategies 
address land use practices that have the potential to expose bare mineral soil in critical areas. The 
plan aims to decrease production and delivery of sediment from erosion-prone hillsides. The 
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strategy to prevent or reduce erosion and sediment delivery in these areas is to implement BMPs 
when conducting forestry, grazing, and other land management activities.  
 
Additional restoration strategies may include a voluntary program that requires that landowners 
be aware of unstable or erosion-prone areas when conducting activities. If activities in these 
areas cannot be avoided, appropriate techniques should be used to minimize the extent of the 
disturbance, apply erosion control practices on disturbed soils.  
 
Where disturbance occurs, forestry BMPs require that erosion be controlled with practices such 
as grass seeding and straw mulch application. Logging slash (tree limbs, etc.) is often placed on 
the ground in erosion prone areas to create ground cover and prevent erosion. Lastly, streamside 
buffers are retained to encourage deposition of any sediment prior to entering streams. 
 
Additionally, tracking progress toward meeting targets and allocations is a high priority. 
Supplemental indicators such as Equivalent Clear-Cut Area (ECA), water yield, peak flow 
increases, road density and road density in riparian areas, should be tracked to help evaluate 
potential water quality impacts (or lack thereof) from timber harvest activities in drainages where 
harvest occurs. This could be coordinated with tributary monitoring recommendations in Section 
9.0. Implementation strategies for other harvest-related source categories like road sediment and 
culverts are addressed separately below because these impacts are also associated with other land 
use categories.  
 
8.2.2.2 Riparian Management Plans 
 
As development pressure increases along the banks of Prospect Creek, there is likely to be 
additional reduction in riparian vegetation and floodplain function if appropriate preventative 
measures are not taken. Additional reduction in and/or maintenance of currently low levels of 
riparian vegetation would lead to additional and/or continued channel instability, streambank 
erosion, increased stream temperatures, and probable increased loading of nutrients and 
sediment. Impacts from private land development, especially where a structure (buildings, 
pipelines, utility towers, etc.) is located adjacent to or on the bank of a stream can be harder to 
mitigate once they occur in comparison to many of the impacts associated with logging or other 
land use practices.  
 
Many of the impacts associated with private land development are associated with roads and 
stream crossings. These impacts and potential solutions are discussed in Section 8.2.2.3. 
 
The targets and allocations that apply to private land development tend to focus on riparian 
health and associated indicators of riparian health. Water quality protection includes avoiding 
bank erosion from human causes, improving riparian health and increasing canopy density, 
avoiding the need for riprap and other “stabilization” work, and avoiding placement of structures 
(buildings, pipelines, utility towers, etc.) in the floodplain or close to streambanks. Construction 
of structures such as houses, barns, roads, corrals, pipelines, and utility towers and lines within 
the zone of historical channel migration is of major concern since this can lead to an eventual 
need for hard riverbank stabilization to avoid the loss of structures as the river migrates laterally 
through the floodplain.  
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To meet the TMDL targets, TMDL allocations, and other restoration objectives and reduce water 
quality threats, especially as they relate to riparian removal and floodplain or streambank 
encroachment, the following actions are recommended:  
 

• A comprehensive educational effort needs to be undertaken to stress the importance of 
riparian protection. Education can focus on grazing management practices, home and 
structure location consideration, and other factors applicable in the Prospect Creek 
Watershed.  

• Additional floodplain and streambank protection regulations should be evaluated and 
updated to ensure protection of the resource. Stakeholders can work with the Planning 
Offices of Sanders County to help develop effective regulations that can be part of the 
County Growth Plans, Subdivision Regulations, or Floodplain regulations. It is important 
to note that these types of land use planning and regulatory decisions are made at the 
local (i.e. county) versus the state level.  

• The effectiveness of voluntary versus regulatory measures could be tracked. This would 
include evaluating the effectiveness of county regulations aimed at protecting riparian 
and floodplain areas and streambanks. Updated aerial photographs, when available, 
should be analyzed to provide measures of impact indicators such as canopy cover or 
structures within a certain distance from a stream. Field assessments can also be 
performed, with landowner involvement, to further analyze the effectiveness of water 
quality measures particularly along mainstem Prospect Creek. This information can then 
be used as a feedback mechanism to measure success and to help identify whether or not 
an increased focus is needed on regulatory versus voluntary protection measures 
regarding riparian, floodplain, and/or streambank protection.  

• Land use indicators should be tracked to supplement water quality data in monitoring 
existing or potential water quality impacts. Riparian composition and density is one of the 
more critical land use indicators to monitor along mainstem Prospect Creek. This should 
include temperature monitoring as well as consideration of nutrient and sediment loading.  

 
In addition to the above activities, the GMCD will continue to provide oversight and protection 
of riparian resources and stream health through the 310 law. 
 
Riparian management also includes the removal of vegetation along roads, utility corridors, or 
other infrastructure to ensure public safety and proper function of those utilities. In all instances 
where the riparian corridor intersects with these influences, steps should be taken to affect the 
riparian corridor as little as possible while still maintaining the proper use and function of the 
utility, etc. Riparian management plans should consider all strategies and options for maintaining 
the highest riparian health along with the most reasonable management of these influences. 
 
8.2.2.3 Road Maintenance, Construction and Stream Crossings 
 
Roads and stream crossing assessments in Prospect Creek Watershed need to be completed. LNF 
has completed partial assessments and removal or upgrades of some culverts in the watershed. 
LNF has also implemented road BMPs on approximately seven miles of roads, with 
approximately 48 miles of roads undergoing some form of decommission as described in Section 
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8.2.1. Evaluation of the crossings and roads not assessed should include status of road BMPs and 
improvement needs, including removal of existing structures and sizing and installation of new 
structures, improving blading practices, and reconfiguring roadbeds and ditches as necessary to 
decrease sediment load to streams. Improvement needs should be prioritized and implemented.  
 
Roads 
Sediment from roads should be minimized to avoid excess fine sediment problems throughout 
the Prospect Creek Watershed. While sediment delivery from forest roads is typically highest in 
the first few years after construction, and declines rapidly thereafter, there are many 
opportunities for reducing sediment delivery from roads in the Prospect Creek Watershed. The 
plan promotes actions that will improve road conditions. In response, the following is a list of 
recommendations to help protect water quality and satisfy allocations:  
 

1. The USFS should continue to prioritize sediment contributing road sections and stream 
crossings for upgrading and sediment load mitigation. Specific locations and methods of 
sediment reduction will be left up to the judgment of the land managers, although some 
specific observations of potential sediment reduction locations are provided in Section 
8.4. This process should be pursued as a coordinated effort so that total road sediment 
reductions can be tracked in a consistent manner.  

2. Assessments should occur for roads within watersheds that have experienced recent 
timber management operations and recent restoration activities. The information gathered 
during these assessments will allow timely feedback to land managers about the impact 
their activities could have on water quality and achievement of TMDL targets and 
allocations, and to monitor the effectiveness of restoration implementation. This feedback 
mechanism is intended to keep sediment load calculations current and avoid impacts that 
go undetected for an extended period.  

3. An effort should be made to work with small landowners and county representatives to 
identify significant sediment contributions from private (non-industrial) and county roads 
and to help develop methods to mitigate the sediment load. This assistance could also 
include identification of funding sources for BMP implementation where appropriate.  

4. Existing and potential future private landowners should be provided information on how 
to design roads and mitigate impacts associated with road sediment delivery. This could 
include support from realtors, USFS, PCWC, GMCD, USFWS and other landowners 
planning to subdivide to incorporate this information up front to potential new home 
owners/builders in the watershed.  

5. This plan also encourages the careful design and placement of new roads in subdivisions 
as well as routine maintenance of all subdivision roads to reduce sediment loading to 
streams. The goal is to apply the same or similar BMP standards to county and other 
private roads as are applied to roads built for timber harvest purposes. 

 
Culverts 
New or replaced culverts or culverts on upgraded roads throughout the watershed should be sized 
for a 25, 50 or 100-year flood event with preference toward the 100-year flood design when 
possible. The 25-year event design is consistent with state BMPs, although in areas of high 
existing culvert density, new culverts should be designed for a 50 to 100-year event instead of a 
25-year event. Other design considerations should include avoiding negative impacts to local fish 
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habitat from stream constriction and avoiding floodplain restrictions by using bottomless arches 
or other appropriate designs. Where appropriate, culverts should also be designed and installed to 
prevent fish passage restrictions.  
 
The LNF is currently pursuing the above goals for new and upgraded culverts by ensuring 
passage of a 100-year flood event to meet their native fish protection requirements. The USFS 
has also performed a fish passage inventory for culverts located on fish bearing streams 
throughout the watershed.  
 
An analysis of existing culverts and the potential for culvert failure should be undertaken in 
conjunction with ongoing USFS efforts. Each crossing could be assigned a priority for 
restoration based on the risk of failure, the amount of sediment loading from a failure, and the 
level of disturbance associated with culvert replacement or upgrade.  
 
Detailed on-the-ground assessments would need to be completed as part of the prioritization. 
GMCD/PCWC technical advisory personnel could assist with prioritization and also assist small 
landowners with resolution to problems on private property, including potential funding 
assistance via 319 or other water quality grants. Fish passage (discussed below) would also need 
to be considered as an additional component to the prioritization process. Input from biologists 
will be critical to determine the relative value of providing fish passage in each situation.  
 
Some specific observations of potential culvert removal and/or upgrades locations are provided 
in Section 8.4. 
 
Bridges 
Additional information should be gathered to identify locations where bridge crossings are 
contributing to negative stream impacts, especially sediment loading conditions and localized 
negative impacts to aquatic life. This study should identify all bridge crossings along with 
potential impacts, solutions, and cost considerations. A decision can then be made regarding any 
bridge mitigation projects to pursue. 
 
Some specific observations of potential bridge upgrade locations are provided in Section 8.3. 
 
Other Stream Crossing Considerations 
The following are additional requirements and considerations to help mitigate impacts from 
stream crossings and further protect aquatic life. 
 

• In accordance with State Law, GMCD and Montana Fish, Wildlife and Parks, will 
continue to work to protect fish and aquatic habitat through 310 and 124 permits.  

• A watershed or stakeholder group can help provide technical solutions, when requested, 
to 310 related issues and concerns.  

 
Fish Passage Barrier Removal 
Identification of fish passage barriers on existing roads is an important goal. According to USFS 
fish passage analysis results reported in Appendix H, of the stream crossings surveyed, twenty-
eight (28) fish passage barriers on fish bearing streams exist in the Prospect Creek Watershed. 
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Other stream crossing on private roads should be assessed for fish passage. All identified fish-
passage barriers should be evaluated, as described above, to determine the relative value of 
providing fish passage in each situation. Existing laws and standards prohibit the creation of new 
fish habitat barriers. Exceptions may be made under special circumstances, for example when it 
is deemed desirable to isolate pure populations of fish.  
 
8.3 Prospect Creek Mainstem-Specific Restoration Strategies 
 
As described in Sections 4 and 5 and the Phase I assessment document (RDG, 2004), past and 
recent investigations on Prospect Creek indicate the main stem is impaired for sediment and 
aquatic habitat, particularly below Cooper Gulch. Indicators of impairment include low pool 
frequency, deficient LWD, an overly wide, shallow, and straight stream, and poor riparian 
vegetation. Water quality restoration strategies for mainstem Prospect Creek should focus on 
increasing pool frequency, reducing width-to-depth ratios, increasing sinuosity, maintaining 
diverse macroinvertebrate and fish communities, and improving riparian vegetation/temperature. 
Water quality restoration strategies also focus on keeping percent fines low.  
 
Recommendations for improving habitat conditions in Lower Prospect Creek include passive and 
active restoration techniques applied at site-specific locations and at the reach scale. A number of 
potential treatments have been identified (RDG, 2004). To varying degrees, these treatments can 
be applied to meet the goals of the WQHRP. Possible treatments include: 1) site revegetation 
(floodplains, rip-rap slopes, streambanks), 2) channel reconstruction, 3) bank stabilization, 4) 
meander reactivation, 5) fish habitat improvement, and 6) discrete sediment source mitigations. 
Possible treatment types and project areas for mainstem Prospect Creek are described in greater 
detail in the Phase I assessment document (RDG, 2004). In addition, the watershed-wide 
strategies described in Section 8.2.2 which are applicable to mainstem Prospect Creek include: 
forest and riparian management practices, addressing roads maintenance, construction and 
stream crossing problems, and additional fish habitat improvement. 
 
Restoration treatments recommended for mainstem Prospect Creek focus on Reaches 2, 3, and 4, 
from the confluence of Cooper Gulch downstream to Clear Creek. Appendix B of the Phase I 
assessment document (RDG, 2004) provides specific locations for recommended restoration 
treatments.  
 
8.3.1 Revegetation 
 
Revegetation treatments offer the most passive method to establishing long-term channel 
stability, riparian succession, and habitat diversity. Stream banks supporting mature, native 
vegetation are among the most stable reach on Prospect Creek. The primary advantage of 
riparian plantings is that installation can be accomplished with minimum impact to the stream 
channel, existing vegetation, and private property. In addition to providing shade and cover for 
aquatic species, riparian plantings can develop root masses that penetrate deep into the soils, 
increasing bank resilience to erosion. Other advantages include cost effectiveness and the range 
of applications offered by new revegetation technologies.  
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The most significant disadvantage to vegetative treatments is that results are not immediate and 
time is required to establish a mature gallery (i.e. multi-storied) forest that provides the benefits 
described previously. As such, revegetation is not an appropriate treatment for areas that are 
subject to high shear stress, perched too high relative to the water table (i.e. aggraded), or 
vulnerable to grazing impacts. The most appropriate applications for revegetation on Prospect 
Creek are floodplains, streambanks, and the adjacent floodway riparian zone. Revegetation 
treatments would coincide with channel shaping and channel reconstruction techniques further 
described in Section 8.3.3. In order for any revegetation effort to be successful on Prospect 
Creek, the proper channel dimensions must be established to ensure the plan form pattern is 
maintained for a sufficient period of time allowing the plants to mature.  
 
8.3.2 Bank Stabilization 
 
Bank stabilization using natural channel design techniques can provide both bank stability and 
habitat potential. The primary recommended structures are LWD jams. These natural arrays can 
be constructed to emulate historical debris assemblages that were introduced to the channel by 
the adjacent red cedar and cottonwood dominated riparian community types. When used in 
concert, woody debris jams and straight log vanes can benefit the stream and fishery by 
improving bank stability, reducing bank erosion rates, adding protection to fill slopes and/or 
embankments, reducing near-bank shear stress, and enhancing aquatic habitat and lateral channel 
margin complexity. 
 
Other bank stabilization techniques such as riprap, gabions and concrete retaining walls do not 
accommodate natural stream form and function, tend to be more expensive, and do not meet the 
habitat objectives of this project. In areas of high concern or increased shear stress against the 
stream banks, such as near bridge crossings or other constrictions, rock riprap could be used 
along with woody debris composites to provide protection for infrastructure. In these areas, 
aesthetics and habitat will be sacrificed for increased durability during flood events. 
 
It is important to clarify that streambanks associated with stream channel reconstruction 
activities would have bank stabilization techniques applied.  
 
8.3.3 Stream Channel Shaping / Reconstruction 
 
Channel shaping and reconstruction should be focused in areas of extreme channel braiding. 
Treatments could include floodway revegetation and bank stabilization as described in the 
preceding sub-sections. A majority of the excessive bedload present in the mainstem Prospect 
Creek is derived from bank and terrace erosion. Effective channel restoration along segments of 
Prospect Creek, working from upstream to downstream, is imperative to reduce these sources to 
a degree where the channel can maintain equilibrium with the flow and sediment produced in the 
watershed. Channel reconstruction involves the realignment of the channel bed along with 
channel shaping, bank stabilization, and revegetation. Channel reconstruction is the most optimal 
method to restore the river to its historical condition. With channel reconstruction, it is possible 
to restore the potential meander pattern of a river and adjust the bed elevation so that the 
floodplain and active channel are hydrologically reconnected. As described in Section 3.0 of this 
assessment, segments of the mainstem appear to be hydrologically disconnected or entrenched 
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due to excessive cross-sectional area that conveys flows in excess of the bankfull discharge. 
Channel reconstruction should include reconstructing a stable, single-threaded primary channel 
sized to accommodate the estimated bankfull series, and partially filling existing braided 
channels to floodplain elevation. Portions of the braided channel area could be maintained as 
backwater refuge for fish and wetland development. Fill material would be extensively 
revegetated with native plants.  
 
Perhaps one of the most beneficial advantages associated with reconstructing braided channel 
segments to single-threaded systems would be a reduction in the rate of lateral channel 
migration, thereby reducing maintenance costs and continual efforts on behalf of utility 
companies and YPL to protect floodway infrastructure. In the vicinity of power poles and gas 
line infrastructure, the channel alignment could be strategically designed to minimize shear stress 
and the potential for lateral channel extension. Additional techniques to protect floodway 
infrastructure could be to establish a channel alignment that permits construction of both a 
bankfull floodplain and/or low terrace feature adjacent to the power pole or utility.  
 
Other advantages with complete channel reconstruction include improved sediment transport 
competency, complex and diverse aquatic habitat creation, an increase in floodway capacity and 
flood relief, and long-term bank stability.  
 
8.3.4 Meander Reactivation 
 
Two types of meanders were identified for potential meander reactivation. The first type includes 
those disconnected during construction of County Road No. 7. The second type includes those 
disconnected via channel instabilities and avulsive processes.  
 
Preliminary examination suggests that there are numerous opportunities to reactivate 
disconnected meanders. Depending on the condition of riparian vegetation and ability to 
reconnect the historical floodplain to the active channel, the cost to reactivate meanders could be 
substantially less than total channel reconstruction.  
 
8.3.5 Fish Habitat Improvement 
 
Fish habitat improvement should be incorporated in all restoration applications. However, there 
are segments along the mainstem that are functioning at their physical potential and could benefit 
from added fish habitat complexity to increase biological complexity. The structures to be 
included with channel shaping and stream channel reconstruction also increase fish habitat 
quality and availability.  
 
In addition, other treatments described above and below will also benefit fish habitat. Addressing 
revegetation will likely reduce stream temperatures and thus improve fish habitat. Similarly, 
channel shaping and reconstruction will increase sediment transport capacity, and increase pool 
frequency, which will also improve fish habitat.  
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8.3.6 Discrete Sediment Source Mitigation 
 
An issue of concern related to discrete sediment sources is highway maintenance practices such 
as salting, sanding, drainage, and snow plowing (Section 5.0 of this document, and RDG, 2004). 
Currently, snow plowing and drainage practices allow salt and sand to be pushed or conveyed 
directly down embankments and/or riprap fillslopes into the river. Through the implementation 
of some basic solutions, these impacts may be significantly mitigated.  
 
One of the primary methods for reducing the impact of highway maintenance practices is to 
concentrate stormwater runoff and snowmelt in a gutter and convey it to a catchment, floodplain 
terrace, or wetland area where it can infiltrate slowly into the ground. In situations where there is 
no floodplain, the flow may need to be conveyed in a storm drain to the opposite side of the 
highway (away from the river). In addition, some areas may require snow storage areas beyond 
the highway shoulder so that snow is not plowed directly into the river.  
 
An alternative treatment, and a likely more feasible alternative, could include construction of 
narrow bankfull floodplains that would effectively separate the channel from the active roadway 
and fillslopes. Bankfull floodplains are typically stabilized with a combination of native material 
structures such as rootwad composites and debris jams, and vegetation transplants. The new 
bankfull floodplain should be constructed in an area where the stream is over-widened, thereby 
improving sediment and flood conveyance. In other areas, constructing a bankfull floodplain 
may necessitate shifting the channel away from the road by an equal width or constructing or 
modifying the floodplain on the opposite bank. The benefits of incorporating this technique in 
select areas of the mainstem Prospect Creek and tributaries include: 
 

1. Increased flood carrying capacity 
2. Reduced stress on banks, road fillslopes, retaining walls, and riprap 
3. Improved water quality and fish and riparian habitats 

 
8.4 Prospect Creek Tributary-Specific Restoration Strategies 
 
8.4.1 Clear Creek 
 
Water quality restoration strategies in Clear Creek should focus on reducing high bedload 
supply, decreasing width-to-depth ratios, increasing pool frequency and deficient LWD, and 
increasing sinuosity. 
 
In-stream restoration work should focus on the over-widened D stream type channel segments. 
Natural channel design techniques that re-establish the historical channel pattern would improve 
flood flow conveyance, sediment transport, and fish passage and habitat. Constructing stable 
LWD jams would improve sediment retention and fish habitat creation. Additionally, placement 
of such structures at strategic locations would protect the valley bottom road network during high 
flow events.  
 
Riparian vegetation in the upper watershed is functioning near historical potential. Riparian 
communities in the middle and lower watershed reflect past timber harvest and current beaver 
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activity. Re-establishing cottonwoods and willow to these portions of the watershed would 
improve the long-term recovery of the historical riparian community. Cottonwood and willow 
colonization will be necessary to maintain bank stability, provide channel shading, and deliver 
LWD to Clear Creek. 
 
High road densities in the watershed and the close proximity of forest roads to stream corridors 
are causes of fine sediment delivery to the Clear Creek. Implementing road BMPs should be a 
priority to decrease fine sediment delivery to the stream.  
 
Tempering utility corridor maintenance practices will also improve channel stability and riparian 
diversity. Relocating utility lines outside of the riparian zone would improve channel function 
and reduce the need for regularly treating riparian vegetation that resets riparian recovery.  
 
Table 8-1 summarizes priority restoration activities for the Clear Creek drainage. As noted, 
approximately four to five miles of channel restoration is recommended for stream reaches 
located on private and USFS lands, with focus on restoring the proper channel dimensions, 
pattern, and profile. Riparian revegetation would be a primary goal with emphasis on vegetation 
succession, structure and composition.  
 
Table 8-1. Restoration Priorities in the Clear Creek Watershed 

• Natural channel design (upper 1 mile PVT; lower 3 - 4 miles FS) 
o Establish appropriate channel dimension, pattern & profile 
o Rigorous revegetation & weed treatment 

• Culvert replacement – upgrades  
• ATV - Road closure and/or decommissioning  
• Road BMPs & maintenance practices 
• Trail BMPs & maintenance in upper watershed 

 
8.4.2 Dry Creek  
 
Water quality restoration strategies in Dry Creek should focus on reducing the supply and 
delivery of coarse and fine sediment to the stream network, decreasing width-to-depth ratios, 
increasing pool frequency and LWD, and possible increasing sinuosity in the lower reaches. 
 
Riparian harvest and the proximity of the road network to Dry Creek are two areas of concern for 
Dry Creek. B stream types throughout the drainage are stable and capable of efficiently 
transporting the available sediment load. The riparian communities on private land holdings, 
especially in the lower drainage, are functioning below their historical potential. A lack of road 
and stream crossing BMPs throughout the watershed are a concern, but offer substantial 
opportunity to reduce the quantity of fine sediment delivery to the stream.  
 
Road and trail BMPs are recommended for FSR 352 to address the undersized bridge that 
confines the stream flow, creating a bed scour condition. Rock grade control structures are 
recommended for improving flow conveyance and sediment transport while stabilizing the 
channel bed. Increasing the culvert size at the East Fork Dry Creek crossing near the Knox Creek 
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trailhead would improve flood flow conveyance and sediment transport. Other intermittent and 
ephemeral crossings should be improved for proper drainage. 
 
FSR 352 blading practices during summer 2003 were inappropriate and created an additional 
sediment source in the Dry Creek drainage. Road maintenance should abide by BMPs and 
improve road drainage rather than impair it. Stabilizing crib walls that currently maintain FSR 
352 in the lower canyon reach may need to be shored up to improve their integrity. Not 
addressing the condition of these structures may result in hill slope failure and mass wasting of 
the slope.  
 
The Dry Creek culvert at the Gold Rush Creek campground should be upgraded to the bankfull 
channel width. The existing undersized culvert is negatively affecting channel stability and 
riparian condition. 
 
Riparian vegetation in the upper watershed is functioning near historical potential. Riparian 
communities in the middle and lower watershed reflect past timber harvest. Re-establishing 
cottonwoods and willow to these portions of the watershed would improve the long-term 
recovery of the historical riparian community. Cottonwood and willow colonization will be 
necessary to maintain bank stability, provide channel shading, and deliver LWD to Dry Creek. 
 
Table 8-2 summarizes priority restoration activities for the Dry Creek drainage. 
 
Table 8-2. Restoration Priorities in the Dry Creek Watershed 

• Road BMPs & maintenance practices 
• Riparian revegetation in lower reaches 
• In-channel grade control in lower reaches 
• Culvert replacement – upgrades 
• Campground relocation 
• Trail BMPs & maintenance in upper watershed  
• ATV - Road closure and/or decommissioning 

 
8.4.3 Wilkes Creek  
 
In general, Wilkes Creek is a properly functioning stream. However, the condition of the 
National Forest portion of Lower Wilkes Creek is less than optimal, particularly in comparison 
to Upper Wilkes Creek. This portion of Lower Wilkes appears to be recovering from past natural 
and human-caused impacts. Restoration opportunities in the watershed exist but are of relatively 
low priority. 
 
Restoration opportunities include working with the private landowners to remove washed out 
culverts at several attempted stream crossings, replacing the bridge in Section 33 with a structure 
that conveys at a minimum, bankfull flows, implementing BMPs on the entire road system, and 
decommissioning or closing upland Roads 1026, 18794, and 2142. Of particular concern is 
removal or upgrade of culverts on Table Top and Coyote Gulches (tributaries to Prospect Creek).  
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Table 8-3 summarizes priority restoration activities for the Wilkes Creek drainage. 
 
Table 8-3. Restoration Priorities in the Wilkes Creek Watershed 

• Headcut stabilization in lower reaches 
• Removal of washed out CMPs  
• Table Top & Coyote CMPs 
• Bridge replacement - upgrade 
• Riparian revegetation  
• Other road work 

 
8.4.4 Cooper Gulch  
 
Restoration strategies in Cooper Gulch should focus on reducing coarse and fine sediment, 
reducing width-to-depth ratios, increasing pool frequency and LWD. 
 
The most obvious opportunities involve road and recreation maintenance. All stream crossings 
need to be replaced with appropriately sized structures. Design and specifications for these 
structures have been completed by USFS. BMPs need to be applied to the entire length of FSR 
7623. Culverts need to be upgraded on FSR 877. The undetermined road in lower Cooper Gulch 
could be obliterated, at least past the stream crossing, including bridge removal and bank re-
contouring. Barriers would need to be placed to prevent fording while revegetation from bridge 
removal is established.  
 
Lower Spokane Creek through the dispersed campsite is over-widened. Spokane Creek could 
also be narrowed through the campsite. Bank stabilization, revegetation, and access barriers 
would be needed. The dispersed campsite at Chipmunk Creek has similar needs.  
 
Location and management of the road and power line in Cooper Gulch, and their impacts to the 
aquatic resources needs to be evaluated. Many options and opportunities exist to reduce or 
remove these impacts, including minimizing vegetation clearing and pruning. Travel 
management needs throughout the watershed should be assessed including the need for many of 
the power line access roads that are now vegetated with saplings and shrubs.  
 
Several opportunities exist to relocate sections of the road and/or power line. Relocating sections 
of road that are immediately adjacent to the stream to up-slope position away from the stream 
would reduce riparian impacts, although power line access necessitates roads in the valley 
bottom. In addition to relocating the stream-side road segments, sections of the power line could 
be realigned to follow the road corridor more closely to further minimize riparian impacts. The 
NWE power line could also be relocated from Cooper Gulch to accompany the BPA power line 
in Crow Creek. This would minimize riparian impacts from these utilities to one watershed 
instead of two. Road 7623 could then be decommissioned or converted to a trail. 
 
Whether road and power line relocation, in part or whole, is considered feasible, restoration of 
the stream channel, floodplain, aquatic habitat and riparian vegetation in Cooper Gulch is one of 
the highest priorities in the Prospect Creek Watershed because of the critical low-flow refugia 
and reproductive rearing Cooper Gulch offers to westslope cutthroat trout and bull trout in 
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summer months. Continued influence from power line maintenance and the road prohibits 
Cooper Gulch from recovering on its own. Restoration efforts should be focused in several 
reaches (Table 8-4).  
 
Natural channel design should be implemented in the braided, aggraded, and straightened 
reaches to accommodate flows capable of transporting bedload while maintaining natural stream 
characteristics including aquatic habitat. Bank stabilization and revegetation measures will be 
critical to maintaining this stability. Fish habitat throughout the straightened and aggraded 
reaches needs to be enhanced. LWD should be actively recruited from non-riparian sources.  
 
Table 8-4. Restoration Opportunities in the Cooper Gulch Drainage 
Reach Restoration Needs and Considerations 

7 Needs are minimal, but may be required to tie into new pattern for Reach 6 

6 Reestablish single thread channel in the aggraded sections under the power line; new 
channel should be away from eroding valley slope 

4  Stabilize banks; install structures to divert energy from banks with power poles 

3  Reestablish single thread channel in the aggraded sections under the power line; 
reestablish meanders in straightened sections along the road 

2  Establish a bankfull bench on the left bank at the base of the terrace. This reach will 
likely guide the pattern and dimension for restoration in Reach 1. 

1 Re-naturalize from a straight confined riffle, although feasibility may be low due to 
degree of entrenchment from former floodplain 

 
8.4.5 Crow Creek  
 
Restoration strategies in Crow Creek should focus on reducing fine sediment, particularly from 
road surface erosion, increasing pool frequency and LWD and possibly increasing sinuosity in 
mainstem Crow Creek. 
 
Location and management of the BPA power line should be evaluated because of its impacts to 
aquatic resources. Power line relocation in Crow Creek is likely less feasible than in Cooper 
Creek because of the size of the transmission towers and lines. Modifying maintenance activities 
may help reduce impact to aquatics resources. The most obvious opportunities involve road and 
recreation maintenance. Table 8-5 summarizes priority restoration activities for the Crow Creek 
Watershed. 
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Table 8-5. Restoration Priorities in the Crow Creek Watershed 

• Address power line location, clearing, maintenance  
• Natural channel design (upper mainstem) 

o Establish appropriate channel dimension, pattern & profile 
o Stabilize headcuts 
o Rigorous revegetation & weed treatment 

• Culvert replacement – upgrades 
• Bridge upgrade & realignment 
• County Highway No. 471 culvert – upgrade, alignment, grade control 
• Road & recreation BMPs & maintenance practices 
• ATV - Road closure and/or decommissioning  

 
Travel management needs throughout the watershed should be assessed to determine which 
roads can be decommissioned. Reducing road density and restoring the hydrologic response of 
the watershed may facilitate recovery of degraded stream channels, especially in the mainstem. 
BMPs should be applied to all system roads. Undetermined roads in lower Crow Creek could be 
obliterated at least beyond stream access, including culvert removal, bank re-contouring, and 
revegetation. Some rehabilitation is needed along lower Crow Creek associated with dispersed 
campsites and stream fords.  
 
The bridge on FSR 877 below the confluence of the forks should be replaced with an adequately 
sized and appropriately aligned structure.  
 
The County Highway No. 471 culvert should be replaced with an adequately sized structure 
capable of passing flow and sediment. Crossing alignment should be adjusted with the new 
structure to better facilitate channel pattern upstream and downstream of the crossing. Grade 
control structures may be required to prevent headcut progression from lowered base level in 
mainstem Prospect.  
 
Restoration of the stream channel, floodplain, aquatic habitat and riparian vegetation in Crow 
Creek is another of the highest priorities (along with Cooper Gulch) in the Prospect Creek. 
Continued influence from power line maintenance and altered hydrologic response in the 
watershed prohibits Crow Creek from re-stabilizing on its own. Restoration efforts should be 
consistent with the Crow Creek Restoration project described in Section 8.2.1 and additional  
 
Natural channel design should be implemented in the upper half of the mainstem to 
accommodate flows capable of transporting bedload while maintaining natural stream 
characteristics including aquatic habitat. Entrenchment of this reach is not yet great enough to 
prohibit reactivation of the most recent floodplain. Crow Creek could be restored to the old 
meandering channel, or the existing channel could be lengthened with meanders, and slope 
reduced with an undulating bedform. Bank stabilization and revegetation measures will be 
critical to maintaining this stability. Fish habitat throughout the reach needs to be enhanced 
(none currently exists). LWD should be actively recruited from non-riparian sources.  
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8.4.6 Cox Gulch  
 
Several restoration opportunities exist in Cox Gulch but are of relatively low priority. 
Opportunities include: paving the section of FSR 876 that passes through the mine processing 
facility to eliminate airborne particulate pollution, implementing BMPs on FSR 876, including 
surface material, drainage, and upgraded culverts. Maintenance of headwater culvert removals to 
meet BMP standards is also suggested. Another restoration option to road upgrades would be 
removal of remaining culverts, and decommissioning of the headwater road system and valley 
bottom road. Riparian areas may be protected from future subdivision and residential 
development of mine in-holdings by proactive collaboration between the stakeholders and land 
owners. 
 
8.4.7 Evans Gulch  
 
There is potential for bank restoration at dispersed camp sites along lower Evans Gulch on the 
left terrace and at trail-stream crossings. These opportunities are low priorities.  
 
Of moderate priority is the restoration opportunities involved in reducing the in-channel 
sediment sources. Although the YPL reroute occurred recently, a re-naturalized channel in the 
lower Evans Gulch above and below County Highway No. 471 may help prevent further headcut 
progression. This would include removal of the large rip-rap currently used as channel substrate 
above the County Highway No. 471 crossing, reshaping the channel, increasing channel length 
and installing grade control structures. An adequately sized crossing structure at County 
Highway No. 471 would be desirable.  
 
Also of moderate priority is addressing the in-channel sediment source on the West Fork. To 
limit the source of sediment aggrading at the confluence, upgrading the West Fork culvert should 
be prioritized, or the culvert removed and the road decommissioned. With either of these options, 
it may be necessary to install grade control structures to prevent headcut progression from 
channel scour at the culvert outlet.  
 
8.4.8 Glidden Gulch  
 
The Glidden Gulch trail-stream crossings could be rehabilitated and more formal trail-stream 
crossing structures installed to prevent continued resource damage. BMPs should be applied to 
trail segments approaching stream crossings. Undersized culverts could be upgraded and BMPs 
applied to FSR 7615 and FSR 7627. Alternatively, the portion of FSR 7615 beyond Trail 404, 
and the FSR 7627 system could be decommissioned.  
 
8.4.9 Twentyfour Mile Creek  
 
Predominantly reference conditions in the Twentyfour Mile Creek Watershed limit the need for 
restoration. Opportunities that do exist are relatively low priority, including: increasing the size 
of the County Highway 7 crossing so that it may adequately pass the water and bedload at high 
flows, relocating the lower portion of trail and re-contouring the point of capture, and repairing 
the trailhead parking area and access road. 
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SECTION 9.0 
WATER QUALITY AND HABITAT MONITORING PLAN 
 
9.1 Introduction 
 
Monitoring is an important component of watershed restoration, a requirement of TMDL 
development, and the foundation of the adaptive management approach. This monitoring plan for 
the Prospect Creek Watershed is a multi-strategy effort designed to address specific TMDL goals 
such as attainment of restoration targets and load allocations. Participation of a number of 
planning partners including a variety of state and federal agencies, stakeholders, and additional 
parties provides a key element to this plan that increases its value by providing a multi-
disciplinary approach and valuable local knowledge. 
 
The principles of adaptive management provide a foundation for the monitoring plan presented 
here. A well-designed monitoring plan facilitates the adaptive approach by providing feedback 
on the effectiveness of restoration activities, the relative contributions of sediment from various 
sources, and feasibility of attaining targets. Within this adaptive framework, monitoring results 
provide the technical justification to modify restoration strategies, numeric targets, or load 
allocations when appropriate. Similarly, lessons learned from monitoring results may be applied 
in various watersheds to facilitate diverse watershed planning efforts.  
 
To assess overall progress toward meeting the restoration targets identified in Section 4.0, this 
monitoring plan includes examination of a combination of physical stream conditions (both 
channel and riparian) and biological community measures. The monitoring strategy is focused on 
implementation monitoring including some additional assessment and watershed characterization 
activities to help facilitate implementation. Implementation monitoring is required to assess the 
effectiveness of specific future restoration activities, to assess whether compliance with water 
quality standards has been obtained by evaluating progress toward meeting restoration targets, 
and to assist with any adaptive management decisions as needed. Implementation monitoring to 
assess progress toward meeting restoration targets is required by TMDL rules (§§75-5-703(7) & 
(9)), and is also an integral component of the implicit margin of safety incorporated in the 
sediment TMDLs. 
 
Implementation monitoring focused on compliance with TMDL targets will be done at least once 
every five years as defined by the TMDL regulations, with additional monitoring performed as 
needed to ensure timely evaluation of completed restoration activities. DEQ is responsible for the 
implementation monitoring focused on tracking TMDL and water quality restoration progress, 
although other entities may perform significant aspects of the monitoring and it is expected that 
the overall effort will be closely coordinated with the LNF, Montana Fish, Wildlife and Parks, 
Avista, and PCWC, and GMCD.  
 
In many cases, more sampling may be desirable to better measure progress. Because some target 
development is based on local reference conditions, monitoring may also need to include 
measurements in reference streams to ensure an appropriate baseline comparison condition. 
Changing watershed conditions in reference streams could justify modification to target or 
supplemental indicator values. Significant environmental factors such as drought, floods, or fires 
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can affect both reference and impaired stream conditions throughout a watershed, and may be 
important factors in determining target achievability. This is particularly true for the McNeil 
Core and other fine sediment sampling where yearly sampling on many streams helps establish 
overall watershed trends and can help evaluate relative impacts from natural events.  
 
9.2 Monitoring of TMDL Targets 
 
As defined by Montana State Law (§§75-5-703(7) & (9)), DEQ is required to evaluate progress 
toward meeting TMDL goals and satisfying water quality standards associated with beneficial 
use support at least every five years. Implementation monitoring is, therefore, necessary to assess 
progress toward meeting the targets developed in Section 4.0. Where targets are not being met, 
additional implementation monitoring may be necessary. This additional implementation 
monitoring may evaluate the status of supplemental indicators and the progress toward meeting 
allocations, and could result in modifications to the targets as part of adaptive management. 
Implementation monitoring is also an integral component of the implicit margin of safety 
incorporated in the TMDLs developed in this restoration plan. Although DEQ is responsible for 
aspects of implementation monitoring, other agencies and entities often perform significant 
aspects of the monitoring.  
 
Table 9-1 identifies monitoring and assessment recommendations for all Prospect Creek stream 
reaches. The focus of Table 9-1 is on both primary and supporting targets. The goal is to obtain 
samples or perform monitoring in representative locations as well as locations where potential 
impairment conditions would most likely exist. All monitoring efforts are to be done using 
standard DEQ sampling and analyses protocols where applicable or sampling and analyses 
protocols approved by DEQ. Based on further stakeholder input and DEQ approval, some of the 
Table 9-1 details such as monitoring locations or methodologies may be modified. The 
monitoring is applied to all Prospect Creek segments and tributaries with focus on those targets 
or reference values that were not met or were lacking in data.  
 
DEQ efforts to evaluate progress toward meeting TMDL goals and satisfying water quality 
standards does not need to always include incorporating monitoring of all target and indicators. 
In some situations, the DEQ may determine that not enough progress or opportunity for stream 
recovery has been made to warrant evaluations of all targets and/or indicators. 
 
On the other hand, it may be desirable to obtain data prior to the five year evaluation for 
parameters lacking baseline values. These include macroinvertebrate sample results throughout 
many areas of the watershed and percent fines values. Also, it may be desirable to obtain routine 
data for pool frequency, residual pool depth, and LWD linkages to help develop and incorporate 
trend information and expand on applicable fish habitat knowledge.  
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Table 9-1. Monitoring Locations and Parameters to Help Evaluate Target Compliance and 
Beneficial Use Support 
Waterbody Parameter(s) Desired Location(s) Sample Method Sample Period 
Prospect 
Creek and 
tributaries 

Percent 
surface fines 

Representative riffle and/or 
pool tail locations in Prospect 
Creek main stem and tributaries 
with focus on areas where data 
is desirable to supplement a 
lack of McNeil Core sample 
data  

Wolman Pebble Count  Low flow 

Prospect 
Creek and 
tributaries 

Percent 
surface fines 

Representative pool tailout 
locations in Prospect Creek 
main stem and tributaries with 
focus on areas where data is 
desirable to supplement a lack 
of McNeil Core sample data 

Grid Toss or Equivalent 
(e.g. viewing bucket) 

Low flow 

Prospect 
Creek and 
tributaries 

Percent 
substrate fines 

Upper Prospect Creek and in 
tributaries in locations of bull 
trout and/or cutthroat trout 
spawning; pebble counts may 
be acceptable alternative  

McNeil Core  Low flow  

Prospect 
Creek and 
tributaries 

Pools 
frequency 

Same as for 2003 and other 
recent assessment work or 
agreed upon representative 
sampling of stream reaches. 
Incorporate any linkages to 
LWD. 

Longitudinal Profile and 
R1/R4; consider using 
multiple methods for 
comparison to reference 
reach data sets 

Low flow 

Prospect 
Creek and 
tributaries 

Width-to-
depth  

Prospect Creek and tributaries, 
particularly C and D Reaches 

Standard Bankfull Cross 
Section Measures 

Low flow 

Prospect 
Creek and 
tributaries 

Sinuosity Prospect Creek and tributaries, 
particularly C and D Reaches 

Standard aerial 
assessment 

NA 

Prospect 
Creek and 
tributaries 

RSI Prospect Creek and tributaries, 
particularly C and D Reaches 

Method established by 
Kappesser  

Low flow 

Prospect 
Creek and 
tributaries 

Large Woody 
Debris 

Same as for 2003 assessments 
work or agreed upon 
representative sampling of 
stream reaches 

R1/R4 Method or 
Equivalent 

Low flow 

Prospect 
Creek and 
tributaries 

Riparian 
Vegetation 

Multiple representative reaches 
throughout Prospect Creek and 
major tributaries: Dry, Clear, 
Cooper, Crow  

% density; shade with 
densiometer; 

Leaf-on 

     
Prospect 
Creek and 
tributaries  

Macro-
invertebrate 
assemblages 

Two to four representative riffle 
locations in Prospect Creek 
main stem and in tributary 
reaches. Focus additional 
sampling in areas of higher 
percent surface fines in riffles 

Standard DEQ protocol Low flow, summer 
to early fall; 
between June 21 to 
September 21 per 
existing DEQ 
protocol  

Prospect 
Creek and 
tributaries 

Bull trout 
redd counts 

Continuation of ongoing FWP 
effort and locations; additional 
tributaries if appropriate 

Existing procedure used 
by Fish Wildlife and 
Parks 

Late summer to 
early fall 
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Table 9-1. Monitoring Locations and Parameters to Help Evaluate Target Compliance and 
Beneficial Use Support 
Waterbody Parameter(s) Desired Location(s) Sample Method Sample Period 
Prospect 
Creek and 
tributaries  

Residual Pool 
Depth; 
Possibly Pool 
Length or 
other 
measures 

Same as for 2003 assessments 
work or agreed upon 
representative sampling of 
stream reaches 

R1/R4 Methods or 
equivalent 

Low flow 

 
9.3 Monitoring of TMDL Allocations, Supporting Targets, and Land Use 
Indicators  
 
As discussed above, implementation monitoring can include assessment of both target 
compliance and efforts to successfully pursue activities that would reflect progress toward 
achieving allocations. This monitoring may focus on:  
 

• Forest and private roads and implementation of BMPs; 
• Riparian health along the mainstem and BMP implementation; 
• The effectiveness of BMPs and a range of water quality protection activities associated 

with future harvest or forest management activities; 
• Land use or land modification data such as potentially significant changes in ECA (from 

timber harvest and natural events), peak flow, and/or road density; and 
• Bank erosion loading determinations or other measurement approaches along mainstem 

Prospect Creek. 
 
These types of monitoring activities should be done in cooperation with landowners including 
private landowners and LNF representatives.  
 
9.4 Project Effectiveness Monitoring  
 
An additional type of monitoring involves efforts to assess the effectiveness of specific 
restoration or water quality improvement activities. All water quality projects should have some 
form of monitoring to assess overall effectiveness. In some situations, the monitoring can 
provide feedback for future projects or feedback on maintenance requirements. This monitoring 
can take on many forms, and can be as simple as before and after photos.  
 
As described in Section 8.0, several restoration activities have recently been implemented the 
Prospect Creek Watershed. These activities should be monitored for implementation and 
effectiveness. Restoration activities to be monitored include: active channel restoration, passive 
restoration (natural recovery), revegetation, pipeline re-routes (including old and new locations) 
and riparian and grazing management plan effectiveness. Monitoring results should be used to 
refine future restoration activities and to guide adaptive management of ongoing land-uses and 
attainment of water quality improvement goals. 
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9.5 Additional Monitoring and Assessment 
 
During this TMDL and water quality and habitat restoration improvement planning efforts, a 
number of supplemental monitoring activities emerged as priorities. These priorities include 
efforts to track progress toward satisfying non-pollutant related restoration objectives, such as 
fish passage, not otherwise addressed by the TMDL target monitoring discussed above. These 
and other monitoring recommendations are listed below.  
 

• Culverts and other potential fish passage barriers should continue to be evaluated for 
passage capabilities as has been assessed by the LNF. New culvert and crossing 
installations or replacements should be conducted with fish passage in mind and should 
be monitored for implementation and effectiveness. Culvert size and slope should allow 
for fish passage. 

• A better understanding of fish communities and fish habitat use would provide greater 
insight into beneficial use support requirements in the watershed and could help focus 
target compliance monitoring. Fisheries investigations may include population estimates, 
redd counts, and fish movements through the basin. Fisheries evaluations can assist in 
assessing the effectiveness of restoration activities as part of an adaptive approach. 

• As identified in Section 9.3 above, predicted water yield and peak flows should be 
tracked in drainages with significant harvest. Also, a method to identify and track harvest 
in sensitive areas could be useful for identifying potential impacts, including success of 
all forestry BMPs, and various management practices aimed at water quality protection.  

• Additional monitoring of Chlorophyll a and related nutrient parameters in Dry Creek 
should be conducted throughout the summer months to further investigate the 
Chlorophyll a pollutant listing for TMDL development. 

• It would be useful to track the transport rate of LWD. In particular, this could help 
determine the residence time of LWD from natural sources versus from logging 
activities. Research has shown that LWD in harvested watersheds consists of typically 
shorter logs (logging remnants) that are more mobile at lower flows. Woody debris in 
wilderness watersheds was observed to consist of generally longer more fully intact wood 
that is more stable at lower flows and only mobile at higher flows. Increased mobility 
translated to reduced residence time, and therefore less stable pools. In addition, pool 
volume associated with smaller, sawed off wood was reduced. Residence time of LWD in 
wilderness/non-harvested watersheds was much greater than in harvested watersheds and 
resulted in large, more frequent, and more stable pools (Ferree, 1999). 

• Efforts in other TMDL areas are underway to link pebble count results to McNeil core 
data. Additional pebble counts and possibly additional grid toss data should be pursued in 
conjunction with McNeil core sampling to help with this overall effort since pebble count 
data and grid toss results can apply as targets to indicate potential spawning impacts 
where McNeil Core data is lacking.  

• Temperature data, using a similar method as reported in Appendix I, should continue to 
be collected in to supplement existing limited data.  

• Cross section benchmarks could be added to help evaluate overall stream stability over 
time.  

• Stream conditions in powerline and pipeline utility corridors should be closely monitored 
to ensure stream stability where utilities influence the channel or riparian condition. 
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Channel morphology parameters, stream bank stability, and riparian vegetation and 
stream temperature are all issues of concerns in such locations. Trends should be 
evaluated and management plans modified as necessary if stream stability, function, 
habitat and temperature appear to be compromised.  

• Develop monitoring strategy associated with analyzing potential increase in riparian area 
as it relates to canopy cover from mature tree species adjacent to roads, power lines, or 
other land uses (residential development). 

• Continue monitoring by MDT of TSS other water quality parameters associated with 
sand and salt application and snow plowing. 
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ACRONYMS 
ARM ............................................................................................ Administrative Rules of Montana 
BEHI ..................................................................................................... Bank Erosion Hazard Index 
BER ............................................................................................... Board of Environmental Review 
BMPs..................................................................................................... Best Management Practices 
BPA ..............................................................................................Bonneville Power Administration 
BUD ................................................................................................... Beneficial Use Determination 
CFR ...................................................................................................... Code of Federal Regulations 
cfs .................................................................................................................. Cubic Feet per Second 
CWA ....................................................................................................................... Clean Water Act 
DEM ............................................................................................................ Digital Elevation Model 
DEQ ...................................................................... Montana Department of Environmental Quality 
DOQQ .................................................................................................. Digital Ortho Quarter Quads 
ECA......................................................................................................... Equivalent Clear-Cut Area 
EPA ...................................................................... United States Environmental Protection Agency 
GIS ................................................................................................. Geographic Information System 
GMCD.................................................................................. Green Mountain Conservation District 
HUC ............................................................................................................... Hydrologic Unit Code 
INFISH .................................................................................................. Inland Native Fish Strategy 
IR........................................................................................................................... Integrated Report 
LNF .................................................................................................................. Lolo National Forest 
LSI................................................................................................................ Land System Inventory 
LWD ................................................................................................................ Large Woody Debris 
MBTRT ................................................................................ Montana Bull Trout Restoration Team 
MCA ........................................................................................................ Montana Code Annotated 
MDT ..................................................................................................................... Montana Departm 
MMI .................................................................................................................... Multi Metric Index 
MOS ....................................................................................................................... Margin of Safety 
MPDES .............................................................. Montana Pollutant Discharge Elimination System  
NWE ............................................................................................................... Northwestern Energy 
NOAA .............................................................. National Oceanic and Atmospheric Administration  
NPDES ............................................................... National Pollutant Discharge Elimination System 
NPS ........................................................................................................................ Nonpoint Source  
NRCS ................................................................................ Natural Resources Conservation Service 
O/E ................................................................................................................. Observed to Expected 
PACFISH ....................................................................................Pacific Anadromous Fish Strategy 
PCWC ....................................................................................... Prospect Creek Watershed Council 
RDG .................................................................................................................. River Design Group 
RIVPACS ................................................. River Invertebrate Prediction and Classification System 
RSI ...................................................................................................................Riffle Stability Index 
SCD ............................................................................................................ Sufficient Credible Data 
SCD/BUD .................................................. Sufficient Credible Data/Beneficial Use Determination 
SCS ........................................................................................................ Soil Conservation Services 
SMZ .................................................................................................. Streamside Management Zone 
SWCP ................................................................................... Soil and Water Conservation Practices 
TMDL .................................................................................................. Total Maximum Daily Load 
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TPA ................................................................................................................ TMDL Planning Area 
TSMRS ................................................................... Timber Stand Management Recording System 
UAA ........................................................................................................ Use Attainability Analysis 
USFS .................................................................................................... United States Forest Service 
USFWS .............................................................................United States Fish and Wildlife Services 
USGS ............................................................................................ United States Geological Survey 
W/D Ratio ....................................................................................................... Width to Depth Ratio 
WQA .................................................................................................................... Water Quality Act 
WQHRP ....................................................................... Water Quality and Habitat Restoration Plan 
WQRP ............................................................................................. Water Quality Restoration Plan 
YPL ................................................................................................................. Yellowstone Pipeline 
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