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ERRATA SHEET FOR THE LOWER GALLATIN PLANNING AREA TMDLS & 
FRAMEWORK WATER QUALITY IMPROVEMENT PLAN 

This TMDL was approved by EPA on March 28, 2013. Several copies were printed and spiral bound for 
distribution, or sent electronically on compact disks. The original version had minor changes that are 
explained and corrected on this errata sheet. If you have a bound copy, please note the corrections 
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 the downloadable version of the TMDL located on 
our website at: http://deq.mt.gov/wqinfo/TMDL/finalReports.mcpx 
 
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 Lower Gallatin Planning Area TMDLs & 
Framework Water Quality Improvement Plan document. The text in error and the correct text are 
underlined. 
 

Location in the TMDL Original Text Corrected Text 
Page 11-1, last paragraph, 
second sentence. 

Excerpts from the comment 
letters and DEQ responses are 
provided in Appendix G. 

Excerpts from the comment 
letters and DEQ responses are 
provided in Appendix H. 
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ERRATA SHEET FOR THE “LOWER GALLATIN PLANNING AREA TMDLS & 
FRAMEWORK WATER QUALITY IMPROVEMENT PLAN” 

The Environmental Protection Agency (EPA) approved 40 sediment, nutrient, and E. coli TMDLs in the 
Lower Gallatin TMDL planning area addressing 41 impairments on March 28th, 2013. This document 
included Total Nitrogen (TN) and Total Phosphorus (TP) nutrient TMDLs for all three segments of the 
East Gallatin River which was determined to be impaired by a variety of point and nonpoint sources. This 
addition provides the linkage between the nutrient TMDLs developed to address nutrient impairments 
and existing pH impairment listings on the middle and lower segments of the East Gallatin River. 
 
Listing History 
On the 2012 303(d) List and the draft 2014 303(d) List, there are two pH impairment listings on East 
Gallatin River assessment units which include the middle segment (Bridger Creek to Smith Creek; 
MT41H003_020) and the lower segment (Smith Creek to Gallatin River; MT41H003_030). Both segments 
are classified as B-1. At the time the East Gallatin River TMDLs were being developed, DEQ personnel 
believed that updated assessments would determine that pH was no longer impairing the East Gallatin 
River based on available data. However, a formal assessment in fall 2013 found that existing data did not 
clearly indicate that pH was no longer impairing the East Gallatin River. In the middle segment, pH data 
collected as part of nutrient sampling in 2005 and 2009 ranged from 8.21 to 9.06; the range in the lower 
segment during the same timeframe was 8.15 to 9.10.  
 
Applicable Water Quality Standards 
For B-1 classified streams, the Montana water quality standard for pH (17.30.623(c)) is: induced 
variation of hydrogen ion concentration (pH) within the range of 6.5 to 8.5 must be less than 0.5 pH unit. 
Natural pH outside this range must be maintained without change. Natural pH above 7.0 must be 
maintained above 7.0. This standard is protective of beneficial uses.  
 
Nutrient TMDL Targets and Linkage to Attainment of pH Water Quality Standards 
Impairment from high pH values in a waterbody are a secondary response to excess nutrient pollution 
and excessive algal growth. Excess nitrogen and phosphorus from human sources can cause excess algal 
growth, which in turn depletes the supply of dissolved oxygen, killing fish and other aquatic life. Excess 
nutrient concentrations in surface water create algal blooms, which can alter pH by two different 
mechanisms. Algal-blooms are caused by a rapid increase in net primary production and photosynthesis 
when nutrients are available at concentrations greater than naturally occurring levels. The capture of 
CO2 by photosynthesis removes carbon from the system raising pH levels (Zheng and Paul, 2014). 
Conversely, respiration and decomposition processes lower pH by releasing carbon dioxide which forms 
carbonic acid and hydroxyl ions (Zheng and Paul, 2014). Diel cycling of pH often occurs in streams with 
low acid neutralizing capacity and has been found to be related to excessive algal growth (Zheng and 
Paul, 2014). Continuously measured pH is a good indicator which captures heterotrophic and 
autotrophic responses which are generally sensitive to nutrient stress and provide a clear linkage to 
aquatic life (United States Environmental Protection Agency, 2014). Therefore, controlling excess 
nutrient inputs to a waterbody via TMDL development and implementation will also control swings in 
pH harmful to aquatic life and result in attainment of the pH standard as high pH levels can be toxic to 
fish and other organisms (Zheng and Paul, 2014).  
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It should be noted that pH effluent data the city of Bozeman Water Reclamation Facility (WRF) was 
reviewed to determine if simple mixing was causing an exceedance of the water quality standard in the 
middle segment of the East Gallatin River. Between 2002 and 2011, pH effluent values ranged from 6.57 
to 8.60 with an average value of 7.49 and a median value of 7.54. Simple mixing with known East 
Gallatin River flows and pH values were not observed to violate the water quality standard. Therefore, 
simple mixing from the WRF point source is not the source of the pH impairment but rather the 
availability of excess nutrients paired with diel cycling caused by photosynthesis and respiration in the 
water column is the most probable cause of the pH impairment.  
 
As described in the Lower Gallatin Planning Area TMDLs and Framework Water Quality Improvement 
Plan, nutrient targets identified for the East Gallatin River will ensure attainment of all beneficial uses, 
but particularly of aquatic life support, by limiting algal growth to concentrations that will result in 
meeting the standard for other response variables such as dissolved oxygen and pH. In addition to pH, 
the middle and lower segments of the East Gallatin River are impaired by both TN and TP, although 
larger reductions of TN are needed to achieve the TMDL and restore beneficial. For this reason, the TN 
TMDLs are used as surrogate TMDLs for the pH impairments on the middle and lower segments of the 
East Gallatin River. In the Lower Gallatin TMDL document, necessary TN reductions in the East Gallatin 
River ranged from approximately 75% in the middle segment to 50% in the lower segment.  
 
Nutrient Targets and TN TMDLs for the middle and lower segments of the East Gallatin River 

Stream segment TP target 
(mg/L) 

TN target 
(mg/L) 

TN TMDL 
(lbs/day) 

East Gallatin between Bridger Creek and Hyalite Creek ≤0.030 ≤0.300 60.83 
East Gallatin between Hyalite Creek and Smith Creek ≤0.060 ≤0.290 92.79 
East Gallatin between Smith Creek and mouth ≤0.030 ≤0.300 234.32 
 
Summary 
Based on the linkage between nutrient impairment and pH, this addition clarifies that the TN TMDL for 
the East Gallatin River (Bridger Creek to Smith Creek) addresses both the nutrient and the pH 
impairments on assessment unit MT41H003_020. Additionally, the TN TMDL for the East Gallatin River 
(Smith Creek to Gallatin River) addresses both the Total Nitrogen and the pH impairments on the 
assessment unit MT41H003_030. Therefore, the Lower Gallatin document contains 40 TMDLs 
addressing 43 impairments. For your reference, the nutrient targets and TN TMDLs for the 
aforementioned segments of the East Gallatin River are in the table above but they are described in 
more detail in Section 6 of the Lower Gallatin TMDL document.  
 
Literature Cited 
United States Environmental Protection Agency. 2014. Experts Workshop Summary: Nutrient 

Enrichment Indicators in Streams. EPA-822-S-13-001.  

Zheng, Lei and Michael J. Paul. 2014. Effects of Eutrophication on Stream Ecosystems.  
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ACRONYM LIST 

Acronym Definition 
AFDW Ash Free Dry Weight 
AFO Animal Feeding Operation 
APO Area wide Planning Organization 
ARM Administrative Rules of Montana 
BDNF Beaverhead Deerlodge National Forest 
BEHI Bank Erosion Hazard Index 
BFW Bankfull Width 
BLM Bureau of Land Management (Federal) 
BMP Best Management Practices 
CAFO Concentrated (or Confined) Animal Feed Operations 
CFR Code of Federal Regulations 
CFS Cubic Feet per Second 
CWA Clean Water Act 
DEQ Department of Environmental Quality (Montana) 
DIC Decrease in Concentration 
DMR Discharge Monitoring Report 
DNRC Department of Natural Resources & Conservation 
DO Dissolved Oxygen 
EMC Event Mean Concentration 
DQA Data Quality Assessment 
EMC Event Mean Concentration 
EPA Environmental Protection Agency (US) 
EQIP Environmental Quality Initiatives Program 
FWP Fish, Wildlife, and Parks (Montana) 
GGWC Greater Gallatin Watershed Council 
GIS Geographic Information System 
GLWQD Gallatin Local Water Quality District 
GWIC Groundwater Information Center 
HBI Hilsenhoff Biotic Index 
HDPE High-Density Polyethylene 
HRU Hydrologic Response Units 
HT Holding Time 
IDDE Illicit Discharge Detection and Elimination 
INFISH Inland Native Fish Strategy 
IR Integrated Report  
LA Load Allocation 
LWD Large Woody Debris 
MBMG Montana Bureau of Mines and Geology 
MCA Montana Code Annotated  
MDT Montana Department of Transportation 
MEANSS Method for Estimating Attenuation of Nutrients from Septic Systems 
MEP Maximum Extent Practicable 
MGD Million Gallons per Day 
MGWPCS Montana Ground Water Pollution Control System 
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Acronym Definition 
MOS Margin of Safety 
MPDES Montana Pollutant Discharge Elimination System 
MS4 Municipal Separate Storm Sewer System 
MSU Montana State University 
NBS Near Bank Stress 
NHD National Hydrography Dataset 
NPDES National Pollutant Discharge Elimination System 
NPS Nonpoint Source 
NRCS National Resources Conservation Service 
NRDP Natural Resource Damage Program 
NTU Nephelometric Turbidity Units 
NURP Nationwide Urban Runoff Program 
NWIS National Water Information System 
PCB PolyChlorinated Biphenyls 
PIBO PACFISH/INFISH Biological Opinion 
SAP Sampling and Analysis Plan 
SMZ Streamside Management Zone 
STORET EPA STOrage and RETrieval database 
SWAT Soil & Water Assessment Tool 
SWMM Storm Water Management Model 
SWMP Storm Water Management Program (DEQ) 
SWPPP Storm Water Pollution Prevention Plan 
SWTD Subsurface Wastewater Treatment and Disposal 
TIE TMDL Implementation Evaluation 
TKN Total Kjeldahl Nitrogen 
TMDL Total Maximum Daily Load 
TN Total Nitrogen 
TP Total Phosphorus 
TPA TMDL Planning Area 
TPN Total Persulfate Nitrogen 
TSS Total Suspended Solids 
USDA United States Department of Agriculture 
USFS United States Forest Service 
USFWS US Fish and Wildlife Service 
USGS United States Geological Survey 
USLE Universal Soil Loss Equation 
UV Ultraviolet 
VFS Vegetated Filter Strips 
WET Whole Effluent Toxicity 
WLA Wasteload Allocation 
WQT Water Quality Target 
WRF Water Reclamation Facility 
WRP Watershed Restoration Plan 
WWTF Wastewater Treatment Facility 
WWTP Wastewater Treatment Plant 
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EXECUTIVE SUMMARY 

This document presents a Total Maximum Daily Load (TMDL) and framework water quality improvement 
plan for 15 impaired tributaries to the Gallatin River (Figure A-1 in Appendix A). A total of 40 individual 
TMDLs were developed for the identified tributaries.  
 
The Montana Department of Environmental Quality (DEQ) develops TMDLs and submits them to the 
U.S. Environmental Protection Agency (EPA) for approval. The Montana Water Quality Act requires DEQ 
to develop TMDLs for streams and lakes that do not meet, or are not expected to meet, Montana water 
quality standards. A TMDL is the maximum amount of a pollutant a waterbody can receive and still meet 
water quality standards. TMDLs provide an approach to improve water quality so that streams and lakes 
can support and maintain their state-designated beneficial uses. 
 
The Lower Gallatin River TMDL Planning Area (TPA) is located in Gallatin, Madison, and Park Counties 
and includes the lower portion of the Gallatin River and its tributaries. The tributaries originate in the 
Gallatin Mountains to the south and the Bridger Mountains to the east. The planning area encompasses 
approximately 997 square miles (638,631 acres) between the headwaters of Hyalite Creek at its 
southern end, and the confluence of the Gallatin, Madison and Jefferson Rivers at its northern end. Land 
ownership is divided among federal, state and private landowners.  
 
DEQ determined that 14 tributaries do not meet the applicable water quality standards. The scope of 
the TMDLs in this document addresses problems with sediment, nutrients and pathogens (see Table ES-
1).  
 
Sediment TMDLs are provided for 11 waterbody segments in the Lower Gallatin TPA: Bear, Bozeman, 
Camp, Dry, Godfrey, Jackson, Reese, Rocky, Smith, Stone, and Thompson creeks. Sediment is affecting 
beneficial uses in these streams by altering aquatic insect communities, reducing fish spawning success, 
and increasing turbidity. Water quality restoration goals for sediment were established on the basis of 
fine sediment levels in fish and macroinvertebrate habitat, channel form, and pool habitat. DEQ believes 
that once these water quality goals are met, all water uses currently affected by sediment will be 
restored. 
 
Sediment loads are quantified for natural background conditions and for the following sources: bank 
erosion, hillslope erosion, roads, and point sources. In many streams, best management practices 
(BMPs) are in place, but they are still recovering from the effects of historical land management 
practices. The most significant remaining human sediment sources are roads and degradation of the 
riparian zone as a result of agriculture and urban development. The Lower Gallatin watershed sediment 
TMDLs indicate that reductions in sediment loads ranging from 37% to 68% will satisfy the water quality 
restoration goals.  
 
Recommended strategies for achieving the sediment reduction goals are also presented in this plan. 
They include BMPs for building and maintaining roads, grazing, harvesting timber, and land 
development. In addition, they includes BMPs for expanding riparian buffer areas and using other land, 
soil, and water conservation practices that improve stream channel conditions and associated riparian 
vegetation. 
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Document Summary 

3/28/13 FINAL 2 

Nutrient TMDLs are provided for 13 waterbody segments in the Lower Gallatin TPA: Bear, Bozeman, 
Bridger, Camp, Dry, Godfrey, Hyalite, Jackson, Mandeville, Reese, Smith, and Thompson Creeks in 
addition to the entire length of the East Gallatin River. Nutrients are affecting beneficial uses in these 
streams by affecting macroinvertebrate populations and increasing net primary production in the water 
column impacting habitat. If necessary nutrient reductions are achieved then beneficial uses should be 
restored. Nutrients are impairing the beneficial uses of aquatic life (including coldwater fishery), primary 
contact recreation and agricultural uses.  
 
Nutrient loads were quantified for all identified sources such as agricultural practices, residential and 
developed lands impacts, and nutrient point sources as well as natural background. Several stream 
segments are currently meeting nutrient TMDLs while the more severely impacted waterbodies require 
>80% reduction in the existing TN or TP load to achieve the TMDL. Major nonpoint nutrient sources 
include agriculture and residential sources including subsurface wastewater disposal and treatment. The 
latter becomes more significant in basins with higher septic densities.  
 
Pathogen TMDLs for E. coli were developed for Bozeman, Camp, Godfrey, Reese, and Smith Creeks. 
Loads were quantified from agricultural, anthropogenic and natural background sources. Pathogens 
affect the beneficial uses of primary contact and recreation as well as aquatic life and the fishery. 
Necessary reductions range from <5% to 84%. Many of the same BMPs that target sediment and 
nutrients are also applicable to pathogens.  
 
Implementation of most water quality improvement measures for nonpoint sources described in this 
plan is based on voluntary actions of watershed stakeholders. Ideally, local watershed groups and/or 
other watershed stakeholders will use this TMDL, and associated information, as a tool to guide local 
water quality improvement activities. Such activities can be documented within a watershed restoration 
plan consistent with DEQ and EPA recommendations. 
  
A flexible approach to most nonpoint source TMDL implementation activities may be necessary as more 
knowledge is gained through implementation and future monitoring. The plan includes a monitoring 
strategy designed to track progress in meeting TMDL objectives and goals and to help refine the plan 
during its implementation. 
 
Table ES-1. List of Impaired Waterbodies and their Impaired Uses in the Lower Gallatin TMDL Project 
Area with Completed Sediment, Nutrient and Pathogens TMDLs Contained in this Document 
Waterbody & Location Description TMDL Prepared TMDL Pollutant Category Impaired Use(s) 

BEAR CREEK, 
headwaters to mouth (Rocky Creek) 

Sediment Sediment AQUATIC LIFE 
COLDWATER FISHERY  

Total Phosphorus Nutrients 
AQUATIC LIFE 
PRIMARY CONTACT 
RECREATION 

BRIDGER CREEK,  
headwaters to mouth (East Gallatin 
River) 

Nitrates + Nitrites Nutrients 
AQUATIC LIFE 
PRIMARY CONTACT 
RECREATION  

CAMP CREEK,  
headwaters to mouth (Gallatin 
River) 

Escherichia coli Pathogens PRIMARY CONTACT 
RECREATION  

Total Nitrogen Nutrients AQUATIC LIFE 
Total Phosphorus Nutrients AQUATIC LIFE 

Sediment Sediment AQUATIC LIFE 
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Table ES-1. List of Impaired Waterbodies and their Impaired Uses in the Lower Gallatin TMDL Project 
Area with Completed Sediment, Nutrient and Pathogens TMDLs Contained in this Document 
Waterbody & Location Description TMDL Prepared TMDL Pollutant Category Impaired Use(s) 
DRY CREEK,  
headwaters to mouth (East Gallatin 
River) 

Total Nitrogen Nutrients AQUATIC LIFE 
Total Phosphorus Nutrients AQUATIC LIFE 

Sediment Sediment AQUATIC LIFE 
EAST GALLATIN RIVER,  
confluence of Rocky and Bear 
Creeks to Bridger Creek 

Total Nitrogen Nutrients AQUATIC LIFE 

Total Phosphorus Nutrients AQUATIC LIFE 
EAST GALLATIN RIVER,  
Bridger Creek to Smith Creek 

Total Nitrogen Nutrients AQUATIC LIFE 
Total Phosphorus Nutrients AQUATIC LIFE 

EAST GALLATIN RIVER,  
Smith Creek to mouth (Gallatin 
River) 

Total Nitrogen Nutrients AQUATIC LIFE 

Total Phosphorus Nutrients AQUATIC LIFE 

GODFREY CREEK,  
headwaters to mouth (Moreland 
Ditch) 

Escherichia coli Pathogens PRIMARY CONTACT 
RECREATION  

Total Nitrogen Nutrients AQUATIC LIFE 
AGRICULTURAL 

Total Phosphorus Nutrients AQUATIC LIFE 
AGRICULTURAL 

Sediment Sediment AQUATIC LIFE 
AGRICULTURAL 

HYALITE CREEK,  
Bozeman water supply intake to the 
mouth (East Gallatin River) 

Total Nitrogen Nutrients AQUATIC LIFE 

JACKSON CREEK,  
headwaters to mouth (Rocky Creek) 

Total Phosphorus Nutrients 
AQUATIC LIFE 
PRIMARY CONTACT 
RECREATION  

Sediment Sediment AQUATIC LIFE 
MANDEVILLE CREEK, headwaters to 
mouth (East Gallatin River) 

Total Nitrogen Nutrients AQUATIC LIFE 
Total Phosphorus Nutrients AQUATIC LIFE 

REESE CREEK,  
headwaters to mouth (Smith Creek) 

Escherichia coli Pathogens PRIMARY CONTACT 
RECREATION  

Total Nitrogen Nutrients AQUATIC LIFE 
Nitrates + Nitrites Nutrients AQUATIC LIFE 

Sediment Sediment AQUATIC LIFE 
ROCKY CREEK,  
confluence of Jackson and 
Timberline Creeks to mouth (East 
Gallatin River) 

Sediment Sediment AQUATIC LIFE 

SMITH CREEK,  
confluence of Ross and Reese 
Creeks to mouth (East Gallatin 
River) 

Escherichia coli Pathogens PRIMARY CONTACT 
RECREATION  

Total Nitrogen Nutrients AQUATIC LIFE 
Nitrates + Nitrites Nutrients AQUATIC LIFE 

Sediment Sediment AQUATIC LIFE  
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Table ES-1. List of Impaired Waterbodies and their Impaired Uses in the Lower Gallatin TMDL Project 
Area with Completed Sediment, Nutrient and Pathogens TMDLs Contained in this Document 
Waterbody & Location Description TMDL Prepared TMDL Pollutant Category Impaired Use(s) 

SOURDOUGH CREEK (BOZEMAN 
CREEK)a, confluence of Limestone 
Creek and Bozeman Creek to the 
mouth (East Gallatin River) 

Escherichia coli Pathogens PRIMARY CONTACT 
RECREATION  

Sediment Sediment AQUATIC LIFE 

Total Nitrogen Nutrients 
AQUATIC LIFE 
PRIMARY CONTACT 
RECREATION  

STONE CREEK,  
headwaters to mouth (Bridger 
Creek) 

Sediment Sediment AQUATIC LIFE  

THOMPSON CREEK (Thompson 
Spring), headwaters to mouth (East 
Gallatin River) 

Total Nitrogen Nutrients 
AQUATIC LIFE 
PRIMARY CONTACT 
RECREATION  

Sediment Sediment AQUATIC LIFE  
a Sourdough Creek is identified on the high resolution National Hydrography Dataset (NHD) as Bozeman Creek and 
will be referred to as Bozeman Creek henceforth. 
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1.0 INTRODUCTION 

This document presents an analysis of water quality information and establishes total maximum daily 
loads (TMDLs) for sediment, nutrients and pathogens problems in the Lower Gallatin TMDL project area. 
This document also presents a general framework for resolving these problems. Figure A-1, in Appendix 
A, shows a map of waterbodies in the Lower Gallatin project area with sediment, nutrients and 
pathogens pollutant listings.  
 

1.1 BACKGROUND 
In 1972, the U.S. Congress passed the Water Pollution Control Act, more commonly known as the Clean 
Water Act (CWA). The CWA’s goal is to “restore and maintain the chemical, physical, and biological 
integrity of the Nation’s waters.” The CWA requires each state to designate uses of their waters and to 
develop water quality standards to protect those uses. Each state must monitor their waters to track if 
they are supporting their designated uses.  
 
Montana’s water quality designated use classification system includes the following uses: 

• fish and aquatic life 
• wildlife 
• recreation 
• agriculture 
• industry 
• drinking water 

 
Each waterbody has a set of designated uses. Montana has established water quality standards to 
protect these uses. Waterbodies that do not meet one or more standards are called impaired waters. 
Every two years DEQ must file a Water Quality Integrated Report (IR), which lists all impaired 
waterbodies and their identified impairment causes. Impairment causes fall within two main categories: 
pollutant and non-pollutant.  
 
Montana’s biennial IR identifies all the state’s impaired waterbody segments. All waterbody segments 
within the IR are indexed to the National Hydrography Dataset (NHD). The 303(d) list portion of the IR 
includes all of those waterbody segments impaired by a pollutant, which require a TMDL. TMDLs are not 
required for non-pollutant impairments. Table A-1 in Appendix A identifies impaired waters for the 
Lower Gallatin project area from Montana’s 2012 303(d) List, as well as non-pollutant impairment 
causes included in Montana’s “2012 Water Quality Integrated Report.” Table A-1 provides the current 
status of each impairment cause, identifying whether it has been addressed by TMDL development. 
 
Both Montana state law (Section 75-5-701 of the Montana Water Quality Act) and Section 303(d) of the 
federal CWA require the development of total maximum daily loads for all impaired waterbodies when 
water quality is degraded by a pollutant. A TMDL is the maximum amount of a pollutant that a 
waterbody can receive and still meet water quality standards. 
 
Developing TMDLs and water quality improvement strategies includes the following components, which 
are further defined in Section 4.0: 

• Determining measurable target values to help evaluate the waterbody’s condition in relation to 
the applicable water quality standards 
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• Quantifying the magnitude of pollutant contribution from their sources 
• Determining the TMDL for each pollutant based on the allowable loading limits for each 

waterbody-pollutant combination 
• Allocating the total allowable load (TMDL) into individual loads for each source  

 
In Montana, restoration strategies and monitoring recommendations are also incorporated in TMDL 
documents to help facilitate TMDL implementation.  
 
Basically, developing a TMDL for an impaired waterbody is a problem-solving exercise: The problem is 
excess pollutant loading that impairs a designated use. The solution is developed by identifying the total 
acceptable pollutant load (the TMDL), identifying all the significant pollutant-contributing sources, and 
identifying where pollutant loading reductions should be applied to achieve the acceptable load.  
 

1.2 WATER QUALITY IMPAIRMENTS AND TMDLS ADDRESSED BY THIS DOCUMENT 
Table 1-1 below lists all of the impairment causes from the “2012 Water Quality Integrated Report” that 
are addressed in this document (also see Figure A-1). Each pollutant impairment falls within a TMDL 
pollutant category (e.g. sediment, nutrients, or pathogens) and this document is organized by those 
categories.  
 
New data assessed during this project identified new nutrient impairment causes for seven waterbodies. 
These impairment causes are identified in Table 1-1 as not being on the 2012 303(d) List (within the 
integrated report).  
 
TMDLs are completed for each waterbody – pollutant combination, and this document contains TMDLs 
(Table 1-1) addressing 41 pollutant impairment causes. There are several non-pollutant types of 
impairment that are also addressed in this document. As noted above, TMDLs are not required for non-
pollutants, although in many situations the solution to one or more pollutant problems will be 
consistent with, or equivalent to, the solution for one or more non-pollutant problems. The overlap 
between the pollutant TMDLs and non-pollutant impairment causes is discussed in Section 8.0. Section 
8.0 also provides some basic water quality solutions to address those non-pollutant causes not 
specifically addressed by TMDLs in this document. 
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Table 1-1. Water Quality Impairment Causes for the Lower Gallatin Project Area Addressed within this Document 
Waterbody & Location 

Description Waterbody ID Impairment Cause Pollutant 
Category Impairment Cause Status 

Included in 
2012 IR* 

BEAR CREEK, 
headwaters to mouth 
(Rocky Creek) 

MT41H003_081 

Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Excess Algal Growth Not a Pollutant Addressed by TP TMDL in this document Yes 
Phosphorus (Total) Nutrients TP TMDL contained in this document Yes 
Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 
Solids (Suspended/Bedload) Sediment Addressed by sediment TMDL in this document Yes 

 BOZEMAN CREEK, 
confluence of 
Limestone Creek and 
Bozeman Creek to the 
mouth (East Gallatin 
River) 

MT41H003_040 

Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Chlorophyll-a Not a Pollutant Addressed by TN TMDL in this document Yes 
Escherichia coli Pathogens E. coli TMDL contained in this document Yes 
Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 
Nitrogen (Total) Nutrients TN TMDL contained in this document Yes 

BRIDGER CREEK,  
headwaters to mouth 
(East Gallatin River) 

MT41H003_110 
Chlorophyll-a Not a Pollutant Addressed by N03+N02 TMDL in this document Yes 

Nitrate+Nitrite Nutrients N03+N02 TMDL contained in this document No 

CAMP CREEK,  
headwaters to mouth 
(Gallatin River) 

MT41H002_010 

Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Escherichia coli Pathogens E. coli TMDL contained in this document Yes 
Low flow alterations Not a Pollutant Addressed by sediment TMDL in this document Yes 
Nitrogen (Total) Nutrients TN TMDL contained in this document Yes 
Phosphorous (Total) Nutrients TP TMDL contained in this document No 
Other anthropogenic 
substrate alterations Not a Pollutant Addressed by sediment TMDL in this document Yes 

Physical substrate habitat 
alterations Not a Pollutant Addressed by sediment TMDL in this document Yes 

Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 
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Table 1-1. Water Quality Impairment Causes for the Lower Gallatin Project Area Addressed within this Document 
Waterbody & Location 

Description Waterbody ID Impairment Cause Pollutant 
Category Impairment Cause Status 

Included in 
2012 IR* 

DRY CREEK,  
headwaters to mouth 
(East Gallatin River) 

MT41H003_100 

Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Nitrogen (Total) Nutrients TN TMDL contained in this document Yes 
Phosphorus (Total) Nutrients TP TMDL contained in this document Yes 
Physical substrate habitat 
alterations Not a Pollutant Addressed by sediment TMDL in this document Yes 

Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 

EAST GALLATIN RIVER,  
confluence of Rocky 
and Bear Creeks to 
Bridger Creek 

MT41H003_010 

Nitrogen (Total) Nutrients TN TMDL contained in this document Yes 

Phosphorus (Total) Nutrients TP TMDL contained in this document Yes 

EAST GALLATIN RIVER,  
Bridger Creek to Smith 
Creek 

MT41H003_020 

Excess Algal Growth Not a Pollutant Addressed by nutrient TMDLs in this document Yes 

Nitrogen (Total) Nutrients TN TMDL contained in this document Yes 

Phosphorus (Total) Nutrients TP TMDL contained in this document Yes 

EAST GALLATIN RIVER,  
Smith Creek to mouth 
(Gallatin River) 

MT41H003_030 
Nitrogen (Total) Nutrients TN TMDL contained in this document Yes 

Phosphorus (Total) Nutrients TP TMDL contained in this document No 

GODFREY CREEK,  
headwaters to mouth 
(Moreland Ditch) 

MT41H002_020 

Alteration in streamside or 
littoral vegetative covers  Not a Pollutant Addressed by sediment TMDL in this document Yes 

Excess Algal Growth Not a Pollutant Addressed by nutrient TMDLs in this document Yes 
Escherichia coli Pathogens E. coli TMDL contained in this document Yes 
Nitrogen (Total) Nutrients TN TMDL contained in this document Yes 
Phosphorus (Total) Nutrients TP TMDL contained in this document Yes 
Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 

HYALITE CREEK,  
Bozeman water supply 
intake to the mouth 
(East Gallatin River) 

MT41H003_132 Nitrogen (Total) Nutrients TN TMDL contained in this document No 
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Table 1-1. Water Quality Impairment Causes for the Lower Gallatin Project Area Addressed within this Document 
Waterbody & Location 

Description Waterbody ID Impairment Cause Pollutant 
Category Impairment Cause Status 

Included in 
2012 IR* 

JACKSON CREEK,  
headwaters to mouth 
(Rocky Creek) 

MT41H003_050 

Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Chlorophyll-a Not a Pollutant Addressed by a TP TMDL in this document Yes 
Phosphorus (Total) Nutrients TP TMDL contained in this document Yes 
Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 

MANDEVILLE CREEK, 
headwaters to mouth 
(East Gallatin River) 

MT41H003_021 
Nitrogen (Total) Nutrients TN TMDL contained in this document No 

Phosphorus (Total) Nutrients TP TMDL contained in this document No 

REESE CREEK,  
headwaters to mouth 
(Smith Creek) 

MT41H003_070 

Escherichia coli Pathogens E. coli TMDL contained in this document Yes 
Nitrogen (Total) Nutrients TN TMDL contained in this document No 
Nitrates Nutrients N03+N02 TMDL contained in this document Yes 
Solids (Suspended/Bedload) Sediment Addressed by sediment TMDL in this document Yes 

ROCKY CREEK,  
confluence of Jackson 
and Timberline Creeks 
to mouth (East Gallatin 
River) 

MT41H003_080 

Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Other anthropogenic 
substrate alterations Not a Pollutant Addressed by sediment TMDL in this document Yes 

Physical substrate habitat 
alterations Not a Pollutant Addressed by sediment TMDL in this document Yes 

Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 

SMITH CREEK,  
confluence of Ross and 
Reese Creeks to mouth 
(East Gallatin River) 

MT41H003_060 

Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Escherichia coli Pathogens E. coli TMDL contained in this document Yes 
Total Nitrogen Nutrients TN TMDL contained in this document No 
Nitrates Nutrients N03+N02 TMDL contained in this document Yes 
Physical substrate habitat 
alterations Not a Pollutant Addressed by sediment TMDL in this document Yes 

Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 

STONE CREEK,  
headwaters to mouth 
(Bridger Creek) 

MT41H003_120 
Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Sedimentation/Siltation Sediment Sediment TMDL contained in this document Yes 
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Table 1-1. Water Quality Impairment Causes for the Lower Gallatin Project Area Addressed within this Document 
Waterbody & Location 

Description Waterbody ID Impairment Cause Pollutant 
Category Impairment Cause Status 

Included in 
2012 IR* 

THOMPSON CREEK 
(Thompson Spring), 
headwaters to mouth 
(East Gallatin River) 

MT41H003_090 

Alteration in streamside or 
littoral vegetative covers Not a Pollutant Addressed by sediment TMDL in this document Yes 

Chlorophyll-a Not a Pollutant Addressed by TN TMDL in this document Yes 

Nitrogen (Total) Nutrients TN TMDL contained in this document Yes 
Sedimentation/Siltation Sediment  Sediment TMDL contained in this document Yes 

* IR refers to the Integrated Report 
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1.3 DOCUMENT LAYOUT 
This document addresses all of the required components of a TMDL and includes an implementation 
and monitoring strategy. The TMDL components are summarized within the main body of the 
document. Additional technical details are contained in the appendices and attachments. In addition to 
this introductory section, this document includes: 
 
Section 2.0 Lower Gallatin Watershed Description: 
Describes the physical characteristics and social profile of the watershed. 
 
Section 3.0 Montana Water Quality Standards 
Discusses the water quality standards that apply to the Lower Gallatin watershed. 
 
Section 4.0 Defining TMDLs and Their Components 
Defines the components of TMDLs and how each is developed. 
 
Sections 5.0 – 7.0 Sediment, Nutrients, and Pathogens TMDL Components: 
Each section includes (a) a discussion of the affected waterbodies and the pollutant’s effect on 
designated beneficial uses, (b) the information sources and assessment methods used to evaluate 
stream health and pollutant source contributions, (c) water quality targets and existing water quality 
conditions, (d) the quantified pollutant loading from the identified sources, (e) the determined TMDL for 
each waterbody, (f) the allocations of the allowable pollutant load to the identified sources. 
 
Section 8.0 Other Identified Issues or Concerns:  
Describes other problems that could potentially be contributing to water quality impairment and how 
the TMDLs in the plan might address some of these concerns. This section also provides 
recommendations for combating these problems. 
 
Section 9.0 Restoration Objectives and Implementation Strategy:  
Discusses water quality restoration objectives and presents a framework for implementing a strategy to 
meet the identified objectives and TMDLs. 
 
Section 10.0 Monitoring Strategy:  
Describes a water quality monitoring plan for evaluating the long-term effectiveness of the “Lower 
Gallatin River Watershed Sediment, Nutrients, and Pathogens Assessments and TMDLs”. 
 
Section 11.0 Stakeholder and Public Participation: 
Describes other agencies and stakeholder groups who were involved with the development of the plan 
and the public participation process used to review the draft document. Addresses comments received 
during the public review period. 
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2.0 LOWER GALLATIN WATERSHED DESCRIPTION 

This section includes a summary of the physical characteristics and social profile of the Lower Gallatin 
TMDL planning area (TPA) that has been excerpted from the “Lower Gallatin Watershed 
Characterization Report” (PBS&J, 2007).  
 

2.1 PHYSICAL CHARACTERISTICS 
The following information describes the physical characteristics of the Lower Gallatin watershed. 
 
2.1.1 Location  
The Lower Gallatin TPA is located in the south-central portion of the state, includes parts of Gallatin, 
Park, and Madison Counties, and is within the Gallatin River watershed. The planning area includes 
streams draining the northern flanks of the Gallatin Range and much of the Bridger Range. Overall, the 
Lower Gallatin TMDL Planning Area (TPA) covers approximately 997 square miles (638,381 acres) 
between the headwaters of Hyalite Creek at its southern end, and the confluence of the Gallatin, 
Madison, and Jefferson rivers at its northern end. The towns of Bozeman and Belgrade occur in the 
central portion of the planning area, and the town of Manhattan occurs in the northwestern portion of 
the planning area. The Upper Gallatin TPA occurs south (upstream) of the Lower Gallatin TMDL Planning 
Area. Water quality issues in the Upper Gallatin TPA were addressed separately from this effort in a 
TMDL document completed in September 2010.  
 
2.1.2 Climate 
The Lower Gallatin TPA has a cold continental climate characterized by warm, dry summers and cold, dry 
winters. The average annual temperature in Bozeman is 44.6°F. According to the Natural Resource and 
Conservation Service (NRCS), the typical growing season in Bozeman is 149 days long and begins around 
May 5th and ends around October 1st. 
 
Precipitation is fairly evenly distributed throughout fall, spring and summer, but is relatively low in 
winter. Total annual precipitation is variable in the planning area, ranging from 55 inches in the upper 
portions of the Gallatin and Bridger mountain ranges to 12.3 inches in the western portion of the 
planning area near Manhattan and Three Forks. Rainfall occurs primarily as high-intensity, convective 
thunderstorms during spring and fall, while precipitation in winter is in the form of snow. At Montana 
State University in Bozeman the average annual precipitation is approximately 18.4 inches, Gallatin 
Gateway is generally slightly wetter (22.6 inches) and Belgrade slightly drier (14.1 inches). The driest 
time of year is typically November through February and the wettest time of year April through June.  
 
2.1.3 Hydrology 
The Gallatin River originates in Yellowstone National Park, flows through the Gallatin Canyon, and finally 
joins the Madison and Jefferson Rivers to form the Missouri River. The 3 main tributaries to the Gallatin 
River in the project area are Hyalite Creek, Bridger Creek and the East Gallatin River. Bridger and Hyalite 
Creeks are tributaries to the East Gallatin River. Streamflows are at their highest between May and June. 
These are also the months with the greatest amount of precipitation and snowmelt runoff. Streamflows 
begin to decline in late June or early July, reaching minimum flow levels in September when some 
streams go dry. About 90,000 acres or 14% of the Gallatin River watershed area (upper and lower) is 
irrigated. Streamflows begin to rebound in October and November when irrigation has ended and fall 
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storms supplement the base-flow levels. Elevations range from a high of 10,333 feet to a low of 
approximately 4,030 feet with an average elevation of approximately 5,500 feet. Slope gradients within 
the watershed vary widely from the gentle slopes in the valleys to steep mountain slopes. 
 
Though variable among monitoring locations, groundwater levels generally fluctuate seasonally and in 
response to irrigation, with groundwater elevations being highest in the spring through mid-summer 
and declining for the rest of the year. Hackett et al. (1960) estimated that the average annual discharge 
of groundwater from the Gallatin Valley as surface flow to be approximately 240,000 acre-feet per year.  
 
The source for the majority of groundwater in the valley is the Gallatin River (Hackett et al., 1960). 
Recharge to the Gallatin Valley aquifers comes primarily from infiltration of irrigation water and seepage 
from streams (e.g., Gallatin, East Gallatin, Hyalite), particularly during periods of high runoff (Hackett et 
al., 1960). Groundwater in the valley flows from the east and southeast to the north-northwest and 
discharges in the area around Logan at the northwest corner of the valley. 
 
2.1.4 Geology, Soils, and Stream Morphology 
The geology of the Lower Gallatin TMDL Planning Area is primarily comprised of sedimentary rock 
formations and alluvium, though the Gallatin and Madison Ranges at the southern end of the planning 
area are predominantly volcanic. The streams eroding these mountains have created alluvial fans at the 
edges of the valleys and have deposited silt, sand, and gravel as alluvial valley fill throughout the area. 
Modern streams have reworked the valley fill deposits, creating terraces and floodplains at the lower 
elevations in the valley. 
 
Four soil types comprise approximately 35 percent of the soils in the planning area, with the Whitefish-
Gallatin-Helmville soil type being the most dominant and comprising 12 percent of the Lower Gallatin 
TPA. These soils are generally well-drained loams that formed from alluvium, colluvium and/or eolian 
sources. There are four hydrologic soil groups: group A soils have a high infiltration rate and a low runoff 
potential, group B soils have a moderate infiltration rate/ moderate runoff potential, group C soils have 
a slow infiltration rate and a moderate-high runoff potential, and group D soils have a very slow 
infiltration rate and a high runoff potential (Natural Resource Conservation Service, 2007). The majority 
of the planning area is comprised of B soil types, but that there is a relatively consistent band of C type 
soils that runs along the base of the foothills of the Bridger and Gallatin mountain ranges. The D soil 
type is prevalent on the mountaintops and north and west of Belgrade in the Horseshoe Hills area.  
 
Many tributary streams in the Lower Gallatin watershed have been historically altered to accommodate 
a variety of land uses and/or transportation networks. These alterations can significantly affect sediment 
transport dynamics of streams and may affect streambank stability. 
 
2.1.5 Land Use 
From the 2001 National Land Cover Dataset, the Lower Gallatin TPA is relatively rural, with Bozeman and 
Belgrade containing the majority of urban and suburban development. In fact all of the 
urban/residential/commercial types of land cover represented only 34,564 acres (5.3 percent) of the 
entire planning area (Figure 2-1). The upper slopes of the Bridger and Gallatin Ranges are predominately 
evergreen forest and represent approximately 27.5 percent of the planning area. At lower elevations, 
vegetation types are generally grasslands (23.7 percent), shrublands (13.1 percent), or agricultural in the 
forms of pasture/hay, cultivated crops (27.9 percent). 
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Figure 2-1. Land use categories for the Lower Gallatin TMDL project area, 2003 
 
The dataset used in the Watershed Characterization is now 10 years old and is likely no longer accurate 
for the TPA. However, it is reported in this document as it is the most recent land use assessment 
completed in the Lower Gallatin TPA.  
 

2.2 SOCIAL PROFILE 
The following information describes the social profile of the Lower Gallatin watershed. 
 
2.2.1 Land Ownership 
Private land dominates the Lower Gallatin watershed with 66.3% of the TPA in private ownership. The 
Gallatin National Forest, U.S. Forest Service is the largest single landowner with 21.2% of the area. 
Ownership in the remaining 12.5% of the planning area includes Montana State Trust lands (4.1%), 
Gallatin Valley Land Trust (2.8%), the Nature Conservancy (2.7%), Montana Land Reliance (1.4%), City 
Government (0.6%), and the Montana University System (0.3%). This data synthesis was completed 
using 2007 cadastral information.  
 
2.2.2 Population  
Population data is not available specific to the Lower Gallatin TPA. However, 97.5% of the TPA is within 
Gallatin County. While the TPA covers only 38.3% of Gallatin County, nearly all the areas with the 
highest population densities and incorporated places in the county are within the boundaries of the 
Lower Gallatin TPA. Therefore, the use of population estimates for the county and the most significant 
incorporated place in the county is appropriate. The population of Gallatin County increased 24.2% from 
67,831 in 2000 to 89,513 in 2010. The city of Bozeman had an observed increase in population of 26.2% 
from 27,509 in 2000 to 37,280 in 2010. There has been substantial population growth in the TPA since 
2000.  
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3.0 MONTANA WATER QUALITY STANDARDS 

The federal Clean Water Act provides for the restoration and maintenance of the chemical, physical, and 
biological integrity of the nation's surface waters so that they support all designated uses. Water quality 
standards are used to determine impairment, establish water quality targets, and to formulate the 
TMDLs and allocations.  
 
Montana’s water quality standards include four main parts:  

1.  Stream classifications and designated uses 
2.  Numeric and narrative water quality criteria designed to protect designated uses 
3.  Nondegradation provisions for existing high-quality waters 
4.  Prohibitions of practices that degrade water quality  

 
Those components that apply to this document are reviewed briefly below. More detailed descriptions 
of Montana’s water quality standards that apply to the Lower Gallatin watershed streams can be found 
Appendix B. 
 

3.1 LOWER GALLATIN WATERSHED STREAM CLASSIFICATIONS AND DESIGNATED 
BENEFICIAL USES 
Waterbodies are classified based on their designated uses. All Montana waters are classified for multiple 
uses. In the Lower Gallatin TPA, 3 assessment units are classified as A-1 which includes the upper and 
middle segments of Hyalite Creek and Hyalite Reservoir. Twenty assessment units within the watershed 
are classified as B-1. The difference between A-1 and B-1 classifications is that B-1 may contain 
impurities not natural to the stream that are removable by conventional treatment.  
 
Streams classified A-1 and B-1 are suitable for:  

• Drinking 
• culinary and food processing purposes after conventional treatment  
• bathing 
• swimming  
• recreation 
• growth and propagation of salmonid fishes and associated aquatic life 
• waterfowl 
• furbearers 
• agricultural water supply 
• industrial water supply 

 
While some of the waterbodies might not actually be used for a designated use water quality still must 
be maintained suitable for that designated use. More detailed descriptions of Montana’s surface water 
classifications and designated uses are provided in Appendix B. 
  
Eighteen waterbody segments in the Lower Gallatin watershed are listed in the “2012 Water Quality 
Integrated Report” as not supporting or partially supporting one or more designated uses (Table 3-1). 
Waterbody segments that are “not supporting” or “partially supporting” a designated use are impaired 
and require a TMDL. DEQ describes impairment as either partially supporting (P) or not supporting (N), 
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based on assessment results. Not supporting is applied to not meeting a drinking water standard, and is 
also applied to conditions where the assessment results indicate a severe level of impairment of aquatic 
life or coldwater fishery. A non-supporting level of impairment does not equate to complete elimination 
of the use. Detailed information about Montana’s use support categories can be found in Appendix B. 
Mandeville Creek in not included in Table 3-1 as it was not initially assessed until after the 2012 IR 
report was completed. TMDLs developed for each stream may be found in the appropriate sections for 
each pollutant group.  
 
Table 3-1. Impaired Waterbodies and their Designated Use Support Status on the “2012 Water Quality 
Integrated Report” in the Lower Gallatin Watershed 

Waterbody & Location Description Waterbody ID 
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BEAR CREEK, headwaters to mouth (Rocky Creek) MT41H003_081 B-1 P F F P 
BOZEMAN CREEK, confluence of Limestone Creek and 
Bozeman Creek to the mouth (East Gallatin River) MT41H003_040 B-1 N F F P 

BRIDGER CREEK, headwaters to mouth (East Gallatin River) MT41H003_110 B-1 P F F P 
CAMP CREEK, headwaters to mouth (Gallatin River) MT41H002_010 B-1 P F F P 
DRY CREEK, headwaters to mouth (East Gallatin River) MT41H003_100 B-1 P F F N 
EAST GALLATIN RIVER, confluence of Rocky and Bear Creeks 
to Bridger Creek MT41H003_010 B-1 P F F F 

EAST GALLATIN RIVER, Bridger Creek to Smith Creek MT41H003_020 B-1 P F F P 
EAST GALLATIN RIVER, Smith Creek to mouth (Gallatin River) MT41H003_030 B-1 P F F F 
GODFREY CREEK, headwaters to mouth (Moreland Ditch) MT41H002_020 B-1 P P F N 
HYALITE CREEK, headwaters to the top of Hyalite Reservoir MT41H003_129 A-1 P F F P 
HYALITE CREEK, Hyalite Reservoir to the Bozeman water 
supply diversion ditch MT41H003_130 A-1 P F F P 

HYALITE CREEK, Bozeman water supply diversion ditch to 
mouth (East Gallatin River) MT41H003_132 B-1 X X X P 

JACKSON CREEK, headwaters to mouth (Rocky Creek) MT41H003_050 B-1 P F F P 
REESE CREEK, headwaters to mouth (Smith Creek) MT41H003_070 B-1 P F F N 
ROCKY CREEK, confluence of Jackson and Timberline Creeks 
to mouth (East Gallatin River) MT41H003_080 B-1 P F X F 

SMITH CREEK, confluence of Ross and Reese Creeks to mouth 
(East Gallatin River) MT41H003_060 B-1 P F X N 

STONE CREEK, headwaters to mouth (Bridger Creek) MT41H003_120 B-1 P F F F 
THOMPSON CREEK (Thompson Spring), headwaters to 
mouth (East Gallatin River) MT41H003_090 B-1 P F F P 

KEY: F = Fully Supporting, P = Partially Supporting, N = Not Supporting, T = Threatened, X = Not Assessed 
Note: All Coldwater Fishery and Warm Water Fishery impairments will be combined with Aquatic Life use 
impairment, starting with the 2012 IR (i.e., only “Aquatic Life” will appear in the IR). 
 

3.2 LOWER GALLATIN WATER QUALITY STANDARDS 
In addition to the use classifications described above, Montana’s water quality standards include 
numeric and narrative criteria that protect the designated uses. Numeric criteria define the allowable 
concentrations of specific pollutants so as not to impair designated uses. Narrative criteria are more 
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“free form” descriptions, or statements, of unacceptable conditions. Appendix B defines both the 
numeric and narrative water quality criteria for the Lower Gallatin watershed. For sediment TMDL 
development in the Lower Gallatin watershed, only the narrative standards are applicable.  
 
Numeric standards apply to pollutants that are known to have adverse effects on human health or 
aquatic life (e.g., metals, organic chemicals, and other toxic constituents). Human health standards are 
set at levels that protect against long-term (lifelong) exposure, as well as short-term exposure through 
direct contact such as swimming. Numeric standards for aquatic life include chronic and acute values. 
Chronic aquatic life standards prevent long-term, low level exposure to pollutants. Acute aquatic life 
standards protect from short-term exposure to pollutants.  
Narrative standards are developed when there is insufficient information to develop specific numeric 
standards. Narrative standards describe either the allowable condition or an allowable increase of a 
pollutant above “naturally occurring” conditions. DEQ uses the naturally occurring condition, called a 
“reference condition,” to determine whether or not narrative standards are being met (Appendix B). 
 
Reference defines the condition a waterbody could attain if all reasonable land, soil, and water 
conservation practices were put in place. Reasonable land, soil, and water conservation practices usually 
include, but are not limited to, best management practices (BMPs).  
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4.0 DEFINING TMDLS AND THEIR COMPONENTS 

A Total Maximum Daily Load (TMDL) is a tool for implementing water quality standards and is based on 
the relationship between pollutant sources and water quality conditions. More specifically, a TMDL is a 
calculation of the maximum amount of a pollutant that a waterbody can receive from all sources and 
still meet water quality standards.  
 
Pollutant sources are generally defined as two categories: point sources and nonpoint sources. Point 
sources are discernible, confined and discrete conveyances, such as pipes, ditches, wells, containers, or 
concentrated animal feeding operations, from which pollutants are being, or may be, discharged. Some 
sources such as return flows from irrigated agriculture are not included in this definition. All other 
pollutant loading sources are considered nonpoint sources. Nonpoint sources are diffuse and are 
typically associated with runoff, streambank erosion, most agricultural activities, atmospheric 
deposition, and groundwater seepage. Natural background loading is a type of nonpoint source.  
 
As part of TMDL development, the allowable load is divided among all significant contributing point and 
nonpoint sources. For point sources, the allocated loads are called “wasteload allocations” (WLAs). For 
nonpoint sources, the allocated loads are called “load allocations” (LAs).  
 
A TMDL is expressed by the equation: TMDL = ΣWLA + ΣLA, where:  
 

ΣWLA is the sum of the wasteload allocation(s) (point sources) 
ΣLA is the sum of the load allocation(s) (nonpoint sources) 

 
TMDL development must include a margin of safety (MOS), which can be explicitly incorporated into the 
above equation. Alternatively, the MOS can be implicit in the TMDL. A TMDL must also ensure that the 
waterbody will be able to meet and maintain water quality standards for all applicable seasonal 
variations (e.g., pollutant loading or use protection).  
 
Development of each TMDL has four major components:  

• Determining water quality targets 
• Quantifying pollutant sources 
• Establishing the total allowable pollutant load 
• Allocating the total allowable pollutant load to their sources 

 
Although the way a TMDL is expressed can vary by pollutant, these four components are common to all 
TMDLs, regardless of pollutant. Each component is described in further detail in the following 
subsections. 
 
Figure 4-1 illustrates how numerous sources contribute to the existing load and how the TMDL is 
defined. The existing load can be compared to the allowable load to determine the amount of pollutant 
reduction needed.  
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 4.0 

3/28/13 FINAL 4-2 

 
Figure 4-1. Schematic Example of TMDL Development 
 

4.1 DEVELOPING WATER QUALITY TARGETS  
TMDL water quality targets are a translation of the applicable numeric or narrative water quality 
standard(s) for each pollutant. For pollutants with established numeric water quality standards, the 
numeric value(s) are used as the TMDL targets. For pollutants with narrative water quality standard(s), 
the targets provide a waterbody-specific interpretation of the narrative standard(s).  
 
Water quality targets are typically developed for multiple parameters that link directly to the impaired 
beneficial use(s) and applicable water quality standard(s). Therefore, the targets provide a benchmark 
by which to evaluate attainment of water quality standards. Furthermore, comparing existing stream 
conditions to target values allows for a better understanding of the extent and severity of the problem.  
 

4.2 QUANTIFYING POLLUTANT SOURCES 
All significant pollutant sources, including natural background loading, are quantified so that the relative 
pollutant contributions can be determined. Because the effects of pollutants on water quality can vary 
throughout the year, assessing pollutant sources must include an evaluation of the seasonal variability 
of the pollutant loading. The source assessment helps to define the extent of the problem by linking the 
pollutant load to specific sources in the watershed.  
 
A pollutant load is usually quantified for each point source permitted under the Montana Pollutant 
Discharge Elimination System (MPDES) program. Nonpoint sources are quantified by source categories 
(e.g., unpaved roads or streambank erosion) and/or by land uses (e.g., agriculture or 
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residential/developed). These source categories and land uses can be divided further by ownership, 
such as federal, state, or private. Alternatively, most, or all, pollutant sources in a sub-watershed or 
source area can be combined for quantification purposes.  
 
Because all potentially significant sources of the water quality problems must be evaluated, source 
assessments are conducted on a watershed scale. The source quantification approach may produce 
reasonably accurate estimates or gross allotments, depending on the data available and the techniques 
used for predicting the loading (40 CFR Section 130.2(I)). Montana TMDL development often includes a 
combination of approaches, depending on the level of desired certainty for setting allocations and 
guiding implementation activities.  
 

4.3 ESTABLISHING THE TOTAL ALLOWABLE LOAD 
Identifying the TMDL requires a determination of the total allowable load over the appropriate time 
period necessary to comply with the applicable water quality standard(s). Although “TMDL” implies 
“daily load,” determining a daily loading may not be consistent with the applicable water quality 
standard(s), or may not be practical from a water quality management perspective. Therefore, the TMDL 
will ultimately be defined as the total allowable loading during a time period that is appropriate for 
applying the water quality standard(s) and which is consistent with established approaches to properly 
characterize, quantify, and manage pollutant sources in a given watershed. For example, sediment 
TMDLs may be expressed as an allowable annual load. 
 
If a stream is impaired by a pollutant for which numeric water quality criteria exist, the TMDL, or 
allowable load, is typically calculated as a function of streamflow and the numeric criteria. For E. coli 
water quality criteria exist in rule. This same approach can be applied when a numeric target is 
developed to interpret a narrative standard such as for TN, TP and NO3+ NO2.  
 
Some narrative standards, such as those for sediment, often have a suite of targets. In many of these 
situations it is difficult to link the desired target values to highly variable, and often episodic, instream 
loading conditions. In such cases the TMDL is often expressed as a percent reduction in total loading 
based on source quantification results and an evaluation of load reduction potential (Figure 4-1). The 
degree by which existing conditions exceed desired target values can also be used to justify a percent 
reduction value for a TMDL.  
 
Even if the TMDL is preferably expressed using a time period other than daily, an allowable daily loading 
rate will also be calculated to meet specific requirements of the federal Clean Water Act. Where this 
occurs, TMDL implementation and the development of allocations will still be based on the preferred 
time period, as noted above. 
 

4.4 DETERMINING POLLUTANT ALLOCATIONS 
Once the allowable load (the TMDL) is determined, that total must be divided among the contributing 
sources. The allocations are often determined by quantifying feasible and achievable load reductions 
through application of a variety of best management practices and other reasonable conservation 
practices.  
 
Under the current regulatory framework (40 CFR 130.2) for developing TMDLs, flexibility is allowed in 
allocations in that “TMDLs can be expressed in terms of either mass per time, toxicity, or other 
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appropriate measure.” Allocations are typically expressed as a number, a percent reduction (from the 
current load), or as a surrogate measure (e.g., a percent increase in canopy density for temperature 
TMDLs). 
 
Figure 4-2 illustrates how TMDLs are allocated to different sources using WLAs for point sources and LAs 
for natural and nonpoint sources. Although some flexibility in allocations is possible, the sum of all 
allocations must meet the water quality standards in all segments of the waterbody.  
 

 
Figure 4-2. Schematic Diagram of a TMDL and its Allocations 
 
TMDLs must also incorporate a margin of safety. The margin of safety accounts for the uncertainty, or 
any lack of knowledge, about the relationship between the pollutant loads and the quality of the 
receiving waterbody. The margin of safety may be applied implicitly by using conservative assumptions 
in the TMDL development process, or explicitly by setting aside a portion of the allowable loading (i.e., a 
TMDL = WLA + LA + MOS) (U.S. Environmental Protection Agency, 1999b; U.S. Environmental Protection 
Agency, 1999a; United States Environmental Protection Agency, 2001). 
The margin of safety is a required component to help ensure that water quality standards will be met 
when all allocations are achieved. In Montana, TMDLs typically incorporate implicit margins of safety. 
 
When a TMDL is developed for waters impaired by both point and nonpoint sources, and the WLA is 
based on an assumption that nonpoint source load reductions will occur, the TMDL should provide 
reasonable assurances that nonpoint source control measures will achieve expected load reductions. For 
TMDLs in this document where there is a combination of nonpoint sources and one or more permitted 
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point sources discharging into an impaired stream reach, the WLAs are not dependent on 
implementation of the Las. Instead, DEQ sets the WLAs and LAs at levels necessary to achieve water 
quality standards throughout the watershed. Under these conditions, the LAs are developed 
independently of the WLA such that they would satisfy the TMDL target concentration within the stream 
reach immediately above the point source. In order to ensure that the water quality standard or target 
concentration is achieved below the point source discharge, the WLA is based on the point source’s 
discharge concentration set equal to the standard or target concentration for each pollutant.  
 
Section 4.5 Implementing TMDL Allocations 
The Clean Water Act (CWA) and Montana state law (Section 75-5-703 of the Montana Water Quality 
Act) require wasteload allocations to be incorporated into discharge permits, thereby providing a 
regulatory mechanism to achieve load reductions from point sources. Nonpoint source reductions linked 
to load allocations are not required by the CWA or Montana statute, and are primarily implemented 
through voluntary measures. This document contains several key components to assist stakeholders in 
implementing nonpoint source controls. Section 9.0 discusses a restoration and implementation 
strategy by pollutant group and source category, and provides recommended best management 
practices (BMPs) per source category (e.g., grazing, cropland, urban, etc.). Section 9.5 discusses 
potential funding sources that stakeholders can use to implement BMPs for nonpoint sources. Other 
site-specific pollutant sources are discussed throughout the document, and can be used to target 
implementation activities. DEQ’s Watershed Protection Section helps to coordinate nonpoint 
implementation throughout the state and provides resources to stakeholders to assist in nonpoint 
source BMPs. Montana’s Nonpoint Source Management Plan (available at http://www.deq.mt.gov/ 
wqinfo/nonpoint/nonpointsourceprogram.mcpx) further discusses nonpoint source implementation 
strategies at the state level.  
 
DEQ uses an adaptive management approach to implementing TMDLs to ensure that water quality 
standards are met over time (outlined in Section 10.0). This includes a monitoring strategy and an 
implementation review that is required by Montana statute (see Section 10.2). TMDLs may be refined as 
new data become available, land uses change, or as new sources are identified. 
 
 
  

http://www.deq.mt.gov/%20wqinfo/nonpoint/nonpointsourceprogram.mcpx
http://www.deq.mt.gov/%20wqinfo/nonpoint/nonpointsourceprogram.mcpx
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5.0 SEDIMENT TMDL COMPONENTS 

This section focuses on sediment as a cause of water quality impairment in the Lower Gallatin TMDL 
Planning Area (TPA). This section: (1) describes how sediment can impair beneficial uses; (2) lists the 
specific stream segments of concern; (3) discusses the current available data pertaining to sediment 
impairment in the watershed, including target development and a comparison of existing water quality 
with targets; 4) describes the approaches used to quantify the various contributing sources of sediment; 
and 5) identifies and justifies the sediment TMDLs and their allocations. 
 

5.1 THE EFFECTS OF EXCESS SEDIMENT ON BENEFICIAL USES 
Sediment is a naturally occurring component of healthy and stable stream and lake ecosystems. Regular 
flooding allows sediment deposition to build floodplain soils and point bars, and it prevents excess scour 
of the stream channel. Riparian vegetation and natural instream barriers, such as large woody debris, 
beaver dams, or overhanging vegetation, help trap sediment and build channel and floodplain features. 
When these barriers are absent, or excessive sediment enters the system from increased bank erosion 
or other sources, it may alter channel form and function and affect fish and other aquatic life. Increased 
turbidity and excess sediment can accumulate in critical aquatic habitat areas not naturally 
characterized by high levels of fine sediment.  
 
More specifically, sediment may block light and reduce primary production, and it may also interfere 
with fish and macroinvertebrate survival and reproduction. Fine sediment deposition reduces availability 
of suitable spawning habitat for salmonid fishes and can smother eggs or hatchlings (Irving and Bjorn, 
1984; Weaver and Fraley, 1991; Shepard et al., 1984; Suttle et al., 2004). Effects from excess sediment 
are not limited to suspended or fine sediment; an accumulation of larger sediment (e.g., cobbles) can fill 
pools, reduce the amount of desirable particle sizes for fish spawning, and overwiden channels, which 
may lead to additional sediment loading and/or increased temperatures. Larger sediment can also 
reduce or eliminate flow in some stream reaches where sediment builds up in the channel, causing flow 
to go subsurface (May and Lee, 2004). Although fish and aquatic life are typically the most sensitive 
beneficial uses for sediment, excess sediment may also affect other uses. For instance, high 
concentrations of suspended sediment in streams can also discolor or turn water murky, negatively 
effecting recreational use. Excessive sediment can also increase filtration costs for water treatment 
facilities that provide safe drinking water. 
 

5.2 STREAM SEGMENTS OF CONCERN  
A total of 11 waterbody segments in the Lower Gallatin TPA appeared on the 2012 Montana 303(d) List 
for sediment impairments (Table 5-1): Bear, Bozeman, Camp, Dry, Godfrey, Jackson, Reese, Rocky, 
Smith, Stone, and Thompson Creeks. Most waterbody segments listed for sediment impairment are also 
impaired for various forms of habitat alterations (Table 5-1), which are non-pollutant causes commonly 
associated with sediment impairment. TMDLs are limited to pollutants, but implementation of land, soil, 
and water conservation practices to reduce pollutant loading will inherently address some non-pollutant 
impairments. 
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Table 5-1. Waterbody segments in the Lower Gallatin TPA with sediment listings on the 2012 303(d) 
List 

Stream Segment Waterbody ID Sediment Pollutant 
Listing 

Non-Pollutant Causes of 
Impairment Potentially Linked to 
Sediment Impairment 

BEAR CREEK, headwaters to the 
mouth (Rocky Creek 
MT41H003_080) 

MT41H003_081 
Sedimentation/Siltation; 
Solids 
(Suspended/Bedload) 

Alteration in streamside or littoral 
vegetative covers 

BOZEMAN (aka SOURDOUGH) 
CREEK, Limestone Creek to the 
mouth (East Gallatin River) 

MT41H003_040 Sedimentation/Siltation Alteration in streamside or littoral 
vegetative covers 

CAMP CREEK, headwaters to 
the mouth (Gallatin River) MT41H002_010 Sedimentation/Siltation 

Alteration in streamside or littoral 
vegetative covers; Physical 
substrate habitat alterations; 
Other anthropogenic substrate 
alterations; Low flow alterations 

DRY CREEK, headwaters to the 
mouth (East Gallatin River) MT41H003_100 Sedimentation/Siltation 

Alteration in streamside or littoral 
vegetative covers; Physical 
substrate habitat alterations 

GODFREY CREEK, headwaters to 
White Ditch MT41H002_020 Sedimentation/Siltation Alteration in streamside or littoral 

vegetative covers 
JACKSON CREEK, headwaters to 
the mouth (Rocky Creek) MT41H003_050 Sedimentation/Siltation Alteration in streamside or littoral 

vegetative covers 
REESE CREEK, headwaters to 
the mouth (Smith Creek) MT41H003_070 Solids 

(Suspended/Bedload)  

ROCKY CREEK, confluence of 
Jackson and Timberline Creeks 
to mouth (East Gallatin River) 

MT41H003_080 Sedimentation/Siltation 

Alteration in streamside or littoral 
vegetative covers; Physical 
substrate habitat alterations; 
Other anthropogenic substrate 
alterations 

SMITH CREEK, confluence of 
Ross and Reese Creeks to the 
mouth (East Gallatin River) 

MT41H003_060 Sedimentation/Siltation 
Alteration in streamside or littoral 
vegetative covers; Physical 
substrate habitat alterations 

STONE CREEK, headwaters to 
the mouth (Bridger Creek) MT41H003_120 Sedimentation/Siltation Alteration in streamside or littoral 

vegetative covers 
THOMPSON CREEK (or 
Thompson Spring), headwaters 
to mouth (East Gallatin River) 

MT41H003_090 Sedimentation/Siltation Alteration in streamside or littoral 
vegetative covers 

 

5.3 INFORMATION SOURCES AND ASSESSMENT METHODS TO CHARACTERIZE 
SEDIMENT CONDITIONS 
For TMDL development, information sources and assessment methods fall within two general 
categories. The first category, discussed in this section, characterizes overall stream health with a focus 
on sediment and related water quality conditions. The second category, discussed in Section 5.6, 
quantifies sediment sources in the watershed.  
 
To characterize sediment conditions for TMDL development, sediment data was compiled and additional 
monitoring took place in 2009. Unless significant changes have occurred in a watershed, data collected 
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within the past 10 years is considered representative of the current condition; data older than 10 years 
may be discussed to provide historical context for land management practices within a watershed 
and/or to compare with current conditions. These data sources represent the primary information used 
to characterize water quality and/or develop TMDL targets:  

• DEQ assessment files 
• DEQ 2009 sediment and habitat assessments 
• PACFISH/INFISH Biological Opinion Effectiveness (PIBO) Monitoring Program reference and non-

reference data 
• USFS regional reference data 
• other monitoring data and reports (e.g., USFS and Greater Gallatin Watershed Council) 

 
5.3.1 DEQ Assessment Files 
DEQ assessment files contain information used to make the existing sediment impairment 
determinations. Many of the impairment listings are based on data and stream condition summaries 
from the late 1970s compiled as part an EPA-funded Water Quality Management Plan by the Blue 
Ribbons of the Big Sky Country Areawide Planning Organization (APO)(Blue Ribbons of the Big Sky 
Country Areawide Planning Organization, 1979; 1977; 1978). In addition to summarizing the information 
in the APO reports, the DEQ assessment files include a summary of physical, biological, and habitat data 
collected between 1990 and 2011, as well as other historical information collected or obtained by DEQ. 
The most common quantitative data that will be incorporated from the assessment files are pebble 
counts and macroinvertebrate index scores. The files also include information on sediment water quality 
characterization and potentially significant sources of sediment, as well as information on non-pollutant 
impairment determinations and associated rationale. Files are available electronically on DEQ’s Clean 
Water Act Information Center website: http://cwaic.mt.gov/. 
 
5.3.2 DEQ 2009 Sediment and Habitat Assessments 
To aid in TMDL development, field measurements of channel morphology and riparian and instream 
habitat parameters were collected in August 2009 from 23 reaches (Figure 5-1). An additional seven 
reaches were assessed in 2009 to determine the severity of bank erosion and identify the source. These 
seven reaches are represented by the bank erosion hazard index (BEHI) sites in Figure 5-1. Reaches were 
dispersed among the 11 segments of concern listed in Section 5.2, with two full assessment reaches on 
most streams. Additionally, one reach was evaluated on Bozeman Creek upstream of the listed segment, 
and two reaches were assessed on South Cottonwood Creek (Figure 5-1) to broaden the range of 
conditions in the sample dataset and serve as potential reference sites. After sampling and closer 
evaluation of human-induced sediment sources, only one site on South Cottonwood Creek (SCOT25-02) 
was determined a suitable reference site.  
 
Initially, all streams were assessed aerially to characterize reaches by four main attributes not linked to 
human activity: stream order, valley gradient, valley confinement, and ecoregion. These attributes 
represent main factors influencing stream morphology, which in turn influence sediment transport and 
deposition.  
 
The next step in the aerial assessment involved identifying near-stream land uses, since land 
management practices can have a significant influence on stream morphology and sediment 
characteristics. The result was stratifying streams into reaches that allow for comparisons among those 
reaches of the same natural morphological characteristics, while also indicating stream reaches where 
land management practices may further influence stream morphology. The stream stratification, along 
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with field reconnaissance, allowed DEQ to select the above-referenced monitoring reaches. Although 
ownership is not part of the reach type category (because of the distribution of private and federal land 
within the watershed), most reach type categories contain predominantly either private or public lands. 
 

 
Figure 5-1. Sediment streams of concern and sediment-related sampling sites. 
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Monitoring reaches on sediment-listed streams were chosen to represent various reach characteristics, 
land-use categories, and human-caused influences. There was a preference toward sampling those 
reaches where human influences would most likely lead to impairment conditions, since one step in the 
TMDL development process is to further characterize sediment impairment conditions. Thus, it is not a 
random sampling design intended to sample stream reaches representing all potential impairment and 
non-impairment conditions. Instead, it is a targeted sampling design that aims to assess a representative 
subset of reach types, while ensuring that reaches within each 303(d) listed waterbody with potential 
sediment impairment conditions are incorporated into the overall evaluation. Typically, the effects of 
excess sediment are most apparent in low-gradient, unconfined streams larger than 1st order (i.e., 
having at least one tributary); therefore, this stream type was the focus of the field effort (Table 5-2). 
Although the TMDL development process necessitates this targeted sampling design, DEQ acknowledges 
this approach results in less certainty regarding conditions in 1st order streams and higher-gradient 
reaches, and that conditions within sampled reaches do not necessarily represent conditions throughout 
the entire stream. 
 
Table 5-2. Reach Types and Monitoring Sites  
(Type = Ecoregion-Valley Slope-Stream Order-Valley Confinement; MR = Middle Rockies). Sites denoted with an 
asterisk were streambank erosion sites. 

Reach Type 
Number 

of 
Reaches 

Number of 
Monitoring 

Sites 
Monitoring Sites 

MR-0-4-C 1    
MR-2-3-C 1    
MR-4-3-U 1    

MR-10-2-U 1    
MR-0-3-C 2    
MR-2-4-U 2    
MR-10-1-C 3    
MR-0-1-U 4 1 THOM01-04* 
MR-2-2-C 4 2 BEAR18-01, STON08-01 
MR-2-1-U 5    
MR-4-1-C 5 1 JACK04-01 
MR-4-2-C 5    
MR-2-3-U 6 2 SCOT25-02, CAMP13-02* 

MR-10-1-U 7    
MR-0-4-U 8 6 CAMP15-04, DRY12-06, REES15-06, ROCK03-01, SMIT01-05, ROCK07-03* 
MR-4-1-U 10    
MR-4-2-U 10 1 BEAR20-01 

MR-0-3-U 13 9 BEAR26-02, BOZE18-04, CAMP14-05, CAMP14-12, DRY09-05, GOD03-01, 
ROCK02-01, SCOT31-02, BOZE18-05* 

MR-0-2-U 14 5 BOZE14-01, GOD02-01, REES06-01, THOM02-03, BOZE15-01* 
MR-2-2-U 19 3 JACK10-02, STON13-02, STON11-02* 
 
The field parameters assessed in 2009 include standard measures of stream channel morphology, fine 
sediment, stream habitat, riparian vegetation, and streambank erosion. Although the sampling areas are 
frequently referred to as “sites” within this document, to help increase sample sizes and capture 
variability within assessed streams, they were actually sampling reaches ranging from 500 to 2,000 feet 
(depending on the channel bankfull width) that were broken into five cells. Generally, channel 
morphology and fine sediment measures were performed in three of the cells, and stream habitat, 
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riparian, and bank erosion measures were performed in all cells. Field parameters are briefly described 
in Section 5.4, and summaries of all field data and sampling protocols are contained in the 2009 
Sediment and Habitat Assessment report (Attachment A). 
 
5.3.3 PIBO Data 
The PACFISH/INFISH Biological Opinion Effectiveness (PIBO) monitoring program collects data from 
reference and managed (i.e., non-reference) stream sites on US Forest Service (USFS) and Bureau of 
Land Management (BLM) land within the Columbia and Upper Missouri River basins. Reference sites are 
defined as having catchment road densities less than 0.5 km/km2, riparian road densities less than 0.25 
km/km2, no grazing within 30 years, and no known in-channel mining upstream of the site. Within 
sediment-impaired watersheds of the Lower Gallatin TPA, data were collected in 2007 at two managed 
sites in the Gallatin National Forest: Bozeman Creek upstream of the listed segment and Jackson Creek 
(Figure 5-1). There are 15 reference sites in the Gallatin National Forest, including one in the Lower 
Gallatin TPA (Figure 5-1). However, because that is a small dataset for target development, and 
ecoregion is a primary stratification category, all PIBO reference data from the Middle Rockies ecoregion 
were used for target development. This consists of all sites in the Gallatin National Forest as well as data 
from 58 other sites collected between 2001 and 2010.  
 
Data were collected following protocols described in “Effectiveness Monitoring for Streams and Riparian 
Areas within the Pacific Northwest: Stream Channel Methods for Core Attributes” (USDA Forest Service, 
2006). Relevant data collected during these assessments include width/depth ratios, residual pool 
depths, pool frequency, large woody debris frequency, pebble counts, and the percentage of fine 
sediment in pool tails <6mm via grid toss. 
 
5.3.4 USFS Regional Reference Data 
Regional reference data are available from the Beaverhead Deerlodge National Forest (BDNF). BDNF 
data were collected between 1991 and 2002 from approximately 200 reference sites: 70 of the sites are 
located in the Greater Yellowstone Area and the remaining sites are in the BDNF, which is also located in 
southwestern Montana (Bengeyfield, 2004). Reference sites were selected by USFS hydrologists and fish 
biologists and were defined as representing the current climate and tectonic regime and without having 
significant human influence. The sites were primarily located in lower-gradient areas where the effects 
of land management practices are most likely to be seen (Bengeyfield and Hickenbottom, 2005). 
Applicable reference data from this resource used for TMDL target development are width/depth ratios, 
entrenchment ratios, and fine sediment <6mm from pebble counts. 
 
5.3.5 Other Monitoring Data and Reports 
Additional sources of monitoring data are primarily limited to Bear and Bozeman Creeks. Largely 
because of concerns related to sediment loading from road and trail conditions, the USFS collected data 
on Bear Creek in 2003; additional monitoring was conducted in 2011 to evaluate the effectiveness of 
decommissioning and improvement projects conducted in 2007–2008. Data collection in 2003 included 
total suspended solids, bedload, and streamflow (Story and Taylor, 2004), as well fish abundance via 
electroshocking and fish habitat metrics (e.g., percent fine sediment <2mm in pool tails, large wood 
debris, residual pool depth, pool frequency, and unstable banks) (Barndt and Bay, 2004). Data collection 
in 2011 was conducted at fewer sites and limited to total suspended solids, bedload, and streamflow 
(Story and Hancock, 2011).  
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For Bozeman Creek, the Bozeman Watershed Council (now defunct) conducted a watershed assessment 
in August 2002 using a modified version of the USFS R1/R4 Habitat Inventory (Overton et al., 1997) that 
included measurements of pools and riffles, large woody debris, undercut/unstable streambanks, 
width/depth ratio, visual substrate composition, and percent canopy along the entire stream (Bozeman 
Watershed Council, 2004). The stream was broken into ten zones, which were subdivided in assessment 
reaches. For each reach the report includes a summary of land use, geomorphology, channel character, 
fish habitat, limiting factors, wetlands, and recommendations for improvement. A study was conducted 
using this data in combination with a GIS analysis of land cover and land use to study the relationship 
between land use, geomorphology, and aquatic habitat (McIlroy et al., 2008). Additionally, the Greater 
Gallatin Watershed Council conducted pebble counts and collected macroinvertebrates at two sites on 
Bozeman Creek in August 2009.  
 
USFS planning documents, including the Gallatin National Forest Travel Plan Final Environmental Impact 
Statement (U.S. Department of Agriculture, Forest Service, 2006), North Bridgers Grazing Allotment 
Management Plan Update Environmental Assessment (U.S. Forest Service, 2007), Bangtail Allotment 
Management Plan Update Environmental Assessment (U.S. Forest Service, 2009), and Bozeman 
Municipal Watershed Supplemental Environmental Impact Statement (U.S. Department of Agriculture, 
Forest Service, Gallatin National Forest, 2011) contain information such as descriptions of soil sensitivity 
to disturbance, intensity and effects of grazing and timber harvest, evaluation of riparian health via a 
Proper Functioning Condition assessment (Prichard, 1998), and an evaluation of sediment sources, such 
as roads. Where applicable, this information is incorporated into the existing condition discussion. The 
planning documents also include estimates of sediment loading under different management scenarios; 
however, because the estimates were intended to compare relative differences among scenarios, and 
were conducted at a different scale using different methods than source assessments used for TMDL 
development, the loads are not presented in this document.  
 
Lastly, as part of the TMDL development effort for nutrient and E. coli impairment in the Lower Gallatin 
TPA, a source assessment was performed in 2009. Because nutrient sources are commonly associated 
with sediment, the source assessment report (Attachment B) was reviewed for information regarding 
sediment sources. The report contains source assessment information for Bear, Camp, Dry, Godfrey, 
Jackson, Reese, Smith, Sourdough, and Thompson Spring Creeks. 
 

5.4 WATER QUALITY TARGETS  
The concept of water quality targets was presented in Section 4.1. This section provides the rationale 
for each sediment-related target parameter and discusses the basis of the target values.  
 
In developing targets, natural variation throughout the river must be considered. As discussed in more 
detail in Section 3.0 and Appendix B, DEQ uses the reference condition to gage natural variability and 
assess the effects of pollutants with narrative standards, such as sediment. The preferred approach to 
establishing the reference condition is using reference site data, but modeling, professional judgment, 
and literature values may also be used. DEQ defines “reference” as the condition of a waterbody 
capable of supporting its present and future beneficial uses when all reasonable land, soil, and water 
conservation practices have been applied. In other words, the reference condition reflects a 
waterbody’s greatest potential for water quality given past and current land use. Although sediment 
water quality targets typically relate most directly to the aquatic life use, the targets protect all 
designated beneficial uses because they are based on the reference approach, which strives for the 
highest achievable condition.  
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Waterbodies used to determine reference conditions are not necessarily pristine. The reference 
condition approach is intended to accommodate natural variations from climate, bedrock, soils, 
hydrology, and other natural physiochemical differences, yet it allows differentiation between natural 
conditions and widespread or significant alterations of biology, chemistry, or hydrogeomorphology from 
human activity. 
 
The basis for each water quality target value varies depending on the availability of reference data and 
sampling method comparability to 2009 DEQ data. As discussed in Appendix B, there are several 
statistical approaches DEQ uses for target development. They include using percentiles of reference 
data or of the entire sample dataset, if reference data are limited. For example, if low values are desired 
(like with fine sediment), and there is a high degree of confidence in the reference data, the 75th 
percentile of the reference dataset is typically used.  
 
If reference data are not available, and the sample streams are predominantly degraded, the 25th 
percentile of the entire sample dataset is typically used. However, percentiles may be used differently 
depending on whether a high or low value is desirable, how much the representativeness and range of 
data varies, how severe human disturbance is to streams in the watershed, and the size of the dataset.  
 
In general, stream sediment and habitat conditions within the streams evaluated by DEQ in 2009 
reflected a minimal to moderate level of human disturbance (i.e., not severely disturbed). For each 
target, descriptive statistics were generated relative to any available reference data (e.g., BDNF or PIBO) 
as well as for the entire sample dataset. The preferred approach for setting target values is to use 
reference data, where preference is given to the most protective reference dataset.  
 
Additionally, the target value for some parameters may apply to all streams in the Lower Gallatin 
watershed, whereas others may be stratified by bankfull width, reach type characteristics (e.g., 
ecoregion, gradient, stream order, and/or confinement), or by Rosgen stream type, if those factors are 
determined to be important drivers for certain target parameters. Although the basis for target values 
may differ by parameter, the goal is to develop values that incorporate an implicit margin of safety 
(MOS) and that are achievable. MOS is discussed in additional detail in Section 5.8.2. Field data from the 
reference site on South Cottonwood Creek are not discussed within this section but were compared 
with target values during the target development process to help evaluate the appropriateness and 
achievability of target values. 
 
5.4.1 Water Quality Target Summary 
The sediment water quality targets for the Lower Gallatin watershed are summarized in Table 5-3 and 
described in detail in the sections that follow. Consistent with EPA guidance for sediment TMDLs (U.S. 
Environmental Protection Agency, 1999b), water quality targets for the Lower Gallatin watershed 
comprise a combination of measurements of instream siltation, channel form, biological health, and 
habitat characteristics that contribute to loading, storage, and transport of sediment or that 
demonstrate those effects. Fine sediment targets and biological data, in conjunction with indicators of 
excess sediment (i.e., fine sediment, residual pool depth, and field observations), are given the most 
weight. 
 
Target parameters and values are based on the current best available information, but they will be 
assessed during future TMDL reviews for their applicability and may be modified if new information 
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provides a better understanding of reference conditions or if assessment metrics or field protocols are 
modified. For all water quality targets, future surveys should document stable (if meeting criterion) or 
improving trends. The exceedance of one target value does not necessarily equate to a determination 
that the information supports impairment; the degree to which one or more targets are exceeded are 
taken into account (as well as the current 303(d) listing status), and the combination of target analysis, 
qualitative observations, and sound, scientific professional judgment is crucial when assessing stream 
condition. Site-specific conditions such as recent wildfires, natural conditions, and flow alterations in a 
watershed may warrant selecting unique indicator values that differ slightly from those presented 
below, or special interpretation of the data relative to the sediment target values. Note, the comparison 
of recent data to targets is performed to evaluate current conditions and if they support the impairment 
listing but is not a formal impairment determination. 
 
Table 5-3. Sediment Targets for the Lower Gallatin TPA 
Parameter Type Target Description Criterion 

Fine Sediment 

Percentage of fine surface sediment 
<6mm and <2mm in riffles via pebble 
count (reach average) 

<6mm: B/C stream types: < 11%, E stream types: < 30% 
<2mm: B/C stream types: < 9%, E stream types: < 16% 

Percentage of fine surface sediment 
<6 mm in pool tails via grid toss 
(reach average) 

B/C stream types: ≤ 8%  
E stream type: ≤ 14% 

Channel Form 
and Stability 

Bankfull width/depth ratio (reach 
average) 

B stream types: < 17 
C stream types: < 23 
E stream types: < 12 

Entrenchment ratio (reach average) 
B stream types: > 1.4 
C and E stream types: > 2.2  

Instream 
Habitat 

Residual pool depth (reach average) 
< 15 ft bankfull width : > 0.7 ft 
> 15 ft bankfull width : > 1.2 ft 

Pools/mile 
< 15 ft bankfull width : ≥ 84 
> 15 ft bankfull width : ≥ 52 

LWD/mile All bankfull widths: 143 
Human 
Sediment 
Sources 

Significant and controllable sediment 
sources  

Presence of significant and controllable man-caused 
sediment sources throughout the watershed  

Biological Index Macroinvertebrate bioassessment 
impairment threshold O/E: ≥ 0.80 

 
5.4.2 Fine Sediment 
The percent of surface fines <6 mm and <2 mm is a measurement of the fine sediment on the surface of 
a streambed and is directly linked to the support of the coldwater fish and aquatic life beneficial uses. 
Increasing concentrations of surficial fine sediment can negatively affect salmonid growth and survival, 
clog spawning redds, and smother fish eggs by limiting oxygen availability (Irving and Bjorn, 1984; 
Weaver and Fraley, 1991; Shepard et al., 1984; Suttle et al., 2004). Excess fine sediment can also 
decrease macroinvertebrate abundance and taxa richness (Mebane, 2001; Zweig and Rabeni, 2001). 
Because similar concentrations of sediment can cause different degrees of impairment to different 
species (and even age classes within a species), and because the particle size defined as “fine” is variable 
(and some assessment methods measure surficial sediment while other measures also include 
subsurface fine sediment), literature values for harmful fine sediment thresholds are highly variable. 
Some studies of salmonid and macroinvertebrate survival found an inverse relationship between fine 
sediment and survival (Suttle et al., 2004) whereas other studies have concluded the most harmful 
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percentage falls within 10% to 40% fine sediment (Bjorn and Reiser, 1991; Mebane, 2001; Relyea et al., 
2000). Bryce et al. (2010) evaluated the effect of surficial fine sediment (via reach transect pebble 
counts) on fish and macroinvertebrates and found that the minimum effect level for sediment <2 mm is 
13% for fish and 10% for macroinvertebrates. Literature values are taken into consideration during fine 
sediment target development; however, because increasing concentrations of fine sediment are known 
to harm aquatic life, targets are developed using a conservative statistical approach consistent with 
Appendix B and consistent with Montana’s water quality standard for sediment as described in Section 
3.2.1. 
 
5.4.2.1 Percent Fine Sediment <6 mm and <2 mm in Riffles via Pebble Count 
Surface fine sediment measured in riffles by the modified Wolman (1954) pebble count indicates the 
particle size distribution across the channel width and is an indicator of aquatic habitat condition that 
can point to excessive sediment loading. Pebble counts in 2009 were performed in three riffles per 
sampling reach, for a total of at least 300 particles. For DEQ data collected independently of the TMDL 
development process (i.e., before 2009) and the data collected by the GGWC for Bozeman Creek, pebble 
counts at each reach were performed from bankfull to bankfull in a single representative riffle, for a 
total of at least 100 particles.  
 
Less than 6 mm 
The BDNF reference dataset is broken out by Rosgen channel type and dominant particle size, but the 
PIBO reference dataset is not. Because the streams in the Lower Gallatin TPA contain a variety of 
channel types, including E channels (which tend to have higher levels of fine sediment than other 
channels), the fine sediment target for particles <6 mm is based on BDNF reference data according to 
Rosgen channel type.  
 
Although the percentage of fine sediment may vary depending on the dominant particle size in a stream, 
all gravel- and cobble-dominated B and C channels in the project area had a similar level of fine 
sediment during sampling in 2009; therefore, the target for riffle substrate fine sediment is expressed as 
one value for B/C channels and another value for E channels. The target for riffle substrate percent fine 
sediment <6 mm is set at less than or equal to the median of the reference value based on the BDNF 
reference dataset (bold in Table 5-4). The median was chosen instead of the 75th percentile because 
pebble counts in the BDNF reference dataset were performed using the zigzag method, which includes 
both riffles and pools and likely results in a higher percentage of fines than a riffle pebble count. The 
latter was the method used for TMDL-related data collection in the Lower Gallatin watershed.  
 
The 2009 DEQ data are also summarized in Table 5-4, and in general, the 75th percentile of the sample 
dataset is comparable or less than the median of the reference dataset, indicating much of the sample 
dataset has low percent fines <6 mm in riffles.  
 
Table 5-4. 2009 DEQ Data Summary and BDNF Reference Dataset Median Percent Fine Sediment <6 
mm.  
Target values are indicated in bold. 
Data Source Parameter All B3/C3 B4/C4 B/C E4 

BDNF 
Sample Size (n) 129 37 31 68 63 
Median  20 8 21 11 30 

Sample Data 
Sample Size (n) 23 4 8 12 12 
Median  10 6 6 6 19 
75th  20 8 9 8 21 
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Less than 2 mm 
For fine sediment <2 mm, PIBO is the only reference data currently available. Like the BDNF data, the 
PIBO pebble count data are collected from multiple channel types (including E channels) and are also a 
composite of riffle and pool particles, which are likely to be higher in fines than the DEQ riffle-only 
pebble count. The median of the PIBO reference dataset is slightly greater than the median of the 
sample dataset (Table 5-5). Because of the tendency of E channels to have a higher percentage of fine 
sediment than B and C channels, and because the sample dataset is broken out by channel type, the 
target is based the sample dataset.  
 
As discussed in the target development rationale in Section 5.4, the sampled streams ranged from being 
minimally to moderately disturbed, which indicates the median is likely the most appropriate percentile 
for target development. Because the median percentile of fine sediment <2mm in riffles of B and C 
channels (of the sample dataset) is much lower than the most conservative literature values shown to 
cause harm to fish and aquatic life (i.e., 10-13%) (Bryce et al., 2010), the median value for the entire 
sample dataset (i.e., 9%) will be set as the riffle fine sediment <2mm target for B and C channels. The 
median value for E4 streams of 16% from the sample dataset will be applied as the target for E4 
channels. 
 
Table 5-5. 2009 DEQ Data Summary and PIBO Reference Dataset Percent Fine Sediment <2 mm.  
Target values are indicated in bold. 

Data Source Parameter All B3/C3 B4/C4 B/C E4 

PIBO 
Sample Size (n) 64 

Data not broken out by channel type Median  11 
75th  21 

Sample Data 
Sample Size (n) 23 4 8 12 11 
Median  9 4 4 4 16 
75th  16 5 7 6 19 

 
5.4.2.2 Percent Fine Sediment <6 mm in Pool Tails via Grid Toss 
Grid toss measurements in pool tails is an alternative measure to pebble counts that assesses the level 
of fine sediment accumulation in macroinvertebrate habitat and potential fish spawning sites. A 49-
point grid toss (Kramer et al., 1993) was used to estimate the percent surface fine sediment <6 mm in 
pool tails in the Lower Gallatin watershed. Three tosses, or 147 points, were performed then averaged 
for each pool tail assessed.  
 
For pool tail grid toss values, PIBO is the only reference data currently available. The 75th percentile of 
the PIBO reference data for pool tails is 18% and the median is 9% (Table 5-6). In the 2009 Lower 
Gallatin sample dataset, pool tail grid toss values for the 25th percentile of the sample dataset for all 
sites, as well as B and C channels, was similar to the median of the PIBO dataset. This indicates fine 
sediment levels in pools within the watershed reflect a more severe level of disturbance than riffles. 
Therefore, the more conservative 25th percentile of the sample dataset (versus the median) is the most 
appropriate percentile for pool tail grid toss targets. The pool tail grid toss target is 8% for B/C channels 
and 14% for E channels and should be assessed based on the reach average grid toss value. 
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Table 5-6. PIBO Reference and 2009 DEQ Data Percentiles for Percent Fine Sediment <6 mm via Grid 
Toss in Pool Tails.  
Pool tail target values are indicated in bold. 

Data Source Parameter All B/C E 

PIBO Pool Tail 
Sample Size (n) 70 

Data not broken out by channel type Median  9 
75th  18 

Sample Data Pool Tail 

Sample Size (n) 20 11 9 
25th 11 8 14 
Median  16 14 24 
75th  25 20 29 

 
5.4.3 Channel Form and Stability 
Parameters related to channel form indicate a stream’s ability to store and transport sediment. Stream 
gradient and valley confinement are two significant controlling factors that determine stream form and 
function, however, alterations to the landscape and sediment input beyond naturally occurring amounts 
can affect channel form. Numerous scientific studies have found trends and common relationships 
between channel dimensions in properly functioning stream systems and those with a sediment 
imbalance. Two of those relationships are used as targets in the Lower Gallatin TPA and are described 
below. 
 
5.4.3.1 Width/Depth Ratio and Entrenchment Ratio 
The width/depth ratio and the entrenchment ratio provide a measure of channel stability as well as an 
indication of the ability of a stream to transport and naturally sort sediment into a heterogeneous 
composition of fish habitat features (e.g., riffles, pools, and near-bank zones). 
 
Changes in both the width/depth ratio and entrenchment ratio can be used as indicators of change in 
the relative balance between the sediment load and the transport capacity of the stream channel. As 
the width/depth ratio increases, streams become wider and shallower, suggesting an excess sediment 
load (MacDonald et al., 1991). As sediment accumulates, the depth of the stream channel decreases, 
which is compensated for by an increase in channel width when the stream attempts to regain a balance 
between sediment load and transport capacity.  
 
Conversely, a decrease in the entrenchment ratio signifies a loss of access to the floodplain. Low 
entrenchment ratios indicate that stream energy is concentrated in-channel during flood events versus 
having energy dissipate to the floodplain. Accelerated bank erosion and an increased sediment supply 
often accompany an increase in the width/depth ratio and/or a decrease in the entrenchment ratio 
(Rosgen, 1996; Knighton, 1998; Rowe et al., 2003). Width/depth and entrenchment ratios were 
calculated for each 2009 assessment reach based on five riffle cross-section measurements.  
 
Width/Depth Ratio Target Development 
Although PIBO reference data exists for width/depth ratio, it was not used because Rosgen channel type 
was not available. Only the BDNF reference dataset was considered for width/depth ratio target 
development. Because many of the streams in the Lower Gallatin TPA have been historically altered to 
the extent that reference channel form and floodplain access may not be achievable without extensive 
channel reconstruction (or the greatest potential may be a combination of channel types), the Rosgen 
delineative criteria were also used during target development (Table 5-7). Width/depth ratios are 
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measured the same way for the reference and sample dataset: in comparing the reference data with the 
2009 sample dataset, the 75th percentile of the reference values are similar to the corresponding 
percentile in the sample dataset for B and C channels but is almost half the 75th percentile ratio for E 
channels in the sample dataset. This indicates the 75th percentile of reference is an appropriate target 
for B and C channels but not for E channels. Given that the Rosgen criterion for an E channel is a 
width/depth ratio less than 12, which is equal to the median of the sample dataset, less than or equal to 
12 will be applied as the width/depth ratio target for E streams in the Lower Gallatin TPA. Summary 
statistics and target values by Rosgen channel type are provided in Table 5-7. The target value applies to 
the average value for each sample reach. 
 
Table 5-7. BDNF Reference and Other Data used for Width/Depth Ratio Targets.  
Width/depth ratio target values are indicated in bold. 

Data Source Parameter B C E 

BDNF 
Sample Size (n) 40 30 115 

75th 17 23 8 

Sample Data 

Sample Size (n) 18 38 46 
25th 11 13 10 

Median 13 16 12 
75th 16 20 15 

Rosgen Criteria Width/Depth Ratio >12 >12 <12 
 
Entrenchment Ratio Target Development 
The BDNF reference dataset is the only reference data currently available to help develop entrenchment 
targets. For entrenchment ratio, because it is desirable to have a greater value, the 25th percentile of 
the BDNF reference dataset was evaluated for target development. For both B and C channels, the 
median of the sample dataset is comparable to the 25th percentile of the BDNF reference value and in 
line with the Rosgen delineative criteria (Table 5-8). However, for E channels the median of the sample 
dataset is meeting the Rosgen criteria but well below the 25th percentile of the BDNF reference dataset, 
indicating the 25th percentile of reference may not be a reasonable target for E channels.  
 
Although having a greater entrenchment value (i.e., more floodplain access) is desirable for C and E 
channels, because the potential (after implementation of all reasonable land, soil, and water 
conservation practices) is likely less than the 25th percentile of reference, the Rosgen delineative criteria 
will be applied as the target for entrenchment ratio (Table 5-8). The target value applies to the average 
value for each sample reach. 
 
Table 5-8. BDNF Reference and Other Data used for Entrenchment Ratio Targets.  
Entrenchment ratio target values are indicated in bold. 

Data Source Parameter B C E 

BDNF 
Sample Size (n) 40 30 115 
25th  1.4 3.2 3.7 

Sample Data 

Sample Size (n) 18 38 46 
25th 1.4 1.7 1.9 
Median  1.9 3.9 2.5 
75th  2.8 8.0 4.4 

Rosgen Criteria Entrenchment Ratio* 1.4-2.2 >2.2 >2.2 
*Values are ± 0.2 
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5.4.4 Instream Habitat Measures 
For all instream habitat measures (i.e., residual pool depth, pool frequency, and large woody debris 
frequency), PIBO is the only reference data currently available. Because these parameters are largely 
influenced by stream size, target values will be expressed by bankfull width category. Because all but 
one reach evaluated by DEQ in 2009 had a mean bankfull width less than 36, and the majority of 
streams were less than 25 feet wide, instream habitat targets are broken into bankfull width categories 
of less than and greater than 15 feet.  
 
All of the instream habitat measures are important indicators of sediment input and movement, as well 
as fish and aquatic life support, but they may be given less weight in the target evaluation if they do not 
seem to be directly related to the effects of sediment. The use of instream habitat measures in 
evaluating or characterizing impairment must be considered from the perspective of whether these 
measures are linked to fine, coarse, or total sediment loading. 
 
5.4.4.1 Residual Pool Depth 
Residual pool depth, defined as the difference between the maximum depth and the tail crest depth, is 
a discharge-independent measure of pool depth and an indicator of pool habitat quality. Deep pools are 
important resting and hiding habitat for fish, and provide refuge during temperature extremes and high-
flow periods (Nielson et al., 1994; Bonneau and Scarnecchia, 1998; Baigun, 2003). Similar to channel 
morphology measurements, residual pool depth integrates the effects of several stressors; pool depth 
can be decreased as a result of filling with excess sediment (fine or coarse), a reduction in channel 
obstructions (such as large woody debris), and changes in channel form and stability (Bauer and Ralph, 
1999).  
 
A reduction in pool depth from channel aggradation may not only alter surface flow during the critical 
low flow periods, but may also harm fish by altering habitat, food availability, and productivity (May and 
Lee, 2004; Sullivan and Watzin, 2010). Residual pool depth is typically greater in larger systems. During 
DEQ sampling in 2009, pools were defined as depressions in the streambed bounded by a “head crest” 
at the upstream end and “tail crest” at the downstream end, with a maximum depth that was 1.5 times 
the pool-tail depth (Kershner et al., 2004).  
 
The definition of pools for the PIBO protocol is fairly similar to the definition used for the 2009 Lower 
Gallatin sample dataset: both use the same criterion to calculate the difference between the maximum 
depth and pool tail depth. However, the DEQ dataset could potentially have a greater pool frequency 
and more pools with a smaller residual pool depth because DEQ’s protocol has no minimum pool size 
requirement, whereas the PIBO protocol only counts pools greater than half the wetted channel.  
 
In comparing the PIBO reference data with the sample data, the PIBO 25th percentile residual pool 
depth values are all less than the median and similar to the 25th percentile from the sample dataset 
(Table 5-9), indicating the protocol differences likely did not result in smaller residual pool depths in the 
DEQ dataset. Therefore, the residual pool depth target is equal to or greater than the PIBO 25th 
percentile value (bold in Table 5-9).  
 
Target comparisons should be based on the reach average residual pool depth value. Because residual 
pool depths can indicate if excess sediment is limiting pool habitat, this parameter will be particularly 
valuable for future trend analysis, using the data collected in 2009 as a baseline. Future monitoring 
should document an improving trend (i.e., deeper pools) at sites that fail to meet the target criteria, 
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while a stable trend should be documented at established monitoring sites that are currently meeting 
the target criteria. 
 
Table 5-9. PIBO Reference and 2009 DEQ Sample Data Percentiles for Residual Pool Depth (ft).  
Targets are shown in bold. 

Category 
PIBO Reference DEQ Sample Data 

n 25th Median n 25th Median 75th 
< 15 ft bankfull width 10 0.7 0.9 9 0.7 0.9 1.4 
> 15 ft bankfull width  56 1.2 1.4 14 1.1 1.3 1.4 
 
5.4.4.2 Pool Frequency 
Pool frequency is another indicator of sediment loading that relates to changes in channel geometry and 
is an important component of a stream’s ability to support the fishery beneficial use (Muhlfeld and 
Bennett, 2001). Sediment may limit pool habitat by filling in pools with fines. Alternatively, the build-up 
of larger particles may exceed the stream’s capacity to scour pools, thereby reducing the prevalence of 
this critical habitat feature. Pool frequency generally decreases as stream size (i.e., watershed area) 
increases. 
 
The PIBO 25th percentile pool frequency value for streams with a bankfull width less than 15 feet 
compare favorably with the median of sample dataset; however, the PIBO 25th percentile value for 
streams with a bankfull width greater than 15 feet is less than all percentiles for the sample dataset. This 
indicates that either that protocol differences may have resulted in a greater pool frequency in the DEQ 
dataset for wider streams, or that wider streams in the Lower Gallatin have a greater pool frequency 
potential than the 25th percentile of reference (Table 5-10). Although the Lower Gallatin TPA is slightly 
east of the area where the USFS Inland Native Fish (aka INFISH) Riparian Management Objectives apply 
(west of the Continental Divide), the INFISH values were evaluated in addition to the sample dataset to 
determine the most appropriate reference percentile for target development (Table 5-10).  
 
Although streams with a bankfull width greater than 50 feet have an INFISH value close to the PIBO 
reference 25th percentile, all but one reach (SMITH01-05) from the Lower Gallatin watershed had a 
mean bankfull width less than 36 feet. Therefore, the PIBO 25th percentile for streams with a bankfull 
width greater than 15 feet is much too low to be used as a target value. The pool frequency target for 
streams with a bankfull width less than 15 feet is set at greater than or equal to the 25th percentile of 
PIBO reference; the target for streams with a bankfull width greater than 15 feet is set at greater than or 
equal to the median of PIBO reference (bold in Table 5-10). Pools per mile should be calculated based 
on the number of measured pools per reach and then scaled up to give a frequency per mile. 
 
Table 5-10. PIBO Reference and 2009 DEQ Sample Data Percentiles for Pool Frequency (pools/mile) 
and INFISH Riparian Management Objective Values.  
Targets are shown in bold. 

Category 
PIBO Reference DEQ Sample Data 

n Median 25th n 25th Median 75th 
< 15 ft bankfull width 10 101 84 9 74 84 95 
> 15 ft bankfull width  56 52 22 14 28 55 76 

 
INFISH 
Riparian Management Objectives 

< 20 ft bankfull width: 96-56  
25 ft bankfull width: 47 

50 ft bankfull width: 26 
100 ft bankfull width: 18 
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5.4.4.3 Large Woody Debris 
Large woody debris (LWD) is a critical component of stream ecosystems, providing habitat complexity, 
quality pool habitat, cover, and long-term nutrient inputs. LWD also constitutes a primary influence on 
stream function, including sediment and organic material transport, channel form, bar formation and 
stabilization, and flow dynamics (Bilby and Ward, 1989). LWD numbers generally are greater in smaller 
low-order streams and decrease as streams get larger and the composition of the riparian vegetation 
shifts. The application of an LWD target will carry very little weight in verifying sediment impairment but 
may have significant implications as an indicator of a non-pollutant type of impairment.  
 
For DEQ sampling in 2009, wood was counted as LWD if it was greater than 9 feet long, or two-thirds of 
the wetted stream width, and 4 inches in diameter at the small end (Overton et al., 1997). The LWD 
count for PIBO was compiled using a different definition of LWD; if measurements were conducted by 
DEQ and PIBO protocols within the same reach, the PIBO LWD count would likely be greater because it 
includes pieces 3 feet long and 4 inches in diameter. For streams with a bankfull width of less than 15 
feet, the DEQ sample dataset median was equal to the 25th percentile of the PIBO reference data; 
however, for wider channels, the sample dataset had much lower LWD counts than the PIBO dataset 
(Table 5-11). This difference for larger channel widths may partially be a result of different 
measurement protocols but is also likely a result of past land conversion and riparian vegetation 
removal within the wider valley sections of streams. An additional factor is that the typical trend of less 
LWD in larger streams is not reflected in the PIBO dataset. Given that the 75th percentile of the sample 
dataset does meet the reference 25th percentile for both bankfull width categories, an appropriate 
target frequency is likely between the 25th percentile reference values (i.e., 143–239) (Table 5-11). The 
target for all streams will be set at 143 LWD/mile.  
 
Table 5-11. PIBO Reference and 2009 DEQ Sample Data Percentiles for Large Woody Debris Frequency 
(LWD/mile).  
Target value is shown in bold. 

Category 
PIBO Reference DEQ Sample Data 

n Median 25th n Median 75th 
< 15 ft bankfull width 11 281 143 9 143 216 
> 15 ft bankfull width 55 343 239 14 53 257 
 
5.4.5 Human Sediment Sources 
The presence of human sediment sources does not always result in sediment impairment of a beneficial 
use. When there are no significant identified human sources of sediment within the watershed of a 
303(d) listed steam, no TMDL will be prepared, since Montana’s narrative criteria for sediment cannot 
be exceeded in the absence of human causes. There are no specific target values associated with 
sediment sources; however, the overall extent of human sources will be used to supplement any 
characterization of impairment conditions. This includes evaluating human-caused and natural sediment 
sources, along with field observations and watershed-scale source assessment information obtained 
using aerial imagery and GIS data layers.  
 
Because sediment transport through a system can take years or decades, and because channel form and 
stability can influence sediment transport and deposition, any evaluation of human-caused sediment 
sources must consider both current and historical sediment loading as well as historical alterations to 
channel form and stability because those changes still have the potential to contribute to sediment 
and/or habitat impairment. Source assessment analysis will be provided by 303(d) listed waterbody in 
Section 5.6, with additional information in Appendix C and Attachments A, B, and C. 
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5.4.6 Biological Index 
Siltation exerts a direct influence on benthic macroinvertebrate communities by filling in spaces 
between gravel and by limiting attachment sites. Macroinvertebrate communities respond predictably 
to siltation by shifting from natural or expected taxa to a prevalence of sediment-tolerant taxa (as 
opposed to those that require clean gravel substrates). Macroinvertebrate bioassessment scores are an 
assessment of the macroinvertebrate assemblage at a site. DEQ uses one bioassessment methodology 
to evaluate stream condition and aquatic life beneficial-use support. Aquatic insect communities may be 
altered as a result of different stressors, such as nutrients, metals, flow, and temperature, and the 
biological index values must be considered along with other parameters that are more closely linked to 
sediment.  
 
DEQ uses the Observed/Expected Model (O/E) to assess macroinvertebrate communities. The rationale 
and methodology for the index is presented in the DEQ Benthic Macroinvertebrate Standard Operating 
Procedure (Montana Department of Environmental Quality, Water Quality Planning Bureau, 2006). The 
O/E 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. It is expressed as a ratio of the 
Observed/Expected taxa (O/E value). The O/E community shift point toward a more sediment-tolerant 
taxa for all Montana streams is any O/E value <0.80. Therefore, an O/E score of ≥0.80 is established as a 
sediment target in the Lower Gallatin TPA.  
 
Unless noted otherwise, macroinvertebrate samples discussed in this document were collected 
according to DEQ protocols. DEQ protocols have changed some within the last 10 years. All available 
data collected within that time are presented in this document; however, the current protocol, MAC-R-
500, which is a reach-wide composite from both riffles and pools, is considered the most reliable for use 
with the O/E model. USFS data were collected according to the PIBO protocol, which is done with a kick 
net in two sections of the first four riffles/runs within a reach (Heitke et al., 2010); it is comparable to 
the MAC-R-500 method (personal communication, Dave Feldman, 2012). 
 
An index score greater than the threshold value is desirable, and the result of each sampling event is 
evaluated separately. Because index scores may be affected by other pollutants or forms of pollution, 
such as habitat disturbance, they will be evaluated in consideration of more direct indicators of excess 
sediment. In other words, not meeting the biological target does not automatically equate to sediment 
impairment. Additionally, because the macroinvertebrate sample frequency and spatial coverage is 
typically low for each watershed, and because of the extent of research showing the harm of excess 
sediment to aquatic life, meeting the biological target does not necessarily indicate a waterbody is fully 
supporting its aquatic life beneficial use. For this reason, macroinvertebrate data are not required for a 
TMDL development determination, and available data will evaluated in conjunction with values for 
other target parameters. 
 

5.5 EXISTING CONDITION AND COMPARISON TO WATER QUALITY TARGETS 
This section includes a comparison of existing data with water quality targets, along with a TMDL 
development determination for each stream segment of concern in the Lower Gallatin watershed 
(Section 5.2). The TMDL development determination is whether or not recent data supports the 
impairment listing and whether a TMDL will or will not be completed, but it is not a formal impairment 
assessment. All waterbodies reviewed in this section are listed for sediment impairment on the 2012 
303(d) List. Although inclusion on the 303(d) list indicates impaired water quality, a comparison of water 
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quality targets with existing data helps define the level of impairment and establishes a benchmark to 
help evaluate the effectiveness of restoration efforts. 
 
5.5.1 Bear Creek (MT41H003_081) 
Bear Creek (MT41H003_081) is listed for sedimentation/siltation and solids (suspended/bedload) on the 
2012 303(d) List. In addition, this segment is also listed for alteration in streamside or littoral vegetative 
covers, which is a non-pollutant listing commonly linked to sediment impairment. Bear Creek was 
initially listed for sediment impairment in 2006 based on data collected in 2003 indicating the watershed 
has naturally erosive soil but that the sediment supply was elevated from disturbances associated with 
livestock and unpaved recreational vehicle trails/roads. Additionally, a water quality report from 1978 
(APO) indicated residential development could be a factor, since home construction in the canyon had 
decreased bank vegetation and driveway culverts were undersized. Bear Creek flows 10.2 miles from its 
headwaters to its mouth at Rocky Creek. 
 
Physical Condition and Sediment Sources 
During data collection in 2003, the Gallatin National Forest coordinated with the Gallatin Local Water 
Quality District, DEQ, and the Montana Water Center to collect measurements of bedload, turbidity, 
suspended sediment, channel form, riffle fine sediment (via pebble count), macroinvertebrates, and 
stream discharge. Concurrently, the Gallatin National Forest conducted a fish habitat and abundance 
study that included percent fines <2mm (via visual estimate with a grid), pool and large woody debris 
frequency, residual pool depth, and identification of unstable streambanks.  
 
There were eight turbidity/suspended sediment/bedload sites, four channel form/pebble 
count/macroinvertebrate sites, and four fish sites that captured a range of potential human effects. The 
uppermost site was upstream of most trails, another site was downstream of two trail fords and a 
landslide area, and the most downstream extent was downstream of the USFS boundary in an 
agricultural area near the Bozeman Trail Road. The monitoring conclusions are discussed here, and 
results were reviewed in comparison with the 2009 DEQ data. However, no data are presented because 
conditions from 2003 are no longer representative of conditions within the watershed: in 2007 and 2008 
the most erosive section of trail was relocated and extensive rehabilitation work was conducted (Figure 
5-2), drainage was improved, and new trail bridges were installed. In total, the USFS decommissioned 
approximately 5 miles of road in the watershed in 2007–2008. 
 

 
Figure 5-2. 2007–2008 photos of obliterated section of trail (courtesy of Gallatin National Forest). 
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During the sampling in 2003, pool habitat quality was variable, but both quality and abundance were 
lowest at sites that were downstream of the most erosive sections of trail. Unstable streambanks were 
common at all sites; causes were cited as natural geology, varying degrees of cattle access on federal 
and private land, trail crossings, and channel readjustment resulting from an old lumber mill. Fine 
sediment was elevated at all sites, including those with a minimal level of upstream disturbance. Soils 
were noticeably destabilized by even the single pass of a cow (Barndt and Bay, 2004).  
 
Fish abundance was high, but the report noted observations were limited to a single year and 
emphasized the reduced quantity of fish rearing habitat, high levels of fine sediment, and sensitivity of 
soils to disturbance. Evaluation of trail-related effects to turbidity were limited by a lack of runoff. 
Elevated fine sediment was noted during periods of active stream fording and in association with 
irrigation return flows and near-channel grazing, but much sediment was also attributed to the natural 
instability of the system and fine soil texture.  
 
The Gallatin National Forest followed up with sediment sampling in 2011 at four of the sites from 2003. 
The sampling locations ranged from just upstream of the former trail ford area to the same downstream 
extent used in 2003, which represents agricultural land downstream of the USFS boundary. Runoff in 
2011 was above average, and sediment and turbidity levels were the highest measured since monitoring 
was initiated in 1989, making a comparison with 2003 difficult. The 2011 data indicated the trail 
relocation and improvement efforts eliminated a sediment hotspot; however, similar to the 2003 data, 
the monitoring results did not allow for separation of the natural versus human contribution to elevated 
fine sediment (Story and Hancock, 2011). Although conditions at the most downstream site were 
somewhat improved in 2011 from the bare eroding streambanks observed in 2003, grazing along the 
stream and irrigation return flows were cited as remaining significant sediment sources from human 
activity. 
 
In 2009 DEQ assessed sediment and habitat on two sites on Bear Creek (Figure 5-1). The uppermost site 
(BEAR18-01) was on USFS-administered land upstream of the Bear Canyon trailhead and overlapped 
with part of the trail section that was rehabilitated in 2007. It appeared that the relocation and 
rehabilitation work mitigated direct sediment inputs from the trail network, but some localized 
streambank erosion was attributed to the former trail network, particularly near historic stream 
crossings. Evidence of past riparian logging was observed along the channel, but the reach was lined 
with dense riparian shrubs that limited bank erosion. Pools were primarily at the outside of meander 
bends, the substrate was embedded, and there was silt along the channel margin.  
 
The other assessment site (BEAR26-02) was in the lower portion of the segment, where the stream 
meanders through a broad valley with a mix of agriculture and rural residential development. A fence 
bordering a hayfield along the reach was falling into the channel, indicating active bank erosion. The 
channel was overwidened in sections, especially downstream of large eroding banks. Pools were 
primarily formed by woody debris from riparian shrubs, which were dense on the inside of meander 
bends. Vegetation on the outside of meander bends was primarily limited to grasses, and bank erosion 
was attributed to encroachment by cropland.  
 
In 2009 DEQ evaluated one additional site for streambank erosion (BEAR20-01). The site was a confined 
section of stream located upstream of the Bear Canyon trailhead and had a limited amount of rural 
residential development. Bank erosion was primarily limited to sections where the stream was eroding 
away at the base of the hillslope, and all erosion at this site was attributed to natural sources. 
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Streambanks at all sites corresponded with observations from the USFS reports in that they were 
primarily composed of highly erodible fine sediment. 
 
During reconnaissance work for the sediment and habitat assessments in July 2009, a storm event 
occurred and a gully was observed at the edge of the road that started above the trailhead parking lot 
and continued to pick up sediment until it discharged near a culvert into New World Gulch, a tributary to 
Bear Creek (Figure 5-3). 
 

 
Figure 5-3. Road erosion and associated sediment loading to Bear Creek observed in 2009. 
 
The nutrient source assessment report (Attachment B) corresponds with observations from the 2009 
sediment and habitat assessments as well as observations from the USFS sampling: riparian vegetation 
was typically dense and sediment sources were from naturally erosive soils, streambank and trail 
erosion, unpaved road crossings, and grazing on public and private land. 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Bear Creek are summarized in Table 5-12. The 
macroinvertebrate bioassessment data are located in Table 5-13. Four macroinvertebrate samples were 
collected in 2003 but are not included in Table 5-13 because of the extensive trail rehabilitation work 
conducted in 2007 and 2008. All 2003 samples met the target. All bolded cells are beyond the target 
threshold; depending on the target parameter, this may equate to being below or above the target 
value. 
 
Table 5-12. Existing sediment-related data for Bear Creek relative to targets.  
Values that do not meet the target are in bold. 
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Table 5-13. Macroinvertebrate bioassessment data for Bear Creek.  
Values that do not meet the target threshold (0.80) are in bold. 

Station ID Location Collection Date Collection Method O/E 
M05BEARC05 0.2 mile downstream of USFS boundary 8/22/2011 MAC-R-500 1.08 
 
Summary and TMDL Development Determination 
Both sites met the riffle fine sediment targets but both failed to meet the pool tail grid toss target. 
Although some localized channel overwidening was observed, both sites met channel form targets. 
Additionally, pool frequency and residual pool depth targets were met. Likely as a result of past harvest 
practices in the forest and the valley, the lower site was well below the LWD target. The 
macroinvertebrate sample met the target. 
 
Although field methods varied slightly between sampling events in 2003 and 2009, general comparisons 
were made to help evaluate instream changes resulting from the trail rehabilitation project. In 2009 fine 
sediment values were less, channel form measurements and residual pool depths were similar, pool 
frequency was greater in the valley portion of the segment, and LWD was greater but still very limited in 
the valley portion of the segment. Recent data and field observations, along with data collected before 
the trail rehabilitation project, indicate the work conducted in 2007–2008 addressed a substantial 
human source of sediment to Bear Creek and that the system is recovering. Although the silt observed 
at the channel margins and substrate embeddedness at the upper site may be partially to entirely 
natural, the elevated fine sediment in pool tails, in combination with remaining human sources and the 
sensitivity of the watershed to disturbance, support the listing. A sediment TMDL will be developed for 
Bear Creek.  
 
5.5.2 Bozeman Creek (aka Sourdough Creek) (MT41H003_040) 
Bozeman Creek (MT41H003_040) is listed for sedimentation/siltation on the 2012 303(d) List. In 
addition, this segment is also listed for alteration in streamside or littoral vegetative covers, which is a 
non-pollutant listing commonly linked to sediment impairment. Bozeman Creek was initially listed for 
sediment impairment in 1990 based on reports from the late 1970s documenting sedimentation 
associated with agricultural and urban runoff as well as logging. Bozeman Creek forms within the 
Gallatin National Forest, but the listed segment extends 4.9 miles from the confluence of Limestone 
Creek to its mouth at the East Gallatin River. The portion of Bozeman Creek from its headwaters to the 
water supply intake for Bozeman near the USFS boundary is designated as A-Closed. It is commonly 
called Sourdough Creek upstream of the USFS boundary and Bozeman Creek downstream of the USFS 
boundary; as explained in the Table ES-1 of the Executive Summary, the stream will be referred to as 
Bozeman Creek throughout this document.  
  
Physical Condition and Sediment Sources  
In addition to past sediment inputs from logging and associated roads, one potential sediment source to 
Bozeman Creek from the upper watershed is from the breach of the Mystic Lake Dam, which was 
conducted during low flow in 1985. After the breach, sediment within the reservoir was left 
undisturbed, and restoration work was conducted in a 100-meter segment of stream channel and 
riparian downstream of the dam. Although sediment from the reservoir has likely been flushed 
downstream since the breach, a study of the ecological response of the dam removal concluded the 
nature of the dam operation and removal resulted in no noticeable downstream geomorphologic or 
riparian changes (Schmitz et al., 2008).  
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In 2002 the Bozeman Watershed Council (now defunct) conducted an assessment of watershed health 
that involved collecting sediment and habitat data along the entire stream. The stream was broken into 
10 zones, which were then broken into sampling reaches. Zones 8 through 10 roughly correspond to the 
segment of Bozeman Creek listed for sediment impairment; zone 8 was indicated as the area where 
urban influences become more concentrated.  
 
The assessment concluded that the upper watershed lacked LWD, had steep slopes and highly erodible 
soils (which are prone to landslides), and contained limited spawning habitat. It cited roads and upland 
erosion near the city’s water supply intake as potential sediment sources within the upper watershed. 
Sediment inputs in the upper watershed were estimated to be near the pre-logging level, and although 
erosion from a severe fire was noted as a risk, the predominant issues were nonpoint sources associated 
with urbanization in the lower watershed. Reaches within zones 8 through 10 were the only sections 
identified as having low habitat integrity. Limiting factors were noted as channelization and 
entrenchment, sediment accumulation from streambank erosion and low flow, unstable streambanks, 
barriers and riprap, and lack of riparian vegetation and LWD.  
 
Increased streamflow velocity from riprap, lack of riparian vegetation, and the orientation of a 
residential stormwater drain were cited as sources of streambank erosion. In addition to these 
limitations, the USFS fisheries biologist, Scott Barndt, noted that pool habitat was lacking and there were 
high levels of fine sediment. At the assessment reaches within zones 8 through 10, fine sediment was 
estimated at 30% and 40%, respectively, LWD frequency ranged from 2 to 52 pieces per mile, and pool 
frequency ranged from 3 to 39 pools per mile.  
 
The data from 2002 were used in a study that evaluated the differences in geomorphology and habitat 
among different land-use classes (McIlroy et al., 2008). The study area started near the USFS boundary 
at the city’s diversion dam and contained five land use classes: agriculture, forest, industrial, high 
density, and low density (which had a municipal park broken out for the analysis). Channel sinuosity was 
significantly different between high density and agricultural, low density, and park classes. The 
agricultural class had more undercut and unstable streambanks and the greatest pool length and pocket 
pool abundance. Pocket pool abundance was lowest, and the percentage of silt/clay was greatest, in the 
high density areas. The percentage of sand and gravel were similar across land-use categories. Overall, 
the study concluded that LWD abundance was low; values ranged from 0 to 264 pieces per mile, with an 
average of 54 pieces per mile and a median of 83 pieces per mile. Intentional wood removal was 
determined to be a factor, and the importance of public education and outreach was emphasized. 
 
In 2004 DEQ conducted an assessment at two sites. The upper site (M05SOURC01) was located at the 
top of the listed segment. The substrate was gravel and cobble, and fine sediment deposition was 
observed in pools. There were some actively eroding streambanks, particularly where the channel 
abutted a pasture/hayfield. LWD was abundant at the site. Most of the riparian vegetation was 
contained within a city-owned recreational trail and was well conserved. The other site (M05SOURC02) 
was approximately 0.25 mile upstream of the mouth. The stream was channelized and incised but 
typically had a healthy riparian zone with regenerating willows. The streambanks were frequently 
armored, and the site was lacking pools because of the channelization. Accumulations of fine sediment 
were mostly limited to the channel margin.  
  
In 2009 DEQ assessed sediment and habitat at two monitoring sites on Bozeman Creek (Figure 5-1). The 
upper site (BOZE14-01) was upstream of the listed segment but was evaluated as part of the source 
assessment and to assess instream conditions upstream of the listed segment. The site was just 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 5.0 

3/28/13 FINAL 5-23 

upstream of the Sourdough Canyon trailhead (the trail was formerly a road, and there was occasional 
riprap along the channel where the stream abutted the trail). Riparian vegetation was dense at the site 
and included alders, red-osier dogwoods, and willows in the understory, with cottonwoods in the 
overstory. The substrate was mostly small cobble and coarse gravel, and the majority of the site was 
riffle habitat. Pools were formed by lateral scour and LWD aggregates; one large LWD jam was observed. 
Spawning potential was estimated to be limited because of the large substrate. Some fine sediment 
accumulations were observed along the channel margin, and the substrate in pool tails was embedded. 
Streambank erosion was fairly limited but was observed in a couple places where the trail encroached 
on the channel. It appeared silt fencing had been used to limit trail sediment inputs to the stream but 
was inadequately maintained because fencing was tangled with LWD in the channel at this site and the 
next site downstream (BOZE15-01). On a side note, the Gallatin Valley Land Trust completed an 
improvement project in October 2011 that included moving the trail access road farther from the 
stream to reduce sedimentation (Flandro, 2011). 
 
The lower site (BOZE18-04) was in a channelized section of stream near downtown Bozeman and is 
bordered by houses on the left and Bogert Park on the right. There were a few small pocket pools with 
spawning sized gravels along the channel margin, but habitat was mostly riffle. The left side of the 
channel was hardened in many places by retaining walls and riprap; the right side was mostly lined with 
a narrow band of large deciduous trees. One large eroding streambank was associated with recreational 
access from the park. Although there was a fair amount of bare ground along the channel, streambank 
erosion was typically limited because of stabilization by roots from the trees and the extensive use of 
riprap. 
  
In 2009 DEQ evaluated two additional sites for streambank erosion. The upper site (BOZE15-01) was 
well upstream of the listed segment approximately 1 mile downstream of BOZE14-01 and near the Nash 
Road crossing. Some old riprap was observed, but surrounding land-use practices appeared to have 
minimal effects on the site. Bank erosion was limited as a result of cobbles armoring the streambanks 
and roots from cottonwood trees in the riparian zone. All erosion was attributed to natural sources. The 
other site (BOZE18-05) was located near the downstream end of the segment in an industrial area north 
of I-90 and just upstream of M05SOURC02, which DEQ sampled in 2004. Streambank erosion was 
limited as a result of extensive riprap that had been strategically placed along meander bends. A 
component of the bank erosion was attributed to natural sources but the majority was attributed to 
urban development. Riparian vegetation consisted of a dense band of willows and alders along the 
channel margin with some cottonwoods in the overstory. 
 
The nutrient source assessment report (Attachment B) noted minimal sources within the Gallatin 
National Forest associated with recreational trails but increasing sources in a downstream direction as 
residential and urban development intensifies. Downstream of the forest boundary, riparian buffers 
along pastureland were typically dense and wide. In residential areas upstream of Bogert Park, riparian 
vegetation was predominantly dense and healthy, and bank erosion was limited to areas of pasture and 
lawn encroachment. Riparian quality was much lower and streambank trampling and erosion much 
more common in residential and industrial areas downstream of Bogert Park. However, streambank 
erosion was limited along many residences because of extensive riprap. Riparian quality improved and 
bank erosion was much lower near the bottom of the segment downstream of Tamarack Street; 
however, fine sediment accumulations were observed in areas with slower moving water. Recreational 
trails and roads were noted as a minor source, but stormwater was identified as a potentially significant 
source.  
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The USFS has recently identified Bozeman Creek as a priority watershed for restoration. Some sediment-
related items identified as key issues in the restoration action plan include five splash dams that were in 
the channel between 1878 and 1910, which caused considerable damage to the channel, as well as road 
density and deferred road/trail maintenance (U.S. Forest Service, 2011). Additionally, approximately 50 
feet of road/trail slumpage occurred near the Mystic Lake rental cabin in 2011. The USFS estimates that 
sediment yields are barely over a pristine baseline (3.4%); however, the action plan includes projects 
aimed to reduce sediment inputs to the creek, such as repairing the road slump and storm-proofing the 
road and trail system. Also, because of the estimated risk of a large-scale wildfire and associated 
resulting ash and fine sediment loads that would end up in Bozeman Creek (and the city’s water supply 
intake), the USFS will be conducting a harvesting and thinning project. The project is not anticipated to 
affect water yield and will not involve any harvesting within the riparian zone. Further, the USFS 
estimates it will increase the short-term sediment yield by 1.3% (for a total of 4.7% over pristine) (U.S. 
Department of Agriculture, Forest Service, Gallatin National Forest, 2011). 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Bozeman Creek are summarized in Table 5-14. The 
macroinvertebrate bioassessment data for Bozeman Creek is in Table 5-15. All bolded cells are beyond 
the target threshold; depending on the target parameter, this may equate to being below or above the 
target value. 
 
Table 5-14. Existing sediment-related data for Bozeman Creek relative to targets.  
Values that do not meet the target are in bold. 
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M05SOURC
01 2004  C4 -- 8 7 -- 16.8 2.7 -- -- -- 

M05SOURC
02 2004 22 G4/F4 -- 14 8 -- 15.7 1.6 -- -- -- 

PIBO2316* 2007 19.7 -- -- 6 3 3 16.9 -- 1.0 49 264 
BOZE14-

01* 2009 22.3 C3/C4/E3 C3 8 4 10 14.2 5.5 1.3 53 158 

BOZE18-04 2009 23.8 B4c/F4/G4c B4c 10 8 14 12.8 1.4 1.3 11 37 
*Upstream of listed segment 
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Table 5-15. Macroinvertebrate bioassessment data for Bozeman Creek.  
Values that do not meet the target threshold (0.80) are in bold. 

Station ID Location Collection 
Date 

Collection 
Method O/E 

BOZMC02 E. Lincoln St. below storm outfall 

7/24/2008 MAC-R-500 1.14 
7/19/2009 MAC-R-500 1.01 
7/12/2010 MAC-R-500 1.14 
8/20/2011 MAC-R-500 1.27 

BOZMC01 1.4 miles upstream of mouth near the old library 

7/24/2008 MAC-R-500 1.14 
7/19/2009 MAC-R-500 0.89 
7/12/2010 MAC-R-500 0.89 
8/20/2011 MAC-R-500 1.14 

M05BOZMC01 At the mouth 8/30/2005 KICK 1.14 
M05SOURC02 0.25 mile upstream of the mouth 8/2/2004 KICK 1.26 

M05SOURC01 Upper end of segment just downstream of 
confluence with Limestone Creek 8/2/2004 KICK 1.15 

 
Summary and TMDL Development Determination 
All sites met the target for fine sediment in riffles. Although BOZE14-01 is upstream of the listed 
segment and had less fine sediment in riffles and pools than BOZE18-04, both DEQ sites from 2009 
exceeded the pool tail grid toss target for fine sediment. The sediment assessment procedure 
performed for the 2002 watershed assessment varied from the more recent assessment procedures; 
however, in 2002 excess fine sediment was noted as a widespread problem throughout the segment.  
 
Both channel form targets were met at all sites; however, the channel was more entrenched within the 
listed segment, which corresponds with observations from the assessments performed in 2002 and 
2004. The residual pool depth target was met at all sites, but the PIBO site was just short of the pool 
frequency target, and BOZE18-04 was well below the pool frequency target. Both sites upstream of the 
listed segment met the LWD frequency target; however, BOZE18-04 was well below the target. Although 
all macroinvertebrate samples met the target value, fine sediment and habitat parameters, as well as 
observations about the effects of urbanization, are consistent with the 2002 watershed assessment and 
sampling conducted in 2004. This information supports the 303(d) listing; a sediment TMDL will be 
developed for Bozeman Creek.  
 
5.5.3 Camp Creek (MT41H002_010) 
Camp Creek (MT41H002_010) is listed for sedimentation/siltation on the 2012 303(d) List. In addition, 
this segment is also listed for alteration in streamside or littoral vegetative covers, physical substrate 
habitat alterations, other anthropogenic substrate alterations, and low-flow alterations, which are non-
pollutant listings commonly linked to sediment impairment. Camp Creek was initially listed for sediment 
impairment in 1988 based on reports going back to the late 1970s documenting sedimentation and 
limitation of the fishery associated with channel changes, realignment due to road construction, 
irrigation runoff, bank erosion and removal of riparian vegetation associated with cattle grazing, and 
increased flow from irrigation returns. Camp Creek flows 29.6 miles from its headwaters to the mouth at 
the Gallatin River. 
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Physical Condition and Sediment Sources 
In 2001 DEQ assessed two sites on Camp Creek: one was about a mile upstream of Anceney and the 
other was approximately 1 mile upstream of the confluence with Baker Creek. The site near Anceney 
had all sizes of rock and gravel but was choked by sand and silt. The site had been heavily grazed for 
generations, resulting in over-browsed riparian vegetation and an overwidened channel. Undercut 
streambanks and overhanging willows were providing some good pools and cover for fish.  
 
The lower site near Baker Creek had been formerly overgrazed but had recently changed ownership, and 
conditions appeared to be improving. Large accumulations of sand, silt, and clay were prevalent and 
noted to be filling pools and reducing fish habitat. LWD was rare, and an altered flow regime was 
causing lateral downcutting and channel incisement. Soils at both sites were noted as naturally erosive, 
but loading was being increased by grazing and dryland agriculture.  
 
In 2009 DEQ assessed sediment and habitat on three sites on Camp Creek. The uppermost site 
(CAMP14-05) was highly entrenched with large eroding streambanks where the stream meandered into 
the valley wall. The channel entrenchment, as well as much of the streambank erosion, was attributed 
to past vegetation removal and agricultural practices. Other human sources of bank erosion were 
riparian grazing and cropland. The site was used for livestock grazing and had a hayfield along the right 
side of the channel. The channel margin contained wetland vegetation, grasses, and periodic shrubs, 
with junipers and rose growing beyond the bankfull zone. The streambanks and streambed were 
composed of sand and silt. The channel contained dense aquatic vegetation, and fine sediment in pool 
tails was likely limiting spawning potential. Camp Creek conveys irrigation water drawn from the Gallatin 
River, and it appeared that streamflows increased between this site and the next downstream site 
(CAMP14-12).  
 
CAMP14-12 was very similar in character to the upper site in that it was highly entrenched with large 
eroding streambanks composed of sand and silt. The stream was fairly close to the road on the right side 
and had a hayfield on the other side that extended to the valley terrace. The upstream addition of 
irrigation return flows were apparent, since the channel was near bankfull in late August; the landowner 
commented that the high flows appeared to be accelerating streambank erosion. Additionally, the 
landowner said that the stream was historically in the center of the hayfield but was relocated. 
Streambank erosion was primarily attributed to past irrigation water management but also to cropland 
management. Wetland vegetation lined much of the channel, which was narrow and deep, but the 
upper end of the site had a wider and shallower channel lined with large willows and grasses. The 
streambed was primarily fine sediment and likely limits the spawning potential. Although pools were 
numerous, the elevated flows in the narrow channel and easily disturbed fine grain sediment prevented 
the field crew from performing pool tail grid toss measurements. 
 
The most downstream site (CAMP15-04) was just downstream of I-90 in a section that resembles a 
spring creek. This section of stream is within the floodplain of the Gallatin River and receives numerous 
groundwater and spring inputs. The channel was wide with low streambanks that contained much less 
silt than the other assessment sites. Streambank erosion was limited to places historically used for 
livestock access. During the assessment, the site appeared to be used lightly for grazing, but cattle were 
observed there in December, indicating it may be used as a winter pasture. The reach was primarily a 
riffle but contained large deep pools with poorly defined tails at the outside of meander bends. There 
was little shrub cover, and riparian vegetation was primarily wetland vegetation and grasses.  
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In 2009 DEQ evaluated one additional site for streambank erosion (CAMP13-02). The site was near the 
Anceney site from 2001 in an area used for grazing, but a portion of the stream was partially fenced off. 
Streambank erosion at the site was primarily attributed to natural sources, and the erosion rate was 
limited by dense riparian shrubs. 
 
The nutrient source assessment report (Attachment B) documented extensive agricultural sources 
downstream of Norris Road, which is just upstream of CAMP14-05. Sources included bank erosion 
associated with overgrazing and pasture encroachment on the stream channel, livestock confinement 
areas near the stream, and unpaved road crossings. 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Camp Creek are summarized in Table 5-16. No 
macroinvertebrate data are available for Camp Creek. All bolded cells are beyond the target threshold; 
depending on the target parameter, this may equate to being below or above the target value. 
 
Table 5-16. Existing sediment-related data for Camp Creek relative to targets.  
Values that do not meet the target are in bold. 
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CAMP14-05 2009 12.3 E4/B4c/5c E4 61 36 83 11.1 1.7 1.1 95 216 
CAMP14-12 2009 17.1 B4c E4 14 10 No Data 14.0 2.1 1.1 90 26 
CAMP15-04 2009 36.6 C3/C4 C4/E4 9 9 24 22.2 6.4 1.9 16 26 
 
Summary and TMDL Development Determination 
The upper site was well over the riffle pebble count targets, and both sites with grid toss data exceeded 
the target. Reflecting the entrenched nature of the channel at the middle and upper site, both sites 
failed to meet the entrenchment ratio target. The middle site exceeded the target for width/depth ratio, 
which is likely a factor of irrigation water management and prolonged elevated flows. The middle site 
was just below the target for residual pool depth. Although the most downstream site had deep pools, it 
was well below the target for pool frequency. Both the middle and most downstream site were well 
below the target for LWD. Soils in the Camp Creek watershed are sensitive to disturbance, and based on 
the recent data, excess sediment loading associated with channel realignment, overgrazing, and 
irrigation continue to overwhelm the system’s sediment transport capacity. This information supports 
the 303(d) listing; a sediment TMDL will be developed for Camp Creek.  
 
5.5.4 Dry Creek (MT41H003_100) 
Dry Creek (MT41H003_100) is listed for sedimentation/siltation on the 2012 303(d) List. In addition, this 
segment is also listed for alteration in streamside or littoral vegetative covers and physical substrate 
habitat alterations, which are non-pollutant listings commonly linked to sediment impairment. Dry 
Creek was initially listed for sediment impairment in 1992 based on data from the late 1970s noting 
channel realignment associated with transportation, as well as a 1991 DEQ assessment that 
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documented reduced riparian vegetation and siltation and streambank failure associated with 
agriculture. Dry Creek flows 20.1 miles from its headwaters to the mouth at the East Gallatin River. 
  
Physical Condition and Sediment Sources  
A small portion of the upper watershed containing tributary headwaters is on land administered by the 
USFS and contains a grazing allotment (Figure 5-1). In an evaluation for the North Bridgers Allotment 
Management Plan Update Environmental Impact Statement (U.S. Forest Service, 2007), the riparian 
vegetation for all sites within the allotment was rated as in proper functioning condition (Prichard, 
1998). No potential grazing-related effects to water quality were noted for this allotment. 
 
In 2009 DEQ assessed sediment and habitat at two monitoring sites on Dry Creek (Figure 5-1). The upper 
site (DRY09-05) was near the Menard Road crossing in an entrenched section of stream, with large 
eroding streambanks at the outside of meander bends, and was surrounded by grazing pasture. 
Streambanks were composed almost entirely of sand/silt, and bank erosion was attributed to grazing. A 
meander scar was observed on the abandoned floodplain, indicating the stream was not historically 
entrenched. Woody shrubs were sparse, but the channel appeared to be recovering: it was establishing 
a new floodplain within the entrenched valley and had wetland vegetation stabilizing the inside of 
meander bends. Pools predominantly occurred at the outside of meander bends and were deep. Fine 
sediment deposition was observed in some pool tails.  
 
The lower site (DRY12-06) was approximately 3 miles upstream from the mouth. The stream was 
entrenched at the upper end of the site but had better floodplain access at the lower end of the site; the 
source of entrenchment was unclear. The streambanks had some coarse and fine gravel but were 
predominantly sand/silt. Bank erosion was attributed to past agriculture and vegetation removal. The 
landowner identified several areas of active bank retreat. Willows, wetland vegetation, and other 
streambank-stabilizing plants were colonizing the newly forming floodplain at the lower end of the site, 
indicating the site is recovering. However, most of the streambanks were lined with reed canary grass 
(which has deep roots but tends to out-compete native vegetation). Riffles were predominantly cobbles, 
but fine sediment accumulations were noted at the bottom of deep pools under eroding streambanks. 
Because of turbidity, no grid tosses were performed in pool tails (potential spawning locations could not 
be identified). 
 
The nutrient source assessment report (Attachment B) documented healthy riparian vegetation and 
stable streambanks throughout most of Dry Creek but did note several areas with large eroding banks 
because of either grazing or encroachment of pastureland onto the channel. Unpaved road crossings, 
particularly where gravel was accumulating on bridge decking, were also noted as a potential sediment 
source.  
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Dry Creek are summarized in Table 5-17. No 
macroinvertebrate data are available for Dry Creek. All bolded cells are beyond the target threshold; 
depending on the target parameter, this may equate to being below or above the target value. 
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Table 5-17. Existing sediment-related data for Dry Creek relative to targets.  
Values that do not meet the target are in bold. 
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DRY09-05 2009 14.3 B4c/G4c E4 22 19 17 11.3 1.4 1.6 74 79 
DRY12-06 2009 17.1 C4/B4c E4 15 11 No Data 13.9 3.5 1.5 37 0 
 
Summary and TMDL Development Determination 
The upper site failed to meet the riffle pebble count target for fine sediment <2mm and also the pool 
tail grid toss target. At the lower site, fine sediment accumulation was not an issue in riffles, and 
although no grid tosses were performed, field observations indicate excess fine sediment from eroding 
streambanks is accumulating in pools. The stream appeared to be recovering and narrowing at both 
sites but is still overwidened and failed to meet the target for width/depth ratio. Pools were quite deep 
at both sites but failed to meet the target for pool frequency. Also, both sites failed to meet the target 
for LWD, with the lower site having none. The recovery occurring at the assessment sites corresponds 
with observations from the nutrient source assessment: much of Dry Creek is either in good condition or 
in recovery. However, the source assessment and field observations also document the increase in bank 
erosion and downcutting that can occur when land management practices remove riparian vegetation. 
This information supports the 303(d) listing; a sediment TMDL will be developed for Dry Creek.  
 
5.5.5 Godfrey Creek (MT41H002_020) 
Godfrey Creek (MT41H002_020) is listed for sedimentation/siltation on the 2012 303(d) List. In addition, 
this segment is also listed for alteration in streamside or littoral vegetative covers, which is a non-
pollutant listing commonly linked to sediment impairment. Godfrey Creek was initially listed for 
sediment impairment in 1996 based on reports from the late 1970s as well as the early 1990s 
documenting upland erosion from cropland, overgrazing on rangeland and along the stream, lack of 
riparian vegetation, streambank erosion, channel manipulation, and sediment from irrigation returns. 
Godfrey Creek is located just east of Camp Creek and flows 9 miles from its headwaters to mouth at 
Moreland Ditch.  
 
Physical Condition and Sediment Sources  
An extensive Section 319 (i.e., nonpoint source) project was undertaken in the early to mid-1990s to 
improve management practices in the watershed. Many landowners were involved in projects, including 
adding riparian fencing, improving grazing and manure management, and improving irrigation water 
management. DEQ conducted several assessments in the mid-1990s that noted minimal improvement 
but cited inadequate information to fully evaluate changes. The 1996 Section 319 project report 
mentioned roads as a source and noted that improvements may be limited by three irrigation canals 
crossing the watershed. 
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In 2009 DEQ assessed sediment and habitat at two monitoring sites on Godfrey Creek (Figure 5-1). The 
upper site (GOD02-01) was in a channelized section of stream along Churchill Road. The streambed was 
silty, with frequent pools and extensive macrophyte growth. The channel was lined with wetland 
vegetation and grass, and the limited amount of streambank erosion was attributed to channelization 
from the road. The lower site (GOD03-01) was located in a pasture used for grazing. The channel was 
sinuous, with fine substrate and compound pools at meander bends. Spawning-size gravels were 
observed in the pool tails. Riparian shrubs were lacking, but wetland vegetation was present along the 
channel margin. Streambank erosion was primarily observed at the outside of meander bends and was 
attributed to hoof shear and the lack of woody vegetation.  
 
The nutrient source assessment report (Attachment B) identified agricultural sediment sources 
scattered throughout most of Godfrey Creek; however, the most significant sources were observed in a 
3-mile section starting at the confluence of the east and west forks (just downstream of GOD02-01 but 
including GOD03-01). Sources were encroachment by pastureland, streambank erosion caused by 
overgrazing of riparian vegetation, the presence of near-channel livestock confinement areas, and direct 
disturbance of the channel by livestock. Sections of the stream that had better implementation of BMPs 
and dense riparian grasses had very limited bank erosion. 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Godfrey Creek are summarized in Table 5-18. No 
macroinvertebrate data are available for Godfrey Creek. All bolded cells are beyond the target 
threshold; depending on the target parameter, this may equate to being below or above the target 
value. 
 
Table 5-18. Existing sediment-related data for Godfrey Creek relative to targets.  
Values that do not meet the target are in bold. 
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GOD02-01 2009 7.9 B4c/C4/E4 E4 34 27 45 10.5 2.4 0.6 180 0 
GOD03-01 2009 10.8 B4c/C4 E4 22 16 29 13.5 2.9 0.8 95 11 
 
Summary and TMDL Development Determination 
Riffle pebble count targets were exceeded at the upper site, and both sites exceeded the target for pool 
tail grid toss. As a result of overgrazing, the lower site was overwidened and failed to meet the target for 
width/depth ratio. The upper site was slightly below the target for residual pool depth but was more 
than double the target for pool frequency. Both sites were lacking LWD and fell short of the LWD target. 
Observations from the nutrient source assessment and sediment/habitat assessment sites indicate 
many of the significant sediment sources identified in the 1990s remain, and excess sediment continues 
to overwhelm the transport capacity of Godfrey Creek. This information supports the 303(d) listing; a 
sediment TMDL will be developed for Godfrey Creek. 
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5.5.6 Jackson Creek (MT41H003_050) 
Jackson Creek (MT41H003_050) is listed for sedimentation/siltation on the 2012 303(d) List. In addition, 
Jackson Creek is also listed for alteration in streamside or littoral vegetative covers, which is a non-
pollutant listing commonly linked to sediment impairment. Jackson Creek was initially listed in 1992 
based on FWP data from 1975 citing siltation associated with channel alterations from the road and 
livestock trampling of the streambanks. Jackson Creek flows 8.6 miles from its headwaters to its mouth, 
where it joins Timberline Creek to form Rocky Creek. 
 
Physical Condition and Sediment Sources 
In 2004 DEQ assessed a site (M05JAKSC01) on land administered by the USFS downstream of an area 
that was historically logged but appeared revegetated and stable (Figure 5-1). The stream contained 
mostly runs and riffles, and some pools were associated with LWD and boulders. The substrate was 
dominated by small cobble and coarse gravel; there were some silt accumulations at the channel 
margin. The silt was attributed to past logging and possibly associated changes in water yield. The 
streambanks were generally stable but occasional bank erosion was noted as being potentially 
associated with downcutting. No evidence of grazing was observed at the site.  
 
One PIBO non-reference site (2216) approximately 0.4 mile upstream of M05JAKSC01 was sampled in 
2007 (Figure 5-1). Additionally, there is a grazing allotment on USFS-administered land within the upper 
watershed. In 2008 the Gallatin National Forest evaluated conditions in the watershed as part of the 
Bangtail Allotment Management Plan Update Environmental Assessment (U.S. Forest Service, 2009). 
According to the report, much of the Bangtail Mountains were roaded and logged in the 1980s and 
through the mid-1990s prior to a 1998 land exchange. In the Jackson Creek watershed, 1,050 acres were 
harvested by 1980, an additional 600 acres were harvested by 1988, and 598 acres were harvested by 
1998.  
 
Little commercial harvesting has occurred on public land in the watershed since that time, and many of 
the roads have been decommissioned; however, primary access roads were noted as potential sediment 
sources. A grazing allotment within the forest is another potential sediment source. The Jackson Creek 
Allotment includes 2,870 acres on national forest land and 2,301 acres on an adjacent lease on private 
land; the total number of permitted cow/calf pairs is greater than desired by the USFS (U.S. Forest 
Service, 2009). The allotment is managed under a single pasture two-month system that typically 
receives the most use in the uplands. The Environmental Assessment report noted no discernible effects 
to the stream as a result of grazing. In addition there was no change in channel stability relative to 
previous assessments, and riparian vegetation at the site was in proper functioning condition (Prichard, 
1998). However, the report noted isolated pockets of overuse by livestock during drier years, the need 
for maintenance to stock water improvements, and conifer encroachment into rangeland.  
 
In 2009 DEQ assessed sediment and habitat at two monitoring sites on Jackson Creek (Figure 5-1). The 
upper site (JACK04-01) was located on land administered by the USFS. Similar to observations from 
2004, field notes indicated signs of past logging in the upper watershed but that extensive regrowth had 
occurred. The area was lightly grazed and the channel was overwidened at one cattle access point. 
There was a high amount of fine sediment in depositional areas, but the source was not apparent. There 
was extensive LWD, and fine sediment accumulation around LWD aggregates limited pool formation.  
 
Additionally, fine sediment in pool tails likely limits spawning potential. Streambanks were 
predominantly composed of sand/silt, and erosion mostly occurred at the base of hillslopes and behind 
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LWD accumulations; sources were cited as natural, grazing, and past timber harvest. The riparian zone 
was composed of a mix of shrubs and grasses, with conifers in the overstory.  
 
The lower site (JACK10-02) was in an agricultural section of the valley bottom used for haying. Riprap 
had been added to the right streambank to limit erosion of the hayfield. The stream had a headcut near 
the lower end the site, which is an indicator of instability and channel adjustment. Rock check dams 
were observed farther upstream and may have been a contributing factor. The channel was meandering 
and was locally entrenched, but the riparian vegetation was typically a dense mixture of alder and 
grasses. Although streambanks were similar to the upper site in composition, the substrate was 
dominated by coarse gravel, and fine sediment accumulations were not observed. Streambank erosion 
was limited to areas that did not have riprap or dense riparian vegetation and was attributed to 
cropland and natural sources.  
 
The nutrient source assessment report (Attachment B) noted high riparian quality along much of 
Jackson Creek, including areas that were being actively logged in the upper watershed. Sediment 
sources were noted as past and current logging, unpaved roads, stream fords, stream encroachment by 
pasture, and livestock grazing. Some areas of streambank erosion were observed and attributed to 
grazing. 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Jackson Creek are summarized in Table 5-19. The 
macroinvertebrate bioassessment data for Jackson Creek is in Table 5-20. All bolded cells are beyond 
the target threshold; depending on the target parameter, this may equate to being below or above the 
target value. 
 
Table 5-19. Existing sediment-related data for Jackson Creek relative to targets.  
Values that do not meet the target are in bold. 
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M05JAKSC01 2004 10.9 B4/E4b -- 12 11 -- 10.0 7.2 -- -- -- 
PIBO2216 2007 10.5 -- -- 5 4 11 18.0 -- 0.5 162 95 
JACK04-01 2009 13.7 B4/E4b/G4 B4 20 16 64 13.0 2.2 0.7 53 401 
JACK10-02 2009 19.9 B4c/C4 C4 6 5 7 18.2 2.4 1.4 106 407 
 
Table 5-20. Macroinvertebrate bioassessment data for Jackson Creek.  
Values that do not meet the target threshold (0.80) are in bold. 

Station ID Location Collection Date Collection Method O/E 
PIBO_2216 1.9 miles downstream of the headwaters 7/29/2007 Surber 0.97 
WMTP99-0749 0.5 miles upstream of the USFS boundary 9/4/2002 WEMAP-RW 1.02 
M05JAKSC01 1.5 miles upstream of the USFS boundary 7/27/2004 KICK 0.62 
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Summary and TMDL Development Determination 
In 2004 the macroinvertebrate sample failed to meet the target value. The percentage of riffle fine 
sediment <2mm exceeded the target, indicating excess fine sediment may be limiting the stream’s 
ability to support aquatic life. Both the PIBO site and upper DEQ site from 2009 exceeded the pool tail 
grid toss target. The upper DEQ site from 2009 also exceeded both fine sediment targets for riffle pebble 
count. The PIBO site slightly exceeded the target for width/depth ratio but overall, channel form targets 
were met. The PIBO site also failed to meet the target for residual pool depth and LWD frequency.  
 
However, the extremely high LWD values at both DEQ sites in 2009 indicate there is more than an 
adequate amount of LWD in the stream. The upper DEQ site from 2009 did not meet the target for pool 
frequency. Although grazing still appears to be a source of excess sediment, management practices have 
improved since Jackson Creek was initially listed for impairment. Recent observations also indicate 
logging practices have improved; however, unpaved roads remain a source of excess sediment and the 
stream may still be recovering from increased sediment loading, and changes in water yield associated 
with past harvest practices. This information supports the 303(d) listing; a sediment TMDL will be 
developed for Jackson Creek. 
 
5.5.7 Reese Creek (MT41H003_070) 
Reese Creek (MT41H003_070) is listed for solids (suspended/bedload) on the 2012 303(d) List. Reese 
Creek was originally listed in 1990 based on reports from the late 1970s identifying Reese Creek as a 
major sediment source to the East Gallatin as well as a 1989 study by FWP. Reese Creek flows 8.3 miles 
from the headwaters to its mouth, where it joins Ross Creek to form Smith Creek. Because of the 
irrigation network, Ross Creek intermixes with the Dry Creek Irrigation Canal (which originates at the 
East Gallatin River) and then flows for approximately 0.3 mile before it openly mixes with Reese Creek to 
form Smith Creek (see Figure 6-9). The flow contribution from Reese Creek to Smith Creek varies, 
depending on the flow volume in the irrigation canal. 
 
Physical Condition and Sediment Sources  
A small portion of the upper watershed is on land administered by the USFS and contains a grazing 
allotment (Figure 5-1). In an evaluation for the North Bridgers Allotment Management Plan Update 
Environmental Impact Statement (U.S. Forest Service, 2007), the riparian vegetation for all sites within 
the allotment was rated as in proper functioning condition (Prichard, 1998). No potential grazing-related 
effects to water quality were noted for this allotment. 
 
In 2009 DEQ assessed sediment and habitat at two monitoring sites on Reese Creek (Figure 5-1). The 
upper site was upstream of Gee Norman Road in an area where flow is split among multiple channels. 
The assessment was performed in the largest channel, which also coincides with the NHD location of 
Reese Creek. The site appeared to have been channelized through a field at one time, but riparian 
vegetation was dense, with an alder understory and cottonwood overstory. Streambank erosion was 
attributed to past agriculture/channelization and natural sources. Likely because of being channelized, 
the stream lacked well defined pools.  
 
The lower site (REESE15-06) was near the lower end of the segment, approximately 0.4 mile upstream of 
Ross Creek. The stream was quite sinuous at the site and typically had a buffer on both sides, but 
streambank erosion, attributed to cropland and natural sources, was observed at meander bends where 
the adjacent hayfield encroached on the channel. The riparian zone had occasional shrubs, but most of 
the reach had a buffer of reed canary grass, with wetland vegetation at the bankfull margin. There were 
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numerous pools at the outside of meander bends that had spawning-size gravels in the pool tails. 
Downstream of the site, where Reese Creek mixes with water from Ross Creek and the irrigation canal 
(to form Smith Creek), the resulting flow was observed to be much more turbid.  
 
The nutrient source assessment report (Attachment B) identified minimal human sediment sources to 
Reese Creek. Riparian buffers were noted to be in good condition along most of the stream, including 
along cropland and pastureland, and streambank erosion was limited. Downstream of Hamilton Road, 
the riparian buffer narrowed but was dense and confined streambank erosion to areas of pasture 
encroachment at meander bends. Unpaved road crossings were noted as a minor sediment source. 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for the Reese Creek are summarized in Table 5-21. No 
macroinvertebrate data are available for Reese Creek. All bolded cells are beyond the target threshold; 
depending on the target parameter, this may equate to being below or above the target value. 
 
Table 5-21. Existing sediment-related data for Reese Creek relative to targets.  
Values that do not meet the target are in bold. 
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REES06-01 2009 9.2 B4c/E4 E4 14 11 9 9.3 1.4 0.6 105 158 
REES15-06 2009 14.7 C4/E4 E4 13 9 14 9.8 15.9 1.7 79 37 
 
Summary and TMDL Development Determination 
Both sites on Reese Creek met all fine sediment targets. The upper site was slightly entrenched and 
failed to meet the entrenchment ratio target, but the width/depth ratio target was met at both sites. 
The upper site failed to meet the target for residual pool depth. The lower site was slightly below the 
pool frequency target; however, its bankfull width was at the upper end of the category (i.e., 15 feet), 
and the site had deep pools that were well over the residual pool depth target. The lower site was well 
below the target for LWD frequency. Although pool quality was lacking at the upper site and past 
vegetation removal has greatly reduced the LWD supply to the lower portion of Reese Creek, recent 
data do not indicate fine sediment deposition is an issue in Reese Creek.  
 
Although suspended sediment issues are typically associated with the same sources that cause excess 
sedimentation on the stream bottom, because recent data do not indicate a sedimentation problem, 
total suspended sediment (TSS) data for Reese Creek were also reviewed. In 1976–1977 samples were 
analyzed for TSS approximately 1 mile upstream of REES15-06 at one of the same sites DEQ sampled in 
September 2009 (RS01B). Values in the 1970s were collected during high and low flow and ranged from 
10 mg/L to 836 mg/L, with an average concentration of 133mg/L. The 2009 sample had a concentration 
of 17mg/L, which was the highest value out of three samples collected along Reese Creek.  
 
Although it is only a single sample (and additional sampling is recommended), it indicates that 
management improvements within the watershed have likely resulted in lower TSS concentrations. 
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However, given the current listing status, sediment sources (including unpaved roads), streambank 
erosion, and the irrigation network, and the potential for substantial increases in sediment loading if 
adequate riparian buffers are not maintained, a TMDL will be developed for Reese Creek.  
 
5.5.8 Rocky Creek (MT41H003_080) 
Rocky Creek (MT41H003_080) is listed for sedimentation/siltation on the 2012 303(d) List. In addition, 
this segment is also listed for alteration in streamside or littoral vegetative covers, physical substrate 
habitat alterations, and other anthropogenic substrate alterations, which are non-pollutant listings 
commonly linked to sediment impairment. Rocky Creek was initially listed for sediment impairment in 
2000 based on fisheries abundance data and a channel stability study from the late 1970s documenting 
sedimentation attributed to channel straightening, armoring, and unvegetated former rights-of-way 
associated with construction of I-90, as well as overgrazing by livestock along streambanks. Rocky Creek 
extends 7.9 miles from the confluence of Jackson and Timberline Creeks to its mouth at the East Gallatin 
River.  
 
Physical Condition and Sediment Sources 
In 2004 DEQ assessed a site 0.25 mile upstream of I-90 and upstream of a beaver complex 
(M05RCKYC01). At the time of the assessment, a hayfield encroached on the riparian zone, and the land 
was under new ownership but appeared to have been grazed heavily in the past. The streambed was 
composed of cobble and coarse gravel that was embedded by silt, easily suspended, and pools were 
predominantly fine sediment. Streambank erosion was primarily on the outside of meander bends 
lacking woody vegetation and resulted in some eroding streambanks that were 3 feet high. The channel 
had historically downcut, but beaver dams downstream of the site were providing grade control. Point 
bars were vegetated with regenerating willows, and the riparian zone was narrow but vegetation 
appeared to be recovering. 
 
In 2009 DEQ assessed sediment and habitat at two monitoring sites on Rocky Creek (Figure 5-1). The 
upper site (ROCK02-01) was on state-owned land upstream of I-90 and approximately 0.5 mile 
downstream of M05RCKYC01. The site was used for grazing, and while not being actively grazed at the 
time of the assessment, the growth pattern and distribution of willows indicated it has a long history of 
heavy livestock use. The stream was eroding the hillslope on the river’s right side, and extensive erosion 
was observed on the left streambank (attributed to grazing). Similar to the site evaluated upstream in 
2004, some of the eroding streambanks were several feet high. The channel was entrenched and 
overwidened in places from streambank erosion and livestock access. Willows were the primary 
formative feature for pools, and fine sediment accumulations were noted in pool bottoms. However, 
pool tails tended to have substrate that was too large for spawning. The riparian vegetation had some 
dense sections of willow but was largely grass with the occasional willow.  
 
The lower site (ROCK03-01) was located in a channelized portion of stream that paralleled Trail Creek 
Road. Upstream and downstream of the site, the stream is confined by a steep hillslope, including 
bedrock outcrops along the river’s left side in a narrow canyon, but the largest sources of confinement 
are the railroad and I-90. Downstream of the site at mile marker 315, direct road sand inputs from the 
westbound lane were observed. The channel was meandering and slightly entrenched with deep pools 
at the outside of bends. Substrate was predominantly small cobble, which likely limits spawning 
potential. Where streambank erosion was caused by the canyon or bedrock control, it was attributed to 
natural sources; however, the majority of streambank erosion was attributed to channelization from the 
transportation network.  
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In 2009 DEQ evaluated one additional site for streambank erosion (ROCK07-03). The site was located 
approximately 0.7 mile from the bottom of the segment. The site contained deep pools that were 
formed by LWD aggregates, and numerous fish were observed in the pools. The channel was slightly 
entrenched, with actively eroding streambanks at the outside of meander bends and indications of 
active streambank retreat. Streambank erosion was attributed to past agriculture and vegetation 
removal, residential development, and natural sources. Riparian vegetation included willow, alders, and 
red-osier dogwood, but eroding streambanks typically lacked woody vegetation. 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Rocky Creek are summarized in Table 5-22. The 
macroinvertebrate bioassessment data for Rocky Creek is in Table 5-23. All bolded cells are beyond the 
target threshold; depending on the target parameter, this may equate to being below or above the 
target value. 
 
Table 5-22. Existing sediment-related data for Rocky Creek relative to targets.  
Values that do not meet the target are in bold. 
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ROCK02-01 2009 26.1 B4c/F4 C4 8 6 18 26.5 1.3 1.4 63 90 
ROCK03-01 2009 25.2 B3c/C3/G3c C3 8 7 No Data 17.7 2.0 1.8 32 21 
 
Table 5-23. Macroinvertebrate bioassessment data for Rocky Creek.  
Values that do not meet the target threshold (0.80) are in bold. 

Station ID Location Collection Date Collection Method O/E 

M05RCKYC01 0.4 miles downstream of Jackson and Timberline 
creeks 7/27/2004 KICK 1.19 

 
Summary and TMDL Development Determination 
Riffle pebble count targets were met at both sites, but the upper site exceeded the pool tail grid toss 
target. The macroinvertebrate sample collected near the upper end of the segment met the target. The 
upper site was also overwidened and entrenched and failed to meet both targets for channel form. The 
lower site failed to meet the target for entrenchment. Both sites had deep pools, but because 
channelization often results in a riffle-dominated system, the lower site was well below the pool 
frequency target. Both sites failed to meet the target for LWD. Based on recent observations, roads as 
well as bank erosion associated with agriculture and the transportation network continue to be sources 
of excess sediment to Rocky Creek. This information supports the 303(d) listing; a sediment TMDL will be 
developed for Rocky Creek. 
 
5.5.9 Smith Creek (MT41H003_060) 
Smith Creek (MT41H003_060) is listed for sedimentation/siltation on the 2012 303(d) List. In addition, 
this segment is also listed for alteration in streamside or littoral vegetative covers and physical substrate 
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habitat alterations, which are non-pollutant listings commonly linked to sediment impairment. Smith 
Creek was originally listed in 1992 based reports from the late 1970s documenting eroding streambanks, 
overgrazing along the channel, and erosion from cropland. Smith Creek extends 6.8 miles from the 
confluence of Ross and Reese Creeks to its mouth at the East Gallatin River. As described in Section 
5.5.7 for Reese Creek, Ross Creek is contained within and intermixed with water in the Dry Creek 
Irrigation Canal when it flows into Reese Creek to form Smith Creek (Figure 6-9). 
 
Physical Condition and Sediment Sources  
In 2009 DEQ assessed sediment and habitat at one monitoring site on Smith Creek (Figure 5-1). The site 
(SMIT01-05) was located downstream of the Dry Creek Road crossing in a meandering section of stream 
with deep runs and glides. Spring and groundwater inputs were apparent. Although the landowner 
indicated flows were down, there was still a substantial amount of water in the channel in late August. 
The site was surrounded by a pasture that appeared to be used lightly for grazing. Riparian vegetation at 
the site most mostly wetland plants and grasses, with little shrub cover. Eroding streambanks were 
common and observed on the outside of most meander bends, which typically lacked woody vegetation.  
 
Upstream of the site, riparian shrub density was greater, likely limiting streambank erosion. 
Downstream of the site, a large eroding streambank was observed at a livestock crossing. Substrate at 
the site was relatively fine, and riffles were dominated by medium and coarse gravels and contained a 
large amount of aquatic plants. Although the stream may provide spawning habitat for larger fish and 
grid toss measurements were performed, because of its spring-like nature, it was difficult to discern the 
break between the pool tail and riffle crest. 
 
The nutrient source assessment report (Attachment B) noted that riparian vegetation was typically 
dense along Smith Creek but dominated by weeds. Some riparian fencing was observed as well as 
occasional clumps of willow and buffaloberry. Encroachment by pasture and residential yards was 
common and tended to correspond with actively eroding streambanks. Since much of the Smith Creek 
watershed is composed of the Reese and Ross Creek watersheds, the source assessment summary for 
Ross Creek is also presented here. See Section 5.5.7 for a description of sources in the Reese Creek 
watershed. Conditions along Ross Creek were much more variable than along Smith Creek; some areas 
had dense healthy riparian vegetation and other areas were either overgrazed or had almost no riparian 
buffer from encroachment by pasture, cropland, or residential lawns. In areas with limited riparian 
vegetation, particularly downstream of Penwell Bridge Road, eroding streambanks were common. 
Because of loose gravel observed on culverts and bridge decking, unpaved roads were noted as a 
potential sediment source. 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Smith Creek are summarized in Table 5-24. No 
macroinvertebrate bioassessment data are available for Smith Creek. All bolded cells are beyond the 
target threshold; depending on the target parameter, this may equate to being below or above the 
target value. 
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Table 5-24. Existing sediment-related data for Smith Creek relative to targets.  
Values that do not meet the target are in bold. 
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SMITH01-05 2009 50.8 C4 E4 19 19 29 27.0 2.5 1.7 26 5 
 
Summary and TMDL Development Determination 
Riffle fine sediment <2mm exceeded the target, and fine sediment in pool tails exceeded the grid toss 
target. The width/depth ratio target was exceeded but is likely a factor of the large bankfull width of the 
channel; the stream did not appear overwidened. The site failed to meet the targets for pool and LWD 
frequency. Although the current grazing intensity is light, streambank erosion associated with past 
overgrazing and removal of riparian vegetation continues to be a substantial source of excess sediment. 
Additionally, the nutrient source assessment indicated Ross Creek may be a significant source of excess 
sediment to Smith Creek. This information supports the 303(d) listing; a sediment TMDL will be 
developed for Smith Creek. 
 
5.5.10 Stone Creek (MT41H003_120) 
Stone Creek (MT41H003_120) is listed for sedimentation/siltation on the 2012 303(d) List. In addition, 
this segment is also listed for alteration in streamside or littoral vegetative covers, which is a non-
pollutant listing commonly linked to sediment impairment. Stone Creek was initially listed in 1994 for 
sediment impairment based on sedimentation associated with grazing and logging. Stone Creek flows 
6.1 miles from its headwaters to the mouth at Bridger Creek. 
  
Physical Condition and Sediment Sources  
In 2004 DEQ assessed two sites. The upper site (M05STONC01) was approximately 4 miles upstream of 
the mouth within USFS-administered land. The road was typically more than 90 feet from the channel, 
and the riparian understory was primarily grass. Signs of past logging were noted, and the channel was 
slightly overwidened in certain areas as a result of historic grazing. The site was mostly riffles and runs 
with small pools that were formed by LWD, root wads, and boulders. The substrate was predominantly 
coarse gravels that were not embedded. The channel was well shaded, and streambanks were stable. 
Residential development had recently started downstream of the site.  
 
The lower site (M05STONC02) was just upstream of Bridger Canyon Road. Pasture occasionally 
encroached on the channel, but the riparian vegetation was healthy and contained sedges, willows, 
alders, and multiple age classes of cottonwoods. Helicopter logging was occurring upstream of the site 
but appeared well managed. Silt accumulations were abundant in the channel, embedding riffles and 
spawning gravels, and partially filing pools. Some streambank erosion was observed, but there were no 
indications of mass wasting. Most sediment appeared to originate from channel sources. Potential 
sources were noted as past logging on steep terrain, which appeared to have a low rock content, as well 
as roads and residential development.  
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In 2009 DEQ assessed sediment and habitat at two monitoring sites on Stone Creek (Figure 5-1). The 
upper site (STON08-01) was a meandering section of channel that flowed through a narrow valley on 
USFS-administered land. The valley floor contained old homesteads/outbuildings, and the hills above 
the valley contained more recent rural residential development. There was a large eroding hillslope 
along the channel near the upper part of the site, and most of the streambank erosion appeared 
natural. However, the upper portion of the watershed has been extensively logged, and some 
streambank erosion at the site may be associated with increased peak streamflows that occurred after 
logging. Additionally, the past land use at the site and associated vegetation removal appeared to be 
minor a source of streambank erosion. Pool tails had large substrate that likely limits spawning 
potential. Riparian vegetation was predominantly willows and alders.  
 
The lower site (STON13-02) was located approximately 0.3 mile upstream of M05STONC02 in a valley 
section of the stream lined with a dense overstory of cottonwoods and an understory of rose, 
snowberry, and red-osier dogwood. The site was in an area used for grazing, and streambank erosion 
primarily occurred at cattle access points along meander bends where the stream abutted a field. 
 
In 2009 DEQ evaluated one additional site for streambank erosion (STON11-02). The site was located 
where the stream exits the canyon and enters the valley. The entire channel was lined with trees and 
shrubs, and all streambank erosion was observed where the stream cut into the base of hillslopes. 
Streambank erosion at the site was attributed entirely to natural sources.  
 
There is a grazing allotment near the Stone Creek headwaters on land administered by the USFS (Figure 
5-1). According to the Bangtail Allotment Management Plan Update Environmental Assessment (U.S. 
Forest Service, 2009), the area has long been grazed and was converted from a sheep to a cattle 
allotment in the 1950s. The permitted grazing density peaked at 251 yearlings in the 1980s, and certain 
areas received high levels of use. Since that time, and particularly after a land exchange in 2000 
converted much of the allotment to privately owned lands primarily managed for timber, the stocking 
density has declined dramatically. The allotment allows for 104 cow/calf pairs, and cattle move freely 
between the allotment and private land to the west of the allotment, whose landowner has relinquished 
grazing management rights to the USFS. The allotment is used for part of the season (July–September), 
and use is typically light, but improper livestock distribution was noted as needing to be addressed. The 
USFS did not conduct a riparian assessment within this allotment, but the Environmental Assessment 
noted that no grazing or logging is occurring within the allotment along Stone Creek (U.S. Forest Service, 
2009). 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Stone Creek are summarized in Table 5-25. The 
macroinvertebrate bioassessment data for Stone Creek is in Table 5-26. All bolded cells are beyond the 
target threshold; depending on the target parameter, this may equate to being below or above the 
target value. 
  



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 5.0 

3/28/13 FINAL 5-40 

 
Table 5-25. Existing sediment-related data for Stone Creek relative to targets.  
Values that do not meet the target threshold (0.80) are in bold. 
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M05STONC01 2004 11 B3/B4 -- 10 8 -- 17.7 2.1 -- -- -- 
M05STONC02 2004 9.5 C4 -- 50 49 -- 10.7 2.3 -- -- -- 
STONE08-01 2009 13.0 C4b/E4b C4b 3 3 11 10.8 7.5 0.9 84 259 
STONE13-02 2009 16.0 C4/E4 C4 4 4 14 14.8 8.0 0.9 84 290 
 
Table 5-26. Macroinvertebrate bioassessment data for Stone Creek.  
Values that do not meet the target threshold are in bold. 

Station ID Location Collection 
Date 

Collection 
Method O/E 

M05STONC01 4 miles upstream of the mouth near road crossing 7/26/2004 KICK 1.13 
M05STONC02 Just upstream from Bridger Canyon Road 7/26/2004 KICK 0.93 
 
Summary and TMDL Development Determination 
The fine sediment targets for riffles were exceeded at the lower site in 2004, and the pool tail grid toss 
target was exceeded at both sites in 2009. All channel form targets and instream habitat targets were 
met. Both macroinvertebrate samples from 2004 met the target. Although some streambank erosion 
was attributed to grazing and pasture encroachment, fine sediment in riffles has decreased since 2004 
and has likely decreased in pools as well. The healthy riparian vegetation, stable channel form, and 
adequate instream habitat, combined with the decline in fine sediment, reflect improved management 
practices and most excess sediment in Stone Creek is likely a result of excess loading associated with 
past management of logging, roads, and grazing. Because Stone Creek is still recovering, this information 
supports the 303(d) listing; a sediment TMDL will be developed for Stone Creek. 
 
5.5.11 Thompson Creek (Thompson Spring) (MT41H003_090) 
Thompson Creek (MT41H003_090) is listed for sedimentation/siltation on the 2012 303(d) List. In 
addition, this segment is also listed for alteration in streamside or littoral vegetative covers, which is a 
non-pollutant listing commonly linked to sediment impairment. Thompson Creek was initially listed for 
sediment impairment in 1990 based on data from the 1980s indicating sedimentation and degraded 
conditions that were attributed to land-use practices. Thompson Creek is a spring creek that extends 7.4 
miles from it headwaters to its mouth at the East Gallatin River. 
 
Physical Condition and Sediment Sources  
In 2004 DEQ assessed two sites. Grazing was identified as the primary source of impairment. The upper 
site (M05TMPSC02) was heavily grazed and had cows in the stream. The channel was overwidened and 
contained shallow runs and pools. The substrate was overlain with silt, which ranged in depth from 2 
inches to 1 foot, and mostly accumulated in pools and at channel margins. As a result of the excess 
sediment, mid-channel bars were observed and/or developing. Unstable streambanks and slumping 
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vegetated streambanks from livestock access were common, and eroding streambanks were noted as a 
significant sediment source. The riparian vegetation was evaluated as not functioning, with a downward 
trend, and was composed of sedges, grasses, and Canadian thistle. A small section of the site was fenced 
off and had willows.  
 
The lower site (M05TMPSC01) was in an area that was being restored. Silt was abundant but attributed 
to upstream sources. As part of the restoration, silt from upstream sources was being retained in a silt 
trap and dredged approximately every 2 years. The stream channel was narrowing in response to the 
restoration. Evidence of beavers was observed at the site, and macrophyte growth was abundant in the 
channel. The riparian vegetation was predominantly sedges, with an occasional willow, and was noted 
as functioning, with an improving trend. Pools and runs were deep, and vertical streambanks were 
stable and vegetated with sedges. Grazing management was good at the site, although riparian fencing 
allowed for pasture/hayfield encroachment onto the channel in places.  
  
In 2009 DEQ assessed sediment and habitat at one monitoring site on Thompson Creek (Figure 5-1). The 
site (THOM02-03) was located upstream of the Hamilton Road crossing in an area used for livestock 
grazing that was less than 0.2 mile upstream of M05TMPSC02. The substrate was fairly sandy, with 
larger substrate in some of the riffles. The channel contained extensive aquatic vegetation, and most 
pools were formed by water deflecting off clumps of vegetation. Spawning-size gravels were observed in 
portions of the channel. Streambank erosion was a result of cattle access, but loads are likely limited 
because of the low stream velocity. Current grazing pressure appeared light, and the overwidened 
channel and pugging and hummocking along the channel margin were attributed to past grazing. Even if 
grazing practices have recently improved, however, the fine-grained soils, high water table at the site, 
and consistent low-velocity flows in the spring creek make it sensitive to disturbance and slow to 
recover without active restoration. 
 
In 2009 DEQ evaluated one additional site for streambank erosion (THOM01-04). The site was located 
upstream of the Penwell Bridge Road crossing near the upper extent of where surface flow is visible in 
aerial imagery from 2009. Small eroding streambanks were observed at the outside of meander bends 
associated with hoof shear but estimated to be a minor sediment source because of the relatively 
consistent low flow of the spring creek.  
 
The nutrient source assessment report (Attachment B) noted healthy riparian buffers within pastures 
along most of the stream and a minimal amount of streambank erosion. Pasture encroachment and 
grazing along unobserved sections of stream, as well as unpaved roads, were cited as potential sediment 
sources. 
 
Comparison with Water Quality Targets 
The existing data in comparison with the targets for Thompson Creek are summarized in Table 5-27. The 
macroinvertebrate bioassessment data for Thompson Creek is in Table 5-28. All bolded cells are beyond 
the target threshold; depending on the target parameter, this may equate to being below or above the 
target value. 
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Table 5-27. Existing sediment-related data for Thompson Creek relative to targets.  
Values that do not meet the target are in bold. 
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M05TMPSC01 2004 30 E4 E4 17 17 --  4.3 -- -- -- 
THOM02-03 2009 30.8 B4c/C4 E4 21 18 11 52.9 2.5 0.7 21 0 
 
Table 5-28. Macroinvertebrate bioassessment data for Thompson Creek.  
Values that do not meet the target threshold (0.80) are in bold. 

Station ID Location Collection Date Collection Method O/E 
M05TMPSC01 0.3 mile upstream of the mouth 8/25/2004 KICK 1.15 
M05TMPSC02 0.08 miles upstream of Hamilton Road 8/26/2004 KICK 0.77 
THMPC02 0.4 miles upstream of Hamilton Road 7/26/2008 MAC-R-500 0.54 
THMPC01 0.25 mile upstream of the mouth 7/26/2008 MAC-R-500 0.63 
 
Summary and TMDL Development Determination 
The upper site in 2004 failed to meet both riffle fine sediment targets. The other site in 2004, as well as 
the site assessed in 2009, failed to meet the riffle target for fine sediment <2mm. Riffle fine sediment 
values in 2009 were much lower than at the nearby location sampled in 2004. That, combined with 
recent observations of grazing practices, indicates that improvements in grazing management since 
2004 have resulted in lower fine sediment values. However, the channel was overwidened in 2004 and 
remains overwidened, with the recent site being well over the width/depth ratio target.  
 
As mentioned above, the nature of the system likely limits the extent of recovery that will occur without 
active restoration activities. Three of four macroinvertebrate samples failed to meet the target, 
indicating excess fine sediment is likely impairing aquatic life. The 2009 site failed to meet both the 
targets for pool and LWD frequency. As a spring creek, it may not have the same potential for LWD as 
other streams in the Lower Gallatin TPA, but willows in the fenced-off area at the site indicate it does 
have the potential for woody riparian vegetation. This information supports the 303(d) listing; a 
sediment TMDL will be developed for Thompson Creek. 
 

5.6 SEDIMENT TMDL DEVELOPMENT SUMMARY 
Based on the comparison of existing conditions with water quality targets, 11 sediment TMDLs will be 
developed in the Lower Gallatin TPA. Table 5-29 summarizes the sediment TMDL development 
determinations and corresponds to the waterbodies of concern identified in Section 5.3.  
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Table 5-29 Summary of Sediment TMDL Development Determinations 

Stream Segment Waterbody # TMDL Development 
Determination (Y/N) 

BEAR CREEK, headwaters to the mouth (Rocky Creek 
MT41H003_080) MT41H003_081 Y 

CAMP CREEK, headwaters to the mouth (Gallatin River) MT41H002_010 Y 
DRY CREEK, headwaters to the mouth (East Gallatin River) MT41H003_100 Y 
GODFREY CREEK, headwaters to White Ditch MT41H002_020 Y 
JACKSON CREEK, headwaters to the mouth (Rocky Creek) MT41H003_050 Y 
REESE CREEK, headwaters to the mouth (Smith Creek) MT41H003_070 Y 
ROCKY CREEK, confluence of Jackson and Timberline Creeks to mouth 
(East Gallatin River) MT41H003_080 Y 

SMITH CREEK, confluence of Ross and Reese Creeks to the mouth 
(East Gallatin River) MT41H003_060 Y 

SOURDOUGH (aka BOZEMAN) CREEK, Limestone Creek to the mouth 
(East Gallatin River) MT41H003_040 Y 

STONE CREEK, headwaters to the mouth (Bridger Creek) MT41H003_120 Y 
THOMPSON CREEK (or Thompson Spring), headwaters to mouth (East 
Gallatin River) MT41H003_090 Y 

 

5.7 SEDIMENT SOURCE ASSESSMENT AND QUANTIFICATION  
This section summarizes the assessment approach, current sediment load estimates, and the 
determination of the allowable load for each source category. DEQ determines the allowable load by 
estimating the obtainable load reduction once all reasonable land, soil, and water conservation practices 
have been implemented. The reduction forms the basis of the allocations and TMDLs provided in 
Section 5.8. This section focuses on four potentially significant sediment source categories and 
associated controllable human loading for each of these sediment source categories: 

• streambank erosion 
• upland erosion and riparian health  
• unpaved roads 
• permitted point sources 

 
EPA’s guidance for developing sediment TMDLs states that the basic procedure for assessing sources 
includes compiling an inventory of all sediment sources to the waterbody. In addition, the guidance 
suggests using one or more methods to determine the relative magnitude of loading, focusing on the 
primary and controllable sources (U.S. Environmental Protection Agency, 1999b). Federal regulations 
allow that loadings “may range from reasonably accurate estimates to gross allotments, depending on 
the availability of data and appropriate techniques for predicting the loading” (Water quality planning 
and management, 40 CFR 130.2(G)).  
 
Using standard DEQ methods for source assessments, DEQ evaluated loading from the primary sediment 
sources; however, the sediment loads presented here represent relative loading estimates within each 
source category and should not be considered as actual loading values. Instead, relative estimates 
provide the basis for percent reductions in loads that can be accomplished via improved land 
management practices for each source category. In turn, the percent reduction estimates are the basis 
for setting load or wasteload allocations. As better information becomes available and the linkages 
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between loading and instream conditions improve, the loading estimates presented here can be further 
refined through adaptive management. 
 
For each impaired waterbody segment, sediment loads from each source category were estimated 
based on field surveys, watershed modeling, and load extrapolation techniques (described below). The 
results include a mix of sediment sizes, particularly for bank erosion that involves both fine and coarse 
sediment loading to the receiving water. Conversely, loading from roads, upland erosion, and permitted 
point source discharges are predominately fine sediment. The complete methods and results for source 
assessments for streambank erosion, upland erosion, and roads are found in Attachments A and C and 
Appendix C, respectively.  
 
5.7.1 Eroding Streambank Sediment Assessment 
Data collected during DEQ’s 2009 field work were used to estimate the total sediment load associated 
with bank erosion for each watershed. Streambank erosion was assessed in 2009 at the 30 assessment 
reaches discussed in Section 5.3. At each site, eroding streambanks were classified as either actively or 
slowly eroding. The susceptibility to erosion was assessed by performing Bank Erosion Hazard Index 
(BEHI) measurements, and the erosive force was determined by evaluating the Near Bank Stress (NBS) 
(Rosgen, 1996; 2004). BEHI scores were determined at each eroding streambank based on bank height, 
bankfull height, root depth, root density, bank angle, and surface protection.  
 
In addition to collecting BEHI data, the source of streambank erosion was evaluated based on observed 
human-caused disturbances and the surrounding land-use practices based on the following near-stream 
source categories:

• transportation 
• riparian grazing 
• cropland 

• mining 
• (e.g., past sources) 
• silviculture 

• irrigation-shifts in stream 
energy 

• natural sources 
• other

 
Whether using field observations, aerial photography, or GIS methodology, it is difficult to discern 
between bank erosion influenced from current or past human practices and bank erosion as a result of 
natural processes. However, a simple break down of the apparent erosion sources provides a general 
indicator of the activities that may be affecting bank erosion, which in turn could help land managers 
prioritize areas for improvement. The erosion sources identified for each reach, and summarized at the 
watershed scale, are provided in Attachment A.  
 
Streambank erosion data from each 2009 monitoring site was extrapolated to its respective reach 
(which was based on ecoregion, valley gradient, stream order, and valley confinement as described in 
Section 5.3). Then, the field-based estimates of annual streambank erosion were compiled into reach 
category groupings based on stream order and gradient similarities (e.g., MR-0-2-U, MR-2-2-U, and MR-
2-2-C). Then, the average value for each unique reach category grouping was applied to unmonitored 
reaches within the corresponding category to estimate loading associated with bank erosion at the 
listed stream segment scales. To estimate existing loading for the remainder of the watershed for each 
impaired stream, the erosion rate for 1st order reaches (i.e., the lowest rate) was applied to non-303(d) 
listed tributaries, which were primarily 1st and 2nd order streams. 
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5.7.1.1 Establishing the Total Allowable Load 
Streambank erosion is a natural process typically dominated by slowly eroding streambanks. Human 
disturbances to riparian vegetation and health and/or stream hydrology can accelerate the natural 
erosion rate. Human disturbances shift streambanks from being well vegetated and/or armored (and 
commonly undercut) to being largely, or entirely, unvegetated with vertical banks. The latter become 
chronic sources of sediment. Therefore, the potential for sediment load reduction was estimated based 
on the ratio of actively-to-slowly eroding banks at the reference site on South Cottonwood Creek 
(SCOT25-02). That ratio (i.e., 15% active/85% slowly) was applied to the average active and slow erosion 
rates for each reach category and extrapolated to all similar reach types for reaches with predominantly 
human sources (i.e., >75% based on the aerial assessment described in Section 5.3).  
 
Tributaries to the 303(d) listed streams were included in the existing load estimate; however, because 
little is known about them, and the lowest erosion rate was applied to them, no reductions were applied 
to those waterbodies in determining the total allowable load at the watershed scale. The most 
appropriate BMPs will vary by site, but streambank stability and erosion rates are largely a factor of the 
health of vegetation near the stream. Applying riparian BMPs should lower the amount of actively 
eroding banks and result in the estimated reductions. DEQ acknowledges that some streams may have a 
higher or lower background rate of actively eroding streambanks; thus, although the reduction may not 
be achievable in all areas, greater reductions will likely be achievable in some areas.  
 
Assessment Summary 
Based on the source assessment, streambank erosion loads range from 149 tons per year in the 
Thompson Creek watershed to 3,187 tons per year in the Dry Creek watershed (Table 5-30). The wide 
range is largely a factor of the variation in stream miles per drainage; per mile, the largest annual 
streambank erosion load is in the Bear Creek watershed (43.7 tons/mile); the smallest loads are in the 
Dry and Reese Creek drainages (17.1 and 18.2 tons/mile, respectively). Significant human-caused 
sources of streambank erosion include grazing, encroachment of pasture/hayfields, logging, roads, and 
urban development. Depending on the watershed, DEQ estimated that implementing riparian BMPs 
could decrease the human-caused level of streambank erosion by 31% to 61%. Attachment A contains 
additional information about the streambank erosion source assessment and associated load estimates 
for the 303(d) listed streams in the Lower Gallatin TPA, including a breakdown by particle size class (i.e., 
coarse gravel, fine gravel, and sand/silt). 
 
Table 5-30. Existing and Reduced Sediment Load from Eroding Streambanks in the Lower Gallatin TPA. 

Subbasin 
Existing 

Sediment Load 
(tons/year) 

Existing 
Sediment Load 

(tons/mile/year) 

Allowable Sediment 
Load with Riparian 
BMPs (tons/year) 

Percent 
Reduction 

Bear Creek 758 43.7 374 51% 
Bozeman Creek 1,212 22.5 842 31% 
Camp Creek 3,119 36.5 1281 59% 
Dry Creek 3,187 17.1 2203 31% 
Godfrey Creek 526 32.3 270 49% 
Jackson Creek 398 30.9 223 44% 
Reese Creek 1,257 18.2 864 31% 
Rocky Creek (excluding Jackson Creek 
sub-watershed) 1,149 36.2 583 49% 

Smith Creek (including Ross but 
excluding Reese Creek sub-watershed) 966 23.3 597 38% 
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Table 5-30. Existing and Reduced Sediment Load from Eroding Streambanks in the Lower Gallatin TPA. 

Subbasin 
Existing 

Sediment Load 
(tons/year) 

Existing 
Sediment Load 

(tons/mile/year) 

Allowable Sediment 
Load with Riparian 
BMPs (tons/year) 

Percent 
Reduction 

Stone Creek 317 32.5 201 37% 
Thompson Creek 149 20.7 58 61% 
 
5.7.1.2 Streambank Assessment Assumptions 
The following is a summary of the significant assumptions used during the assessment of eroding 
streambanks: 

• The ratio of actively-to-slowly eroding streambanks at sites with predominantly natural sources 
is an appropriate and achievable rate in reaches where all reasonable land, soil, and water 
conservation practices are applied. 

• The streambank erosion data collected during 2009 represents conditions within the watershed. 
• The average annual load per reach type is applicable to other reaches within the same category. 
• The assignment of influence to eroding streambanks and the distinction between natural and 

human-caused erosion is based on best professional judgment by qualified and experienced 
field personnel. 

• Sources of bank erosion at the assessed stream segment scale are representative of sources for 
that watershed. 

• The annual streambank erosion rates used to develop the sediment loading numbers were 
based on Rosgen BEHI studies along the Lamar River in Yellowstone National Park. While the 
predominant geologies differ between the Wyoming research sites and the Lower Gallatin 
watershed (which has primarily sedimentary rock formations and erosive alluvium with some 
volcanic geology), the rates are applicable to the Lower Gallatin watershed and suitable for 
helping estimate the percentage in streambank-associated loading reductions achievable by 
implementing riparian BMPs. 

 
5.7.2 Upland Erosion and Riparian Buffering Capacity Assessment 
Upland sediment is that which originates beyond the stream channel. The erosion rate of sediment from 
upland sources is influenced by land use and/or vegetative cover. Sediment from the landscape may be 
entirely natural, or it may be increased by human activities, such as timber harvesting, farming or 
grazing, or clearing land for development. Upland sediment loading from hillslope erosion was modeled 
using a GIS application of the Universal Soil Loss Equation (USLE).  
 
USLE uses five main factors to estimate soil erosion: R * K * LS * C * P, where 

R = rainfall/intensity 
K = erodibility 
LS = length/slope 
C = vegetation cover 
P = field practices  

 
All factors except for vegetation cover (C-factor) and field practices (P-factor) are environmental 
variables unaffected by management practices. Because the P-Factor generally relates to practices 
occurring at a finer scale than is practical for establishing TMDLs in the Lower Gallatin TPA, DEQ set it at 
1 for all scenarios. To estimate the existing upland load associated with each land-use category, 
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adjustments were made to the C-Factor, which integrates a number of variables that influence erosion, 
including vegetative cover, plant litter, soil surface, and land management.  
 
The existing sediment load delivered to each 303(d) listed stream was estimated by combining the USLE 
model results with a sediment delivery ratio that accounts for downslope travel distance to surface 
water, along with a riparian buffer factor that reflects ability of buffers to filter sediment from runoff. 
The ability of existing riparian vegetation to reduce upland sediment loads was based on a riparian 
health classification performed for the left and right streambank of each 303(d) listed waterbody during 
the stratification process described in Section 5.3. Buffer health was classified as good, fair, or poor, 
which ranged from a dense riparian buffer to a mix of bare ground and no woody shrubs (in areas with 
potential for shrub cover). Based on studies that have found that a well-vegetated riparian buffer filters 
75% to 90% of incoming sediment from reaching the stream channel (Wegner, 1999; Knutson and Naef, 
1997), a 75% removal efficiency was applied to good buffers; this was scaled down to 50% and 25% for 
fair and poor buffers, respectively.  
 
5.7.2.1 Establishing the Total Allowable Load 
The allowable load from upland erosion, which is associated with implementing BMPs, was determined 
by a two-fold approach: (1) C-factors for human-influenced land-use categories were modified to reflect 
the improvement in ground cover that is expected by implementing upland BMPs and (2) riparian health 
was improved to a ratio of 75% good/25% fair for human-influenced land-use categories to represent 
the additional decrease in upland sediment loading that will occur by implementing riparian BMPs.  
 
The land-use categories with modified C-factors were shrub/scrub, grasslands/herbaceous, pasture/hay, 
and cultivated crops. Although urban land may transport sediment (particularly during storms), because 
urban landscapes are generally impervious and do not generate sediment, no change in C-factor was 
applied to that land-use category.  
 
For the categories with unmodified C-factors, the change equated to an approximate 10% improvement 
in ground cover per category. The C-factor values for both scenarios (i.e., existing and improved 
conditions) were based on literature values, stakeholder input, and field observations. DEQ 
acknowledges that C-factor values are variable within land-use categories throughout the watershed 
and over time; however, because of the model’s scale, DEQ assumed that values for ground cover were 
consistent throughout each land-use category and throughout the year.  
 
It is important to note that under the improved-conditions scenario, a significant portion of the 
remaining sediment load, after BMPs are implemented in human-influenced land-use categories, is also 
a component of the natural background load. Additionally, the allocation to human sources includes 
both present and past influences and is not meant to represent only current management practices. 
Many of the restoration practices that address current land use will reduce pollutant loads that are 
influenced from historic land uses. A more detailed description of the assessment can be found in 
Attachment C.  
 
Assessment Summary 
Sediment loads from upland erosion range from 4 tons/year in the Thompson Creek sub-watershed to 
6,733 tons/year in the Dry Creek watershed (Table 5-31). Since this assessment was conducted at the 
watershed scale, DEQ expects larger watersheds to have greater sediment loads. A significant portion of 
the sediment load from upland erosion is contributed by natural sources, but the estimated contribution 
by all land-use categories is provided in Attachment C.  
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Although many streams are affected by sediment loading associated with historical harvest and 
vegetation removal, the predominant existing human sources of upland erosion are grazing and 
cropland, particularly where those activities encroach on the stream channel. By implementing upland 
and riparian BMPs, annual loading reductions are expected to range from 41% to 72%. Improvement in 
riparian health comprises a substantial portion (36% to 49%) of the estimated reduction in annual 
loading from upland sources. 
 
Table 5-31. Existing and Reduced Sediment Loads from Upland Erosion in the Lower Gallatin TPA. 

Subbasin 

Existing 
Delivered 

Sediment Load 
(tons/year) 

Improved Upland and 
Riparian Conditions 

Sediment Load 
(tons/year) 

Percent 
Reduction 

Bear Creek 207 122 41% 
Bozeman Creek 1,056 577 45% 
Camp Creek 5,309 1,832 65% 
Dry Creek 6,733 2,455 64% 
Godfrey Creek 2,242 625 72% 
Jackson Creek 1,175 467 60% 
Reese Creek 1,727 662 62% 
Rocky Creek (excluding Jackson Creek sub-watershed) 2,100 861 59% 
Smith Creek (including Ross but excluding Reese 
Creek sub-watershed) 47 16 66% 

Stone Creek 419 196 53% 
Thompson Creek 4 1 63% 
 
5.7.2.2 Upland Assessment Assumptions 
As with any modeling effort, and especially when modeling at a watershed scale, a number of 
assumptions are made. The following is a summary of the significant assumptions used during the 
assessment of upland erosion: 

• The data sources used are reasonable and appropriate to characterize the watershed and build 
the model. 

• The input variables used in the USLE calculations represent their respective land-use conditions. 
• The land management practices that define the vegetative cover throughout the year are 

relatively consistent and represent practices throughout the watershed. 
• The riparian condition as estimated through the aerial assessment represents on-the-ground 

conditions. Riparian buffer health was included to emphasize its importance in reducing upland 
sediment loading; however, DEQ acknowledges the classification and improvement potential 
was conducted at a coarse scale. 

• The improvement scenarios to riparian condition and land management are reasonable and 
achievable. 

• The USLE model provides an appropriate level of detail and is sufficiently accurate for 
developing upland sediment loads for TMDL purposes. 

 
5.7.3 Road Sediment Assessment 
Roads located near stream channels can reduce stream function by degrading riparian vegetation, 
encroaching on the channel, and adding sediment. The degree of harm is determined by a number of 
factors, including road type, construction specifications, drainage, soil type, topography, and 
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precipitation, as well as whether BMPs were used. Unpaved road crossings and near-stream parallel 
road segments typically have the greatest potential to contribute excess sediment to streams. However, 
paved roads increase surface runoff and can result in loading from inadequately armored/vegetated 
ditches and hillslopes. Sediment loading from the road network in the Lower Gallatin watershed was 
assessed using GIS, field data, and sediment modeling. 
 
5.7.3.1 Roads Crossings and Parallel Segments 
Each road crossing and near-stream parallel road segment identified using GIS tools was assigned 
attributes for road name, surface type (i.e., native, gravel, paved), road ownership, stream name, and 
subwatershed. Additionally, each crossing/parallel segment was associated with one of three nearby 
climate stations that best matched the elevation and annual precipitation and corresponded to a low, 
medium, or high precipitation class. In 2010, 20 unpaved crossings, 7 paved crossings, and 6 unpaved 
near-stream parallel segments were field assessed. The following measurements were collected: road 
surface, design (insloped or outsloped), soil type, percent rock, traffic level, road and fillslope, 
contributing road length, fill length, and buffer slope and length. Any existing BMPs were noted.  
 
The field effort aimed to sample roads that represented the range of conditions within the watershed; 
therefore, sampling sites were randomly selected. However, a site was added in the Bear Creek 
watershed because it was placed on the 303(d) list largely as a result of road-related sediment, and the 
random selection process did not identify a site there. The average sediment contribution from field 
assessed road crossings and near-stream road segments were estimated using the Water Erosion 
Prediction Project Methodology (WEPP:Road) and a 30- or 50-year simulation period (depending on the 
precipitation class). The average load per crossing and by road mile for parallel segments was then 
extrapolated to all roads in the watershed based on road surface type and precipitation class. Because 
the Bear Creek road crossing site was not randomly selected, and does not necessarily represent other 
road conditions in the Lower Gallatin TPA, it was used for the Bear Creek load estimate but was not 
included in the extrapolation process for that or other watersheds.  
 
5.7.3.2 Establishing the Total Allowable Load 
Because the existing load estimate for paved road crossings and unpaved parallel segments was such a 
minimal amount of the overall road load (<3% each), and buffers were well-vegetated, the allowable 
load for those road types is set at the current load. For unpaved road crossings, the allowable load was 
determined by re-entering the 2009 field data into the WEPP:Road model and changing inputs that 
simulated the implementation of reasonable BMPs for each ownership category. For county, city, and 
state-maintained roads, a regular maintenance scenario was used. This scenario was based on the most 
common BMP used by Gallatin County and that typically used by the city of Bozeman: gravel roads are 
bladed and re-graded on average biannually or bimonthly, depending on the condition; native roads are 
resurfaced at most biannually (Water & Environmental Technologies, 2010).  
 
This scenario effectively reduces the formation of ruts, which can be major sources of and conduits for 
sediment. For roads under private or USFS ownership, a contributing length reduction scenario was used 
that set the contributing length to 200 feet (or 100 feet from each direction for crossings with two 
contributing segments). No adjustment was made to segments with a current contributing length of less 
than 200 feet.  
 
These scenarios were intended to provide a reasonable estimate of loading reductions that can be 
achieved from roads; they are not prescriptive measures. The intent is to ensure that all road crossings 
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have the appropriate BMPs in place to protect water quality via reduced sediment loading. BMPs that 
may be used to either reduce the contributing length to less than 200 feet, or achieve the allowable 
load, include installing full structural BMPs at existing road crossings (drive through dips, culvert drains, 
settling basins, silt fence, etc.), improving the road surface, and reducing traffic levels (seasonal or 
permanent road closures). Although the estimated reductions may not be possible at all locations 
because of site-specific conditions or existing BMPs, additional loading reductions will likely be 
achievable at other locations. For instance, the contributing length exceeded 200 feet at 93% of the 
county/city/state road crossings, and improving road maintenance will likely also decrease the 
contributing length. A more detailed description of this assessment can be found in the Road Sediment 
Assessment report (Appendix C). 
 
Assessment Summary 
Based on the source assessment, the sediment load from the road network ranges from 0.7 ton/year in 
the Thompson Creek watershed to 32 tons/year in the Dry Creek watershed (Table 5-32). The 
magnitude of loading is largely related to watershed size because the size of the stream network and 
number of roads tends to increase with watershed size; however, precipitation class is also a large factor 
for certain watersheds, particularly Rocky Creek. Similarly, county roads were estimated to contribute 
the largest sediment load, which is predominantly a factor of the ownership distribution within the 
Lower Gallatin TPA (i.e., 65% of roads are maintained by the county).  
 
The only in-road BMP observed was a cross drain, which was seen at two road crossing sites and three 
parallel segments. Numerous sites had heavily vegetated ditches and swales, which are important in 
reducing sediment loading to streams from the road network. With improved BMP implementation, 
loading reductions ranging from 15% to 38% (Table 5-1) are achievable.  
 
Table 5-32. Annual Sediment Load (tons/year) from Roads in the Lower Gallatin TPA. 

Watershed Total Load 
(tons/year)* 

Percent Load 
Reduction After BMP 

Application 

Total Sediment Load 
After BMP 

Application* 
Bear Creek 2.1 27% 1.5 
Bozeman Creek 10 27% 7.4 
Camp Creek 23 17% 19 
Dry Creek 32 19% 26 
Godfrey Creek 5.9 17% 4.9 
Jackson Creek 16 37% 9.9 
Reese Creek 6.1 25% 4.6 
Rocky Creek (excluding Jackson Creek sub-
watershed) 21 35% 14 

Smith Creek (including Ross but excluding 
Reese Creek sub-watershed) 3.9 19% 3.1 

Stone Creek 2.3 39% 1.4 
Thompson Creek 0.7 18% 0.6 
*Because of rounding, differences in loads presented in this table may not correspond to the percent reduction. 

 
5.7.3.3 Traction Sand 
Traction sand applied to paved roads in the winter can be a significant source of sediment loading to 
streams. A study by the Montana Department of Transportation (MDT) (Staples et al., 2004) found that 
traction sand predominantly contains particles <6mm and <2mm, sizes that can harm fish and other 
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aquatic life as instream concentrations increase (Irving and Bjorn, 1984; Mebane, 2001; Weaver and 
Fraley, 1991; Shepard et al., 1984; Suttle et al., 2004; Zweig and Rabeni, 2001). 
 
The significance of loading from traction sand was evaluated for the city of Bozeman and I-90. Within 
the city, approximately 218 miles of streets and alleys are maintained, and between 3,500 and 5,000 
tons of traction sand are applied annually (16–23 tons/mile/year) (Water & Environmental Technologies, 
2010). Application mostly occurs at intersections and problem areas. As part of its stormwater program, 
the city sweeps main arterial roads weekly and residential areas twice a year (spring and fall) (HDR 
Engineering and Morrison-Maierle,Inc., 2008). In recent years, salt and magnesium chloride have been 
added to the traction sand mix to improve safety and decrease the application rate of sand (HDR 
Engineering and Morrison-Maierle,Inc., 2008).  
 
Traction sand was evaluated at all 2009 paved road crossing field sites within the city, and as many 
additional crossings as possible were also evaluated (Appendix C). A few sites were observed to directly 
deliver traction sand from the road surface; however, most crossings had curbs and/or stormwater 
infrastructure to limit delivery to surface water (Figure 5-4). Additionally, a negligible amount of traction 
sand was present on the road surface, indicating street sweeping was effective at removing traction 
sand. Although traction sand has the potential to be a significant source of road-related sediment, 
particularly during spring runoff, the field observations indicate sediment loading to streams from 
traction sand has been minimized via street sweeping and bridge design as well as stormwater 
infrastructure.  
 
No traction sand load from within Bozeman will be incorporated into the existing road-sediment 
estimate or the allocation to roads, but it is inherently addressed under the city’s stormwater permit as 
part of its Storm Water Management Program (SWMP) (see Section 5.7.4.5 for more details). The city is 
expected to continue minimizing loading from traction sand as part of its SWMP as well as when 
designing and maintaining roads. Particularly because spring runoff on the streets has the potential to 
deliver large quantities of traction sand to streams, the timing of spring street sweeping is important.  
 

 
Figure 5-4. Crossing with observed areas of traction sand delivery (left); curbed crossing (right). 
 
Several streams in the Lower Gallatin TPA flow under I-90; however, because of the Interstate’s grade, 
only Bear Creek and Rocky Creek are the primary streams of concern for traction sand. The streams 
cross under the highway between mile markers 288 and 323, where the application rate averaged 348 
tons/mile/year between 2008 and 2010. According to MDT (Water & Environmental Technologies, 

Delivery point 
for traction sand  
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2010), BMPs are used to reduce the application rate, and deicer usage decreased the amount of traction 
sand by 14% between 2008 and 2010.  
 
During the road field assessment in 2009, traction sand depth was measured at distances ranging from 9 
feet to 45 feet from the shoulder of the highway. The traction sand depth was 1–2 inches near a culvert 
25 feet from the road along Rocky Creek, but traction sand depth was typically minimal beyond 35 feet. 
Additionally, most fillslope and buffer lengths were greater than the extent of traction sand migration. 
This indicates traction sand may occasionally be a sediment source to Bear and Rocky Creeks but that it 
is an insignificant quantity. Therefore, no traction sand load estimate or allocation will be provided for I-
90; however, DEQ recommends that MDT continue to implement BMPs, which include seeking to 
optimize conditions for public safety while minimizing the use of traction sand and properly maintaining 
roadside buffers.  
 
5.7.3.4 Culvert Failure and Fish Passage 
Undersized or improperly installed culverts may be a chronic source of sediment to streams, or a large 
acute source during failure. They may also be passage barriers to fish. Therefore, during the roads 
assessment, the flow capacity and potential to be a fish passage barrier was evaluated for each culvert. 
After DEQ excluded crossings with bridges, those with no culvert, or those lacking perennial flow, the 
culvert analysis was performed at 19 of the 24 road crossings. The assessment incorporated bankfull 
width measurements taken upstream of each culvert to determine the stream discharge associated with 
different flood frequencies (e.g. 2, 5, 10, 25, 50, and 100 year), as well as measurements to estimate the 
capacity and amount of fill material of each culvert. DEQ assumed that fill above an undersized culvert 
will periodically erode into the channel, but the culvert will not completely fail; therefore, the annual 
amount of sediment at-risk was set at a 25% probability for the loading analysis. 
 
A common BMP for culverts is designing them to accommodate 25-year storm events; this capacity is 
specified as a minimum in Water Quality BMPs for Montana Forests (Montana State University, 
Extension Service, 2001), and it is typically the minimum used by the USFS. Therefore, fill was only 
assumed to be at-risk in culverts that cannot convey a 25-year event. However, other considerations, 
such as fish passage, the potential for large debris loads, and the level of development and road density 
upstream of the culvert, should also be considered during culvert installation and replacement. When 
these are factored in, larger culverts may be necessary. For instance, USFS typically designs culverts to 
pass the 100-year event, while also accommodating fish and aquatic organism passage on fish bearing 
streams (U.S. Department of Agriculture, Forest Service, 1995). Therefore, the BMP scenario for culverts 
is no loading from culverts as a result of being undersized, improperly installed, or inadequately 
maintained. At a minimum, culverts should meet the 25-year event. For fish-bearing streams, or those 
with a high level of road development upstream, meeting the 100-year event is recommended. 
 
Fish passage assessments were performed on 15 culverts. Bridges and sites where all measurements 
could not be collected, as well as sites lacking perennial flow, were excluded. The assessment was based 
on the methodology defined in Appendix C, which is geared toward assessing passage for juvenile 
salmonids. Considerations for the assessment include streamflow, culvert slope, culvert perch/outlet 
drop, culvert blockage, and constriction ratio (i.e., culvert width to bankfull width). The assessment is 
intended to be a coarse level evaluation of fish passage that quickly identifies culverts that are likely fish 
barriers and those that need a more in-depth analysis. The culvert assessment in Appendix C contains 
information that may help land managers focus restoration efforts on those culverts that were deemed 
fish barriers and/or undersized per this analysis. 
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Assessment Summary 
Out of the 19 culverts assessed for failure risk, 6 (32%) were estimated to pass a 25-year event, and 
none were estimated to pass the 100-year event. All culverts estimated to pass a 25-year event were on 
county or state roads. However, the sampling of federal and privately owned culverts was quite small (5 
out of 19) as a result of their small percentage of all crossings within the watershed. Assuming a 25% 
probability of failure annually (for culverts meeting less than Q25), DEQ estimated that 4,609 tons of 
sediment are at-risk; this load is presented to give an estimate of the potential loading associated with 
undersized culverts in sediment-impaired watersheds within the Lower Gallatin TPA. However, because 
of the sporadic natural and uncertainty regarding timing of culvert failures, the estimated load at-risk is 
not included in the existing loads estimates for each impaired stream. For the fish passage assessment, 2 
culverts require additional assessment and the other 13 (87%) assessed culverts were determined to 
pose a significant passage risk to juvenile fish at all flows. The predominant reason cited as a barrier to 
fish was a steep culvert gradient, but five culverts were perched above the stream channel and five had 
an insufficient constriction ratio (i.e., culvert width/bankfull width). 
 
5.7.3.5 Road Assessment Assumptions 
The following is a summary of the significant assumptions used during the roads assessment: 

• The road crossings and parallel segments assessed in the field represent conditions throughout 
the watershed. 

• Although ownership may affect the level of BMP implementation, precipitation class and road 
surface type were assumed to be the largest determinants of loading per crossing. Field sites 
were selected to have a representative number per ownership type, but the loads were 
extrapolated based on precipitation class and road surface type. 

• Using modeling scenarios that focus on improving maintenance for city/county/state 
maintained roads, and reducing the contributing length near road crossings for private and 
federally maintained roads, will effectively reduce the majority of the sediment load from roads. 
This is an effective way to represent loading reductions associated with implementing all 
reasonable, land, soil, and water conservation practices. 

• BMPs may have already have been implemented on many roads, and therefore the reductions 
necessary in some locations may be less than described in this document. 

 
5.7.4 Permitted Point Sources 
As of March 19, 2012, the Lower Gallatin TPA had nine Montana Pollutant Discharge Elimination System 
(MPDES) permitted point sources within sediment-impaired watersheds (Figure A-22). All of the permits 
fall within three watersheds: Bozeman, Rocky, and Smith. There is one individual permit for the city of 
Bozeman’s drinking water treatment plant, but all other permits are general. Five of the general permits 
are for construction storm water (MTR100000), one is for industrial storm water (MTR000000), one is 
for construction dewatering (MTG070000), and one is for a small Municipal Separate Storm Sewer 
System (MS4) (MTR040000). To provide the required wasteload allocation (WLA) for permitted point 
sources, a source assessment was performed for these point sources. Because of the conditions set 
within all of the applicable permits, and the nature of sediment loading associated with these permits, 
the WLAs are not intended to add load limits to the permits; DEQ assumed that the WLAs will be met by 
adhering to the permit requirements. 
 
5.7.4.1 City of Bozeman Water Treatment Plant (MT0030155) 
The city of Bozeman has a potable water treatment plant along upper Bozeman Creek near the USFS 
boundary (Figure A-22). The facility currently has a design flow of 0.86 million gallons per day (Mgd) and 
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an average flow over the year of 0.2 Mgd. An upgrade was started in 2011 (anticipated completion 
2012) that will increase the design flow to 1.1 Mgd, with an estimated actual discharge of 0.5 Mgd. The 
permit has a maximum daily effluent TSS concentration limit of 45 mg/L, a monthly average effluent 
limit of 30 mg/L, and a monthly average load limit of 215 lbs/day.  
 
The facility is required to monitor the TSS concentration of its effluent weekly. As part of its Discharge 
Monitoring Report (DMR), the plant submits a 30-day average TSS concentration and load; since 2002, 
that concentration has ranged from below the detection limit (1 mg/L) to 26 mg/L, with an average 
value of 5 mg/L. Therefore, the average monthly concentration is well below the permit limit. Also, since 
the plant usually discharges at a rate less than its design flow, the average monthly load over the past 10 
years is 20 lbs/day. Based on this data, the typical annual TSS load is approximately 3.7 tons. Although 
the facility is upgrading its discharge capacity, because of nondegradation requirements, its permitted 
average monthly load limit will stay at 215 lbs/day. Therefore, its WLA is based on the monthly load limit 
in the permit and, abiding by the permit conditions, will meet the WLA. Based on the monthly average 
load limit, the allowable annual load is 39 tons of sediment (i.e., 215 lbs/day *365 days * conversion 
factor = 39 tons). This load is more than 10 times greater than its estimated existing load. 
 
5.7.4.2 Construction Storm Water Permits (MTR100000) 
Because construction activities at any given site are temporary and relatively short term, the number of 
construction sites covered by the general permit at any given time varies. Collectively, these areas of 
severe ground disturbance have the potential to be significant sediment sources if proper BMPs are not 
implemented and maintained. Each construction stormwater permittee is required to develop a Storm 
Water Pollution Prevention Plan (SWPPP) that identifies the stormwater BMPs that will be in place 
during construction. Before a permit is terminated, disturbed areas must have a vegetative density 
equal to or greater than 70% of the pre-disturbed level (or an equivalent permanent method of erosion 
prevention). Inspection and maintenance of BMPs is required, and although Montana stormwater 
regulations provide the authority to require stormwater monitoring, water quality sampling is typically 
not required (Heckenberger, Brian, personal communication 2009). 
 
The permit files were reviewed to determine the amount of disturbed land associated with each permit. 
In the Bozeman Creek watershed, the estimated level of disturbance is 46 acres for three permits; in the 
Rocky Creek watershed, 15 acres for one permit; and in the Smith Creek watershed, 7 acres for one 
permit. All permits are for either road/highway construction or home construction. The SWPPPs contain 
BMPs, such as silt fencing, retention basins, fiber rolls, erosion control blankets, and vegetated buffers.  
 
To estimate the potential sediment loading for the construction sites if adequate BMPs are not followed, 
an upland erosion rate for disturbed ground with less than 15% cover was multiplied by the amount of 
disturbed acreage associated with each permit (Table 5-33). Because the Lower Gallatin upland model 
did not have a disturbed ground category, the erosion rate (1.37 tons/acre/year) from a recently 
completed upland model for the Little Blackfoot watershed was used (Montana Department of 
Environmental Quality and U.S. Environmental Protection Agency, 2011).  
 
The Little Blackfoot watershed is also in the Middle Rockies ecoregion, and 1.37 tons/acre/year was 
determined to be an appropriate estimate of the annual erosion potential for disturbed ground within 
the Lower Gallatin TPA. To estimate the reduction in loading associated with following proper BMPs and 
adhering to permit requirements, a 65% reduction was applied based on studies from EPA and the 
International Storm Water Best Management Practices Database (Geosyntec Consultants and Wright 
Water Engineers, Inc., 2008; EPA, 2009b). The reduced loads (Table 5-33) will be used to set the WLAs 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 5.0 

3/28/13 FINAL 5-55 

for construction stormwater permits. Because following permit conditions meet the intent of the WLA 
for construction stormwater, any future permits within any watersheds with sediment TMDLs in the 
Lower Gallatin TPA will meet the TMDL by following all permit conditions, including the SWPPP. 
 
Table 5-33. Sediment Loading and Reductions from Permitted Construction Sites 

Watershed Loading rate based on 
SWAT (T/Acre/ Year) 

Annual 
Disturbed 

Acres 

Estimated Load 
Without Adequate 

BMPs (T/Year) 

BMP Sediment 
Load (T/Year) 

Percent 
Reduction 

Bozeman Creek 1.37 46 63 22 65% 
Rocky Creek 1.37 15 21 7 65% 
Smith Creek 1.37 7 9.6 3.4 65% 
 
5.7.4.3 Industrial Storm Water Permit (MTR000095) 
Stormwater from the Kenyon Noble Ready Mix concrete batch plant is regulated under the General 
Permit for Storm Water Discharges Associated with Industrial Activity (MTR000000). This permit 
regulates the direct discharge of stormwater draining the facility and its grounds. Under the stipulations 
of the permit, the facility maintains an approved SWPPP. The SWPPP sets forth the procedures, 
methods, and equipment used to prevent the pollution of stormwater discharges. In addition, the 
SWPPP describes general practices used to reduce pollutants in stormwater discharges. According to the 
SWPPP, the facility’s primary BMP is to use conveyances that minimize contact between runoff and 
sediment and other pollutants. 
 
The site, which is within the Bozeman Creek watershed, is approximately 2.2 acres and is primarily used 
for the loading and unloading of trucks with building materials. No monitoring data are available; 
however, DEQ conducted a site inspection in 2007 and found it in compliance with the permit. DEQ did, 
however, recommend additional vegetation and site contouring to prevent runoff from the site. 
According to Attachment B (Monitoring Parameter Benchmark Concentrations) within the general 
stormwater permit, the benchmark value for TSS is 100 mg/L; this means that the TSS concentration of 
runoff from the site should not exceed 100 mg/L if permit conditions are followed. Based on the site size 
of 2.2 acres, an average annual precipitation rate of 18 inches (from the MSU climate station), and the 
benchmark value of 100 mg/L, the maximum allowable annual sediment load from this site is 0.4 
ton/year. The WLA is provided because it is a requirement for permitted point sources but is not 
intended to add load limits to the permit. DEQ assumed that the WLA will be met by adhering to the 
permit requirements, including the SWPPP. 
 
5.7.4.4 Construction Dewatering Permit (MTG070687) 
There is a construction dewatering permit for a 0.5-acre pond in the Smith Creek watershed, which is 
covered under the General Permit for Construction Dewatering (MTG070000). The dewatering effluent 
is routed from the construction site into a vegetated swale and has the potential to eventually flow into 
Ross Creek, one of the tributaries that forms Smith Creek. The estimated maximum pumping capacity is 
1 cfs, and dewatering is expected to occur during the summer season (May–September). Since the 
maximum pumping rate typically occurs during the initial phase of pumping then drops off drastically, a 
conservative estimate of the potential load was calculated assuming a constant pumping rate of 1 cfs 
from May through September.  
 
The permit has a numeric turbidity limit for the effluent of 10 NTU. Because turbidity cannot be 
expressed as a load, a TSS conversion ratio of 2:1 TSS-to-turbidity was used based on a study used for 
the Swan TMDL (Bansak et al., 2000) and a study done for the Boulder River (Water Consulting, Inc., 
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2002). The Boulder River is also in the Middle Rockies ecoregion, so this relationship was determined to 
be a reasonable approximation of the relationship between turbidity and TSS in the Lower Gallatin TPA. 
Assuming a 1 cfs discharge at 20 mg/L TSS (10 NTU *2) over 5 months, the estimated annual load is 8.3 
tons. This value will also be used for the WLA. Although it is based on the permit, it is not intended to be 
incorporated into the permit. Adhering to the permit conditions will meet the intent of the WLA.  
 
5.7.4.5 MS4 Permit (MTR040002) 
Stormwater within the city of Bozeman is regulated under the General Permit for Storm Water 
Discharge Associated with Small Municipal Separate Storm Water Sewer System (MS4) (MTR04000). The 
city shares the permit with Montana State University – Bozeman (MSU) and MDT. The permit primarily 
applies within the city limits (Figure A-22) but also includes some receiving waters outside the city. 
There are two sediment-impaired receiving waters identified in the permit: Bozeman Creek and Bear 
Creek. Because they are identified in the permit, TMDLs for both streams must include a WLA for the 
MS4. 
 
The permit does not include effluent limits but requires the development and implementation of a 
SWMP to minimize sediment loading to surface waters. The SWMP must include six minimum control 
measures: (1) public education and outreach; (2) public involvement/participation; (3) detection and 
elimination of illicit discharge; (4) control of stormwater runoff from construction sites; (5) management 
of post-construction stormwater in new development and redevelopment; and (6) pollution 
prevention/good housekeeping. Additionally, the permit requires semiannual monitoring at two sites, 
one representing a residential area (the Langhor site) and the other representing a 
commercial/industrial area (the Tamarack site) (Figure A-22).  
 
A Storm Water Management Model (SWMM) initially developed for the city of Bozeman (HDR 
Engineering and Morrison-Maierle,Inc., 2008) was adapted by DEQ for this project to help estimate 
existing stormwater-related sediment and nutrient loads. The model includes only the city of Bozeman, 
and therefore does not include Bear Creek, which is east of the city. Model specifics pertaining to the 
nutrient source assessment are described in detail in Section 6.5.2.2. The model was based on 30 years 
of climate data from the weather station on MSU’s campus (Coop ID 241044), and two scenarios were 
run to simulate existing loading conditions: one with an average TSS event mean concentration (EMC) 
from measurements across multiple city stormwater systems in the Intermountain West (literature 
value scenario) (Caraco, 2000) and the other with benchmark TSS concentrations from the permit 
(benchmark value scenario) that are based on the median from the Nationwide Urban Runoff Program 
(NURP). For Bozeman Creek, the literature value scenario estimated an annual sediment load of 288 
tons, and the benchmark value scenario estimated an annual sediment load of 177 tons. 
 
To help evaluate the model output and quality of the city’s stormwater, the city’s TSS monitoring data 
from 2007 through 2010 were compared with the upper and lower literature TSS EMCs as well as with 
the permit benchmark TSS concentration for residentially-dominated areas (Figure 5-5) relative to 
commercially-dominated areas of the city (Figure 5-6). TSS concentrations from the residential site 
(Langhor) were well below both the benchmark concentration and the minimum literature EMC. TSS 
concentrations from the commercial site (Tamarack) commonly exceeded the benchmark concentration 
and occasionally exceeded the maximum literature EMC. Although the data are limited, it indicates 
additional BMPs are needed, particularly in commercially-dominated areas.  
 
As discussed in the data review for Bozeman Creek (Section 5.5.2), however, there is also room for 
improvement in residential areas. Based on the data comparison, the benchmark value scenario load is 
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more representative of stormwater TSS loads from a residentially-dominated area of Bozeman and the 
literature value scenario load is more representative of stormwater TSS loads from a commercially-
dominated portion of Bozeman. Therefore, a weighted approach based on the land use breakdown 
within the MS4 boundary in the Bozeman Creek watershed was used to derive a load estimate that is a 
composite of both model runs. Using this approach, the estimated existing stormwater sediment load to 
Bozeman Creek is 218 tons per year. 
 

 
Figure 5-5. Bozeman residentially-dominated stormwater data from 2007 through 2010 at the Langhor 
site compared with the benchmark value and the maximum and minimum literature value. 
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 5.0 

3/28/13 FINAL 5-58 

 
Figure 5-6. Bozeman commercially-dominated stormwater data from 2007 through 2010 at the 
Tamarack site compared with the benchmark value and the maximum and minimum literature value. 
 
Because Bear Creek was not included in the model, a rough estimate of the existing stormwater TSS load 
was calculated using the estimated load for Bozeman Creek. The only portion of the Bear Creek 
watershed that falls under the permit is the I-90 corridor, which means some loading is associated with 
traction sand (discussed in Section 5.7.3.3). Overall, however, there is a limited area that could 
contribute sediment. Therefore, the loading rate is likely on the lower end of the modeled loads and 
closer to the benchmark value scenario. The load from the benchmark value scenario (177 tons) was 
divided by the MS4 acreage in the Bozeman Creek watershed (2,034 acres) to get a loading rate of 0.087 
ton/acre. That value was multiplied by the MS4 acreage within the Bear Creek watershed (61.96 acres) 
to get an estimated existing sediment stormwater load to Bear Creek of 5.4 tons per year.  
 
Establishing the Total Allowable Load 
Because of the limited amount of information regarding stormwater BMPs currently in place within the 
MS4, no BMP scenario was run in the model. Instead, BMP effectiveness values reported from the 
International Storm Water BMP Database (Geosyntec Consultants and Wright Water Engineers, Inc., 
2011) will be used as the basis for the WLA. The database includes statistics for loading reduction 
efficiencies from a compilation of studies for a variety of BMPs. The BMPs include bioretention, 
bioswales, detention basins, filter strips, manufactured devices, media filters, porous pavement, 
retention ponds, wetland basins, and wetland channels. The effectiveness range among different studies 
and practices are fairly tight. Studies were summarized by evaluating the 75th percentile, median, and 
25th percentile concentration of influent and effluent. The quartiles for each percentile category ranged 
from a reduction efficiency of 53% to 76%. Using the median influent and effluent concentration, the 
average percent reduction among BMPs was 62%.  
 
Because some BMPs are already in place within all land-use categories, but the monitoring data reflect 
more effective BMPs within residentially-dominated areas, a reduction less than 62% is necessary at the 
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watershed scale. Therefore, a weighted approach based on the land use distribution in the Bozeman 
Creek watershed was used to approximate the reduction in loading that additional BMP implementation 
across all land-use categories could achieve and to determine the WLA.  
 
Approximately 40% of the land within the MS4 boundary in the Bozeman Creek watershed is residential, 
so no reduction was applied to 40% of the estimated existing load. Although the remainder of the 
watershed is not all commercial, to err on the conservative side, a 62% reduction was applied to the 
remaining 60% of the existing load (based on the 62% reduction efficiency from the database). Using this 
approach, the WLA is 137 tons of sediment per year for the Bozeman Creek watershed, which is a 37% 
reduction from the estimated existing load. Because of the limited amount of data for Bear Creek, the 
Bear Creek WLA is also a 37% reduction (3.4 tons/year).  
 
As stated previously, the WLAs are not intended to add load limits to the permit. DEQ assumed that the 
WLAs will be met by adhering to the permit requirements. As identified in the permit, monitoring data 
should continue to be evaluated to assess BMP performance and help determine whether and where 
additional BMP implementation may be necessary.  
 
5.7.5 Source Assessment Summary 
Based on field observations and associated source assessment work, all assessed source categories 
represent significant controllable loads. Each source category has different seasonal loading rates, and 
the relative percentage of the total load from each source category does not necessarily indicate its 
importance as a loading source. Instead, because of the coarse nature of the source assessment work, 
and the unique uncertainties involved with each source assessment category, the intention is to 
separately evaluate source effects within each assessment category (e.g., bank erosion, upland erosion, 
roads). Results for each source assessment category provide an adequate tool to focus water quality 
restoration activities in the Lower Gallatin TPA; they indicate the relative contribution of different 
subwatersheds or landcover types for each source category and the percent loading reductions that can 
be achieved with the implementation of improved management practices (Appendix C and 
Attachments A and C). 
 

5.8 TMDL AND ALLOCATIONS 
The sediment TMDLs for the Lower Gallatin TPA will be based on a percent reduction approach, 
discussed in Section 4.0. This approach will apply to the loading allocated among sources as well as to 
the TMDL for each waterbody. An implicit margin of safety will be applied, further discussed in Section 
5.9. 
 
5.8.1 Application of Percent Reduction and Yearly Load Approaches  
Cover et al. (2008) observed a correlation between sediment supply and instream measurements of fine 
sediment in riffles and pools. DEQ assumed that a decrease in sediment supply, particularly fine 
sediment, will correspond to a decrease in the percent fine sediment deposition within the streams of 
interest and result in attaining sediment-related water quality standards. A percent-reduction approach 
is preferable because there is no numeric standard for sediment to calculate the allowable load and 
because of the uncertainty associated with the loads derived from the source assessment (which are 
used to establish the TMDL), particularly when comparing different load categories, such as road 
crossings to bank erosion. Additionally, the percent-reduction TMDL approach is more applicable for 
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restoration planning and sediment TMDL implementation because this approach helps focus on 
implementing water quality improvement practices (BMPs) versus focusing on uncertain loading values.  
 
An annual expression of the TMDLs was determined as the most appropriate timescale because 
sediment generally has a cumulative effect on aquatic life and other designated uses, and all sources in 
the watershed are associated with periodic loading. Each sediment TMDL is stated as an overall percent 
reduction of the average annual sediment load that can be achieved after summing the individual 
annual source allocations and dividing them by the existing annual total load. EPA encourages TMDLs to 
be expressed in the most applicable timescale but also requires TMDLs to be presented as daily loads 
(Grumbles, Benjamin, personal communication 2006). Daily loads are provided in Appendix D.  
 
5.8.2 Development of Sediment Allocations by Source Categories  
The percent-reduction allocations are based on BMP scenarios for each major source type (e.g., 
streambank erosion, upland erosion, roads, and permitted point sources). These BMP scenarios are 
discussed in Section 5.7 and associated appendices/attachments. They reflect reasonable reductions as 
determined from literature, agency and industry documentation of BMP effectiveness, and field 
assessments. Sediment loading reductions can be achieved through a combination of BMPs, and the 
most appropriate BMPs will vary by site. Sediment loading was evaluated at the watershed scale and 
associated sediment reductions are also applied at the watershed scale based on the fact that many 
sources deliver sediment to tributaries that then deliver the sediment load to the impaired waterbodies.  
 
It is important to recognize that the first critical step toward meeting the sediment allocations involves 
applying and/or maintaining the land management practices, or BMPs, that will reduce sediment 
loading. Once these actions have been completed at a given location, the landowner or land manager 
will have taken action consistent with the intent of the sediment allocation for that location. For many 
nonpoint source activities, it can take several years to decades to achieve the full load reduction at the 
location of concern, even though full BMP implementation is in effect. For example, it may take several 
years for riparian areas to fully recover after implementing grazing BMPs or allowing re-growth in areas 
of past riparian harvest. It is also important to apply proper BMPs and other water quality protection 
practices for all new or changing land management activities to limit any potential increased sediment 
loading. 
 
Progress toward TMDL and individual allocation achievement can be gaged by adhering to point source 
permits, implementing BMPs for nonpoint sources, and improving or attaining the water quality targets 
defined in Section 5.4. Any effort to calculate loads and percent reductions for comparison with TMDLs 
and allocations in this document should be accomplished via the same methodology and/or models 
used to develop the loads and percent reductions presented within this document. 
 
The following subsections present additional allocation details for each sediment source category.  
 
5.8.2.1 Streambank Erosion 
Streambank stability and erosion rates are closely linked to the health of the riparian zone. Reductions in 
sediment loading from bank erosion are expected to be achieved by applying BMPs within the riparian 
zone. Sediment loads associated with bank erosion are identified by separate source categories (e.g., 
transportation, grazing, natural) in Attachment A; however, because of the inherent uncertainty in 
extrapolating this level of detail to the watershed scale, and also because of uncertainty regarding the 
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effects of past land management activity, all sources of bank erosion were combined to express the 
TMDL and allocations.  
 
DEQ acknowledges that the annual sediment loads, and the method by which to attribute human and 
historic influence, are estimates based on aerial photography, best professional judgment, and limited 
access to on-the-ground reaches. The assignment of bank erosion loads to the various land uses is not 
definitive but was done to direct efforts to reduce the loads toward those causes that are likely having 
the biggest effect on the investigated streams. Ultimately, local land owners and managers are 
responsible for identifying the causes of bank erosion and for adopting practices to reduce bank erosion 
wherever practical. 
 
5.8.2.2 Upland Erosion 
The allocation to upland sources includes application of BMPs to present land-use activities as well as 
recovery from past land-use influences, such as riparian harvest. No reductions were allocated to 
natural sources, which are a significant portion of all upland land-use categories. For all upland sources, 
the largest percent reduction will be achieved via riparian improvements. The anticipated loading 
reductions achievable by implementing upland and riparian BMPs for each land cover category are 
presented in Attachment C. For the TMDL, the allocation to upland erosion sources is presented as a 
single load and percent reduction. 
 
5.8.2.3 Roads 
The allocation to roads can be met by incorporating and documenting that all road crossings and parallel 
segments with potential sediment delivery to streams have the appropriate BMPs in place. Routine 
maintenance of the BMPs is also necessary to ensure that sediment loading remains consistent with the 
intent of the allocations. At some locations, road closure or abandonment alone may be appropriate. 
Further, because of the low erosion potential linked to native vegetation growth on the road surface, 
additional BMPs may not be necessary. The allocation to roads also includes no loading from undersized, 
improperly installed, or inadequately maintained culverts. At a minimum, culverts should meet the 25-
year event; however, for fish-bearing streams and streams with a high level of road and impervious 
surface development upstream, or for culvert sites with a large amount of fill, meeting the 100-year 
event is recommended. 
 
5.8.2.4 Permitted Point Sources 
All WLAs are expected to be met by adhering to permit conditions. 
 
5.8.3 Allocations and TMDL for Each Stream 
The following subsections present the existing quantified sediment loads, allocations, and TMDL for 
each waterbody (Tables 5-34 through 5-44). Note, sediment loads and percent reductions were rounded 
and may not exactly match the loads presented in the appendices. 
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5.8.3.1 Bear Creek (MT41H003_081) 
Table 5-34. Sediment Source Assessment, Allocations and TMDL for Bear Creek 

Sediment Sources Current Estimated Load 
(Tons/Year) 

Total Allowable Load 
(Tons/Year) 

Load Allocations (% 
reduction) 

Roads 2.1 1.5 27% 
Streambank Erosion 758 374 51% 

Upland Sediment Sources 207 122 41% 
Point 

Source 
Bozeman MS4 
(MTR040002) 5.4 3.4 37% 

Total Sediment Load 973 501 48% 
 
5.8.3.2 Bozeman Creek, lower segment (MT41H003_040) 
Because TMDLs are presented on a watershed basis, the TMDL for lower Bozeman Creek also includes 
all loading to the stream upstream of the lower segment. 
 
Table 5-35. Sediment Source Assessment, Allocations and TMDL for lower Bozeman Creek 

Sediment Sources Current Estimated 
Load (Tons/Year) 

Total Allowable 
Load (Tons/Year) 

Load Allocations 
(% reduction) 

Roads 10 7.4 27% 
Streambank Erosion 1,212 842 31% 

Upland Sediment Sources 1,056 577 45% 
Point 

Source 
Bozeman Water Treatment 

Plant (MT0030155) 3.7 39 0% 

Bozeman MS4 (MTR040002) 218 137 37% 
Kenyon Noble Ready Mix 

(MTR000095) 0.4 0.4 0% 

Construction Storm Water 
(MTR100000) 63 22 65% 

Total Sediment Load 2,563 1,625 37% 
 
5.8.3.3 Camp Creek (MT41H002_010) 
Table 5-36. Sediment Source Assessment, Allocations and TMDL for Camp Creek 

Sediment Sources Current Estimated Load 
(Tons/Year) 

Total Allowable Load 
(Tons/Year) 

Load Allocations (% 
reduction) 

Roads 23 19 17% 
Streambank Erosion 3,119 1,281 59% 

Upland Sediment Sources 5,309 1,832 65% 
Total Sediment Load 8,451 3,132 63% 

 
5.8.3.4 Dry Creek (MT41H003_100) 
Table 5-37. Sediment Source Assessment, Allocations and TMDL for Dry Creek 

Sediment Sources Current Estimated Load 
(Tons/Year) 

Total Allowable Load 
(Tons/Year) 

Load Allocations (% 
reduction) 

Roads 32 26 19% 
Streambank Erosion 3,187 2,203 31% 
Upland Sediment Sources 6,733 2,455 64% 

Total Sediment Load 9,952 4,684 53% 
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5.8.3.5 Godfrey Creek (MT41H002_020) 
Table 5-38. Sediment Source Assessment, Allocations and TMDL for Godfrey Creek 

Sediment Sources Current Estimated Load 
(Tons/Year) 

Total Allowable Load 
(Tons/Year) 

Load Allocations (% 
reduction) 

Roads 5.9 4.9 17% 
Streambank Erosion 526 270 49% 

Upland Sediment Sources 2,242 625 72% 
Total Sediment Load 2,774 900 68% 

 
5.8.3.6 Jackson Creek (MT41H003_050) 
Table 5-39. Sediment Source Assessment, Allocations and TMDL for Jackson Creek 

Sediment Sources Current Estimated Load 
(Tons/Year) 

Total Allowable Load 
(Tons/Year) 

Load Allocations (% 
reduction) 

Roads 16 9.9 37% 
Streambank Erosion 398 223 44% 
Upland Sediment Sources 1,175 467 60% 

Total Sediment Load 1,589 700 56% 
 
5.8.3.7 Reese Creek (MT41H003_070) 
Table 5-40. Sediment Source Assessment, Allocations and TMDL for Reese Creek 

Sediment Sources Current Estimated Load 
(Tons/Year) 

Total Allowable Load 
(Tons/Year) 

Load Allocations (% 
reduction) 

Roads 6.1 4.6 25% 
Streambank Erosion 1,257 864 31% 
Upland Sediment Sources 1,727 662 62% 

Total Sediment Load 2,990 1,531 49% 
 
5.8.3.8 Rocky Creek (MT41H003_080) 
Because TMDLs are presented on a watershed basis, the TMDL for Rocky Creek also includes an 
allocation to Jackson Creek. See the Jackson Creek TMDL for allocations to sediment source categories. 
 
Table 5-41. Sediment Source Assessment, Allocations and TMDL for Rocky Creek 

Sediment Sources Current Estimated 
Load (Tons/Year) 

Total Allowable 
Load (Tons/Year) 

Load Allocations 
(% reduction) 

Roads 21 14 35% 
Streambank Erosion 1,149 583 49% 

Upland Sediment Sources 2,100 861 59% 
Jackson Creek watershed 1,589 700 56% 

Point 
Source 

Construction Storm Water 
(MTR100000) 21 7 65% 

Total Sediment Load 4,880 2,165 56% 
 
5.8.3.9 Smith Creek (MT41H003_060) 
Because TMDLs are presented on a watershed basis, the TMDL for Smith Creek includes an allocation to 
Reese Creek. See the Reese Creek TMDL for allocations to sediment source categories. 
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Table 5-42. Sediment Source Assessment, Allocations and TMDL for Smith Creek 

Sediment Sources Current Estimated 
Load (Tons/Year) 

Total Allowable 
Load (Tons/Year) 

Load Allocations 
(% reduction) 

Roads 3.9 3.1 19% 
Streambank Erosion 966 597 38% 

Upland Sediment Sources 47 16 66% 
Reese Creek watershed 2,990 1,531 49% 

Point 
Source 

Construction Storm Water 
(MTR100000) 9.6 3.4 65% 

Construction Dewatering 
(MTG070687) 8.3 8.3 0% 

Total Sediment Load 4,025 2,159 46% 
 
5.8.3.10 Stone Creek (MT41H003_120) 
Table 5-43. Sediment Source Assessment, Allocations and TMDL for Stone Creek 

Sediment Sources Current Estimated Load 
(Tons/Year) 

Total Allowable Load 
(Tons/Year) 

Load Allocations (% 
reduction) 

Roads 2.3 1.4 39% 
Streambank Erosion 317 201 37% 
Upland Sediment Sources 419 196 53% 

Total Sediment Load 738 398 46% 
 
5.8.3.11 Thompson Creek (MT41H003_090) 
Table 5-44. Sediment Source Assessment, Allocations and TMDL for Thompson Creek 

Sediment Sources Current Estimated Load 
(Tons/Year) 

Total Allowable Load 
(Tons/Year) 

Load Allocations (% 
reduction) 

Roads 0.7 0.6 18% 
Streambank Erosion 149 58 61% 
Upland Sediment Sources 4 1 63% 

Total Sediment Load 154 60 61% 
 

5.9 SEASONALITY AND MARGIN OF SAFETY 
Seasonality and margin of safety are both required elements of TMDL development. This section 
describes how seasonality and margin of safety were applied during development of the Lower Gallatin 
TPA sediment TMDLs.  
 
5.9.1 Seasonality 
All TMDL documents must consider the seasonal applicability of water quality standards as well as the 
seasonal variability of pollutant loads to a stream. Seasonality was addressed in several ways:  

• The applicable narrative water quality standards (Appendix B) are not seasonally dependent, 
although low-flow conditions provide the best ability to measure harm-to-use based on the 
selected target parameters. The low-flow or base-flow condition represents the most practical 
time period for assessing substrate and habitat conditions, and also represents a time period 
when high fine sediment in riffles or pool tails will likely influence fish and aquatic life. 
Therefore, meeting targets during this time frame represents an adequate approach for 
determining standards attainment.  



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 5.0 

3/28/13 FINAL 5-65 

• The substrate and habitat target parameters within each stream are measured during summer 
or autumn low-flow conditions consistent with the time of year when reference stream 
measurements are conducted. This time period also represents an opportunity to assess effects 
of the annual snow runoff and early spring rains, which is the typical time frame for sediment 
loading to occur.  

• The DEQ sampling protocol for macroinvertebrates identifies a specific time period for collecting 
samples based on macroinvertebrate life cycles. This time period coincides with the low-flow or 
base-flow condition.  

• All assessment modeling approaches are standard approaches that specifically incorporate the 
yearly hydrologic cycle specific to the Lower Gallatin TPA. The resulting loads are expressed as 
average yearly loading rates to fully assess loading throughout the year.  

• Allocations are based on average yearly loading, and the preferred TMDL expression is as an 
average yearly load reduction, consistent with the assessment methods.  

 
5.9.2 Margin of Safety 
Natural systems are inherently complex. Any approach used to quantify or define the relationship 
between pollutant loading rates and the resultant water quality effects, no matter how rigorous, will 
include some level of uncertainty or error. To compensate for this uncertainty and ensure water quality 
standards are attained, a margin of safety (MOS) is required as a component of each TMDL. The MOS 
may be applied implicitly by using conservative assumptions in the TMDL development process or 
explicitly by setting aside a portion of the allowable loading (U.S. Environmental Protection Agency, 
1999b). This plan incorporates an implicit MOS in a variety of ways: 

• By using multiple targets to assess a broad range of physical and biological parameters known to 
illustrate the effects of sediment in streams and rivers. These targets serve as indicators of 
potential impairment from sediment and also help signal recovery, and eventual standards 
attainment, after TMDL implementation. Conservative assumptions were used during 
development of these targets; as discussed for each target parameter in Section 5.4.1, an effort 
was made to select achievable water quality targets, but in all cases, the most protective 
statistical approach was used. Appendix B contains additional details about statistical 
approaches used by DEQ. 

• By developing TMDLs for all streams evaluated, even though some streams were close to 
meeting all target values. This approach addresses some of the uncertainty associated with 
sampling variability and site representativeness and recognizes that capabilities to reduce 
sediments exist throughout the watershed.  

• Sediment impairment is typically identified based on excess fine sediment but the targets and 
TMDLs address both coarse and fine sediment delivery. 

• By properly incorporating seasonality into target development, source assessments, and TMDL 
allocations (details provided in Section 5.9.1). 

• By using an adaptive management approach to evaluate target attainment and allow for 
refinement of load allocation, targets, modeling assumptions, and restoration strategies to 
further reduce uncertainties associated with TMDL development (discussed in Sections 5.10, 
9.0, and 10.0). 

• By using naturally occurring sediment loads as described in ARM 17.30.602(17) (see Appendix B) 
to establish the TMDLs and allocations based on reasonably achievable load reductions for each 
source category. Specifically, each major source category must meet percent reductions to 
satisfy the TMDL because of the relative loading uncertainties between assessment 
methodologies.  
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• By developing TMDLs at the watershed scale to address all potentially significant human-related 
sources beyond just the impaired waterbody segment scale. This approach should also reduce 
loading and improve water quality conditions within other tributary waterbodies throughout the 
watershed.  

 

5.10 TMDL DEVELOPMENT UNCERTAINTIES AND ADAPTIVE MANAGEMENT 
A degree of uncertainty is inherent in any study of watershed processes. While uncertainties are an 
undeniable fact of TMDL development, mitigation and reduction of uncertainty through adaptive 
management is a key component of TMDL implementation. The process of adaptive management is 
predicated on the premise that TMDLs, allocations, and their supporting analyses are not static but are 
subject to periodic modification or adjustment as new information and relationships are better 
understood. Within the Lower Gallatin TPA, adaptive management for sediment TMDLs relies on 
continued monitoring of water quality and stream habitat conditions, continued assessment of effects 
from human activities and natural conditions, and continued assessment of how aquatic life and 
coldwater fish respond to changes in water quality and stream habitat conditions.  
 
As noted in Section 5.9.2, adaptive management represents an important component of the implicit 
MOS. This document provides a framework to satisfy the MOS by including sections focused on TMDL 
implementation, monitoring, and adaptive management (Sections 9.0 and 10.0). Furthermore, state law 
(ARM 75-5-703) requires monitoring to gauge progress toward meeting water quality standards and 
satisfying TMDL requirements. These TMDL implementation monitoring reviews represent an important 
component of adaptive management in Montana.  
 
Perhaps the most significant uncertainties within this document involve the accuracy and 
representativeness of (a) field data and target development and (b) the accuracy and representativeness 
of the source assessments and associated load reductions. These uncertainties and approaches used to 
reduce uncertainty are discussed in following subsections.  
 
5.10.1 Sediment and Habitat Data Collection and Target Development 
Some of the uncertainties regarding accuracy and representativeness of the data and information used 
to characterize existing water quality conditions and develop water quality targets are discussed below.  
 
Data Collection 
The stream sampling approach used to characterize water quality is described in Attachment A. To 
control sampling variability and improve accuracy, the sampling was done by trained environmental 
professionals using a standard DEQ procedure developed for creating sediment TMDLs (Montana 
Department of Environmental Quality, 2010). This procedure defines specific methods for each 
parameter, including sampling location and frequency, to ensure proper representation and applicability 
of results. Before any sampling, a sampling and analysis plan (SAP) was developed to ensure that all 
activity was consistent with applicable quality control and quality assurance requirements. Site selection 
was a major component of the SAP and was based on a stratification process described in Attachment 
A. The stratification work ensured that each stream included one or more sample sites representing a 
location where excess sediment loading or altered stream habitat could affect fish or aquatic life.  
 
Even with the applied quality controls, a level of uncertainty regarding overall accuracy of collected data 
will exist. There is uncertainty regarding whether the appropriate sites were assessed and whether an 
adequate number of sites were evaluated for each stream. Also, there is the uncertainty of the 
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representativeness of collecting data from one sampling season. These uncertainties are difficult to 
quantify and even more difficult to eliminate given resource limitations and occasional stream access 
problems. 
 
Target Development 
DEQ evaluated several data sets to ensure that the most representative information and most 
representative statistic was used to develop each target parameter, consistent with the reference 
approach framework outlined in Appendix B. Using reference data is the preferred approach for target 
setting; however, some uncertainty is introduced because of differing protocols between the available 
reference data and DEQ data for the Lower Gallatin TPA. These differences were acknowledged within 
the target development discussion and taken into consideration during target setting. For each target 
parameter, DEQ stratified the Lower Gallatin sample results and target data into similar categories, such 
as stream width or Rosgen stream type, to ensure that the target exceedance evaluations were based 
on appropriate comparison characteristics.  
 
The established targets are meant to apply under median conditions of natural background and natural 
disturbance. DEQ recognizes that under some natural conditions, such as a large fire or flood event, it 
may be impossible to satisfy one or more of the targets until the stream and/or watershed recovers 
from the natural event. Under these conditions the goal is to ensure that management activities do not 
significantly delay achievement of targets compared with the time for natural recovery to occur.  
 
Also, human activity should not significantly increase the extent of water quality effects from natural 
events. For example, extreme flood events can cause a naturally high level of sediment loading that 
could be significantly increased from a large number of road crossing or culvert failures.  
 
Because sediment target values are based on statistical data percentiles, DEQ recognizes that it may be 
impossible to meet all targets for some streams even under normal levels of disturbance. On the other 
hand, some target values may underestimate the potential of a given stream, and it may be appropriate 
to apply more protective targets upon further evaluation during adaptive management. It is important 
to recognize that the adaptive management approach provides flexibility to refine targets as necessary 
to ensure resource protection and to adapt to new information concerning target achievability. 
 
5.10.2 Source Assessments and Load Reduction Analyses 
Each assessment method introduces uncertainties regarding the accuracy and representativeness of the 
sediment load estimates and percent load reduction analyses. For each source assessment, assumptions 
must be made to evaluate sediment loading and potential reductions at the watershed scale. Because of 
these uncertainties, conclusions may not represent existing conditions and achievable reductions at all 
locations in the watershed. Uncertainties are discussed independently for the three major source 
categories: bank erosion, upland erosion, and unpaved road crossings.  
 
Bank Erosion 
Bank erosion loads were initially quantified using the DEQ protocols (Montana Department of 
Environmental Quality, 2010) and the standard BEHI methodology, defined in Attachment A. Before any 
sampling, a SAP was developed to ensure that all activity was consistent with applicable quality control 
and quality assurance requirements. Site selection was a major component of the SAP and was based on 
a stratification process described in Attachment A. The results were then extrapolated across the Lower 
Gallatin watershed to provide an estimate of the relative bank erosion loading from various streams and 
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associated stream reaches. Based on this process, the relative contribution from human versus natural 
sources, as well as the potential for reduction with the implementation of riparian BMPs, was estimated 
and used for TMDL allocations. Stratifying and assessing each unique reach type was not practical, 
therefore adding to uncertainty associated with the load extrapolation results.  
 
There is additional uncertainty regarding the amount of bank erosion linked to human activities and the 
specific human sources, as well as the ability to reduce the human-related bank erosion levels. This 
uncertainty is largely associated with past disturbances; it is extremely difficult to identify the level to 
which they still affect streambank erosion, how much is associated with human sources, and what the 
dominant human sources are. Even if difficult to quantify, the linkages between human activity, such as 
riparian clearing and bank erosion, are well established, and these linkages clearly exist at different 
locations throughout the Lower Gallatin watershed. Evaluating bank erosion levels, particularly where 
BMPs have been applied along streams, is an important part of adaptive management that can help 
define the level of human-caused bank erosion as well as the relative effect that bank erosion has on 
water quality throughout the Lower Gallatin watershed.  
 
Upland Erosion 
A professional modeler determined upland erosion loads by applying a landscape soil loss equation 
(USLE), defined in Attachment C. As with any model, there will be uncertainty in the model input 
parameters, including land use, land cover, and assumptions regarding existing levels of BMP 
application. For example, only one vegetative condition was assigned per land cover type. In other 
words, the model cannot reflect land management practices that change vegetative cover from one 
season to another, so an average condition is used for each scenario in the model. The potential to 
reduce sediment loading was based on modest land cover improvements, along with riparian 
improvements, to reduce the generation of eroded sediment particles. Thus, there is uncertainty 
regarding existing erosion prevention BMPs and the ability to reduce erosion with additional BMPs. 
 
The upland erosion model integrates sediment delivery based on riparian health; riparian health 
evaluations linked to the stream stratification work are discussed in Attachment A. The riparian health 
classifications were performed using aerial imagery and a coarse classification system (i.e., poor, fair, 
good). This particularly introduced uncertainty in watersheds that had limited woody vegetation but 
that may have had a high buffering capacity from other vegetation, such as wetland grasses.  
 
Additionally, because of the coarseness of the categories, the process resulted in a large quantity of 
riparian vegetation being classified as fair, which limits analysis of fine-scale differences. However, the 
analysis was not performed with the expectation that it would identify specific locations for 
implementation of additional BMPs. Instead it was performed to simulate the buffering capacity of 
riparian vegetation and emphasize the importance of a healthy riparian buffer. Even with these 
uncertainties, the ability to reduce upland sediment erosion and delivery to nearby waterbodies is well 
documented in literature, and the estimated reductions are consistent with literature values for riparian 
buffers.  
 
Roads 
As described in Appendix C, the road crossings sediment load was estimated via a standardized simple 
yearly model developed by USFS. This model relies on a few basic input parameters that are easily 
measured in the field, as well as inclusion of precipitation data from local weather stations. A total of 24 
sites were randomly selected for evaluation, representing about 5% of the total population of roads. The 
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results from these 24 sites were extrapolated to the whole population of roads stratified by road surface 
type and precipitation class.  
 
The reduction potential for all roads was also based on road ownership, although DEQ acknowledges 
that actual reductions will vary by site, depending on the existing maintenance level and site-specific 
factors. Random selection of the stratified sites was intended to capture a representative subset of the 
road crossings for existing conditions and level of BMP implementation. However, some uncertainty is 
introduced because of the small sample size relative to the total number of road crossings.  
 
Although the traction sand assessment indicated traction sand is a minor source of sediment, there is 
some uncertainty because the assessment was not performed during the spring, when its effects are 
most apparent. Also, although the culvert assessment is a coarse level assessment, there is uncertainty 
in the peak flow capacity that was calculated for each culvert because it is based on regional regression 
equations, which may substantially overestimate or underestimate peak flow.  
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6.0 NUTRIENT TMDL COMPONENTS 

This section focuses on nutrient causes of water quality impairment in the Lower Gallatin planning area. 
The section (1) describes how excess nutrients impair beneficial uses, (2) discusses the affected stream 
segments, (3) discusses the currently available data pertaining to nutrient impairments in the Lower 
Gallatin, (4) describes the sources of nutrients based on recent studies, and (5) proposes nutrient TMDLs 
and their rationales. 
 

6.1 NUTRIENT EFFECTS ON BENEFICIAL USES 
Nitrogen and phosphorus are naturally occurring elements required for healthy functioning of aquatic 
ecosystems. Streams in particular are dynamic systems that depend on a balance of nutrients, which can 
enter streams from various sources. Healthy streams strike a balance between organic and inorganic 
nutrients from sources such as natural erosion, groundwater discharge, and instream biological 
decomposition. This balance relies on autotrophic organisms (e.g., algae) to consume excess nutrients 
and on the cycling of biologically fixed nitrogen and phosphorus into higher levels on the food chain, as 
well as on nutrient decomposition (e.g., changing organic nutrients into inorganic forms). Human 
influences may alter nutrient cycling, damaging biological stream function and degrading water quality. 
The effects on streams of total nitrogen (TN), nitrate+nitrite (NO3+NO2; a component of TN), and total 
phosphorus (TP) are all considered in assessing the effects on beneficial uses.  
 
Excess nitrogen in the form of dissolved ammonia (which is typically associated with wastewater) can be 
toxic to fish and other aquatic life. Excess nitrogen in the form of nitrate in drinking water can inhibit 
normal hemoglobin function in infants. In addition, excess nitrogen and phosphorus from human 
sources can cause excess algal growth, which in turn depletes the supply of dissolved oxygen, killing fish 
and other aquatic life. Excess nutrient concentrations in surface water create blue-green algae blooms 
(Priscu, 1987), which can produce toxins lethal to aquatic life, wildlife, livestock, and humans. Aside from 
the toxicity effects, nuisance algae can shift the structure of macroinvertebrate communities, which may 
also negatively affect the fish that feed on macroinvertebrates (U.S. Environmental Protection Agency, 
2010). Additionally, changes in water clarity, fish communities, and aesthetics can harm recreational 
uses, such as fishing, swimming, and boating (Suplee et al., 2009). Nuisance algae can also increase the 
cost of treating drinking water or pose health risks if ingested in drinking water (World Health 
Organization, 2003).  
 

6.2 STREAM SEGMENTS OF CONCERN 
Stream segments of concern in the Lower Gallatin watershed include those listed as impaired for 
nitrogen and/or phosphorous on the 2012 303(d) List (Table 6-1). However, this document reflects 2011 
impairment determinations made by DEQ’s Water Quality Planning Bureau. DEQ used data collected 
during the past several years to update nutrient assessments on all streams identified in Table 6-1. The 
assessment results are presented in Section 6.4, along with an updated impairment summary (Table 6-
38) for the Lower Gallatin planning area. The three segments of Hyalite Creek, from headwaters in the 
Gallatin Range to the mouth (East Gallatin River), present a unique case regarding listing history and 
water quality impairments. An in-depth analysis of human influences and water quality impairments on 
Hyalite Creek is found in Appendix E.  
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Table 6-1. Stream Segments of Concern for Nutrients and Nutrient Pollutant Impairments Based on 
the 2012 303(d) List  

Stream Segment Waterbody ID 2012 303(d) Nutrient Pollutant Listing(s) 
Bozeman Creek  MT41H003_040 Total Nitrogen, Total Phosphorous 
Bear Creek  MT41H003_081 Total Phosphorous 
Bridger Creek  MT41H003_110 Total Nitrogen, Total Phosphorous 
Camp Creek  MT41H002_010 Total Nitrogen 
Dry Creek  MT41H003_100 Total Nitrogen, Total Phosphorous 
East Gallatin River, upper  MT41H003_010 Total Nitrogen, Total Phosphorous 
East Gallatin River, middle MT41H003_020 Total Nitrogen, Total Phosphorous, pH 
East Gallatin River, lower MT41H001_030 Total Nitrogen, pH 
Godfrey Creek MT41H002_020 Total Nitrogen, Total Phosphorous 
Hyalite Creek, upper MT41H003_129 Total Nitrogen, Total Phosphorous 
Hyalite Creek, middle MT41H003_130 Total Nitrogen, Total Phosphorous 
Hyalite Creek, lower MT41H003_132 None 
Jackson Creek  MT41H003_050 Total Phosphorous 
Mandeville Creek MT41H003_021 None 
Reese Creek  MT41H003_070 Nitrate+Nitrite 
Smith Creek  MT41H003_060 Nitrate+Nitrite 
Thompson Creek  MT41H003_090 Total Nitrogen 
 

6.3 WATER QUALITY DATA SOURCES 
DEQ’s nutrient water quality assessment method has specific objectives and decision-making criteria for 
assessing the validity and reliability of data. DEQ uses a Data Quality Assessment (DQA) process to 
evaluate data for use in assessments and decision making. The DQA considers the technical, 
representativeness, currency, quality, and the spatial and temporal components of the readily available 
data. The specific data requirements are detailed in the nutrient assessment method (Suplee and Sada 
de Suplee, 2011). 
 
Primary data sources used to evaluate existing instream nutrient concentrations in the Lower Gallatin 
River watershed include the following: 
 

1) DEQ TMDL sampling. In support of TMDL development, DEQ collected water quality samples 
from 55 different sites in the planning area: 2001–2005, 2007, and 2009–2010. Samples were 
collected from sites on Bear Creek, Bridger Creek, Bozeman Creek, Camp Creek, Dry Creek, East 
Gallatin River, Hyalite Creek, Gallatin River, Smith Creek, South Cottonwood Creek, Stone Creek, 
and Thompson Creek (where n = number of samples). All samples listed below were collected 
during the summer period (July 1 – September 30). 

a. 2001 – 12 sites (n = 41)  
b. 2002 – 1 site (n = 1)  
c. 2003 – 5 sites (n = 15)  
d. 2004 – 16 sites (n = 49)  
e. 2005 – 12 sites (n = 38)  
f. 2007 – 10 sites (n = 41)  
g. 2009 – 5 sites (n = 10)  
h. 2010 – 4 sites (n = 8)  
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2) DEQ Contractor sampling. As part of several different projects, contractors collected water 
samples from streams in 2003 and 2007-2010 in support of TMDL development. 

a. 2003 – 8 sites (n = 224) from Bear Creek (April–August) 
b. 2007 – 3 sites (n = 6) for stormwater modeling for the city of Bozeman (May, November) 
c. 2008 – 72 sites on 18 streams (n = 264 ) during the growing season 
d. 2009 – 83 sites on 16 streams (n = 124 ) during the growing season  
e. 2009-2010 – 4 sites (n = 13) for a streamflow and nutrient monitoring project on Bridger 

Creek, Bozeman Creek and the East Gallatin River.  
 

3) Volunteer Group Sampling. Volunteers from the Greater Gallatin Watershed Council collected 
water quality samples and flow measurements from Bridger Creek, Thompson Creek, Hyalite 
Creek, and Bozeman Creek between 2008 and 2011. 

 
4) Macroinvertebrate Sampling. The Greater Gallatin Watershed Council and DEQ sampled 

macroinvertebrates at several locations in the Lower Gallatin Watershed from 2008–2011. 
Samples were collected from Bozeman Creek, Bridger Creek, Hyalite Creek, and Thompson 
Creek and were frequently paired with water quality sampling (3).  

 
5) DEQ Assessment Files. The files contain information used to make the existing nutrient 

impairment determinations. This includes water quality and algal data results and historical 
information collected or obtained by DEQ.  

 
6) MBMG Ground Water Investigation Program Lower Gallatin Projects. Data collected by the 

Montana Bureau of Mines and Geology’s (MBMG) Ground Water Investigations Program in 
2010–2011 in the Lower Gallatin will also be used where appropriate. 

 
7) USFS PIBO Data. The U. S. Forest Service’s (USFS) PACFISH/INFISH Biological Opinion (PIBO) 

group collects macroinvertebrate data throughout the Mountain West. Data collected in 2007 
on identified assessment units was used in the analysis.  

 
8) City of Bozeman Water Treatment Facilities. Data collected by the city of Bozeman from 2008-

2011 on Bozeman Creek, Hyalite Creek, and Lyman Creek were used where appropriate. 
 
Secondary data sources used to evaluate existing instream nutrient concentrations in the Lower Gallatin 
River watershed: 

• Groundwater quality data from MBMG’s Groundwater Information Center (GWIC) database 
• U. S. Geological Survey’s National Water Information System (NWIS) database  
• Discharge monitoring report data from the city of Bozeman’s water treatment plants, water 

reclamation facility, and municipal storm sewer system (MS4) 
 
Primary data sources include those collected in the assessment units and within the specific waterbody 
segment(s). Only primary data sources that passed DEQ’s Data Quality Assessment (DQA) process were 
used to make impairment determinations. Secondary data sources include data collected as part of 
Discharge Monitoring Reports (DMR) by MPDES permitees and other groundwater and surface water 
data sources used to quantify or describe point and nonpoint sources within a sub-basin. This includes 
surface water data collected outside the summer period (July 1 – September 30) when nutrient water 
quality targets apply.  
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Because these sampling events represent the most recent, and the most exhaustive, water quality 
characterization of nutrients, DEQ used data from these events as the primary source for evaluating 
water quality targets and assessing nutrient sources. Raw data from these sources is extensive and is not 
included but is publicly available via EPA’s STORET water quality database and DEQ’s EQuIS water quality 
database. It is also available from DEQ upon request. It should be noted that extensive chlorophyll-a 
samples were collected in multiple streams in the 2008 by a DEQ contractor. However, collection and 
processing protocols were violated by the contracted laboratory and 26 of 34 samples did not meet DEQ 
Quality Control standards and were discarded.  
 
Groundwater data are available from the USGS and MBMG databases. The following section provides an 
evaluation of water quality conditions with respect to nutrients for stream segments of concern in the 
Lower Gallatin River watershed. Figure 6-1 identifies the streams of concern for nutrients and the 
available water quality data for the Lower Gallatin TMDL project area, excluding MBMG data for surface 
water and groundwater.  
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Figure 6-1. Nutrient sampling sites on the streams of concern
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6.4 WATER QUALITY TARGETS 
TMDL water quality targets are numeric indicators used to evaluate attainment of water quality 
standards. They are discussed in Section 4.0. The following section presents nutrient water quality 
targets and compares those values with recently collected nutrient data in the Lower Gallatin River 
watershed using DEQ’s draft assessment methodology (Suplee and Sada de Suplee, 2011). To be 
consistent with DEQ’s draft assessment methodology, and because analytical methods have improved; 
only data from the past 10 years (2001–2011) are included in the review of existing data. Additionally, 
many of the nutrient samples collected before 2005 were analyzed for total Kjeldahl nitrogen (TKN), 
which DEQ has since replaced with total persulfate nitrogen as the preferred analytical method for 
determining total nitrogen. TN has also replaced TKN as a preferred parameter for evaluating nitrogen 
impairment. It should be noted that DEQ Circular 12 includes both of these analytical methods as means 
of determining total nitrogen. 
 
6.4.1 Nutrient Water Quality Standards  
Montana‘s water quality standards for nutrients (nitrogen and phosphorous forms) are narrative and are 
addressed via narrative criteria requiring that state surface waters be free from substances attributable 
to municipal, industrial, or agricultural practices or other discharges that produce nuisance conditions; 
create concentrations or combinations of material toxic or harmful to aquatic life; or create conditions 
that produce undesirable aquatic life [ARM 17.30.637(1)]. DEQ is currently developing numeric nutrient 
criteria at levels consistent with the requirements of narrative criteria. These draft numeric criteria are 
the basis for the nutrient TMDL targets consistent with EPA’s TMDL development guidance 
(http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/strategy/) and federal 
regulations (40 CFR §131.11(a) & (b)). 
 
6.4.2 Nutrient Target Values  
Nutrient water quality targets include nutrient concentrations in surface waters and measures of 
benthic algae chlorophyll-a (a form of undesirable aquatic life at elevated concentrations). The target 
concentrations for nitrogen and phosphorus are established at levels believed to protect aquatic life and 
recreation. Since 2002 Montana has conducted a number of studies in order to develop numeric criteria 
for nutrients (N and P forms) and has developed draft nutrient criteria for total nitrogen (TN), total 
phosphorus (TP), and chlorophyll-a concentration, based on two factors: (1) the results of public 
perception surveys (Suplee et al., 2009) on what level of algae was perceived as undesirable and (2) the 
results of nutrient stressor-response studies to determine nutrient concentrations that will maintain 
algal growth below undesirable levels and to identify reference values (Suplee et al., 2008b). When algal 
levels in a stream increase, shifts in biomass and community structure are likely as dissolved oxygen 
concentrations decrease and salmonid growth and survival becomes impaired.  
 
Nutrient targets for TN, TP, and chlorophyll-a are based on the draft nutrient criteria and are presented 
in Table 6-2. Included in this table are draft numeric criteria for the Level IV ecoregion Absaroka-Gallatin 
Volcanic, which has naturally high levels of phosphorous (Suplee et al., 2012). A map of the Level IV 
ecoregions in the Lower Gallatin TMDL project area may be found in Appendix A, Figure A-8.  
 
The draft nutrient criteria apply during summer months (generally July 1–September 30), when algal 
growth has the highest potential to affect beneficial uses. Note that targets in this document are 
established specifically for nutrient TMDL development in the Lower Gallatin project area and may or 

http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/strategy/
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may not apply to streams in other TMDL project areas. See Section 6.5.4.3 for the adaptive 
management strategy related to nutrient water quality targets. 
 
Table 6-2. Nutrient targets* in the Lower Gallatin project area by ecoregion 

Parameter 
Target values 

Middle Rockies 
(Level III) 

Absaroka-Gallatin Volcanics Ecoregion  
(Level IV, within Middle Rockies) 

Nitrate+Nitrite (NO3+NO2) ≤ 0.100 mg/L ≤ 0.100 mg/L 
Total Nitrogen (TN) ≤ 0.300 mg/L ≤ 0.250 mg/L 
Total Phosphorous (TP) ≤ 0.030 mg/L ≤ 0.105 mg/L 
Chlorophyll-a ≤ 125 mg/m² (≤35 g AFDW/m2) ≤ 125 mg/m² (≤35 g AFDW/m2) 

*see Section 6.5.4.3 for the adaptive management strategy for nutrient targets; AFDW = ash-free dry weight 
 
Since this Level IV ecoregion has naturally high levels of TP, DEQ established site-specific nutrient criteria 
using the following process. The 75th percentile of the reference dataset for the Level IV Absaroka-
Gallatin-Volcanics and the Level III Middle Rockies were used to determine the natural background of 
streams that flow through both ecoregions and for receiving waterbodies. Relative flow contributions 
were calculated from available discharge data from USGS and from flow sampling projects conducted by 
DEQ and its contractors. Mean estimates were used to determine the relative flow contributions from 
drainage areas in the Level IV Absaroka-Gallatin-Volcanics ecoregion. Water quality target values were 
used with relative flow contributions to calculate segment specific water quality targets. Table 6-3 
identifies these water quality targets for stream segments influenced by the Level IV Absaroka-Gallatin-
Volcanics ecoregion inside the Lower Gallatin TMDL project area. A description of the water quality 
targets and how they were calculated for streams draining the Absaroka-Gallatin-Volcanics Level IV 
ecoregion in the Lower Gallatin TMDL project area may be found in Suplee and Watson (2012). 
 
Table 6-3. Nutrient Targets in the Lower Gallatin project area per stream segment receiving flow from 
the Absaroka-Gallatin-Volcanics Level IV ecoregion 

Stream segment TN target (mg/L) TP target (mg/L) 
Bozeman Creek ≤0.270 ≤0.080 
East Gallatin between Bozeman and Bridger Creeks ≤0.290 ≤0.050 
East Gallatin between Bridger and Hyalite Creeks ≤0.300 ≤0.030 
Lower Hyalite Creek ≤0.260 ≤0.090 
East Gallatin between Hyalite Creek and Smith Creek ≤0.290 ≤0.060 
East Gallatin between Smith Creek and mouth ≤0.300 ≤0.030 
 
In Suplee and Watson (2012), equations relating benthic algal chlorophyll-a to total nutrients were used 
to calculate the benthic chlorophyll-a biomass that would occur at the criteria levels shown for the 
stream and river reaches listed in Table 6-3. In all cases, benthic algae were maintained at ≤ 125 mg 
chlorophyll-a /m2, therefore that value (and the accompanying AFDM value) is an appropriate and 
realistic level for these stream segments (Suplee and Watson, 2012). The nutrient criteria are adequate 
to protect the coldwater fisheries use by assuring that dissolved oxygen levels always remains above 
standards. 
 
6.4.3 Existing Conditions and Comparison with Targets 
DEQ evaluated nutrient target attainment by comparing existing water quality conditions with the water 
quality targets in Tables 6-2 and 6-3, using the methodology in DEQ’s guidance document “2011 
Assessment Methodology for Determining Wadeable Stream Impairment due to Excess Nitrogen and 
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Phosphorus Levels” (Suplee and Sada de Suplee, 2011). For each waterbody segment, a data summary 
will be presented along with a comparison of existing data with targets, using the assessment 
methodology and a TMDL development determination. Because most of the impairment listings are 
based on older data, or were listed before numeric criteria were developed, each stream segment will 
be evaluated for impairment from NO3+NO2, TN, and TP using data collected within the past 10 years. 
TMDL development determinations will depend on results of the data evaluation, and these updated 
impairment conclusions will be captured in the 2014 303(d) List and associated 2014 Water Quality 
Integrated Report. Some streams in the Lower Gallatin TMDL project area lacked adequate data for a full 
assessment. In these situations, the determination to develop a TMDL is based on the current listing 
status. 
 
The assessment methodology uses two statistical tests (Exact Binomial Test and the One-Sample 
Student’s T-test for the Mean) to evaluate water quality data for compliance with established target 
values. In general, water quality targets are not attained (a) when nutrient chemistry data has a target 
exceedance rate of >20% (Exact Binomial Test), (b) when the results of mean water quality nutrient 
chemistry exceed target values (Student T-test), or (c) when a single chlorophyll-a result exceeds benthic 
algal target concentrations (125 mg/m2 or 35 g AFDW/m2). In some cases, the chlorophyll-a SOP allows 
for a visual assessment where the collector determines that at all sampling transects, chlorophyll-a 
densities are less than 50 mg/m2. In these cases, samples are not collected and the site is qualitatively 
assessed as having a chlorophyll-a density <50 mg/m2. Where water chemistry and algae data do not 
provide a clear determination of impairment status, or when other limitations exist, the Hilsenhoff Biotic 
Metric (HBI) biometric is considered in further evaluating whether nutrient targets have been achieved, 
as directed by the assessment methodology. The Hilsenhoff Biotic Metric is a biometric based on 
tolerance values. A large number of macroinvertebrate taxa have been assigned a numeric value which 
represents the organism’s tolerance to organic pollution (Barbour et al., 1999). HBI is then calculated as 
a weighted average tolerance value of all individuals in a sample (Suplee and Sada de Suplee, 2011). 
Higher index values indicate increasing tolerance to pollution.  
 
Periphyton biometrics were developed by DEQ for Montana as an indicator of impairment. The 
exception to this use of diatoms is the Middle Rockies Level III ecoregion, for which there are no 
validated diatom increaser metrics. The Lower Gallatin TMDL project area is entirely within the Middle 
Rockies ecoregion and, therefore, diatom metrics were not included in impairment assessments.  
 
Note: to ensure a higher degree of certainty for removing an impairment determination and making any 
new determination, the statistical tests are configured differently for an unlisted nutrient form than for 
a listed nutrient form, which may result in a different number of allowable exceedances for nutrients 
within a single stream segment. This helps assure that assessment reaches do not vacillate between 
listed and delisted status by the change in results from a single additional sample. 
 
6.4.312 Bear Creek  
Bear Creek is listed on the 2012 303(d) List for TP nutrient impairment. The assessment unit for Bear 
Creek includes its entire length from the headwaters in the Gallatin National Forest to the mouth (East 
Gallatin River) the streamflows a distance of 10.15 miles. Bear Creek was first listed in 2006 as being 
impaired for TP based on nutrient, chlorophyll-a, and macroinvertebrate samples from 2003. The TP 
impairment is linked to sediment entering the stream from grazing in the shoreline or riparian zone and 
from unspecified roads or trails.  
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Water quality sampling before 2008 included detections above the water quality standard for TP in all 
samples collected, which included four above the forest boundary and one below the forest boundary. 
Cooperative studies in 2003 by the Gallatin National Forest, DEQ, and the Gallatin Local Water Quality 
District determined that recreational use of the road/trail above the forest boundary was a significant 
disturbance, resulting in sediment deposition of highly erodible soils to the stream corridor. In summer 
2007 a portion of the road/trail in Bear Canyon was closed to some motorized uses, and a section of the 
trail was decommissioned and relocated to reduce sediment loading to a portion of the stream. In 
samples collected since 2007, water quality has improved significantly. Therefore, for the purposes of 
this assessment only data collected since 2007 is included, given the significant restoration work that 
occurred before 2008.  
 
Summary statistics for nutrient data and results of the assessment method evaluation for Bear Creek are 
provided in Tables 6-4 and 6-5, respectively. In 2008 and 2009, a total of nine growing season samples 
were collected on Bear Creek for NO3+NO2, eight for TN, and nine for TP. Algal samples were analyzed 
for chlorophyll-a (n = 3) and AFDW (n = 1) between 2008 and 2009. One macroinvertebrate sample was 
collected in 2011 and had an HBI score less than 4. This sample was collected immediately downstream 
of the road/trail decommissioning project that occurred in 2007. The NO3+NO2 and TN data passed both 
statistical tests, and there were no exceedances of target values for either parameter. The TP data failed 
the binomial statistical test and had two exceedances of the target value; TP passed the student t-test. 
Algal samples did not exceed target values for chlorophyll-a or for AFDW. Omitting the pre-2008 data 
does not allow for a full assessment because the minimum sample size is not met. Lacking sufficient data 
for a full assessment, a TMDL was developed for TP.  
 
Table 6-4. Nutrient Data Summary for Bear Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2008-2009 9 0.016 0.049 0.031 0.038 
TN 2008-2009 8 0.091 0.220 0.150 0.206 
TP 2008-2009 9 0.016 0.049 0.026 0.031 
Chlorophyll-a 2008-2009 3 NA NA 27.6 NA 
AFDW 2009 1 NA NA 17.2 NA 
Macroinvertebrate HBI 2011 1 NA NA 3.155 NA 
 
Table 6-5. Assessment Method Evaluation Results for Bear Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 9 0.100 0 PASS PASS PASS NO 
TN 8 0.300 0 PASS PASS PASS NO 
TP 9 0.030 2 FAIL PASS PASS YES 
 
6.4.3.2 Bozeman Creek (Sourdough Creek) 
Lower Bozeman Creek is listed on the 2012 303(d) List for TN and TP nutrient impairments. The lower 
segment of Bozeman Creek flows 4.9 miles from the confluence with Limestone Creek to the mouth 
(East Gallatin River). Bozeman Creek originates in the Gallatin Range and flows out of Sourdough Canyon 
above the forest boundary. The total length of the stream is 14 miles from its confluence with North 
Fork and South Fork to the mouth (East Gallatin River) however, the assessment unit only includes the 
lower segment from the Limestone Creek confluence to the mouth (East Gallatin River). The nutrient 
impairments for the stream segment are based on nutrient, chlorophyll-a, and macroinvertebrate 
samples from 2004.  
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From 2004 to 2011 extensive water quality sampling was conducted on the lower segment of Bozeman 
Creek; more than 30 samples were collected for NO3+NO2, TN (used as an improved water quality 
indicator in preference to TKN), and TP (Table 6-6). Exceedance rates were high with targets values for 
NO3+NO2 and TN exceeded in 100% and 97% of samples, respectively. Both the binomial and student t-
tests were failed for NO3+NO2 and TN (Table 6-7). TP had only a single exceedance of the target value 
and passed both statistical tests. Biological data include six chlorophyll-a samples collected between 
2004 and 2008 and 11 macroinvertebrate samples collected between 2004 and 2011. There is no ash-
free dry weight (AFDW) data available for this segment. Including three visual estimates, chlorophyll-a 
did not exceed target criteria (>125 mg/m2) in any sample. Secondary indicators of impairment were 
also reviewed for the lower segment of Bozeman Creek. HBI scores for macroinvertebrates were 
elevated above criteria (>4) in 8 of 11 samples. The high target exceedance rate for the 
macroinvertebrate and water chemistry samples indicates a nutrient impairment from TN and/or TP. 
Based on the assessment, a TMDL for TP will not be developed for the lower segment of Bozeman 
Creek. Because the NO3+NO2 exceedances are reflected in the TN data (NO3+NO2 is a component of TN), 
only a TMDL for TN is required.  
 
Table 6-6. Nutrient Data Summary for Bozeman Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2004-2011 35 0.170 0.860 0.548 0.708 
TN 2004-2011 31 0.270 1.700 0.757 0.850 
TP 2004-2011 32 0.031 0.111 0.048 0.056 
Chlorophyll-a 2004-2008 3* 6.7 112.0 54.9 112.0 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI 2004-2011 11 3.464 5.641 4.380 4.638 
* 3 additional observations were visual estimates of < 50 mg/m2 and were not included in the summary statistics. 
 
Table 6-7. Assessment Method Evaluation Results for Bozeman Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 35 0.100 35 FAIL FAIL PASS YES 
TN 31 0.270 30 FAIL FAIL PASS YES 
TP 32 0.080 1 PASS PASS PASS NO 
 
6.4.3.3 Bridger Creek  
Bridger Creek is listed on the 2012 303(d) List for TN and TP nutrient impairment. Bridger Creek flows 
21.5 miles from the headwaters in the Gallatin National Forest to the mouth (East Gallatin River) and 
was first included on the 2006 303(d) List as being impaired for TP based on nutrient, chlorophyll-a, and 
macroinvertebrate samples from 2004.  
 
Extensive nutrient sampling occurred between 2004 and 2011. Chlorophyll-a samples were collected in 
2004 and 2008, and macroinvertebrates were sampled in 2004 and 2011 (Table 6-8). More than 25 
samples were collected for NO3+NO2 (n = 29), TN (n = 26), and TP (n = 29). TN and TP passed both 
statistical tests and each had only a single target exceedance in the sampling period (Table 6-9). 
NO3+NO2 had nine target exceedances and failed the binomial test. The initial assessment was not 
conclusive so the macroinvertebrate data was reviewed as a secondary indicator. Ten of 11 
macroinvertebrate samples exceeded assessment thresholds. The elevated HBI scores and failed 
binomial test for NO3+NO2 suggests a nutrient impairment, although nutrient concentrations were not 
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significantly elevated above the target. The current listing for TN and TP are clearly not supported by the 
data, which implies a nutrient impairment from NO3+NO2. Because the NO3+NO2 exceedances are not 
reflected in the TN data, only a TMDL for NO3+NO2 will be developed for Bridger Creek.  
 
In Suplee (2008c) a recommendation for a water quality target of 0.1 mg/L for Nitrate+Nitrite was made 
for the Middle Rockies Level III ecoregion. This is still regarded as the impairment benchmark value and 
is used as the water quality target in the Lower Gallatin TMDL project area.  
 
Table 6-8. Nutrient Data Summary for Bridger Creek 

Nutrient Parameter Sample 
Timeframe n min max mean 80th 

percentile 
Nitrate+Nitrite 2007-2011 29 0.005 0.170 0.066 0.120 
TN 2004-2011 26 0.080 1.150 0.269 0.290 
TP 2004-2011 29 0.005 0.046 0.013 0.017 
Chlorophyll-a 2004-2008 6 1.40 106.0 46.7 101.0 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI 2004-2011 11 3.857 6.128 4.662 4.822 
 
Table 6-9. Assessment Method Evaluation Results for Bridger Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 29 0.100 9 FAIL PASS PASS YES 
TN 26 0.300 1 PASS PASS PASS NO 
TP 29 0.030 1 PASS PASS PASS NO 
 
6.4.3.4 Camp Creek  
Camp Creek is included on the 2012 303(d) List for TN nutrient impairment. Camp Creek flows 29.6 miles 
from the headwaters on the Madison Plateau (Camp Creek Hills) to the mouth (Gallatin River). Camp 
Creek was first included in 1996 303(d) List for a TN impairment based on data collected in the late 
1980s, which examined nonpoint source loading effects on the waterbody.  
 
Nutrient samples were collected on Camp Creek from 2001 to 2009 (Table 6-10). Target values were 
exceeded in 13 of 14 samples for NO3+NO2, in 10 of 11 samples for TN, and in 10 of 14 samples for TP 
(Table 6-11). Nutrient mean concentrations were significantly above the target per respective 
parameter. Per DEQ’s assessment method, the lack of sufficient chlorophyll-a and macroinvertebrate 
data preclude the clear interpretation of nutrient sampling results. The existing data suggest a 
significant nutrient impairment from TN and TP. In addition to the current TN listing, a TMDL for TP will 
be developed for Camp Creek based on the failure of both statistical analyses. Because the NO3+NO2 
impairment is reflected in the TN data, NO3+NO2 will not be addressed with a specific TMDL but will be 
addressed by the TMDL for TN.  
 
Table 6-10. Nutrient Data Summary for Camp Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2001-2009 12 0.380 1.990 1.380 1.886 
TN 2001-2009 9 0.600 2.400 1.508 1.936 
TP 2001-2009 12 0.027 0.175 0.101 0.144 
Chlorophyll-a 2008 1 NA NA <50 NA 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI NA 0 NA NA NA NA 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 6.0 

3/28/13 FINAL 6-12 

 
Table 6-11. Assessment Method Evaluation Results for Camp Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 12 0.100 12 FAIL FAIL PASS YES 
TN 9 0.300 9 FAIL FAIL PASS YES 
TP 12 0.030 8 FAIL FAIL PASS YES 
 
6.4.3.5 Dry Creek  
Dry Creek is included on the 2012 303(d) List for TN and TP nutrient impairments. Dry Creek flows 20.1 
miles from the headwaters in the Horseshoe Hills to the mouth (East Gallatin River) and was first listed 
in 2000 for nutrient impairments based on nutrient sampling, including impairment documentation from 
the late 1970s.  
 
Nutrient data were collected from 2007 to 2009 (Table 6-12). There were no target exceedances for TP 
and it passed both statistical analyses. There were four exceedances of target values for NO3+NO2 and 
for TN; both parameters failed the binomial and student t-tests (Table 6-13). There is no algal or 
macroinvertebrate data available from the sample period to provide a more in-depth assessment of the 
nutrient data, specifically TP. The data support the current listing for TN but fail to eliminate TP as a 
cause of impairment because of an inadequate sample population and lack of biological data. Therefore, 
a TMDL for both TN and TP will be developed for Dry Creek based on the current listing status. Because 
the NO3+NO2 impairment is reflected in the TN data, a TMDL for NO3+NO2 will not be developed but will 
be addressed by the TMDL for TN. 
 
Table 6-12. Nutrient Data Summary for Dry Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2007-2009 7 0.026 0.450 0.211 0.384 
TN 2007-2009 7 0.100 0.590 0.374 0.554 
TP 2007-2009 7 0.015 0.027 0.021 0.026 
Chlorophyll-a NA 0 NA NA NA NA 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI NA 0 NA NA NA NA 
 
Table 6-13. Assessment Method Evaluation Results for Dry Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 7 0.100 4 FAIL FAIL NA YES 
TN 7 0.300 4 FAIL FAIL NA YES 
TP 7 0.030 0 PASS PASS NA NO 
 
6.4.3.6 Upper East Gallatin River 
The upper segment of the East Gallatin River (MT41H0003_010) is included on the 2012 303(d) List as 
being impaired for TN and TP. The upper segment of the East Gallatin River flows 7.3 miles from its 
starting point at the confluence of Bear Creek and Rocky Creek to the confluence with Bridger Creek 
(Figure 6-2) and was first included on the 2006 303(d) List for TN and TP. There were no nutrient 
impairment listings on the segment before 2006. Bozeman Creek flows into the East Gallatin River ~1 
mile upstream of the confluence of the East Gallatin River and Bridger Creek.  
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Figure 6-2. Map of East Gallatin River upper, middle and lower assessment units 
 
Bozeman Creek flows into the East Gallatin River at Bozeman, and its drainage includes the Absaroka-
Gallatin-Volcanics Level IV ecoregion. As outlined in Section 6.4.2 in Table 6-3, water quality targets are 
different upstream and downstream of Bozeman Creek. Therefore, assessments of water quality in 
reference to target values in this segment are done separately and will be presented as such. However, 
the overall impairment determination is for the entire assessment unit from the confluence of Rocky 
and Bear Creeks to the confluence of Bridger Creek and the East Gallatin River. Therefore, if 1 reach is 
determined to be impaired, the entire assessment unit follows that determination.  
 
In the reach above the Bozeman Creek confluence (Reach 1), nutrient data was collected between 2005 
and 2010. Two chlorophyll-a samples were collected in 2005 and 2009 and one AFDW sample was 
analyzed in 2009. A single sample for macroinvertebrate data was collected in 2005. Summary nutrient 
data statistics and assessment method evaluation results for the upper segment of the East Gallatin 
River are provided in Tables 6-14 and 6-15, respectively. There were no target exceedances for TN or TP, 
but there were three for NO3+NO2. There was not enough data to complete all statistical analyses. The 
chlorophyll-a samples were below criteria, but AFDW was above criteria. The macroinvertebrate sample 
was >4 HBI, indicating nutrient impairment.  
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Table 6-14. Nutrient Data Summary for Upper East Gallatin River from confluence of Rocky and Bear 
Creeks to the confluence of Bozeman Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2005-2010 6 0.005 0.200 0.118 0.17 
TN 2005-2010 6 0.025 0.300 0.224 0.28 
TP 2005-2010 7 0.001 0.027 0.018 0.023 
Chlorophyll-a 2005-2009 2 5.2 103.1 NA NA 
AFDW 2009 1 NA NA 66.8 NA 
Macroinvertebrate HBI 2005 1 NA NA 4.24 NA 
 
Table 6-15. Assessment Method Evaluation Results for Upper East Gallatin River from confluence of 
Rocky and Bear Creeks to the confluence of Bozeman Creek 

Nutrient 
Parameter n Target 

Value (mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 6 0.100 3 FAIL FAIL PASS YES 
TN 6 0.300 0 NA NA PASS NO 
TP 7 0.030 0 PASS NA PASS NO 
 
In the reach below the Bozeman Creek confluence (Reach 2), nutrient data was collected between 2005 
and 2008. Two chlorophyll-a samples were collected in 2005 and 2009. Macroinvertebrate data 
comprise three samples collected in 2005. No AFDW data are available for this reach. Summary statistics 
for nutrient data and results of the assessment method evaluation for the upper segment of the East 
Gallatin River are provided in Tables 6-16 and 6-17, respectively. There were three target exceedances 
each for TN and NO3+NO2; TP had two target exceedances. There was not enough data to complete all 
statistical analyses. Chlorophyll-a samples were below criteria, but the macroinvertebrate samples were 
>4 HBI, indicating nutrient impairment.  
 
Table 6-16. Nutrient Data Summary for Upper East Gallatin River from the confluence of Bozeman 
Creek to the confluence of Bridger Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2005-2007 3 0.17 0.41 0.32 0.393 
TN 2005-2007 3 0.65 2.00 1.12 1.48 
TP 2005-2008 5 0.026 0.133 0.057 0.071 
Chlorophyll-a 2005 2 7.2 13.4 NA NA 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI 2005 2 4.07 4.32 NA NA 
 
Table 6-17. Assessment Method Evaluation Results for Upper East Gallatin River from the confluence 
of Bozeman Creek to the confluence of Bridger Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment?* 

Nitrate+Nitrite 3 0.100 3 NA NA PASS YES 
TN 3 0.290 3 NA NA PASS YES 
TP 5 0.050 2 NA NA PASS YES 
*Impairment decision result of water quality target exceedances for N03+N02, TN and TP and macroinvertebrate 
HBI scores >4. 
 
Because of the influence of Bozeman Creek, the upper segment of the East Gallatin River has two 
different water quality targets for TN and TP. Although there is currently not enough data to complete 
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the statistical analyses, the biological results and the observed exceedances of water quality targets 
support the current listing for TN and TP, for which TMDLs will be developed. It does appear that the 
reach upstream of the Bozeman Creek confluence (Reach 1) is not impaired for TP. Because the 
NO3+NO2 impairment is reflected in the TN data, a TMDL for NO3+NO2 will not be developed but will be 
addressed by the TN TMDL. TN and TP TMDLs will be developed based on the current impairment 
listings.  
 
As stated above, the upper segment comprises 1 assessment unit with 2 different sets of water quality 
targets as bounded by the location where Bozeman Creek flows into the East Gallatin River. TMDLs are 
tied to an assessment unit; therefore, a TN and TP TMDL will be developed for the entire upper segment 
of the East Gallatin River from the confluence of Bear and Rocky Creeks to where Bridger Creek flows 
into the East Gallatin River.  
 
6.4.3.7 Middle East Gallatin River 
The 2012 303(d) List identifies TN and TP nutrient impairments on the middle segment of the East 
Gallatin River (MT41H0003_020). The segment includes the portion of the East Gallatin River from the 
confluence of Bridger Creek to the confluence with Smith Creek and flows 25.5 miles (Figure 6-2). First 
included for nutrients and pH on the 1996 303(d) List, the segment includes the outfall from the 
Bozeman wastewater treatment plant. For assessment purposes, data were not adjusted to reflect the 
October 2011 completion of the upgrade to the city of Bozeman’s Water Reclamation Facility (WRF). For 
TMDL development however, a concentration based model was developed for the East Gallatin River 
downstream of the WRF discharge location to reflect post-October 2011 upgrades (Appendix G). 
 
The pH listing on the middle segment was originally tied to Bozeman’s municipal wastewater treatment 
facility, which was believed to be impairing the receiving waterbody for pH. Analysis of flow rates and 
pH of the receiving waterbody found that the Bozeman WRF is not violating the water quality standard 
for pH for the East Gallatin River (per ARM 17.30.623(c)). This was specifically documented by a 1997 
USGS study that examined effluent mixing characteristics for several wastewater discharges, including 
Bozeman’s WRF, on the East Gallatin River (Cleasby and Dodge, 1999). Sampling results determined that 
mixing was probably complete at approximately 200 feet downstream of the location of the WRF outfall 
at that time. The report provides evidence that when completely mixed, the WRF discharge did not 
cause a change of more than 0.5 pH units. Therefore, the pH impairment for this segment will be 
delisted.  
 
Hyalite Creek flows into the East Gallatin River at Bozeman, and its drainage includes the Absaroka-
Gallatin-Volcanics Level IV ecoregion. As outlined in Section 6.4.2 in Table 6-3, water quality targets in 
the upper segment of the East Gallatin River are different upstream and downstream of the Hyalite 
Creek confluence. Therefore, assessments of water quality in reference to target values in this segment 
are done separately and will be presented as such. However, the overall impairment determination is 
for the entire assessment unit from the confluence of Bridger Creek and the East Gallatin River to the 
confluence of Smith Creek and the East Gallatin River. Therefore, if 1 reach is determined to be 
impaired, the entire assessment unit follows that determination.  
 
Upstream of the Hyalite Creek confluence (Reach 1), nutrient samples were collected on the middle 
segment of the East Gallatin River from 2005 to 2010 (Table 6-18). Target values were exceeded for 
NO3+NO2, TN, and TP in 93%, 93%, and 61% of samples, respectively (Table 6-19). Mean concentrations 
were significantly greater than targets for all nutrient parameters; NO3+NO2, TN, and TP failed both 
statistical tests. Although none of the chlorophyll-a samples were above target criteria, the AFDW 
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sample was above the target. Failure of water chemistry statistical tests in combination with the AFDW 
sample result indicates impairment. Although secondary data is not necessary in this case it is worth 
noting that all macroinvertebrate samples (4/4) exceeded the assessment threshold HBI score (>4).  
 
Table 6-18. Nutrient Data Summary for Middle East Gallatin River from the confluence of Bridger 
Creek to the confluence of Hyalite Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2005-2010 15 0.060 4.270 1.080 1.38 
TN 2005-2010 15 0.025 5.100 1.328 1.522 
TP 2005-2010 18 0.003 0.870 0.238 0.353 
Chlorophyll-a 2005-2009 5 3.9 83.4 51.10 77.320 
AFDW 2009 1 NA NA 87.4 NA 
Macroinvertebrate HBI 2005 4 4.97 7.05 5.63 5.97 
 
Table 6-19. Assessment Method Evaluation Results for Middle East Gallatin River from the confluence 
of Bridger Creek to the confluence of Hyalite Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 15 0.100 14 FAIL FAIL PASS YES 
TN 15 0.300 14 FAIL FAIL PASS YES 
TP 18 0.030 11 FAIL FAIL PASS YES 
 
Downstream of the Hyalite Creek confluence (Reach 2), nutrient samples were collected on the middle 
segment of the East Gallatin River from 2005 to 2009 (Table 6-20). Target values were exceeded for 
NO3+NO2, TN, and TP in all samples (Table 6-21). Mean concentrations were significantly greater than 
targets for all nutrient parameters. However, there was not enough data to complete all statistical 
analyses for water chemistry. Chlorophyll-a and AFDW samples were above assessment thresholds, and 
the single macroinvertebrate sample exceeded the threshold HBI score (>4).  
 
Table 6-20. Nutrient Data Summary for Middle East Gallatin River from the confluence of Hyalite 
Creek to the confluence of Smith Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2005-2009 4 0.93 0.99 0.978 0.994 
TN 2005-2009 4 1.09 1.40 1.183 1.244 
TP 2005-2009 6 0.081 0.189 0.126 0.149 
Chlorophyll-a 2005-2009 2 71.4 135.9 NA NA 
AFDW 2009 1 NA NA 82.3 NA 
Macroinvertebrate HBI 2005 1 NA NA 4.88 NA 
 
Table 6-21. Assessment Method Evaluation Results for Middle East Gallatin River from the confluence 
of Hyalite Creek to the confluence of Smith Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 4 0.100 4 NA NA FAIL YES 
TN 4 0.290 4 NA NA FAIL YES 
TP 6 0.060 6 NA NA FAIL YES 
 
Examining data collected in both reaches of the middle segment, exceedances of nutrient targets for 
water quality, combined with biological indicators, indicate TN and TP impairments and support the 
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current listings. TMDLs will be developed for both TN and TP. Because the NO3+NO2 exceedances are 
reflected in the TN data, only a TMDL for TN will be developed to address the nitrogen impairment in 
the middle segment of the East Gallatin River. 
 
6.4.3.8 Lower East Gallatin River 
The lower segment of the East Gallatin River (MT41H0003_030) is included on the 2012 303(d) List for 
TN nutrient impairment. The lower segment flows 13.5 miles from the confluence of Smith Creek to the 
mouth (Gallatin River) (Figure 6-2). The segment was first included on the 1996 303(d) List for nutrient 
and pH impairments. For assessment purposes, data were not adjusted to reflect the October 2011 
completion of the upgrade to the city of Bozeman’s Water Reclamation Facility (WRF). For TMDL 
development however, a concentration based model was developed for the East Gallatin River 
downstream of the WRF discharge location to reflect post-October 2011 upgrades (Appendix G). 
 
The pH listing on the lower segment was originally tied to Bozeman’s municipal wastewater treatment 
facility, which was believed to be impairing the receiving waterbody for pH. Analysis of flow rates and 
pH of the receiving waterbody found that the WRF is not violating the water quality standard for pH for 
the East Gallatin River (per ARM 17.30.623(c)). This was specifically documented by a 1997 USGS study 
that examined effluent mixing characteristics for several wastewater discharges, including the city of 
Bozeman WRF, on the East Gallatin River (Cleasby and Dodge, 1999). Sampling results from the 1997 
study determined that mixing was probably complete at approximately 200 feet downstream of the 
location of the WRF outfall at that time. The report provides evidence that when completely mixed, the 
WRF discharge did not cause a change of more than 0.5 pH units. Therefore, the pH impairment for this 
segment will be delisted.  
 
Nutrient data was collected from 2005 to 2010. Summary statistics for nutrient data and results of the 
assessment method evaluation for the lower segment of the East Gallatin River are provided in Tables 6-
22 and 6-23, respectively. There were eight exceedances each of target values for NO3+NO2, TN and TP. 
NO3+NO2, TN and TP all failed both statistical tests. Algal samples were above criteria for chlorophyll-a 
and AFDW. The dataset indicates nutrient impairment from TN and TP. Although the segment is not 
listed for TP, based on the data analysis, a TMDL for TP will be developed for the waterbody segment in 
addition to a TN TMDL. This new TP impairment listing is supported by the water chemistry data and the 
chlorophyll-a and AFDW exceedances.  
 
Table 6-22. Nutrient Data Summary for Lower East Gallatin River 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2005-2010 8 0.420 0.810 0.600 0.706 
TN 2005-2010 11 0.620 1.000 0.826 0.930 
TP 2005-2010 8 0.003 0.097 0.044 0.069 
Chlorophyll-a 2005-2009 3 8.7 161.0 60.2 160.97 
AFDW 2009 1 NA NA 146.9 NA 
Macroinvertebrate HBI 2005 2 3.821 4.642 4.232 4.478 
 
Table 6-23. Assessment Method Evaluation Results for Lower East Gallatin River 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 8 0.100 8 FAIL FAIL FAIL YES 
TN 11 0.300 8 FAIL FAIL FAIL YES 
TP 8 0.030 8 FAIL FAIL FAIL YES 
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6.4.3.9 Godfrey Creek 
Godfrey Creek is included on the 2012 303(d) List for TN and TP nutrient impairments. Godfrey Creek 
flows 9 miles from the headwaters on the Madison Plateau (Camp Creek Hills) to the mouth, where it 
flows into Moreland Ditch, an irrigation canal. The waterbody was first listed for nutrient impairments in 
1996.  
 
Nutrient data was collected during two growing seasons in 2008 and 2009 (Table 6-24). Target values 
were exceeded in 6 of 7 samples for NO3+NO2, in 7 of 8 samples for TN, and in 6 of 10 samples for TP 
(Table 6-25). Only one chlorophyll-a sample was collected, and it was below the target value. No AFDW 
or macroinvertebrate data is available for Godfrey Creek. Per DEQ’s assessment method, the lack of 
sufficient chlorophyll-a and macroinvertebrate data preclude the clear interpretation of nutrient 
sampling results. However based on the magnitude and number of target exceedances, the existing data 
suggest a significant nutrient impairment from TN and TP. Because the NO3+NO2 exceedances are 
reflected in the TN data, only a TMDL for TN will be developed to address the nitrogen impairment in 
Godfrey Creek. A TMDL for TP will also be developed for Godfrey Creek. 
 
Table 6-24. Nutrient Data Summary for Godfrey Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2008-2009 7 0.040 2.040 1.105 2.010 
TN 2008-2009 8 0.210 2.200 1.303 2.120 
TP 2008-2009 10 0.016 0.166 0.053 0.065 
Chlorophyll-a 2009 1 NA NA 42.4 NA 
AFDW NA NA NA NA NA NA 
Macroinvertebrate HBI NA NA NA NA NA NA 
 
Table 6-25. Assessment Method Evaluation Results for Godfrey Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 7 0.100 6 FAIL FAIL PASS YES 
TN 8 0.300 7 FAIL FAIL PASS YES 
TP 10 0.030 6 FAIL FAIL PASS YES 
 
6.4.3.10 Lower Hyalite Creek  
The lower segment of Hyalite Creek is not included on the 2012 303(d) List for nutrient impairment but 
is included in this review because data collected in this segment to assist with TMDL development for 
the middle and upper segments of Hyalite Creek indicated elevated nutrient concentrations. The lower 
segment extends 21 miles from the Bozeman water supply diversion to the mouth (East Gallatin River). 
The middle and upper segments are located in the Absaroka-Gallatin-Volcanic Level IV ecoregion, which 
has documented natural sources of phosphorous; therefore, the lower segment of Hyalite Creek has 
target values for TN and TP different than other Level IV ecoregions in the Middle Rockies ecoregion 
(Table 6-3). A complete summary of the listing history and water quality assessments of all three 
segments may be found in Appendix E.  
 
Nutrient data was collected each year from 2008 to 2012. Summary nutrient data statistics and 
assessment method evaluation results for the lower segment of Hyalite Creek are provided in Tables 6-
26 and 6-27. Nineteen samples were analyzed for TN, and twenty samples were analyzed for NO3+NO2, 
and TP. TN and NO3+NO2 each exceeded the target value in 12 and 13 samples, respectively; TP had five 
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exceedances of the target value but passed both statistical tests. TN and NO3+NO2 failed both the 
binomial test and student t-test. There were 2 chlorophyll-a samples and 4 macroinvertebrate samples 
collected in 2004-2011. None of the chlorophyll-a samples exceeded the target criteria but 2 of the 4 
macroinvertebrate samples had an HBI score >4. Both AFDW samples were below thresholds for 
impairment. 
 
Combined with the macroinvertebrate data, the large number of exceedances of water chemistry target 
values for TN and NO3+NO2 indicate a nutrient impairment for nitrogen. Because the NO3+NO2 
exceedances are reflected in the TN data, only a TMDL for TN will be developed to address the nitrogen 
impairment in the lower segment of Hyalite Creek.  
 
Table 6-26. Nutrient Data Summary for Lower Hyalite Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2004-2012 20 <0.01 0.55 0.178 0.29 
TN 2004-2012 19 <0.05 1.91 0.452 0.598 
TP 2008-2012 20 0.012 0.14 0.064 0.091 
Chlorophyll-a 2008, 2012 3* 15.8 83.6 41.2 59.9 
AFDW 2008, 2012 2 24.2 37.1 NA NA 
Macroinvertebrate HBI 2009-2011 4 2.618 4.695 3.672 4.537 
*A fourth sample was a visual estimate of <50. 
 
Table 6-27. Assessment Method Evaluation Results for Lower Hyalite Creek 

Nutrient 
Parameter 

n Target Value 
(mg/l) 

Target 
Exceedances 

Binomial 
Test Result 

T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 20 0.100 13 FAIL FAIL PASS YES 
TN 19 0.260 12 FAIL FAIL PASS YES 
TP 20 0.090 5 PASS PASS PASS NO 
 
6.4.3.11 Jackson Creek  
Jackson Creek is included on the 2012 303(d) List for a TP nutrient impairment. Jackson Creek is located 
in the Absaroka-Gallatin-Volcanic Level IV ecoregion and flows 8.6 miles from the headwaters to the 
mouth (Rocky Creek). Rocky Creek begins at the confluence of Jackson and Timberline Creeks. This 
ecoregion, in the Level III Middle Rockies, has documented natural sources of phosphorous and 
therefore has target values for TN and TP different than other Level IV ecoregions in the Middle Rockies 
ecoregion (Table 6-2). However, an analysis of the surficial geology in the basin did not identify any 
phosphorus bearing geology and water quality samples did not suggest that there was a large natural 
source of phosphorus in the basin. Therefore the Middle Rockies water quality targets were used for 
assessment purposes. Jackson Creek was first listed for a TP nutrient impairment in 2006 based on 
nutrient, chlorophyll-a, and macroinvertebrate data collected in 2002 and 2004.  
 
Water chemistry data was collected on Jackson Creek between 2004 and 2009 (Table 6-28). The data is 
limited to six samples for NO3+NO2, five samples for TN, and six samples for TP. There were no target 
exceedances for any of these parameters; NO3+NO2, TN, and TP passed both statistical tests (Table 6-
29). There is no AFDW data available for this segment. Biological sampling includes two chlorophyll-a 
samples (from 2004 and 2008) and three macroinvertebrate samples collected between 2002 and 2007. 
All of the macroinvertebrate samples had an HBI score <4, indicating non-impairment. Chlorophyll-a 
samples were collected in 2004 and 2008; one exceeded target criteria (>125 mg/m2). Given the original 
listing for TP in 2006, and the chlorophyll-a exceedance, a TMDL for TP will be developed for Jackson 
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Creek. Even though there were no detected TP exceedances, the elevated chlorophyll-a value suggests 
nutrient impairment, and the sample size is not adequate to conclude no impairment for TP.  
 
Table 6-28. Nutrient Data Summary for Jackson Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2004-2009 6 0.005 0.070 0.028 0.062 
TN 2004-2009 5 0.110 0.200 0.162 0.196 
TP 2004-2009 6 0.007 0.029 0.015 0.026 
Chlorophyll-a 2004-2008 2* 76.3 145.0 NA NA 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI 2002-2007 3 2.357 2.357 2.781 3.110 
* A third observation was a visual estimate of < 50 mg/m2 and was not included in the summary statistics. 
 
Table 6-29. Assessment Method Evaluation Results for Jackson Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 8 0.100 0 PASS PASS FAIL NO 
TN 6 0.300 0 PASS PASS FAIL NO 
TP 8 0.030 0 PASS PASS FAIL YES 
 
6.4.3.12 Mandeville Creek  
Mandeville Creek is not included on the 2012 303(d) List for nutrient impairments as the formal 
assessment first occurred after the 2012 303(d) List inclusion deadline. The stream will be included in 
future 303(d) lists beginning in 2014. Mandeville Creek flows 5.6 miles from the headwaters to the 
mouth (East Gallatin River).  
 
Summary nutrient data statistics and assessment method evaluation results for Mandeville Creek are 
provided in Tables 6-30 and 6-31, respectively. NO3+NO2, TN, and TP samples were collected in 2009, 
2010 and 2011. All nutrient samples exceeded water quality target values. There is no AFDW or 
chlorophyll-a data available for the stream, but the macroinvertebrate data exceeded the threshold HBI 
score in all 6 samples. The combination of nutrient and macroinvertebrate results overwhelmingly 
indicate TN and TP nutrient impairments for Mandeville Creek. TMDLs for both TN and TP will be 
developed based on the existing data. Because the NO3+NO2 exceedances are reflected in the TN data, 
only a TMDL for TN will be developed to address the nitrogen impairment in Mandeville Creek. 
 
Table 6-30. Nutrient Data Summary for Mandeville Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2009-2011 18 0.280 6.000 1.342 2.050 
TN 2009-2011 18 0.580 5.971 1.692 2.320 
TP 2009-2011 18 0.056 0.210 0.099 0.107 
Chlorophyll-a NA 0 NA NA NA NA 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI 2009-2011 6 4.487 5.971 5.031 5.596 
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Table 6-31. Assessment Method Evaluation Results for Mandeville Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial Test 

Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 18 0.100 18 FAIL FAIL NA YES 
TN 18 0.300 18 FAIL FAIL NA YES 
TP 18 0.030 18 FAIL FAIL NA YES 
 
6.4.3.13 Reese Creek  
Reese Creek is included on the 2012 303(d) List for NO3+NO2 nutrient impairment. Reese Creek flows 8.3 
miles from the headwaters in the Bridger Range to the mouth (Smith Creek). Smith Creek is a tributary 
to the East Gallatin River. Reese Creek was first listed for a nutrient impairment in 2000.  
 
Data is limited for Reese Creek. Summary nutrient data statistics and assessment method evaluation 
results for Reese Creek are provided in Tables 6-32 and 6-33, respectively. NO3+NO2, TN, and TP samples 
were collected in 2008 and 2009 but were too few to complete a full assessment since the minimum 
samples size was not met. However, all four NO3+NO2 samples and all four TN samples exceeded target 
values. There is no AFDW or macroinvertebrate data available for the stream, and there is not enough 
data for Reese Creek to complete a full assessment. TMDLs for TN and NO3+NO2 will be developed based 
on the extremely high probability of impairment per the existing data and the current listing status.  
 
Table 6-32. Nutrient Data Summary for Reese Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2008-2009 4 0.560 0.690 0.638 0.690 
TN 2008-2009 4 0.700 0.810 0.753 0.810 
TP 2008-2009 5 0.007 0.020 0.015 0.020 
Chlorophyll-a 2008 1* NA NA <50 NA 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI NA 0 NA NA NA NA 
* This was a visual estimate of < 50 mg/m2. 
 
Table 6-33. Assessment Method Evaluation Results for Reese Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 4 0.100 4 NA NA PASS YES 
TN 4 0.300 4 NA NA PASS YES 
TP 5 0.030 0 NA NA PASS NO 
 
6.4.3.14 Smith Creek  
The 2012 303(d) List contains a NO3+NO2 nutrient impairment for Smith Creek. Smith Creek flows 6 
miles from the confluence of Ross and Reese Creeks to the mouth (East Gallatin River). The stream was 
first listed in 2000 for a nutrient impairment based on instream water quality samples.  
 
Water quality and biological data is limited to five samples analyzed for NO3+NO2, TN, and TP collected 
from 2007 to 2009 (Table 6-34). There is no AFDW, macroinvertebrate, or chlorophyll-a data available 
for Smith Creek. There was not enough data to complete a binomial test for TP. The exact binomial test 
assumes a datum will either exceed the target value or it will not. All five samples for NO3+NO2 and TN 
had exceedances and the binomial test yielded a FAIL determination (Table 6-35). Three of five samples 
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had exceedances for TP, which were too few total samples to determine whether TP had a significant 
number of exceedances compared with non-exceedances of target values for the exact binomial test. 
NO3+NO2 and TN had an overwhelming frequency of exceedance (4/4 for both parameters). According 
to the 2012 assessment protocol, there is not enough data to complete a full assessment to identify TP 
as a cause of impairment; thus, TMDL development will be limited to TN and NO3+NO2 based on the 
extremely high probability of impairment per the existing data and the current listing status.  
 
Table 6-34. Nutrient Data Summary for Smith Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2007-2009 5 0.805 1.290 1.071 1.262 
TN 2007-2009 5 0.520 1.250 1.024 1.226 
TP 2007-2009 5 0.013 0.064 0.035 0.062 
Chlorophyll-a NA NA NA NA NA NA 
AFDW NA NA NA NA NA NA 
Macroinvertebrate HBI NA NA NA NA NA NA 
 
Table 6-35. Assessment Method Evaluation Results for Smith Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 5 0.100 5 FAIL FAIL NA YES 
TN 5 0.300 5 FAIL FAIL NA YES 
TP 5 0.030 3 NA PASS NA NO 
 
6.4.3.15 Thompson Creek  
Thompson Creek is included on the 2012 303(d) List for a TN nutrient impairment. Also known as 
Thompson Spring, the creek flows 7.4 miles from the headwaters to the mouth (East Gallatin River). 
Thompson Creek was first listed for a TN nutrient impairment in 2006 based on chlorophyll-a, 
macroinvertebrate, and water chemistry samples collected in 2004.  
 
Nutrient parameter data was collected on Thompson Creek between 2004 and 2009. Summary statistics 
for nutrient data and results of assessment method evaluations for Thompson Creek are provided in 
Tables 6-36 and 6-37, respectively. There were 10 exceedances of the target value for NO3+NO2 and 8 
exceedances for the TN target value. For TP, 3 of 10 samples exceeded the target criteria. However, TP 
passed both statistical tests. TN and NO3+NO2 failed both the binomial and student t-tests. There are no 
AFDW data available for this stream. None of the chlorophyll-a samples were above criteria 
(>1205mg/m2), but all macroinvertebrate samples were >4 HBI, indicating impairment. Combined with 
the statistical results for NO3+NO2 and TN, the HBI scores above the threshold value indicate nitrogen 
impairment. Because the NO3+NO2 exceedances are reflected in the TN data, only a TMDL for TN will be 
developed to address the nitrogen impairment in Thompson Creek. 
 
Table 6-36. Nutrient Data Summary for Thompson Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2004-2009 10 0.370 1.570 0.932 1.188 
TN 2004-2009 8 0.800 1.540 1.1650 1.348 
TP 2004-2009 10 0.013 0.039 0.025 0.035 
Chlorophyll-a 2004-2009 3 30.1 108.0 75.8 108.0 
AFDW NA NA NA NA NA NA 
Macroinvertebrate HBI 2004-2008 4 5.849 6.555 6.155 6.374 
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Table 6-37. Assessment Method Evaluation Results for Thompson Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 10 0.100 10 FAIL FAIL PASS YES 
TN 8 0.300 8 FAIL FAIL PASS YES 
TP 10  0.030 3 PASS PASS PASS NO 
 
6.4.4 Nutrient TMDL Development Summary 
Table 6-38 summarizes the 2012 nutrient 303(d) listings for the Lower Gallatin TMDL project area and 
updated TMDL development determinations for the waterbodies of concern identified in Section 6.3. 
TMDLs will be developed mostly for TN and TP. TMDLs for NO3+NO2 will be developed for Bridger, 
Reese, and Smith Creeks. Additionally, TMDLs will be developed for a currently unlisted segment on 
Lower Hyalite Creek and for Mandeville Creek, which were not identified as impaired for nutrients on 
the 2012 303(d) List.  
 
Overall, these changes from the 2012 303(d) List are the result of limited data at the time the waterbody 
segments were initially listed, particularly when compared with the significant increase in data collected 
over the past 10 years (Section 6.3). They are also the result of different criteria that were used as the 
listing basis, such as the introduction of water quality standards specific to the Absaroka-Gallatin-
Volcanics Level IV ecoregion, which affected listings on Hyalite Creek. The updated impairment 
determinations will be reflected in the 2014 Water Quality Integrated Report.  
 
Table 6-38. Summary of Nutrient TMDL Development Determinations 

Stream Segment Waterbody ID 2012 303(d) Nutrient 
Impairment(s) 

TMDLs 
Prepared 

BOZEMAN CREEK, confluence of Limestone Creek and 
Bozeman Creek to the mouth (East Gallatin River) MT41H003_040 TN, TP TN 

BEAR CREEK, headwaters to mouth (Rocky Creek) MT41H003_081 TP TP 
BRIDGER CREEK, headwaters to mouth (East Gallatin 
River) MT41H003_110 TN, TP NO3+NO2 

CAMP CREEK, headwaters to mouth (Gallatin River) MT41H002_010 TN TN, TP 
DRY CREEK, headwaters to mouth (East Gallatin River) MT41H003_100 TN, TP TN, TP 
EAST GALLATIN RIVER, confluence of Rocky and Bear 
Creeks to Bridger Creek MT41H003_010 TN, TP TN, TP 

EAST GALLATIN RIVER, Bridger Creek to Smith Creek MT41H003_020 TN, TP, pH TN, TP 
EAST GALLATIN RIVER, Smith Creek to mouth (Gallatin 
River) MT41H001_030 TN, pH TN, TP 

GODFREY CREEK, headwaters to mouth (Moreland Ditch) MT41H002_020 TN, TP TN, TP 
HYALITE CREEK, Headwaters to Hyalite Reservoir  MT41H003_129 TN, TP None (see 

Appendix E) 
HYALITE CREEK, Hyalite Reservoir to Bozeman water 
supply intake  MT41H003_130 TN, TP None (see 

Appendix E) 
HYALITE CREEK, Bozeman water supply intake to the 
mouth (East Gallatin River) MT41H003_134 None TN 

JACKSON CREEK, headwaters to mouth (Rocky Creek) MT41H003_050 TP TP 
MANDEVILLE CREEK, headwaters to mouth (East Gallatin 
River) MT41H003_021 None TN, TP 

REESE CREEK, headwaters to mouth (Smith Creek) MT41H003_070 NO3+NO2 TN, NO3+NO2 
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Table 6-38. Summary of Nutrient TMDL Development Determinations 

Stream Segment Waterbody ID 2012 303(d) Nutrient 
Impairment(s) 

TMDLs 
Prepared 

SMITH CREEK, confluence of Ross and Reese Creeks to 
mouth (East Gallatin River) MT41H003_060 NO3+NO2 TN, NO3+NO2 

THOMPSON CREEK (Thompson Spring), headwaters to 
mouth (East Gallatin River) MT41H003_090 TN TN 

 

6.5 NUTRIENT SOURCE ASSESSMENT AND QUANTIFICATION 
This section summarizes the assessment approach, current nutrient load estimates, and the rationale for 
load reductions and allocations within the Lower Gallatin TMDL planning area (TPA). The nutrient data 
discussed in Section 6.3 were used to identify whether nitrogen and/or phosphorus are causing 
impairment.  
 
To evaluate loading contributions from different sources, a source area-based approach was used with 
available water quality and flow data for the July 1–September 30 summer period. Supporting 
documentation, including source assessments and water quality reports specific to assessment units in 
the Lower Gallatin TPA, was used to interpret instream observations. Land-use datasets from the United 
States Department of Agriculture (USDA) were also used to interpret water quality data. Detailed source 
assessments using this approach for streams with TMDLs is found in Appendix F.  
 
6.5.1 Nonpoint Sources of Nutrients  
Nutrient inputs into streams in the Lower Gallatin planning area come from several nonpoint sources 
(i.e., diffuse sources that cannot easily be pinpointed). DEQ’s source area-based assessment evaluated 
nutrient contributions from the following nonpoint sources: 

• Forest (and wetlands) 
• Agriculture (cropping and pasture/rangeland) 
• Residential/Developed (infrastructure including roads and residential development)  
• Subsurface wastewater disposal and treatment (individual, community septic systems and 

WWTPs that discharge to groundwater) 
• Point sources 
• Natural background 

 
6.5.1.1 Forest 
The forested areas in the Lower Gallatin watershed are heavily timbered. Additionally, coniferous 
forests do not lose a large percentage of their biomass each fall (as a deciduous forest does). Therefore, 
overall runoff values are low for forested areas because of their capacity to infiltrate, transpire, and 
otherwise capture rainfall.  
 
Recent data collected by MBMG upstream of the forest boundary from streams draining the Bridger 
Range documented NO3+NO2 concentrations above reference concentrations for that ecoregion. 
Because the data could not be separated from natural background with high confidence, assessment 
units with headwaters in the Bridger Range combined load allocation to forest and natural background 
sources (Bridger Creek, Reese Creek, and Smith Creek).  
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6.5.1.2 Agriculture 
There are several possible mechanisms for the transport of nutrients from agricultural land to surface 
water during the growing season. The potential pathways include: the effect of winter grazing on 
vegetative health and its ability to uptake and nutrients and minimize erosion in upland and riparian 
areas, breakdown of excrement and loading via surface and subsurface pathways, delivery from grazed 
forest and rangeland during the growing season, transport of fertilizer applied in late spring via overland 
flow and groundwater, and the increased mobility of phosphorus caused by irrigation-related saturation 
of soils in pastures (Green and Kauffman, 1989).  
 
Pastures/Rangeland 
Pastures are managed for hay production during the summer and for grazing during the fall and spring. 
Hay pastures are fairly thickly vegetated in the summer; less so in the fall through spring. The winter 
grazing period is long (October–May), and trampling and feeding further reduces biomass when it is 
already low. Commercial fertilizers are used infrequently in the watershed, but cattle manure—naturally 
applied—occurs in higher quantities from October through May because of higher cattle density than 
that found on range and forested areas (PBS&J, 2007).  
 
Rangeland differs from pasture in that rangeland has much less biomass therefore contributes fewer 
nutrients from biomass decay. However, manure deposition does play a role. Similar to the forest areas, 
rangeland is grazed during the summer in the watershed and is managed similarly to the grazing in the 
forest areas. This is sometimes an important contribution to an impaired waterbody via tributaries.  
 
Irrigated and Dryland Cropping 
Cropping in the Lower Gallatin TPA is predominately irrigated and dryland production of small grains, 
with smaller acreages of potatoes, peas, and corn (PBS&J, 2007). This category also includes sod farms. 
Irrigated lands are usually in continuous production and have annual soil disturbance and fertilizer 
inputs. Dryland cropping may have fallow periods of 16 to 22 months, depending on site characteristics 
and landowner management. Nutrient pathways include overland runoff, deep percolation, and shallow 
groundwater flow, which transport nutrients off site. 
 
6.5.1.3 Residential/Developed 
Developed areas contribute nutrients to the watershed by runoff from impervious surfaces, deposition 
by machines/automobiles, application of fertilizers, and increased irrigation on lawns. Golf courses are 
included in this category. Although developed areas often have the highest nutrient loading rates, in the 
Lower Gallatin watershed developed areas make up a small percentage of the overall area. For 
reference, the boundaries for the city of Bozeman are functionally identical to the sewered areas. 
 
6.5.1.4 Subsurface Wastewater Disposal and Treatment 
Nitrogen and phosphorus discharge by septic systems that migrate to surface waters were initially 
determined using the Method for Estimating Attenuation of Nutrients from Septic Systems (MEANSS) 
model. MEANSS used septic location data in the Lower Gallatin TPA to calculate distance to perennial 
streams and calculate a load to surface water based on local soil types. The model accounted for 
identified septic systems (Gallatin City-County Health Department, 2009; Gallatin Local Water Quality 
District, 2010) and systems that have a Montana Ground Water Pollution Control System (MGWPCS) 
permit. For non-residential MGWPCS permitted systems where actual current wastewater flow rates are 
not available, design loading rates were used in the analysis. Although design rates are typically larger 
than average daily rates, they were used in the absence of an accurate method to estimate average 
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rates. Due to the large amount of septic systems in the TPA, this potential error associated with these 
specific permitted systems should not have any significant effect on the final analysis.  
 
The daily load from each system was based on literature values and conservative assumptions used 
during permitting for subdivisions in Montana (Montana Department of Environmental Quality, 2009). 
Because a complete system failure is typically addressed very quickly, conservative assumptions were 
used for the load. The model worked well in watersheds with medium to high septic density but often 
appeared to overestimate loads in watersheds with low septic density. Also, the model calculated 
annual loads whereas the TMDLs focus on summer loading (July 1 - September 30). Annual load 
estimates do not take into account higher uptake rates and changes in septic use during the summer 
period. Another assumption of the model was that perennial streams are gaining in all reaches which 
does not apply to many of the streams in the Lower Gallatin TPA. For these reasons, the results of the 
MEANSS model were not used as derived. Model estimates from MEANNS for nutrient loading were 
compared with the area-weighted approach but were not used in place of the area-weighted analysis as 
MEANSS tended to overestimate summer loading rates based on the reasons outlined above. An outline 
of the MEANSS model may be found in Appendix A of Montana’s DRAFT policy for nutrient trading at 
http://deq.mt.gov/wqinfo/NutrientWorkGroup/default.mcpx.  
 
The area-weighted approach assigned loads to septic systems based on relative septic density in the 
vicinity of the stream, dominant groundwater flow paths and changes to instream nutrient 
concentrations. In order to better define septic sources, available water chemistry data was reviewed to 
determine relative inorganic versus organic fractions of nitrogen and changes in total phosphorus 
fractions (dissolved versus particulate). The assumption being that phosphorus loading from septic 
systems is minor short of total system failure in close proximity to a waterbody and that a spike in 
inorganic nitrogen relative to the organic fraction is indicative of septic loading.  
 
Separate from the MEANSS model, loading estimates for total nitrogen and total phosphorus were 
calculated using available influent water quality data and loading rates for wastewater treatment 
facilities discharging to groundwater in drainages with nutrient impaired streams. These calculations 
were done for the Belgrade WWTP (MTX000116), the Amsterdam-Churchill WWTP (MTUS00015), and 
the Riverside Water & Sewer District WWTP (unpermitted; private facility). Facility outlines and load 
calculation assumptions for these treatment facilities are provided below and in Appendix F. Methods 
used to estimate nutrient loading to impaired waterbodies differed between the facilities based on 
facility design, current operation, available water quality data and geographic relation to nutrient 
impaired waterbodies.  
 
Belgrade WWTP (MTX000116) 
Overview 
The City of Belgrade wastewater treatment plant is located approximately 2 miles northeast of Belgrade, 
MT in the Gallatin Valley. The facility has three outfalls to Rapid Infiltration Percolation (IP) Beds that 
discharge to Class 1 groundwater. The facility underwent a large upgrade in 2003-2004.  
 
The facility consists of 3 lined treatment ponds/cells. The disposal method includes a spray irrigation 
system and 3 groups of IP beds which discharge to groundwater. Retention times in cell #1 and #2 
combined is 53.9 days. Cell #3 is used for settling and storage prior to discharge and has a retention time 
of 137 days. The design capacity is 903,000 gpd with a design population of 3,918 single family 
residences (~10,500 persons).  
 

http://deq.mt.gov/wqinfo/NutrientWorkGroup/default.mcpx
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IP Beds A were previously determined to be exempt from nondegradation significance review based on 
ARM 17.30.702(18)(b), which states that a facility that has been operational on or prior to April 29, 
1993, is not required to meet the nondegradation criteria. Nondegradation significance reviews were 
conducted on IP beds B and C previously. The spray irrigation discharge is an exempt/non significant 
land application according to 75-5-317(2)(h), MCA.  
 
Based on an annual average flow rate, the IP beds discharge approximately 644,000 gpd of effluent and 
274,000 gpd is discharged by the spray irrigation system. This is a total of 918,000 gpd (102% of design 
capacity). Average groundwater flow direction has been determined as N 63° W due in part to mounding 
of the water table in the immediate vicinity of the IP beds. The soils in the area of the facility are 
comprised of gravelly and coarse sand and the subsoil is predominantly fine sand with medium gravel 
and gravel. The hydraulic conductivity has been estimated at 600 feet per day.  
 
TN Analysis 
The existing permit allows a TN load of 47.1 lbs/day from IP Beds A, 2.13 lbs/day from IP Beds B, and 
24.2 lbs/day from IP Beds C. The mixing zone for IP Beds B is downgradient of the IP Beds A mixing zone 
and therefore the allowable load is very low. The total permitted TN load is 73.43 lbs/day from the 3 I/P 
beds. The permit requires that at the end of the 500-foot mixing zone the nitrate (as N) concentrations 
must not exceed 10 mg/L for IP Beds A and 5 mg/L for IP Beds B and C. Based on the average daily 
discharge and the mixing zone reduction requirements, the TN load to groundwater at the edge of the 
mixing zones from the Belgrade WWTP is permitted at 35.96 lbs TN/day.  
 
Total phosphorus effluent limits were not calculated for this facility based on the 50-year breakthrough 
analysis. The 50-year breakthrough nondegradation criterion is based on the amount of soil available to 
absorb the phosphorus between the discharge point and the receiving waterbody using the average 
load of phosphorus from the wastewater source. For the permit, it was determined that the East 
Gallatin River was the nearest waterbody located ~4 miles from the facility and, therefore, greater than 
the 50-year breakthrough analysis. However, this distance does not seem to have accounted for the 
smaller spring-fed streams draining the area north of the Belgrade WWTP.  
 
The area north and east of Belgrade was historically an extensive riparian corridor in the Gallatin Valley 
due in part to low-elevation, spring-fed streams and a wide floodplain adjacent to the East Gallatin 
River. Downstream of the confluence of Hyalite Creek and the East Gallatin River, several spring-fed 
streams enter the East Gallatin River. In upstream to downstream order these streams are: Thompson 
Creek, Ben Hart Creek, Story Creek, Cowan Creek and Gibson Creek. Water quality data was collected by 
DEQ from these streams in September 2008 and September 2009.  
 
Given the groundwater flow direction at the Belgrade WWTP and the elevation gradient north of the 
facility, Ben Hart Creek is the most likely receiving waterbody of the groundwater discharge from the 
Belgrade WWTP. As the other spring-fed streams have very similar land use characteristics, flow and 
concentration data were analyzed in comparison to the nutrient loads in Ben Hart Creek. Relative flows 
and nutrient loads in Thompson, Story, Gibson and Cowan Creeks were compared with Ben Hart Creek 
to identify the probable Ben Hart nutrient load without the influence of the Belgrade WWTP. Given the 
similar hydrologic characteristics and land uses in these adjacent systems, it was assumed that nutrient 
loads in the adjacent drainages would provide the average nutrient load in Ben Hart Creek if that 
waterbody was not under the influence of the Belgrade WWTP.  
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This analysis identified that groundwater discharge from the Belgrade WWTP constitutes 12% (16.74 lbs 
TN/day) of the Ben Hart TN load and 1.5% of the TN load to the lower segment of the East Gallatin River 
(Table 6-39). If the Belgrade WWTP is meeting the permit requirements, the TN load at the end of the 
groundwater mixing zone is 35.96 lbs/day. The TN load of 16.74 lbs/day from the Belgrade WWTP in Ben 
Hart Creek is 47% of the permitted load at the end of the 500-foot mixing zone at the WWTP. 
 
Table 6-39. City of Belgrade WWTP TN Load Calculations to the East Gallatin River 

Parameter Value Units Notes 
Discharge via I/P beds 644,000 gpd When irrigation system in use 
Discharge via I/P beds 0.9982 cfs When irrigation system in use 
Permitted load to I/P beds 73.43 lbs/day TN  

Permitted load at end of groundwater mixing zone 35.96 lbs/day TN 
Based on permit 
requirements; estimated load 
to aquifer 

Estimated load to Ben Hart Creek 16.74 lbs/day TN  
As % of existing TN load in Ben Hart Creek 12.0 %  
As % of existing TN load in the Lower East Gallatin River 1.5 %  

Existing load in the Lower East Gallatin River* 1114.98 lbs/day TN 
80th percentile of all summer 
period water quality data (n = 
12) 

*Ben Hart Creek enters the East Gallatin River upstream of Smith Creek very near the boundary (Smith Creek) 
between the middle and lower segments of the river.  
 
TP Analysis 
Although the permit did not set a TP effluent limit given the 50-year breakthrough criterion, a flow/load 
analysis was also calculated for TP from the Belgrade facility. A total load from the end of mixing zone at 
the Belgrade WWTP was calculated using influent TP data collected at the Amsterdam-Churchill WWTP 
as no influent TP data could be obtained for the Belgrade WWTP. The analysis assumed a 30% reduction 
in influent concentrations before the outfall point and a 98% reduction by the end of the mixing zone. 
This analysis found that the discharge load to the IP beds is approximately 173.40 lbs TP/day and 3.47 
lbs TP/day at the end of the mixing zone (Table 6-40). Using the same analysis outlined above, it was 
estimated that the Belgrade WWTP is discharging 1.03 lbs/day TP to Ben Hart Creek. This is 30% of the 
assumed TP load at the end of the 500-foot mixing zone at the plant.  
 
Table 6-40. City of Belgrade WWTP TP Load Calculations to the East Gallatin River 
Parameter Value Units Notes 
Discharge via I/P beds 644,000 gpd When irrigation system in use 
Discharge via I/P beds 0.9982 cfs When irrigation system in use 
Median influent concentration 46.125 mg/L TP n = 9 
30% reduction concentration in facultative lagoon 32.29 mg/L TP  
Load (Discharge*concentration) 173.41 lbs/day TP  
98% removal efficiency in soil matrix for TP 3.47 lbs/day TP Estimated load to aquifer 
Estimated load to Ben Hart Creek 1.03 lbs/day TP  
As % of existing TP load in Ben Hart Creek 28.0 %  
As % of existing TP load in the Lower East Gallatin River 1.2 %  
Existing load in the Lower East Gallatin River* 86.55 lbs/day TP 80th percentile of all summer 

period water quality data (n = 13) 
*Ben Hart Creek enters the East Gallatin River upstream of Smith Creek very near the boundary (Smith Creek) 
between the middle and lower segments of the river. 
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An analysis of the DEQ ambient water quality data identified that groundwater discharge from the 
Belgrade WWTP comprises 28% (1.03 lbs TP/day) of the Ben Hart TP load and 1.2% of the TP load to the 
lower segment of the East Gallatin River.  
 
Summary 
The Belgrade facility is currently operating above design capacity according to the most recent permit 
data. Analysis of flow and TN concentration in the spring-fed streams north of the Belgrade on the south 
side of the East Gallatin River determined that 12% of the TN load and 28% of the TP load in Ben Hart 
Creek is from the Belgrade WWTP. This corresponds to 1.5% of the TN load and 1.2% of the TP load in 
the lower segment of the East Gallatin River, which is impaired for total nitrogen and total phosphorus. 
There is still some question whether these estimates accurately quantify the impacts of the Belgrade 
WWTP on water quality in Ben Hart Creek and the East Gallatin River. 
 
Amsterdam-Churchill WWTP (MTUS00015) 
The Amsterdam-Churchill WWTP services approximately 927 persons in 335 households and includes a 
facultative lagoon and 2 storage lagoons for spray irrigation with a design capacity of 78,000 gallons per 
day (gpd). The existing system was installed in 1977. Currently, the facility receives 85,000 to 90,000 
gpd. On-site measurements by DEQ in 2010 determined that the facility is leaking 85,000 gpd of poorly-
treated wastewater to the groundwater aquifer from the storage lagoon. The system was designed to 
provide some treatment in the facultative lagoon with the storage lagoons periodically pumped out for 
land application. It is not known if the facility was ever utilized in this fashion.  
 
The TN and TP load to groundwater was determined based on the daily leakage rate (85,000 gpd or 
0.13175 cfs) and the median influent TN and TP concentrations. Estimated loads to groundwater were 
different for TN and TP. To determine treatment load reductions, a decay equation was used for TN 
while a general reduction of 30% was applied to TP concentrations (Tables 6-41 and 6-42).  
 
Table 6-41. Amsterdam-Churchill WWTP TN Load Calculations to Camp Creek 
Parameter Value Units Notes 
Lagoon Leakage 85,000 gpd  
Lagoon Leakage 0.13175 cfs  
Median influent concentration 45.5 mg/L TN n = 9 
Estimated lagoon retention time 79 days 75% of minimum of 105 days 
Influent concentration  
* exp (-0.0075*Retention time) 25.16 mg/L TN  
Load (Leakage*concentration) 17.83 lbs/day TN  
76% removal efficiency in soil matrix for TN 4.28 lbs/day TN Estimated load to aquifer 

Change in load on 9/23/2009 1.35 lbs/day TN Observed change in load between sample 
points bracketing WWTP 

Existing load in Camp Creek 101.73 lbs/day TN 80th percentile of all summer period 
water quality data (n = 12) 

 
In the case of TN, assuming a removal efficiency of 76% in the TN load between the bottom of cell 2 and 
Camp Creek, the estimated load from the Amsterdam-Churchill WWTP is 4.28 lbs/day TN. In the only 
bracket sampling event available for Camp Creek in the vicinity of the WWTP, the change in load from 
upstream to downstream of the WWTP was 1.354 lbs/day TN.  
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Table 6-42. Amsterdam-Churchill WWTP TP Load Calculations to Camp Creek 
Parameter Value Units Notes 

Lagoon Leakage 85,000 gpd  
Lagoon Leakage 0.13175 cfs  
Median influent concentration 46.125 mg/L TP n = 9 
30% TP reduction in facultative lagoon 32.29 mg/L TP  
Load (Leakage*concentration) 22.89 lbs/day TP  
98% removal efficiency in soil matrix for TP 0.46 lbs/day TP Estimated load to aquifer 

Change in load on 9/23/2009 0.127 lbs/day TP Observed change in load between 
sample points bracketing WWTP 

Existing load in Camp Creek 6.57 lbs/day TP 80th percentile of all summer period 
water quality data (n = 15) 

 
For TP, a 98% removal efficiency was used to calculate the TP load to Camp Creek due to the leaking 
lagoon. The estimated load was 0.46 lbs/day TP. The observed change in TP load above and below the 
WWTP was 0.127 lbs/day TP on 9/25/2009.  
 
Riverside Water & Sewer District WWTP (unpermitted; private facility) 
Constructed in 1974, the Riverside Water and Sewer District WWTP is an unpermitted facility with a 
design capacity of 20,000 gpd. It services 124 households plus the clubhouse on the golf course for an 
estimated population of 325 persons plus 200 transient (clubhouse). The facility is comprised of an 
aeration pond (treatment cell) and a storage lagoon (holding cell). The original design called for the 
septic effluent to be stored in the lagoon following initial treatment and then pumped out and used to 
irrigate the Riverside golf course. According to current facility operator, it is not known that the system 
was ever utilized in this manner. This failing system is losing approximately 20,000 gpd to the underlying 
aquifer and is sited adjacent to the East Gallatin River downstream of the city of Bozeman Water 
Reclamation Facility.  
 
Water quality data from the facility could not be used in the analysis as it failed DEQ QA/QC 
requirements for data acceptability. Instead, water quality influent data collected at the Amsterdam-
Churchill WWTP was used in its stead; as these 2 facilities are comparable in the number of service 
connections and resident populations that they serve. Different removal efficiencies of TN and TP were 
used for the Riverside Water & Sewer District WWTP then were applied in the Amsterdam-Churchill 
WWTP analysis. This was done for several reasons including the lack of a fully functioning aeration pond 
at Riverside, the coarse soils and shallow depth to groundwater and the relatively short groundwater 
flow path from Riverside to the East Gallatin River. In comparison to the Amsterdam-Churchill WWTP, 
the TN removal efficiency was reduced from 76% to 25% and for TP from 98% to 40% (Tables 6-43 and 
6-44).  
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Table 6-43. Riverside Subdivision District WWTP TN Load Calculations to the East Gallatin River  

Parameter Value Units Notes 
Lagoon Leakage 20,000 gpd  
Lagoon Leakage 0.031 cfs  
Median influent TN concentration 45.5 mg/L TN n = 9 
Assumed retention time 79 days 75% of minimum of 105 days 
Influent concentration * exp (-
0.0075*Retention time) 25.16 mg/L TN  
Load (Leakage*concentration) 4.20 lbs/day TN  
25% removal efficiency in soil matrix for TN 3.22 lbs/day TN Estimated load to aquifer 

Change in load on 9/16/2009 -8.59 lbs/day TN 
Observed change in load between 
sample points bracketing WWTP 
location 

Existing load on East Gallatin River below WRF 
discharge and above Hyalite Creek 272.35 lbs/day TN 80th percentile of all summer period 

water quality data (n = 13) 
 
Upstream of the Riverside Water & Sewer District WWTP, the City of Bozeman WRF discharges to the 
East Gallatin River. It was difficult to separate the Riverside Subdivision TN and TP contribution from the 
significant WRF loads. In the case of TN, samples bracketing the Riverside Water & Sewer District WWTP 
showed a decrease in the TN load on 9/19/2009 of 8.59 lbs/day TN.  
 
Table 6-44. Riverside Water and Sewer District WWTP TP Load Calculations to the East Gallatin River 

Parameter Value Units Notes 
Lagoon Leakage 20,000 gpd  
Lagoon Leakage 0.031 cfs  
Median influent concentration 46.125 mg/L TP n = 9 
30% TP reduction in facultative lagoon 32.29 mg/L TP  
Load (Leakage*concentration) 5.37 lbs/day TP  
40% removal efficiency in soil matrix for TP 3.22 lbs/day TP Estimated load to aquifer 

Change in load on 9/16/2009 1.58 lbs/day TP Observed change in load between sample 
points bracketing WWTP location 

Existing load on East Gallatin River below 
WRF discharge and above Hyalite Creek 30.59 lbs/day TP 80th percentile of all summer period 

water quality data (n = 15) 
 
On 9/16/2009, there was an observed increase of 1.58 lbs/day in the TP load in samples collected 
upstream and downstream of the Riverside Water & Sewer District WWTP. The increase was less than 
the estimated load of 3.22 lbs/day TP from Riverside.  
 
6.5.1.5 Natural Background 
Once the source assessment for a given waterbody was completed, natural background was determined 
based on median values (50th percentile) for reference sites as compiled by the DEQ in the associated 
ecoregions (Table 6-45). With the exception of the middle and lower segments of the East Gallatin River, 
this was done by using the median stream discharge from all available sampling data for a given 
waterbody and the median instream nutrient concentration for reference streams as determined by 
DEQ to calculate the natural background load. Values used for the middle and lower East Gallatin River 
segments are discussed in detail in those sections.  
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For streams receiving natural flows from the Level IV Absaroka-Gallatin-Volcanics ecoregion water 
quality target values were used with relative flow contributions to calculate segment specific natural 
background concentrations for TN and TP (Table 6-46). All other nutrient source categories were then 
uniformly decreased to account for natural background.  
 
Table 6-45. Natural background concentrations in the Lower Gallatin project area by ecoregion 

Parameter 
Median reference values 

Middle Rockies 
(Level III) 

Absaroka-Gallatin Volcanics Ecoregion  
(Level IV, within Middle Rockies) 

Total nitrogen (TN) 0.095 mg/L 0.080 mg/L 
Total phosphorous (TP) 0.010 mg/L 0.081 mg/L 
 
Table 6-46. Natural background concentrations in the Lower Gallatin project area per stream segment 
receiving flow from the Absaroka-Gallatin-Volcanics Level IV ecoregion 

Stream segment TN (mg/L) TP (mg/L) 
Bozeman Creek 0.085 0.055 
East Gallatin between Bozeman and Bridger Creeks 0.091 0.031 
East Gallatin between Bridger and Hyalite Creeks 0.095 0.010 
Lower Hyalite Creek 0.084 0.063 
East Gallatin between Hyalite Creek and Smith Creek 0.091 0.027 
East Gallatin between Smith Creek and the Gallatin River 0.095 0.010 
 
The exception to this approach is for streams listed for nitrite + nitrate (N03+ N02). DEQ has not 
compiled ecoregion statistics for natural background of inorganic nitrogen. For these cases, natural 
background was grouped with forest as instream water quality data collected upstream of the forest 
boundary in the Bridger Range suggested that there was a natural load of nitrite + nitrate (N03+ N02). It 
was not possible to separate the forest/natural background sources. This exception applies to Bridger 
Reese and Smith Creeks for nitrite + nitrate (N03+ N02) TMDL development.  
 
The use of median concentrations to determine natural background differs from that outlined in Section 
6.4.2 in the document where the 75th percentile of the reference dataset was used to determine 
natural background nutrient concentrations. This is due to the fact that the reference dataset for the 
Level III Middle Rockies ecoregion includes few sites below the forest boundary in low valley landforms. 
In light of the uncertainty of background nutrient concentrations in these lower elevation systems, 
median values for nutrients in the reference dataset were deemed more appropriate to calculate 
natural background in nutrient impaired waterbodies below the forest boundary in the Lower Gallatin 
TMDL project area.  
 
Geology 
Portions of the Hyalite Creek and Bozeman Creek drainages upstream of the forest boundary are 
underlain by the Phosphoria Formation (Berg et al., 1999; Berg et al., 2000; Kellogg and Williams, 2006; 
Vuke et al., 2002). This formation has the potential to cause elevated phosphorus concentrations in 
groundwater and surface water. Studies done by the Gallatin National Forest and Montana State 
University in the 1970s documented phosphorus concentrations up to 0.50 mg/L (mean 0.07 mg/L) in 
Bozeman Creek above the forest boundary and elevated natural background concentrations in the 
Hyalite Creek drainage (Glasser and Jones, 1982; Schillinger and Stuart, 1978). Researchers determined 
that phosphorus concentrations were linked more strongly to natural processes than to land uses such 
as grazing and logging.  
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Wildlife 
The effect of wildlife grazing and waste on nutrient loading is considered part of the natural background 
load. The contribution of wildlife was not evaluated during this project and may be greater in more 
heavily used areas of the watershed, however, in a multi-state study with varying densities of wildlife 
and livestock, wildlife were estimated to contribute a minimal nutrient load relative to livestock (Moffitt, 
2009). 
 
6.5.2 Point Sources 
In addition to nonpoint sources, nutrient inputs into streams in the Lower Gallatin planning area come 
from several point sources (i.e., distinct, identifiable sources, such as pipes feeding directly into a 
waterbody). Point sources include the city of Bozeman Water Reclamation Facility (WRF) and MS4 storm 
water system, as well as the US Fish & Wildlife Service’s Bozeman Fish Technology Center. By law, these 
point sources must be permitted. As of March 19, 2012, there were 81 permitted point sources under 
the Montana Pollutant Discharge Elimination System (MPDES) within the Lower Gallatin TMDL Project 
Area (Appendix A; Figure A-22): 

• City of Bozeman Water Reclamation Facility (WRF) (MT0022608) 
• City of Bozeman Water Treatment Facility (MT0030155) 
• City of Bozeman – Lyman Creek Reservoir (MT0031631) 
• City of Bozeman MS4 Storm Water System (MTR040002) 
• Town of Manhattan Wastewater Treatment Facility (WWTF) (MT0021857) 
• United States Fish & Wildlife Service (USFWS) Bozeman Fish Technology Center (MTG130006) 
• One permit for petroleum cleanup (MTG790003) 
• One permit for construction dewatering (MTG070687) 
• Two permits for disinfected water (MTG770015 and MTG770018) 
• Three permits for sand and gravel (MTG490019, MTG490024, and MTG490026) 
• Four Concentrated Animal Feeding Operations (MTG010052, MTG010188, MTG010219, and 

MTG010225) 
• Five permits for industrial activity stormwater (MTR000095, MTR000192, MTR000358, 

MTR000403, and MTR000483) 
• Fifty-nine general permits for construction activity stormwater 

 
Of the complete list of MPDES permits, only three have direct nutrient discharges to nutrient-impaired 
streams in the Lower Gallatin TPA. The city of Bozeman WRF (MT0022608) discharges directly to the 
East Gallatin River, the USFWS Fish Tech Center (MTG130006) discharges to Bridger Creek, and the city 
of Bozeman’s MS4 sends stormwater flows to Bridger Creek, Bozeman Creek, Mandeville Creek and the 
East Gallatin River. Other significant nutrient sources, such as the town of Manhattan WWTF and CAFOs, 
all discharge to the Gallatin River and are not addressed in this document, since no TMDLs are currently 
required for the Gallatin River. There is not enough data for a formal assessment of the Gallatin River 
and there are no current nutrient impairment listings on the Gallatin River on the 2012 303(d) List.  
  
To provide the required wasteload allocations (WLAs) for permitted point sources, a source assessment 
was performed for the city of Bozeman WRF and MS4 permits and for the USFWS Fish Tech Center. 
Point source allocations are detailed in Section 6.6.1. The development of the Bozeman WLAs is 
consistent with the reasonable assurance approach defined within Section 4.4.  
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6.5.2.1 City of Bozeman Water Reclamation Facility (MT0022608) 
The city of Bozeman Water Reclamation Facility (WRF) completed an extensive upgrade in fall 2011, in 
addition to a smaller upgrade completed in November 2007. Existing nutrient loads to the East Gallatin 
River were calculated using the primary assumption that since October 1, 2011, the WRF is able to treat 
wastewater to 7.5 mg/L TN and 1.0 mg/L TP. The long-term mean discharge from the facility during the 
summer period (July 1 – September 30) is 5.39 million gallons per day (MGD) (8.34 cfs). Therefore, the 
mean continuous nutrient load from the WRF to the East Gallatin River is approximately 336 lbs TN/day 
and 45 lbs TP/day.  
 
6.5.2.2 City of Bozeman Municipal Separate Storm Sewer System (MTR040002) 
The city of Bozeman’s Municipal Separate Storm Sewer System (MS4) falls under the “MPDES General 
Permit For Storm Water Discharge Associated with Small Municipal Separate Storm Sewer System 
(MS4)” (MTR04000). The most recent permit was issued by DEQ on February 22, 2010, to three co-
permittees: the city of Bozeman (city), Montana State University – Bozeman (MSU), and the Montana 
Department of Transportation (MDT). This permit allows the discharge of stormwater to the following 
surface waters: 

• Spring Creek (for city) 
• Bozeman Creek (for city and MDT) 
• Bridger Creek (for city) 
• East Gallatin River (for city and MDT) 
• Farmers Canal (for city and MSU) 
• Bear Creek (for city) 
• Baxter Creek (for city and MDT) 

• Maynard Border Ditch (for city and 
MDT) 

• Mandeville Creek (for city and MSU) 
• Middle Creek Ditch (for city and MSU) 
• West Gallatin Canal (for MSU)  
• Unnamed Ditch – West End MSU 

Boundary (for MSU) 
 
The stormwater system is designed for a 2-hour event of 0.41 inch of precipitation with a 10 year 
recurrence interval. The MS4 area comprises 6% of the Bozeman Creek watershed, 0.4% of the Bridger 
Creek watershed, 2.5% of the East Gallatin River watershed, and >90% of the Mandeville Creek 
watershed. The East Gallatin River receives approximately 82% of the stormwater flow, Bozeman Creek 
16%, and Bridger Creek <2% from the MS4. Based on 30 years of precipitation data (1980–2009), ≥0.05 
inch of precipitation falls, on average, 18.6 days per summer period (July 1–September 30). Activation of 
the MS4 is relatively infrequent during the summer period. 
 
DEQ ran a Storm Water Management Model (SWMM) with different Event Mean Concentrations (EMCs) 
based on 30 years of climate data from the weather station at the Montana State University campus 
(Coop ID 241044). A description of the model and its output may be found in Attachment D. DEQ ran 
the model with literature values from stormwater systems in the Intermountain West and with permit 
benchmark values from the Nationwide Urban Runoff Program (NURP). The NURP data is representative 
of national mean values in stormwater runoff while the data specific to city stormwater systems in the 
Intermountain West were theorized to better represent conditions in Bozeman. Initial analyses 
determined that the literature values from the Intermountain West overestimated the nutrient loading 
and the NURP data underestimated the loads. Data from discharge monitoring reports (DMRs) collected 
in sub-basins of the Bozeman Creek drainage were used to adjust relative discharge water quality values 
by sub-basin.  
 
Upgradient land-use characteristics were determined for the two Bozeman MS4 DMR sampling locations 
and were compared to the land-use attributes for each sub-basin delineated in the SWMM model. DMR 
data collected at the Tamarack site represented commercial land use, with lower levels of residential 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 6.0 

3/28/13 FINAL 6-35 

land use, and reflected the literature values observed in the Intermountain West stormwater study. The 
Langhor DMR sampling location was more representative of open-space and residential areas and was 
more comparable to NURP data. Based on the DMR data, the two SWMM model iterations 
(Intermountain West literature values and NURP values) were combined based on land-use 
characteristics in each sub-basin. In this way, sub-basins reflecting commercial land use used the 
Intermountain West literature values to estimate loads; sub-basins reflecting open-space/residential use 
used the NURP data to derive load estimates. The SWMM model did not include any best management 
practices scenarios.  
 
Table 6-47 includes the total allowable summer load (July 1–September 30) for TN and TP based on the 
calculated median (50th percentile) flow for each receiving waterbody. For comparison, the table also 
contains the estimated loading from the MS4 during the same period.  

 
The SWMM model suggests that the loading from the MS4 is very large in comparison with the 
calculated allowable load during the summer period (July 1–September 30). At times of high flow from 
storm events during the summer period, the nutrient load from the MS4 is likely a large percentage of 
the total load in the receiving waterbodies. The allowable load is based on the water quality target and 
the median flow in the receiving waterbody. The chlorophyll-a and AFDW data suggest exceedances of 
water quality criteria in Bozeman Creek and the East Gallatin River. However, it is impossible to link the 
exceedances directly to the MS4 discharges because there are other nutrient sources in the drainages 
receiving flows from the MS4. Implementing the SWMP and best management practices is required to 
reduce the concentration and discharge volume so that the total summer loading from the MS4 is 
reduced.  
 
While the MS4 delivers a nutrient load to its receiving waterbodies, an analysis of climatic and 
hydrologic data suggest that it is active only infrequently during the summer period and is not active 
during baseflow conditions for which the TMDL is developed. Since the system should not be actively 
discharging during typical summer low flow conditions, both the existing load and WLA are defined as 0 
(zero).  
 
6.5.2.3 USFWS Bozeman Fish Technology Center (MTG130006) 
The US Fish & Wildlife Service’s Bozeman Fish Technology Center uses several water rights to run 
operations at the facility, including diversions on a warm spring and a cold spring located at the mouth 
of Bridger Canyon. The spring diversions have documented concentrations of NO3+NO2 above the target 
value (0.1 mg/L) for Bridger Creek. The spring sources previously discharged to Bridger Creek and still do 
when spring discharge exceeds facility demand. An extensive water reuse system in the main research 
facility recycles water several times for reuse before the water is filtered in a 60-micron drum filter, 
followed by two 1500-micron filters, and then a baffle system, after which the water is discharged to 

Table 6-47. July 1–Sept 30 allowable loading and SWMM model results for the city of Bozeman 
MS4 based on 1980-2009 precipitation data 

 Allowable TN 
Loading 

(lbs/summer) 

MS4 TN Load 
(lbs/summer) 
SWMM model 

Allowable TP Loading 
(lbs/summer) 

MS4 TP Load 
(lbs/summer) 
SWMM model 

Bozeman Creek  1691.604 980.52 169.16 167.22 
Bridger Creek  1691.604 27.88 169.16 5.69 
East Gallatin  6036.12 4678.69 603.61 747.03 
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Bridger Creek. Currently the outdoor fish runs at the facility are not being used until concerns about 
PCB-contaminated building materials are addressed. 
 
NO3+NO2 loading from the point discharge was estimated based on available data collected from the 
discharge flow and from the springs that supply water to the facility. According to DMR data, summer 
discharge from the center is between 800 and 1,000 gpm (1,000 gpm = 2.33 cfs). Based on the water 
quality data collected from the source waters, and the facility effluent in 2005 and 2010, the center 
generates a NO3+NO2 as N load of 0.777 lb/day. The load was determined by calculating the source 
water load, based on flow diversions and site-specific water quality data, and subtracting the outgoing 
load at the discharge point, also based on actual water quality data and approximate flow rates. The 
load calculated from real data (0.777 lb/day NO3+NO2) compares well with a load of 0.745 lb/day based 
on literature values and the center’s operating parameters (Wright and Anderson, 2001). Per their 
existing discharge permit, the Fish Tech Center is not required to sample their effluent for nutrient 
concentrations.  
 
The TN water quality target for Bridger Creek is 0.3 mg/L TN. DEQ assessed the Fish Tech Center 
discharge to determine will have a water quality standard for Bridger Creek of 0.3 mg/L, DEQ analyzed 
the situation to determine if the discharge will exceed the TN water quality target by calculating several 
flow scenarios for Bridger Creek and for effluent concentrations from the fish hatchery. For the Fish 
Tech Center effluent, assuming that the inorganic fraction of TN is 65% and is discharging at 2.33 cfs into 
Bridger Creek at low flow (7Q10= 3.9 cfs), the TMDL target water quality standard of 0.3 mg/L for TN will 
not be exceeded in Bridger Creek. 
 
6.5.3 Existing Nutrient Load Summary  
As detailed in Appendix F, source assessments, geospatial data, and synoptic sampling results were used 
to determine the existing nutrient source allocations in each basin. The results of this source assessment 
analysis were used to determine the existing load and the needed reductions to meet the TMDL. The 
tables in this section represent the existing nutrient loads during the summer period (July 1 – September 
30) for each waterbody and impairment (TN, TP or NO3+NO2). Existing nutrient loads were calculated 
using the median flow and concentration data of the entire available dataset per assessment unit. The 
exception to this is for the middle and lower segments of the East Gallatin River. Because of the complex 
nature of the East Gallatin River with large nutrient point sources (city of Bozeman WRF) and substantial 
irrigation diversions and returns (i.e. Buster Gulch, Dry Creek Irrigation Canal), load estimates and 
natural background calculations were determined using specific site data for each segment. East Gallatin 
River sites were selected that best represented hydrologic and water quality conditions in a specific 
reach. Details of the East Gallatin River source assessment and all other nutrient source assessments 
may be found in Appendix F  
 
For TN (Figure 6-3 through 6-16), agricultural land uses constitute 67% of the existing load in 
watersheds where agriculture is the dominant land use. This falls to 37% in catchments with a mix of 
agriculture and residential/urban land uses, such as Bozeman Creek and Mandeville Creek. In these 
mixed basins, developed areas (28%) and subsurface wastewater treatment and disposal areas (17%) 
comprise larger portions of the TN load on average. On the East Gallatin River, the WRF discharge 
comprises 53% of the TN load in the middle segment above Hyalite Creek confluence, 42% of the TN 
load below the Hyalite Creek confluence and 16% of the TN load in the lower segment of the river 
downstream of the Smith Creek confluence. On average, 31% of the existing TN load in these segments 
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originates from agricultural land uses. The influence of flow diversions which transport East Gallatin 
River nutrient loads to Hyalite Creek and Smith Creek were removed for this analysis.  
 
The source assessment results for TP (Figure 6-17 through 6-27) indicate that in catchments dominated 
by agricultural land use, rangeland and pasture and cropping practices constitute 40% of the TP load on 
average. The exception is Bear Creek where forest is the dominant TP source category (at 48% of the 
existing load), with agricultural land uses comprising only 8%. In watersheds with a mix of agriculture 
and residential land use, developed areas comprise 15% of the TP load, while TP from agriculture 
decreased to 18%. Concerning TP, the East Gallatin River receives a load from the city of Bozeman Water 
Reclamation Facility (WRF) discharge, which is the most significant nutrient point source in the Lower 
Gallatin TPA. The WRF discharge comprises 79% of the TP load in the middle segment above Hyalite 
Creek confluence, 46% of the TP load below the Hyalite Creek confluence and 22% of the TP load in the 
lower segment of the river downstream of the Smith Creek confluence. On average, 7% of the existing 
TP load in these segments originates from agricultural land uses.  
 
For N02+N03 (Figure 6-28 through 6-30), agricultural land uses constitute 60% of the existing load. 
Forest/natural background loads range from 9% to 48% of the existing load. These N02+N03 impairments 
all originate in the Bridger Range.  
 

 
Figure 6-3. Existing TN sources for Bozeman Creek 
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Figure 6-4. Existing TN sources for Camp Creek  
 

 
Figure 6-5. Existing TN sources for Dry Creek  
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Figure 6-6. Existing TN sources for Godfrey Creek  
 

 
Figure 6-7. Existing TN sources for Upper East Gallatin River upstream of Bozeman Creek  
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Figure 6-8. Existing TN sources for Upper East Gallatin River downstream of Bozeman Creek  
 

 
Figure 6-9. Existing TN sources for Middle East Gallatin River upstream of Hyalite Creek  
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Figure 6-10. Existing TN sources for Middle East Gallatin River downstream of Hyalite Creek 
 

 
Figure 6-11. Existing TN sources for Lower East Gallatin River  
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Figure 6-12. Existing TN sources for Lower Hyalite Creek  
 

 
Figure 6-13. Existing TN sources for Mandeville Creek  
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Figure 6-14. Existing TN sources for Reese Creek  
 

 
Figure 6-15. Existing TN sources for Smith Creek 
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Figure 6-16. Existing TN sources for Thompson Creek  
 

 
Figure 6-17. Existing TP sources for Bear Creek 
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Figure 6-18. Existing TP sources for Camp Creek 
 

 
Figure 6-19. Existing TP sources for Dry Creek  
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Figure 6-20. Existing TP sources for Upper East Gallatin River upstream of Bozeman Creek  
 

 
Figure 6-21. Existing TP sources for Upper East Gallatin River downstream of Bozeman Creek 
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Figure 6-22. Existing TP sources for Middle East Gallatin River upstream of Hyalite Creek 
 

 
Figure 6-23. Existing TP sources for Middle East Gallatin River downstream of Hyalite Creek  
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Figure 6-24. Existing TP sources for Lower East Gallatin River 
 

 
Figure 6-25. Existing TP sources for Godfrey Creek 
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Figure 6-26. Existing TP sources for Jackson Creek  
 

 
Figure 6-27. Existing TP sources for Mandeville Creek 
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Figure 6-28. Existing N02+N03 sources for Bridger Creek  
 

 
Figure 6-29. Existing N02+N03 sources for Reese Creek N02+N03 
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Figure 6-30. Existing N02+N03 sources for Smith Creek N02+N03 
 

6.6 NUTRIENT TMDLS  
Nutrient TMDLs will be developed for the nutrient pollutant causes identified for each waterbody in 
Table 6-38. The TMDL equation for each nutrient form is based on flow and the nutrient targets and is 
provided in Equations 6-1 through 6-3. Target values are identified in Tables 6-2 and 6-3. The nutrient 
TMDLs protect all designated beneficial uses. Future conditions will be deemed as meeting the TMDL if 
there is less than a 20% exceedance rate, as long as exceedances are spatially and temporally random 
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there is not a single TN or TP water quality target applicable to the entire project area. However, the 
water quality target for NO3+NO2 is the same throughout the project area (≤0.1 mg/L). 
 
Equation 6-1. 
Total Nitrogen TMDL (lbs/day) = CFS*5.38*Water Quality Target (WQT) 
Where: CFS = Average daily discharge in cubic feet per second; 5.38 = conversion factor; WQT = water 
quality target for total nitrogen in mg/L (Table 6-2 and 6-3) 
 
Equation 6-2. 
Nitrate+Nitrite TMDL (lbs/day) = CFS*5.38*0.1mg/L 
Where: CFS = Average daily discharge in cubic feet per second; 5.38 = conversion factor; 0.1 = NO3+NO2 

water quality target (Table 6-2) 
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Equation 6-3. 
Total Phosphorus TMDL (lbs/day) = CFS*5.38*WQT 
Where: CFS = Average daily discharge in cubic feet per second; 5.38 = conversion factor; WQT = water 
quality target for total phosphorus in mg/L (Table 6-2 and 6-3) 
 
TMDL examples are provided for each waterbody segment using sample data from the growing season. 
The examples show the maximum and minimum for the measured existing load based on the sample 
data, as well as the load based on the 80th percentile of the data. The TMDL can be displayed as a line 
graph of allowable loading with increasing flow. Figure 6-31 is the graph of an example TMDL for TN for 
a water quality target of 0.3 mg/L and with a range of mean daily flows from zero to 75 cfs. The vertical 
dotted line intersects the graph at a streamflow value of 40 cfs. The horizontal dotted line, extending 
from the diagonal TMDL graph to the y-axis, identifies the maximum TN load allowed for this discharge. 
Therefore, with a target value of 0.30 mg/L TN and a discharge of 40 cfs the TMDL = 64.56 lbs TN/day.  
 

 
Figure 6-31. Graph of the TN TMDLs for mean daily flows from zero to 75 cfs. 
 
6.6.1 Allocation Approach 
Widespread improvements are needed to decrease nutrient loading and meet TMDLs in many streams. 
Necessary agricultural BMPs may include, but are not limited to, improved riparian buffers, rotational 
grazing, and fertilizer management. These efforts focus on the distribution, usage, and timing on the 
landscape. For instance, limiting livestock access to streams with fencing, providing alternate water 
sources, and/or installing hardened crossings will reduce direct nutrient inputs to streams, increase 
streambank stability, and improve the riparian buffer health. All of these factors will be essential for 
meeting both the nutrient and sediment TMDLs.  
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A combination of BMPs will help reduce nutrient loading, and the most appropriate BMPs will vary by 
site. Subsurface wastewater treatment and disposal loading is typically a fairly small portion of existing 
nutrient loading in most waterbody segments (Figures 6-2 through 6-13). In assessment units where 
subsurface wastewater treatment and disposal constitutes relatively large fractions of the nutrient load, 
long-term planning that recognizes the effects of developed areas on nutrient loading is warranted. This 
applies specifically to lower Hyalite Creek, Bozeman Creek and the East Gallatin River drainages. As part 
of this effort, BMPs are also needed to reduce nutrient loading from residential and urban areas to 
decrease the nutrient inputs from lawn maintenance, pet waste, and impervious surfaces.  
 
Although the needed reductions (based on sample data) apply only to the growing season for nonpoint 
sources, DEQ anticipates that TMDL implementation will reduce nutrient loading year-round. This will 
address nutrients sources that tend to enter streams during runoff but which are stored in-channel, 
becoming available during the summer growing season.  
 
Wasteload allocations (WLAs) were developed for the city of Bozeman WRF, the city of Bozeman MS4, 
and the USFWS Fish Technology Center. WLAs are relegated to the middle and lower segments of the 
East Gallatin River and Bridger Creek. For these assessment units, the TMDL will be the sum of the WLAs 
and load allocations (LAs). The WLA for the city of Bozeman MS4 is unique because during normal low 
flow conditions it equals zero for this point source. When the MS4 is activated, load reductions are 
based on the successful implementation of a stormwater management program. Therefore, since the 
system should not be actively discharging during typical summer low flow conditions which the TMDL 
represents, both the existing load and WLA are defined as 0 (zero). 
 
Smith Creek and Lower Hyalite Creek, which receive flows from the East Gallatin River via irrigation 
canals, are affected by WLAs, although there is no WLA in their sub-basin. In these cases, two distinct 
sources are causing the nutrient impairment; the nonpoint nutrient sources in their respective 
watersheds and a separate source pathway comprised of the WRF discharge and other nonpoint sources 
that cross a watershed boundary to enter their basin. For Hyalite Creek, this pathway is Buster Gulch 
and for Smith Creek, the Dry Creek Irrigation Canal is the pathway from a different watershed. However, 
TMDL examples for Smith Creek and Hyalite Creek do not include the transported loads from the East 
Gallatin River as these loads and the necessary reductions are covered by TMDLs for the East Gallatin 
River.  
 
TMDLs and necessary reductions will be presented first for those assessment units with WLAs. All 
nutrient TMDLs include an implicit margin of safety, which is based on conservative assumptions as 
described in Section 6.6.4.2.  
 
6.6.1.1 City of Bozeman Water Reclamation Facility (MT0022608) WLA 
The Bozeman Water Reclamation Facility (WRF) discharges directly into the East Gallatin River, which is 
impaired for TN and TP. Per Montana State Law (ARM 17.30.637(2)), no wastes may be discharged such 
that the wastes, either alone or in combination with other wastes, will violate, or can reasonably be 
expected to violate, any of the standards. For a WRF and other permitted dischargers, this means that a 
discharge concentration must be less than or equal to an applicable numeric water quality standard if 
the reach immediately upstream where the discharge occurs is already exceeding the standard. If the 
reach immediately upstream of the WRF discharge is determined to be unimpaired for TN and/or TP, the 
WLA will be modified based on a mass-balance approach if there is sufficient assimilative capacity in the 
receiving water. 
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The TMDL target values provide a numeric translation of the applicable narrative standard found in ARM 
17.30.637(1)(e). The draft numeric nutrient criteria provide the basis for the TMDL targets. The reach of 
the East Fork of the Gallatin River immediately upstream of the Bozeman WRF discharge is impaired for 
both TN and TP based on application of the TMDL targets and DEQ’s nutrient assessment methodology. 
To ensure the Bozeman WRF discharge does not cause or contribute to a violation of water quality 
standards, the wasteload allocation (WLA) is based on a discharge concentration equal to the nutrient 
target concentrations for both TN and TP multiplied by the WRF discharge flow. Therefore, the resulting 
nutrient WLAs are based on the following equations:  
 
Equation 1: TN WLA = TMDL TN Target Concentration X Discharge Flow = (0.300 mg/l) (Discharge Flow) x 
Conversion Factor 
 
Equation 2: TP WLA = TMDL TP Target Concentration X Discharge Flow = (0.030 mg/l) (Discharge Flow) x 
Conversion Factor  
 
For both Equation 1 and 2, the target concentrations are lower than current limits of technology for 
treatment of wastewater effluent. 
 
The WLAs for TN and TP are represented in Figure 6-32, which identifies the allowable load to the East 
Gallatin River based on the discharge rate from the WRF. For reference, the summer period long-term 
mean discharge from the WRF is 8.34 cfs (5.39 MGD) and the design capacity for the facility is 21.5 cfs 
(13.9 MGD).  
 

2520151050

40

30

20

10

0

WRF Discharge (cfs)

To
ta

l L
oa

d 
(lb

s/
da

y)

TN WLA
TP WLA

Variable

TP WLA = 3.48 bs/day.
the TN WLA = 34.8 lbs/day; 
At design discharge of 21.5 cfs, 

TP WLA = 1.35 bs/day.
the TN WLA =13.5 lbs/day; 
At current discharge of 8.34 cfs, 

13.5 lbs/day

34.8 lbs/day

3.48 lbs/day
1.35 lbs/day

 
Figure 6-32. Wasteload allocation for Total Nitrogen and Total Phosphorus for the city of Bozeman 
WRF  
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At the design capacity discharge flow of 21.5 cfs, the TN WLA equates to 34.8 lbs/day per Equation 1 
(discharge concentration of 0.300 mg/l), and the TP WLA equates to 3.48 lbs/day per Equation 2 
(discharge concentration of 0.030 mg/l). When WRF discharge flows are lower than the design flow, the 
maximum TN concentrations of 0.300 mg/l and the maximum TP concentration of 0.030 mg/l must be 
met to satisfy the Equation 1 and Equation 2 WLA conditions, resulting in lower WLAs. For example, at 
existing WRF discharge flows of 8.34 cfs, the TN WLA equates to 13.5 lbs/day, and the TP WLA equates 
to 1.35 lbs/day. For all WRF discharge flows, WRF TN and TP loads will not cause or contribute to 
impairment as long as the discharge concentration is equal to or less than the TMDL target 
concentrations shown in Equations 1 and 2. 
 
Mixing Zone Allowance 
If water quality in the East Gallatin River in the reach immediately upstream of the Bozeman WRF 
discharge location improves to the point where either the TP or TN water quality target or adopted 
numeric nutrient standard is met, then the TN and/or TP WLA may be modified as assimilative capacity 
has been created in the receiving water. This increase would be based on a mass-balance calculation 
that ensures that water quality standards and/or TMDL targets are met at the end of the mixing zone 
during July through September under 14Q5 flow conditions. For a given stream, 14Q5 refers to the 14 
day low flow with a recurrence interval of 5 years.  
 
A mixing zone would be calculated the same regardless of whether or not numeric nutrient standards 
are adopted into rule. The 75th percentile of the available upstream water quality data will be used to 
determine assimilative capacity of TN and TP.  
 
Phased Implementation of Nutrient Wasteload Allocations 
The TMDL targets represent concentrations below the current limits of treatment technology for TN and 
TP. MPDES permits provides a regulatory mechanism for implementing the TMDL via the variance 
process, once nutrient standards are adopted into rule, to address affordability issues and concerns 
about the limits of treatment technology. The variance (75-5-313 MCA) allows Montana to implement 
numeric nutrient criteria in a staged manner thus allowing time enough to address all point and 
nonpoint sources of nutrient pollution and allow for advancements in treatment technology and 
associated affordability.  
 
The WLAs for TN and TP for the Bozeman WRF defined in this TMDL allows phased implementation 
consistent with the variance process. There are two phased implementation scenarios based on whether 
numeric nutrient standards are adopted at the time a MPDES permit is renewed: 
 
Scenario 1: Numeric Nutrient Standards Adopted into Rule 
When the city of Bozeman renews its MPDES permit, it can apply for a variance as part of a phased 
implementation approach for one or both nutrient WLAs. The variance will be implemented as defined 
within Montana State Law (75-5-313, MCA) and the rule as adopted.  
 
Scenario 2: Numeric Nutrient Standards Not Adopted into Rule 
 

• Phased WLAs for Total Nitrogen (no numeric TN standard)  
No action is necessary until the next permit renewal scheduled for 2017. The WLA for TN in the 
2017 permit will be based on the WRF discharge flow at that time multiplied by the lower of the 
two following concentrations: (1) the design performance at the facility of 7.5 mg/L TN or (2) the 
long-term DMR average TN concentration after the 2011 facility upgrade. The WLA for TN in the 
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2022 permit will be based on the WRF discharge flow at that time multiplied by the then current 
limit of technology for TN. Regarding future permit cycles starting in 2017, the TN limit of 
technology will be defined by DEQ in conjunction with the Nutrient Work Group. In 2022, if the 
plant is not capable of meeting the limit of technology for TN, then a specific plan to optimize 
TN treatment capabilities will be required for the 2022 permit renewal outlining specific 
measures and plant management protocols that will result in the lowest TN concentration 
feasible at the facility. This concentration will be the basis for calculating the TN WLA using the 
WRF discharge flow in 2022. The process outlined here for the 2022 permit cycle will be applied 
for all subsequent permits.  
 
Phased implementation will no longer be necessary once 1) the WRF is able to meet the WLA 
value defined by Equation 1 (i.e. discharge concentrations less than or equal to 0.300 mg/l), or 
2) the East Gallatin River gains assimilative capacity and the WRF meets the mixing zone 
allowance requirements for TN treatment (defined above).  

 
• Phased WLAs for Total Phosphorus (no numeric TP standard)  

No action is necessary until the next permit renewal scheduled for 2017. The WLA for TP in the 
2017 permit will be based on the WRF discharge flow at that time multiplied by the lower of the 
two following concentrations: (1) the design performance at the facility of 1.0 mg/L TP or (2) the 
long-term DMR average TP concentration after the 2011 facility upgrade. The WLA for TP in the 
2022 permit will be based on the WRF discharge flow at that time multiplied by the then current 
limit of technology for TP. Regarding future permit cycles starting in 2017, the TN limit of 
technology will be defined by DEQ in conjunction with the Nutrient Work Group. In 2022, if the 
plant is not capable of meeting the limit of technology for TP, then a specific plan to optimize TP 
treatment capabilities will be required for the 2022 permit renewal outlining specific measures 
and plant management protocols that will result in the lowest TP concentration feasible at the 
facility. This concentration will be the basis for calculating the TP WLA using the WRF discharge 
flow in 2022. The process outlined here for the 2022 permit cycle will be applied for all 
subsequent permits.  
 
Phased implementation will no longer be necessary once 1) the WRF is able to meet the WLA 
value defined by Equation 2 (i.e. discharge concentrations less than or equal to 0.030 mg/l), or 
2) the East Gallatin River gains assimilative capacity and the WRF meets the mixing zone 
allowance requirements for TP treatment (defined above).  
 
Under Scenario 2, a timeline of how DEQ anticipates the phased implementation of the 
Bozeman WRF WLA to occur (Figure 6-33).  
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Figure 6-33. DEQ anticipated timeline of the phased implementation of the Bozeman WRF WLA 
 
The Bozeman WRF permit was recently renewed in 2012, and the next renewal (after EPA approval of 
this TMDL) is scheduled for 2017. Because the Bozeman WRF is currently treating at levels approaching 
or consistent with the limits of technology for both TN and TP, and because these treatment levels are 
consistent with phased implementation as defined under both scenarios, the existing permit does not 
need to be reopened before 2017 to integrate the WLAs defined in this document. 
 
During phased implementation, the total nitrogen and total phosphorus WLAs can be alternatively 
expressed as concentrations (versus loads) so that a concentration-based approach can be used for 
MPDES permit development using the phased implementation concentrations provided above. If a 
concentration based approach is not used for MPDES permit integration, then the WLA should be based 
on the phased implementation concentrations multiplied by the WRF discharge flow at that time (versus 
the design flow). This could create a loading cap until the next permit cycle when the WLA can be 
recalculated using an updated WRF average discharge flow. 
 
Nutrient Trading  
Montana is developing a nutrient trading program to allow point source dischargers to use trading as a 
cost-effective method of achieving the state’s numeric criteria for nutrients. Trading is a market-based 
approach in which a point source permittee purchases pollutant reduction credits from another point 
source or a nonpoint source in the applicable trading region. These credits are used to offset the 
source’s pollutant discharge obligations. Nothing in this TMDL document prevents nutrient trading as 
long as it is consistent with Montana’s nutrient trading program. 
 
6.6.1.2 City of Bozeman MS4 Storm Water System (MTR040002) WLA 
Per Part III.A. of the General Permit (MTR040000), the city’s, MSU’s and MDT’s Storm Water 
Management Program must address the pollutants of concern for which the receiving waterbodies are 
included on the state’s 303(d) list. This discussion must specifically address best management practices 
that will address the pollutants of concern.  
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Per EPA requirements at the federal level, NPDES-regulated stormwater discharges (MS4-permitted 
discharges) must be addressed by the wasteload allocation (WLA) of a TMDL (40 Code of Federal 
Regulations (C.F.R.) 130.2(h) & (i).). EPA requires a numeric WLA but allows a state permitting authority 
to apply best management practices to satisfy the WLA of a TMDL. Where appropriate, surrogate 
pollutant parameters (e.g., impervious cover) are acceptable for use as TMDL endpoints or other 
appropriate measures (40 C.F.R. 130(2)(i)).  
 
At the state level, ARM 17.30.1111(5) requires MS4 permittees to develop, implement, and enforce a 
Storm Water Management Program (SWMP) to reduce the discharge of pollutants to the maximum 
extent practicable.  
 
ARM 17.30.1111(5)(a) also states, “For the purposes of this rule, narrative effluent limitations requiring 
the implementation of BMPs are the most appropriate form of effluent limitations when designed to 
satisfy technology requirements (including reductions of pollutants to the maximum extent practicable) 
and to protect water quality. Implementation of BMPs consistent with the provisions of the SWMP 
required pursuant to this rule and the provisions of the permit shall constitute compliance with the 
standard of reducing pollutants to the ‘maximum extent practicable.’”  
 
The MS4 will be assigned a wasteload allocation of zero when the stormwater system is not activated. 
As required by the general permit, an illicit discharge detection and elimination program is necessary to 
achieve this WLA, which requires the permittees to regularly update the storm sewer system map, 
showing the location and number of all outfalls. Storm Water Ordinance 1763, adopted by the city of 
Bozeman in 2010, establishes legal authority to prohibit illicit discharges in the MS4. These measures 
will achieve the WLA when the system should not be producing flow. The illicit discharge detection and 
elimination program is critical for reducing chronic exceedances of water quality targets in the receiving 
waterbodies.  
 
As discussed in the TMDL targets Section 6.4, there are two primary methods for evaluating target 
compliance based on nutrient concentrations. These include the exact binomial and student t-tests. 
Normally both tests are satisfied by setting the TMDL such that loading levels satisfy the target 
concentration values. This approach works in most watersheds in Montana because the best 
management practices (BMPs) required to meet the nutrient TMDLs during low flows are either 
somewhat independent of flow (e.g., septic systems) or will also limit elevated nutrient loading during 
stormwater events (e.g., grazing management). For streams that receive significant stormwater flows 
from MS4 permitted areas, an additional percent-load reduction WLA is developed for the MS4 to 
ensure compliance with the t-test and provide a margin of safety to help ensure compliance with the 
additional biology targets.  
 
During and after precipitation, loading from the MS4 to the receiving waterbodies will be reduced by 
implementing ARM’s (17.30.1111) “maximum extent practicable” and by monitoring stormwater BMPs 
within the MS4 boundaries. In addition to an active stormwater management program, these measures 
should achieve reductions in nutrient loads to the receiving waterbodies. Based on literature pollutant 
removal efficiencies, the maximum-extent-practicable level of treatment varies among BMPs for TN and 
TP. The International Storm Water Best Management Practices (BMPs) Database, published in 2010 for 
nutrients, lists retention ponds (59% decrease in concentration (DIC)), wetland basins (33% DIC), media 
filters (47% DIC), and wetland channels (22% DIC) as the BMPs that consistently reduced TP 
concentrations in stormwater. For TN, bioretention (12% DIC), retention ponds (27% DIC), and filter 
strips (13% DIC) BMPs consistently reduced TN concentrations in stormwater. For nitrogen, BMPs must 
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target the type of nitrogen, since organic nitrogen is reduced differently than inorganic forms. Limited 
data from the city of Bozeman MS4 indicate that inorganic nitrogen comprises a larger proportion of TN 
than organic forms.  
 
In order to maintain loading from the MS4 following implementation of the control measures, 
minimizing loading from new development, or redevelopment, projects greater than 1 acre will be 
important. Low-impact development BMPs minimize direct runoff to streams and use onsite or regional 
retention and infiltration to effectively remove direct discharge of stormwater to streams. The permit 
requires that projects that fit the above parameters infiltrate, evapotranspire, or capture for reuse the 
runoff generated from the first 0.5 inch of rainfall from a 24-hour storm preceded by 48 hours of no 
measurable precipitation. This process was to be in place by January 1, 2012.  
 
DEQ expects that by following the six minimum control measures outlined in the general permit, with 
particular attention to illicit discharge detection and elimination and stormwater BMPs, TN and TP loads 
to the receiving waterbodies will be reduced by 22% and 46%, respectively. These percent reductions 
are based on audit information of the City of Bozeman MS4 program and system and reductions 
possible from the available, applicable stormwater BMPs identified by USEPA that specifically target TN 
and TP.  

 
Table 6-48 provides the estimated loads to each waterbody when the percent reductions are applied by 
watershed. As discussed above, the values and associated percent reductions are based on modeling 
results using characteristics of the MS4 and using literature estimates for the type of BMP loading 
reductions that could occur via a stormwater protection program, like the one required by the General 
MS4 permit. Therefore, the allocations can be satisfied by adhering to all of the requirements of the 
General MS4 permit. Further, it is unnecessary to include the TN and/or TP WLA values in Table 6-48 as 
permit conditions will change in response to changes in WRF discharge. This is the most feasible 
approach for meeting WLAs, assuming that over time monitoring and other permit requirements will 
help provide the type of information that can be used to implement an adaptive management approach 
to meeting the applicable TMDLs and water quality protection goals and requirements.  
 
Even when the MS4 meets the percent reduction WLA requirement, receiving waterbodies could 
occasionally have concentrations above the target concentrations presented in Section 6.4.2 because of 
stormwater flows and pollutant concentrations. This is not an issue for compliance with targets and 
water quality standards since these excursions will be less than 20% of the summer growing season (July 
1–September 30) and will be randomly spaced throughout that period. Where target exceedances do 
exist, but are less than 20%, it is desirable to have a somewhat random spacing of such exceedances 
similar to what would be anticipated from the city of Bozeman’s MS4 stormwater system (Suplee et al., 
2008a).  
 

Table 6-48. July 1–Sept 30 SWMM model results and anticipated reductions with BMP 
implementation for the city of Bozeman MS4 

 TN Load 
(lbs/summer) 
SWMM model 

TN Load 
(lbs/summer) Under 

BMP scenario 

TP Load 
(lbs/summer) 
SWMM model 

TP Load 
(lbs/summer) Under 

BMP scenario 
Bozeman Creek 980.52 764.81 167.22 90.30 
Bridger Creek 27.88 21.75 5.69 3.07 
East Gallatin 4678.69 3649.38 747.03 403.40 
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Ultimately, when the MS4 is activated, load reductions are based on the successful implementation of a 
stormwater management program. Therefore, since the system should not be actively discharging 
during typical summer low flow conditions, both the existing load and WLA are defined as 0 (zero). 
 
6.6.1.3 USFWS Bozeman Fish Tech Center (MTG130006) WLA 
Extensive water quality sampling on Bridger Creek indicates that the NO3+NO2 impairment is primarily 
limited to the stream reach below the Lyman Creek confluence downstream of the Fish Technology 
Center. Paired sampling above and below the Lyman Creek confluence from 2008 to 2011 observed 
water quality exceedances in 4 of 12 samples ~1.5 miles downstream of the Lyman Creek confluence 
near the mouth of Bridger Creek and none of 11 samples taken ~9 miles upstream of where Lyman 
Creek flows into Bridger Creek. NO3+NO2 was below the reporting limit for the only sample (collected on 
August 8, 2005) available for Bridger Creek immediately upstream of the center. The reporting limit was 
0.05 mg/L for this sample. The NO3+NO2 impaired reach downstream of the center starts at the Lyman 
Creek confluence and is the result of downstream elevated controllable nitrate sources predominantly 
linked to land-use practices. Additional monitoring will be a requirement of the Fish Technology Center’s 
WLA to ensure that the conditions upon which the WLA is based are maintained. Therefore, the TMDL 
for NO3+NO2 for Bridger Creek will focus on obtaining load reductions for the reach below the Lyman 
Creek confluence and maintaining existing water quality in the reaches above the Lyman Creek 
confluence (Figure 6-34).  
 

 
Figure 6-34. Delineation of segments above and below the Lyman Creek confluence in the Bridger 
Creek watershed 
 
Because the Fish Technology Center discharge is not entering an impaired reach of Bridger Creek, and is 
contributing only 4% of the total inorganic nitrogen load to the creek below the Lyman Creek 
confluence, a WLA of 0.777 lb/day, equal to the current discharge load, will be given to the facility. 
Operations at the research facility must not exceed the existing load. Conservative estimates of TN 
loading from the facility do not cause a water quality impairment in Bridger Creek for TN in the reach 
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where the discharge occurs. The facility will be encouraged to implement nutrient sampling for TN, TP, 
and NO3+NO2 of the hatchery discharge and in Bridger Creek below the mixing zone.  
 
6.6.2 Meeting Allocations 
The first critical step toward meeting the nutrient allocations involves applying and/or maintaining the 
land management practices or BMPs that will reduce nutrient loading. Once these actions have been 
completed, the landowner/manager will have taken action consistent with the intent of the nutrient 
allocation for that site. For many nonpoint source activities, it may be several years before full load 
reduction is achieved, even though all BMPs are in effect. For example, riparian areas may take several 
years to fully recover and decrease nutrient loading after implementing grazing BMPs. It is also 
important to apply proper BMPs and other water quality protection practices for all new or changing 
land management activities to limit any potential increased nutrient loading. 
 
Progress toward achieving TMDLs and individual allocations can be gauged by BMP implementation and 
improvement in, or attainment of, water quality targets defined in Section 6.4.2. Any effort to calculate 
loads and percent reductions for comparing with TMDLs and allocations in this document should be 
accomplished via the same methodology and/or models used to develop the loads and percent 
reductions presented here. 
 
6.6.3 TMDLs and Allocations by Waterbody 
TMDLs for impaired waterbodies are presented in the following sections. Example TMDLs and load 
allocations are presented in the following sections. How the tables were calculated and presented to the 
reader is explained in Tables 6-49 and 6-50. It is important to note that the TMDLs are presented as 
example tables based on water quality and flow statistics. The TMDL is always the sum of the LAs and 
WLAs for a given waterbody.  
 
Table 6-49. Example TMDL table and explanation of calculations 

Source Existing Load (lbs/day)* LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Includes all nonpoint and 
point sources in a given 

watershed (i.e. agriculture, 
forest, WWTP). If not listed, 

no load was attributed to that 
(i.e. no forest sources in Camp 

Creek drainage). 

Per each source, an existing 
load was calculated based 

on the results of the source 
assessment. The total load 
was calculated using the 

observed median flow and 
concentration in a given 

assessment unit. 

% 
reduction 
multiplied 
by existing 

load 

% 
reduction 
multiplied 
by existing 

load 

Sum of 
LAs + 
WLAs 

Necessary 
reduction 

per 
category 
to meet 

the TMDL 

*This applies to all assessment units except for the middle and lower segments of the East Gallatin River where a 
different approach was used and is explained in those sections. 
 
Unless otherwise noted, % reductions were determined by assuming a 0% reduction for natural background and 
subsurface wastewater treatment and disposal and requiring uniform reductions for all other nonpoint sources. 
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Table 6-50. Explanation of load allocation calculations 

Source Load Allocations (%)* 
Includes all nonpoint and point sources in a given watershed (i.e. 
agriculture, forest, WWTP). If not listed, no load was attributed to that 
category (i.e. no forest sources in Camp Creek drainage). 

Calculated as allocation divided by TMDL 
in TMDL table  

*If load reductions were not necessary, load was uniformly distributed among all identified nonpoint source 
categories. 
 
The upper, middle and lower segments of the East Gallatin River, Bozeman Creek, Mandeville Creek and 
Bridger Creek have TMDLs that include wasteload allocations (WLAs). The Lower Gallatin TPA includes 
multiple irrigation ditch networks that cross sub-basin divides. On Hyalite Creek and Smith Creek—
tributaries to the East Gallatin River—irrigation diversions on the East Gallatin River transport East 
Gallatin River flows to nutrient-impaired stream segments on Hyalite and Smith Creeks. All other 
streams are not under the influence of a WLA. Following are the nutrient TMDLs for each waterbody 
segment in the Lower Gallatin planning area.  
 
6.6.3.1 Bridger Creek  
The extensive water quality data available for Bridger Creek suggests that the NO3+NO2 impairment is 
limited to the lower reaches near the mouth and below the canyon. Therefore, the TMDL will focus on 
achieving reductions in the area of the basin downstream of the canyon mouth and below the Fish 
Technology Center discharge point.  
 
As described in Section 6.6.1.3, extensive water quality sampling on Bridger Creek indicates that the 
NO3+NO2 impairment is primarily limited to the stream reach below the Lyman Creek confluence 
downstream of the Fish Technology Center. The USFWS Fish Tech Center has a wasteload allocation of 
0.777 lb NO3+NO2 /day from the center. The WLA for the Fish Tech Center does not change with flow. 
Downstream of Bridger Canyon, documented inorganic nitrogen from springs comprise a large natural 
background/forest load to the assessment unit. Montana Fish, Wildlife & Parks (FWP) lists Bridger Creek 
below the canyon as chronically dewatered (i.e., in almost all years, dewatering is a significant problem).  
 
The USFWS Fish Tech Center is 6% of the TMDL at the median flow rate of 25.33 cfs. Using median 
statistics for flow and concentrations from samples collected downstream of the Lyman Creek 
confluence, the TMDL for NO3+NO2 is currently being met (Table 6-51). Bridger Creek load allocations 
may be found in Table 6-52.  
 
Table 6-51. Bridger Creek NO3+NO2 load and TMDL below canyon 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural Background/Forest  3.27 6.96    0.0% 
Agriculture 1.15 2.45    0.0% 
Residential/Developed 1.11 2.36    0.0% 
Subsurface Wastewater Treatment and Disposal 0.52 1.10    0.0% 
USFWS Fish Tech Center (MTG130006) 0.77  0.77  0.0% 
City of Bozeman MS4 (MTR040002)** 0.00  0.00  0.0% 
Total  6.81     13.63 0.0% 
* Based on a median flow of 25.3 cfs downstream of the Lyman Creek confluence; **MS4 is given a WLA of 0 
during low flow conditions as the system should not be actively discharging at this time.  
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Table 6-52. Bridger Creek NO3+NO2 TMDL allocations 
Source Load Allocations (%)* 

Natural Background/Forest  51.1% 
Agriculture 17.9% 
Residential/Developed 17.3% 
Subsurface Wastewater Treatment and Disposal 8.1% 
USFWS Fish Tech Center (MTG130006) 5.7% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a median flow of 25.3 cfs downstream of the Lyman Creek confluence; **MS4 is given a WLA of 0 
during low flow conditions as the system should not be actively discharging at this time.  
 
6.6.3.2 East Gallatin River, City of Bozeman Water Reclamation Facility  
The city of Bozeman Water Reclamation Facility (WRF) completed an extensive upgrade in fall 2011, in 
addition to a smaller upgrade completed in November 2007. As part of this upgrade the outfall was 
moved several hundred feet upstream and closer to the physical location of the treatment facility. 
Because the plant is the most significant nutrient point source on the middle and lower segments of the 
East Gallatin River, a concentration based model was developed to determine the changes in WRF 
contributions to total concentrations at distances downstream of the WRF on the East Gallatin River. 
Given the available data for the system, there was not sufficient information about river biology, mass 
transfer functions, or other state-variables to implement a sophisticated mass-balance modeling 
approach. Synoptic sampling events from 2005 and 2009 were used to calibrate the concentration based 
model and to determine the relative contribution from all other sources. Estimated nutrient loads at 
points downstream of the WRF discharge were based on an East Gallatin River low flow analysis, design 
performance for the post-October 2011 facility and long term summer period mean discharge for the 
WRF. The model is presented and discussed in Appendix G.  
 
Significant irrigation diversions on the East Gallatin River transport water to two impaired waterbodies 
addressed in this document. Buster Gulch diverts flow from the East Gallatin River about 2.8 miles 
downstream of the WRF discharge. Buster Gulch flows 6.2 miles to the lower segment of Hyalite Creek 
north of Airport Road about 1.5 miles upstream of where Hyalite Creek flows into the East Gallatin River. 
Approximately 9 miles downstream of the WRF discharge, the Dry Creek Irrigation Canal transports East 
Gallatin water north to Smith Creek.  
 
6.6.3.3 East Gallatin, Middle Segment 
The middle segment of the East Gallatin River has two different water quality standards for TN and TP 
because of the Level IV ecoregion Absaroka-Gallatin-Volcanics in the headwaters of Hyalite Creek, which 
flows into the East Gallatin River northeast of Belgrade (Figure 6-35). The TN and TP water quality 
criteria for the East Gallatin River below Bridger Canyon and above the confluence with Hyalite Creek is 
0.3 mg/L TN and 0.03 mg/L TP. Below the Hyalite Creek confluence down to the Gallatin River, the 
targets are 0.29 mg/L TN and 0.06 mg/L TP. For this reason TMDLs and percent-load reductions are 
different for the two reaches (Reach 1 and Reach 2).  
 
The TN WLA for Bozeman’s WRF requires a reduction in TN loading of 91% from current discharge loads 
into the East Gallatin River. This reduction is based on meeting the end-of-pipe water quality targets for 
TN in comparison with the current facility discharge load to the East Gallatin River. An 89% reduction in 
loading agriculture and residential/developed area sources is required to achieve the TN TMDL (Table 6-
53 and 6-54).  
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Tables 6-53 and 6-54 are example TMDL tables that used the estimated 14Q5 flows and modeled TN 
concentrations at sampling site EG07 located downstream of the WRF discharge location and upstream 
of the Buster Gulch diversion and the Hyalite Creek confluence.  
 

 
Figure 6-35. Map of East Gallatin River upper, middle and lower assessment units. 
 

TN and TP TMDLs and Allocations for Reach 1 of the middle segment 
 
Table 6-53. East Gallatin River TN load and TMDL between Bridger Creek and Hyalite Creek 
confluences 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural background 19.25 19.25   0.0% 
Forest  4.10 4.10   0.0% 
Agriculture 39.33 4.22   89.3% 
Residential/Developed 55.59 5.96   89.3% 
Subsurface Wastewater Treatment and Disposal 13.31 13.31   0.0% 
USFWS Fish Tech Center (MTG130006) 0.34   0.34  0.0% 
City of Bozeman WRF (MT0022608) 148.97  13.62***  90.9% 
City of Bozeman MS4 (MTR040002)** 0.00  0.00  0.0% 
Total  280.89   60.80 78.4% 
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Table 6-54. East Gallatin River TN TMDL allocations between Bridger Creek and Hyalite Creek 
confluences 

Source Load Allocations (%)* 
Natural background 31.7% 
Forest  6.7% 
Agriculture 11.1% 
Residential/Developed 15.6% 
Subsurface Wastewater Treatment and Disposal 21.9% 
USFWS Fish Tech Center (MTG130006) 0.6% 
City of Bozeman WRF (MT0022608) 12.4% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a flow of 37.6 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time.  
 
The TP WLA for Bozeman’s WRF requires a reduction in TN loading of 97% from current discharge loads 
into the East Gallatin River. This reduction is based on meeting the end-of-pipe water quality targets for 
TP in comparison with the current facility design load to the East Gallatin River. This reduction in loading 
from the WRF would achieve the TMDL as the WRF is most significant TP source in this segment (Table 
6-55 and 6-55). 
 
Table 6-55. East Gallatin River TP load and TMDL between Bridger Creek and Hyalite Creek 
confluences 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural background 2.03 2.03   0.0% 
Forest  0.25 0.25   0.0% 
Agriculture 0.64 0.71   0.0% 
Residential/Developed 1.71 1.88   0.0% 
Subsurface Wastewater Treatment and Disposal 0.62 0.62   0.0% 
City of Bozeman WRF (MT0022608) 19.88  0.60***  97.0% 
City of Bozeman MS4 (MTR040002)** 0.00  0.00  0.0% 
Total  25.13   6.08 75.8% 
* Based on a flow of 37.6 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time; *** Based on discharge of 8.34 cfs at 0.030 mg/L TP, the value represents the 
modeled WRF concentration 0.5 miles downstream of the discharge location; the target of 0.030 mg/L TP is below 
the current limit of technology for treatment of wastewater effluent. 
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Table 6-56. East Gallatin River TP TMDL allocations between Bridger Creek and Hyalite Creek 
confluences 

Source Load Allocations (% of TMDL)* 
Natural background 33.3% 
Forest  4.2% 
Agriculture 11.6% 
Residential/Developed 30.9% 
Subsurface Wastewater Treatment and Disposal 10.1% 
City of Bozeman WRF (MT0022608) 9.8% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a median flow of 37.6 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should 
not be actively discharging at this time.  
 

TN and TP TMDLs and Allocations for Reach 2 of the middle segment 
 
In the middle segment of the East Gallatin River below the Hyalite Creek confluence and above the 
Smith Creek confluence, the TN TMDL requires a 93% reduction in loading from all agriculture and 
residential/developed area nonpoint sources (LAs) (Table 6-57 and 6-58) in addition to a 95% reduction 
from the WRF. A 20% reduction in loading from subsurface wastewater treatment and disposal is also 
needed to meet the TMDL. The Hyalite Creek watershed is the primary source of TN in this reach and 
brings TN loads from agriculture/residential developed sources and subsurface wastewater disposal and 
treatment. In reach 2, a WLA for the USFWS Fish Tech Center (MTG130006) is no longer provided due to 
dilution and assumed uptake rates the load is no longer measurable.  
 
Table 6-57. East Gallatin River TN load and TMDL between Hyalite Creek and Smith Creek confluences 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural background 29.12 29.12   0.0% 
Forest  3.34 3.34   0.0% 
Agriculture 109.74 7.32   93.3% 
Residential/Developed 17.62 1.18   93.3% 
Subsurface Wastewater Treatment and Disposal 55.09 44.07   20.0% 
City of Bozeman WRF (MT0022608) 156.25  7.77***  95.0% 
City of Bozeman MS4 (MTR040002)** 0.00  0.00  0.0% 
Total  371.15   92.79 75.0% 
* Based on a flow of 59.5 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time; *** Based on discharge of 8.34 cfs at 0.300 mg/L TN, the value represents the 
modeled WRF concentration 10.8 miles downstream of the discharge location; the target of 0.300 mg/L TN is 
below the current limit of technology for treatment of wastewater effluent.  
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Table 6-58. East Gallatin River TN TMDL allocations between Hyalite Creek and Smith Creek 
confluences 

Source Load Allocations (%)* 
Natural background 31.4% 
Forest  3.6% 
Agriculture 7.9% 
Residential/Developed 1.3% 
Subsurface Wastewater Treatment and Disposal 47.5% 
City of Bozeman WRF (MT0022608) 8.4% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a flow of 59.5 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time.  
 
Of all the assessment units in the Lower Gallatin watershed, reach 2 of the middle segment of the East 
Gallatin River from the Hyalite Creek confluence to the Smith Creek confluence is the most complicated. 
Numerous sources contribute to the reach including the WRF discharge and the large TN load from 
Hyalite Creek. The Hyalite Creek drainage includes areas of high septic density and large acreages of 
irrigated agriculture. Additionally, the lower segment of Hyalite Creek has been identified by FWP as 
being chronically dewatered reducing its ability to assimilate nutrient loads. This area of the East Gallatin 
River is also a significant groundwater recharge area and likely receives nutrient loads via medium and 
long distance groundwater flow paths. Significant reductions from multiple sources are needed in order 
to meet the TMDL.  
 
It is critical to reaffirm that the above example for reach 2 of the middle segment is a worst-case 
scenario using the 14Q5 flow in the East Gallatin River. At these low flows, the influence from 
groundwater and point sources become more significant contributors to the total load than at higher 
flows. At higher flows, assimilative capacity of the waterbody increases and the TMDL is more likely to 
be achieved.  
  
A 20% reduction in subsurface wastewater treatment and disposal is necessary to achieve the TMDL. 
Long-term strategies to meet this reduction may include retiring existing septic systems by providing 
sewer connections to existing wastewater treatment plants or Level 2 treatment system requirements 
for new or replacement septic systems. Although sewer hookups could increase loading to the East 
Gallatin River based on nutrient treatment from the septic system versus existing WRF treatment, the 
fact that the WRF WLA is ultimately set to obtain standards at the discharge location (Section 6.6.1.1) 
means that this approach will ultimately decrease TN (nitrate) loading to the East Gallatin River while 
still eventually satisfying all TMDL requirements once phased implementation of the city of Bozeman 
WRF WLA is complete. If the basin continues to be developed for residences, long-term planning is 
needed for subsurface wastewater treatment and disposal; as this load increases with the increase in 
residences and loss of agriculture. 
 
Better study of the influence from groundwater nitrogen loading to Hyalite Creek and the East Gallatin 
River is recommended to more accurately quantify the nutrient loads from subsurface wastewater 
treatment and disposal and from agriculture.  
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The TP WLA for Bozeman’s WRF requires a reduction in TP loading of 96% from current discharge loads 
into the East Gallatin River. This reduction is based on meeting the end-of-pipe water quality targets for 
TP in comparison with the current facility performance design load to the East Gallatin River. This 
reduction in loading from the WRF would achieve the TMDL as the WRF is most significant TP source in 
this segment (Table 6-59 and 6-60). 
 
Table 6-59. East Gallatin River TP load and TMDL between Hyalite Creek and Smith Creek confluences 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural background 8.64 8.64   0.0% 
Forest  0.00 0.16   0.0% 
Agriculture 2.78 3.66   0.0% 
Residential/Developed 1.85 2.79   0.0% 
Subsurface Wastewater Treatment and Disposal 0.93 3.46   0.0% 
City of Bozeman WRF (MT0022608) 11.95  0.48***  95.9% 
City of Bozeman MS4 (MTR040002)** 0.00  0.00  0.0% 
Total  26.15   19.20 26.6% 
* Based on a flow of 59.5 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time; *** Based on discharge of 8.34 cfs at 0.030 mg/L TP, the value represents the 
modeled WRF concentration 10.8 miles downstream of the discharge location; the target of 0.030 mg/L TP is 
below the current limit of technology for treatment of wastewater effluent.  
 
Table 6-60. East Gallatin River TP TMDL allocations between Hyalite Creek and Smith Creek 
confluences 

Source Load Allocations (%)* 
Natural background 45.0% 
Forest  0.8% 
Agriculture 19.1% 
Residential/Developed 14.5% 
Subsurface Wastewater Treatment and Disposal 18.0% 
City of Bozeman WRF (MT0022608) 2.5% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a flow of 59.5 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time.  
 
6.6.3.4 East Gallatin River, Lower Segment 
The water quality targets for TN and TP in the lower segment are 0.300 mg/L TN and 0.030 mg/L TP. 
Downstream of the Smith Creek confluence the influence of the Level IV ecoregion Absaroka-Gallatin-
Volcanics on the East Gallatin River has become negligible given the sum of additional inflows from 
multiple tributaries downstream of the Hyalite Creek confluence. In addition to the WRF reduction of 
95%, the TMDL for the lower segment requires a 59% reduction in loading from agriculture and 
residential/developed nonpoint sources for TN (Table 6-61 and 6-62).  
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Table 6-61. East Gallatin River TN load and TMDL between Smith Creek confluence and the Gallatin 
River 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural Background 74.20 74.20   0.0% 
Forest  3.72 3.72   0.0% 
Agriculture 239.60 99.35   58.5% 
Residential/Developed 39.52 16.39   58.5% 
Subsurface Wastewater Treatment and Disposal 36.69 36.69   0.0% 
City of Bozeman WRF (MT0022608) 78.18  3.98***  94.9% 
City of Bozeman MS4 (MTR040002)** 0.00  0.00  0.0% 
Total  471.91   234.32 50.3% 
* Based on a flow of 145.2 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time; *** Based on discharge of 8.34 cfs at 0.300 mg/L TN, the value represents the 
modeled WRF concentration 26.6 miles downstream of the discharge location; the target of 0.300 mg/L TN is 
below the current limit of technology for treatment of wastewater effluent. 
 
Table 6-62. East Gallatin River TN TMDL allocations between Smith Creek confluence and the Gallatin 
River  

Source Load Allocations (%)* 
Natural background 31.7% 
Forest  1.6% 
Agriculture 42.4% 
Residential/Developed 7.0% 
Subsurface Wastewater Treatment and Disposal 15.7% 
City of Bozeman WRF (MT0022608) 1.7% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a flow of 145.2 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time.  
 
The lower segment of the East Gallatin River downstream of the Smith Creek confluence is currently 
meeting the TMDL for TP (Table 6-63 and 6-64). The WLA for the Bozeman WRF also applies to this 
segment and will reduce the existing TP load. 
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Table 6-63. East Gallatin River TP load and TMDL between Smith Creek confluence and the Gallatin 
River 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural Background 7.81 7.81   0.0% 
Forest  0.05 0.52   0.0% 
Agriculture 0.93 10.40   0.0% 
Residential/Developed 0.28 3.12   0.0% 
Subsurface Wastewater Treatment and Disposal 0.13 1.48   0.0% 
City of Bozeman WRF (MT0022608) 2.58  0.10***  96.0% 
City of Bozeman MS4 (MTR040002)** 0.00  0.00  0.0% 
Total  11.78   23.43 0.0% 
* Based on a flow of 145.2 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time; *** Based on discharge of 8.34 cfs at 0.030 mg/L TP, the value represents the 
modeled WRF concentration 26.6 miles downstream of the discharge location; the target of 0.030 mg/L TP is 
below the current limit of technology for treatment of wastewater effluent.  
 
Table 6-64. East Gallatin River TP TMDL allocations between Smith Creek confluence and the Gallatin 
River 

Source Load Allocations (%)* 
Natural background 33.3% 
Forest  2.2% 
Agriculture 44.4% 
Residential/Developed 13.3% 
Subsurface Wastewater Treatment and Disposal 6.3% 
City of Bozeman WRF (MT0022608) 0.4% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a flow of 145.2 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time.  
 
6.6.3.5 Lower Hyalite Creek 
The TN TMDL for lower Hyalite Creek does not include the TN load transported to Hyalite Creek from the 
East Gallatin River via Buster Gulch. This load is addressed by the TN TMDL for the middle segment of 
the East Gallatin River (Section 6.6.3.3).  
 
Reductions necessary to achieve the TN TMDL for waters originating in the Hyalite Creek basin are 
outlined in Table 6-65. Allocations may be found in Table 6-66. These reductions need to come from two 
primary nonpoint source s in the basin: agriculture (cropping and pasture/rangeland) and residential 
/developed. In Lower Hyalite Creek, agriculture and residential/developed nonpoint sources will need to 
be reduced 84% to meet the TMDL.  
 
Additional study is likely needed to determine appropriate strategies for reducing the TN loading from 
subsurface wastewater treatment and disposal. If the basin continues to be developed, long-term 
planning is needed for subsurface wastewater treatment and disposal as this load will increase with the 
increase in houses and loss of agriculture. Therefore, SWTD loading to Hyalite Creek should be limited 
pending further investigation into the timing and delivery of SWTD loads to Hyalite Creek. For this TMDL, 
the 0% reduction LA for SWTD load can be interpreted as a 0% increase in this load through time.  
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It is important to note that chronic dewatering of Hyalite Creek downstream of the forest boundary 
decreases dilution and exacerbates the effects of nonpoint source nutrient additions. Montana FWP 
identifies Hyalite Creek below the forest boundary as chronically dewatered (i.e., in almost all years, 
dewatering is a significant problem). As outlined in the source assessment in Appendix F, the upper 
portion of the 21-mile long assessment unit was not considered a source area as the stream is 
chronically dewatered in the lower reaches and flows (and therefore nutrient loads) from the upper 
portion are diverted at multiple locations through the assessment unit. Therefore, forest was not 
considered a source of TN in the lower Hyalite Creek drainage.  
 
Table 6-65. Lower Hyalite Creek TN load and TMDL for Lower Hyalite Creek. 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 19.87 19.87  0.0% 
Agriculture 38.92 6.12  84.3% 
Residential/Developed 9.94 1.56  84.3% 
Subsurface Wastewater Treatment and Disposal 33.95 33.95  0.0% 
Total  102.68  61.50 40.1% 
*Based on flow of 44.0 cfs 
 
Table 6-66. Lower Hyalite Creek TN TMDL allocations  

Source Load Allocations (%)* 
Natural background 32.3% 
Agriculture 9.9% 
Residential/Developed 2.5% 
Subsurface Wastewater Treatment and Disposal 55.2% 
Total  100.0% 
*Based on flow of 44.0 cfs 
 
6.6.3.6 Smith Creek 
There are three main sources of nutrients on Smith Creek: the Smith Creek watershed below the 
confluence of Reese Creek and Ross Creeks/Dry Creek Irrigation Canal (39.7%), the Ross Creek 
watershed (22.5%), and the East Gallatin River (37.8%). The Dry Creek Irrigation Canal diverts up to 32.5 
cfs from the East Gallatin River approximately 4 miles downstream of the Hyalite Creek confluence and 9 
miles downstream of the Bozeman WRF discharge point. That portion of the load that is attributed to 
the East Gallatin River is not included in Tables 6-67 and 6-68 as it has been previously addressed by a 
TN TMDL. Tables 6-67 and 6-68 identify the existing nutrient loads and the necessary reductions from all 
sources to meet the TMDL.  
 
The Dry Creek Irrigation Canal flows northward from the East Gallatin River and intersects Ross Creek 
(Figure 6-36). At this point, flows from the canal and Ross Creek continue northward in the same 
channel. Ross Creek originally continued northeastward to its confluence with Smith Creek but is now 
channelized along a private road to where it meets Reese Creek. At this intersection of flow, Ross 
Creek/Dry Creek Irrigation Canal flow from the south and join Reese Creek from the east. The Dry Creek 
Irrigation Canal continues northward. The confluence marks the start of Smith Creek, which flows 
westward to the East Gallatin River. Because there is no headgate or diversion that separates flows at 
this intersection, water quality analyses assumed that during the summer period Reese Creek flows are 
forced into the Dry Creek Irrigation Canal, which flows northward with a mix of Ross Creek, Reese Creek, 
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and East Gallatin River flows. Smith Creek flows westward with a mixture of Ross Creek and East Gallatin 
River flow. Under this assumption, the Reese Creek watershed is not a source of nutrient impairments 
on Smith Creek during the summer period when the irrigation canal is flowing.  
 

 
Figure 6-36. Confluence of Ross, Reese, and Smith Creeks and influence of Dry Creek Irrigation Canal 
 
If the East Gallatin River TMDL is achieved, a further reduction of 33% is necessary in the Smith Creek 
watershed to meet the TMDL for TN. Allowing a 0% reduction in natural background and forest and 
agricultural sources need to be reduced 42% to meet the TMDL for TN. For the NO3+NO2 TMDL, a 78% 
reduction in loading is needed (Table 6-69). Allocations are in Table 6-70. Allowing a 0% reduction in 
SWTD, natural background/forest and agricultural sources need to be reduced 79% to meet the TMDL 
for NO3+NO2. Differences in necessary reductions are due to the NO3+NO2 target value (0.1 mg/L) being 
much lower than the TN target value (0.3 mg/L).  
 
Because East Gallatin flow is transported by an irrigation canal, a WLA is not assigned to the Smith Creek 
TMDLs for TN or NO3+NO2.  
 
Table 6-67. Smith Creek TN load and TMDL for Smith Creek 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 16.16 16.16  0.0% 
Forest  5.55 3.20  42.3% 
Agriculture 53.98 31.15  42.3% 
Subsurface Wastewater Treatment and Disposal 0.52 0.52  0.0% 
Total  76.21  51.03 33.0% 
*Based on flow of 31.6 cfs 
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Table 6-68. Smith Creek TN TMDL allocations  
Source Load Allocations (%)* 

Natural background 31.7% 
Forest  6.3% 
Agriculture 61.0% 
Residential/Developed 0.0% 
Subsurface Wastewater Treatment and Disposal 1.0% 
Total  100.0% 
*Based on flow of 31.6 cfs 
 
Table 6-69. Smith Creek NO3+NO2 load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background/Forest 7.10 1.52  78.5% 
Agriculture 69.04 14.82  78.5% 
Subsurface Wastewater Treatment and Disposal 0.67 0.67  0.0% 
Total 76.80  17.01 77.9% 
*Based on flow of 31.6 cfs 
 
Table 6-70. Smith Creek NO3+NO2 TMDL allocations  

Source Load Allocations (%)* 
Natural Background/Forest 9.0% 
Agriculture 87.1% 
Subsurface Wastewater Treatment and Disposal 3.9% 
Total 100.0% 
*Based on flow of 31.6 cfs 
 
6.6.3.7 Bear Creek  
For the entire assessment unit, Bear Creek is currently meeting the TMDL for TP (Table 6-71). It has not 
been delisted because it has not met the minimum sample size necessary for a full assessment. 
However, there were a few exceedances of the water quality target for TP above the forest boundary. 
Water quality exceedances are likely event-driven, which delivers or re-suspends sediment in the 
channel. Fine-grained erosive soils in the canyon are at a higher risk of reaching the stream channel. 
Allocations are located in Table 6-72. 
 
Table 6-71. Bear Creek TP load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 0.15 0.15  0.0% 
Forest  0.17 0.24  0.0% 
Agriculture 0.03 0.04  0.0% 
Residential/Developed 0.001 0.002  0.0% 
Subsurface Wastewater Treatment and Disposal 0.01 0.02  0.0% 
Total  0.36  0.45 0.0% 
*Based on flow of 2.8 cfs 
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Table 6-72. Bear Creek TP TMDL allocations  

Source Load Allocations (%)* 
Natural background 33.3% 
Forest  52.8% 
Agriculture 8.1% 
Residential/Developed 0.5% 
Subsurface Wastewater Treatment and Disposal 5.3% 
Total  100.0% 
*Based on flow of 2.8 cfs 
 
6.6.3.8 Bozeman Creek 
To meet the TMDL in Bozeman Creek, the TN load must be reduced by 63% (Table 6-73). Tributaries to 
Bozeman Creek, Matthew Bird Creek and Nash Spring Creek contribute large TN loads to the stream. 
Bozeman Creek has several different sources of TN, including agriculture (27%), development (40%), and 
loading from subsurface wastewater disposal and treatment systems (20%). There is a 10% reduction for 
the subsurface wastewater treatment and disposal. This reduction over time is considered practical 
given the ability to retire existing septic systems by providing sewer connection to the Bozeman WRF 
through time. Although for some septic systems this could increase loading to the East Gallatin River 
based on nutrient treatment from the septic system versus existing WRF treatment, the fact that the 
WRF WLA is ultimately set to obtain standards at the discharge location (Section 6.6.1.1) means that this 
approach will ultimately decrease TN (nitrate) loading to Bozeman Creek while still eventually satisfying 
all TMDL requirements once phased implementation of the Bozeman WRF WLA is complete. In addition 
to sewer connections, other septic load reduction options in addition to or instead of sewer hookup. For 
example, another septic load reduction option can include Level 2 treatment system requirements for 
new or replacement septic systems. Source allocations are located in Table 6-74.  
 
If the basin continues to be developed for residences, long-term planning is needed for subsurface 
wastewater treatment and disposal as this load increases with the increase in residences and loss of 
agriculture. In Bozeman Creek, even with a 10% reduction in TN loading from subsurface wastewater 
treatment and disposal, all other nonpoint sources will need to be reduced 89% to meet the TMDL. 
Additional study is likely needed to determine the appropriate strategies for reducing the TN loading 
from these sources, in particular for subsurface wastewater treatment and disposal. 
 
Table 6-73. Bozeman Creek TN load and TMDL 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 10.95 10.95  0.0% 
Forest  1.88 0.20  89.3% 
Agriculture 25.07 2.69  89.3% 
Residential/Developed 37.35 4.01  89.3% 
Subsurface Wastewater Treatment and Disposal 18.81 16.93  10.0% 
City of Bozeman MS4 (MTR040002)** 0.00  0.00 0.0% 
Total  94.06  34.79 63.0% 
* Based on a flow of 23.95 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time 
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Table 6-74. Bozeman Creek TN TMDL allocations  

Source Load Allocations (%)* 
Natural background 31.5% 
Forest  0.6% 
Agriculture 7.7% 
Residential/Developed 11.5% 
Subsurface Wastewater Treatment and Disposal 48.7% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a flow of 23.95 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time 
 
6.6.3.9 Camp Creek  
Because natural background and SWTD have 0% load reductions, other TN sources will need to be 
reduced 95% to achieve the TMDL (Table 6-75). The basin is dominated by irrigated and dryland 
cropping, although the data do suggest subsurface wastewater treatment and disposal are contributing 
a TN load. Elevated nitrogen in the form of nitrate in groundwater is likely the result of irrigated 
agriculture combined with fertilizer transport. Dryland farming in the upper reaches is contributing 
nitrate to the stream as well as soil nitrogen, since a large increase in load was observed where dryland 
cropping transitioned to irrigated agriculture. The largest TN source allocation is for subsurface 
wastewater treatment and disposal (Table 6-76).  
 
The TMDL for TP requires a reduction of 84% from agricultural and residential/developed sources (Table 
6-77). Existing data suggest this is a spring-fed system augmented by irrigation return flows. TP source 
allocations are found in Table 6-78.  
 
The Amsterdam-Churchill WWTP is leaking about 85,000 gpd to groundwater relatively close to the 
creek. Improving the load from the Amsterdam-Churchill WWTP to design standards could decrease the 
needed TN reduction by 19% and the TP reduction by 7%.  
 
Table 6-75. Camp Creek TN load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 2.61 2.61  0.0% 
Agriculture 25.32 1.38  94.6% 
Residential/Developed 3.49 0.19  94.6% 
Subsurface Wastewater Treatment and Disposal 4.08 4.08  0.0% 
Total  35.50  8.26 76.7% 
* Based on a flow of 5.1 cfs 
 
Table 6-76. Camp Creek TN TMDL allocations  

Source Load Allocations (%)* 
Natural background 31.7% 
Agriculture 16.7% 
Residential/Developed 2.3% 
Subsurface Wastewater Treatment and Disposal 49.4% 
Total  100.0% 
* Based on a flow of 5.1 cfs 
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Table 6-77. Camp Creek TP load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 0.28 0.28  0.0% 
Agriculture 2.12 0.33  84.4% 
Residential/Developed 0.26 0.04  84.4% 
Subsurface Wastewater Treatment and Disposal 0.18 0.18  0.0% 
Total  2.83  0.83 70.9% 
* Based on a flow of 5.1 cfs 
 
Table 6-78. Camp Creek TP TMDL allocations  

Source Load Allocations (%)* 
Natural background 33.3% 
Agriculture 40.1% 
Residential/Developed 5.0% 
Subsurface Wastewater Treatment and Disposal 21.6% 
Total  100.0% 
* Based on a flow of 5.1 cfs 
 
6.6.3.10 Dry Creek  
The TN TMDL for Dry Creek identified the Pass Creek drainage as the most significant source area of TN 
in the watershed (Table 6-79). Pass Creek is the largest tributary to Dry Creek in the Dry Creek 
watershed and flows westward from the Bridger Range to Dry Creek. This is attributed to the crop fallow 
and irrigated agriculture in the Pass Creek catchment as well as to the natural background/forest load 
from the Bridger Range. Influence of agriculture is supported by limited groundwater quality data in the 
basin. A total reduction from all nonpoint sources of 42% is needed to achieve the TMDL for TN, 
allowing for a 0% reduction in natural background, forest, and SWTD. TN allocations are in Table 6-80.  
 
Table 6-79. Dry Creek TN load and TMDL for Dry Creek 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 3.86 3.86  0.0% 
Forest  0.65 0.65  0.0% 
Agriculture 11.24 6.50  42.2% 
Residential/Developed 0.32 0.18  42.2% 
Subsurface Wastewater Treatment and Disposal 1.00 1.00  0.0% 
Total  17.07  12.19 28.6% 
* Based on a flow of 7.6 cfs 
 
Table 6-80. Dry Creek TN TMDL allocations  

Source Load Allocations (%)* 
Natural background 31.7% 
Forest 5.3% 
Agriculture 53.3% 
Residential/Developed 1.5% 
Subsurface Wastewater Treatment and Disposal 8.2% 
Total  100.0% 
* Based on a flow of 7.6 cfs 
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Based on limited sampling data, Dry Creek is currently meeting the TMDL for TP, since there have been 
no exceedances of the water quality standard (Table 6-81). The stream has remained listed for a TP 
impairment because it has not met the minimum sample size required to conduct a full assessment. 
Also, there is no biological data available for the stream. While no reduction is required, efforts should 
be made to not increase the TP load. TP source allocations may be found in Table 6-82.  
 
Table 6-81. Dry Creek TP load and TMDL 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 0.41 0.41  0.0% 
Forest  0.02 0.03  0.0% 
Agriculture 0.33 0.61  0.0% 
Residential/Developed 0.08 0.14  0.0% 
Subsurface Wastewater Treatment and Disposal 0.02 0.03  0.0% 
Total  0.85  1.22 0.0% 
* Based on a flow of 7.6 cfs 
 
Table 6-82. Dry Creek TP TMDL allocations  

Source Load Allocations (%)* 
Natural background 33.3% 
Forest 2.8% 
Agriculture 49.9% 
Residential/Developed 11.5% 
Subsurface Wastewater Treatment and Disposal 2.5% 
Total  100.0% 
* Based on a flow of 7.6 cfs 
 
6.6.3.11 East Gallatin River, Upper Segment  
Because of the Level IV ecoregion Absaroka-Gallatin-Volcanics in the headwaters of Bozeman Creek, the 
TN water quality criteria for the segment of the Upper East Gallatin River above the confluence with 
Bozeman Creek is 0.30 mg/L; below it is 0.27 mg/L (Figure 6-37). For TP, the target above the Bozeman 
Creek confluence is 0.03 mg/L; below it is 0.05 mg/L. For this reason TMDLs and percent-load reductions 
are different for the two reaches (Reach 1 and Reach 2). 
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Figure 6-37. Map of East Gallatin River upper, middle and lower assessment units. 
 

TN and TP TMDLs and Allocations for Reach 1 of the upper segment 
 
For both TN and TP, the TMDLs are currently being met above the Bozeman Creek confluence (Tables 6-
83 and 6-85). Allocations for TN and TP in this segment are found in Tables 6-84 and 6-85 respectively. 
The nutrient-impaired reach is limited to the segment of the upper East Gallatin River between the 
Bozeman Creek confluence and the Bridger Creek confluence. 
 
Table 6-83. East Gallatin River TN load and TMDL upstream of Bozeman Creek confluence  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 10.89 10.89  0.0% 
Forest  0.67 0.89  0.0% 
Agriculture 9.72 12.85  0.0% 
Residential/Developed 3.02 4.00  0.0% 
Subsurface Wastewater Treatment and Disposal 4.36 5.76  0.0% 
Total  28.66  34.39 0.0% 
* Based on a flow of 21.31 cfs 
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Table 6-84. East Gallatin River TN TMDL allocations upstream of Bozeman Creek confluence 
Source Load Allocations (%)* 

Natural background 31.7% 
Forest 2.6% 
Agriculture 37.4% 
Residential/Developed 11.6% 
Subsurface Wastewater Treatment and Disposal 16.8% 
Total  100.0% 
* Based on a flow of 21.31 cfs 
 
Table 6-85. East Gallatin River TP load and TMDL upstream of Bozeman Creek confluence 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 1.15 1.15  0.0% 
Forest  0.60 0.92  0.0% 
Agriculture 0.72 1.10  0.0% 
Residential/Developed 0.12 0.18  0.0% 
Subsurface Wastewater Treatment and Disposal 0.06 0.09  0.0% 
Total  2.64  3.44 0.0% 
* Based on a flow of 21.31 cfs 
 
Table 6-86. East Gallatin River TP TMDL allocations upstream of Bozeman Creek confluence 

Source Load Allocations (%)* 
Natural background 33.3% 
Forest 26.9% 
Agriculture 32.1% 
Residential/Developed 5.2% 
Subsurface Wastewater Treatment and Disposal 2.6% 
Total  100.0% 
* Based on a flow of 21.31 cfs 
 

TN and TP TMDLs and Allocations for Reach 2 of the upper segment 
 
A 17% reduction in TN is necessary to achieve the TMDL in the East Gallatin River between the Bozeman 
Creek confluence and the Bridger Creek confluence (Table 6-87). Allowing a 0% reduction in natural 
background and SWTD, a 30% reduction in agriculture and residential/developed area sources is 
needed. Because the Bozeman Creek watershed is the primary source of TN to this segment, if Bozeman 
Creek achieves its TMDL for TN, the TMDL for total nitrogen in this segment will be met as well. TN 
source allocations are found in Table 6-88.  
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Table 6-87. East Gallatin River TN load and TMDL between Bozeman Creek confluence and Bridger 
Creek confluence  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 24.25 24.25  0.0% 
Forest  2.21 2.21  0.0% 
Agriculture 24.49 16.98  30.6% 
Residential/Developed 27.67 19.19  30.6% 
Subsurface Wastewater Treatment and Disposal 14.63 14.63  0.0% 
Total  93.25  77.27 17.1% 
* Based on a flow of 49.5 cfs 
 
Table 6-88. East Gallatin River TN TMDL allocations between the Bozeman Creek confluence and the 
Bridger Creek confluence  

Source Load Allocations (%)* 
Natural background 31.4% 
Forest 2.9% 
Agriculture 22.0% 
Residential/Developed 24.8% 
Subsurface Wastewater Treatment and Disposal 18.9% 
Total  100.0% 
* Based on a flow of 49.5 cfs 
 
For TP, the segment is currently meeting the TMDL (Table 6-89). TP source allocations are found in Table 
6-90.  
 
Table 6-89. East Gallatin River TP load and TMDL between Bozeman Creek confluence and Bridger 
Creek confluence 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 8.26 8.26  0.0% 
Forest  0.13 0.48  0.0% 
Agriculture 0.25 0.96  0.0% 
Residential/Developed 0.70 2.65  0.0% 
Subsurface Wastewater Treatment and Disposal 0.25 0.96  0.0% 
Total  9.59  13.32 0.0% 
* Based on a flow of 49.5 cfs 
 
Table 6-90. East Gallatin River TP TMDL allocations between the Bozeman Creek confluence and the 
Bridger Creek confluence 

Source Load Allocations (%)* 
Natural background 62.0% 
Forest 3.6% 
Agriculture 7.2% 
Residential/Developed 19.9% 
Subsurface Wastewater Treatment and Disposal 7.2% 
Total  100.0% 
* Based on a flow of 49.5 cfs 
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6.6.3.12 Godfrey Creek  
Based on water quality data, Godfrey Creek is most heavily impaired for nutrients in the upper portion 
of the watershed. Water quality improves downstream of Churchill, MT. Multiple irrigation diversions 
and returns and agricultural land uses, combined with marginal or nonexistent riparian buffers along the 
stream corridor, are the main sources of nutrient impairment in Godfrey Creek. Allowing a 0% reduction 
of natural background and SWTD loads, the agriculture/residential loads need to be reduced by 86% for 
TN and by 55% for TP to achieve the TMDLs (Table 6-91 and 6-93). Existing data suggest this is a spring-
fed system augmented by irrigation return flows. TN and TP allocations may be found in Table 6-92 and 
Table 6-94 respectively. 
 
Available groundwater data in the basin has elevated nitrogen and phosphorus concentrations, 
suggesting groundwater in addition to overland runoff are modes of nutrient deposition to the stream. 
 
Table 6-91. Godfrey Creek TN load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 1.27 1.27  0.0% 
Agriculture 16.95 2.32  86.3% 
Residential/Developed 0.20 0.03  86.3% 
Subsurface Wastewater Treatment and Disposal 0.39 0.39  0.0% 
Total  18.81  4.00 78.7% 
* Based on a flow of 2.5 cfs 
 
Table 6-92. Godfrey Creek TN TMDL allocations  

Source Load Allocations (%)* 
Natural background 31.7% 
Agriculture 57.8% 
Residential/Developed 0.7% 
Subsurface Wastewater Treatment and Disposal 9.8% 
Total  100.0% 
* Based on a flow of 2.5 cfs 
 
Table 6-93. Godfrey Creek TP load and TMDL 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 0.13 0.13  0.0% 
Agriculture 0.55 0.25  55.0% 
Residential/Developed 0.03 0.01  55.0% 
Subsurface Wastewater Treatment and Disposal 0.01 0.01  0.0% 
Total  0.72  0.40 44.4% 
* Based on a flow of 2.5 cfs 
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Table 6-94. Godfrey Creek TP TMDL allocations 

Source Load Allocations (%)* 
Natural background 33.3% 
Agriculture 62.2% 
Residential/Developed 3.2% 
Subsurface Wastewater Treatment and Disposal 1.3% 
Total  100.0% 
* Based on a flow of 2.5 cfs 
 
6.6.3.13 Jackson Creek  
Based on limited sampling data, Jackson Creek is currently meeting the TMDL for TP, since there have 
been no exceedances of the water quality standard (Table 6-95). The stream has remained listed for a 
TP impairment because it has not met the minimum sample size required to conduct a full assessment. 
Also there is limited biological data available for the stream.  
 
There are few anthropogenic sources along the stream, and the data suggest that most of the load 
originates above the forest boundary. In the last 10 years, the Forest Service has made extensive road 
closures in the drainage. While no reduction is required, efforts should be made to not increase the TP 
load. TP source allocations may be found in Table 6-96.  
 
Table 6-95. Jackson Creek TP load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 0.12 0.12  0.0% 
Forest  0.01 0.06  0.0% 
Agriculture 0.02 0.15  0.0% 
Residential/Developed 0.004 0.03  0.0% 
Subsurface Wastewater Treatment and Disposal 0.001 0.004  0.0% 
Total  0.16  0.36 0.0% 
* Based on a flow of 2.3 cfs 
 
Table 6-96. Jackson Creek TP TMDL allocations 

Source Load Allocations (%)* 
Natural background 33.3% 
Forest 16.6% 
Agriculture 41.3% 
Residential/Developed 7.6% 
Subsurface Wastewater Treatment and Disposal 1.2% 
Total  100.0% 
* Based on a flow of 2.3 cfs 
 
6.6.3.14 Mandeville Creek  
Mandeville Creek receives flows from Farmers Canal in the lower reaches of Mandeville Creek, where 
the canal terminates. This creates two different sources of impairment for the creek, including nutrient 
loading from lands that lie outside of the Mandeville Creek basin but which flow to the Farmers Canal. 
Farmers Canal diverts flow from the Gallatin River. Primary sources include residential development and 
agriculture. Allowing a 0% reduction of natural background and SWTD, the TN load needs to be reduced 
88% and the TP load by 75% from agriculture and residential/developed area nonpoint sources to 
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achieve the TMDL (Table 6-97 and 6-99). Existing data suggest this is a spring-fed system augmented by 
irrigation return flows. TN and TP allocations may be found in Table 6-98 and Table 6-100 respectively. 
 
Table 6-97. Mandeville Creek TN load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural Background 0.69 0.69   0.0% 
Agriculture 6.15 0.73   88.1% 
Residential/Developed 4.26 0.50   88.1% 
Subsurface Wastewater Treatment and Disposal 0.26 0.26   0.0% 
City of Bozeman MS4 (MTR040002)** 0.0  0.0  0.0% 
Total  11.35   2.18 81.4% 
* Based on a flow of 1.35 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time 
 
Table 6-98. Mandeville Creek TN TMDL allocations  

Source Load Allocations (%)* 
Natural background 31.7% 
Agriculture 33.5% 
Residential/Developed 23.2% 
Subsurface Wastewater Treatment and Disposal 11.7% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a flow of 1.35 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time 
 
Table 6-99. Mandeville Creek TP load and TMDL 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

WLA 
(lbs/day) 

TMDL 
(lbs/day) 

% 
Reduction 

Natural Background 0.07 0.07   0.0% 
Agriculture 0.27 0.07   74.5% 
Residential/Developed 0.28 0.07   74.5% 
Subsurface Wastewater Treatment and Disposal 0.004 0.004   0.0% 
City of Bozeman MS4 (MTR040002)** 0.0  0.0  0.0% 
Total  0.63   0.22 65.3% 
* Based on a flow of 1.35 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time 
 
Table 6-100. Mandeville Creek TP TMDL allocations 

Source Load Allocations (%)* 
Natural background 33.3% 
Agriculture 31.9% 
Residential/Developed 32.7% 
Subsurface Wastewater Treatment and Disposal 2.0% 
City of Bozeman MS4 (MTR040002)** 0.0% 
Total  100.0% 
* Based on a flow of 1.35 cfs; **MS4 is given a WLA of 0 during low flow conditions as the system should not be 
actively discharging at this time 
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6.6.3.15 Reese Creek  
Agriculture is the dominant land use in the Reese Creek watershed, but there is a large nitrogen load 
from above the forest boundary in the Bridger Range. It was not possible to differentiate natural 
background from forest land uses for this drainage. To achieve the TMDL for TN, a 77% reduction is 
needed from forest, agriculture, and residential/developed area sources (Table 6-101). TN source 
allocations may be found in Table 6-102. For the TMDL for NO3+NO2, an 88% reduction in load is needed 
to meet the TMDL from agriculture and residential/developed sources (Table 6-103). The forest/natural 
background load needs to be reduced by 50% as well. Existing data suggest this is a spring-fed system 
augmented by irrigation return flows. NO3+NO2 allocations are in Table 6-104.  
 
Table 6-101. Reese Creek TN Allocations and TMDL 

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 3.69 3.69  0.0% 
Forest  6.10 1.39  77.2% 
Agriculture 16.40 3.74  77.2% 
Residential/Developed 0.13 0.03  77.2% 
Subsurface Wastewater Treatment and Disposal 2.80 2.80  0.0% 
Total  29.11  11.65 60.0% 
* Based on a flow of 7.2 cfs 
 
Table 6-102. Reese Creek TN TMDL allocations  

Source Load Allocations (%)* 
Natural background 31.7% 
Forest 12.0% 
Agriculture 32.1% 
Residential/Developed 0.2% 
Subsurface Wastewater Treatment and Disposal 24.0% 
Total  100.0% 
* Based on a flow of 7.2 cfs 
 
Table 6-103. Reese Creek NO3+NO2 load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background/Forest 4.21 1.26  70.0% 
Agriculture 16.36 0.99  93.9% 
Residential/Developed 0.12 0.01  93.9% 
Subsurface Wastewater Treatment and Disposal 1.62 1.62  0.0% 
Total  22.32  3.88 82.6% 
* Based on a flow of 7.2 cfs 
 
Table 6-104. Reese Creek NO3+NO2 TMDL allocations  

Source Load Allocations (%)* 
Natural background/Forest 32.6% 
Agriculture 25.6% 
Residential/Developed 0.2% 
Subsurface Wastewater Treatment and Disposal 41.6% 
Total  100.0% 
* Based on a flow of 7.2 cfs 
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6.6.3.16 Thompson Creek  
Thompson Creek is a spring creek that lies in an extensive groundwater discharge area in the Lower 
Gallatin watershed. In order to meet the TMDL for TN, a load reduction of 81% is needed from 
agriculture/residential sources, allowing a 0% reduction for natural background and SWTD (Table 6-
105). Because Thompson Creek is a groundwater-fed system, many of the load reductions necessary to 
achieve the TMDL should occur as part of other TMDL efforts, such as in lower Hyalite Creek. TN source 
allocations are in Table 6-106.  
 
Table 6-105. Thompson Creek TN load and TMDL  

Source Existing Load 
(lbs/day)* 

LA 
(lbs/day) 

TMDL 
(lbs/day) % Reduction 

Natural Background 6.04 6.04  0.0% 
Agriculture 56.55 10.98  80.6% 
Residential/Developed 3.41 0.66  80.6% 
Subsurface Wastewater Treatment and Disposal 1.40 1.40  0.0% 
Total  67.41  19.08 71.7% 
* Based on a flow of 11.8 cfs 
 
Table 6-106. Thompson Creek TN TMDL allocations  

Source Load Allocations (%)* 
Natural background/Forest 31.7% 
Agriculture 57.5% 
Residential/Developed 3.5% 
Subsurface Wastewater Treatment and Disposal 7.3% 
Total  100.0% 
* Based on a flow of 11.8 cfs 
 
6.6.4 Seasonality, Margin of Safety, and Uncertainty and Adaptive Management 
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 margin of safety to account for uncertainties between pollutant 
sources and the quality of the receiving waterbody, as well as to ensure (to the degree practicable) the 
TMDL components and requirements sufficiently protect water quality and beneficial uses. This section 
describes seasonality and margin of safety in developing nutrient TMDLs for the Lower Gallatin 
watershed. 
 
6.6.4.1 Seasonality 
Addressing seasonal variations is an important and required component of TMDL development, and 
throughout this plan seasonality is an integral consideration. Water quality, and particularly nitrogen 
concentrations, have seasonal cycles. Specific examples of how seasonality has been addressed within 
this document:  

• Water quality targets and subsequent allocations are applicable for the summertime growing 
season (July1–Sept. 30) to coincide with seasonal algal growth targets.  

• Nutrient data used to determine compliance with targets and to establish allowable loads was 
collected during the summertime period to coincide with applicable nutrient targets. 
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6.6.4.2 Margin of Safety 
A margin of safety (MOS) is a required component of TMDL development. The MOS accounts for the 
uncertainty about the pollutant loads and the quality of the receiving water and is intended to protect 
beneficial uses in the face of this uncertainty. The MOS may be applied implicitly by using conservative 
assumptions in the TMDL development process or explicitly by setting aside a portion of the allowable 
loading (U.S. Environmental Protection Agency, 1999a).  
 
This plan addresses MOS implicitly in a variety of ways. Static nutrient target values (i.e., 0.030 mg/L TP, 
0.100 mg/L NO3+NO2, 0.300 mg/L TN in Middle Rockies Level IV ecoregion) were used to calculate 
allowable loads (TMDLs). Allowable exceedances of nutrient targets (see Section 6.4.3) were not 
incorporated into the calculation of allowable loads, thereby adding an MOS to established allocations. 
Target values were developed to err on the conservative side of protecting beneficial uses. Seasonality 
and variability in nutrient loading was also considered.  
 
DEQ developed scenarios to be reasonable and achievable, and the scenarios estimate greater than 
necessary reductions for nutrients in most streams. Loading reductions are shown for the growing 
season when nutrient targets apply, but practices will be implemented year-round, resulting in even 
greater reductions in nutrient loading. And finally, DEQ also used an adaptive management approach to 
evaluate target attainment and to allow for refinement of load allocation, assumptions, and restoration 
strategies to further reduce uncertainties associated with TMDL development. 
 
6.6.4.3 Uncertainty and Adaptive Management 
Uncertainties in the accuracy of field data, nutrient targets, source assessments, loading calculations, 
and other considerations are inherent when assessing and evaluating environmental variables for TMDL 
development. However, mitigation and reduction of uncertainties through an adaptive management 
approaches is a key component of ongoing TMDL implementation and evaluation. The process of 
adaptive management is predicated on the premise that TMDL targets, allocations, and the analyses 
supporting them are not static but rather processes subject to modification and adjustment as new 
information and relationships are understood. Uncertainty is inherent in both the water quality-based 
and source area modes of assessing nutrient sources and needed reductions. The main sources of 
uncertainty are summarized below. 
 
Water Quality Conditions 
DEQ assumed that sampling data for each waterbody segment represents conditions in each segment. 
Most segments have less than the desired 12 samples, which increases the uncertainty of the 
representativeness of the data. Exceptions to this were Bozeman Creek, Bridger Creek, lower Hyalite 
Creek, and Mandeville Creek, where DEQ sampling efforts were significantly augmented with volunteer 
stream monitoring by the Greater Gallatin Watershed Council. Additionally, water quality conditions in 
the East Gallatin River were modeled to account for facility upgrades in 2007 and 2011.  
 
Furthermore, macroinvertebrate data are a supplementary indicator, and many waterbody segments 
have little to no macroinvertebrate data. Particularly in situations where nutrient and algal data indicate 
borderline impairment, additional macroinvertebrate data may help decrease the uncertainty. Data for 
most waterbody segments with a nutrient TMDL clearly indicated that targets are not being attained. 
Exceptions to this include the TP impairments on Bear Creek, Dry Creek and Jackson Creek. Future 
monitoring, as discussed in Section 10.0, should help reduce the uncertainty of data representativeness, 
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improve the understanding of the effectiveness of BMP implementation, and increase the 
understanding of the loading reductions needed to meet the TMDLs.  
 
DEQ assumed that background concentrations are less than the target values, and based on sample data 
upstream of known sources, this appears to be true. However, it is possible that target values are 
naturally exceeded during certain times or at certain locations in the watershed. 
 
Source Assessment  
One other area of uncertainty is the contribution from septic systems. Based on the age of septic 
systems within the watershed, there are probably some failing systems. Depending on their proximity or 
connectivity to surface water, they could be point sources of nutrient loading. However, a completely 
failing system has obvious symptoms and will be addressed quickly. A partially failing system will likely 
result in similar loading as a functioning system, unless it’s close to surface water.  
 
This source could be investigated further, particularly in segments with nearby septic systems and 
elevated nutrient concentrations that cannot be explained by other sources; however, based on the low 
septic density within the watershed and conservative loading estimates used, even with this uncertainty, 
septic systems will typically be a minor source of nutrient loading. There are some notable exceptions: 
for the TMDLs for TN on Bozeman Creek below the Limestone Creek confluence, lower Hyalite Creek, 
and middle segment of the East Gallatin River downstream of the Hyalite Creek confluence loading from 
subsurface wastewater treatment and disposal comprise a relatively large fraction of the existing load. 
For these stream segments, DEQ recommends that long-term planning include the consideration of 
stream health in designing future residential development and sanitary sewer improvements and/or 
expansions in these areas.  
 
Despite the uncertainty associated with the loading contributions from the various nonpoint sources in 
the watershed, based on the modeling, literature, and field observations, there is a fairly high level of 
certainty that improvements in land management practices discussed in this document will reduce 
nutrient loading sufficiently to meet the TMDLs. 
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7.0 ESCHERICHIA COLI (E. COLI) 

This portion of the document focuses on Escherichia coli (E. coli) and fecal coliform as causes of water 
quality impairments in the Lower Gallatin TPA. It addresses:  

• Beneficial use impacts 
• Stream segments of concern 
• Water quality data sources 
• Water quality targets and comparison to existing conditions 
• E. coli source assessment 
• E. coli total maximum daily loads  
• E. coli source load allocations 
• Seasonality and margin of safety 

 

7.1 IMPACTS TO BENEFICIAL USES 
Elevated instream concentrations of pathogenic pollutants put humans at risk for contracting water-
borne illnesses and can lead to impairments to a waterbody’s contact recreation beneficial use. E. coli 
and fecal coliform are nonpathogenic indicator bacteria that are usually associated with pathogens 
transmitted by fecal contamination. While their presence does not always prove or disprove the 
presence of pathogenic bacteria, viruses, or protozoans, E. coli correlates highly with the presence of 
fecal contamination (United States Environmental Protection Agency, 2001) and is an indicator that 
other pathogenic bacteria are likely present. EPA recommends the use of E. coli as the preferred 
indicator organism for pathogenic bacteria forms due to its strong correlation with swimming-related 
gastroenteritis. Consequently, in 2006 Montana DEQ adopted E. coli water quality criteria (Table 7-3) for 
the protection of recreational beneficial uses, replacing the previous fecal coliform water quality criteria. 
 

7.2 STREAM SEGMENTS OF CONCERN 
Five streams are listed as impaired for E. coli (Table 7-1) on the 2012 303(d) List. 
 
Table 7-1. Waterbody segments in the Lower Gallatin TMDL Planning Area with bacteria pollutant 
listings on the 2012 303(d) List 

Waterbody Waterbody Segment ID Impairment Cause  
Camp Creek MT41H002_010 Escherichia coli 
Godfrey Creek MT41H002_020 Escherichia coli 
Reese Creek MT41H003_070 Escherichia coli 
Smith Creek MT41H003_060 Escherichia coli 
Bozeman Creek MT41H003_040 Escherichia coli 
 
Camp Creek, Godfrey Creek, Reese Creek and Smith Creek were listed as impaired due to fecal coliform 
prior to adoption of E. coli water quality criteria in 2006. Water quality data (bacterial) collected prior to 
2006 consists primarily of Fecal Streptococcus Group Bacteria (collected in 1976-77), which formed the 
basis for fecal-coliform impairment listings on Camp, Godfrey, Reese and Smith Creeks. The E. coli 
impairment listing on Bozeman Creek was based on E. coli data collected on Bozeman Creek in the 
summer of 2004. 
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7.3 WATER QUALITY DATA SOURCES 
In order to evaluate attainment of the newly adopted E. coli water quality criteria, E. coli data was 
collected by DEQ on all five streams multiple times during the summer of 2008 and 2009 (Figure 7-1). 
This data (Table 7-2) forms the primary data set used for evaluation of E. coli water quality criteria, 
source assessment and loading analyses in support of E. coli TMDL development. 
 
Table 7-2. 2008-2009 E. coli data collection 

Waterbody Number of E. coli Samples 
Bozeman Creek 17 

Camp Creek 15 
Godfrey Creek 11 

Smith Creek 7 
Reese Creek 6 
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 Figure 7-1. E. coli sampling sites for pathogen streams of concern  
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7.4 E. COLI WATER QUALITY TARGETS AND COMPARISON TO EXISTING 
CONDITIONS 
TMDL water quality targets are numeric indicator values used to evaluate attainment of water quality 
standards. The following section presents E. coli water quality targets, and compares those target values 
to recently collected E. coli data. TMDLs are developed for those streams where data shows that E. coli 
targets are not being met. 
 
7.4.1 E. coli Water Quality Targets 
The Montana instream numeric water quality criteria (the Standard) for Escherichia coli are adopted as 
the E. coli target for streams in the Lower Gallatin TMDL Planning Area. The Montana E. coli standard for 
B-1 waterbodies specifies: 
 

The geometric mean number of E. coli may not exceed 126 cfu/100mL and 10% of the total 
samples may not exceed 252 cfu/100mL during any 30-day period between April 1 through 
October 31 [ARM 17.30.623 (2)(i)] (Table 7-3). From November 1 through March 31, the 
geometric mean number of E. coli may not exceed 630 cfu/100mL and 10% of the samples may 
not exceed 1,260 cfu/100mL during any 30-day period [ARM 17.30.623 (2)(ii)]. The E. coli 
bacteria standard is based on a minimum of five samples obtained during separate 24-hour 
periods during any consecutive 30-day period that are analyzed by the most probable number 
(MPN) or equivalent membrane filter method [ARM 17.30.620(2)]. The geometric mean is the 
value obtained by taking the Nth root of the product of the measured values where values below 
the detection limit are taken to be the detection limit [ARM 17.30.602(13)].  

 
Table 7-3. Montana Water Quality Criteria for E. coli for B-1 Waterbodies 

Applicable 
Period Standard 

Geometric mean of 5 
samples collected over 
a 30-day time period 

No more than 10% 
of the samples shall 

exceed: 

Apr 1 – 
Oct 31 
(“summer”) 

The geometric mean number of E. coli may not 
exceed 126 colony forming units per 100 
milliliters and 10% of the total samples may not 
exceed 252 colony forming units per 100 
milliliters during any 30-day period (ARM 
17.30.623 (2)(i)). 

<126 cfu/100mL 252 cfu/100mL 

Nov 1 – 
Mar 31 
(“winter”) 

The geometric mean number of E. coli may not 
exceed 630 colony forming units per 100 
milliliters and 10% of the samples may not 
exceed 1,260 colony forming units per 100 
milliliters during any 30-day period (ARM 
17.30.623 (2)(ii)). 

<630 cfu/100mL 1,260 cfu/100mL 

 
Evaluation of target compliance is done by comparing existing water quality conditions to the 
established water quality target (in this case, the E. coli water quality criteria provided in Table 7-3).  
 
TMDLs establish a maximum allowable daily pollutant load that will result in the attainment and 
maintenance of water quality standards. In order to ensure that daily maximum allowable loads do not 
result in an exceedance of the 30-day geometric mean E. coli criteria, values of 126 cfu/100ml and 630 
cfu/100ml , are used for the calculation of seasonal E. coli TMDLs and allocations (Section 7.7). 
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7.4.2 Existing Conditions and Comparison to Water Quality Targets 
DEQ evaluated attainment of E. coli water quality targets for each stream segment of concern. Water 
quality data was collected in both 2008 and 2009, however only E. coli results from 2008 are used to 
evaluate attainment of E. coli targets; only the 2008 dataset met the criteria of a ‘minimum of five 
samples obtained during separate 24-hour periods during any consecutive 30-day period.’ The results of 
this target evaluation and a summary of E. coli data is provided below. 
 
7.4.2.1 Bozeman Creek  
The lower segment of Bozeman Creek flows 4.9 miles from the confluence with Limestone Creek to the 
mouth (East Gallatin River). Bozeman Creek originates in the Gallatin Range and flows out of Sourdough 
Canyon above the forest boundary. The total length of the stream is 14 miles from the confluence of 
North Fork and South Fork to the mouth (East Gallatin River).The segment flows primarily through 
residential and urban areas of the city of Bozeman although there are large acreages in agriculture in the 
drainage between the forest boundary and the Limestone Creek confluence and in the headwaters of 
tributaries that flow to Bozeman Creek including Nash Spring Creek and Matthew Bird Creek. E. coli 
sources appear to be primarily related to residential and recreational land uses within the developed 
lands within the city of Bozeman.  
 
Bozeman Creek is listed as impaired for E. coli on the 2012 303(d) List based on E. coli water quality 
results from sampling conducted in 2004. Additional E. coli water quality data was collected on Bozeman 
Creek by DEQ in 2008 and 2009. E. coli results from the 2008 sampling effort were used to evaluate 
attainment of the E. coli water quality standard (Table 7-3). Results of this waterbody evaluation for E. 
coli are summarized in Table 7-4. 
 
Table 7-4. Bozeman Creek E. coli target evaluation summary 

Waterbody Station Date E. coli Result 
(cfu/100mL) 

Geometric 
Mean 

10% of 
samples > 

252? 

GeoMean 
> 126? 

Assessment 
Decision 

Bozeman 
Creek 

SD01 8/20/08 308 

157 YES YES 

E. coli 
criteria/ 
target 
exceeded 

GD03 9/2/08 1730 
GD01 9/9/08 133 
GD03 9/15/08 1990 
GD01 9/17/08 93 

 
E. coli results on Bozeman Creek exceeded water quality targets. The geometric mean E. coli 
concentration of 157 cfu/100ml exceeded the target value of 126 cfu/100ml, and >10% of samples were 
>252 cfu/100ml.  
 
7.4.2.2 Camp Creek  
Camp Creek flows 29.6 miles from the headwaters on the Madison Plateau (Camp Creek Hills) through 
the town of Amsterdam to the mouth (Gallatin River) northeast of Manhattan. Land uses along Camp 
Creek are primarily agricultural, with open rangeland in the upper reaches and livestock, hay, pasture 
and small grain operations in its middle and lower reaches. Irrigation networks along Camp Creek 
influence flow. Summer baseflow in Camp Creek are typically variable and range from 3 to 15 cfs in its 
middle reaches near the town of Amsterdam. In its lower reaches, Camp Creek flows are significantly 
augmented by groundwater and spring inputs from the Gallatin River floodplain. 
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Camp Creek is listed as impaired for Escherichia coli on the 2012 303(d) List based on Fecal 
Streptococcus water quality results from 1976-1977 and E. coli water quality data from 2008 and 2009. 
E. coli results from the 2008 sampling effort were used to evaluate compliance with the E. coli water 
quality standard (Table 7-3). Results of this waterbody evaluation for E. coli are summarized in Table 7-
5. 
 
Table 7-5. Camp Creek E. coli target evaluation summary 

Waterbody Station Date E. coli Result 
(cfu/100mL) 

Geometric 
Mean 

10% of 
samples 
> 252? 

GeoMean > 
126? 

Assessment 
Decision 

Camp Creek 

CP03 8/26/08 816 

441 YES YES 

E. coli 
criteria/ 
target 

exceeded 

GD03 9/2/08 1730 
GD01 9/9/08 133 
GD03 9/15/08 1990 
GD01 9/17/08 93 

 
E. coli results on Camp Creek exceeded water quality targets. The geometric mean E. coli concentration 
of 441cfu/100ml exceeded the target value of 126 cfu/100ml, and 80% of samples were >252 
cfu/100ml.  
 
7.4.2.3 Godfrey Creek  
Godfrey Creek flows 9 miles from the headwaters on the Madison Plateau (Camp Creek Hills) through 
the town of Churchill to the mouth where is flows into Moreland Ditch, an irrigation canal. Historic 
alterations to Godfrey Creek’s watercourse and adjacent irrigation infrastructure have changed flow 
patterns so that Godfrey Creek no longer maintains a natural channel in its lower reaches. Godfrey 
Creek water is distributed to a series of irrigation ditches (Moreland Ditch, White Ditch, and Lewis Ditch) 
which intersect Camp Creek north of Amsterdam. Summer baseflow in Godfrey Creek are typically less 
than 5 cfs, but streamflows can be significantly influenced by irrigation withdrawals and returns 
throughout the summer growing season.  
 
Godfrey Creek is listed as impaired for Escherichia coli on the 2012 303(d) List based on Fecal 
Streptococcus water quality results from 1976-1977 and E. coli water quality data from 2008 and 2009. 
E. coli results from this sampling effort were used to evaluate attainment of the E. coli criteria (Table 7-
3). Results of this waterbody evaluation for E. coli are summarized in Table 7-6. 
 
Table 7-6. Godfrey Creek E. coli target evaluation summary 

Waterbody Station Date E. coli Result 
(cfu/100mL) 

Geometric 
Mean 

10% of 
samples 
> 252? 

GeoMean > 
126? 

Assessment 
Decision 

Godfrey 
Creek 

GD01 8/26/08 162 

370 YES YES 

E. coli 
criteria/ 
target 

exceeded 

GD03 9/2/08 1730 
GD01 9/9/08 133 
GD03 9/15/08 1990 
GD01 9/17/08 93 

 
E. coli results on Godfrey Creek exceeded water quality targets. The geometric mean E. coli 
concentration of 370cfu/100ml exceeded the target value of 126 cfu/100ml, and 40% of samples (2/5) 
exceeded 252 cfu/100ml criteria.  
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7.4.2.4 Reese Creek  
Reese Creek flows 8.3 miles from the headwaters in the Bridger Range to the mouth (Smith Creek). It 
flows through agricultural lands and rural residential areas to its confluence with Smith Creek upstream 
of Dry Creek Road. Summer baseflow in Reese Creek are typically less than 10 cfs, but streamflows can 
be influenced by irrigation withdrawals and returns throughout the summer growing season. E. coli 
sources consist primarily of livestock, which have periodic access along the length of Reese Creek. 
 
Reese is listed as impaired for Escherichia coli on the 2012 303(d) List based on Fecal Streptococcus 
water quality results from 1976-1977 and E. coli water quality data from 2008 and 2009. E. coli results 
from the 2008 sampling effort were used to evaluate attainment of the E. coli water quality standard 
(Table 7-3). Results of this waterbody evaluation for E. coli are summarized in Table 7-7. 
 
Table 7-7. Reese Creek E. coli target evaluation summary 

Waterbody Station Date E. coli Result 
(cfu/100mL) 

Geometric 
Mean 

10% of 
samples 
> 252? 

GeoMean 
> 126? 

Assessment 
Decision 

Reese Creek 
RS02 9/15/08 34.5 

55.9 NO NO Not enough 
data RS02 9/3/08 90.8 

 
There were too few E. coli results on Reese Creek to meet the requirements of ARM 17.30.620(2) to 
complete a full assessment. However, there were 4 additional samples collected on 9/17/2009 on Reese 
Creek. One sample was 411 cfu/100mL which exceeded the water quality target of <10% of samples < 
252 cfu/100mL. The limited dataset for Reese Creek does indicate impairment.  
 
7.4.2.5 Smith Creek  
Smith Creek flows 6 miles from the confluence of Ross and Reese Creeks to the mouth (East Gallatin 
River). It flows through agricultural bottom lands and rural residential areas. E. coli sources consist 
primarily of livestock usage on both Smith Creek and tributary, Ross Creek. 
 
Smith Creek is listed as impaired for Escherichia coli on the 2012 303(d) List based on Fecal 
Streptococcus water quality results from 1976-1977 and E. coli water quality data from 2008 and 2009. 
Because only 4 samples (rather than the minimum 5 samples) were collected on Smith Creek in 2008, an 
evaluation of compliance with the E. coli water quality standard could not completed. Results of this 
waterbody evaluation for E. coli are summarized in Table 7-8. 
 
Table 7-8. Smith Creek E. coli target evaluation summary 

Waterbody Station Date E. coli Result 
(cfu/100mL) 

Geometric 
Mean 

10% of 
samples 
> 252? 

GeoMean > 
126? 

Assessment 
Decision 

Smith Creek 

SM02 8/21/08 124 

155 NO NO Not enough 
data 

SM01 9/3/08 108 
RS01 9/8/08 435 
SM02 9/17/08 76.8 

 
There were too few E. coli results on Smith Creek to meet the requirements of ARM 17.30.620(2) to 
complete a full assessment. However, there were 2 additional samples collected on 9/17/2009 on Smith 
Creek. One sample was 291 cfu/100mL which exceeded the water quality target of <10% of samples 
<252 cfu/100mL. The limited dataset for Smith Creek does indicate impairment. 
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7.4.3 E. Coli Target Compliance Summary 
Water quality data collected in 2008 and 2009 verify that the E. coli water quality criteria were exceeded 
in Bozeman Creek, Camp Creek, Godfrey Creek, Reese Creek and Smith Creek. Although there were too 
few E. coli results on Reese Creek and Smith Creek to meet the requirements of ARM 17.30.620(2) to 
complete a full assessment, individual samples on these streams did exceed the criteria that <10% of all 
samples be <252 cfu/100mL. E. coli TMDLs will be written for all 5 stream segments (Section 7.6).  
 

7.5 E. COLI SOURCE CHARACTERIZATION AND ASSESSMENT 
Assessment of existing E. coli sources is necessary in order to develop load allocations to specific source 
categories. The following section characterizes sources contributing to E. coli loading and assesses E. coli 
contributions from individual source categories. 
 
E. coli sampling conducted in 2008 and 2009 provides the most recent data for characterization of 
existing E. coli water quality conditions in the Lower Gallatin watershed. Over 50 samples were taken 
from 32 sampling sites with the objectives of 1) evaluating summer period (April 1 – October 31) 
attainment of E. coli water quality targets, and 2) assessing E. coli load contributions from sources within 
the Lower Gallatin River watershed.  
 
As described in Section 7.5, data results show E. coli target exceedances in the Lower Gallatin River 
watershed and periodic exceedances of water quality targets on all streams with an E. coli impairment 
(Figure 7-2).  
 

 
Figure 7-2. E. coli Concentrations in the Lower Gallatin Watershed, 2008-2009 
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Typically, anthropogenic E. coli sources in western watersheds consist of agricultural nonpoint sources 
and wastewater point sources. Agricultural nonpoint E. coli sources are typically significant during wet, 
high flow periods (United States Environmental Protection Agency, 2001) and may cause water quality 
impairments during these times if proper controls are not in place. Alternatively, point sources of E. coli 
are the most significant during the lowest flows when a stream’s dilution capacity is at its lowest. E. coli 
source characterization therefore focuses on identifying and assessing sources that may contribute E. 
coli loads during the late summer and early fall low-flow season. It is expected that practical pollutant 
controls designed to reduce loading from these summertime sources may apply to year-round E. coli 
source reductions. 
 
Land uses in E. coli impaired streams in the Lower Gallatin River watershed are primarily agricultural and 
residential. There is one permitted point source which discharges directly to an impaired waterbody. 
The City of Bozeman MS4 discharges to Bozeman Creek. E. coli sources in the Lower Gallatin watershed 
include agricultural sources associated with livestock operations, residential and natural sources.  
 
7.5.1 Natural E. coli Sources 
Natural background sources of E. coli are primarily from wildlife excrement, and may include moose, 
deer, beaver, waterfowl and other types of wildlife that utilize riparian and stream corridors. Estimates 
of natural background conditions for E. coli rely on historical data and, more importantly, collected 
reference data.  
 
Historical/pre-development E. coli data with which to estimate natural background levels is limited for 
the Lower Gallatin River watershed. In developing pathogen TMDLs for E. coli in the West Fork Gallatin 
River Watershed, data collected on undeveloped or ‘reference’ areas was used to inform natural 
background E. coli conditions. During E. coli data collection in 2006-2008, several sampling sites were 
chosen in undeveloped areas in order to estimate natural background E. coli conditions. Sites include 
undeveloped areas of Swan Creek, Hellroaring Creek, Beehive Creek, the North Fork West Fork Gallatin 
River, and the South Fork West Fork Gallatin River. Late summer/fall E. coli concentrations averaged 24 
cfu/100ml (Table 7-9).  
 
Table 7-9. E. coli Reference Data and summary statistics 

Site Sample Date E. coli (cfu/100ml) 
BEHV01 08/18/06 29 
BEHV01 11/17/06 6 
BEHV01 08/27/08 19 
NFWF01 08/18/06 91 
NFWF01 11/17/06 20 
SFTR01 08/27/08 5 
HLRG01 08/27/08 3 
SWAN03 08/27/08 23 

 mean 24 
 90th percentile 48 
 max 91 
 min 3 

 
For purposes of estimating natural background concentrations for TMDL development, the 90th 
percentile reference value of 48 E. coli cfu/100ml is adopted as an estimate of nature background 
sources for calculation of daily load allocations in Section 7.7.  
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7.5.2 Anthropogenic Sources 
7.5.2.1 Agricultural/Residential E. coli Sources 
Anthropogenic E. coli sources in the watershed include a variety of nonpoint sources associated with 
agricultural and residential uses. These sources include a variety of lesser individual source categories 
that together may be categorized as recreational/residential sources and include: 
 
Livestock 
Horses, cattle, sheep and goats are raised in many of the basins in the Lower Gallatin watershed and 
include both small and large operations. Land ownership consists of smaller parcels in the Bozeman 
Creek drainage relative to the other E. coli impaired waterbodies in the Lower Gallatin watershed. 
Several of the drainages have significant livestock numbers such as Camp, Godfrey, and Reese Creeks. 
Smith Creek drains upland areas that have livestock operations.  
 
Domestic pets  
Animals associated with human residential and recreational lands are included as a component of 
‘recreational/residential’ sources. Dogs are common in the residential areas of the Lower Gallatin 
watershed, and recreational stock (commercial trail and hobby horses) are maintained by individuals 
and businesses.  
 
Stormwater runoff & sediment 
Stormwater runoff from residential and commercial areas can carry a variety of contaminated refuse to 
receiving waterbodies and contaminating stream sediments. Re-suspension of E. coli in substrate 
sediments as a result of recreational usage (anglers, waders, dogs, etc) or disturbance may contribute to 
instream E. coli loads during the summer usage season. This is directly applicable to the Bozeman Creek 
drainage. 
 
7.5.2.2 Wastewater E. coli Sources 
Possible wastewater sources with the potential to contribute E. coli loads to surface waters include 
individual septic systems and sewer system main lines and residential service connections. Properly 
designed, installed and maintained, these systems pose no significant loading threat to surface waters. 
Failing systems or leaking pipes have the potential to contribute E. coli loads where they are in close 
proximity to surface waters. 
 
Failing or malfunctioning septic systems 
Failing and malfunctioning septic systems include individual wastewater systems that are not providing 
adequate treatment of bacterial contaminants before they reach surface waters. Typically such systems 
exhibit evidence of failure by surface ponding and routing of effluent. Malfunctioning systems may also 
include improperly installed systems or those that intercept groundwater or are susceptible to flooding. 
While no information is available regarding failing septic systems in the Lower Gallatin project area, the 
number of septic systems in close proximity to surface waters within the watershed is low and not 
expected to contribute significantly to E. coli loads. The exception to this is Bozeman Creek which does 
have medium to high densities of septic fields in its drainage.  
 
Broken sewer lines or domestic service lines 
Compromised underground sewer and service lines are not uncommon to sewer systems, and have the 
potential to contribute E. coli loads to nearby waterbodies. The significance of this source is unknown, 
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but the proximity of sewer mainlines and residential service connections to Bozeman Creek may have an 
adverse effect on E. coli impairment (Figure 7-3). Maintenance of sewer and service lines is conducted 
routinely by the City of Bozeman.  
 

 
Figure 7-3. Bozeman city limits and sewered areas in relation to Bozeman Creek 
 
Because of the diffuse nature of nonpoint source loads and the variability in E. coli results, identification 
and estimation of discrete of E. coli loads from specific sources is difficult to estimate. Synoptic sampling 
events conducted in 2009, while not adequate to unveil definitive source linkages, show the spatial and 
temporal variability in E. coli measurements throughout the watershed.  
 
In general the higher E. coli concentrations were observed in the Camp and Godfrey Creek drainages 
which have the most intensive agricultural land uses of all the E. coli impaired waterbodies in the Lower 
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Gallatin watershed. In the absence of genetic microbial source tracking information, it is difficult to 
assign specific load estimations to individual agricultural, residential, and wastewater source categories. 
Consequently, numeric load estimations are not calculated for cumulative residential/recreational and 
wastewater E. coli sources. Rather, load allocations given in Section 7.6 provide allowable E. coli loading 
levels to these source categories. 
 
7.5.3 Point Sources 
As of March 19, 2012, there were 81 Montana Pollutant Discharge Elimination System (MPDES) 
permitted point sources within the Lower Gallatin TMDL Project Area (Figure A-22). These 81 MPDES 
permits include: 

• City of Bozeman Water Reclamation Facility (WRF) (MT0022608) 
• City of Bozeman Water Treatment Facility (MT0030155) 
• City of Bozeman – Lyman Creek Reservoir (MT0031631) 
• City of Bozeman MS-4 Storm Water System (MTR040002) 
• Town of Manhattan Wastewater Treatment Facility (WWTF) (MT0021857) 
• United States Fish & Wildlife Service (USFWS) Bozeman Fish Technology Center (MTG130006) 
• One permit for petroleum cleanup (MTG790003) 
• One permit for construction dewatering (MTG070687) 
• Two permits for disinfected water (MTG770015 and MTG770018) 
• Three permits for sand and gravel (MTG490019, MTG490024, and MTG490026) 
• Four Concentrated Animal Feeding Operations (MTG010052, MTG010188, MTG010219, and 

MTG010225) 
• Five permits for industrial activity stormwater (MTR000095, MTR000192, MTR000358, 

MTR000403, and MTR000483) 
• Fifty-nine general permits for construction activity stormwater 

 
Of the complete list of MPDES permits, only 1 has a direct discharge of a potential pathogen source to a 
pathogen impaired stream in the Lower Gallatin TPA. The City of Bozeman MS-4 sends stormwater flows 
to Bozeman Creek. To provide the required WLAs for permitted point sources, a source assessment was 
performed for the City of Bozeman MS-4 permit. 
 
7.5.3.1 City of Bozeman MS4 Storm Water System (MTR040002) 
E. coli Wasteload Allocations 
The city of Bozeman MS4 Storm Water System falls under the General Permit For Storm Water 
Discharge Associated with Small Municipal Separate Storm Water Sewer System (MS4) (MTR04000). The 
most recent permit was issued by DEQ on February 22, 2010 to the following three co-permittees: the 
City of Bozeman (City), Montana State University – Bozeman (MSU), and the Montana Department of 
Transportation (MDT). This permit allows the discharge of stormwaters to the following surface waters:
 

• Spring Creek (for City) 
• Bozeman Creek (for City and MDT) 
• Bridger Creek (for City) 
• East Gallatin River (for City and MDT) 
• Farmers Canal (for City and MSU) 
• Bear Creek (for City) 
• Baxter Creek (for City and MDT) 

• Maynard Border Ditch (for City and 
MDT) 

• Mandeville Creek (for City and MSU) 
• Middle Creek Ditch (for City and MSU) 
• West Gallatin Canal (for MSU)  
• Unnamed Ditch – West End MSU 

Boundary (for MSU)
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In accordance with Part III.A. of the General Permit (MTR040000), the City’s, MSU’s and MDT’s Storm 
Water Management Program (SWMP) must address the pollutants of concern for which the receiving 
waterbodies are listed on the State’s 303(d) list. This discussion must specifically address Best 
Management Practices that will address the pollutants of concern.  
 
Per EPA requirements at the federal level, NPDES-regulated stormwater discharges (MS4-permitted 
discharges) must be addressed by the wasteload allocation (WLA) of a TMDL (40 Code of Federal 
Regulations (C.F.R.) § 130.2(h) & (i).). EPA requires a numeric WLA but allows a state permitting 
authority to apply a BMP based approach to satisfy the WLA of a TMDL. Where appropriate, surrogate 
pollutant parameters (i.e. impervious cover) are acceptable for use as TMDL endpoints or other 
appropriate measures (see 40 C.F.R. §130(2)(i)).  
 
At the state level, Administrative Rule of Montana (ARM) 17.30.1111(5) requires MS4 permittees to 
develop, implement and enforce a Storm Water Management Program (SWMP) designed to reduce the 
discharge of pollutants to the maximum extent practicable (MEP).  
 
ARM 17.30.1111(5)(a) also states, ‘For the purposes of this rule, narrative effluent limitations requiring 
the implementation of BMPs are the most appropriate form of effluent limitations when designed to 
satisfy technology requirements (including reductions of pollutants to the maximum extent practicable) 
and to protect water quality. Implementation of BMPs consistent with the provisions of the SWMP 
required pursuant to this rule and the provisions of the permit shall constitute compliance with the 
standard of reducing pollutants to the ‘maximum extent practicable.’  
 
The stormwater system is designed for the 10 year, 2 hour event of 0.41 inches. The MS4 area comprises 
6% of the Bozeman Creek watershed and Bozeman Creek receives approximately 16% of the flow from 
the MS4. Based on 30 years of precipitation data (1980-2009), ≥0.05 inches of precipitation fall, on 
average, 18.6 days per summer period (July 1 – September 30). Activation of the MS4 is relatively 
infrequent during the summer period. 
 
Limited E. coli data is available for the MS4 stormwater system. Flowing outfalls to Bozeman Creek were 
sampled for E. coli as part of a synoptic sampling event on 9/15/2009 (Figure 7-4). This sampling 
identified illicit discharges of E. coli to Bozeman Creek from the MS4 stormwater system (Table 7-10). 
The precipitation record at Montana State University (COOP ID 241044) observed no measurable 
precipitation from 9/2/2009 to 9/20/2009. Therefore, the observed flows from the outfalls to Bozeman 
Creek constituted illicit discharges.  
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Figure 7-4. Location of sampled MS4 outfalls to Bozeman Creek, 9/15/2009 
 
Table 7-10. 9/15/2009 E. coli loads to Bozeman Creek from MS4 

Site ID Discharge (cfs) E. coli (cfu/100mL) E. Coli Load (cfu/day) 
SPD01 0.13 365 1178.92 
SPD02 0.15 ND NA 
SPD03 0.10 2420 5862.28 
SPD04 0.88 ND NA 

ND = not detected; NA = not applicable 
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On 9/15/2009, the E. coli load from the flowing storm drains constituted approximately 21% of the non-
natural background E. coli load in Bozeman Creek. Not enough sampling data exist to determine the 
long-term average load from the MS4 to Bozeman Creek.  
 
Stagnant waters within the MS4 stormwater system may act as a temporary breeding ground for E. coli 
bacteria which are then released to the receiving waterbody during storm events. Illicit discharges may 
be the result of groundwater flows entering the system or illegal discharges from homes and businesses 
to storm sewers or direct connections to the MS4 network. The MS4 will be assigned a wasteload 
allocation of 0 when the stormwater system is not activated. As required by the general permit, an illicit 
discharge detection and elimination (IDDE) program will be necessary to achieve this WLA. A continually 
updated storm sewer system map, showing the location and number of all outfalls must be developed 
and maintained by the permittees in order to successfully implement an IDDE program. Storm Water 
Ordinance 1763 adopted by the city of Bozeman in 2010 establishes legal authority to prohibit illicit 
discharges in the MS4. These measures will achieve the WLA when the system should not be producing 
flow. IDDE is critical to reduce chronic exceedances of water quality targets in the receiving waterbodies.  
 
A review of stormwater BMPs for bacteria, found that the BMPs that resulted in the greatest reductions 
of bacteria loading were extended retention basins and sand filters which resulted in bacteria load 
reductions of 40% and 55% respectively (Barrett, 1999). Sand filters consist of basins that capture 
stormwater runoff and filter the runoff through a bed of sand to remove sediment and pollutants. 
Filtration of coliform bacteria and nutrients is by a mat of bacterial slime that develops from normal 
operations. Sand filters are highly adaptable as they can be used in areas with thin soils, high 
evaporation rates and low soil infiltration rates. They also do not need a large area for installation. 
During and following precipitation events, loading from the MS4 to the receiving waterbodies will be 
reduced via implementation to the ‘maximum extent practicable’ and monitoring of stormwater Best 
Management Practices (BMPs) within the MS4 boundaries. In addition to an active stormwater 
management program (SWMP) as required by the general permit; these measures should achieve 
reductions in the E. coli loads to the receiving waterbodies. It is anticipated that if the conditions of the 
permit are met, the E. coli load from the MS4 to Bozeman Creek can be reduced by 21% when the 
system is activated. A successful program of IDDE and possible BMP implementation should reduce the 
E. coli load to 0 when the MS4 is not activated by a precipitation event. It is recommended that future 
discharge monitoring by the city of Bozeman include E. coli sampling. For this reason, during periods of 
low flow the MS4 is assigned a WLA=0 as it should not be discharging to the stream.  
 
It is recognized that even when the MS4 meets the percent reduction WLA requirement, receiving 
waterbodies could occasionally have concentrations above the target concentrations presented in 
Section 7.4.1 because of stormwater flows and pollutant concentrations. This is not considered an issue 
regarding compliance with targets and water quality standards since these excursions will be less than 
20% of the summer growing season (July 1 – September 30) and will be randomly spaced throughout 
that period. Where target exceedances do exist, but are less than 20%, it is desirable to have a 
somewhat random spacing of such exceedances similar to what would be anticipated via the city of 
Bozeman MS4 stormwater system (Suplee et al., 2008a). 
 

7.6 E. COLI TOTAL MAXIMUM DAILY LOADS 
As established in Section 7.5, E. coli Total Maximum Daily Loads are presented herein for Bozeman 
Creek, Camp Creek, Godfrey Creek, Reese Creek and Smith Creek.  
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A Total Maximum Daily Load (TMDL) is a calculation of the maximum pollutant load a waterbody can 
receive while maintaining water quality standards. The total maximum daily load (cfu/day) of E. coli for 
streams in the Lower Gallatin watershed is calculated using seasonal E. coli target values. The total 
maximum daily E. coli load during the ‘summer’ season (Apr 1 – Oct 31) is based on an instream E. coli 
target value of 126 cfu/100ml, while the E. coli TMDL during the winter season (Nov 1 – March 31) is 
based on an instream E. coli target value of 630 cfu/100ml (Figure 7-5). TMDL calculations are based on 
the following calculation: 
 
TMDL = (X ) (Y ) (2.44E+7) 

TMDL= Total Maximum Daily Load in cfu/day 
X= E. coli water quality target in cfu/100ml  
Y= streamflow in cubic feet per second 
(2.44E+7) = conversion factor 

 

  
Figure 7-5. Seasonal E. coli TMDLs as a function of flow 
 
TMDLs are allocated to point (wasteload) and nonpoint (load) E. coli sources. The TMDL is comprised of 
the sum of all point sources and nonpoint sources (natural and anthropogenic), plus a margin of safety 
that accounts for uncertainties in loading and receiving water analyses. In addition to pollutant load 
allocations, the TMDL must also take into account the seasonal variability of pollutant loads and employ 
an adaptive management strategy in order to address uncertainties inherent in environmental analyses.  
 
These elements are combined in the following equation: 
 

TMDL = ∑WLA + ∑LA + MOS 
 

Where: 
WLA =  Wasteload Allocation or the portion of the TMDL allocated to point sources.  
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LA =  Load Allocation or the portion of the TMDL allocated to nonpoint 
recreational/residential sources and natural background 

MOS =  Margin of Safety or an accounting of uncertainty about the relationship between 
pollutant loads and receiving water quality. Where the MOS is implicit (see Section 
7.8.2), an additional numeric MOS is unnecessary; therefore the “explicit” MOS is set 
equal to 0 here. 

 
TMDL = LANB + LAWW + LARES 
LANB = Load Allocation to natural background sources 
LAWW = Load Allocation to wastewater sources 
LARES = Load Allocation to residential/recreational land use sources 
 

7.6.1 Natural Background Load Allocation 
Load allocations for natural background sources are based on a natural background E. coli concentration 
of 48 cfu/100ml (see Section 7.5.1), and are calculated using the equation: 
 

LANB = (X ) (Y ) (2.44E+7) 
X= E. coli natural background concentration in cfu/100ml  
Y= streamflow in cubic feet per second 
(2.44E+7) = conversion factor 

 
7.6.2 Wastewater Load Allocation 
The load allocation for unpermitted wastewater sources is set at zero: municipal and residential 
wastewater is prohibited from entering state waterbodies without an MPDES permit. Properly 
maintained sewer and septic systems are designed to prevent E. coli loads from entering waterbodies 
and are assumed to meet this allocation. System failures that contribute E. coli loads to surface waters 
are not meeting this allocation. 
 

LAWW = 0 
 
7.6.3 E. coli Source: Agricultural/Residential Land Use and Development 
Load allocations for residential/recreational sources are calculated as the difference between the 
allowable daily load (TMDL) and the natural background load: 
 

LARES = TMDL - LANB 
 
7.6.4 Allocation Approach 
Widespread improvements are needed to decrease pathogen loading and meet TMDLs. Necessary 
agricultural BMPs may include but are not limited to improved riparian buffers, rotational grazing and 
effective manure management. These efforts focus on the distribution, usage, and timing of BMP 
application on the landscape. Control of livestock access to streams via fencing, installation of hardened 
stream crossings and off-stream water sources will reduce direct pathogen inputs to streams, increase 
streambank stability, and improve the riparian buffer health. These are essential for meeting the 
pathogen TMDLs. Pathogen loading reductions can be achieved through a combination of BMPs that 
meet site-specific conditions.  
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Although the needed reductions (based on sample data) only apply to the growing season for nonpoint 
sources, it is anticipated that TMDL implementation will result in year-round reductions in pathogen 
loading year-round. This will address sources of pathogens that tend to enter streams during runoff, are 
stored in channels and become available during the summer growing season.  
 
Wasteload allocations (WLAs) were developed for the City of Bozeman MS4 stormwater system for the 
Bozeman Creek E. coli TMDL. The WLA for the City of Bozeman MS4 is a unique case as during normal 
low flow conditions the WLA = 0 for this point source. Load reductions for an activated system are 
performance based load reductions requiring successful implementation of a stormwater management 
program (SWMP). Therefore, the Bozeman Creek E. coli TMDL does not include a WLA to the MS4. 
 
For all other E. coli impaired streams, TMDL allocations are composited into a single load allocation to all 
nonpoint sources, including natural background sources. Therefore, for streams without a WLA, all E. 
coli TMDLs are as follows: TMDL = LA. TMDLs and necessary reductions will be presented first for those 
assessment units with WLAs.  
 
7.6.4.1 Meeting Allocations 
The first critical step toward meeting the pathogen allocations involves applying and maintaining the 
land management practices or BMPs that will reduce pathogen loading. Once these actions have been 
completed at a given location, the landowner or land manager will have taken action consistent with the 
intent of the pathogen allocation for that location. For many nonpoint source activities, it can take 
several years to achieve the full load reduction at the location of concern, even with full BMP 
implementation. For example, it may take several years for riparian areas to fully recover and decrease 
pathogen loading after implementing grazing BMPs. It is also important to apply proper BMPs and other 
water quality protection practices for all new or changing land management activities to limit any 
potential increased nutrient loading. 
 
Progress towards TMDL and individual allocation achievement can be gauged by BMP implementation 
and improvement in or attainment of water quality targets defined in Section 6.4.2. Any effort to 
calculate loads and percent reductions for purposes of comparison to TMDLs and allocations in this 
document should be accomplished via the same methodology and/or models used here to develop the 
loads and percent reductions. 
 
7.6.5 E. Coli TMDLs  
Pathogen TMDLs for E. coli were developed for the 5 previously identified impaired stream segments.  
 
7.6.5.1 Bozeman Creek  
A 15% reduction in E. coli loading is needed to meet the TMDL on Bozeman Creek (Table 7-11). 
However, allowing a 0% reduction in natural load, a 21% reduction in E. coli loading from 
agricultural/residential nonpoint sources to Bozeman Creek is necessary to achieve the TMDL. In order 
to meet the water quality standard that <10% of samples are >252 cfu/100mL, a 34.1% reduction in the 
peak E. coli load is required. The only sample that was >252 cfu/100mL in 2008 or 2009 was an August 
2008 sample collected at the mouth of Bozeman Creek.  
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Figure 7-6. Synoptic sampling for E. coli, Bozeman Creek, 9/15/2009 
 
Figure 7-6 displays the results of a sampling event on 9/15/2009 compared with the TMDL for E. coli. 
Samples SD06 and SD05A were collected in Bozeman Creek upstream of the assessment unit which 
starts at the confluence of Limestone Creek and Bozeman Creek. Nash Spring Creek joins Bozeman Creek 
between SD05 and SD04. On 9/15/2009, Nash Spring Creek comprised 28% of the increase in load 
between the 2 sample points. Matthew Bird Creek enters Bozeman Creek between SD03 and SD03A. 
The Mill-Willow irrigation canal diverts flow from Bozeman Creek in the same reach between SD03 and 
SD03A. On 9/15/2009, the increase in load in this reach was directly attributable to the E. coli load from 
Matthew Bird Creek.  
 
7.6.5.2 Camp Creek  
Based on sample data, the E. coli load on Camp Creek must be reduced 65% to meet the TMDL  
(Table 7-12). Allowing a 0% reduction in natural background, a 75% reduction from 
Agricultural/Residential sources is needed to achieve the TMDL. In order to meet the water quality 
standard that <10% of samples are >252 cfu/100mL, a 72.3% reduction in the peak E. coli load is 
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Table 7-11. E. Coli Allocations and TMDL for Bozeman Creek 

Source Existing Load (cfu/day)** TMDL (cfu/day) % Reduction 
Natural Background 22050.28 22050.28 0.0% 
Agriculture/Residential 45614.06 35831.70 21.4% 
Summary 67664.34 57881.98 14.5% 
**MS4 is given a WLA of 0 during low flow conditions as the system should not be actively discharging at this time 
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necessary. This assumes a 0% reduction in natural background loading. In the Camp Creek dataset, 9 of 
14 samples exceeded 252 cfu/100mL.  
 

 

 
Figure 7-7. Synoptic sampling for E. coli, Camp Creek, 9/23/2009 
 
Valley Ditch ends where it joins Camp Creek between CP02A and CP02. Flow was not recorded in Valley 
Ditch on 9/23/2009. An unnamed irrigation canal terminates in Camp Creek between CP03 and CP03A. 
The Amsterdam-Churchill WWTP is located between CP02B and CP02A (Figure 7-7). The data suggest 
that the WWTP is not contributing an appreciable pathogen load to Camp Creek.  
 
7.6.5.3 Godfrey Creek  
E. coli loads on Godfrey Creek need to be reduced 84% to meet the TMDL (Table 7-13). Allowing a 0% 
reduction in natural background concentrations, all other sources must be reduced 89% to meet the 
TMDL. In order to meet the water quality standard that <10% of samples are >252 cfu/100mL, an 89% 
reduction in the peak E. coli load is necessary. This assumes a 0% reduction in natural background 
loading. In the Godfrey Creek dataset, 6 of 11 samples exceeded 252 cfu/100mL.  
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Table 7-12. E. Coli Allocations and TMDL for Camp Creek 
Source Existing Load (cfu/day) TMDL (cfu/day) % Reduction 

Natural Background 27998.00 27998.00 0.0% 
Agriculture/Residential 179107.42 45496.76 74.6% 
Summary 207105.42 73494.76 64.5% 
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Figure 7-8. Synoptic sampling for E. coli, Godfrey Creek, 9/25/2009 
 
On 9/25/2009, all samples collected on Godfrey Creek exceeded the TMDL for E. coli (Figure 7-8). GD04 
is located on a tributary in the upper segment of Godfrey Creek. The samples was collected immediately 
upstream of where the tributary joins Godfrey Creek. Flow at GD04 on 9/25/2009 was 1.45 cfs and at 
GD05, on the mainstem of Godfrey Creek, was 0.88 cfs. GD05 was collected on the mainstem 
immediately upstream of the confluence of Godfrey Creek and the tributary represented by GD04.  
 
Valley Ditch flows into Godfrey Creek and then comparable flow is diverted from the stream between 
GD02 and GD01.  
 
7.6.5.4 Reese Creek  
Sampling data on Reese Creek show that the stream is close to meeting the TMDL and require only a 3% 
reduction in E. coli loading (Table 7-14). Allowing a 0% reduction in natural background, loading from all 
sources must be reduced 4% to meet the TMDL. In order to meet the water quality standard that <10% 
of samples are >252 cfu/100mL, a 45.6% reduction in the peak E. coli load is necessary. This assumes a 
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Table 7-13. E. Coli Allocations and TMDL for Godfrey Creek 

Source Existing Load (cfu/day) TMDL (cfu/day) % Reduction 
Natural Background 4885.97 4885.97 0.0% 

Agriculture/Residential 75106.58 7939.70 89.4% 
Summary 79992.55 12825.67 84.0% 
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0% reduction in natural background loading. In the Reese Creek dataset, 2 of 7 samples exceeded 252 
cfu/100mL.  
 

 

 
Figure 7-9. Synoptic sampling for E. coli, Reese Creek, 9/17/2009 
 
On 9/17/2009, all samples collected on Reese Creek exceeded the TMDL for E. coli (Figure 7-9). North 
Cottonwood Creek joins Reese Creek between RS02 and RS01B. The decrease in flow downstream of 
RS01B is most likely due to several downstream irrigation diversions.  
 
Reese Creek flows westward until it joins Ross Creek which carries flows from the Dry Creek Irrigation 
Canal. The Dry Creek Irrigation Canal diverts significant flow from the East Gallatin River approximately 4 
miles downstream of the Hyalite Creek confluence. The Dry Creek Irrigation Canal flows northward from 
the East Gallatin River and intersects Ross Creek (Figure 7-10). At this point, flows from the canal and 
Ross Creek continue northward in the same channel. Ross Creek originally continued northeastward to 
its confluence with Smith Creek but is now channelized along a private road to where it meets Reese 
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Table 7-14. E. Coli Allocations and TMDL for Reese Creek 
Source Existing Load (cfu/day) TMDL (cfu/day) % Reduction 

Natural Background 9078.97 9078.97 0.0% 
Agriculture/Residential 15413.99 14753.33 4.3% 

Summary 24492.97 23832.31 2.7% 
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Creek. At this intersection of flow, Ross Creek/Dry Creek Irrigation Canal flow up from the south and join 
Reese Creek from the east. The Dry Creek Irrigation Canal continues northward. The confluence marks 
the start of Smith Creek which flows westward to the East Gallatin River. As there is not a headgate or 
diversion that separates flows at this intersection, water quality analyses assumed that during the 
summer period Reese Creek flows are forced into the Dry Creek Irrigation Canal which flows northward 
with a mix of Ross Creek, Reese Creek and East Gallatin River flows. Smith Creek flows westward with a 
mixture of Ross Creek and East Gallatin River flow. Under this assumption, the Reese Creek watershed is 
not a source area of nutrient impairment on Smith Creek during the summer period when the irrigation 
canal is flowing. 
 

 
Figure 7-10. Confluence of Ross, Reese, and Smith Creeks and influence of Dry Creek Irrigation Canal 
 
7.6.5.5 Smith Creek  
Sampling data on Smith Creek show that the stream is currently meeting the TMDL for E. coli  
(Table 7-15). This is based on limited sampling in Smith Creek and is complicated by variable flows 
caused by local irrigation diversions (Figure 7-10). Sampling in the Ross Creek drainage suggests that this 
is a significant source area of E. coli to Smith Creek. The Dry Creek Irrigation Canal does convey flows 
from the East Gallatin River to Smith Creek. East Gallatin flows are assumed to be at or below the E. coli 
water quality standard.  
 
The limited dataset suggests that flows in Smith Creek can be highly variable due to intra-basin irrigation 
transfers. Variable flow rates translates to variable E. coli loads. While the stream is currently meeting 
the TMDL for E. coli based on the geometric mean of 126 cfu/100mL, 2 of 7 samples exceeded 252 
cfu/100mL. In order to meet the water quality standard that <10% of samples are >252 cfu/100mL, a 
40% reduction in the peak E. coli load is necessary based on the limited dataset. This assumes a 0% 
reduction in natural background loading.  
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Figure 7-11. Synoptic sampling for E. coli, Smith Creek and tributaries, 9/17/2009 
 
In Figure 7-11, SFR refers to South Fork Ross Creek which is a tributary to Ross Creek. Ross01 was 
collected on Ross Creek upstream of where the Dry Creek Irrigation Canal joins Ross Creek. As outlined 
in the Reese Creek discussion above, Ross Creek and flows from the East Gallatin River via the Dry Creek 
Irrigation Canal comprise the flows in Smith Creek.  
 

7.7 SEASONALITY AND MARGIN OF SAFETY 
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 margin of safety to account for uncertainties in the pollutant 
loading analyses and the quality of the receiving waterbody, and to ensure (to the degree practicable) 
that the TMDL components and requirements are sufficiently protective of water quality and beneficial 
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Table 7-15. E. Coli Allocations and TMDL for Smith Creek 

Source Existing Load (cfu/day) TMDL (cfu/day) % Reduction 
Natural Background 58922.89 58922.89 0.0% 

Agriculture/Residential 88272.12 95749.70 0.0% 
Summary 147195.01 154672.59 0.0% 
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uses. This section describes seasonality and margin of safety in the Lower Gallatin River Watershed E. 
coli TMDL development process 
 
7.7.1 Seasonality 
Addressing seasonal variations is an important and required component of TMDL development and 
throughout this plan seasonality is an integral consideration. Water quality and particularly E. coli 
concentrations are recognized to have seasonal cycles. Specific examples of how seasonality has been 
addressed within this document include: 

• Water quality standards and consequent E. coli water quality targets are developed based on 
application of seasonal beneficial uses (recreational use) and use a 126 cfu/100 ml value for the 
summer months and 630 cfu/100ml during the winter months. 

• Water quality data was collected during the period of highest probability of target exceedance 
in the Lower Gallatin during low flow/late summer conditions.  

• E. coli data and sources were evaluated based on and understanding of local seasonal source 
prevalence and seasonal pathways. 

 
7.7.2 Margin of Safety 
A margin of safety is a required component of TMDL development. The margin of safety (MOS) accounts 
for the uncertainty about the pollutant loads and the quality of the receiving water and is intended to 
protect beneficial uses in the face of this uncertainty. The MOS may be applied implicitly by using 
conservative assumptions in the TMDL development process or explicitly by setting aside a portion of 
the allowable loading. This plan addresses MOS implicitly in a variety of ways: 

• The geometric mean value of 126 cfu/100ml (summer) or 630 cfu/100ml (winter) is used to 
calculate TMDLs and load allocations. This provides a margin of safety by ensuring that 
allowable daily load allocations do not result in the exceedance of water quality targets. 

• The 90th percentile value of summer natural background concentrations was used to establish a 
natural background concentration for load allocation purposes. This is a conservative approach, 
and provides an additional MOS for anthropogenically –derived E. coli loads during most 
conditions. 

• Summertime natural background conditions (the highest natural concentrations) were used to 
establish natural background conditions during all seasons. 

• By considering seasonality (discussed above) and variability in E. coli loading. 
• By using an adaptive management approach to evaluate target attainment and allow for 

refinement of load allocation, assumptions, and restoration strategies to further reduce 
uncertainties associated with TMDL development. 

 
7.7.3 Uncertainty and Adaptive Management 
Uncertainties in the accuracy of field data, source assessments, loading calculations, and other 
considerations are inherent when assessing and evaluating environmental variables for TMDL 
development. While uncertainties are an undeniable fact of TMDL development, mitigation and 
reduction of uncertainties through adaptive management approaches is a key component of ongoing 
TMDL implementation and evaluation. Uncertainties, assumptions, and considerations are applied 
throughout this document and point to the need to refine analysis, conduct further monitoring, and 
address unknowns in order to develop better understanding of E. coli impairment conditions and the 
processes that affect impairment. This process of adaptive management is predicated on the premise 
that TMDLs, allocations, and the analyses supporting them are not static, but are processes subject to 
modification and adjustment as new information and relationships are understood. As further 
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monitoring of water quality and source loading conditions is conducted, uncertainties associated with 
these assumptions and considerations may be mitigated and loading estimates may be refined to more 
accurately portray watershed conditions. 
 
As part of this adaptive management approach, land use activities should be tracked. Changes in land 
use may trigger a need for additional monitoring. The extent of monitoring should be consistent with 
the extent of potential impacts, and can vary from basic BMP assessments to a complete measure of 
target parameters above and below the project area before and after project completion. Cumulative 
impacts from multiple projects must also be a consideration. This approach will help track the recovery 
of the system and the effects of ongoing management activities in the watershed.  
 
Uncertainties in assessments and assumptions should not paralyze, but should point to the need to be 
flexible in our understanding of complex systems, and to adjust our thinking and analysis in response to 
this need. Implementation and monitoring recommendations presented in Section 9 and Section 10 
provide a basic framework for reducing uncertainty and furthering understanding of these issues. 
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8.0 OTHER IDENTIFIED ISSUES OR CONCERNS 

8.1 POLLUTION IMPAIRMENTS 
Water quality issues are not limited simply to those streams where TMDLs are developed. In some 
cases, streams have not yet been reviewed through the assessment process and do not appear on the 
303(d) list. In other cases, streams in the Lower Gallatin TPA may appear on the 303(d) list but may not 
always require TMDL development for a pollutant, but do have pollution listings such as “alteration in 
streamside or littoral vegetation covers” that could be linked to a pollutant. These habitat related 
pollution causes are often associated with sediment issues, may be associated with nutrient or 
temperature issues, or may be having a deleterious effect on a beneficial use without a clearly defined 
quantitative measurement or direct linkage to a pollutant to describe that impact. Nevertheless, the 
issues associated with these streams are still important to consider when working to improve water 
quality conditions in individual streams, and the Lower Gallatin watershed as a whole. In some cases, 
pollutant and pollution causes are listed for a waterbody, and the management strategies as 
incorporated through the TMDL development for the pollutant, inherently address some or all of the 
pollution listings. Table 8-1 presents the pollution listings in the Lower Gallatin TPA, and notes those 
streams listed that either do not have any associated pollutant listings or a TMDL in this document. 
 
Table 8-1. Waterbody segments with pollution listings on 2012 303(d) List 

Waterbody ID Stream Segment 2012 Probable Causes of Impairment 

MT41H003_081 BEAR CREEK, headwaters to mouth (Rocky Creek) 
Alteration in streamside or littoral 
vegetative covers 
Excess algal growth  

MT41H003_040 
BOZEMAN CREEK, confluence of Limestone Creek 
and Bozeman Creek to the mouth (East Gallatin 
River) 

Alteration in streamside or littoral 
vegetative covers 
Chlorophyll-a 

MT41H003_110 BRIDGER CREEK, headwaters to mouth (East 
Gallatin River) Chlorophyll-a 

MT41H002_010 CAMP CREEK, headwaters to mouth (Gallatin 
River) 

Alteration in streamside or littoral 
vegetative covers 
Other anthropogenic substrate 
alterations 
Physical substrate habitat alterations 

MT41H003_100 DRY CREEK, headwaters to mouth (East Gallatin 
River) 

Alteration in streamside or littoral 
vegetative covers 
Physical substrate habitat alterations 
Cause unknown 

MT41H003_020 EAST GALLATIN RIVER, Bridger Creek to Smith 
Creek 

Alteration in streamside or littoral 
vegetative covers 
Low flow alterations 
Excess algal growth 

MT41H003_030 EAST GALLATIN RIVER, Smith Creek to mouth 
(Gallatin River) 

Alteration in streamside or littoral 
vegetative covers 

MT41H001_010 GALLATIN RIVER, Spanish Creek to mouth 
(Missouri River)* Low flow alterations 

MT41H002_020 GODFREY CREEK, headwaters to mouth 
(Moreland Ditch) 

Alteration in streamside or littoral 
vegetative covers 
Excess algal growth 
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Table 8-1. Waterbody segments with pollution listings on 2012 303(d) List 
Waterbody ID Stream Segment 2012 Probable Causes of Impairment 

MT41H003_134 HYALITE CREEK, Bozeman water supply intake to 
the mouth (East Gallatin River) Low flow alterations 

MT41H003_050 JACKSON CREEK, headwaters to mouth (Rocky 
Creek) 

Alteration in streamside or littoral 
vegetative covers 
Chlorophyll-a 

MT41H003_080 ROCKY CREEK, confluence of Jackson and 
Timberline Creeks to mouth (East Gallatin River) 

Alteration in streamside or littoral 
vegetative covers 
Other anthropogenic substrate 
alterations 
Physical substrate habitat alterations 

MT41H003_060 SMITH CREEK, confluence of Ross and Reese 
Creeks to mouth (East Gallatin River) 

Alteration in streamside or littoral 
vegetative covers 
Physical substrate habitat alterations 

MT41H002_031 
SOUTH COTTONWOOD CREEK, Middle Creek 
Association Ditch diversion to mouth (Gallatin 
River)* 

Low flow alterations 

MT41H003_120 STONE CREEK, headwaters to mouth (Bridger 
Creek) 

Alteration in streamside or littoral 
vegetative covers 

MT41H003_090 THOMPSON CREEK (Thompson Spring), 
headwaters to mouth (East Gallatin River) 

Alteration in streamside or littoral 
vegetative covers 
Chlorophyll-a 

* Streams listed for pollution only, with no pollutant listings or no TMDL in this document. 
 

8.2 POLLUTION CAUSES OF IMPAIRMENT DESCRIPTIONS 
Pollution listings are often used as a probable cause of impairment when available data at the time of 
assessment does not necessarily provide a direct quantifiable linkage to a specific pollutant; however 
non-pollutant sources or indicators do indicate impairment. In some cases the pollutant and pollution 
categories are linked and appear together in the cause listings; however a pollution category may 
appear independent of a pollutant listing. The following discussion provides some rationale for the 
application of the identified pollution causes to a waterbody, and thereby provides additional insight 
into possible factors in need of additional investigation or remediation. 
 
Alteration in Streamside or Littoral Vegetation Covers 
Alteration in streamside or littoral vegetation covers refers to circumstances where practices along the 
stream channel have altered or removed riparian vegetation and subsequently affected channel 
geomorphology and/or stream temperature. Such instances may be riparian vegetation removal for a 
road or utility corridor, or overgrazing by livestock along the stream. As a result of altering the 
streamside vegetation, destabilized banks from loss of vegetative root mass could lead to overwidened 
stream channel conditions, elevated sediment and/or nutrient loads, and the resultant lack of canopy 
cover can lead to increased water temperatures. 
 
Cause Unknown 
This pollutant is a special case that was linked specifically to Dry Creek in the Lower Gallatin project area.  
Water quality research in the late 1970s in the Gallatin Valley identified water quality issues through 
extensive sampling in the watershed (Blue Ribbons of the Big Sky Country Areawide Planning 
Organization, 1977; 1978; 1979). In this case, the impairment was linked to fecal coliform samples that 
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impaired the beneficial use of primary contact recreation. However the source was listed as unknown 
and the pollution was not further clarified. In this specific case, future monitoring by DEQ Monitoring 
and Assessment personnel will address this pollutant on Dry Creek in the Lower Gallatin project area.  
 
Chlorophyll-a/Excess Algal Growth 
These 2 terms are interchangeable as they identify an impairment of a beneficial use to primary contact 
recreation from algal growth in the stream channel. Excess algal growth refers to the often visual 
identification of impairment from phytoplankton/algal growth while chlorophyll-a is a direct measure of 
plant productivity. The most abundant form of chlorophyll within photosynthetic organisms, 
chlorophyll-a is used as a surrogate measure of net primary production in a stream. It is used as a 
measurement of the population and distribution of microscopic living plant matter (phytoplankton or 
algae) in a stream reach. Chlorophyll monitoring is a way to track algal growth. In surface waters high 
chlorophyll concentrations are often correlated with high nutrient concentrations such as nitrogen and 
phosphorus which can cause algal blooms. When an algal bloom dies off at the end of its life cycle or 
due to a change in environmental conditions, the resulting decomposition depletes dissolved oxygen 
(DO) levels in the water column. A loss of DO can lead to fish kills. High nutrient concentrations can be 
indicative of septic system leakages, wastewater treatment plant influences, and fertilizer/manure 
runoff. Chlorophyll-a can therefore be used as an indirect measure of nutrient levels. For both 
descriptors, chlorophyll-a and excess algal growth indicate an oversupply of nutrients to the system.  
 
Physical Substrate Habitat Alterations 
Physical substrate habitat alterations generally describe cases where the stream channel has been 
physically altered or manipulated, such as through the straightening of the channel or from human-
influenced channel downcutting, resulting in a reduction of morphological complexity and loss of habitat 
(riffles and pools) for fish and aquatic life. For example, this may occur when a stream channel has been 
straightened to accommodate roads, agricultural fields, or through placer mine operations. 
 
Low Flow Alterations 
Streams are typically listed for low flow alterations when irrigation withdrawal management leads to 
base flows that are too low to support the beneficial uses designated for that system. This could result in 
dry channels or extreme low flow conditions unsupportive of fish and aquatic life. It could also result in 
lower flow conditions which absorb thermal radiation more readily and increase stream temperatures, 
which in turn creates dissolved oxygen conditions too low to support some species of fish. 
 
It should be noted that while Montana law states that TMDLs cannot impact Montana water rights and 
thereby affect the allowable flows at various times of the year, the identification of low flow alterations 
as a probable source of impairment does not violate any state or federal regulations or guidance related 
to stream assessment and beneficial use determination. Subsequent to the identification of this as a 
probable cause of impairment, it is up to local users, agencies, and entities to improve flows through 
water and land management. 
 
Other Anthropogenic Substrate Alterations 
Streams may be listed for other anthropogenic substrate alterations when data indicates impacts to the 
stream channel have resulted from apparent anthropogenic activities, but parameters related to 
substrate (pebble counts) do not appear high, and morphological characteristics such as width/depth or 
entrenchment are also within expected values. For example, this would take place in a system where the 
reduction or historic reduction of vegetation capable of producing large woody debris has occurred, in a 
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system where large woody debris is integral to pool development (quality and quantity) and channel 
function. 
 

8.3 MONITORING AND BMPS FOR POLLUTION AFFECTED STREAMS 
Streams listed for pollution as opposed to a pollutant should not be overlooked when developing 
watershed management plans. Attempts should be made to collect sediment, nutrient, and E. coli 
information where data is minimal and the linkage between probable cause, pollution listing, and effects 
to the beneficial uses are not well defined. The monitoring and restoration strategies that follow in 
Sections 9.0 and 10.0 are presented to address both pollutant and non-pollutant issues for streams in 
the Lower Gallatin TPA with TMDLs in this document, and they are equally applicable to streams listed 
for the above pollution categories.  
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9.0 RESTORATION OBJECTIVES AND IMPLEMENTATION STRATEGY 

While certain land uses and human activities are identified as sources and causes of water quality 
impairment during TMDL development, the management of these activities is of more concern than the 
activities themselves. This document does not advocate for the removal of land and water uses to 
achieve water quality restoration objectives, but instead for making changes to current and future land 
management practices that will help improve and maintain water quality. This section describes an 
overall strategy and specific on-the-ground measures designed to restore beneficial water uses and 
attain water quality standards in Lower Gallatin TPA streams. The strategy includes general measures for 
reducing loading from each significant identified pollutant source.  
 

9.1 WATER QUALITY RESTORATION OBJECTIVES 
The following are general water quality goals provided in this TMDL document: 

• Provide technical guidance for full recovery of aquatic life beneficial uses to all impaired streams 
within the Lower Gallatin TPA by improving sediment, nutrient, and E. coli water quality 
conditions. This technical guidance is provided by the TMDL components in the document which 
include:  
o water quality targets,  
o pollutant source assessments, and 
o a restoration and TMDL implementation strategy. 

 
A watershed restoration plan (WRP) can provide a framework strategy for water quality restoration and 
monitoring in the Lower Gallatin TPA, focusing on how to meet conditions that will likely achieve the 
TMDLs presented in this document, as well as other water quality issues of interest to local communities 
and stakeholders. Watershed restoration plans identify considerations that should be addressed during 
TMDL implementation and should assist stakeholders in developing a more detailed adaptive plan in the 
future. A locally developed WRP will likely provide more detailed information about restoration goals 
and spatial considerations but may also encompass more broad goals than this framework includes. A 
WRP would serve as a locally organized “road map” for watershed activities, sequences of projects, 
prioritizing of projects, and funding sources for achieving local watershed goals, including water quality 
improvements. The WRP is intended to be a living document that can be revised based on new 
information related to restoration effectiveness, monitoring results, and stakeholder priorities. The 
following are key elements suggested for the WRP: 

• Support for implementing restoration projects to protect water conditions so that all streams in 
the watershed maintain good water quality, with an emphasis on waters with TMDLs 
completed.  

• Detailed cost/benefit analysis and spatial considerations for water quality improvement 
projects. 

• Develop an approach for future BMP installment and efficiency results tracking. 
• Provide information and education components to assist with stakeholder outreach about 

restoration approaches, benefits, and funding assistance.  
• Other various watershed health goals, such as weed control initiatives. 
• Other local watershed based issues. 
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9.2 AGENCY AND STAKEHOLDER COORDINATION 
Successful implementation requires collaboration among private landowners, land management 
agencies, and other stakeholders. The DEQ does not implement TMDL pollutant reduction projects for 
nonpoint source activities, but can provide technical and financial assistance for stakeholders interested 
in improving their water quality. The DEQ will work with participants to use the TMDLs as a basis for 
developing locally-driven WRPs, administer funding specifically to help fund water quality improvement 
and pollution prevention projects, and can help identify other sources of funding. 
 
Because most nonpoint source reductions rely on voluntary measures, it is important that local 
landowners, watershed organizations, and resource managers continue to work collaboratively with 
local and state agencies to achieve water quality restoration which will progress toward meeting water 
TMDL targets and load reductions. Specific stakeholders and agencies that have been, and will likely 
continue to be, vital to restoration efforts include the Greater Gallatin Watershed Council, Blue Water 
Task Force, Gallatin Local Water Quality District, Gallatin Conservation District, USFS, NRCS, DNRC, FWP, 
NRDP, EPA and DEQ. Other organizations and non-profits that may provide assistance through technical 
expertise, funding, educational outreach, or other means include Montana Water Center, University of 
Montana Watershed Health Clinic, and MSU Extension Water Quality Program.  
 

9.3 RESTORATION STRATEGY BY POLLUTANT 
This section summarizes the primary restoration strategy for each pollutant with TMDLs in this 
document as well as some general information on restoration of non-pollutant impairments.  
 
9.3.1 Sediment Restoration Strategy 
The goal of the sediment restoration strategy is to prevent the availability, transport, and delivery of 
sediment by a combination of minimizing sediment delivery, reducing the rate of runoff, and 
intercepting sediment transport. Streamside riparian vegetation restoration and long term riparian area 
management are vital restoration practices that must be implemented across the watershed to achieve 
the sediment TMDLs. Vigorous native streamside riparian vegetation filters sediment from upland runoff 
and improves streambank stability and slows bank erosion. Sediment is also deposited more heavily in 
healthy riparian zones during flooding because water velocities slow in these areas enough for excess 
sediment to settle out.  
 
In areas where stormwater is accelerating sediment loading to streams, the sediment restoration 
strategy will be achieved by BMPs that promote infiltration of runoff and lessen its volume and the 
timing of delivery to surface water. Smart growth and low impact development are two closely related 
planning strategies that help reduce stormwater volume, slow its transport to surface waterbodies, and 
improve groundwater recharge. 
 
 Improved grazing management is another major component of the sediment restoration approach. This 
may include adjusting the timing and duration of grazing, the development of multi-pasture systems 
that include riparian pastures, and the development of off-site watering areas. Additionally, grazing 
management, combined with some additional fencing costs in many riparian areas, would promote 
natural recovery. Active vegetation planting along with bank sloping may increase costs, but still remains 
within a reasonable and relatively cost effective restoration approach. When stream channel restoration 
work is needed because of altered stream channels, costs increase and projects should be assessed on a 
case by case basis. In general, these are sustainable agricultural practices that promote attainment of 
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conservation objectives while meeting agricultural production goals. The appropriate BMPs will differ by 
landowner and are recommended to be part of a comprehensive farm/ranch plan.  
 
Although roads may be a small source of sediment at the watershed scale, sediment derived from roads 
may cause significant localized impact in some stream reaches. Restoration approaches for unpaved 
roads near streams should be to divert water off of roads and ditches before it enters the stream. The 
diverted water should be routed through natural healthy vegetation, which will act as filter zones for the 
sediment laden runoff before it enters streams.  
 
All of these best management practices are considered reasonable restoration approaches due to their 
benefit and generally low costs. Although the appropriate BMP will vary by waterbody and site, 
controllable sources and BMP types can be prioritized by watershed to reduce sediment loads in 
individual streams.  
 
9.3.2 Nutrient Restoration Strategy 
The goal of the nutrient restoration strategy is to reduce nutrient input to stream channels by increasing 
the filtering and uptake capacity of riparian vegetation areas, decreasing the amount of bare ground, 
and limiting the transport of nutrients from rangeland and cropland. Cropland filter strip extension, 
vegetative restoration, and long-term filter area maintenance are vital BMPs for achieving nutrient 
TMDLs in predominantly agricultural watersheds. Grazing systems with the explicit goal of increased 
vegetative post-grazing ground cover are needed to address the same nutrient loading from rangelands. 
Grazing prescriptions that enhance the filtering capacity of riparian filter areas offer a second tier of 
controls on the sediment content of upland runoff. Grazing and pasture management adjustments 
should consider: 

1. The timing and duration of near-stream grazing, 
2. The spacing and exposure duration of on-stream watering locations,  
3. Provision of off-stream site watering areas to minimize near-stream damage and allow 

impoundment operations that minimize salt accumulations, 
4. Active reseeding and rest rotation of locally damaged vegetation stands, 
5. Improved management of irrigation systems and fertilizer applications, and 
6. Incorporation of streamside vegetation buffer to irrigated croplands and confined feeding 

areas 
 
Seasonal livestock confinement areas have a historic precedent for placement near or adjacent to 
flowing streams. Stream channels were the only available livestock water sources prior to the extension 
of rural electricity. Although limited in size, their repeated use generates high nutrient concentrations in 
close proximity to surface waters. Episodic runoff with high nutrient concentrations generates large 
loads that can settle in pools of intermittent streams and remain bio-available through the growing 
season. Diversion and routing of confinement runoff to harvestable nutrient uptake areas outside of 
active water courses are effective controls. 
 
In addition to the agricultural related BMPs, a reduction of sediment delivery from roads and eroding 
streambanks is another component of the nutrient reduction restoration plan. Additional sediment 
related BMPs are presented in Section 9.3.1.  
 
In general, these are sustainable grazing and cropping practices that can reduce nutrient inputs while 
meeting production goals. The appropriate combination of BMPs will differ according to landowner 
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preferences and equipment but are recommended as components of comprehensive plan for farm and 
ranch operators. Sound planning combined with effective conservation BMPs should be sought 
whenever possible and applied to croplands, pastures and livestock handling facilities. Assistance from 
resource professionals from various local, state, and federal agencies or non-profit groups is widely 
available in Montana. The local USDA Service Center and county conservation district offices are geared 
to offer both planning and implementation assistance. 
 
9.3.3 E. coli Restoration Strategy 
In basins dominated by agricultural livestock operations, the goal of the E. coli restoration strategy is to 
reduce source input to stream channels by increasing the filtering and uptake capacity of riparian 
vegetation areas, decreasing the amount of bare ground, and limiting the transport of manure from 
rangeland and cropland to waterbodies. Many of the same nutrient BMPs apply to E. coli source 
management by changing the timing and distribution of manure applications. Cropland filter strip 
extension, vegetative restoration, and long-term filter area maintenance are vital BMPs for achieving 
pathogen TMDLs in predominantly agricultural watersheds. Other BMPs include the control of runoff 
and leaching from stockpiled manure and eliminating or reducing livestock access to waterbodies. 
Grazing systems with the explicit goal of increased vegetative post-grazing ground cover are needed to 
address the same nutrient loading from rangelands. Grazing prescriptions that enhance the filtering 
capacity of riparian filter areas offer a second tier of controls on upland runoff dynamics. Although 
limited in size, their repeated use generates high risk of pathogen loading to surface waters. Land 
application of stored versus fresh manure and allowing a delay prior to incorporation of manure into the 
soil profile promotes a decrease E. coli concentrations through the actions of drying and ultraviolet (UV) 
light.  
 
For E. coli TMDLs that include streams in more urban/residential drainages, efforts to monitor and 
maintain septic fields are necessary to minimize the loading to surface waters. In Bozeman Creek and 
other streams that receive discharges from the MS4, efforts to identify and eliminate illicit discharges to 
the receiving waterbodies are needed. In addition, BMPs that include education and outreach to inform 
the public to the proper way to handle and dispose of pet waste would further reduce the total loading 
of pathogens to the MS4 system.  
 
In order to better understand conditions contributing to E. coli loading, it is recommended that E. coli 
sampling be continued in areas where elevated E. coli concentrations were observed, and to note 
specific land uses and conditions at the time of sampling that could be contributing to elevated instream 
concentrations. Additionally, synoptic sampling events should be continued, particularly during late 
summer low-flow conditions in order to allow analysis of load contributions during times when water 
quality is most susceptible to impacts from E. coli contributions. 
 
9.3.4 Pollution Restoration Strategy 
Although TMDL development is not required for pollution listings, they are frequently linked to 
pollutants, and addressing pollution sources is an important component of TMDL implementation. 
Pollution listings within the Lower Gallatin TPA include alteration in streamside or littoral vegetative 
covers, physical substrate habitat alterations, other anthropogenic substrate alterations, and low flow 
alterations. Typically, habitat impairments are addressed during implementation of associated pollutant 
TMDLs. Although flow alterations have the most direct link with temperature, adequate flow is also 
critical for downstream sediment transport and improving the assimilative capacity of streams for 
sediment, nutrient, and E. coli inputs. Therefore, if restoration goals within the Lower Gallatin TPA are 
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not also addressing pollution impairments, additional pollution-related BMP implementation should be 
considered. Habitat and flow BMPs are discussed below in Section 9.4.  
 

9.4 RESTORATION APPROACHES BY SOURCE CATEGORY 
For each major source of human-caused pollutant loads in the Lower Gallatin TPA, general management 
recommendations are outlined below. The effect of different sources can change seasonally and be 
dependent on the magnitude of storm/high flow events. Therefore, restoration activities within the 
Lower Gallatin TPA should focus on all major sources for each pollutant category. Yet, restoration should 
begin with addressing significant sources where large load reductions can be obtained within each 
source category. For each major source, BMPs will be most effective as part of a management strategy 
that focuses on critical areas within the watershed, which are those areas contributing the largest 
pollutant loads or are especially susceptible to disturbance. The source assessment results provided 
within the appendices and attachments and summarized in Sections 5.7, 6.5, and 7.5 provide 
information that should be used to help determine priorities for each major source type in the 
watershed and for each of the general management recommendations discussed.  
 
Applying BMPs for existing activities where they are currently needed is the core of TMDL 
implementation but only forms a part of the restoration strategy. Also important are efforts to avoid 
future load increases by ensuring that new activities within the watershed incorporate all appropriate 
BMPs, and ensuring continued implementation and maintenance of those BMPs currently in place or in 
practice. Restoration might also address other current pollution-causing uses and management 
practices. In some cases, efforts beyond implementing new BMPs may be required to address key 
pollutant sources. In these cases, BMPs are usually identified as a first effort followed by an adaptive 
management approach to determine if further restoration activities are necessary to achieve water 
quality standards. Monitoring is also an important part of the restoration process; recommendations are 
outlined in Section 10.0. 
 
9.4.1 Grazing  
Development of riparian grazing management plans should be a goal for landowners in the watershed 
who are not currently using a plan. Private land owners may be assisted by state, county federal, and 
local conservation groups to establish and implement appropriate grazing management plans. The goal 
of riparian grazing management is not to eliminate all grazing in these areas. Nevertheless, in some 
areas, a more restrictive management strategy may be necessary for a period in order to accelerate re-
establishment of a riparian community with the most desirable species composition and structure. 
Grazing should be managed to provide filtering capacity via adequate groundcover, streambank stability 
via mature riparian vegetation communities, and shading from mature riparian climax communities.  
 
Grazing management includes the timing and duration of grazing, the development of multi-pasture 
systems, including riparian pastures, and the development of off-site watering areas. The key strategy of 
the recommended grazing BMPs is to develop and maintain healthy riparian vegetation and minimize 
disturbance of the streambank and channel. The primary recommended BMPs for the Lower Gallatin 
TPA are providing off-site watering sources, limiting livestock access to streams, providing “water gaps” 
where livestock access to a stream is necessary, planting woody vegetation along streambanks, and 
establishing riparian buffers. Although passive restoration via new grazing plans or limited bank re-
vegetation are a preferred BMPs, in some instances, bank stabilization may be necessary prior to 
planting vegetation. Other general grazing management recommendations and BMPs to address grazing 
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sources of pollutants and pollution can be obtained in Appendix A of Montana’s NPS Management Plan 
(Montana Department of Environmental Quality, 2012). 
  
9.4.2 Small Acreages  
Small acreages are growing rapidly, and many small acreage owners own horses or cattle. Animals 
grazing on small acreages can lead to overgrazing and a shortage of grass cover, leaving the soil subject 
to erosion and runoff to surface waters. General BMP recommendations for small acreage lots with 
animals include creating drylots, developing a rotational grazing system, and maintaining healthy 
riparian buffers. Small acreage owners should collaborate with MSU Extension Service, NRCS, 
conservation districts and agriculture organizations to develop management plans for their lots. Further 
information may be obtained from the Montana Nonpoint Source Management Plan (Montana 
Department of Environmental Quality, 2012) or the MSU extension website at: 
http://www.msuextension.org/ruralliving/Index.html.  
 
9.4.3 Animal Feeding Operations 
Animal feeding operations (AFOs) can pose a number of risks to water quality. To minimize water quality 
effects from AFOs, the USDA and EPA released the Unified National Strategy for AFOs in 1999 (U.S. 
Department of Agriculture and U.S. Environmental Protection Agency, 1999). This plan is a written 
document detailing manure storage and handling systems, surface runoff control measures, mortality 
management, chemical handling, manure application rates, schedules to meet crop nutrient needs, land 
management practices, and other options for manure disposal. An AFO that meets certain specified 
criteria is referred to as a Concentrated Animal Feeding Operation (CAFO), and in addition may be 
required to obtain a Montana Pollution Discharge Elimination System (MPDES) permit as a point source. 
Montana’s AFO compliance strategy is based on federal law and has voluntary, as well as, regulatory 
components. If voluntary efforts can eliminate discharges to state waters, in some cases no direct 
regulation is necessary through a permit. Operators of AFOs may take advantage of effective, low cost 
practices to reduce potential runoff to state waters, which additionally increase property values and 
operation productivity. Properly installed vegetative filter strips, in conjunction with other practices to 
reduce wasteloads and runoff volume, are very effective at trapping and detaining sediment and 
reducing transport of nutrients and pathogens to surface waters, with removal rates approaching 90 
percent (U.S. Department of Agriculture and U.S. Environmental Protection Agency, 1999). Other 
options may include clean water diversions, roof gutters, berms, sediment traps, fencing, structures for 
temporary manure storage, shaping, and grading. Animal health and productivity also benefit when 
clean, alternative water sources are installed to prevent contamination of surface water.  
 
Opportunities for financial and technical assistance (including comprehensive nutrient management 
plan development) in achieving voluntary AFO and CAFO compliance are available from conservation 
districts and NRCS field offices. Voluntary participation may aide in preventing a more rigid regulatory 
program from being implemented for Montana livestock operators in the future.  
 
Further information may be obtained from the DEQ website at: 
http://www.deq.mt.gov/wqinfo/mpdes/cafo.asp.  
 
Montana’s NPS pollution control strategies for addressing AFOs are summarized in the bullets below: 

• Work with producers to prevent NPS pollution from AFOs. 
• Promote use of State Revolving Fund for implementing AFO BMPs. 

http://www.msuextension.org/ruralliving/Index.html
http://www.deq.mt.gov/wqinfo/mpdes/cafo.asp
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• Collaborate with MSU Extension Service, NRCS, and agriculture organizations in providing 
resources and training in whole farm planning to farmers, ranchers, conservation districts, 
watershed groups and other resource agencies. 

• Encourage inspectors to refer farmers and ranchers with potential nonpoint source discharges 
to DEQ watershed protection staff for assistance with locating funding sources and grant 
opportunities for BMPs that meet their needs. (This is in addition to funds available through 
NRCS and the Farm Bill). 

• Develop early intervention of education & outreach programs for small farms and ranches that 
have potential to discharge nonpoint source pollutants from animal management activities. This 
includes assistance from the DEQ Permitting Division, as well as external entities such as DNRC, 
local watershed groups, conservation districts, and MSU Extension. 

 
9.4.4 Cropland 
The primary strategy of the recommended cropland BMPs is to reduce sediment and nutrient inputs. 
The major factors involved in decreasing sediment loads are reducing the amount of erodible soil, 
reducing the rate of runoff, and intercepting eroding soil before it enters waterbodies. The main BMP 
recommendations for the Lower Gallatin TPA are vegetated filter strips (VFS) and riparian buffers. Both 
of these methods reduce the rate of runoff, promote infiltration of the soil (instead of delivering runoff 
directly to the stream), and intercept sediment. Effectiveness is typically about 70 percent for filter 
strips and 50 percent for buffers (Montana Department of Environmental Quality, 2012). Filter strips 
and buffers are most effective when used in conjunction with agricultural BMPs that reduce the 
availability of erodible soil such as conservation tillage, crop rotation, strip cropping, and precision 
farming. Filter strips along streams should be composed of natural vegetative communities which will 
also supply shade to reduce instream temperatures. Filter strips widths along streams should be at least 
double the average mature canopy height to assist in providing stream shade. Additional BMPs and 
details on the suggested BMPs can be obtained from NRCS and in Appendix A of Montana’s NPS 
Management Plan (Montana Department of Environmental Quality, 2012). 
 
9.4.5 Irrigation 
Flow alteration and dewatering are commonly considered water quantity rather than water quality 
issues. However, changes to streamflow can have a profound effect on the ability of a stream to 
attenuate pollutants, especially nutrients, metals and heat. Flow reduction may increase water 
temperature, allow pollutants to accumulate in stream channels, reduce available habitat for fish and 
other aquatic life, and may cause the channel to respond by changing in size, morphology, meander 
pattern, rate of migration, bed elevation, bed material composition, floodplain morphology, and 
streamside vegetation if flood flows are reduced (Andrews and Nankervis, 1995; Schmidt and Potyondy, 
2004). Local coordination and planning are especially important for flow management because State law 
indicates that legally obtained water rights cannot be divested, impaired, or diminished by Montana’s 
water quality law (MCA 75-5-705). 
 
Improvements should focus on how to reduce the amount of stream water diverted during July and 
August, while still growing crops on traditional cropland. It may be desirable to investigate irrigation 
practices earlier in the year that promote groundwater return during July and August. Understanding 
irrigation water, groundwater and surface water interactions is an important part of understanding how 
irrigation practices will affect streamflow during specific seasons. Although additional investigation of 
inefficiencies in the irrigation network is needed to obtain the most improvement, potential changes are 
as follows: 
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• Install upgraded head gates for more exact control of water diversions and to minimize leakage 
when not in operation. 

• Develop more efficient means to supply water to livestock. 
• Determine necessary amounts of water to divert that would reduce over watering and improve 

forage quality and production. 
• Redesign irrigation systems.  
• Upgrade ditches (including possible lining) to increase ditch conveyance efficiency. 
• Alter irrigation network and flow management to lessen irrigation sources of pollutants and the 

effect on stream hydrology.  
 
9.4.6 Riparian Areas and Floodplains  
Riparian areas and floodplains are critical for wildlife habitat, groundwater recharge, reducing the 
severity of floods and upland and streambank erosion, and filtering pollutants from runoff. Therefore, 
enhancing and protecting riparian areas and floodplains within the watershed should be a priority of 
TMDL implementation in the Lower Gallatin TPA. The value of these areas is increasingly being 
recognized; over the past several years, Gallatin County has incorporated construction setbacks and 
floodplain development restrictions into county ordinances; the county has a 150 foot setback from the 
high water mark (Gallatin County, 2012). 
 
Initiatives to protect riparian areas and floodplains will help protect property, increase channel stability, 
and buffer waterbodies from pollutants. However, in areas with a much smaller buffer or where 
historical vegetation removal and development have shifted the riparian vegetation community and 
limited its functionality, a tiered approach for restoring stream channels and adjacent riparian 
vegetation should be considered that prioritizes areas for restoration based on the existing condition 
and potential for improvement. In non-conifer dominated areas, the restoration goals should focus on 
restoring natural shrub cover on streambanks to riparian vegetation target levels associated with the 
sediment and nutrient TMDLs. Passive riparian restoration is preferable, but in areas where stream 
channels are unnaturally stable or streambanks are eroding excessively, active restoration approaches, 
such as channel design, woody debris and log vanes, bank sloping, seeding, and shrub planting may be 
needed. Factors influencing appropriate riparian restoration would include the severity of degradation, 
site-potential for various species, and the availability of local sources as transplant materials. In general, 
riparian plantings would promote the establishment of functioning stands of native riparian species. 
Weed management should also be a dynamic component of managing riparian areas.  
 
The use of riprap or other “hard” approaches is not recommended and is not consistent with water 
quality protection or implementation of this plan. Although they may be absolutely necessary in some 
instances, these “hard” approaches generally redirect channel energy and exacerbate erosion in other 
places. Bank armoring should be limited to areas with a demonstrated infrastructure threat. Where 
deemed necessary, apply bioengineered bank treatments to induce vegetative reinforcement of the 
upper bank, reduce stream scouring energy, and provide shading and cover habitat.  
 
9.4.7 Roads 
The road sediment reductions in this document represent an estimation of the sediment load that 
would remain once appropriate road BMPs were applied at all locations. Achieving this reduction in 
sediment loading from roads may occur through a variety of methods at the discretion of local land 
managers and restoration specialists. Road BMPs can be found on the Montana DEQ or DNRC websites 
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and within Montana’s Nonpoint Source Management Plan (Montana Department of Environmental 
Quality, 2012). Examples include: 

• Providing adequate ditch relief up-grade of stream crossings. 
• Constructing waterbars, where appropriate, and up-grade of stream crossings. 
• Instead of cross pipes, using rolling dips on downhill grades with an embankment on one side to 

direct flow to the ditch. When installing rolling dips, ensure proper fillslope stability and 
sediment filtration between the road and nearby streams. 

• Insloping roads along steep banks with the use of cross slopes and cross culverts. 
• Outsloping low traffic roads on gently sloping terrain with the use of a cross slope.  
• Using ditch turnouts and vegetative filter strips to decrease water velocity and sediment 

carrying capacity in ditches. 
• For maintenance, grade materials to the center of the road and avoid removing the toe of the 

cutslope.  
• Preventing disturbance to vulnerable slopes. 
• Using topography to filter sediments; flat, vegetated areas are more effective sediment filters. 
• Where possible, limit road access during wet periods when drainage features could be damaged. 
• Limit new road stream crossings and the length of near-stream parallel segments to the extent 

practicable.  
 
9.4.7.1 Culverts and Fish Passage 
Although there are a lot of factors associated with culvert failure and it is difficult to estimate the true 
at-risk load, the culvert analysis found that approximately 32% of the culverts were designed to 
accommodate a 25-year storm event. The allocation strategy for culverts is no loading from culverts as a 
result of being undersized, improperly installed, or inadequately maintained. The culvert assessment 
included 19 culverts in the watershed, which is a small percentage of the total culverts, and it is 
recommended that the remaining culverts be assessed so that a priority list may be developed for 
culvert replacement. As culverts fail, they should be replaced by culverts that pass a 100 year flood on 
fish-bearing streams and at least 25 year events on non fish bearing streams. Some road crossings may 
not pose a feasible situation for upgrades to these sizes because of road bed configuration; in those 
circumstances, the largest size culvert feasible should be used. If funding is available, culverts should be 
prioritized and replaced prior to failure.  
 
Another consideration for culvert upgrades should be fish and aquatic organism passage. In a coarse 
assessment of fish passage, all culverts were determined to pose a significant passage risk to juvenile 
fish at all flows; this suggests that a large percentage of culverts in the watershed are barriers to fish 
passage. Each fish barrier should be assessed individually to determine if it functions as an invasive 
species and/or native species barrier. These two functions should be weighed against each other to 
determine if each culvert acting as a fish passage barrier should be mitigated. Montana FWP can aid in 
determining if a fish passage barrier should be mitigated, and, if so, can aid in culvert design.  
 
9.4.7.2 Traction Sand 
Severe winter weather and mountainous roads in the Lower Gallatin River watershed will require the 
continued use of relatively large quantities of traction sand. Nevertheless, closer evaluation of and 
adjustments to existing practices should be done to reduce traction sand loading to streams to the 
extent practicable. The necessary BMPs may vary throughout the watershed and particularly between 
state and private roads but may include the following: 
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• Utilize a snow blower to directionally place snow and traction sand on cut/fillslopes away from 
sensitive environments. 

• Increase the use of chemical deicers and decrease the use of road sand, as long as doing so does 
not create a safety hazard or cause undue degradation to vegetation and water quality. 

• Improve maintenance records to better estimate the use of road sand and chemicals, as well as 
to estimate the amount of sand recovered in sensitive areas. 

• Continue to fund MDT research projects that will identify the best designs and procedures for 
minimizing road sand impacts to adjacent bodies of water and incorporate those findings into 
additional BMPs. 

• Street sweeping and sand reclamation. 
• Identify areas where the buffer could be improved or structural control measures may be 

needed. 
• Improved maintenance of existing BMPs. 
• Increase availability of traction sand BMP training to both permanent and seasonal MDT 

employees as well as private contractors. 
 
9.4.8 Beaver Populations and Sediment Yields 
Historic heavy trapping of beavers has likely had an effect on sediment yields in the watershed. Before 
the removal of beavers, many streams had a series of catchments that moderated flow, with smaller un-
incised multiple channels and frequent flooding. Now some stream segments have incised channels and 
are no longer connected to the floodplain. This results in more bank erosion because high flows scour 
streambanks to a greater extent instead of flowing onto the floodplain. Beaver ponds also capture and 
store sediment and there can be large reductions in total suspended solids (TSS) concentrations below a 
beaver impoundment in comparison to TSS concentrations above the beaver impoundment (Bason, 
2004). 
 
Management of headwaters areas should include consideration of beaver habitat. Long-term 
management could include maintenance of beaver habitat in headwaters protection areas and even 
allowing for increased beaver populations in areas currently lacking the beaver complexes that can trap 
sediment, reduce peak flows, and increase summer low flows. Allowing for existing and even increased 
beaver habitat is considered consistent with the sediment TMDL water quality goals.  
 
9.4.9 Forestry and Timber Harvest 
Timber harvest activities should be conducted by all landowners according to Forestry BMPs for 
Montana (Montana State University, Extension Service, 2001) and the Montana Streamside 
Management Zone (SMZ) Law (77-5-301 through 307 MCA). The Montana Forestry BMPs cover timber 
harvesting and site preparation, road building including culvert design, harvest design, other harvesting 
activities, slash treatment and site preparation, winter logging, and hazardous substances. While the 
SMZ Law is intended to guide commercial timber harvesting activities in streamside areas (i.e., within 50 
feet of a waterbody), the riparian protection principles behind the law should be applied to numerous 
land management activities (i.e., timber harvest for personal use, agriculture, development). Prior to 
harvesting on private land, landowners or operators are required to notify the Montana DNRC. DNRC is 
responsible for assisting landowners with BMPs and monitoring their effectiveness. The Montana 
Logging Association and DNRC offer regular Forestry BMP training sessions for private landowners. .  
 
The SMZ Law protects against excessive erosion and therefore is appropriate for helping meet sediment 
load allocations. USFS INFISH Riparian Habitat Conservation Area guidelines provide significant sediment 
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protection as well as protection from elevated thermal loading (i.e., elevated temperature) by providing 
adequate shade. This guidance improves upon Montana’s SMZ law and includes an undisturbed 300 foot 
buffer on each side of fish bearing streams and 150 foot buffer on each side of non-fish bearing streams 
with limited exclusions and BMP guidance for timber harvest, roads, grazing, recreation and other 
human sources (U.S. Department of Agriculture, Forest Service, 1995).  
 
In addition to the BMPs identified above, effects that timber harvest may have on yearly streamflow 
levels, such as peak flow, should be considered. Water yield and peak flow increases should be modeled 
in areas of continued timber harvest and potential effects should be evaluated. Furthermore, noxious 
weed control should be actively pursued in all harvest areas and along all forest roads.  
 
9.4.10 Storm Water Construction Permitting and BMPs 
Construction activities disturb the soil, and if not managed properly, they can be substantial sources of 
sediment. Construction activity disturbing one acre or greater is required to obtain permit coverage 
through DEQ under the Storm Water General Permit for Construction Activities. A Storm Water Pollution 
Prevention Plan (SWPPP) must be developed and submitted to obtain a permit. A SWPPP identifies 
pollutants of concern, which is most commonly sediment, construction related sources of those 
pollutants, any nearby waterbodies that could be affected by construction activities, and BMPs that will 
be implemented to minimize erosion and discharge of pollutants to waterbodies. The SWPPP must be 
implemented for the duration of the project, including final stabilization of disturbed areas, which is a 
vegetative cover of at least 70% of the pre-disturbance level or an equivalent permanent stabilization 
measure. Development and implementation of a thorough SWPPP should ensure WLAs within this 
document are met.  
 
Land disturbance activities that are smaller than an acre (and exempt from permitting requirements) 
also have the potential to be substantial pollutant sources, and BMPs should be used to prevent and 
control erosion consistent with the upland erosion allocations. Potential BMPs for all construction 
activities include construction sequencing, permanent seeding with the aid of mulches or geotextiles, 
check dams, retaining walls, drain inlet protection, rock outlet protection, drainage swales, sediment 
basin/traps, earth dikes, erosion control structures, grassed waterways, infiltration basins, terraced 
slopes, tree/shrub planting, and vegetative buffer strips. An EPA support document for the construction 
permits has extensive information about construction related BMPs, including limitations, costs, and 
effectiveness (EPA 2009a).  
 
9.4.11 Urban Area Storm Water BMPs 
Buildings and other impervious surfaces associated with land development prevent water from 
infiltrating into the ground and can alter watershed hydrology and transport built-up pollutants into 
nearby waterbodies. An important component to effectively managing stormwater is comprehensive 
planning that integrates land and infrastructure management. Smart growth and low impact 
development are two closely related planning strategies that help reduce stormwater volume, slow its 
transport to surface waterbodies, and improve groundwater recharge. Smart growth emphasizes 
structuring development to preserve open space, reduce the use of impervious surfaces, and improve 
water detention so more precipitation can be retained on the landscape before runoff occurs. Low 
impact development mimics natural processes of water storage and infiltration and can limit the 
harmful effects that increased percentages of impervious surface have on surface waters. Both concepts 
focus on applying simple, non-structural, and low cost methods to treat stormwater on the landscape 
and they can be used to retrofit existing development and also applied to new development.  
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Starting in 2012, the MS4 general permit requires that to the extent practicable new development or 
redevelopment projects greater than one acre implement low impact development practices that 
“infiltrate, evapotranspire, or capture for reuse the runoff generated from the first 0.5 inches of rainfall 
from a 24-hour storm preceded by 48 hours of no measurable precipitation.” Generally, newer 
developments in the watershed have better BMP implementation than older developments, and 
although planning for future development and retrofitting older developments with better levels of 
treatment are important, consistent maintenance and effectiveness evaluation of new and recently 
implemented stormwater BMPs is also an important component of effective stormwater management 
and TMDL implementation. Examples low impact development and smart growth practices include drain 
chains, rain barrels, vegetated swales, sidewalk storage, permeable pavers, native landscaping, reducing 
parking areas, and mixed-use development. Parking lot drainage into a swale and a mixed use 
development are shown in Figure 8-1. Additional information about smart growth and low impact 
development can be found in Montana’s Nonpoint Source Management Plan (Montana Department of 
Environmental Quality, 2012) and at the EPA’s website (www.epa.gov/nps/lid; www.epa.gov/dced).  
 

 
Figure 8-1. Stormwater BMPs: Parking lot designed to drain into a swale and a mixed use 
development.  
 
9.4.12 Nonpoint Source Pollution Education  
Because most nonpoint source pollution (NPS) is generated by individuals, a key factor in reducing NPS 
is increasing public awareness through education. The Greater Gallatin Watershed Council provides 
educational opportunities to both students and adults through local water quality workshops and 
informational meetings. Continued education is crucial to ongoing understanding of water quality issues 
in the Lower Gallatin TPA, and to the support for implementation and restorative activities. 
 

9.5 POTENTIAL FUNDING SOURCES 
Funding and prioritization of restoration or water quality improvement project is integral to maintaining 
restoration activity and monitoring successes and failures. Several government agencies fund watershed 
or water quality improvement projects. Below is a brief summary of potential funding sources to assist 
with TMDL implementation. 
 

http://www.epa.gov/nps/lid
http://www.epa.gov/dced
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9.5.1 Section 319 Nonpoint Source Grant Program 
Section 319 grant funds are typically used to help identify, prioritize, and implement water quality 
protection projects with focus on TMDL development and implementation of nonpoint source projects. 
Individual contracts under the yearly grant typically range from $20,000 to $150,000, with a 25 percent 
or more match requirement. 319 projects typically need to be administered through a non-profit or local 
government such as a conservation district, a watershed planning group, or a county. 
 
9.5.2 Future Fisheries Improvement Program 
The Future Fisheries grant program is administered by FWP and offers funding for on-the-ground 
projects that focus on habitat restoration to benefit wild and native fish. Anyone ranging from a 
landowner or community-based group to a state or local agency is eligible to apply. Applications are 
reviewed annually in December and June. Projects that may be applicable to the Lower Gallatin 
watershed include restoring streambanks, improving fish passage, and restoring/protecting spawning 
habitats. 
 
9.5.3 Watershed Planning and Assistance Grants 
The MT DNRC administers Watershed Planning and Assistance Grants to watershed groups that are 
sponsored by a Conservation District. Funding is capped at $10,000 per project and the application cycle 
is quarterly. The grant focuses on locally developed watershed planning activities; eligible activities 
include developing a watershed plan, group coordination costs, data collection, and educational 
activities. 
 
9.5.4 Environmental Quality Incentives Program  
The Environmental Quality Incentives Program (EQIP) is administered by NRCS and offers financial (i.e., 
incentive payments and cost-share grants) and technical assistance to farmers and ranchers to help plan 
and implement conservation practices that improve soil, water, air and other natural resources on their 
land. The program is based on the concept of balancing agricultural production and forest management 
with environmental quality, and is also used to help producers meet environmental regulations. EQIP 
offers contracts with a minimum length of one year after project implementation to a maximum of 10 
years. Each county receives an annual EQIP allocation and applications are accepted continually during 
the year; payments may not exceed $300,000 within a six-year period.  
 
9.5.5 Other Funding Sources 
Numerous other funding opportunities exist for addressing nonpoint source pollution. Additional 
information regarding funding opportunities from state agencies is contained in Montana’s Nonpoint 
Source Management Plan (Montana Department of Environmental Quality, 2012) and information 
regarding additional funding opportunities can be found at http://www.epa.gov/nps/funding.html. 
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10.0 MONITORING STRATEGY 

The monitoring framework discussed in this section is an important component of watershed 
restoration, a requirement of TMDL development under Montana’s TMDL law, and the foundation of 
the adaptive management approach. While targets and allocations are calculated using the best 
available data, the data are only an estimate of a complex ecological system. The margin of safety is put 
in place to reflect some of this uncertainty, but other issues only become apparent when restoration 
strategies are underway. Having a monitoring strategy in place allows for feedback on the effectiveness 
of restoration activities (whether TMDL targets are being met), if all significant sources have been 
identified, and whether attainment of TMDL targets is feasible. Data from long-term monitoring 
programs also provide technical justifications to modify restoration strategies, targets, or allocations 
where appropriate.  
 
The monitoring framework presented in this section provides a starting point for the development of 
more detailed and specific planning efforts regarding monitoring needs; it does not assign monitoring 
responsibility. Monitoring recommendations provided are intended to assist local land managers, 
stakeholder groups, and federal and state agencies in developing appropriate monitoring plans to meet 
aforementioned goals. Funding for future monitoring is uncertain and can vary with economic and 
political changes. Prioritizing monitoring activities depends on stakeholder priorities for restoration and 
funding opportunities. 
 
The objectives for future monitoring in the Lower Gallatin TPA include: 1) tracking and monitoring 
restoration activities and evaluating the effectiveness of individual and cumulative restoration activities, 
2) baseline and impairment status monitoring to assess attainment of water quality targets and identify 
long-term trends in water quality and 3) refining the source assessments. Each of these objectives is 
discussed below.  
 

10.1 ADAPTIVE MANAGEMENT AND UNCERTAINTY 
An adaptive management approach is used to manage resource commitments as well as achieve success 
in meeting the water quality standards and supporting all beneficial uses. This approach works in 
cooperation with the monitoring strategy and allows for adjustments to the restoration goals or 
pollutant targets, TMDLs, and/or allocations, as necessary. These adjustments would take into account 
new information as it arises. 
  
The adaptive management approach is outlined below:  

• TMDLs and Allocations: The analysis presented in this document assumes that the load 
reductions proposed for each of the listed streams will enable the streams to meet target 
conditions and that meeting target conditions will ensure full support of all beneficial uses. 
Much of the monitoring proposed in this section of the document is intended to validate this 
assumption. If it looks like greater reductions in loading or improved performance is necessary 
to meet targets, then updated TMDL and/or allocations will be developed based on achievable 
reductions via application of reasonable land, soil, and water conservations practices. 

• Water Quality Status: As new stressors are added to the watershed and additional data are 
collected, new water quality targets may need to be developed or existing targets/allocations 
may need to be modified. 
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10.2 TRACKING AND MONITORING RESTORATION ACTIVITIES AND EFFECTIVENESS  
Monitoring should be conducted prior to and after project implementation to help evaluate the 
effectiveness of specific practices or projects. This approach will help track the recovery of the system 
and the effects, or lack of effects, from ongoing management activities in the watershed. At a minimum, 
effectiveness monitoring should address the pollutants that are targeted for each project. Information 
about specific locations, spatial extent, designs, contact information, and any effectiveness evaluation 
should be compiled about each project. Information about all restoration projects along with tracking 
overall extent of BMP implementation should be compiled into one location for the entire watershed.  
 
For nutrients and metals, loading reductions and BMP effectiveness can be evaluated with water quality 
samples and comparing them to the targets. For sediment, which has no numeric standard, loading 
reductions and BMP effectiveness may be estimated using the approaches used within this document. 
However, tracking BMP implementation and project-related measurements will likely be most practical 
for sediment. For instance, for road improvements, it is not anticipated that post-project sediment loads 
will be measured. Instead, documentation of the BMP, reduced contributing length, and before/after 
photos documenting the presence and effectiveness of the BMP will be most appropriate. For 
installation of riparian fencing, before/after photo documentation of riparian vegetation and 
streambank and a measurement such as greenline that documents the percentage of bare ground and 
shrub cover may be most appropriate. Evaluating instream parameters used for sediment targets will be 
one of the tools used to gage the success of implementation when DEQ conducts a formal assessment 
but may not be practical for most projects since the sediment effects within a stream represent 
cumulative effects from many watershed scale activities and because there is typically a lag time 
between project implementation and instream improvements (Meals et al., 2010). 
 
If sufficient implementation progress is made within a watershed, DEQ will conduct a TMDL 
Implementation Evaluation (TIE). During this process, recent data are compiled, monitoring is conducted 
(if necessary), data are compared to water quality targets (typically a subset for sediment), BMP 
implementation since TMDL development is summarized, and data are evaluated to determine if the 
TMDL is being achieved or if conditions are trending one way or another. If conditions indicate the TMDL 
is being achieved, the waterbody will be recommended for reassessment and may be delisted. If 
conditions indicate the TMDL is not being achieved, according to Montana State Law (75-5-703(9)), the 
evaluation must determine if: 

• The implementation of a new or improved phase of voluntary reasonable land, soil, and water 
conservation practices is necessary, 

• Water quality is improving, but more time is needed for compliance with water quality 
standards, or 

• Revisions to the TMDL are necessary to achieve applicable water quality standards and full 
support of beneficial uses.  

 

10.3 BASELINE AND IMPAIRMENT STATUS MONITORING  
In addition to effectiveness monitoring, watershed scale monitoring should be conducted to expand 
knowledge of existing conditions and to provide data that can be used during the TIE. Although DEQ is 
the lead agency for conducting impairment status monitoring, other agencies or entities may collect and 
provide compatible data. Wherever possible, it is recommended that the type of data and 
methodologies used to collect and analyze the information be consistent with DEQ methodology so as 
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to allow for comparison to TMDL targets and track progress toward meeting TMDL goals. The 
information in this section provides general guidance for future impairment status monitoring.  
 
10.3.1 Sediment 
Each of the sediment streams of interest was stratified into unique reaches based on physical 
characteristics and anthropogenic influence. The assessed sites represent only a percentage of the total 
number of stratified reaches. Sampling additional monitoring locations could provide additional data to 
assess existing conditions, and provide more specific information on a per stream basis as well as the 
TPA as a whole.  
 
It is acknowledged that various agencies and entities have differing objectives, as well as time and 
resources available to achieve those objectives. However, when possible, it is recommended that at a 
minimum the following parameters be collected to allow for comparison to TMDL targets: 

• Riffle pebble count (using Wolman Pebble Count methodology and/or 49-point grid tosses) 
• Residual pool depth measurements 

 
Additional information will undoubtedly be useful and assist impairment status evaluations in the future 
and may include total suspended solids; identifying percentage of eroding banks, human sediment 
sources, and areas with a high background sediment load; macroinvertebrate studies; McNeil core 
sediment samples; and fish population surveys and redd counts.  
 
An important part of impairment determination and adaptive management is determining when a 
stream has fully recovered from past management practices where recovery is still occurring from 
historical improvements in management but recent BMPs were not applied. Particularly within the 
Gallatin Forest, ongoing PIBO monitoring can provide critical insight into the extent of recovery from 
past practices via comparisons between reference and managed sites. 
 
10.3.2 Nutrients 
Water quality sampling for nutrients were distributed spatially along an assessment unit in order to best 
delineate nutrient sources. Over multiple sample seasons, sampling locations were refined to better 
quantify loading sources to the impaired waterbodies. Source refinement and nutrient loading dynamics 
will continue to be necessary on streams with TMDLs and those that have not yet been assessed in the 
Lower Gallatin project area.  
 
For those watershed groups and/or government agencies that monitor water quality, it is recommended 
that the same analytical procedures and reporting limits are used in order that water quality data may 
be compared to TMDL targets (Table 10-1). In addition, stream discharge should be measured at time of 
sampling.  
 
Table 10-1 DEQ Monitoring Parameter Requirements  

Analyte Preferred 
method 

Alternate 
method 

Required 
reporting 

limit (ppb) 

Holding 
time 

(days) 
Bottle Preservative 

Total Persulfate Nitrogen 
(TPN) A4500-NC A4500-N B 40 

28 250mL 
HDPE 

≤6°C (7d HT); 
Freeze (28d 

HT) 
Total Phosphorus as P EPA-365.1 A4500-P F 3 H2S04, ≤6°C of 

Freeze Nitrate-Nitrite as N EPA-353.2 A4500-N03 F 10 
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It will be important to continually assess nutrient sources in a watershed with changing land uses and/or 
new MPDES permitted discharges to surface waters.  
 
10.3.3 E. coli  
Water quality sampling for E. coli were distributed spatially along an assessment unit in order to best 
delineate pathogen sources. Over multiple sample seasons, sampling locations were refined to better 
quantify loading sources to the impaired waterbodies. Source refinement and pathogen loading 
dynamics will continue to be necessary on streams with TMDLs and those that have not yet been 
assessed in the Lower Gallatin project area. As E. coli loading from agricultural sources is often greatest 
during high flow events with overland runoff to surface waters, sampling during these events may better 
identify source areas. In addition, targeted sampling of surface waters in proximity to large septic drain 
fields may better quantify the loading from these sources.  
 
For those watershed groups and/or government agencies that monitor water quality, it is recommended 
that the same analytical procedures and reporting limits are used in order that E. coli data be compared 
to TMDL targets (Montana Department of Environmental Quality, Water Quality Planning Bureau, 2006). 
In addition, stream discharge should be measured at time of sampling. It is important to note that E. coli 
sampling can be complicated by the 6-hour holding time restriction (Section 2.1.4 in Montana 
Department of Environmental Quality, Water Quality Planning Bureau, 2006).  
 

10.4 SOURCE ASSESSMENT REFINEMENT  
In many cases, the level of detail provided by the source assessments only provides broad source 
categories or areas that need to reduce pollutant loads and additional source inventory and load 
estimate work may be desirable. Strategies for strengthening source assessments for each of the 
pollutants may include more thorough sampling or field surveys of source categories and are described 
by pollutant in this section. Recommendations for source assessment refinement are described below 
by pollutant. 
 
10.4.1 Sediment 
Sediment-related information that could help strengthen the source assessments is as follows:  

• a refined bank erosion retreat rate for Lower Gallatin watershed streams,  
• a better understanding of bank erosion impacts from historical land management activities, 
• improved modeling for upland erosion delivery in forested watersheds where riparian zones 

have recovered from SMZ law implementation, 
• improved classification of riparian health,  
• evaluation of seasonal loading aspects for the major sources and potential implications 

regarding TMDL target parameters, 
• evaluation of the influence of the irrigation network, particularly where open mixing occurs 

between streams and an irrigation canal (e.g., Dry Creek Irrigation Canal and Ross/Reese/Smith 
creeks),  

• improved monitoring of stormwater loading, 
• a review of land management practices specific to sub-watersheds of concern to determine 

where the greatest potential for improvement can occur for the major land use categories, and 
• additional field surveys of culverts, roads, and road crossings to help prioritize the road 

segments/crossings of most concern.  
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10.4.2 Nutrients 
Nutrient-related information that could help strengthen the source assessment is as follows: 

• a better understanding of septic contributions to nutrient loads 
• a better understanding of nutrient concentrations in groundwater and spatial variability 
• a better understanding of the irrigation network and its effect on hydrology and nutrient 

concentrations  
o for Buster Gulch which transports flows from the East Gallatin River to Hyalite Creek  
o for the Dry Creek Irrigation Canal and its interaction with Ross, Reese, and Smith Creeks 

which requires clarification to better quantify loads and source areas 
o for Farmer’s Canal and its influence on Mandeville Creek water quality  

• a more detailed understanding of fertilization practices within the watershed 
• a review of land management practices specific to sub-watersheds of concern to determine 

where the greatest potential for improvement can occur for the major land use categories, 
• additional sampling in streams with less data such as Bear, Dry, Jackson, Reese, Smith and Ross 

Creeks in order to complete a full assessment per DEQ assessment methodology 
 
10.4.3 E. coli 
E. coli information that could help strengthen the source assessment is as follows: 

• a better understanding of septic contributions, 
• a better understanding of natural background E. coli concentrations in surface water and spatial 

variability 
• a better understanding of the irrigation network and its effect on hydrology and nutrient 

concentrations for the Dry Creek Irrigation Canal and its interaction with Ross, Reese, and Smith 
Creeks which requires clarification to better quantify loads and source areas 

• a more detailed understanding of manure management practices within the watershed 
• a review of land management practices specific to sub-watersheds of concern to determine 

where the greatest potential for improvement can occur for the major land use categories  
• additional sampling in streams that lack recent E. coli data including Rees, Ross, Smith, and Dry 

Creeks and the East Gallatin River; the latter to determine the potential contributing load to 
Smith Creek via the Dry Creek Irrigation Canal 
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11.0 STAKEHOLDER AND PUBLIC PARTICIPATION 

Upon completion of the draft TMDL document, and prior to submittal to EPA, DEQ issues a press release 
and enters into a public comment period. During this timeframe, the draft TMDL document is made 
available for general public comment, and DEQ addresses and responds to all formal public comments.  
 
This public review period was initiated on September 7, 2012 and ended on October 6, 2012. There were 
2 public meetings held during the public comment period. The first meeting was held on September 12th 
in Bozeman and the second was held in Amsterdam on September 27th. At these public meetings, DEQ 
provided an overview of the TMDLs for sediment, nutrients and pathogens in the Lower Gallatin project 
area, made copies of the document available to the public, and solicited public input and comment on 
the plan. The announcement for that meeting was distributed among the Watershed Advisory Group, 
and advertised in the following newspapers: The Bozeman Chronicle in Bozeman, Big Sky News in Big 
Sky, and the Belgrade News in Belgrade, MT. This section includes DEQ’s response to all public 
comments received during the public comment period.  
 
Three respondents provided public comment to DEQ during the public comment period. Excerpts from 
the comment letters and DEQ responses are provided in Appendix H. The original comment letters are 
held on file at the DEQ and may be viewed upon request. 
 
  



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 11.0 

3/28/13 FINAL 11-2 

 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-1 

12.0 REFERENCES 

Andrews, E. D. and J. M. Nankervis. 1995. "Effective Discharge and the Design of Channel Maintenance 
Flows for Gravel-Bed Rivers: Natural and Anthropogenic Influences in Fluvial Geomorphology," 
in Natural and Anthropogenic Influences in Fluvial Geomorphology: The Wolman Volume, Costa, 
John E., Miller, Andrew J., Potter, Kenneth W., and Wilcock, Peter R. Geophysical Monograph 
Series, Ch. 10: American Geophysical Union): 151-164. 

Baigun, C. 2003. Characteristics of Deep Pools Used by Adult Summer Steelhead in Steamboat Creek, 
Oregon. North American Journal of Fisheries Management. 23(4): 1167-1174. 

Bansak, Thomas S., James A. Craft, and Bonnie K. Ellis. 2000. Water Quality in Cat and Dog Creeks, Swan 
River Basin, Montana, April 1998-January 1999. Polson, MT: Flathead Lake Biological Station, 
The University of Montana.   

Barbour, Michael T., Jeroen Gerritsen, Blaine D. Snyder, and James B. Stribling. 1999. Rapid 
Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish: Second Edition. Washington, DC: United States Department of 
Environmental Protection, Office of Water.  EPA 841-B-99-002.  

Barndt, Scott and Steve Bay. 2004. Bear Creek Fish Investigations, 2003: Population and Habitat Surveys. 
S.l.: Bozeman Ranger District, Gallatin National Forest.   

Barrett, M. E. 1999. Complying With the Edwards Aquifer Rules: Technical Guidance on Best 
Management Practices.  Texas Natural Resource Conservation Report RG-348.  

Bason, C. W. 2004. Effects of Beaver Impoundments on Stream Water Quality and Floodplain Vegetation 
in the Inner Coastal Plain of North Carolina. M.S.: East Carolina University, Greenville, NC. 

Bauer, Stephen B. and Stephen C. Ralph. 1999. Aquatic Habitat Indicators and Their Application to Water 
Quality Objectives Within the Clean Water Act. Seattle, WA: US Environmental Protection 
Agency, Region 10.  EPA 910-R-99-014.  

Bengeyfield, Pete. 2004. Beaverhead-Deerlodge National Forest Stream Morphology Data.  Unpublished.   

Bengeyfield, Pete and Jennifer Hickenbottom. 2005. Using Reference Reach Data to Regionalize 
Hydrologic Relationships. In: Proceedings of the 2005 AWRA Annual Conference.  Seattle, WA. 

Berg, R. D., Jeff D. Lonn, and W. W. Locke. 1999. Geologic Map of the Gardiner 30' X 60' Quadrangle 
South-Central Montana.  Montana Bureau of Mines and Geology Open File Report MBMG 406.  

Berg, R. D., P. A. Lopez, and Jeff D. Lonn. 2000. Geologic Map of the Gardiner 30' X 60' Quadrangle 
South-Central Montana.  Montana Bureau of Mines and Geology Open File Report MBMG 406.  



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-2 

Bilby, R. E. and J. W. Ward. 1989. Changes in Characteristics and Function of Woody Debris With 
Increasing Size of Stream in Western Washington. Transactions of the American Fisheries 
Society. 118: 368-378. 

Bjorn, T. C. and D. W. Reiser. 1991. "Habitat Requirements of Salmonids in Streams," in Influences of 
Forest and Rangeland Management on Salmonid Fishes and Their Habitats, Special Publication 
19 ed., (Bethesda, MD: American Fisheries Society): 83-138. 

Blue Ribbons of the Big Sky Country Areawide Planning Organization. 1977. A Study in Stream Reach 
Inventory and Channel Stability Evaluation for the Blue Ribbons Areawide Planning Organization. 
Bozeman, MT: Blue Ribbons of the Big Sky Country Areawide Planning Organization.   

-----. 1978. Draft Final Report and Water Quality Management Plan. Bozeman, MT: Blue Ribbons of the 
Big Sky Country Areawide Planning Organization.   

-----. 1979. Final Report and Water Quality Management Plan. Bozeman, MT: Blue Ribbons of the Big Sky 
Country Areawide Planning Organization.   

Bonneau, J. L. and D. L. Scarnecchia. 1998. Seasonal and Diel Changes in Habitat Use by Juvenile Bull 
Trout (Salvelinus Confluentus) and Cutthroat Trout (Oncorhynchus Clarki) in a Mountain Stream. 
Canadian Journal of Zoology. 76: 783-790. 

Bozeman Watershed Council. 2004. Sourdough Creek Watershed Assessment. 

Bryce, S. A., G. A. Lomnicky, and Philip R. Kaufmann. 2010. Protecting Sediment-Sensitive Aquatic 
Species in Mountain Streams Through the Application of Biologically Based Streambed Sediment 
Criteria. North American Benthological Society. 29(2): 657-672. 

Caraco, D. S. 2000. "Stormwater Strategies for Arid and Semi-Arid Watersheds," in The Practice of 
Watershed Protection Techniques, Scheuler, T. R. and Holland, H. K., (Ellicott City, MD: Center for 
Watershed Protection) 

Cleasby, Thomas E. and Kent A. Dodge. 1999. Effluent Mixing Characteristics Below Four Wastewater-
Treatment Facilities in Southwestern Montana, 1997. Helena, MT.  Water-Resources 
Investigations Report 99-4026. http://pubs.usgs.gov/wri/1999/4026/report.pdf. Accessed 
8/31/2012. 

Cover, Matthew R., Christine L. May, William E. Dietrich, and Vincent H. Resh. 2008. Quantitative 
Linkages Among Sediment Supply, Streambed Fine Sediment, and Bethic Macroinvertebrates in 
Northern California Streams. Journal of the North American Benthological Society. 27(1): 135-
149. 

Flandro, Carly. 2011. Sourdough Canyon Trailbead to Close Next Week for New Improvements.  
Bozeman Daily Chronicle.  

http://pubs.usgs.gov/wri/1999/4026/report.pdf


Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-3 

http://www.bozemandailychronicle.com/news/environment/article_b7078b8c-efa7-11e0-bd3a-
001cc4c03286.html.  

Gallatin City-County Health Department. 2009. Public Water and Wastewater Systems in Gallatin 
County.   

Gallatin County. 2012. Gallatin County Subdivision Regulations.  
http://www.gallatin.mt.gov/public_documents/gallatincomt_plandept/1SUBDIVISION/REGS/su
bregs.  

Gallatin Local Water Quality District. 2010. Assessment of Current Wastewater Treatment and Disposal 
in Gallatin County.   

Geosyntec Consultants and Wright Water Engineers, Inc. 2008. Overview of Performance by BMP 
Category and Common Pollutant Type (International Stormwater Best Management Practices 
Database [1999-2007]).  Water Environment Research Foundation; American Society of Civil 
Engineers; U.S.E.P.A.; Federal Highway Administration; American Public Works Association.  
http://www.bmpdatabase.org/Docs/Performance%20Summary%20Cut%20Sheet%20June%202
008.pdf.  

-----. 2011. Internationational Stormwater Best Management Practices Database Pollutant Category 
Summary: Solids (TSS, TDS, and Turbidity).  www.bmpdatabase.org.  

Glasser, Stephen P. and Alice J. Jones. 1982. Water Quality on the Gallatin National Forest, Montana 
1970-1980, Washington,D.C.: U.S. Department of Agriculture, Forest Service. 

Green, D. M. and J. B. Kauffman. 1989. "Nutrient Cycling at the Land-Water Interface: The Importance of 
the Riparian Zone," in Practical Approaches to Riparian Resource Management: An Education 
Workshop, Gresswell, R. E., Barton, B. A., and Kershner, Jeffrey L., (Billings, MT: U.S. Bureau of 
Land Management): 61-68. 

Grumbles, Benjamin. 2006. Letter From Benjamin Grumbles, US EPA, to All EPA Regions Regarding Dail 
Load Development. U.S. Environmental Protection Agency.   

Hackett, O. M., F. N. Stermitz, F. C. Boner, and R. A. Krieger. 1960. Geology and Ground-Water Resources 
of the Gallatin Valley, Gallatin County, Montana: US Government Printing Office. 

HDR Engineering and Morrison-Maierle,Inc. 2008. Bozeman Storm Water Facilities Plan. Bozeman, MT: 
City of Bozeman.   

Heckenberger, Brian. 2009. Personal Communication. Kusnierz, Lisa.  Accessed 5/2009. 

http://www.bozemandailychronicle.com/news/environment/article_b7078b8c-efa7-11e0-bd3a-001cc4c03286.html
http://www.bozemandailychronicle.com/news/environment/article_b7078b8c-efa7-11e0-bd3a-001cc4c03286.html
http://www.gallatin.mt.gov/public_documents/gallatincomt_plandept/1SUBDIVISION/REGS/subregs
http://www.gallatin.mt.gov/public_documents/gallatincomt_plandept/1SUBDIVISION/REGS/subregs
http://www.bmpdatabase.org/Docs/Performance%20Summary%20Cut%20Sheet%20June%202008.pdf
http://www.bmpdatabase.org/Docs/Performance%20Summary%20Cut%20Sheet%20June%202008.pdf
http://www.bmpdatabase.org/


Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-4 

Heitke, J. D., Eric K. Archer, and Brett Roper. 2010. 2010 Sampling Protocol for Stream Channel 
Attributes. Logan, UT: PACFISH/INFISH Biological Opinion Effectiveness Monitoring Program STT 
Mutli-Federal Agency Monitoring Program, USFS.   

Irving, J. S. and T. C. Bjorn. 1984. Effects of Substrate Size Composition on Survival of Kokanee Salmon 
and Cutthroat Trout and Rainbow Trout Embryos. Moscow, ID: University of Idaho.  Technical 
Report 84-6.  

Kellogg, K. S. and V. S. Williams. 2006. Geologic Map of Ennis 30' X 60' Quadrangle Madison and Gallatin 
Counties, Montana and Park County, Wyoming.  Montana Bureau of Mines and Geology Open 
FIle Report MBMG 529.  

Kershner, Jeffrey L., Brett Roper, Nicolaas Bouwes, Richard C. Henderson, and Eric K. Archer. 2004. An 
Analysis of Stream Habitat Conditions in Reference and Managed Watersheds on Some Federal 
Lands Within the Columbia River Basin. North American Journal of Fisheries Management. 24: 
1363-1375. 

Knighton, David. 1998. Fluvial Forms and Processes: A New Perspective, New York, New York: John Wiley 
and Sons Inc. 

Knutson, K. L. and V. L. Naef. 1997. Management Recommendations for Washington's Priority Habitats: 
Riparian. Olympia, WA: Washington Department of Fish and Wildlife (WDFW).   

Kramer, R. P., B. W. Riggers, and K. Furrow. 1993. Basinwide Methodolgoy. Stream Habitat Inventory 
Methodology. Missoula, MT: USDA Forest Service.   

MacDonald, Lee H., Alan W. Smart, and Robert C. Wissmar. 1991. Monitoring Guidelines to Evaluate 
Effects of Forestry on Streams in the Pacific Northwest and Alaska. Seattle, WA: 
U.S.Environmental Protection Agency.  EPA 910/9-91-001.  

May, Christine L. and Danny C. Lee. 2004. The Relationship Between In-Channel Sediment Storage, Pool 
Depth, and Summer Servival of Juvenile Salmonids in the Oregon Coast Range. American 
Fisheries Society Journals. 24(3): 761-774. 

McIlroy, Susan K., C. Montagne, C. A. Jones, and B. L. McGlynn. 2008. Identifying Linkages Between Land 
Use, Geomorphology, and Aquatic Habitat in a Mixed-Use Watershed. Environmental 
Management. 42: 867-876. 

Meals, D. W., S. A. Dressing, and T. E. Davenport. 2010. Lag Time in Water Quality Response to Best 
Management Practices: A Reivew. Journal of Environmental Quality. 39: 85-96. 

Mebane, C. A. 2001. Testing Bioassessment Metrics: Macroinvertebrate, Sculpin, and Salmonid 
Responses to Stream Habitat, Sediment, and Metals. Environmental Monitoring and Assessment. 
67(3): 293-322. 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-5 

Moffitt, David. 2009. Documentation of Nitrogen and Phosphorus Loadings From Wildlife Populations.  
Natural Resources and Conservation Service.  
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs143_013181.pdf. Accessed 12/15/11 
A.D. 

Montana Department of Environmental Quality. 2009. How to Perform a Nondegradation Analysis for 
Subsurface Wastewater Treatment Systems (SWTS) Under the Subdivision Review Process. 
Helena, MT: Montana Department of Environmental Quality.   

-----. 2010. Field Methodology for the Assessment of TMDL Sediment and Habitat Impairments.   

-----. 2012. Montana Nonpoint Source Management Plan. Helena, MT: Montana Department of 
Environmental Quality.   

Montana Department of Environmental Quality and U.S. Environmental Protection Agency. 2011. Little 
Blackfoot River Watershed TMDLs and Framework Water Quality Improvement Plan. Helena, 
MT: Montana Department of Environmental Quality; U.S. Environmental Protection Agency, 
Region 8.   

Montana Department of Environmental Quality, Water Quality Planning Bureau. 2006. Sample 
Collection, Sorting, and Taxonomic Identification of Benthic Macroinvertebrates Standard 
Operating Procedure. Helena, MT: Montana Department of Environmental Quality.  
WQPBWQM-009. http://deq.mt.gov/wqinfo/qaprogram/PDF/SOPs/WQPBWQM-
009rev2_final_web.pdf. Accessed 7/8/2011. 

Montana State University, Extension Service. 2001. Water Quality BMPs for Montana Forests. Bozeman, 
MT: MSU Extension Publications.   

Muhlfeld, Clint C. and David H. Bennett. 2001. Summer Habitat Use by Columbia River Redband Trout in 
the Kootenai River Drainage, Montana. North American Journal of Fisheries Management. 21(1): 
223-235. 

Natural Resource Conservation Service. 2007. Descriptions of Prime and Important Farmlands From Soil 
Datamart.  http://soildatamart.nrcs.usda.gov/. Accessed 6/1/2007. 

Nielson, J. L., Thomas E. Lisle, and V. Ozaki. 1994. Thermally Stratified Pools and Their Use by Steelhead 
in Northern  California Streams. Transactions of the American Fisheries Society. 123(4): 613-626. 

Overton, C. Kerry, Sherry P. Wollrab, Bruce C. Roberts, and Michael A. Radko. 1997. R1/R4 
(Northern/Intermountain Regions) Fish and Fish Habitat Standard Inventory Procedures 
Handbook. Ogden, UT: USDA Forest Service, Intermountain Research Station.   

PBS&J. 2007. Lower Gallatin Watershed Characterization Report. Bozeman, MT: PBS&J.  Project 
#B41083.00.  

http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs143_013181.pdf
http://deq.mt.gov/wqinfo/qaprogram/PDF/SOPs/WQPBWQM-009rev2_final_web.pdf
http://deq.mt.gov/wqinfo/qaprogram/PDF/SOPs/WQPBWQM-009rev2_final_web.pdf
http://soildatamart.nrcs.usda.gov/


Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-6 

Prichard, Don. 1998. Riparian Area Management: A User Guide to Assessing Proper Functioning 
Condition and the Supporting Science for Lotic Areas. Denver, CO: Department of the Interior, 
Bureau of Land Management.  TR 1737-15.  

Priscu, John C. 1987. Factors Regulating Nuisance and Potentially Toxic Blue-Green Algal Blooms in 
Canyon Ferry Reservoir. Bozeman, MT: Montana University System Water Resources Center, 
Montana State University.  Report No. 159.  

Relyea, C. B., G. W. Minshall, and R. J. Danehy. 2000. Stream Insects As Bioindicatores of Fine Sediment. 
In: Watershed 2000. Water Environment Federation Specialty Conference. Boise, ID: Idaho State 
University. 

Rosgen, David L. 1996. Applied River Morphology, Pagosa Springs, CO: Wildland Hydrology. 

-----. 2004. River Assessment and Monitoring Field Guide, Lubrecht Forest, MT. Fort Collins, CO: Wildland 
Hydrology, Inc.   

Rowe, Mike, Don Essig, and Benjamin Jessup. 2003. Guide to Selection of Sediment Targets for Use in 
Idaho TMDLs. Pocatello, ID: Idaho Department of Environmental Quality.   

Schillinger, J. E. and D. G. Stuart. 1978. Quantification of Non-Point Pollutants From Logging, Cattle 
Grazing, Mining, and Subdivision Activities.  Montana University Joint Water Resources Research 
Center Report No. 93.  

Schmidt, Larry J. and John P. Potyondy. 2004. Quantifying Channel Maintenance Instream Flows: An 
Approach for Gravel-Bed Streams in the Western United States. Fort Collins, CO: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station.  General Technical 
Report RMRS-GTR-128.  

Schmitz, Denise, Matt Blank, Selita Ammondt, and Duncan T. Patten. 2008. Using Historic Aerial 
Photography and Paleohydrologic Techniques to Assess Long-Term Ecological Response to Two 
Montana Dam Removals. Journal of Environmental Management. 10.1016/j.bbr.2011.03.031 

Shepard, B. B., Stephen A. Leathe, Thomas M. Weaver, and M. D. Enk. 1984. Monitoring Levels of Fine 
Sediment Within Tributaries of Flathead Lake, and Impacts of Fine Sediment on Bull Trout 
Recruitment. In: Wild Trout III Symposium;  Yellowstone National Park, WY.  

Staples, James Mark, Laura Gamradt, Otto Stein, and Xianming Shi. 2004. Recommendations for Winter 
Traction Materials Management on Roadways Adjacent to Bodies of Water. Helena, MT: 
Montana Department of Transportation.   

Story, Mark and Kenneth Hancock. 2011. Bear Creek Sediment, Turbidity, and Discharge Monitoring 
Report: April-August 2011.  Gallatin National Forest.   



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-7 

Story, Mark and Cheryl Taylor. 2004. Bear Creek Sediment, Turbidity, & Discharge Monitoring Report. 
S.l.: Gallatin National Forest.   

Sullivan, S. M. P. and M. C. Watzin. 2010. Towards a Functional  Understanding of the Effects of 
Sediment Aggradation on Stream Fish Conditions. Rier Research and Applications. 26(10): 1298-
1314. 

Suplee, Michael and Vicki Watson. 2012. Scientific and Technical Basis of the Numeric Nutrient Criteria 
for Montana's Wadeable Streams and Rivers: Addendum 1. Helena, MT: Montana Department 
of Environmental Quality.   

Suplee, Michael W. and R. Sada de Suplee. 2011. Assessment Methodology for Determining Wadeable 
Stream Impairment Due to Excess Nitrogen and Phosphorus Levels. Helena, MT: Montana 
Department of Environmental Quality.   

Suplee, Michael W., Arun Varghese, and Joshua Cleland. 2008a. Developing Nutrient Criteria for 
Streams: An Evaluation of the Frequency Distribution Method. Journal of the American Water 
Resources Association. 43(2): 456-472. 

Suplee, Michael W., Vicki Watson, Mark E. Teply, and Heather McKee. 2009. How Green Is Too Green? 
Public Opinion of What Constitutes Undesirable Algae Levels in Streams. Journal of the American 
Water Resources Association. 45(1): 123-140. 

Suplee, Michael W., Vicki Watson, Arun Varghese, and Joshua Cleland. 2008b. Draft Scientific and 
Technical Basis of the Numeric Nutrient Criteria for Montana's Wadeable Streams and Rivers. 
Helena, MT: Montana Department of Environmental Quality.   

-----. 2008c. Scientific and Technical Basis of the Numeric Nutrient Criteria for Montana's Wadeable 
Streams and Rivers. Helena, MT: Montana Department of Environmental Quality.   

-----. 2012. May 2012 Draft - Scientific and Technical Basis of the Numeric Nutrient Criteria for Montana's 
Wadeable Streams and Rivers. Helena, MT: Montana Department of Environmental Quality.   

Suttle, K. B., M. E. Power, J. M. Levine, and C. McNeeley. 2004. How Fine Sediment in Riverbeds Impairs 
Growth and Survival of Juvenile Salmonids. Ecological Applications. 14(4): 969-974. 

U.S. Department of Agriculture and U.S. Environmental Protection Agency. 1999. Unified National 
Strategy for Animal Feeding Operations.  EPA Number 833R99900. 
http://www.epa.gov/npdes/pubs/finafost.pdf.  

U.S. Department of Agriculture, Forest Service. 1995. Inland Native Fish Strategy: Interim Strategies for 
Managing Fish-Producing Watersheds in Eastern Oregon and Washington, Idaho, Western 
Montana and Portions of Nevada. Washington, D.C.: USDA Forest Service.   

http://www.epa.gov/npdes/pubs/finafost.pdf


Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-8 

-----. 2006. Gallatin National Forest Travel Plan Final Environmental Impact Statement. Bozeman, MT: 
Gallatin National Forest, Bozeman Ranger District.   

U.S. Department of Agriculture, Forest Service, Gallatin National Forest. 2011. Bozeman Municipal 
Watershed Project: Supplemental Final EIS and Record of Decision. Bozeman, MT: Gallatin 
National Forest, Bozeman Ranger District.   

U.S. Environmental Protection Agency. 1999a. Protocol for Developing Nutrient TMDLs. Washington, 
D.C.: EPA Office of Water.  EPA 841-B-99-007.  

-----. 1999b. Protocol for Developing Sediment TMDLs. Washington, D.C.: U.S. Environmental Protection 
Agency.  EPA 841-B-99-004.  

-----. 2009a. Development Document for Final Effluent Guidelines and Standards for the Contruction & 
Development Category.  U.S. Environmental Protection Agency.  
http://water.epa.gov/scitech/wastetech/guide/construction/upload/2009_12_8_guide_constru
ction_files_chapters.pdf.  

-----. 2009b. Preliminary Data Summary of Urban Stormwater Best Management Practices.  EPA-821-R-
99-012.  

-----. 2010. Using Stressor-Response Relationships to Derive Numeric Nutrient Criteria. Washington, DC: 
Office of Science and Technology, Office of Water, EPA.  EPA-820-S-10-001.  

U.S. Forest Service. 2007. North Bridgers Allotment Management Plan Update Draft Environmental 
Impact Statement, Bozeman Ranger District, Gallatin National Forest, Bozeman, Montana: 
Bozeman Ranger District. 

-----. 2009. Bangtail Mountains Allotment Management Plan Update Environmental Assessment, Gallatin 
National Forest, Bozeman Ranger District, Bozeman, Montana. 

-----. 2011. USDA Forest Service Watershed Condition Framework: FY2012 Transition Watershed 
Restoration Plan, Gallatin National Forest.   

United States Code of Federal Regulations. 2012. 40 CFR 130.2.  
http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?c=ecfr&sid=3dbaff7898ca5c8e8a0f5f9f1752a972&rgn=div8&view=text&node=40:22.0.1.1.1.
0.1.3&idno=40. Accessed 8/30/2012. 

United States Environmental Protection Agency. 2001. Protocol for Developing Nutrient TMDLs. 
Washington, D.C.: EPA Office of Water.  EPA 841-R-00-002.  

http://water.epa.gov/scitech/wastetech/guide/construction/upload/2009_12_8_guide_construction_files_chapters.pdf
http://water.epa.gov/scitech/wastetech/guide/construction/upload/2009_12_8_guide_construction_files_chapters.pdf
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=3dbaff7898ca5c8e8a0f5f9f1752a972&rgn=div8&view=text&node=40:22.0.1.1.1.0.1.3&idno=40
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=3dbaff7898ca5c8e8a0f5f9f1752a972&rgn=div8&view=text&node=40:22.0.1.1.1.0.1.3&idno=40
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=3dbaff7898ca5c8e8a0f5f9f1752a972&rgn=div8&view=text&node=40:22.0.1.1.1.0.1.3&idno=40


Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-9 

USDA Forest Service. 2006. Effectiveness Monitoring for Streams and Riparian Areas Within the Pacific 
Northwest: Stream Channel Methods for Core Attributes.  United States Department of 
Agriculture, Forest Service.   

Vuke, S. M., Jeff D. Lonn, R. D. Berg, and K. S. Kellogg. 2002. Preliminary Geologic Map of the Bozeman 
30' X 60' Quadrangle South Western Montana.  Montana Bureau of Mines and Geology Open 
File Report MBMG 469.  

Water & Environmental Technologies. 2010. Road Sediment Assessment & Modeling: Lower Gallatin 
River TPA. Butte, MT: Water & Environmental Technologies, PC.  Contract # 210138.  

Water Consulting, Inc. 2002. As-Built Monitoring Report for the Beaver Meadows Ranch Fish Habitat 
Improvement Project on the Boulder River.  WCI Project No. 99-006.  

Weaver, Thomas M. and John Fraley. 1991. Fisheries Habitat and Fish Populations in Flathead Basin 
Forest Practices Water Quality and Fisheries Cooperative Program. Kalispell, MT: Flahead Basin 
Commission.   

Wegner, Seth. 1999. A Review of the Scientific Literature on Riparian Buffers Width, Extent and 
Vegetation.  Institute of Ecology, University of Georgia.   

Wolman, M. G. 1954. A Method of Sampling Coarse River-Bed Material. Transactions of the American 
Geophysical Union. 35(6): 951-956. 

World Health Organization. 2003. Guidelines for Safe Recreational Water Environments, Volume 1: 
Coastal and Fresh Waters. Geneva, Switzerland: World Health Organization.  
http://www.who.int/water_sanitation_health/bathing/srwe1/en/.  

Wright, Patricia and Paul Anderson. 2001. Fish Physiology: Nitrogen Excretion. P. Wright and P. 
Anderson (Eds.), San Diego,CA: Academic Press. 

Zweig, L. D. and C. F. Rabeni. 2001. Biomonitoring for Deposited Sediment Using Benthic Invertebrates: 
A Test on Four Missouri Streams. Journal of the North American Benthological Society. 20: 643-
657. 

 

 

  

http://www.who.int/water_sanitation_health/bathing/srwe1/en/


Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Section 12.0 
 

3/28/13 FINAL 12-10 

 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix A 

3/28/13 FINAL A-1 

APPENDIX A - FIGURES AND TABLES 

 

LIST OF TABLES 

Table A-1. 2012 303(d) Impaired Waterbodies, Impairment Causes, Impaired Uses, and Impairment 
Cause Status in the Lower Gallatin Project Area ...................................................................................... A-3 
 

LIST OF FIGURES 

Figure A-1. Vicinity Map and 303(d) Listed Streams in the Lower Gallatin TMDL Planning Area. ........... A-2 
Figure A-2. Precipitation in the Lower Gallatin TMDL Planning Area ....................................................... A-8 
Figure A-3. Geology of the Lower Gallatin TMDL Planning Area .............................................................. A-9 
Figure A-4. Soil Units of the Lower Gallatin TMDL Planning Area .......................................................... A-10 
Figure A-5. Hydrologic Soil Groups in the Lower Gallatin TMDL Planning Area ..................................... A-11 
Figure A-6. Universal Soil Loss Equation (USLE) Factor “K” in the Lower Gallatin TMDL Planning Area ........ 
 ................................................................................................................................................................ A-12 
Figure A-7. Soil Permeabilities in the Lower Gallatin TMDL Planning Area ............................................ A-13 
Figure A-8. Level IV Ecoregions Found in the Lower Gallatin TMDL Planning Area................................ A-14 
Figure A-9. National Land Cover Data Vegetation Types in the Lower Gallatin TMDL Planning Area ... A-15 
Figure A-10. Riparian/Wetland Areas in the Gallatin Local Water Quality District ................................ A-16 
Figure A-11. Prime and Important Farmlands in the Lower Gallatin TMDL Planning Area .................... A-17 
Figure A-12. Estimated Average Depth to Groundwater Based on Static Groundwater ....................... A-18 
Figure A-13. Changes in the Number of Groundwater Wells Installed Over Time in the Lower Gallatin 
TMDL Planning Area ................................................................................................................................ A-19 
Figure A-14. Fifth Code Hydrologic Unit Code Areas, SNOTEL Stations and Stream Gaging Locations .......... 
 ................................................................................................................................................................ A-20 
Figure A-15. Controlled Groundwater Areas in the Lower Gallatin TMDL Planning Area ...................... A-21 
Figure A-16. Changes in Septic System Densities between 1990 and 2000 in the Lower Gallatin TMDL 
Planning Area .......................................................................................................................................... A-22 
Figure A-17. Land Ownership within the Lower Gallatin TMDL Planning Area ...................................... A-23 
Figure A-18. Timber Harvests within the Lower Gallatin TMDL Planning Area ...................................... A-24 
Figure A-19. Historic Wildland Fires within the Lower Gallatin TMDL Planning Area ............................ A-25 
Figure A-20. Active and Abandoned Mines within the Lower Gallatin TMDL Planning Area ................. A-26 
Figure A-21. Changes in Population Density between 1990 and 2000 in the Lower Gallatin TMDL Planning 
Area ......................................................................................................................................................... A-27 
Figure A-22. Location of active Montana Pollutant Discharge Elimination Systems as of March 19, 2012 ... 
 ................................................................................................................................................................ A-28 
 
 
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix A 

3/28/13 FINAL A-2 

 

 
Figure A-1. Vicinity Map and 303(d) Listed Streams in the Lower Gallatin TMDL Planning Area. 
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Table A-1. 2012 303(d) Impaired Waterbodies, Impairment Causes, Impaired Uses, and Impairment Cause Status in the Lower Gallatin Project Area 
Waterbody & Location 

Description Waterbody ID Impairment Cause TMDL Pollutant 
Category Impaired Usesa Impairment Cause Status 

BEAR CREEK, 
headwaters to mouth (Rocky 
Creek) 

MT41H003_081 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE Addressed by sediment TMDL 

contained in this document 

Excess Algal Growth Not a Pollutant PRIMARY CONTACT RECREATION  Addressed by TP TMDL contained 
in this document 

Phosphorus (Total) Nutrients AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

TP TMDL contained in this 
document 

Sedimentation/Siltation Sediment AQUATIC LIFE Sediment TMDL contained in this 
document 

Solids (Suspended/Bedload) Sediment AQUATIC LIFE 
INDUSTRIAL 

Addressed by sediment TMDL 
contained in this document 

BOZEMAN CREEKa, 
confluence of Limestone 
Creek and Bozeman Creek 
(T25 R6E S6) to the mouth 
(East Gallatin River) 

MT41H003_040 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE  Addressed by sediment TMDL in 

this document 

Chlorophyll-a Not a Pollutant PRIMARY CONTACT RECREATION  Addressed by TN TMDL in this 
document 

Escherichia coli Pathogens PRIMARY CONTACT RECREATION  E. coli TMDL contained in this 
document 

Phosphorus (Total) Nutrients AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

Not impaired based on 2011 
assessment 

Sedimentation/Siltation Sediment AQUATIC LIFE Sediment TMDL contained in this 
document 

Nitrogen (Total) Nutrients AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

TN TMDL contained in this 
document 

BRIDGER CREEK,  
headwaters to mouth (East 
Gallatin River) 

MT41H003_110 

Chlorophyll-a Not a Pollutant PRIMARY CONTACT RECREATION  Addressed by N03+N02 TMDL 
contained in this document 

Phosphorus (Total) Nutrients AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

Not impaired based on 2011 
assessment 

Nitrogen (Total) Nutrients AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

Impairment cause removed and 
replaced by Nitrate+Nitrite 
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Table A-1. 2012 303(d) Impaired Waterbodies, Impairment Causes, Impaired Uses, and Impairment Cause Status in the Lower Gallatin Project Area 
Waterbody & Location 

Description Waterbody ID Impairment Cause TMDL Pollutant 
Category Impaired Usesa Impairment Cause Status 

CAMP CREEK,  
headwaters to mouth 
(Gallatin River) 

MT41H002_010 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE Addressed by sediment TMDL 

contained in this document 

Escherichia coli Pathogens AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

E. coli TMDL contained in this 
document 

Low flow alterations Not a Pollutant AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

Addressed by sediment TMDL 
contained in this document 

Nitrogen (Total) Nutrients AQUATIC LIFE TN TMDL contained in this 
document 

Other anthropogenic substrate 
alterations Not a Pollutant AQUATIC LIFE Addressed by sediment TMDL 

contained in this document 
Physical substrate habitat 
alterations Not a Pollutant AQUATIC LIFE Addressed by sediment TMDL 

contained in this document 

Sedimentation/Siltation Sediment AQUATIC LIFE Sediment TMDL contained in this 
document 

DRY CREEK,  
headwaters to mouth (East 
Gallatin River) 

MT41H003_100 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE Addressed by sediment TMDL 

contained in this document 

Cause unknown Not a Pollutant PRIMARY CONTACT RECREATION  Not addressed in this documentb 

Nitrogen (Total) Nutrients AQUATIC LIFE TN TMDL contained in this 
document 

Phosphorus (Total) Nutrients AQUATIC LIFE TP TMDL contained in this 
document 

Physical substrate habitat 
alterations Not a Pollutant AQUATIC LIFE Addressed by sediment TMDL 

contained in this document 

Sedimentation/Siltation Sediment AQUATIC LIFE Sediment TMDL contained in this 
document 

EAST GALLATIN RIVER,  
confluence of Rocky and 
Bear Creeks to Bridger Creek 

MT41H003_010 
Nitrogen (Total) Nutrients AQUATIC LIFE TN TMDL contained in this 

document 

Phosphorus (Total) Nutrients AQUATIC LIFE TP TMDL contained in this 
document 
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Table A-1. 2012 303(d) Impaired Waterbodies, Impairment Causes, Impaired Uses, and Impairment Cause Status in the Lower Gallatin Project Area 
Waterbody & Location 

Description Waterbody ID Impairment Cause TMDL Pollutant 
Category Impaired Usesa Impairment Cause Status 

EAST GALLATIN RIVER,  
Bridger Creek to Smith Creek MT41H003_020 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE Not yet addressed by a TMDL or 

restoration plan  

Excess Algal Growth Not a Pollutant PRIMARY CONTACT RECREATION  Addressed by TN and TP TMDLs 
contained in this document 

Low flow alterations Not a Pollutant AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

Not yet addressed by a TMDL or 
restoration plan  

Nitrogen (Total) Nutrients AQUATIC LIFE TN TMDL contained in this 
document 

Phosphorus (Total) Nutrients AQUATIC LIFE TP TMDL contained in this 
document 

pH pH/Acidity/ 
Caustic Conditions AQUATIC LIFE Not impaired based on 2011 

assessment 

EAST GALLATIN RIVER,  
Smith Creek to mouth 
(Gallatin River) 

MT41H003_030 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE  Not yet addressed by a TMDL or 

restoration plan 

Nitrogen (Total) Nutrients AQUATIC LIFE TN TMDL contained in this 
document 

pH pH/Acidity/ 
Caustic Conditions AQUATIC LIFE Not impaired based on 2011 

assessment 
GALLATIN RIVER,  
Spanish Creek to mouth 
(Missouri River) 

MT41H001_010 Low flow alterations Not a Pollutant 
AQUATIC LIFE 
PRIMARY CONTACT RECREATION  
INDUSTRIAL 

Not yet addressed by a TMDL or 
restoration plan  

GODFREY CREEK,  
headwaters to mouth 
(Moreland Ditch; T15 R3E 
S12) 

MT41H002_020 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE 

AGRICULTURAL 
Addressed by sediment TMDL 
contained in this document 

Excess Algal Growth Not a Pollutant AQUATIC LIFE 
AGRICULTURAL 

Addressed by TN and TP TMDLs 
contained in this document 

Escherichia coli Pathogens PRIMARY CONTACT RECREATION  E. coli TMDL contained in this 
document 

Nitrogen (Total) Nutrients AQUATIC LIFE 
AGRICULTURAL 

TN TMDL contained in this 
document 

Phosphorus (Total) Nutrients AQUATIC LIFE 
AGRICULTURAL 

TP TMDL contained in this 
document 

Sedimentation/Siltation Sediment AQUATIC LIFE 
AGRICULTURAL 

Sediment TMDL contained in this 
document 

HYALITE CREEK,  
headwaters to the top of 
Hyalite Reservoir (T45 R6E 
S23) 

MT41H003_129 
Phosphorus (Total) Nutrients AQUATIC LIFE 

PRIMARY CONTACT RECREATION  
Not impaired based on 2012 
assessment 

Total Nitrogen (TN) Nutrients AQUATIC LIFE 
COLDWATER FISHERY  

Not impaired based on 2012 
assessment 
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Table A-1. 2012 303(d) Impaired Waterbodies, Impairment Causes, Impaired Uses, and Impairment Cause Status in the Lower Gallatin Project Area 
Waterbody & Location 

Description Waterbody ID Impairment Cause TMDL Pollutant 
Category Impaired Usesa Impairment Cause Status 

HYALITE CREEK,  
Hyalite Reservoir to the 
Bozeman water supply 
diversion ditch (T35 R5E S23) 

MT41H003_130 
Phosphorus (Total) Nutrients AQUATIC LIFE 

PRIMARY CONTACT RECREATION  
Not impaired based on 2012 
assessment 

Total Nitrogen (TN) Nutrients AQUATIC LIFE Not impaired based on 2012 
assessment 

HYALITE CREEK,  
Bozeman water supply 
intake to the mouth (East 
Gallatin River) 

MT41H003_132 Low flow alterations Not a Pollutant PRIMARY CONTACT RECREATION  Not yet addressed by a TMDL or 
restoration  

JACKSON CREEK,  
headwaters to mouth (Rocky 
Creek) 

MT41H003_050 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE Addressed by sediment TMDL 

contained in this document 

Chlorophyll-a Not a Pollutant AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

Addressed by TP TMDL contained 
in this document 

Phosphorus (Total) Nutrients AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

TP TMDL contained in this 
document 

Sedimentation/Siltation Sediment AQUATIC LIFE Sediment TMDL contained in this 
document 

REESE CREEK,  
headwaters to mouth (Smith 
Creek) 

MT41H003_070 

Escherichia coli Pathogens PRIMARY CONTACT RECREATION  E. coli TMDL contained in this 
document 

Nitrates Nutrients AQUATIC LIFE Nitrate+Nitrite TMDL contained 
in this document 

Solids (Suspended/Bedload) Sediment AQUATIC LIFE Sediment TMDL contained in this 
document 

ROCKY CREEK,  
confluence of Jackson and 
Timberline Creeks to mouth 
(East Gallatin River) 

MT41H003_080 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE  Addressed by sediment TMDL 

contained in this document 
Other anthropogenic substrate 
alterations Not a Pollutant AQUATIC LIFE  Addressed by sediment TMDL 

contained in this document 
Physical substrate habitat 
alterations Not a Pollutant AQUATIC LIFE  Addressed by sediment TMDL 

contained in this document 

Sedimentation/Siltation Sediment AQUATIC LIFE  Sediment TMDL contained in this 
document 

SMITH CREEK,  
confluence of Ross and 
Reese Creeks to mouth (East 
Gallatin River) 

MT41H003_060 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE  Addressed by sediment TMDL 

contained in this document 

Escherichia coli Pathogens PRIMARY CONTACT RECREATION  E. coli TMDL contained in this 
document 

Nitrates Nutrients AQUATIC LIFE 
COLDWATER FISHERY  

Nitrate+Nitrite TMDL contained 
in this document 
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Table A-1. 2012 303(d) Impaired Waterbodies, Impairment Causes, Impaired Uses, and Impairment Cause Status in the Lower Gallatin Project Area 
Waterbody & Location 

Description Waterbody ID Impairment Cause TMDL Pollutant 
Category Impaired Usesa Impairment Cause Status 

Physical substrate habitat 
alterations Not a Pollutant AQUATIC LIFE  Addressed by sediment TMDL 

contained in this document 

Sedimentation/Siltation Sediment AQUATIC LIFE  Sediment TMDL contained in this 
document 

SOUTH COTTONWOOD 
CREEK,  
Middle Creek Assoc Ditch 
diversion to mouth (Gallatin 
River) 

MT41H002_031 Low flow alterations Not a Pollutant AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

Not yet addressed by a TMDL or 
restoration plan  

STONE CREEK,  
headwaters to mouth 
(Bridger Creek) 

MT41H003_120 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE  Addressed by sediment TMDL 

contained in this document 

Sedimentation/Siltation Sediment AQUATIC LIFE  Sediment TMDL contained in this 
document 

THOMPSON CREEK 
(Thompson Spring),  
headwaters to mouth (East 
Gallatin River) 

MT41H003_090 

Alteration in streamside or littoral 
vegetative covers Not a Pollutant AQUATIC LIFE  Addressed by sediment TMDL 

contained in this document 
Chlorophyll-a Not a Pollutant AQUATIC LIFE  

PRIMARY CONTACT RECREATION  
Addressed by TN TMDL 
contained in this document 

Nitrogen (Total) Nutrients AQUATIC LIFE 
PRIMARY CONTACT RECREATION  

TN TMDL contained in this 
document 

Sedimentation/Siltation Sediment AQUATIC LIFE  Sediment TMDL contained in this 
document 

a Sourdough Creek is identified on the high resolution National Hydrography Dataset (NHD) as Bozeman Creek and will be referred to as Bozeman Creek here. b Cause Unknown for 
Dry Creek linked to high fecal coliform counts in 1970s in assessment file; not enough data to make a final assessment; future monitoring for E. coli has been advised. 
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Figure A-2. Precipitation in the Lower Gallatin TMDL Planning Area 
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Figure A-3. Geology of the Lower Gallatin TMDL Planning Area 
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Figure A-4. Soil Units of the Lower Gallatin TMDL Planning Area 
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Figure A-5. Hydrologic Soil Groups in the Lower Gallatin TMDL Planning Area 
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Figure A-6. Universal Soil Loss Equation (USLE) Factor “K” in the Lower Gallatin TMDL Planning Area 
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Figure A-7. Soil Permeabilities in the Lower Gallatin TMDL Planning Area 
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Figure A-8. Level IV Ecoregions Found in the Lower Gallatin TMDL Planning Area 
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Figure A-9. National Land Cover Data Vegetation Types in the Lower Gallatin TMDL Planning Area 
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Figure A-10. Riparian/Wetland Areas in the Gallatin Local Water Quality District
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Figure A-11. Prime and Important Farmlands in the Lower Gallatin TMDL Planning Area 
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Figure A-12. Estimated Average Depth to Groundwater Based on Static Groundwater 
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Figure A-13. Changes in the Number of Groundwater Wells Installed Over Time in the Lower Gallatin TMDL Planning Area 
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Figure A-14. Fifth Code Hydrologic Unit Code Areas, SNOTEL Stations and Stream Gaging Locations 
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Figure A-15. Controlled Groundwater Areas in the Lower Gallatin TMDL Planning Area 
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Figure A-16. Changes in Septic System Densities between 1990 and 2000 in the Lower Gallatin TMDL Planning Area
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Figure A-17. Land Ownership within the Lower Gallatin TMDL Planning Area 
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Figure A-18. Timber Harvests within the Lower Gallatin TMDL Planning Area 
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Figure A-19. Historic Wildland Fires within the Lower Gallatin TMDL Planning Area
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Figure A-20. Active and Abandoned Mines within the Lower Gallatin TMDL Planning Area 
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Figure A-21. Changes in Population Density between 1990 and 2000 in the Lower Gallatin TMDL Planning Area
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Figure A-22. Location of active Montana Pollutant Discharge Elimination Systems as of March 19, 2012 
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix B 

3/28/13 FINAL B-1 

APPENDIX B - REGULATORY FRAMEWORK AND REFERENCE CONDITION 
APPROACH  

This appendix presents details about applicable Montana Water Quality Standards (WQS) and the 
general and statistical methods used for development of reference conditions. 
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ACRONYMS 

Acronym Definition 
ARM Administrative Rules of Montana 
BER Board of Environmental Review (Montana) 
CFR Code of Federal Regulations 
CWA Clean Water Act 
DEQ Department of Environmental Quality (Montana) 
EPA Environmental Protection Agency (US) 
HHC Human Health Criteria 
MCA Montana Codes Annotated  
MCL Maximum Contaminant Level 
TMDL Total Maximum Daily Load 
TN Total Nitrogen 
TP Total Phosphorus 
TSS Total Suspended Solids 
UAA Use Attainability Analysis 
WQA Water Quality Act 
WQS Water Quality Standards 
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B1.0 TMDL DEVELOPMENT REQUIREMENTS 

Section 303(d) of the federal Clean Water Act (CWA) and the Montana Water Quality Act (WQA) 
(Section 75-5-703) requires development of TMDLs for impaired waterbodies that do not meet Montana 
WQS. Although waterbodies can become impaired from pollution (e.g. low flow alterations and habitat 
degradation) and pollutants (e.g. nutrients, sediment, metals, pathogens, and temperature), the CWA 
and Montana state law (75-5-703) require TMDL development only for impaired waters with pollutant 
causes. Section 303(d) also requires states to submit a list of impaired waterbodies to the U.S. 
Environmental Protection Agency (EPA) every two years. Prior to 2004, EPA and DEQ referred to this list 
simply as the 303(d) list.  
 
Since 2004, EPA has requested that states combine the 303(d) list with the 305(b) report containing an 
assessment of Montana’s water quality and its water quality programs. EPA refers to this new combined 
303(d)/305(b) report as the Integrated Water Quality Report. The 303(d) list also includes identification 
of the probable cause(s) of the water quality impairment (e.g. pollutants such as metals, nutrients, 
sediment, pathogens or temperature), and the suspected source(s) of the pollutants of concern (e.g. 
various land use activities). State law (MCA 75-5-702) identifies that a sufficient credible data 
methodology for determining the impairment status of each waterbody is used for consistency. The 
impairment status determination methodology is identified in DEQ’s Water Quality Assessment Process 
and Methods found in Appendix A of Montana’s Water Quality Integrated Report (Montana Department 
of Environmental Quality, 2006).  
 
Under Montana state law, an "impaired waterbody" is defined as a waterbody or stream segment for 
which sufficient credible data show that the waterbody or stream segment is failing to achieve 
compliance with applicable WQS (Montana Water Quality Act; Section 75-5-103(11)). A “threatened 
waterbody” is defined as a waterbody or stream segment for which sufficient credible data and 
calculated increases in loads show that the waterbody or stream segment is fully supporting its 
designated uses, but threatened for a particular designated use because of either (a) proposed sources 
that are not subject to pollution prevention or control actions required by a discharge permit, the 
nondegradation provisions, or reasonable land, soil, and water conservation practices or (b) 
documented adverse pollution trends (Montana WQA; Section 75-5-103(31)). State law and Section 
303(d) of the CWA require states to develop all necessary TMDLs for impaired or threatened 
waterbodies. There are no threatened waterbodies within the Lower Gallatin TMDL Project Area. 
 
A TMDL is a pollutant budget for a waterbody identifying the maximum amount of the pollutant that a 
waterbody can assimilate without causing applicable WQS to be exceeded (violated). TMDLs are often 
expressed in terms of an amount, or load, of a particular pollutant (expressed in units of mass per time 
such as pounds per day). TMDLs must account for loads/impacts from point and nonpoint sources in 
addition to natural background sources and must incorporate a margin of safety and consider influences 
of seasonality on analysis and compliance with WQS. Section 4.0 of the main document provides a 
description of the components of a TMDL. 
 
To satisfy the federal CWA and Montana state law, TMDLs are developed for each waterbody-pollutant 
combination identified on Montana’s 303(d) list of impaired or threatened waters, and are often 
presented within the context of a water quality restoration or protection plan. State law (Administrative 
Rules of Montana 75-5-703(8)) also directs Montana DEQ to “…support a voluntary program of 
reasonable land, soil, and water conservation practices to achieve compliance with water quality 
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standards for nonpoint source activities for waterbodies that are subject to a TMDL…” This is an 
important directive that is reflected in the overall TMDL development and implementation strategy 
within this plan. It is important to note that water quality protection measures are not considered 
voluntary where such measures are already a requirement under existing federal, state, or local 
regulations. 
 

B2.0 APPLICABLE WATER QUALITY STANDARDS  

WQS include the uses designated for a waterbody, the legally enforceable standards that ensure that 
the uses are supported, and a nondegradation policy that protects the high quality of a waterbody. The 
ultimate goal of this TMDL document, once implemented, is to ensure that all designated beneficial uses 
are fully supported and all water quality standards are met. Water quality standards form the basis for 
the targets described in Sections B5.4, B6.4, and B7.4. Pollutants addressed in this framework water 
quality improvement plan include sediment and temperature. This section provides a summary of the 
applicable water quality standards for these pollutants.  
 

B2.1 CLASSIFICATION AND BENEFICIAL USES 
Classification is the assignment (designation) of a single or group of uses to a waterbody based on the 
potential of the waterbody 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 (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 
waterbody must be maintained suitable for that designated use. When natural conditions limit or 
preclude a designated use, permitted point source discharges or nonpoint source activities or pollutant 
discharges must 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 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 B-1. All waterbodies within the Lower Gallatin TMDL project area are classified as B-1 (see Section 
B3.1 and Table B-1 in the main document for individual stream classifications).   
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Table B-1. Montana Surface Water Classifications and Designated Beneficial Uses 
Classification Designated Uses 
A-CLOSED 
CLASSIFICATION: 

Waters classified A-Closed are to be maintained suitable for drinking, culinary and 
food processing purposes after simple disinfection. 

A-1 CLASSIFICATION: 
Waters classified A-1 are to be maintained suitable for drinking, culinary and food 
processing purposes after conventional treatment for removal of naturally present 
impurities. 

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. 

B-2 CLASSIFICATION: 

Waters classified B-2 are to be maintained suitable for drinking, culinary and food 
processing purposes after conventional treatment; bathing, swimming and 
recreation; growth and marginal propagation of salmonid fishes and associated 
aquatic life, waterfowl and furbearers; and agricultural and industrial water supply. 

B-3 CLASSIFICATION: 

Waters classified B-3 are to be maintained suitable for drinking, culinary and food 
processing purposes after conventional treatment; bathing, swimming and 
recreation; growth and propagation of non-salmonid fishes and associated aquatic 
life, waterfowl and furbearers; and agricultural and industrial water supply. 

C-1 CLASSIFICATION: 
Waters classified C-1 are to be maintained suitable for bathing, swimming and 
recreation; growth and propagation of salmonid fishes and associated aquatic life, 
waterfowl and furbearers; and agricultural and industrial water supply. 

C-2 CLASSIFICATION: 
Waters classified C-2 are to be maintained suitable for bathing, swimming and 
recreation; growth and marginal propagation of salmonid fishes and associated 
aquatic life, waterfowl and furbearers; and agricultural and industrial water supply. 

C-3 CLASSIFICATION: 

Waters classified C-3 are to be maintained suitable for bathing, swimming and 
recreation; growth and propagation of non-salmonid fishes and associated aquatic 
life, waterfowl and furbearers. The quality of these waters is naturally marginal for 
drinking, culinary and food processing purposes, agriculture and industrial water 
supply. 

I CLASSIFICATION: 

The goal of the State of Montana is to have these waters fully support the following 
uses: drinking, culinary and food processing purposes after conventional treatment; 
bathing, swimming and recreation; growth and propagation of fishes and associated 
aquatic life, waterfowl and furbearers; and agricultural and industrial water supply. 

 

B2.2 STANDARDS 
In addition to the use classifications described above, Montana’s WQS include numeric and narrative 
criteria as well as a nondegradation policy. 
 
Numeric Standards 
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 DEQ-7 (Montana Department of 
Environmental Quality, 2010). 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., lifelong) 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 
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parameter. The protection afforded by the chronic standards includes detrimental effects to 
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 the 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 the waterbody.  
 
Narrative Standards 
Narrative standards have been developed for substances or conditions for which sufficient information 
does not exist to develop specific numeric standards. The term “Narrative Standards” commonly refers 
to the General Prohibitions in ARM 17.30.637 and other descriptive portions of the surface WQS. 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 waterbody. 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 Lower Gallatin TMDL project area are 
summarized below. In addition to the standards below, the beneficial-use support standard for B-1 
streams, as defined above, can apply to other conditions, often linked to pollution, limiting aquatic life. 
These other conditions can include effects from dewatering/flow alterations and effects from habitat 
modifications.  
 
B2.2.1 Sediment Standards 
Sediment (i.e., coarse and fine bed sediment) and suspended sediment are addressed via the narrative 
criteria identified in Table B-2. 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 B-2).  
 
Table B-2. Applicable Rules for Sediment Related Pollutants 

Rule Standard 

17.30.623(2) No person may violate the following specific water quality standards for waters 
classified B-1: 

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. 

17.30.623(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.  
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Table B-2. Applicable Rules for Sediment Related Pollutants 
Rule Standard 

17.30.637(1) State surface waters must be free from substances attributable to municipal, 
industrial, agricultural practices or other discharges that will: 

17.30.637(1)(a) Settle to form objectionable sludge deposits or emulsions beneath the surface of 
the water or upon adjoining shorelines; 

17.30.637(1)(d) Create concentrations or combinations of materials that are toxic or harmful to 
human, animal, plant, or aquatic life. 

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. 

17.30.602(25) 

“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.  

  
B2.2.2 Nutrient Standards 
The narrative standards applicable to nutrients in Montana are contained in the General Prohibitions of 
the surface water quality standards (ARM 17.30.637 et. Seq.,). The prohibition against the creation of 
“conditions which produce undesirable aquatic life” is generally the most relevant to nutrients. 
Undesirable aquatic life includes bacteria, fungi, and algae. Montana has recently developed draft 
nutrient criteria for nitrate+nitrite nitrogen (NO2+NO3), total nitrogen (TN), total phosphorus (TP), and 
chlorophyll-a based on the Level III ecoregion in which a stream is located (Suplee, et al., 2008). For the 
Middle Rockies Level III ecoregion, draft water quality criteria for NO2+NO3, TN, TP, and chlorophyll-a 
are presented in Table B-3. These criteria are growing season, or summer, values applied from July 1st 
through September 30th. Additionally, numeric human health standards exist for nitrogen (Table B-4), 
but the narrative standard is most applicable to nutrients as the concentration in most waterbodies in 
Montana is well below the human health standard and the nutrients contribute to undesirable aquatic 
life at much lower concentrations than the human health standard. 
 
Table B-3. Numeric Nutrient and Benthic Algae Criteria for the Middle Rockies Ecoregion. 

Parameter Criteria 
Nitrate+Nitrite Nitrogen ≤ 0.100 mg/L 
Total Nitrogen ≤ 0.300 mg/L 
Total Phosphorus ≤ 0.030 mg/L 
Benthic Algae ≤ 129 mg/m² 
 
Table B-4. Human Health Standards for Nitrogen for the State of Montana. 

Parameter Human Health Standard (μL)1 
Nitrate as Nitrogen (NO3-N) 10,000 
Nitrite as Nitrogen (NO2-N) 1,000 
Nitrate plus Nitrite as N 10,000 
1Maximum Allowable Concentration. 
 
In the Lower Gallatin TMDL project area, the level IV Absaroka-Gallatin-Volcanics has different water 
quality targets than the Middle Rockies Level III ecoregion due to the presence of naturally occurring 
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phosphorus deposits. The Absaroka-Gallatin-Volcanics Level IV ecoregion influenced water quality target 
development on waterbodies receiving flows from the Bozeman Creek and Hyalite Creek drainages. This 
is documented in the main body of the TMDL document in Section 6.4 and in Attachment D. 
 
B2.2.3 Pathogens Standards 
Pathogens 
For pathogen impairments, the Montana standard is based on concentrations of Escherichia coli (E. coli). 
The Montana standard for pathogen pollutants for B-1 waterbodies specifies: 
 

The geometric mean number of E. coli may not exceed 126 cfu/100mL and 10% of the total 
samples may not exceed 252 cfu/100mL during any 30-day period between April 1 through 
October 31 [ARM 17.30.623 (2)(i)] (Table B-5). From November 1 through March 31, the 
geometric mean number of E. coli may not exceed 630 cfu/100mL and 10% of the samples may 
not exceed 1,260 cfu/100mL during any 30-day period [ARM 17.30.623 (2)(ii)]. The E. coli 
bacteria standard is based on a minimum of five samples obtained during separate 24-hour 
periods during any consecutive 30-day period that are analyzed by the most probable number 
(MPN) or equivalent membrane filter method [ARM 17.30.620(2)]. The geometric mean is the 
value obtained by taking the Nth root of the product of the measured values where values below 
the detection limit are taken to be the detection limit [ARM 17.30.602(13)].  

 
Table B-5. Montana Standards for Pathogen Pollutants for B-1 Waterbodies. 

Applicable 
Period Standard 

Geometric mean 
of 5 samples 

collected over a 
30-day time 

period 

No more than 
10% of the 

samples shall 
exceed: 

April 1 - 
October 31 

The geometric mean number of E-coli may not exceed 
126 colony forming units per 100 milliliters and 10% of 
the total samples may not exceed 252 colony forming 
units per 100 milliliters during any 30-day period (ARM 
17.30.623 (2)(i)).  

<126 cfu/100mL 252 cfu/100mL 

November 1 
- March 31 

The geometric mean number of E-coli may not exceed 
630 colony forming units per 100 milliliters and 10% of 
the samples may not exceed 1,260 colony forming units 
per 100 milliliters during any 30-day period (ARM 
17.30.623 (2)(ii)). 

<630 cfu/100mL 1,260 cfu/100mL 

 
B2.2.4 pH Standards 
pH 
For human health, changes in pH are addressed by the general narrative criteria in ARM 17.30.601 et 
seq. and ARM 17.30.1001 et seq. For aquatic life, which can be sensitive to small pH changes, criteria are 
specified for each waterbody use classification. For B-1 waters, ARM 17.30.623 (2)(c) states “Induced 
variation of hydrogen ion concentration (pH) within the range of 6.5 to 8.5 must be less than 0.5 pH unit. 
Natural pH outside this range must be maintained without change. Natural pH above 7.0 must be 
maintained above 7.0.” 
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B3.0 REFERENCE CONDITIONS  

B3.1 REFERENCE CONDITIONS AS DEFINED IN DEQ’S STANDARD OPERATING 
PROCEDURE FOR WATER QUALITY ASSESSMENT (2006)  
DEQ uses the reference condition to evaluate compliance with many of the narrative WQS. The term 
“reference condition” is defined as the condition of a waterbody capable of supporting its present and 
future beneficial uses when all reasonable land, soil, and water conservation practices have been 
applied. In other words, reference condition reflects a waterbodies greatest potential for water quality 
given historic land use activities.  
 
DEQ applies the reference condition approach for making beneficial use-support determinations for 
certain pollutants (such as sediment) that have specific narrative standards. All classes of waters are 
subject to the provision that there can be no increase above naturally occurring concentrations of 
sediment and settleable solids, oils, or floating solids sufficient to create a nuisance or render the water 
harmful, detrimental, or injurious. These levels depend on site-specific factors, so the reference 
conditions approach is used. 
 
Also, Montana WQS do not contain specific provisions addressing nutrients (nitrogen and phosphorous), 
or detrimental modifications of habitat or flow. However, these factors are known to adversely affect 
beneficial uses under certain conditions or combination of conditions. The reference conditions 
approach is used to determine if beneficial uses are supported when nutrients, flow, or habitat 
modifications are present. 
 
Waterbodies used to determine reference condition are not necessarily pristine or perfectly suited to 
giving the best possible support to all possible beneficial uses. Reference condition also does not reflect 
an effort to turn the clock back to conditions that may have existed before human settlement, but is 
intended to accommodate natural variations in biological communities, water chemistry, etc. due to 
climate, bedrock, soils, hydrology, and other natural physiochemical differences. The intention is to 
differentiate between natural conditions and widespread or significant alterations of biology, chemistry, 
or hydrogeomorphology due to human activity. Therefore, reference conditions should reflect minimum 
impacts from human activities. It attempts to identify the potential condition that could be attained 
(given historical land use) by the application of reasonable land, soil, and water conservation practices. 
DEQ realizes that presettlement water quality conditions usually are not attainable.  
 
Comparison of conditions in a waterbody to reference waterbody conditions must be made during 
similar season and/or hydrologic conditions for both waters. For example, the Total Suspended Solids 
(TSS) of a stream at base flow during the summer should not be compared to the TSS of reference 
condition that would occur during a runoff event in the spring. In addition, a comparison should not be 
made to the lowest or highest TSS values of a reference site, which represent the outer boundaries of 
reference conditions.  
 
The following methods may be used to determine reference conditions:  
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Primary Approach 
• Comparing conditions in a waterbody to baseline data from minimally impaired waterbodies that 

are in a nearby watershed or in the same region having similar geology, hydrology, morphology, 
and/or riparian habitat.  

• Evaluating historical data relating to condition of the waterbody in the past.  
• Comparing conditions in a waterbody to conditions in another portion of the same waterbody, such 

as an unimpaired segment of the same stream.  
 
Secondary Approach 
• Reviewing literature (e.g. a review of studies of fish populations, etc., that were conducted on 

similar waterbodies that are least impaired. 
• Seeking expert opinion (e.g. expert opinion from a regional fisheries biologist who has a good 

understanding of the waterbody’s fisheries health or potential). 
• Applying quantitative modeling (e.g. applying sediment transport models to determine how much 

sediment is entering a stream based on land use information, etc.). 
 
DEQ uses the primary approach for determining reference condition if adequate regional reference data 
are available and uses the secondary approach to estimate reference condition when there is no 
regional data. DEQ often uses more than one approach to determine reference condition, especially 
when regional reference condition data are sparse or nonexistent.  
 

B3.2 USE OF STATISTICS FOR DEVELOPING REFERENCE VALUES OR RANGES 
Reference value development must consider natural variability as well as variability that can occur as 
part of field measurement techniques. Statistical approaches are commonly used to help incorporate 
variability. One statistical approach is to compare stream conditions to the mean (average) value of a 
reference data set to see if the stream condition compares favorably to this value or falls within the 
range of one standard deviation around the reference mean. The use of these statistical values assumes 
a normal distribution; whereas, water resources data tend to have a non-normal distribution (Helsel and 
Hirsch, 1995). For this reason, another approach is to compare stream conditions to the median value of 
a reference data set to see if the stream condition compares favorably to this value or falls within the 
range defined by the 25th and 75th percentiles of the reference data. This is a more realistic approach 
than using one standard deviation since water quality data often include observations considerably 
higher or lower than most of the data. Very high and low observations can have a misleading impact on 
the statistical summaries if a normal distribution is incorrectly assumed, whereas statistics based on 
non-normal distributions are far less influenced by such observations.  
 
Figure B-1 is an example boxplot type presentation of the median, 25th and 75th percentiles, and 
minimum and maximum values of a reference data set. In this example, the reference stream results are 
stratified by two different stream types. Typical stratifications for reference stream data may include 
Rosgen stream types, stream size ranges, or geology. If the parameter being measured is one where low 
values are undesirable and can cause harm to aquatic life, then measured values in the potentially 
impaired stream that fall below the 25th percentile of reference data are not desirable and can be used 
to indicate impairment. If the parameter being measured is one where high values are undesirable, then 
measured values above the 75th percentile can be used to indicate impairment.  
 
The use of a non-parametric statistical distribution for interpreting narrative WQS or developing 
numeric criteria is consistent with EPA guidance for determining nutrient criteria (Buck, et al., 2000). 
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Furthermore, the selection of the applicable 25th or 75th percentile values from a reference data set is 
consistent with ongoing DEQ guidance development for interpreting narrative WQS where it is 
determined that there is “good” confidence in the quality of the reference sites and resulting 
information (Suplee, 2004). If it is determined that there is only a “fair” confidence in the quality of the 
reference sites, then the 50th percentile or median value should be used, and if it is determined that 
there is “very high” confidence, then the 90th percentile of the reference data set should be used. Most 
reference data sets available for water quality restoration planning and related TMDL development, 
particularly those dealing with sediment and habitat alterations, would tend to be “fair” to “good” 
quality. This is primarily due to a the limited number of available reference sites/data points available 
after applying all potentially applicable stratifications on the data, inherent variations in monitoring 
results among field crews, the potential for variations in field methodologies, and natural yearly 
variations in stream systems often not accounted for in the data set.  
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Figure B-1. Boxplot Example for Reference Data. 
 
The above 25th – 75th percentile statistical approach has several considerations:  

1. It is a simple approach that is easy to apply and understand.  
2. About 25 percent of all streams would naturally fall into the impairment range. Thus, it should 

not be applied unless there is some linkage to human activities that could lead to the observed 
conditions. Where applied, it must be noted that the stream’s potential may prevent it from 
achieving the reference range as part of an adaptive management plan.  

3. About 25 percent of all streams would naturally have a greater water quality potential than the 
minimum water quality bar represented by the 25th to 75th percentile range. This may 
represent a condition where the stream’s potential has been significantly underestimated. 
Adaptive management can also account for these considerations.  

4. Obtaining reference data that represents a naturally occurring condition can be difficult, 
particularly for larger waterbodies with multiple land uses within the drainage. This is because 
all reasonable land, soil, and water conservation practices may not be in place in many larger 
waterbodies across the region. Even if these practices are in place, the proposed reference 
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stream may not have fully recovered from past activities, such as riparian harvest, where 
reasonable land, soil, and water conservation practices were not applied.  

5. A stream should not be considered impaired unless there is a relationship between the 
parameter of concern and the beneficial use such that not meeting the reference range is likely 
to cause harm or other negative impacts to the beneficial use as described by the WQS in Table 
B-2. In other words, if not meeting the reference range is not expected to negatively impact 
aquatic life, coldwater fish, or other beneficial uses, then an impairment determination should 
not be made based on the particular parameter being evaluated. Relationships that show an 
impact to the beneficial use can be used to justify impairment based on the above statistical 
approach.  

 
As identified in (2) and (3) above, there are two types of errors that can occur due to this or similar 
statistical approaches where a reference range or reference value is developed: (1) A stream could be 
considered impaired even though the naturally occurring condition for that stream parameter does not 
meet the desired reference range or (2) a stream could be considered not impaired for the parameter(s) 
of concern because the results for a given parameter fall just within the reference range, whereas the 
naturally occurring condition for that stream parameter represents much higher water quality and 
beneficial uses could still be negatively impacted. The implications of making either of these errors can 
be used to modify the above approach, although the approach used will need to be protective of water 
quality to be consistent with DEQ guidance and WQS (Suplee, 2004). Either way, adaptive management 
is applied to this water quality plan and associated TMDL development to help address the above 
considerations.  
 
Where the data does suggest a normal distribution, or reference data is presented in a way that 
precludes use of non-normal statistics, the above approach can be modified to include the mean plus or 
minus one standard deviation to provide a similar reference range with all of the same considerations 
defined above.  
 
Options When Regional Reference Data is Limited or Does Not Exist 
In some cases, there is very limited reference data and applying a statistical approach like above is not 
possible. Under these conditions, the limited information can be used to develop a reference value or 
range, with the need to note the greater level of uncertainty and perhaps a greater level of future 
monitoring as part of the adaptive management approach. These conditions can also lead to more 
reliance on secondary type approaches for reference development. 
 
Another approach would be to develop statistics for a given parameter from all streams within a 
watershed or region of interest (Buck, et al., 2000). The boxplot distribution of all the data for a given 
parameter can still be used to help determine potential target values knowing that most or all of the 
streams being evaluated are either impaired or otherwise have a reasonable probability of having 
significant water quality impacts. Under these conditions you would still use the median and the 25th or 
75th percentiles as potential target values, but you would use the 25th and 75th percentiles in a way that 
is opposite from how you use the results from a regional reference distribution. This is because you are 
assuming that, for the parameter being evaluated, as many as 50 percent to 75 percent of the results 
from the whole data distribution represent questionable water quality. Figure B-2 is an example 
statistical distribution where higher values represent better water quality. In Figure B-2, the median and 
25th percentiles represent potential target values versus the median and 75th percentiles discussed 
above for regional reference distribution. Whether you use the median, the 25th percentile, or both 
should be based on an assessment of how impacted all the measured streams are in the watershed. 
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Additional consideration of target achievability is important when using this approach. Also, there may 
be a need to also rely on secondary reference development methods to modify how you apply the 
target and/or to modify the final target value(s). Your certainty regarding indications of impairment or 
non-impairment may be lower using this approach, and you may need to rely more on adaptive 
management as part of TMDL implementation.  
 

 
Figure B-2. Boxplot example for the use of all data to set targets. 
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ACRONYM LIST 

Acronym Definition 
AOP Aquatic Organism Passage 
BMP Best Management Practices 
CMP Corrugated Metal Pipe 
DEM digital elevation model 
DEQ Department of Environmental Quality (Montana) 
EPA Environmental Protection Agency (US) 
GIS Geographic Information System 
HUC Hydrologic Unit Code  
MDT Montana Department of Transportation 
MSU Montana State University 
NHD National Hydrography Dataset 
SAP Sampling and Analysis Plan 
TMDL Total Maximum Daily Load 
TPA TMDL Planning Area 
USDA United States Department of Agriculture 
USFS United States Forest Service 
USGS United States Geological Survey 
WET Water and Environmental Technologies 
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C1.0 INTRODUCTION  

This appendix is derived from a roads assessment report prepared by Water and Environmental 
Technologies (WET)(2010a) for the Montana Department of Environmental Quality (DEQ). This report 
presents a sediment load analysis and culvert assessment of the road network within listed watersheds 
of the Lower Gallatin River TMDL Planning Area (TPA) performed to assist with sediment TMDL 
development. Roads located near stream channels can impact stream function through degradation of 
riparian vegetation, channel encroachment, and sediment loading. The degree of impact is determined 
by a number of factors, including road type, construction specifications, drainage, soil type, topography, 
precipitation, and the use of best management practices (BMPs). Through a combination of GIS analysis, 
field assessment, and computer modeling, estimated sediment loads were developed for road crossings 
and unpaved parallel segments. Existing road conditions were modeled and future road conditions were 
estimated after the application of sediment-reducing BMPs. Additionally, paved segments of road were 
evaluated for loading from traction sand and existing culverts were assessed for fish passage and 
potential loading during failure associated with runoff events.  
 
The 2010 303(d) List includes the following stream segments for sediment/siltation impairment:  Bear 
Creek, Bozeman Creek, Camp Creek, Dry Creek, Godfrey Creek, Jackson Creek, Rocky Creek, Smith Creek, 
Stone Creek, and Thompson Creek. Modeling efforts to quantify sediment loads focused on these 
watersheds. Additionally, the Smith Creek watershed is subdivided into areas draining into Ross, Reese 
and Smith creeks.  
 

C2.0 DATA COLLECTION 

The Lower Gallatin Road Sediment Assessment consisted of four primary tasks:  
1) GIS layer development and summary statistics, 
2) Field assessment and sediment modeling, 
3) Sediment load calculations and load reduction allocations for sediment listed watersheds, and  
4) Traction sand assessment on paved road surfaces.  

 
The first task was completed by DEQ and results are included in this report. Additional information on 
assessment techniques is available in the following prior reports for this project: Road GIS Layers and 
Summary Statistics (Montana Department of Environmental Quality, Water Quality Planning Bureau, 
2010), and Task 2. Sampling and Analysis Plan (Water & Environmental Technologies, 2010b). 
 

C2.1 SPATIAL ANALYSIS 
Using road layers derived from the State of Montana Base Map Service Center Transportation 
Framework Theme and stream layers from the National Hydrography Dataset (NHD) high-resolution 
(1:24,000) flowline layer, crossings and parallel segments in the road network were identified and 
classified relative to 6th code subwatershed, Level IV Ecoregion, ownership, and road surface type 
(Figures C1-4). Based on GIS analysis, there are approximately 333 total unpaved crossings, 105 paved 
crossings and 60 miles of parallel road segments within 150 feet of surface water. Summarizing all 
crossings by these classifications allowed assessment sites to be chosen representative of the greater 
watershed (Tables C2-1). Summaries of road crossings and parallel segments by watershed and 
ownership are contained in Tables CA-1, CA-2, and CA-4).  
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Table C2-1. Summary of Crossings and Assessment Sites  

Road Class Total Road 
Crossings 

% Total Road 
Crossings 

Number of 
Assessment Sites 

% Total Assessment 
Sites 

Paved 105 24% 7 26% 
Gravel 277 63% 14 52% 
Native 56 13% 6 22% 
Maintenance Ownership     
Federal 23 5% 2 7% 
State 52 12% 5 19% 
County 236 54% 15 56% 
City 18 4% 2 7% 
Private 109 25% 3 11% 
Ecoregion     
17g 51 12% 3 11% 
17i 37 8% 2 7% 
17y 5 1% 0 0% 
17w 345 79% 22 81% 
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Figure C1. Lower Gallatin TPA EPA Ecoregion 
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Figure C2. Lower Gallatin TPA Road maintenance Ownership 
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Figure C3. Lower Gallatin TPA Precipitation Classes 
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Figure C4. Lower Gallatin TPA Paved Roads Within 150 Feet of Surface Water 
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix C 

3/28/13 FINAL C-13 

C2.2 FIELD DATA COLLECTION 
The goal of the field effort was to characterize approximately five percent of the road network. A 
random subset of 27 of the total 438 crossing sites (6.1%) were chosen for field assessment based on 
the proportion of total crossings within category (Table C2-1). Parallel segments were selected based on 
best professional judgment while traveling roads on which specific crossings were selected for 
assessment. Parallel segments were evaluated on gravel or native surfaced roads only. Four sites had to 
be relocated during the field effort due to ownership restrictions or dry stream channels. A total of 20 
unpaved crossings, 7 paved crossings and 6 parallel segments were evaluated in the field (Figure C2-3 
and Table CB-1 (Attachment CB)). Traction sand was assessed on paved crossings and parallel segments 
(Figure C4). 
 
Gravel and native surfaced roads are considered unpaved. Fourteen crossings were assessed in the 
gravel road class and six crossings were assessed in the native road class. Generally, the majority of 
parallel road segments are located in narrow stream valleys or canyons in foothill and mountain 
landscapes, where roads are constructed near streams. Four parallel segments were assessed in the 
gravel road class and two segments were assessed in the native road class.  
 
Crossing and parallel sites were named with the first two to three letters representing the 6th code 
hydrologic unit (HUC), the following three letters and numbers represents the Level IV Ecoregion,  the 
following letter represents the road surface type (Paved, Gravel, or Native) and the final letter 
represents the site type (crossing, X, or parallel segment, P). The last three numbers were automatically 
assigned through GIS software to ensure that each site is unique.  
 
An example of the naming convention is RCC-17g-G-X-108: 

RCC = Rocky Creek 
17g  = Level IV Ecoregion 17g 
G = Gravel road surfacing 
X = Road crossing 
108 = Unique numerical identifier 

 

C2.3 SEDIMENT ASSESSMENT METHODOLOGY 
The road sediment assessment was conducted following a Sampling and Analysis Plan (Water & 
Environmental Technologies, 2010b), which was based on inputs needed for the WEPP:Road forest road 
erosion prediction model (http://forest.moscowfsl.wsu.edu/fswepp/). WEPP:Road is an interface to the 
Water Erosion Prediction Project (WEPP) model (Flanagan and Livingston, 1995), developed by the USDA 
Forest Service and other agencies, and is used to predict runoff, erosion, and sediment delivery from 
forest roads. The model predicts sediment yields based on particular soil, climate, ground cover, and 
topographic conditions. Specifically, the following model input data was collected in the field: soil type, 
percent rock, road surface, road design, traffic level, and specific road topographic values (road grade, 
road length, road width, fill grade, fill length, buffer grade, and buffer length). In addition, supplemental 
data was collected for evidence of erosion from the road system or traction sand, the presence of road 
BMPs, and potential for fish passage and culvert failure.  
 
Site-specific climate profiles were created in WEPP by modifying the NORRIS MADISON PH MT climate 
station with data from the three climate stations located within the Lower Gallatin TPA. The three 
stations encompass a wide range of annual precipitation, with averages ranging from 14 to 34 inches per 

http://forest.moscowfsl.wsu.edu/fswepp/
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year (Table C2-2). Each stream crossing and parallel segment visited was assigned one of these three 
modified climate stations.  
 
Table C2-2. Climate Stations in Lower Gallatin TPA 
Climate Station Station ID Elevation (ft) Annual Precipitation (in) Assessment Precipitation Grouping 
Belgrade Airport 240622 4,460 14.0 Low 
Bozeman MSU 241044 4,860 18.5 Medium 
Bozeman 12NE 241050 5,950 34.6 High 

 
Per WEPP:Road documentation, 30 year simulations were run for road crossings and parallel segments 
within the Bozeman 12NE climate station since the quantity of precipitation exceeded 500 millimeters 
(19.69 inches). Fifty year simulations were run for crossings and parallel segments within the Belgrade 
Airport and Bozeman Montana State University climate stations. 
 
Some road conditions encountered in the field are not accurately represented in the WEPP:Road design 
options; as a result, some adjustments were made to the model to more appropriately represent these 
types of roads. Attachment CC contains a description of model or site condition adjustments, as 
recommended by WEPP:Road technical documentation, the model author or by best professional 
judgment. Attachment CC also includes a summary of each climate station model (Tables CC-1 through 
CC-7). 
 

C2.4 MEAN SEDIMENT LOADS FROM FIELD ASSESSED SITES –STREAM CROSSINGS 
Field assessment data and WEPP:Road modeling results were used to develop existing sediment loads 
based on various watershed criteria. A standard statistical breakdown of loads from the road network 
within each sediment-listed watershed was generated using the applicable dataset of field assessed 
crossing. Mean sediment load and contributing length, median, maximum and minimum loads, and 25th 
and 75th percentile loads were calculated for road crossings within each road surface-precipitation class 
that was the basis of the field assessment, and totaled by road surface type. Mean sediment loads from 
road crossings were estimated at 0.20 tons/year on native surfaced roads, 0.34 tons/year on gravel 
roads, and 0.03 tons/year on paved roads (Table C2-3). Site BC-17g-G-X-34 was neither included in Table 
C2-3 nor used for statistical extrapolation because the site was not randomly selected following SAP 
protocols and not necessarily representative of conditions throughout the Lower Gallatin TPA. The site 
was intentionally chosen to assess Bear Creek since road-related sediment was previously identified as a 
probable source of its nutrient and sediment listing.  
 
Table C2-3. Current Crossing Sediment Load by Road Surface-Precipitation Class 

Class 
(Surface-Precip.) 

Number 
of Sites 

Mean Contributing 
Length (ft) 

Mean 
Load 

Median 
Load 

Max 
Load 

Min 
Load 

25th 
% 75th % 

Native - High 2 645 0.36 0.36 0.67 0.05 0.20 0.51 
Native - Medium 0* 645 0.48 0.48 0.89 0.06 0.27 0.69 
Native - Low 4 781 0.08 0.07 0.19 0.00 0.04 0.11 
NATIVE TOTAL 6 735 0.20 0.08 0.67 0.00 0.05 0.19 
Gravel - High 3 458 0.37 0.14 0.98 0.00 0.07 0.56 
Gravel - Medium 4 728 0.55 0.65 0.88 0.04 0.37 0.83 
Gravel - Low 6 675 0.17 0.12 0.42 0.02 0.05 0.27 
GRAVEL TOTAL 13 641 0.34 0.14 0.98 0.00 0.04 0.48 
Paved - High  1 1000 0.17 0.17 0.17 0.17 0.17 0.17 
Paved - Medium 2 610 0.02 0.02 0.04 0.00 0.01 0.03 
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Table C2-3. Current Crossing Sediment Load by Road Surface-Precipitation Class 
Class 

(Surface-Precip.) 
Number 
of Sites 

Mean Contributing 
Length (ft) 

Mean 
Load 

Median 
Load 

Max 
Load 

Min 
Load 

25th 
% 75th % 

Paved - Low 1 1000 0.02 0.02 0.02 0.02 0.02 0.02 
PAVED TOTAL 4† 805 0.06† 0.03 0.17 0.00 0.01 0.07 
*None of the randomly selected sites fell into the Native Surface-Medium Precipitation class, so the two sites in 
the Native-High class were modeled under a medium precipitation scenario. 
†Three of seven paved crossings visited were not modeled because the sediment load derived from these sites was 
deemed negligible (i.e., 0 tons/year) due to existing curbs and/or lush grass berms. Including these sites reduces 
the mean load from 0.06 tons/year to a more accurate 0.03 tons/year. 
   
Due to the elevation differences and impacts from rain-on-snow events, the medium precipitation class 
produces greater runoff than the higher precipitation class for unpaved roads. The sediment load 
summary shows similar values between the median and mean statistics. This is most likely due to the 
low sample numbers in each class. Because the values for the gravel sites and native sites were similar 
for high and medium precipitation classes, the mean load was averaged for unpaved roads in those 
precipitation classes. The mean sediment loads shown for these refined classes are shown in Table C2-4.  
 
Table C2-4. Current Crossing Sediment Load Summary 

Class  Mean Load (tons/yr) 
Unpaved - High Precip 0.37 

Unpaved - Medium Precip 0.53 
Native - Low Precip 0.08 
Gravel - Low Precip 0.17 
Paved - All Precip 0.03 

 
For the purposes of estimating the sediment load from each road crossing in the Lower Gallatin River 
TPA, the average of all field sites by road type-precipitation class assumes that the random subset of 
crossings assessed as part of this study is representative of road crossing conditions in the TPA. Average 
road surface-precipitation class loading rates were not used to estimate loading at BC-17g-G-X-34, 
instead the crossing’s WEPP model results were used because of the site’s noted road sediment related 
contribution.    
 

C2.5 MEAN SEDIMENT LOADS FROM FIELD ASSESSED SITES – PARALLEL SEGMENTS 
Mean sediment loads were calculated for unpaved parallel road segments, and loads were then 
normalized to a per-mile value to account for differences in contributing road length. During field 
sampling, paved parallel segments determined to be a negligible sediment source and were not sampled 
or included in the loading extrapolation. In general, parallel road segments tend to contribute a smaller 
sediment load to streams than road crossings; because of this and the small number of native and gravel 
parallel segments evaluated in the field, they were not segregated by precipitation class. Mean sediment 
loads from unpaved parallel road segments were estimated at 0.06 tons/year/mile on gravel roads and 
0.08 tons/year/mile on native roads (Table C2-5). A detailed summary of modeling results from field 
assessed sites is located in Attachment CD (Tables CD-1 and CD-2).  
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Table C2-5. Current Parallel Segment Load Summary by Road Surface 
Statistical Parameter Native Gravel 
Number of Sites (n) 3 3 

Mean Contributing Length (ft) 791 764 
Mean Road Gradient (%) 5 3.6 
Mean Buffer Length (ft) 115 48.3 

Mean Buffer Gradient (%) 25.3 2.3 
Mean Load (tons/year/mile) 0.08 0.06 

Median Load (tons/year/mile) 0.08 0.03 
Maximum Load (tons/year/mile) 0.1 0.16 
Minimum Load (tons/year/mile) 0.07 0.02 

 
For the purposes of estimating the sediment load from each parallel segment in the Lower Gallatin River 
TPA, the average of all field sites by road type assumes that the random subset of crossings assessed as 
part of this study is representative of the parallel segment conditions in the listed watersheds.  
 

C2.6 PAVED ROADS – TRACTION SAND  
The amount of traction sand applied during winter months to paved roads was also investigated as a 
potential source of sediment loading to streams. Traction sand was visually assessed in the field at seven 
sites. The two major applicators of traction sand in the TPA were identified as the City of Bozeman and 
Montana Department of Transportation (MDT). Per telephone conversation with the City of Bozeman 
Streets Department, approximately 16 to 23 tons/year/mile of traction sand is applied to 218 miles of 
city streets. Due to the city’s comprehensive street sweeper program, accumulation of traction sand was 
rarely observed at sites. The presence of curbs and/or stormwater infrastructure installed at most city 
crossings further limit the amount of sediment reaching streams. MDT provided data to calculate they 
apply an estimated 348 tons/mile/year on a 35 mile stretch of Interstate-90. The department is 
employing BMPs to reduce sand application by using a deicer/traction sand mix that has decreased sand 
usage 14% since 2008. 
 
In order to determine traction sand contributions per HUC for the Lower Gallatin River watershed, the 
GIS database was queried for paved parallel road lengths within 150 feet of streams. The distance to 
surface water was not further refined into smaller increments due to the inherent inaccuracies between 
the GIS road and stream layers.  
 
The TMDL for the St. Regis TPA (Montana Department of Environmental Quality, 2008) included an in-
depth study of traction sand and quantified deposits at set distances from the road; field results from 
the Lower Gallatin TPA were compared to the St. Regis report. Both highways are four-lane roads 
maintained by MDT. The traction sand application rate as provided by MDT in the TPA is near the mean 
annual traction sand application rates along Interstate-90 between Saltese and St. Regis and the rates 
are approximately 70% lower than those provided between Lookout Pass and Saltese (Table K-2 in 
Montana Department of Environmental Quality, 2008). The St. Regis TMDL results had an average 
fillslope of 45%; the furthest distance traveled at each site was observed at a minimum 25 feet, at an 
average 33 feet and at a maximum 45 feet from the shoulder. Depths of traction sand in the St. Regis 
study varied from 7.9 inches to unobservable. Results from crossings in the Lower Gallatin are described 
in Table C2-6. 
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Table C2-6. Traction Sand Field Assessment Results 
Site (East or West Bound) Fillslope (%) Distance from Road Surface (ft) Depth (in) 

RCC-17g-G-X-84 57 9 2.25 
RCC-17W-P-X-74 EB 46.5 14.5 1 
RCC-17W-P-X-74 EB 46.5 25 near culvert 1-2 inches above rock 
RCC-17W-P-X-90 92 20 Minimal 
RCC-17W-P-X-80 WB 71 35 1 
RCC-17W-P-X-74 WB Not Assessed 45 Minimal 
RCC-17W-P-X-120 WB 1.5 15 Minimal 
 
These results corroborate the findings in the St. Regis study regarding the distance of travel. All of the 
sites near I-90 had evidence of recent chip sealing activities. Traction sand was deposited on top of the 
excess chip seal indicating at least one winter has passed since the road resurfacing. The deposition of 
excess chip seal may have impacted traction sand mobility due to larger particles on the fillslope surface 
and due to the creation of berms on the road shoulders.  
 
Many of the fillslope lengths and buffer lengths were greater than the extent of the traction sand travel 
distance as noted in the field. Although there is periodic loading of traction sand, based on the 
measurements in the field, it is not a significant source of sediment in the watersheds. As a result, 
sediment loads from traction sand were not included in the load analysis. 
 

C3.0 ROAD NETWORK LOAD ANALYSIS 

C3.1 SEDIMENT LOAD FROM ALL ROAD CROSSINGS AND PARALLEL SEGMENTS 
Mean sediment loads from field assessed sites were used to extrapolate existing loads throughout the 
sediment-listed watersheds. Loads from refined classes (Table C2-4) were applied to the total number of 
crossings within the specific watersheds, and further classified by 6th code HUC and land ownership. 
The existing total sediment load from road crossings for listed watersheds within Lower Gallatin River 
TPA is estimated at 119.88 tons/year, and the total existing load from parallel road segments is 
estimated at 3.37 tons/year (Table C3-1). Paved crossings and parallel segments were not further 
classified into precipitation classes due to the overall low number of samples sites (seven and six 
respectively).  
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Table C3-1. Extrapolated Sediment Load Summary by Road Surface – Precipitation Class 

Road 
Feature Class (Surface-Precip) Total Number of 

Crossings 
Mean Sediment Load 

(tons/yr) 
Total Sediment 
Load (tons/yr) 

Crossing Paved - All 105 0.03 3.15 
Crossing Unpaved – High 96 0.37 35.52 
Crossing Unpaved - Medium 112 0.53 59.36 
Crossing Native - Low 4 0.08 0.32 
Crossing Gravel - Low 120 0.17 20.4 
Total: - 438  118.75* 

Road 
Feature Class Total Parallel Distance 

w/in 150-feet (Mi) 
Mean Sediment Load 

(Tons/year/mile) 
Total Sediment 

Load (Tons/year) 
Parallel Gravel – All 37.37 0.06 2.24 
Parallel Native – All 14.23 0.08 1.14 
Total: - 51.6  3.37 
Total Existing Sediment Load – Listed Lower Gallatin River TPA watersheds:  122.12* 
* The load from Bear Creek crossing BC-17g-G-W-34 (1.13 tons/yr) was not included in these totals since it was not 
used for extrapolation. 
 
Detailed sediment loads for road crossings classified by ownership, precipitation class and road surface 
type within each 6th code/303(d) subwatershed are included in Table CA-3. Detailed sediment loads for 
parallel segments classified by ownership and landscape type within each 6th code/303(d) 
subwatershed are included in Table CA-5.  
 
Table C3-2. Extrapolated Sediment Load Summary by HUC (Loads in Tons/Year) 

6th Code HUC Crossings Load Parallel Segments Load Current Total Load 
Bear Creek 1.78 0.28 2.06 
Bozeman Creek 8.65 0.08 8.73 
Camp Creek 22.71 0.44 23.15 
Dry Creek 31.28 0.84 32.12 
Godfrey Creek  5.75 0.11 5.86 
Lower Jackson Creek  15.29 0.47 15.76 
Reese Creek 6.09 0.02 6.11 
Rocky Creek 20.62 0.61 21.23 
Smith/Ross Creeks 3.82 0.03 3.85 
Stone Creek 2.25 0.08 2.33 
Thompson Creek 0.71 0.0 0.71 
Upper Bozeman Creek 0.93 0.4 1.33 
Sum 119.88 3.37 123.25 
 
Results by watershed (Table C3-2) show Dry Creek (32.13 tons/year), Rocky Creek (21.24 tons/year) and 
Camp Creek (23.16 tons/year) contain the three highest total sediment loads. These three HUCs also 
contained the most crossings in the TPA (Table CA-2). The higher estimated sediment loads in the Dry, 
Rocky and Camp Creek watersheds is thought to be due to the greater number of crossings, as well as 
the higher precipitation classes present in the Rocky Creek HUC.  
 

C3.2 CULVERT ASSESSMENT – FISH PASSAGE 
Culverts were analyzed for their ability to allow for fish passage. Measurements were collected at each 
field assessed crossing site, and these values were used to determine if culverts represented potential 
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fish passage barriers at various flow conditions. Sites with bridges, sites with intermittent or ephemeral 
channels, and any other sites where the required screening data could not be accurately collected, were 
removed from list of 27 field assessed road crossings. After removing these sites, 15 culverts were 
determined to be suitable for fish passage assessment.  
 
The fish passage evaluation was completed using the criteria listed in Table 1 of the document A 
Summary of Technical Considerations to Minimize the Blockage of Fish at Culverts on National Forests in 
Alaska (U.S. Department of Agriculture, Forest Service, Alaska Region, 2002). The analysis uses site-
specific information to classify culverts as green (passing all life stages of salmonids), red (partial or total 
barrier to salmonids), or grey (needs additional analysis). Indicators used in the classification are the 
ratio of the culvert width to bankfull width (constriction ratio), culvert slope, and outlet drop, with large 
diameter (>48 in) and small (<48 in) culvert groups evaluated differently. Failure of any one of the three 
indicators results in a red classification. Using the Alaska fish passage analysis, 13 of 15 culverts (87%) 
were classified as partial or total fish barriers (red) as shown in Table C3-3. None of the field assessed 
culverts were classified as capable of passing fish at all flows and life stages (green). Detailed fish 
passage results are included in Table CA-6. The predominant cause for preventing fish passage was 
(relatively) steep culvert gradient. It is important to note that this fish passage assessment is a coarse 
level evaluation; further study may be necessary to more accurately determine fish passage conditions.  
 
Table C3-3. Fish Passage Analysis for Selected Culverts  
Culvert Classification 

or Indicator Definition of Indicator Number of 
Culverts 

Percentage of Total 
Culverts Assessed (n=15) 

Green1 High certainty of meeting juvenile fish 
passage at all flows 0 0% 

Grey2 
Additional and more detailed analysis is 
required to determine juvenile fish passage 
ability 

2 13% 

Red3 High certainty of not providing juvenile fish 
passage at all desired streamflows 13 87% 

 

C3.3 CULVERT ASSESSMENT – FAILURE POTENTIAL 
The annual peak discharge, at various return intervals, of selected streams were determined by using 
USGS regression equations developed by Parrett and Johnson (Parrett and Johnson, 1998). Independent 
variables within these equations are drainage area (square miles) and percentage of drainage basin 
above 6,000 feet elevation. Drainage area above each culvert was calculated using a digital elevation 
model (DEM) and the ArcSwat extension in GIS.  
 
To estimate the maximum conveyance of each culvert, Manning’s equation was used with site-specific 
culvert information collected in the field. Variables in Manning’s equation are culvert cross sectional 
area, hydraulic radius, slope, and roughness coefficient (based on culvert material). This conveyance 
value was then compared against the USGS-derived peak streamflow estimates to determine the 
maximum storm event each culvert could convey without water backup. Nineteen culverts were 
analyzed for failure potential. The number of culverts passing each specific storm event is shown in 
Table C3-4 and Table CA-7. Based on the USGS peak flow equation derived from basin characteristics, 
culverts appear to be sized for the Q10 storm event. 
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Table C3-4. Culverts Ability to Pass Various Storm Events 

Recurrence Interval Culverts Passing Culverts Failing  Cumulative Percent Passing 
Q2 19 0 100% 
Q5 17 2 89% 

Q10 13 6 68% 
Q25 6 13 32% 
Q50 1 18 5% 

Q100 0 19 0% 
 
Potential road fill volume at risk for delivery in the event of a culvert failure was calculated using field 
measurements of the road prism over the culvert. The volumes calculated are conservative, assuming 
that the entire road prism above the culvert fails to bankfull width and is delivered to the stream. If 
bankfull width was not available due to the lack of an apparent channel, twice the width of the culvert 
diameter was used. In the instances of multiple culverts, the width of the culverts plus one half of the 
diameter on each side was used as the road prism width. Bulk density was assumed to be 1.3 tons/yd3. 
Results show an average of 61.9 tons of fill at risk per road crossing (Table CA-7).  
 
It is difficult to develop a specific road crossing allocation for sediment delivered in the event of a culvert 
failure, as there are several factors that may impact the accuracy of the data. First, peak flows generated 
using the USGS regression equations are subject to large standard errors that may substantially over or 
underestimate peak discharge. In addition, peak flows generated using Manning’s equation rely heavily 
on culvert slope. Slope values measured during field activities were estimated by measuring the height 
of a laser beam from a laser pointer and level on one side of the culvert to a tape measure on the other 
side of the culvert. When the culvert was submerged, plugged or experiencing high flows, the slope was 
estimated by using a handheld inclinometer from the top of the culvert. Visual estimates were recorded 
where access or use of an inclinometer was not possible. Variations in slope estimates may lead to 
differences in peak flow calculations. Second, the culvert assessment was conducted on a small subset 
of culverts, which may not be representative of all the sediment-listed watersheds Lower Gallatin River 
TPA. Third, it is difficult to estimate which culverts will fail in any given year, and what percentage of at-
risk fill material will be delivered to the stream.  
 
Due to these difficulties in sediment delivery estimation, a 25% probability of culvert failure was 
assigned in Table CA-8. This probability assumes that large storm events (>Q25) occur annually across a 
quarter of the watershed area and that the fill at risk is replaced soon after a failure with the same 
culvert size and slope. The potential sediment delivery is calculated based on the average fill at risk 
multiplied by the number of crossings multiplied by the frequency of failure based on the storm 
recurrence interval and the 25% probability. Under such assumptions, 4,609 tons of sediment are at-risk 
for a Q25 event in the listed HUCs of the Lower Gallatin TPA. 
 

C4.0 APPLICATION OF BEST MANAGEMENT PRACTICES 

Sediment impacts are widespread throughout the listed watersheds in the Lower Gallatin River TPA, and 
sediment loading from the road network is one of several sources within the watershed. Application of 
BMPs on the unpaved road crossings will result in decreased sediment loading to streams. BMP 
reduction scenarios were not developed for paved crossings and unpaved parallel segments due to their 
minimal contribution to the total sediment load (each approximately 3%).  
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C4.1 BMP: CITY, COUNTY & STATE ROAD MAINTENANCE SCENARIO  
Unpaved roads under city, county and state ownership were modeled with a road maintenance 
scenario. Based on discussions with the Gallatin County Road Department, regular road maintenance is 
the BMP most commonly used by Gallatin County. Gallatin County blades and re-grades gravel roads 
twice per year or twice per month depending on conditions; native roads are resurfaced at most twice 
per year. The City of Bozeman Street Department similarly maintains their gravel roads on an as-needed 
basis.  
 
A road maintenance scenario was selected to incorporate regular maintenance, which effectively 
reduces the time period roads are considered rutted for unpaved crossings. This BMP scenario is 
represented in the model through the upgrade of rutted roads to an insloped, vegetated road design. 
Results from modeled sites (Table CE-1) were extrapolated for all unpaved-precipitation classes (Table 
C4-1) and ranged from a 12% to 50% reduction.  
 
Table C4-1. Road Maintenance Scenario Load Reductions (Loads in Tons/Year) 
Road Surface – Precipitation Class Current Mean Load BMP Mean Load Total Crossing Load Reduction (%) 

Unpaved – High 0.37 0.26 30% 
Unpaved - Medium 0.53 0.43 19% 

Native - Low 0.08 0.04 50% 
Gravel - Low 0.17 0.15 12% 

 
Although the unrutted maintenance level may not be achievable on all roads at all times, an equivalent 
reduction in sediment loading may be achieved through other BMPs such as water bars, cross drains, or 
check dams in the road ditches. These additional BMPs on city, county and state roads were not 
modeled and would require assessment on an individual basis. 
 

C4.2 BMP: FEDERAL & PRIVATE ROAD LENGTH REDUCTION SCENARIO  
Unpaved roads under private or federal (USFS) ownership were modeled with a scenario in which BMPs 
reduce the contributing road length. Road lengths were reduced to 200 feet; 100 feet on each road for a 
crossing with two contributing road segments or 200 feet on crossings with one contributing segment. 
No changes were made to crossings where the contributing road length was less than the 200 foot BMP 
reduction scenario.  
 
The 200 foot BMP scenario was evaluated using the WEPP:Road model, so potential sediment load 
reductions could be estimated. The model assumes that the contributing length above the BMP does 
not discharge into the ditch next to the road. Thus BMPs would have to include a break in runoff along 
the road and ditch surface. One example would be a water bar or drive through dip with a ditch 
sediment detention basin. There were five private or federal unpaved crossings assessed in the field. Of 
the five crossings, three had road lengths in excess of 200 feet. With the road length reduction scenario, 
the overall average annual sediment load per crossing changed dramatically:  0.15 tons/year to 0.02 
tons/year. The results were heavily influenced by LJC-17i-N-X-204 which had a field assessed road length 
of 1000 feet. Due to this influence, the percentage change from each of the five crossings (0%, 0%, 98%, 
49% and 50%) were averaged to estimate  the percentage improvement of BMPs on private and 
federally maintained roads (39%). Results from modeled sites (Table CE-2) were extrapolated for all 
unpaved-precipitation classes (Table C4-2).  
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Table C4-2. Road Length Reduction Scenario Load Reductions (Loads in Tons/Year) 
Road Surface – Precipitation Class Current Mean Load BMP Mean Load Total Crossing Load Reduction (%) 
Unpaved – High 0.37 0.22 39% 
Unpaved - Medium 0.53 0.32 39% 
Native - Low 0.08 0.05 39% 
Gravel - Low 0.17 0.1 39% 
 

C4.3 SUMMARY OF TOTAL LOADS AND POTENTIAL REDUCTIONS 
Assuming no culverts fail and all crossings are fully BMP’d, the total sediment load from all crossings and 
parallel segments would be reduced from 123.25 to 92.49 tons/year (25% reduction). Reductions by 
watershed are shown in Table C4-3 and a full summary of loading for each watershed by road source 
type is presented in Table CA-10.   
 
Table C4-3. Current Total Loads vs. Potential BMP Loads in Tons/Year 

6th Code HUC Current Load BMP Load Percent Reduction (%) 
Bear Creek 2.06 1.51 27% 
Bozeman Creek 8.73 6.34 27% 
Camp Creek 23.15 19.33 17% 
Dry Creek 32.12 26.01 19% 
Godfrey Creek  5.86 4.88 17% 
Lower Jackson Creek  15.76 9.86 37% 
Reese Creek 6.11 4.61 25% 
Rocky Creek 21.23 13.73 35% 
Smith/Ross Creeks 3.85 3.12 19% 
Stone Creek 2.33 1.43 39% 
Thompson Creek 0.71 0.58 18% 
Upper Bozeman Creek 1.33 1.08 19% 
Sum 123.25 92.49 25% 
 
Due to the uncertainty associated with estimates of the average fill-at-risk, the load from failing culverts 
is not included in the summary of Table 4-3. 
 

C4.4 ASSESSMENT OF EXISTING BMPS 
The only type of water-diversion BMPs noted in the field assessment were cross drains. The minimal 
BMP presence and variety is likely due to the large percentage of low gradient, valley bottom roads, and 
roads within urban areas. Many cross drains were marked with reflectors or poles which might indicate 
planned maintenance. Of the 27 crossings and six parallel segments assessed in the field, two crossings 
and three parallel segments had cross drains. However, the heavily vegetated road ditches and swales 
also represent important BMPs and should be maintained. 
 
USFS documentation (U.S. Department of Agriculture, Forest Service, 1995) recommends that culverts 
are designed to pass the 100-year flow event. In the Lower Gallatin TPA, it is recommended that culvert 
replacements be upgraded to pass the Q25 flood event at a minimum. Approximately two thirds of the 
culverts that were assessed did not convey the 25-year event.  
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 On fish bearing streams, it is also recommended that culvert replacements be completed in a manner 
that allows for full fish and Aquatic Organism Passage (AOP). Specifically, culverts would be sized with 
constriction ratios at 1.0 or greater, and with a goal of re-creating the stream channel through the 
crossing to match those channel conditions outside of the crossing influence.  
 
The identification of priority culverts for replacement should be on the following factors:  

1.) Inability to pass the Q25 design flow; 
2.) Constriction ratio <0.70; and 
3.) Location on a perennial fish bearing stream. 

 
Achieving full culvert replacement will take many years to complete, and some culverts on private land 
may never be replaced. This will result in continued loads from culvert failures in the foreseeable future; 
however, continued investment in the replacement of culverts failing the above criteria will significantly 
reduce sediment loads over time.  
 

C5.0 QUALITY ASSURANCE/QUALITY CONTROL RESULTS  

C5.1 REPRESENTATIVENESS 
Representativeness refers to the extent to which measurements represent an environmental condition 
in time and space. Spatial representation was achieved through the Lower Gallatin TPA Roads field 
assessment. Twenty five sites were randomly selected through GIS based on watershed and road 
surface type categories. A total of 27 road crossings were visited in the field, with complete model 
parameters for 24 of the 27 sites. Three sites were deemed minimal delivery sites due to the paved road 
surface and limited connectivity of runoff from the road to the stream. Spatial representation is shown 
in Table C2-1 and Figures C1-C3. Adequate coverage of road surface types was achieved in the 
watershed. Temporal variations were not accounted for in this study, as the field data collected at road 
crossing locations does not change during the year.  
 

C5.2 COMPARABILITY 
Comparability is the applicability of the project’s data to the WEPP:Road model input data. The 
WEPP:Road model includes a high and low data value for each input parameter. Field data was 
compared to the model input range and sites with data outside these ranges were flagged for additional 
evaluation through the review of photographs, field comments, personal communication and other field 
data. No sites were determined to have unacceptable field data for the WEPP:Road model. A review of 
comparability of field data is shown in Table CA-11.  
 

C5.3 COMPLETENESS 
Completeness is a measure of the amount of data prescribed for assessment activities and the usable 
data actually collected, expressed as a percentage.  
 
Completeness as % = (# of Valid Data Points or Samples/Total # Data Points or Samples) x 100 
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As documented in Table CA-9, and Attachment CC, all sites were deemed valid initially or were validated 
through data adjustments based on comments, conversations with the field crew and through analysis 
of photographs for input into the WEPP:Road model. This equates to a completeness of 100%.  
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ATTACHMENT CA - ATTACHED TABLES 

Table CA-1. Lower Gallatin River TPA Road Summary by 6th Code Subwatershed (USGS HUC 12) 
6th Code Subwatershed 

(USGS HUC 12) 
Area 
(Mi2) 

Stream 
Miles (Mi) 

Unpaved 
Crossings 

Unpaved Crossing 
Density (Crossing/Mi2) 

Paved 
Crossings 

Total 
Crossings 

Total Road 
Length (Mi) 

Total Road 
Density (Mi/Mi2) 

% of Total Roads 
which are unpaved 

Total Unpaved Road Length 
w/in 150 ft Streams (Mi) 

Field Assessed 
Crossing Sites 

Field Assessed Parallel 
Segment Sites 

Bear Creek 19.85 26.75 2 0.10 4 6 13.90 0.70 33% 3.84 1 1 
Bozeman Creek 31.27 46.22 14 0.45 41 55 90.10 2.88 25% 5.09 - - 
Camp Creek 74.75 180.54 69 0.92 12 81 67.28 0.90 85% 7.34 5 - 
Dry Creek 106.35 255.33 103 0.97 1 104 80.78 0.76 99% 14.11 6 3 
Godfrey Creek  12.64 31.04 13 1.03 10 23 18.55 1.47 57% 3.65 2 - 
Lower Jackson Creek  18.79 42.23 40 2.13 11 51 46.95 2.50 78% 7.22 3 1 
Reese Creek 31.13 61.23 17 0.55 4 21 17.10 0.55 81% 0.88 3 - 
Rocky Creek 34.51 64.03 52 1.51 14 66 95.02 2.75 79% 12.73 2 1 
Smith/Ross Creeks 13.71 26.85 11 0.80 5 16 21.94 1.60 69% 0.53 1 - 
Stone Creek 8.75 17.32 6 0.69 1 7 5.20 0.59 86% 1.43 - - 
Thompson Creek 3.84 9.44 4 1.04 1 5 14.10 3.67 80% 0.37 1 - 
Upper Bozeman Creek 20.71 35.46 2 0.10 1 3 39.22 1.89 67% 2.89 -* - 
Total 376.28 796.44 333 0.88 105 438 1587.43 4.22 76% 60.10 24* 6 
* Three paved sites in Bozeman Creek were deemed to deliver negligible sediment upon field assessment and were not evaluated for WEPP input variables 
. 
Table CA-2. Road Crossings by HUC/303(d) Subwatershed, Precipitation Class and Road Surface Type 

Ownership Federal - USFS State County City Private 
Total 

Crossings 
6th Code/303(d) 
Subwatershed Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native 

Precipitation Class H/M/L H M L L H/M/L H M L L H/M/L H M L L H/M/L H M L L H/M/L H M L L 
Bear Creek - - - - - 2 - - - - 1 1 - - - - - - - - 1 - 1 - - 6 
Bozeman Creek - - 1 - - 7 - - - - 8 - 3 - - 16 - 2 - - 10 - 8 - - 55 
Camp Creek - - - - - 9 - - - - 3 - 30 37 2 - - - - - - - - - - 81 
Dry Creek - - - - - 1 - - - - - 3 32 56 - - - - - - - - 5 5 2 104 
Godfrey Creek  - - - - - 9 - 4 - - 1 - 5 4 - - - - - - - - - - - 23 
Lower Jackson Creek  - 11 - - - - - - - - 7 4 - - - - - - - - 4 24 1 - - 51 
Reese Creek - - - - - 2 - - - - 2 1 5 6 - - - - - - - - 3 2 - 21 
Rocky Creek - 10 - - - 8 4 - - - - 7 2 - - - - - - - 6 25 4 - - 66 
Ross Creek - - - - - 3 - - - - 1 - 4 6 - - - - - - - - 1 - - 15 
Smith Creek - - - - - 1 - - - - - - - - - - - - - - - - - - - 1 
Stone Creek - - - - - 1 - - - - - - - - - - - - - - - 6 - - - 7 
Thompson Creek - - - - - 1 - - - - - - - 3 - - - - - - - - - 1 - 5 
Upper Bozeman Creek - 1 - - - - - - - - 1 - 1 - - - - - - - - - - - - 3 
Total 0 22 1 0 0 44 4 4 0 0 24 16 82 112 2 16 0 2 0 0 21 55 23 8 2 438 
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Table CA-3. Detailed Extrapolated Sediment Load From Road Crossings by HUC/303(d) Subwatershed, Precipitation Class and Road Surface Type – Existing Conditions 

Ownership Federal - USFS State County City Private 
Total 
Load 
t/y 

6th Code/303(d) 
Subwatershed Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native 

Precipitation Class H/M/L H M L L H/M/L H M L L H/M/L H M L L H/M/L H M L L H/M/L H M L L 
Bear Creek 0 0 0 0 0 0.06 0 0 0 0 0.03 1.13 0 0 0 0 0 0 0 0 0.03 0 0.53 0 0 1.78 
Bozeman Creek 0 0 0.53 0 0 0.21 0 0 0 0 0.24 0 1.59 0 0 0.48 0 1.06 0 0 0.3 0 4.24 0 0 8.65 
Camp Creek 0 0 0 0 0 0.27 0 0 0 0 0.09 0 15.9 6.29 0.16 0 0 0 0 0 0 0 0 0 0 22.71 
Dry Creek 0 0 0 0 0 0.03 0 0 0 0 0 1.11 16.96 9.52 0 0 0 0 0 0 0 0 2.65 0.85 0.16 31.28 
Godfrey Creek  0 0 0 0 0 0.27 0 2.12 0 0 0.03 0 2.65 0.68 0 0 0 0 0 0 0 0 0 0 0 5.75 
Lower Jackson 
Creek  0 4.07 0 0 0 0 0 0 0 0 0.21 1.48 0 0 0 0 0 0 0 0 0.12 8.88 0.53 0 0 15.29 

Reese Creek 0 0 0 0 0 0.06 0 0 0 0 0.06 0.37 2.65 1.02 0 0 0 0 0 0 0 0 1.59 0.34 0 6.09 
Rocky Creek 0 3.7 0 0 0 0.24 1.48 0 0 0 0 2.59 1.06 0 0 0 0 0 0 0 0.18 9.25 2.12 0 0 20.62 
Ross Creek 0 0 0 0 0 0.09 0 0 0 0 0.03 0 2.12 1.02 0 0 0 0 0 0 0 0 0.53 0 0 3.79 
Smith Creek 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.03 
Stone Creek 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.22 0 0 0 2.25 
Thompson Creek 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0.51 0 0 0 0 0 0 0 0 0 0.17 0 0.71 
Upper Bozeman 
Creek 0 0.37 0 0 0 0 0 0 0 0 0.03 0 0.53 0 0 0 0 0 0 0 0 0 0 0 0 0.93 

Total 0 8.14 0.53 0 0 1.32 1.48 2.12 0 0 0.72 5.92 43.46 19.04 0.16 0.48 0 1.06 0 0 0.63 20.35 12.19 1.36 0.16 119.88 
 
Table CA-4. Mileage of Parallel Segments by HUC/303(d) Subwatershed and Road Surface Type – Existing Conditions 

Ownership Federal - USFS State County City Private Total 
Miles 6th Code/303(d) Subwatershed Paved Gravel Native Paved Gravel Native Paved Gravel Native Paved Gravel Native Paved Gravel Native 

Bear Creek - - 2.34 0.00 - - - 1.46 - - - - 0.03 0.02 - 3.84 
Bozeman Creek - - 0.44 0.24 0.03 - 0.79 0.05 - 0.46 0.27 - 0.29 0.32 - 2.89 
Camp Creek - - - 0.14 - - 0.00 6.38 0.78 - - - - 0.03 - 7.34 
Dry Creek - 1.39 - 0.03 - - - 11.37 0.40 - - - - 0.91 - 14.11 
Godfrey Creek  - - - 1.95 0.95 - 0.01 0.60 - - - - 0.00 0.14 - 3.65 
Lower Jackson Creek  - - 0.78 - - - 0.64 1.40 - - - - - 0.89 3.50 7.22 
Reese Creek - - - 0.33 - - 0.26 0.14 - - - - - 0.14 - 0.88 
Rocky Creek - 0.24 0.79 2.23 0.27 - - 2.11 - - - - 0.64 6.08 0.36 12.73 
Ross Creek - - - - - - - 0.22 - - - - - - - 0.22 
Smith Creek - - - - - - - 0.31 - - - - - - - 0.31 
Stone Creek - - - 0.14 - - - - - - - - - 1.29 - 1.43 
Thompson Creek - - - 0.27 - - - 0.05 - - 0.05 - - - - 0.37 
Upper Bozeman Creek - - 4.83 - - - - 0.16 - - - - 0.03 0.06 - 5.09 
Total 0.00 1.64 9.19 5.34 1.25 0.00 1.70 24.27 1.18 0.46 0.33 0.00 0.99 9.89 3.86 60.10 
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Table CA-5. Detailed Extrapolated Sediment Load From Parallel Segments by HUC/303(d) Subwatershed and Road Surface Type – Existing Conditions 

Ownership Federal - USFS State County City Private Total Load 
t/y 6th Code/303(d) Subwatershed Paved Gravel Native Paved Gravel Native Paved Gravel Native Paved Gravel Native Paved Gravel Native 

Bear Creek 0 0 0.19 0 0 0 0 0.09 0 0 0 0 0 0.00 0 0.28 
Bozeman Creek 0 0 0.04 0 0.002 0 0 0.00 0 0 0.02 0 0 0.02 0 0.08 
Camp Creek 0 0 0 0 0 0 0 0.38 0.06 0 0 0 0 0.00 0 0.44 
Dry Creek 0 0.08 0 0 0 0 0 0.68 0.03 0 0 0 0 0.05 0 0.84 
Godfrey Creek  0 0 0 0 0.057 0 0 0.04 0 0 0 0 0 0.01 0 0.11 
Lower Jackson Creek  0 0 0.06 0 0 0 0 0.08 0 0 0 0 0 0.05 0.28 0.47 
Reese Creek 0 0 0 0 0 0 0 0.01 0 0 0 0 0 0.01 0 0.02 
Rocky Creek 0 0.01 0.06 0 0.016 0 0 0.13 0 0 0 0 0 0.36 0.03 0.61 
Ross Creek 0 0 0 0 0 0 0 0.01 0 0 0 0 0 0 0 0.01 
Smith Creek 0 0 0 0 0 0 0 0.02 0 0 0 0 0 0 0 0.02 
Stone Creek 0 0 0 0 0 0 0 0 0 0 0 0 0 0.08 0 0.08 
Thompson Creek 0 0 0 0 0 0 0 0.00 0 0 0.00 0 0 0 0 0.00 
Upper Bozeman Creek 0 0 0.39 0 0 0 0.00 0.01 0 0 0 0 0 0.00 0 0.40 
Total 0.00 0.10 0.73 0.00 0.08 0.00 0 1.46 0.09 0.00 0.02 0.00 0.00 0.59 0.31 3.37 
 
Table CA-6. Fish Passage Analysis for Selected Road Crossings Using Alaska Region Criteria 

Location ID Structure Type 
Structure 

Diameter or 
Dimensions (in) 

Width 
(ft) 

Culvert 
Slope 

(%) 

Bf in Riffle 
Above 

Culvert (ft)A 

Constriction Ratio: 
Culvert I.D./BF  

width 

Perch 
(in) 

Streambed 
Materials in 

Culvert 

Final 
Classification Notes/Comments Specific to Fish Crossing Model 

Fish passage evaluation criteria:  Circular CMP 48" span and smaller 
RCC-17G-G-X-1083 cmp 10 0.83 31 5 0.171 02 no RED  
DC-P-17W-G-X-3993 cmp 18 1.5 21 1 1.502 02 yes RED  
RCC-17G-G-X-383 cmp 24 2 31 2.5 0.802 361 no RED  
DC-P-17W-G-X-3893 cmp 24 2 21 2 1.002 131 no RED  
REC-17W-G-X-3083 cmp 24 2 13 8 0.251 02 N/A RED Culvert flowing full, could not assess streambed materials. 
LJC-17I-N-X-2233 cmp 30 2.5 13 8.5 0.291 02 no RED  
GC-17W-G-X-1723 2 culverts 36 3 21 2.5 2.402 25.21 no RED culvert/bf ratio calculated with width of two culverts 
GC-17W-G-X-1723 2 culverts 36 3 21 2.5 2.402 19.21 no RED culvert/bf ratio calculated with width of two culverts 
DC-17W-G-X-3533 cmp 36 3 31 5 0.603 43 no RED  
LJC-17I-N-X-2043 2 arched culverts 41 x 28 3.42 31 7 0.962 61 no RED culvert/bf ratio calculated with width of two culverts 
LJC-17I-N-X-2043 2 arched culverts 40 x 25 3.33 31 7 0.962 61 no RED culvert/bf ratio calculated with width of two culverts 
Fish passage evaluation criteria:  Circular CMP greater than 48" and less than 100% substrate cover 
CC-17W-G-X-2493 3 arch culverts 48 x 72 6 31 4.5 1.332 02 minimal RED  
LJC-17W-P-X-1603 cmp 48 4 13 3.5 1.142 181 no RED  
BC-17G-G-X-343 cmp 60 5 31 12 0.421 02 no RED  
TC-17W-G-X-4323 2 squash culverts 54 x 48 4.5 13 24 0.381 02 yes RED culvert/bf ratio calculated with width of two culverts 
TC-17W-G-X-4323 2 squash culverts 54 x 48 4.5 13 24 0.381 02 yes RED culvert/bf ratio calculated with width of two culverts 
REC-17W-G-X-3243 arch cmp 96 x 78 8 13 8 1.002 02 yes GREY  
DC-P-17W-G-X-3833 arch cmp/bridge 48 x 156 13 23 9 1.442 02 yes GREY  

Legend: 

1High certainty of not 
providing juvenile fish 
passage 

2High certainty of providing 
juvenile fish passage 

3Additional and more detailed 
analysis is required 

4Flowing water noted at the time of 
the field assessment 
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Table CA-7. Peak Discharges Using USGS Equations WRIR-03-4308 (Upper Yellowstone-Central Mountain Region) and Manning’s Equation 

Site ID 

Formula 
Variables Site Information Peak Discharges Using USGS Equations WRIR-03-4308 (Upper 

Yellowstone-Central Mountain Region Peak Discharges Using Manning's Equation, pipes flowing full 
Max. Conveyance 
Manning's > USGS Area 

(sqmi) E6000 Structure Fill at Risk 
(tons) 

CMP 
Diameter or 
Height (ft) 

X-sect 
Area 
(ft2) 

Q2 
(cfs) Q5 (cfs) Q10 

(cfs) 
Q25 
(cfs) Q50 (cfs) Q100 

(cfs) 

Streambed 
Materials in 

Culvert 
NA Slope 

% 
Velocity 
(ft/sec) 

Peak 
Flow 
(cfs) 

Sum of 
Peak Flow 

(cfs) 
CC-17W-G-X-249 5.89 0.00 3 arch culverts 36.1 4 x 6 19.63 25.5 86.8 162.2 303.0 448.5 628.5 minimal 0.024 2.64 11.7 229.0 364.2 Q25 
CC-17W-G-X-249 5.89 0.00 3 arch culverts incl. 3 x 5 12.57 incl. incl. incl. incl. incl. incl. dry 0.023 1.00 6.5 81.2 incl. incl. 
CC-17W-G-X-249 5.89 0.00 3 arch culverts incl. 3.25 x 3.5 8.95 incl. incl. incl. incl. incl. incl. dry 0.022 1.00 6.0 54.0 incl. incl. 
CC-17W-N-X-247 1.9 0.00 CMP 15.6 3 7.07 10.0 35.8 68.8 132.2 199.5 284.0 dry 0.018 0.1 2.2 15.2  Q2 
GC-17W-G-X-172 1.69 0.00 2 culverts 83.6 3 7.07 9.0 32.7 63.0 121.3 183.5 261.6 no 0.018 1.94 9.5 67.0 135.1 Q25 
GC-17W-G-X-172 1.69 0.00 2 culverts incl. 3 7.07 incl. incl. incl. incl. incl. incl. no 0.018 2.00 9.6 68.1 incl. incl. 
TC-17W-G-X-432 3.78 0.00 2 squash culverts 16.8 4.5 x 4 14.19 17.7 61.4 115.9 218.9 326.5 460.3 yes 0.023 1.14 7.2 101.8 203.6 Q10 
TC-17W-G-X-432 3.78 0.00 2 squash culverts incl. 4.5 x 4 14.19 incl. incl. incl. incl. incl. incl. yes 0.023 1.14 7.2 101.8 incl. incl. 
DC-17W-G-X-335 0.65 0.00 cmp 2.7 2 3.14 4.1 15.5 30.5 60.2 92.6 133.8 no 0.015 2.80 10.5 32.8  Q10 
RCC-17G-G-X-38 0.54 0.98 cmp 15.7 2 3.14 3.7 13.1 28.2 47.5 71.6 101.7 no 0.015 2.8 10.4 32.7  Q10 
LJC-17I-N-X-223 0.94 1.00 cmp 86.9 2.5 4.91 5.9 20.3 43.0 71.2 106.3 149.7 no 0.017 1.1 6.7 33.1  Q5 
LJC-17I-N-X-204 2.54 1.00 arched 128.0 3.3 x 2.1 5.73 13.6 44.1 91.4 147.6 216.5 300.9 no 0.018 2.5 9.9 56.9 124.3 Q10 
LJC-17I-N-X-204 2.54 1.00 arched incl. 3.4 x 2.3 6.49 13.6 44.1 91.4 147.6 216.5 300.9 no 0.018 2.5 10.4 67.3 incl. incl. 
LJC-17W-P-X-160 1.5 0.38 cmp 35.1 4 12.57 8.4 29.5 59.2 106.0 158.9 224.8 no 0.023 0.7 5.3 66.4  Q10 
RCC-17G-G-X-108 0.12 0.25 cmp 25.2 0.8 0.55 1.0 4.1 8.7 16.9 26.5 39.0 no 0.014 0.1 1.2 0.6  N/A 
BC-17G-G-X-34 10.31 0.93 cmp 228.7 5 19.63 43.4 131.9 263.3 414.4 594.1 810.5 no 0.024 3.4 13.2 260.1  Q5 
RSC-17W-X-304 0.36 0.00 cmp 72.8 3.6 10.18 2.5 9.8 19.5 39.1 60.6 88.3 no 0.022 1 6.3 64.1  Q50 
REC-17W-G-X-308 0.61 0.10 cmp 80.1 2 3.14 3.9 14.7 29.3 56.7 86.9 125.4 no 0.015 0.5 4.4 13.9  Q2 
REC-17W-G-X-323 2.15 0.80 cmp 96.3 3.5 9.62 11.7 38.8 79.7 132.7 195.9 273.6 no 0.022 7.80 17.3 166.0  Q25 
REC-17W-G-X-324 21.09 0.44 arch cmp 110.9 8 x 6.5 41.28 76.5 232.9 441.0 731.3 1046.1 1424.8 yes 0.027 1 8.2 337.8  Q5 
DC-17W-G-X-353 0.84 0.43 cmp 60.2 3 7.07 5.2 18.7 38.3 68.9 104.2 148.5 no 0.018 2.5 10.8 76.2  Q25 
DC-P-17W-G-X-383 35.76 0.17 arch cmp/bridge 97.5 4 x 13 56.75 116.3 354.2 645.7 1110.5 1585.6 2156.6 yes 0.027 2.0 12.9 730.0  Q10 
DC-P-17W-G-X-389 0.95 0.19 cmp 6.6 2 3.14 5.7 20.7 41.3 77.5 117.7 168.3 no 0.015 1.7 8.2 25.6  Q5 
DC-P-17W-G-X-399 0.1 0.10 cmp 1.2 1.5 1.77 0.9 3.6 7.4 15.1 23.8 35.2 yes 0.013 1.9 8.2 14.6  Q10 
DC-P-17W-G-X-410 7.96 0.27 arch 37.0 6 x 9 44.18 33.6 109.1 208.3 364.7 532.8 738.3 yes 0.027 1.0 8.4 369.7  Q25 
GC-17W-P-X-230 9.4 0.00 bridge N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  N/A 
CC-17W-G-X-242 33.12 0.00 bridge N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  N/A 
CC-17-W-N-X-219 0.08 0.00 no culvert N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  N/A 
CC-17W-N-X-231 0.7 0.00 no culvert N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  N/A 

Average 61.9  
Field notes were adjusted as follows:  if slope was not recorded then 0.1% was used. No streambed materials assumed for REC-17W-G-X-308. Slope was recorded as 2-3% at DC-P-17W-G-X-353. 
Manning's Equation Roughness Coefficient Reference (Assumed all Corrugated pipe had 2.66 x 0.5 inch corrugations for pipe 10-inch to 36 inch and 3 x 1 inch corrugations for pipe greater than 36-inch diameter: 
Modern Sewer Design, 4th Ed. 1999, American Iron and Steel Institute, Washington DC, Copyright 1980. 
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Table CA-8. Culvert Failure Load Potential Per 25% Probability and Per Storm Event (tons/year) 
6th Code Subwatershed (USGS HUC 12) Number of Crossings Q2 Q5 Q10  Q25 Q50 Q100 

Percent of Culverts Failing Storm Event  0% 11% 32% 68% 95% 100% 
Bear Creek 6 0 10 30 63 88 93 
Bozeman Creek 55 0 94 272 579 809 851 
Camp Creek 81 0 138 401 852 1191 1253 
Dry Creek 104 0 177 515 1094 1529 1609 
Godfrey Creek  23 0 39 114 242 338 356 
Lower Jackson Creek  51 0 87 253 537 750 789 
Reese Creek 21 0 36 104 221 309 325 
Rocky Creek 66 0 112 327 695 970 1021 
Smith/Ross Creeks 16 0 27 79 168 235 248 
Stone Creek 7 0 12 35 74 103 108 
Thompson Creek 5 0 9 25 53 74 77 
Upper Bozeman Creek 3 0 5 15 32 44 46 
Total 438 0 746 2169 4609 6439 6778 
 
Sample calculation:  Bear Creek, Q50 Storm Event 
 

year
tons2.88 tons)(61.9crossings) (6(0.95)(0.25)Load

10)TableArisk at  fill (averagecrossings)(#ailing)(percent_fty)(probabiliLoad

=×××=

−×××=

 
Table CA-9. Detailed Extrapolated Sediment Load from Road Crossings by HUC/303(d) Subwatershed, Precipitation Class and Road Surface Type – Insloped, Vegetated Road Design and Road Length Reduction based on Maintenance 
Ownership 

Ownership Federal - USFS State County City Private 
Total 
Load 
t/y 

6th Code/303(d) 
Subwatershed Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native Paved Unpaved Gravel Native 

Precipitation Class H/M/L H M L L H/M/L H M L L H/M/L H M L L H/M/L H M L L H/M/L H M L L 
Bear Creek 0 0 0 0 0 0.06 0 0 0 0 0.03 0.79 0 0 0 0 0 0 0 0 0.03 0 0.32 0 0 1.23 
Bozeman Creek 0 0 0.32 0 0 0.21 0 0 0 0 0.24 0 1.29 0 0 0.48 0 0.86 0 0 0.3 0 2.56 0 0 6.26 
Camp Creek 0 0 0 0 0 0.27 0 0 0 0 0.09 0 12.9 5.55 0.08 0 0 0 0 0 0 0 0 0 0 18.89 
Dry Creek 0 0 0 0 0 0.03 0 0 0 0 0 0.78 13.76 8.4 0 0 0 0 0 0 0 0 1.6 0.5 0.1 25.17 
Godfrey Creek  0 0 0 0 0 0.27 0 1.72 0 0 0.03 0 2.15 0.6 0 0 0 0 0 0 0 0 0 0 0 4.77 
Lower Jackson Creek  0 2.42 0 0 0 0 0 0 0 0 0.21 1.04 0 0 0 0 0 0 0 0 0.12 5.28 0.32 0 0 9.39 
Reese Creek 0 0 0 0 0 0.06 0 0 0 0 0.06 0.26 2.15 0.9 0 0 0 0 0 0 0 0 0.96 0.2 0 4.59 
Rocky Creek 0 2.2 0 0 0 0.24 1.04 0 0 0 0 1.82 0.86 0 0 0 0 0 0 0 0.18 5.5 1.28 0 0 13.12 
Ross Creek 0 0 0 0 0 0.09 0 0 0 0 0.03 0 1.72 0.9 0 0 0 0 0 0 0 0 0.32 0 0 3.06 
Smith Creek 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.03 
Stone Creek 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.32 0 0 0 1.35 
Thompson Creek 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0.45 0 0 0 0 0 0 0 0 0 0.1 0 0.58 
Upper Bozeman 
Creek 0 0.22 0 0 0 0 0 0 0 0 0.03 0 0.43 0 0 0 0 0 0 0 0 0 0 0 0 0.68 

Total 0 4.84 0.32 0 0 1.32 1.04 1.72 0 0 0.72 4.69 35.26 16.8 0.08 0.48 0 0.86 0 0 0.63 12.1 7.36 0.8 0.1 89.12 
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Table CA-10. Total Annual Sediment Load from all Sources and Potential BMP Reduction 
6th Code Subwatershed (USGS 

HUC 12) 
Total Annual Sediment 

Load Crossings (t/y) 
Total Annual Sediment Load 

Parallel Segments (t/y) 
Sum A (Crossings and 

Parallel Segments) 
Sum with All Available 

Sediment ReductionsB (t/y) 
Percent ReductionC 

(%) 
 Culvert Failure-per Storm Event (tons/year) 

Q2 Q5 Q10 Q25 Q50 Q100 
Column # 1 2 3 4 5 6 7 8 9 10 11 
Bear Creek 1.78 0.28 2.06 1.51 27% 0 10 30 63 88 93 
Bozeman Creek 8.65 0.08 8.73 6.43 27% 0 5 15 32 44 46 
Camp Creek 22.71 .44 23.15 19.33 17% 0 94 272 579 809 851 
Dry Creek 31.28 .84 32.12 26.01 19% 0 138 401 852 1191 1253 
Godfrey Creek  5.75 .11 5.86 4.88 17% 0 177 515 1094 1529 1609 
Lower Jackson Creek  15.29 0.47 15.76 9.86 37% 0 39 114 242 338 356 
Reese Creek 6.09 0.02 6.11 4.61 25% 0 87 253 537 750 789 
Rocky Creek 20.62 0.61 21.23 13.73 35% 0 36 104 221 309 325 
Smith/Ross Creeks 3.82 0.03 3.85 3.12 19% 0 112 327 695 970 1021 
Stone Creek 2.25 0.08 2.33 1.43 39% 0 27 79 168 235 248 
Thompson Creek 0.71 0.00 0.71 0.58 18% 0 12 35 74 103 108 
Upper Bozeman Creek 0.93 0.40 1.33 1.08 19% 0 9 25 53 74 77 
Sum 119.88 3.37 123.25 92.49 25% 0 746 2169 4609 6439 6778 
 
ASum = Column 1+2 
BSum = Sediment load per crossing (Table CA-9 Total Load) + Column 2 
CPercent Reduction = (Column 3-Column 4)/Column 3 
 
Table CA-11. Comparability of Field Data to WEPP:Road Parameters 

WEPP:Road Variable Road gradient (%) Road length (ft) Road width (ft) Fill gradient (%) Fill length (ft) Buff gradient (%) Buff length (ft) Rock content (%) 
Minimum Value 0.3% 3 ft 1 ft 0.3% 1 ft 0.3% 1 ft 0% 
Maximum Value 40% 1000 ft 300 ft 150% 1000 ft 100% 1000 ft 100% 
Measured Range from the Field 
Data 0.5 - 11% 20 – 1000 feet 10-36 ft 0.3 – 145 % 1 – 80 ft 0.3 – 90% 1 – 401 ft 10 – 50% 

Non-compliant values None. None. DC-17W-G-X-335 (36 feet 
– due to road and ditch) Multiple entries (-) Multiple entries (-) Heavy Vegetation Multiple entries (-) Multiple entries (-) None. 

Action Taken None. None. 
None – automatically 
corrected to 33 feet on 
WEPP 

Minimum values 
entered for (-) entries. 

Minimum values entered for (-) entries. 
Fillslope length minimized for heavy 
vegetation (>>50%) 

Minimum values 
entered for (-) entries. 

Minimum values 
entered for (-) entries. None. 
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ATTACHMENT CB - FIELD ASSESSMENT SITE LOCATION DATA 

Table CB-1. Field Assessment Site Location Information 
Climate 
Station HUC 12 Name SITE ID X Y Elevation 

(ft) 
Average 

Precipitation (in) 

Be
lg

ra
de

 A
irp

or
t, 

M
on

ta
na

 2
40

62
2 

Camp Creek CC-17w-G-X-242 45.7336 -111.3376 4736 14.53 
Camp Creek CC-17w-G-X-249 45.7474 -111.3305 4779 15.13 
Camp Creek CC-17w-N-X-219 45.7148 -111.4302 5032 13.45 
Camp Creek CC-17w-N-X-231 45.7216 -111.4143 4759 14 
Camp Creek CC-17w-N-X-247 45.7429 -111.4129 4759 14 
Dry Creek DC-17w-G-X-335 45.8942 -111.1966 4408 14.19 
Dry Creek DC-17w-G-X-383 45.9747 -111.1751 4795 14.72 
Dry Creek DC-17w-G-X-389 45.9790 -111.0978 4546 15.21 
Dry Creek DC-17w-G-X-410 46.0133 -111.1703 4897 14.87 
Godfrey Creek GC-17w-P-X-230 45.7230 -111.3153 4779 15.13 
Thompson Creek TC-17w-G-X-432 45.8350 -111.1614 4398 14.43 
Dry Creek DC-P-1 45.9222 -111.1806 4622 14.6 
Dry Creek DC-P-7 46.0301 -111.1613 5150 15.21 

Bo
ze

m
an

 M
SU

, 
24

10
44

 

Dry Creek DC-17w-G-X-399 46.0040 -111.1050 5481 17.98 
Godfrey Creek GC-17w-G-X-172 45.6855 -111.3162 4972 15.94 
Reese Creek REC-17w-G-X-308 45.8388 -111.0347 5179 19.49 
Reese Creek REC-17w-G-X-323 45.8596 -111.0399 5179 19.49 
Reese Creek REC-17w-X-324 45.8597 -111.0821 4766 15.6 
Ross Creek RSC-17w-X-304 45.8277 -111.0767 4717 15.75 
Dry Creek DC-P-6 45.9339 -111.1130 5373 18.55 

Bo
ze

m
an

 1
2N

E,
 M

on
ta

na
 2

41
05

0 

Bear Creek BC-17g-G-X-34 45.6100 -110.9255 6796 35.3 
Dry Creek DC-17w-G-X-353 45.9301 -111.0801 6990 39.21 
Lower Jackson 
Creek 

LJC-17i-N-X-204 45.7198 -110.7807 6747 35.79 

Lower Jackson 
Creek 

LJC-17i-N-X-223 45.7264 -110.7633 6747 35.79 

Lower Jackson 
Creek 

LJC-17w-X-160 45.6838 -110.8520 5566 25.16 

Rocky Creek RCC-17g-G-X-108 45.6601 -110.8695 5993 29.42 
Rocky Creek RCC-17g-G-X-38 45.6127 -110.8579 6416 33.69 
Lower Jackson 
Creek 

LJC-P-3 45.7184 -110.7813 6747 35.79 

Rocky Creek RCC-P-4 45.6580 -110.9349 5894 24.99 
Bear Creek BC-P-5 45.6097 -110.9252 6796 35.3 

 
Latitude and Longitude obtained from GIS; Elevation data obtained from WEPP:Road PRISM 
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ATTACHMENT CC - WEPP: ROAD MODEL ADJUSTMENTS AND CUSTOM 
CLIMATE PARAMETERS 

Heavily Vegetated Fillslope 
Heavily vegetated fillslope conditions are not properly represented in the standard WEPP:Road 
assumption. As a result, William J. Elliott, author of the model, was consulted to determine how best to 
represent these roads within the confines of the model. 
 
There are three traffic scenarios available in the model that affect fillslope vegetation. All of the 
crossings and parallel segments in this report were low or high traffic levels. For roads where vegetation 
is 100% on the fillslope, the fillslope length was minimized and the remainder was added to the buffer 
length. The following table explains the model assumptions for the three traffic scenarios: 
 

Traffic High Low None 
Erodibility 100% 25% 25% 

Hydraulic Conductivity 100% 100% 100% 
Vegetation on Road Surface 0 0 50% 

Vegetation on fill 50% 100% Forested 50% 
Buffer Forested Forested Forested 

  
Affected segments: 
CC-17W-N-X-247 
GC-17W-P-X-230 
GC-17W-G-X-172 
TC-17W-G-X-432 
LJC-17W-P-X-160 
RCC-17G-G-X-108 
RSC-17W-P-X-304 

REC-17W-G-X-323353 
DC-P-6 
DC-P-17W-G-X-383 
DC-P-17W-G-X-389 
DC-P-17W-G-X-399 
DC-P-7 

 
Traffic Level 
High traffic is described in WEPP:Road guidance as “ generally associated with a timber sale, hauling 
numerous loads of logs over the road, or roads that receive considerable traffic during much of the 
year”. Low traffic is described as “administrative or light recreational use during the dry season”. Due to 
the proximity to Bozeman, Belgrade and Manhattan, almost all of the roads receive daily use. Thus all of 
the sites were updated to high traffic level with the exception of the high bank area of Camp Creek that 
receives occasional ranch traffic and the parallel segment in Rocky Creek. This area has few homes, two 
forms of egress, and a private property sign at the entrance.  
 
Maximum Contributing Road Length 
The WEPP:Road model has a maximum contributing road length of 1000-feet. According to Dr. Elliott, it 
is rare that the contributing road length ever exceeds this distance. As a result, any field assessed road 
crossing or  parallel segment in excess of this distance was reduced to 1000-feet for modeling purposes. 
This includes multiple segments for the same crossing. If both of the segments exceeded 1000 feet, each 
was reduced to 500 feet. If only one segment exceeded the halfway mark, that segment was reduced so 
that the total road length was at the maximum. 
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Affected segments: 
DC-17W0G-X-335    
DC-P-17W-G-X-410 
DC-P-17W-G-X-389 
BC-17G-G-X-34 
DC-P-17W-G-X-399 
GC-17W-G-X-172 
LJC-17I-N-X-204 
CC-17W-N-X-231 

CC-17W-N-X-247 
GC-17W-P-X-230 
LJC-17W-P-X-160 
RSC-17W-P-X-304 
DC-P-1 
BC-P-5 
DC-P-7 

 
Road Crossing Model Adjustments 
Some road crossing locations had contributing road length on each side of the crossing, and road 
conditions were significantly different on each side. In these situations, each road segment was modeled 
separately and the two segments were then summed to get the total sediment load for the crossing. 
Also, some crossing locations were located at the convergence of two or more roads, with all roads 
contributing to sediment load at the crossing. In these cases, road segments were modeled separately 
and then summed to get the total sediment load for the crossing.    
 
Crowned Roads 
A crowned road is not a road design option in WEPP:Road. Each crossing must be considered as an 
inslope or outslope design with a rutted or unrutted surface. Photographs and field notes were reviewed 
prior to each assessment. The following is a summary of model changes. 
 
Paved Road Crossing LJC-17W-P-X-160 Adjustment 
The annual sediment load from site LJC-17W-P-X-160 without model adjustments, had the highest 
sediment load of all assessed sites, both paved and unpaved (2.8 tons/year). Per review of the 
photographs and discussions between WET and DEQ field team members, the results appear to be 
elevated. Site LJC-17W-P-X-160 consisted of two segments (from the south and from the northwest) 
contributing to a crossing in the low point of the road. Evidence of erosion and scour was noted in the 
field on the south side of the contributing length at the slope break between the ditch, fillslope and 
buffer. This contributing length resulted in 0.15 tons/year annual average sediment load. The 
contributing length from the northwest did not show evidence of scour or sediment deposits on the 
buffer length; however, the model results from this segment contributed 2.65 tons/year average annual 
sediment load. Due to the site conditions and lack of evidence of 2.8 tons/year sediment erosion, the 
segment from the North West was modeled as an outsloped, unrutted road design. This reduced the 
total sediment load from this site to 0.17 tons/year. Even with these model changes, the site continues 
to be the highest contributor of sediment of the four assessed paved crossings; however, the results 
better reflect actual site conditions.  
  
Table CC-1. Specific WEPP: Road Modeling Adjustments for Crowned Roads 

Site Name Road Design Model Adjustments 
CC-17W-G-X-249 IV Two segments (both IV) modeled separately and summed 
GC-17W-P-X-230 OU Two paved segments (both OU) modeled separately and summed 

RSC-17W-X-304 IV One segment with two ditches. Modeled as one IV segment with half width 
of road and doubled result. 

REC-17W-G-X-308 OR One segment with ruts present. Modeled as OR per WEPP Guidance. 
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Table CC-1. Specific WEPP: Road Modeling Adjustments for Crowned Roads 
Site Name Road Design Model Adjustments 

REC-17W-G-X-323 OR Two segments with ruts present. Modeled as OR per WEPP Guidance and 
summed results. 

REC-17W-G-324 OU One paved segments modeled as OU. 
DC-17W-G-X-353 OR One segment with ruts present. Modeled as OR per WEPP Guidance. 

DC-P-17W-G-X-389 OR One segment with ruts present. Modeled as OR per WEPP Guidance. 
DC-P-7 OR & IV Four segments: one OR and three IV. Results averaged to represent the site. 

Road crossings and parallel segments that are not listed above were not altered from the field worksheets when 
entered into the WEPP model. 
Road Design options:  OU = Outslope unrutted road, OR = Outslope rutted road, IV = Inslope road with vegetated 
or rocked ditch, IB = Inslope road with bare ditch 
 
Table CC-2. Climate parameters for Belgrade Airport 240622 1971-2 + 45.48oN 111.63oW; 4450 feet 
elevation 85 years of record1 

Month Mean Maximum 
Temperature(oF) 

Mean Minimum 
Temperature (oF) 

Mean Precipitation 
(in) 

Number of wet 
days 

January 30.0 7.4 0.56 8.0 
February 36.3 13.3 0.64 7.1 

March 45.4 21.6 1.00 9.1 
April 55.3 29.3 1.40 10.0 
May 64.5 37.3 2.30 12.1 
June 74.2 44.1 2.42 12.1 
July 83.2 48.7 1.26 7.9 

August 82.3 47.7 1.13 8.1 
September 70.4 38.5 1.43 8.0 

October 57.8 28.9 1.13 7.1 
November 39.4 16.6 0.79 7.9 
December 30.6 7.6 0.56 7.0 

Annual   14.63 104.3 
 
Table CC-3. Interpolated Data 

Station Weighting Station Weighting 
Wind Stations Solar Radiation and Max .5 P Stations 

BOZEMAN MT 45.3 % HELENA, MONTANA 51.2 % 
DILLON MT 29.1 % BILLINGS, MONTANA 26.7 % 
LIVINGSTON MT 25.6 % POCATELLO, IDAHO 22.1 % 

Dewpoint Stations Time-to-Peak Stations 
BUTTE MT 61 % CAMERON MT 43.3 % 
BILLINGS MT 21.4 % LOGAN MT 29.2 % 
POCATELLO ID 17.5 % WHITEFALLS 7 E MT 27.5 % 
  

                                                           
1 All three climate stations were altered from the NORRIS MADISON PH MT 246157 site. Thus the interpolated data is exactly 
the same for each of the three climate stations (wind, dew point, solar radiation and time-to-peak) based on the NORRIS 
latitude, longitude and years of record. Temperature and Precipitation data is unique to each site.  
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Table CC-4. Climate parameters for BZN MSU 241044 YR 1971-2000 + 45.48oN 111.63oW; 4860 feet 
elevation 85 years of record 

Month Mean Maximum 
Temperature (oF) 

Mean Minimum 
Temperature (oF) 

Mean Precipitation 
(in) 

Number of wet 
days 

January 33.6 14.0 0.81 9.0 
February 38.8 18.3 0.79 7.9 
March 46.5 24.4 1.41 10.1 
April 55.5 31.4 2.10 11.1 
May 64.4 39.4 2.98 13.0 
June 73.6 46.3 2.84 12.9 
July 81.6 51.6 1.52 8.9 
August 81.2 50.6 1.45 8.1 
September 71.1 42.0 1.83 8.0 
October 58.6 33.1 1.57 7.9 
November 41.2 21.8 1.11 7.9 
December 33.9 14.6 0.89 8.1 
Annual   19.30 112.7 
 
Table CC-5. INTERPOLATED DATA 

Station Weighting Station Weighting 
Wind Stations Solar Radiation and Max .5 P Stations 

BOZEMAN MT 45.3 % HELENA, MONTANA  51.2 % 
DILLON MT 29.1 % BILLINGS, MONTANA  26.7 % 
LIVINGSTON MT 25.6 % POCATELLO, IDAHO  22.1 % 

Dewpoint Stations Time-to-Peak Stations 
BUTTE MT 61 % CAMERON MT  43.3 % 
BILLINGS MT 21.4 % LOGAN MT  29.2 % 
POCATELLO ID 17.5 % WHITEFALLS 7 E MT  27.5 % 
Modified by Rock:Clime on October 8, 2010 from NORRIS MADISON PH MT 246157 0  
 
Table CC-6. Climate parameters for Bozeman 12NE 241050 YR71-00 + 45.48oN 111.63oW; 5950 feet 
elevation 85 years of record  

Month Mean Maximum 
Temperature (oF) 

Mean Minimum 
Temperature (oF) 

Mean Precipitation 
(in) 

Number of wet 
days 

January 32.7 8.0 2.40 14.1 
February 36.6 11.2 1.94 12.9 
March 42.2 16.9 2.72 15.1 
April 49.3 23.1 3.60 15.0 
May 58.1 30.3 4.48 16.0 
June 67.1 36.2 4.35 15.0 
July 74.3 39.4 2.44 11.1 
August 74.2 38.2 2.41 10.0 
September 64.4 31.9 2.80 10.0 
October 53.6 25.5 2.60 10.0 
November 38.4 15.8 2.48 13.1 
December 32.6 8.8 2.40 14.1 
Annual   34.60 156.4 
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Table CC-7. INTERPOLATED DATA 
Station Weighting Station Weighting 

Wind Stations Solar Radiation and Max .5 P Stations 
BOZEMAN MT  45.3 %   HELENA, MONTANA  51.2 % 
DILLON MT  29.1 %   BILLINGS, MONTANA  26.7 % 
LIVINGSTON MT  25.6 %   POCATELLO, IDAHO  22.1 % 

Dewpoint Stations Time-to-Peak Stations 
BUTTE MT 61 % CAMERON MT  43.3 % 
BILLINGS MT 21.4 % LOGAN MT  29.2 % 
POCATELLO ID 17.5 % WHITEFALLS 7 E MT  27.5 % 
Modified by Rock:Clime on October 8, 2010 from NORRIS MADISON PH MT 246157 0 
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ATTACHMENT CD - WEPP: ROAD MODELING RESULTS FOR FIELD ASSESSED SITES 

Table CD-1. WEPP: Road Modeling Results for Field Assessed Crossings 

Comment Precipitation 
Class Soil Years Design Surface, 

traffic 
Road grad 

(%) 

Road 
length 

(ft) 

Road 
width (ft) 

Fill 
grad 
(%) 

Fill length 
(ft) 

Buff 
grad (%) 

Buff 
length 

(ft) 

Rock 
cont 
(%) 

Average 
annual rain 
runoff (in) 

Average 
annual snow 

runoff (in) 

Average annual 
sediment 

leaving road 
(lb/yr) 

Average annual 
sediment 

leaving buffer 
(lb/yr) 

Paved Roads 
GC-17W-P-X-230 Belgrade loam 50 Outsloped, unrutted paved high 0.75 905 23 84 1 84 13.5 10 0.3 0 30 33 
GC-17W-P-X-230 Belgrade loam 50 Outsloped, unrutted paved high 1 95 23 0.3 1 0.5 10 10 incl. incl. incl. incl. 
REC-17W-G-324 MSU sand 50 Outsloped, unrutted paved high 4 20 22 100 7 0.3 1 15 1.4 0.1 9 7 
RSC-17W-X-304 
PAVED MSU sand 50 Insloped, vegetated 

or rocked ditch paved high 0.5 600 11.5 27 1 27 8 50 8.6 2.2 84 82 

RSC-17W-X-304 PAVED MSU sand 50 Insloped, vegetated 
or rocked ditch paved high 0.5 600 11.5 27 1 27 8 50 incl. incl. incl. incl. 

Paved: Medium and Low Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.01 75th Perc. 0.03 Median 0.02 Max 0.04 Min 0.00 Mean 0.02 
LJC-17W-P-X-160 BZN 12 NE loam 30 Outsloped, unrutted paved high 7 500 33 120 1 0.5 149 50 1 0.4 7538 335 

LJC-17W-P-X-160 BZN 12 NE loam 30 Insloped, vegetated 
or rocked ditch paved high 6 500 29 40 1 40 24 50 incl. incl. incl. incl. 

Paved: High Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.17 75th Perc. 0.17 Median 0.17 Max 0.17 Min 0.17 Mean 0.17 
Gravel Roads 
CC-17W-G-X-242 Belgrade loam 50 Outsloped, rutted graveled high 2.5 160 21 57 13 0.3 1 20 0.8 0.2 242 205 

DC-17W-G-X-335 Belgrade loam 50 Insloped, vegetated 
or rocked ditch graveled high 2 1000 36 48 3.5 0.3 1 30 0.7 0.2 902 838 

DC-P-17W-G-X-383 Belgrade loam 50 Outsloped, rutted graveled high 5.5 369 19 46 1 0.3 11 20 0.6 0.2 1271 622 
DC-P-17W-G-X-410 Belgrade loam 50 Outsloped, rutted graveled high 3 844 21 90 4 1 156 20 0.1 0 1773 75 
DC-P-17W-G-X-410 Belgrade loam 50 Outsloped, rutted graveled high 3 156 21 0.3 1 1 79 20 incl. incl. incl. incl. 
DC-P-17W-G-X-389 Belgrade sand 50 Outsloped, rutted graveled high 2.5 1000 21 58 1 0.3 50 30 0.2 0.1 1140 283 

CC-17W-G-X-249 Belgrade silt loam 50 Insloped, vegetated 
or rocked ditch graveled high 1 39 31.5 39 12 0.3 1 15 0.3 0.1 849 36 

CC-17W-G-X-249 Belgrade silt loam 50 Insloped, vegetated 
or rocked ditch graveled high 4 480 28 0.3 1 2 230 15 incl. incl. incl. incl. 

Gravel: Low Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.05 75th Perc. 0.27 Median 0.12 Max 0.42 Min 0.02 Mean 0.17 
DC-17W-G-X-353 BZN 12 NE sand 30 Outsloped, rutted graveled high 4 288 20 65 1 0.3 16 30 0.6 0.1 624 279 
RCC-17G-G-X-108 BZN 12 NE sand 30 Outsloped, rutted graveled high 5 306 16 65 1 65 4.5 35 1.9 0.4 1999 1951 
RCC-17G-G-X-108 BZN 12 NE sand 30 Outsloped, rutted graveled high 3.5 633 16 41 1 41 5 35 incl. incl. incl. incl. 
RCC-17G-G-X-38 BZN 12 NE sand 30 Outsloped, rutted graveled high 5 148 23 0.3 1 8 108 50 0 0 198 8 
BC-17G-G-X-34A BZN 12 NE loam 30 Insloped, bare ditch graveled high 4 1000 11 85 6 0.3 1 50 1.1 0 2391 2261 

Gravel: High Precipitation Class Statistics: Annual Sediment Load (tons/year) ABC-17G-G-X-34 
not included in extrapolated statistics 25th Perc. 0.07 75th Perc. 0.56 Median 0.14 Max 0.98 Min 0.00 Mean 0.37 

DC-P-17W-G-X-399 MSU sand 50 Outsloped, rutted graveled high 2.5 1000 21 42 1 0.3 3 30 1.1 0 2017 1768 
REC-17W-G-X-308 MSU sand 50 Outsloped, rutted graveled high 1.5 180 14 5 6 0.3 1 20 1.2 0 90 78 
REC-17W-G-X-323 MSU silt 50 Outsloped, rutted graveled high 2.5 504 15 92 1 0.3 7 15 1.9 0 1335 965 
REC-17W-G-X-323 MSU silt 50 Outsloped, rutted graveled high 1 228 15 92 1 0.3 7 15 incl. incl. incl. incl. 
GC-17W-G-X-172 MSU silt loam 50 Outsloped, rutted graveled high 2 155 21 90 12 90 11 15 1.3 0 9105 1623 
GC-17W-G-X-172 MSU silt loam 50 Outsloped, rutted graveled high 8 484 21 70 1 6 60 15 incl. incl. incl. incl. 
GC-17W-G-X-172 MSU silt loam 50 Outsloped, rutted graveled high 11 361 21 100 1 4 126 15 incl. incl. incl. incl. 
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Table CD-1. WEPP: Road Modeling Results for Field Assessed Crossings 

Comment Precipitation 
Class Soil Years Design Surface, 

traffic 
Road grad 

(%) 

Road 
length 

(ft) 

Road 
width (ft) 

Fill 
grad 
(%) 

Fill length 
(ft) 

Buff 
grad (%) 

Buff 
length 

(ft) 

Rock 
cont 
(%) 

Average 
annual rain 
runoff (in) 

Average 
annual snow 

runoff (in) 

Average annual 
sediment 

leaving road 
(lb/yr) 

Average annual 
sediment 

leaving buffer 
(lb/yr) 

Gravel: Medium Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.37 75th Perc. 0.83 Median 0.65 Max 0.88 Min 0.04 Mean 0.55 
Native Roads 
LJC-17I-N-X-204 BZN 12 NE loam 30 Outsloped, rutted native high 9 500 13 2 25 1 26 25 1.4 1.1 13269 1332 
LJC-17I-N-X-204 BZN 12 NE loam 30 Outsloped, rutted native high 7 500 11 7 80 1 26 25 incl. incl. incl. incl. 
LJC-17I-N-X-223 BZN 12 NE sand 30 Outsloped, rutted native high 3.5 122 12 0.3 1 0.3 1 30 1 0.5 250 97 
LJC-17I-N-X-223 BZN 12 NE sand 30 Outsloped, rutted native high 2.5 167 16 0.3 1 6 70 30 incl. incl. incl. incl. 

Native: High Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.20 75th Perc. 0.51 Median 0.36 Max 0.67 Min 0.05 Mean 0.36 
TC-17W-G-X-432 Belgrade loam 50 Outsloped, rutted native high 0.5 89 16 31 1 0.5 100.5 50 0 0 293 2 
TC-17W-G-X-432 Belgrade loam 50 Outsloped, rutted native high 2 260 16 9 1 0.5 266 50 incl. incl. incl. incl. 
CC-17-W-N-X-219 Belgrade clay 50 Outsloped, rutted native low 3 468 15 0.3 1 0.3 1 10 5.1 2.4 499 379 
CC-17-W-N-X-219 Belgrade clay 50 Outsloped, rutted native low 3.5 307 15 0.3 1 0.3 1 10 incl. incl. incl. incl. 
CC-17W-N-X-231 Belgrade clay 50 Outsloped, rutted native low 5 770 10 0.3 1 1 50 50 3.4 1.7 1144 168 
CC-17W-N-X-231 Belgrade clay 50 Outsloped, rutted native low 0.5 230 10 0.3 1 1 5 50 incl. incl. incl. incl. 
CC-17W-N-X-247 Belgrade clay 50 Outsloped, rutted native low 1 144 13 25 1 0.3 11 10 1.2 0.8 1268 105 
CC-17W-N-X-247 Belgrade clay 50 Outsloped, rutted native low 6 428 13 58 1 1 401 40 incl. incl. incl. incl. 
CC-17W-N-X-247 Belgrade clay 50 Outsloped, rutted native low 6 428 13 58 1 1 50 40 incl. incl. incl. incl. 

Native: Low Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.04 75th Perc. 0.11 Median 0.07 Max 0.19 Min 0.00 Mean 0.08 
Shaded cells in the Road Length column represent two upstream sections of the culvert. These cells were summed prior to calculating the average road length for each crossing within a watershed. 
Cells with an “incl.” in the last four columns were summed either because the road was crowned and was modeled as two widths (inslope and outslope portion) or because of the two contributing upstream road sections. Cells with an “avg’d” in the last four columns 
are parallel sections were averaged to present one normalized value for average sediment delivery in tons/mile/year. 
 
Table CD-2. WEPP: Road Modeling Results for Field Assessed Parallel Segments 

Comment Precipitation 
Class Soil Years Design Surface, traffic Road grad 

(%) 
Road 

length (ft) 
Road 

width (ft) 
Fill grad 

(%) 

Fill 
length 

(ft) 

Buff 
grad (%) 

Buff 
length 

(ft) 

Rock 
cont (%) 

Average 
annual rain 
runoff (in) 

Average annual 
snow runoff (in) 

Average annual 
sediment leaving 

road (lb/yr) 

Average annual 
sediment leaving 

buffer (lb/yr) 
Gravel Parallel Segments 

DC-P-1 Belgrade loam 50 Insloped, vegetated 
or rocked ditch 

graveled high 1.5 1000 24 58 7 1 18 30 0.4 0.1 1678 381 

DC-P-1 Belgrade loam 50 Insloped, vegetated 
or rocked ditch 

graveled high 2.5 1000 24 23 5 1 182 30 incl. incl. incl. incl. 

BC-P-5 BZN 12 NE loam 30 Insloped, bare ditch graveled high 4 1000 11 85 9 0.3 1 50 0.8 0.3 2213 2204 
DC-P-6 MSU sand 50 Outsloped, rutted graveled high 2.5 500 20 33 1 8.75 23 30 0.4 0.00 1047.3 320.3 
DC-P-6 MSU sand 50 Outsloped, rutted graveled high 3.5 500 20 23 1 3 126 30 avg'd avg'd avg'd avg'd 
DC-P-6 MSU sand 50 Outsloped, rutted graveled high 3.5 500 12 56 1 5 78.5 30 avg'd avg'd avg'd avg'd 
RCC-P-4 BZN 12 NE loam 30 Outsloped, rutted graveled low 5.5 556 16 24 13 5 48 20 0.4 0.1 814 411 
Gravel: All Precipitation Classes Statistics: Annual Sediment Load (tons/year/mile) 25th Perc. 0.03 75th Perc. 0.09 Median 0.03 Max 0.16 Min 0.02 Mean 0.06 
Gravel Parallel Segments 
DC-P-7 Belgrade sand 50 Outsloped, rutted native high 6 1000 20 16 1 48 33 40 0.25 0.13 2853.8 1336.0 
DC-P-7 Belgrade sand 50 Outsloped, rutted native high 6.5 1000 12 66 1 2 24 40 avg'd avg'd avg'd avg'd 
DC-P-7 Belgrade sand 50 Outsloped, rutted native high 7 1000 12 26 1 2 207 40 avg'd avg'd avg'd avg'd 
DC-P-7 Belgrade sand 50 Outsloped, rutted native high 0.5 1000 14 22 1 2 97 40 avg'd avg'd avg'd avg'd 
LJC-P-3 BZN 12 NE loam 30 Outsloped, rutted native high 2 582 17 22 1.5 26 105 15 0.4 0.3 1436 870 
Native: All Precipitation Classes Statistics: Annual Sediment Load (tons/year/mile) 25th Perc. 0.07 75th Perc. 0.09 Median 0.08 Max 0.10 Min 0.07 Mean 0.08 
Cells with an “incl.” in the last four columns were summed either because the road was crowned and was modeled as two widths (inslope and outslope portion) or because of the two contributing upstream road sections. Cells with an “avg’d” in the last four columns 
are parallel sections were averaged to present one normalized value for average sediment delivery in tons/mile/year. 
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ATTACHMENT CE - WEPP: ROAD MODELING RESULTS WITH BMP IMPLEMENTATION 

Table CE-1. WEPP: Road Modeling Results for Field Assessed Crossings as Insloped, Vegetated Ditch Design 

Comment Precipitation 
Class Soil Years Design Surface, traffic Road grad 

(%) 
Road length 

(ft) 
Road 

width (ft) 
Fill grad 

(%) 
Fill length 

(ft) 
Buff grad 

(%) 
Buff 

length (ft) 
Rock cont 

(%) 

Average 
annual rain 
runoff (in) 

Average 
annual snow 

runoff (in) 

Average annual 
sediment leaving 

road (lb/yr) 

Average annual 
sediment leaving 

buffer (lb/yr) 
Gravel Roads 
CC-17W-G-X-242 Belgrade loam 50 Insloped, vegetated or rocked ditch  graveled high 2.5 160 21 57 13 0.3 1 20 0.8 0.2 223 185 
DC-17W-G-X-335 Belgrade loam 50 Insloped, vegetated or rocked ditch  graveled high 2 1000 36 48 3.5 0.3 1 30 0.7 0.2 902 838 
DC-P-17W-G-X-383 Belgrade loam 50 Insloped, vegetated or rocked ditch  graveled high 5.5 369 19 46 1 0.3 11 20 0.6 0.2 717 412 
DC-P-17W-G-X-410 Belgrade loam 50 Insloped, vegetated or rocked ditch  graveled high 3 844 21 90 4 1 156 20 0.1 0 1125 77 
DC-P-17W-G-X-410 Belgrade loam 50 Insloped, vegetated or rocked ditch  graveled high 3 156 21 0.3 1 1 79 20 incl. incl. incl. incl. 
DC-P-17W-G-X-389 Belgrade sand 50 Insloped, vegetated or rocked ditch  graveled high 2.5 1000 21 58 1 0.3 50 30 0.2 0.1 729 232 
CC-17W-G-X-249 Belgrade silt loam 50 Insloped, vegetated or rocked ditch  graveled high 1 39 31.5 39 12 0.3 1 15 0.3 0.1 849 36 
CC-17W-G-X-249 Belgrade silt loam 50 Insloped, vegetated or rocked ditch  graveled high 4 480 28 0.3 1 2 230 15 incl. incl. incl. incl. 
Gravel: Low Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.05 75th Perc. 0.18 Median 0.10 Max 0.42 Min 0.02 Mean 0.15 
DC-17W-G-X-353 BZN 12 NE sand 30 Insloped, vegetated or rocked ditch  graveled high 4 288 20 65 1 0.3 16 30 0.5 0.1 359 191 
RCC-17G-G-X-108 BZN 12 NE sand 30 Insloped, vegetated or rocked ditch  graveled high 5 306 16 65 1 65 4.5 35 1.9 0.4 1141 1147 
RCC-17G-G-X-108 BZN 12 NE sand 30 Insloped, vegetated or rocked ditch  graveled high 3.5 633 16 41 1 41 5 35 incl. incl. incl. incl. 
RCC-17G-G-X-38 BZN 12 NE sand 30 Insloped, vegetated or rocked ditch  graveled high 5 148 23 0.3 1 8 108 50 0 0 123 8 

BC-17G-G-X-34A BZN 12 NE loam 30 Insloped, vegetated or rocked ditch graveled high 4 1000 11 85 6 0.3 1 50 - - - 1582 
Gravel: High Precipitation Class Statistics: Annual Sediment Load (tons/year) 
ABC-17G-G-X-34 not modeled with WEPP. Thirty percent reduction employed 25th Perc. 0.05 75th Perc. 0.33 Median 0.10 Max 0.57 Min 0.00 Mean 0.22 

DC-P-17W-G-X-399 MSU sand 50 Insloped, vegetated or rocked ditch  graveled high 2.5 1000 21 42 1 0.3 3 30 1.1 0 1234 1166 
REC-17W-G-X-308 MSU sand 50 Insloped, vegetated or rocked ditch  graveled high 1.5 180 14 5 6 0.3 1 20 1.2 0 88 78 
REC-17W-G-X-323 MSU silt 50 Insloped, vegetated or rocked ditch  graveled high 2.5 504 15 92 1 0.3 7 15 1.9 0 898 682 
REC-17W-G-X-323 MSU silt 50 Insloped, vegetated or rocked ditch  graveled high 1 228 15 92 1 0.3 7 15 incl. incl. incl. incl. 
GC-17W-G-X-172 MSU silt loam 50 Insloped, vegetated or rocked ditch  graveled high 2 155 21 90 12 90 11 15 1.3 0 6185 1528 
GC-17W-G-X-172 MSU silt loam 50 Insloped, vegetated or rocked ditch  graveled high 8 484 21 70 1 6 60 15 incl. incl. incl. incl. 
GC-17W-G-X-172 MSU silt loam 50 Insloped, vegetated or rocked ditch  graveled high 11 361 21 100 1 4 126 15 incl. incl. incl. incl. 
Gravel: Medium Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.27 75th Perc. 0.63 Median 0.46 Max 0.76 Min 0.04 Mean 0.43 
Native Roads 
LJC-17I-N-X-204 BZN 12 NE loam 30 Insloped, vegetated or rocked ditch  native high 9 500 13 2 25 1 26 25 1.4 1.1 5376 1166 
LJC-17I-N-X-204 BZN 12 NE loam 30 Insloped, vegetated or rocked ditch  native high 7 500 11 7 80 1 26 25 incl. incl. incl. incl. 
LJC-17I-N-X-223 BZN 12 NE sand 30 Insloped, vegetated or rocked ditch  native high 3.5 122 12 0.3 1 0.3 1 30 1 0.5 159 61 
LJC-17I-N-X-223 BZN 12 NE sand 30 Insloped, vegetated or rocked ditch  native high 2.5 167 16 0.3 1 6 70 30 incl. incl. incl. incl. 
Native: High Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.17 75th Perc. 0.44 Median 0.31 Max 0.58 Min 0.03 Mean 0.31 
TC-17W-G-X-432 Belgrade loam 50 Insloped, vegetated or rocked ditch  native high 0.5 89 16 31 1 0.5 100.5 50 0 0 197 2 
TC-17W-G-X-432 Belgrade loam 50 Insloped, vegetated or rocked ditch  native high 2 260 16 9 1 0.5 266 50 incl. incl. incl. incl. 
CC-17-W-N-X-219 Belgrade clay 50 Insloped, vegetated or rocked ditch  native low 3 468 15 0.3 1 0.3 1 10 5.1 2.4 139 91 
CC-17-W-N-X-219 Belgrade clay 50 Insloped, vegetated or rocked ditch  native low 3.5 307 15 0.3 1 0.3 1 10 incl. incl. incl. incl. 
CC-17W-N-X-231 Belgrade clay 50 Insloped, vegetated or rocked ditch  native low 5 770 10 0.3 1 1 50 50 3.4 1.7 405 114 
CC-17W-N-X-231 Belgrade clay 50 Insloped, vegetated or rocked ditch  native low 0.5 230 10 0.3 1 1 5 50 incl. incl. incl. incl. 
CC-17W-N-X-247 Belgrade clay 50 Insloped, vegetated or rocked ditch  native low 1 144 13 25 1 0.3 11 10 1.2 0.8 512 90 
CC-17W-N-X-247 Belgrade clay 50 Insloped, vegetated or rocked ditch  native low 6 428 13 58 1 1 401 40 incl. incl. incl. incl. 
CC-17W-N-X-247 Belgrade clay 50 Insloped, vegetated or rocked ditch  native low 6 428 13 58 1 1 50 40 incl. incl. incl. incl. 
Native: Low Precipitation Class Statistics: Annual Sediment Load (tons/year) 25th Perc. 0.03 75th Perc. 0.05 Median 0.05 Max 0.06 Min 0.00 Mean 0.04 
Gravel Roads 
RCC-17G-G-X-38 BZN 12 NE sand 30 Insloped, vegetated or rocked ditch graveled high 5 148 23 0.3 1 8 108 50 0 0 177 8 
REC-17W-G-X-308  MSU sand 50 Outsloped, rutted graveled high 1.5 180 14 5 6 0.3 1 20 1.2 0 90 78 
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Table CE-1. WEPP: Road Modeling Results for Field Assessed Crossings as Insloped, Vegetated Ditch Design 

Comment Precipitation 
Class Soil Years Design Surface, traffic Road grad 

(%) 
Road length 

(ft) 
Road 

width (ft) 
Fill grad 

(%) 
Fill length 

(ft) 
Buff grad 

(%) 
Buff 

length (ft) 
Rock cont 

(%) 

Average 
annual rain 
runoff (in) 

Average 
annual snow 

runoff (in) 

Average annual 
sediment leaving 

road (lb/yr) 

Average annual 
sediment leaving 

buffer (lb/yr) 
All five crossings: Annual Sediment Load (tons/year) 25th Perc. 0.01 75th Perc. 0.03 Median 0.02 Max 0.04 Min 0.00 Mean 0.02 
Shaded cells in the Road Length column represent two upstream sections of the culvert. These cells were summed prior to calculating the average road length for each crossing within a watershed. 
Cells with an “incl.” in the last four columns were summed either because the road was crowned and was modeled as two widths (inslope and outslope portion) or because of the two contributing upstream road sections. 
 
Table CE-2. WEPP: Road Modeling Results for Field Assessed Crossings:  200 Feet Maximum Length 

Comment Precipitation 
Class Soil Years Design Surface, traffic Road grad 

(%) 
Road 

length (ft) 
Road width 

(ft) 
Fill grad 

(%) 
Fill length 

(ft) 
Buff grad 

(%) 
Buff length 

(ft) 
Rock cont 

(%) 

Average 
annual rain 
runoff (in) 

Average 
annual snow 

runoff (in) 

Average annual 
sediment 

leaving road 
(lb/yr) 

Average annual 
sediment 

leaving buffer 
(lb/yr) 

Native Roads 
LJC-17I-N-X-204 BZN 12 NE loam 30 Insloped, vegetated or rocked ditch native high 9 100 13 2 25 1 26 25 0.3 0.1 283 26 
LJC-17I-N-X-204 BZN 12 NE loam 30 Insloped, vegetated or rocked ditch native high 7 100 11 7 80 1 26 25 incl. incl. incl. incl. 
LJC-17I-N-X-223 BZN 12 NE sand 30 Insloped, vegetated or rocked ditch native high 3.5 122 12 0.3 1 0.3 1 30 1.0 0.5 114.2 49.3 
LJC-17I-N-X-223 BZN 12 NE sand 30 Outsloped, rutted native high 2.5 78 16 0.3 1 6 70 30 incl. incl. incl. incl. 
TC-17W-G-X-432 Belgrade loam 50 Outsloped, rutted native high 0.5 89 16 31 1 0.5 100.5 50 0 0 119 1 
TC-17W-G-X-432 Belgrade loam 50 Outsloped, rutted native high 2 111 16 9 1 0.5 266 50 incl. incl. incl. incl. 

All five crossings: Annual Sediment Load (tons/year) 25th Perc. 0.01 75th Perc. 0.03 Median 0.02 Max 0.04 Min 0.00 Mean 0.02 
Shaded cells in the Road Length column represent two upstream sections of the culvert. These cells were summed prior to calculating the average road length for each crossing within a watershed. 
Cells with an “incl.” in the last four columns were summed either because the road was crowned and was modeled as two widths (inslope and outslope portion) or because of the two contributing upstream road sections. 
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APPENDIX D - SEDIMENT TOTAL MAXIMUM DAILY LOADS  

 

D1.0 SEDIMENT 

D1.1 OVERVIEW 
A percent reduction based on average yearly loading was used as the primary approach for expressing 
the sediment TMDLs within this document because there is uncertainty associated with the loads 
derived from the source assessment, and using the estimated sediment loads alone creates a rigid 
perception that the loads are absolutely conclusive. However, in this appendix the TMDL is expressed 
using daily loads to satisfy an additional EPA required TMDL element. Daily loads should not be 
considered absolutely conclusive and may be refined in the future as part of the adaptive management 
process. It is not expected that daily loads will drive implementation activities. 
 

D1.2 APPROACH 
The preferred approach for calculating daily sediment loads is to use a nearby water quality gage with a 
long-term dataset for flow and suspended sediment. Within the Gallatin River watershed, there are 
several USGS gage stations with extensive discharge datasets but no gage stations with daily suspended 
sediment measurements. Since sediment loading in the Lower Gallatin TPA is associated with nonpoint 
sources and stormwater related point sources, the hydrograph is assumed to be a reasonable surrogate 
for sediment loading to streams (i.e. peak contributions during periods of runoff and high flow). 
Therefore, mean daily discharge values from 10 years of record (2001-2011) at the gage on the East 
Gallatin River below Bridger Creek near Bozeman (#06048700) were used to calculate daily sediment 
values for TMDLs in the Lower Gallatin TPA. 
 
Using the mean of daily mean discharge values from the gage, a daily percentage relative to the mean 
annual discharge was calculated for each day (Table D-1). For each TMDL, the daily load can be 
calculated by multiplying the daily percentages in Table D-1 by the total average annual load associated 
with the TMDL percent reductions in Section 5.8 of the main document. For instance, the total allowable 
annual sediment load for Bozeman Creek is 1,625 tons. To determine the TMDL for January 1, 1,625 tons 
is multiplied by 0.09% which provides a daily load for Bozeman Creek on January 1st of 1.5 tons. To 
conserve resources, this appendix contains the daily loads for Bozeman Creek as an example (Table D-2 
and Figure D-1). Daily loads for all other TMDLs can be calculated by multiplying the percentages in 
Table D-1 by the values in Table D-3. The daily loads are a composite of the allocations, but as 
allocations are not feasible on a daily basis, they are not contained within this appendix. If desired, daily 
allocations may be obtained by applying allocations provided in Section 5.8 of the main document to the 
daily load. 
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix D 

3/28/13 FINAL D-2 

Table D-1. USGS Stream Gage 06048700 (East Gallatin River below Bridger Creek near Bozeman) – Percent of Mean Annual Discharge Based 
on Mean of Daily Mean Discharge Values for each Day of Record (Calculation Period 2001-10-01  2011-09-30) 

Day of 
Month 

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

1 0.09% 0.10% 0.10% 0.26% 0.62% 0.95% 0.36% 0.11% 0.09% 0.09% 0.12% 0.10% 
2 0.10% 0.09% 0.10% 0.28% 0.59% 0.97% 0.34% 0.11% 0.09% 0.09% 0.12% 0.10% 
3 0.10% 0.09% 0.10% 0.27% 0.59% 1.00% 0.32% 0.12% 0.09% 0.09% 0.13% 0.10% 
4 0.09% 0.09% 0.11% 0.25% 0.65% 0.95% 0.31% 0.12% 0.08% 0.10% 0.12% 0.10% 
5 0.09% 0.10% 0.10% 0.27% 0.65% 0.92% 0.31% 0.11% 0.09% 0.11% 0.12% 0.10% 
6 0.09% 0.10% 0.10% 0.33% 0.72% 0.93% 0.29% 0.11% 0.09% 0.11% 0.12% 0.10% 
7 0.09% 0.10% 0.10% 0.31% 0.80% 1.05% 0.27% 0.11% 0.09% 0.11% 0.12% 0.10% 
8 0.10% 0.10% 0.11% 0.31% 0.83% 1.01% 0.26% 0.11% 0.09% 0.11% 0.14% 0.09% 
9 0.10% 0.09% 0.12% 0.33% 0.83% 0.97% 0.24% 0.12% 0.09% 0.11% 0.13% 0.09% 

10 0.09% 0.09% 0.12% 0.35% 0.84% 0.97% 0.22% 0.11% 0.11% 0.11% 0.12% 0.10% 
11 0.09% 0.09% 0.13% 0.34% 0.82% 1.13% 0.22% 0.11% 0.10% 0.11% 0.12% 0.10% 
12 0.09% 0.09% 0.15% 0.36% 0.82% 1.10% 0.21% 0.10% 0.09% 0.12% 0.12% 0.10% 
13 0.09% 0.09% 0.19% 0.40% 0.83% 1.02% 0.21% 0.10% 0.09% 0.11% 0.13% 0.10% 
14 0.10% 0.09% 0.19% 0.48% 0.89% 0.96% 0.20% 0.10% 0.09% 0.11% 0.12% 0.10% 
15 0.09% 0.09% 0.18% 0.51% 0.97% 0.92% 0.18% 0.10% 0.09% 0.12% 0.11% 0.10% 
16 0.09% 0.09% 0.18% 0.47% 0.97% 0.89% 0.18% 0.10% 0.09% 0.13% 0.12% 0.09% 
17 0.10% 0.09% 0.18% 0.50% 1.02% 0.86% 0.17% 0.10% 0.10% 0.13% 0.12% 0.09% 
18 0.10% 0.09% 0.19% 0.53% 1.06% 0.79% 0.16% 0.10% 0.10% 0.13% 0.12% 0.09% 
19 0.11% 0.09% 0.20% 0.52% 1.12% 0.74% 0.16% 0.10% 0.10% 0.13% 0.12% 0.09% 
20 0.11% 0.09% 0.19% 0.51% 1.16% 0.68% 0.15% 0.09% 0.10% 0.15% 0.11% 0.10% 
21 0.10% 0.09% 0.20% 0.56% 1.15% 0.66% 0.15% 0.09% 0.10% 0.14% 0.11% 0.10% 
22 0.10% 0.09% 0.21% 0.61% 1.11% 0.61% 0.15% 0.09% 0.10% 0.13% 0.10% 0.10% 
23 0.10% 0.09% 0.21% 0.71% 1.09% 0.58% 0.15% 0.10% 0.11% 0.12% 0.11% 0.10% 
24 0.10% 0.09% 0.20% 0.69% 1.10% 0.54% 0.14% 0.09% 0.11% 0.12% 0.10% 0.10% 
25 0.09% 0.09% 0.20% 0.64% 1.35% 0.52% 0.14% 0.09% 0.10% 0.13% 0.11% 0.10% 
26 0.09% 0.09% 0.21% 0.64% 1.19% 0.50% 0.14% 0.09% 0.09% 0.12% 0.11% 0.10% 
27 0.10% 0.09% 0.20% 0.59% 1.10% 0.46% 0.14% 0.09% 0.09% 0.12% 0.11% 0.10% 
28 0.10% 0.09% 0.21% 0.58% 1.04% 0.43% 0.13% 0.09% 0.09% 0.12% 0.10% 0.10% 
29 0.10% 0.09% 0.20% 0.60% 1.08% 0.40% 0.12% 0.09% 0.09% 0.13% 0.10% 0.10% 
30 0.10%   0.21% 0.65% 1.02% 0.38% 0.11% 0.09% 0.10% 0.13% 0.10% 0.10% 
31 0.09%   0.23%   0.98%   0.11% 0.09%   0.12%   0.09% 
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Table D-2. Daily Sediment TMDL for Bozeman Creek in tons 

Day of 
Month 

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

1 1.50 1.68 1.61 4.22 10.11 15.47 5.86 1.86 1.54 1.43 1.97 1.68 
2 1.57 1.54 1.57 4.57 9.54 15.76 5.54 1.82 1.50 1.47 1.97 1.68 
3 1.57 1.50 1.64 4.43 9.58 16.19 5.25 1.89 1.39 1.50 2.04 1.68 
4 1.47 1.54 1.72 4.00 10.61 15.47 5.07 1.89 1.32 1.57 2.00 1.68 
5 1.54 1.57 1.68 4.32 10.54 14.94 5.04 1.82 1.39 1.72 1.97 1.68 
6 1.54 1.68 1.64 5.29 11.72 15.19 4.65 1.86 1.50 1.79 1.89 1.68 
7 1.47 1.57 1.64 4.97 13.01 17.12 4.43 1.82 1.54 1.82 1.97 1.64 
8 1.64 1.57 1.86 5.00 13.54 16.47 4.22 1.86 1.47 1.82 2.22 1.54 
9 1.57 1.50 1.93 5.32 13.44 15.72 3.86 1.93 1.54 1.86 2.14 1.54 

10 1.50 1.50 2.00 5.61 13.58 15.83 3.64 1.86 1.79 1.86 2.00 1.57 
11 1.47 1.50 2.07 5.54 13.33 18.33 3.61 1.75 1.61 1.86 2.00 1.64 
12 1.50 1.50 2.50 5.86 13.33 17.90 3.47 1.64 1.47 1.89 2.00 1.64 
13 1.54 1.50 3.14 6.50 13.47 16.62 3.36 1.61 1.50 1.86 2.04 1.61 
14 1.57 1.50 3.14 7.79 14.44 15.58 3.22 1.61 1.50 1.86 2.00 1.61 
15 1.54 1.47 2.86 8.29 15.69 15.01 3.00 1.68 1.54 1.97 1.86 1.61 
16 1.50 1.47 2.86 7.58 15.79 14.44 2.89 1.57 1.50 2.11 1.97 1.54 
17 1.57 1.47 2.89 8.18 16.58 13.94 2.79 1.57 1.57 2.18 1.93 1.50 
18 1.64 1.47 3.07 8.54 17.29 12.83 2.68 1.68 1.61 2.11 1.89 1.47 
19 1.82 1.50 3.18 8.40 18.19 11.97 2.61 1.64 1.57 2.11 1.89 1.54 
20 1.72 1.43 3.14 8.25 18.87 11.08 2.43 1.50 1.57 2.36 1.86 1.57 
21 1.68 1.47 3.32 9.08 18.69 10.68 2.36 1.47 1.64 2.25 1.75 1.61 
22 1.57 1.47 3.36 9.97 18.05 9.90 2.36 1.47 1.68 2.07 1.68 1.57 
23 1.57 1.47 3.36 11.58 17.69 9.43 2.39 1.61 1.72 2.00 1.72 1.64 
24 1.57 1.47 3.22 11.26 17.87 8.83 2.22 1.54 1.75 2.00 1.64 1.57 
25 1.54 1.47 3.18 10.36 21.98 8.47 2.25 1.47 1.64 2.04 1.72 1.61 
26 1.54 1.50 3.39 10.47 19.30 8.15 2.29 1.47 1.54 1.97 1.79 1.64 
27 1.68 1.54 3.32 9.65 17.94 7.47 2.25 1.39 1.50 1.97 1.72 1.57 
28 1.64 1.54 3.39 9.51 16.97 6.97 2.18 1.39 1.50 1.97 1.68 1.57 
29 1.57 1.47 3.25 9.79 17.51 6.54 1.97 1.47 1.50 2.04 1.64 1.64 
30 1.61  3.47 10.54 16.65 6.25 1.82 1.47 1.57 2.04 1.68 1.57 
31 1.54  3.72  15.87  1.79 1.54  2.00  1.54 
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Figure D-1. Total Maximum Daily Load for Sediment in Bozeman Creek 
 
Table D-3. TMDLs expressed as an average annual load and can be used in conjunction with the values 
in Table D-1 to compute daily loads. 

Stream Segment Waterbody # 
TMDL Expressed as 

Average Annual Load 
(tons/year) 

BEAR CREEK, headwaters to the mouth (Rocky Creek 
MT41H003_080) MT41H003_081 501 

BOZEMAN CREEK, Limestone Creek to the mouth (East Gallatin 
River) MT41H003_040 1,625 

CAMP CREEK, headwaters to the mouth (Gallatin River) MT41H002_010 3,132 
DRY CREEK, headwaters to the mouth (East Gallatin River) MT41H003_100 4,684 
GODFREY CREEK, headwaters to White Ditch MT41H002_020 900 
JACKSON CREEK, headwaters to the mouth (Rocky Creek) MT41H003_050 700 
REESE CREEK, headwaters to the mouth (Smith Creek) MT41H003_070 1,531 
ROCKY CREEK, confluence of Jackson and Timberline Creeks to 
mouth (East Gallatin River) MT41H003_080 2,165 

SMITH CREEK, confluence of Ross and Reese Creeks to the 
mouth (East Gallatin River) MT41H003_060 2,159 

STONE CREEK, headwaters to the mouth (Bridger Creek) MT41H003_120 398 
THOMPSON CREEK (or Thompson Spring), headwaters to mouth 
(East Gallatin River) MT41H003_090 60 
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APPENDIX E – HYALITE CREEK NUTRIENT LISTING HISTORY AND TMDL 
DEVELOPMENT 
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E1.0 INTRODUCTION 

Hyalite Creek is located in the Lower Gallatin TMDL planning area in southwest Montana. The creek 
flows 36.8 miles from the headwaters in the Gallatin Range to the mouth at the East Gallatin River 
northeast of Belgrade, MT and drains an area of 108.38 square miles. The Creek contains the Middle 
Creek (Hyalite) Reservoir in the upper portion of the waterbody.  
 
The purpose of this appendix is to outline the impairment listing history to date and the reasoning and 
support behind the decision to address a nutrient impairment on the lower segment of Hyalite Creek 
only. This document will provide a summary of existing conditions on Hyalite Creek and how impairment 
determinations were made using the best available and most recent water quality data.  
 

E2.0 LISTING HISTORY – NUTRIENT IMPAIRMENTS 

Prior to the 2010 303(d) List, Hyalite Creek was dived into 2 assessment units. The downstream 
boundary of the upper segment and start of the lower segments split being the location the city of 
Bozeman water supply diversion ditch.  
 
Upper Hyalite Creek was first listed for nutrient impairments in 2006 with the 303(d) List identifying 
Total Kjeldahl Nitrogen, Total Phosphorous and chlorophyll-a as impairing contact recreation, coldwater 
fishery and aquatic life uses. The listing was based on water quality, macroinvertebrate and chlorophyll-
a data collected in 2004. Impairment sources were identified as grazing, unpaved roads and 
silviculture/harvesting activities. For nutrient impairments, numeric criteria are used to interpret the 
narrative standard. The numeric criteria used in the assessment was 0.30 mg/L TKN and 0.03 mg/L TP. 
Impairment determinations did not change for either segment on the 2008 303(d) List except for 
chlorophyll-a which was delisted from the upper segment.  
 
For the 2010 303(d) List, the upper segment of Hyalite Creek was split into the segment above Hyalite 
Reservoir (Upper) and the segment downstream of the Reservoir to the city of Bozeman waters supply 
diversion ditch (Middle). The segment was split because it was thought that the reservoir might be the 
source of the elevated TKN and TP concentrations in Hyalite Creek below the reservoir outlet. The lower 
segment of Hyalite Creek was not changed.  
 

E3.0 2011 ASSESSMENT OF HYALITE CREEK 

In the summer of 2011, Hyalite Creek in its entirety (upper, middle, and lower segments) was re-
assessed using data collected from 2008 to 2011 for water quality, macroinvertebrates and chlorophyll-
a. In 2011, draft numeric criteria for the Absaroka-Gallatin-Volcanic Level IV ecoregion for Total Nitrogen 
and Total Phosphorous were developed based on extensive research and sampling by personnel in the 
Water Quality Standards Section of the Water Quality Planning Bureau at Montana DEQ (Table E-1). 
Target values in the Hyalite Creek drainage increased from 0.030 mg/L TP to 0.130 mg/L TP and TN 
targets decreased from 0.300 mg/L TN to 0.250 mg/L. The TN target value was lowered to reflect that N 
becomes the most limiting nutrient in a P-rich system such as the Absaroka-Gallatin-Volcanic level IV 
ecoregion.  
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Table E-1. Nutrient Targets* in the Lower Gallatin Project Area per Ecoregion 

Parameter 
Target values 

Middle Rockies 
(Level III) 

Absaroka-Gallatin Volcanic Ecoregion 
(Level IV, within Middle Rockies) 

Nitrate+Nitrite (NO3+NO2) ≤ 0.100 mg/L ≤ 0.100 mg/L 
Total Nitrogen (TN) ≤ 0.300 mg/L ≤ 0.250 mg/L 
Total Phosphorous (TP) ≤ 0.030 mg/L ≤ 0.105 mg/L 
Chlorophyll-a ≤ 125 mg/m² (≤35 g AFDW/m2) ≤ 125 mg/m² (≤35 g AFDW/m2) 
*see Section 6.4 for the adaptive management strategy for nutrient targets 
AFDW = ash-free dry weight 
 
Although only the upper segment of Hyalite Creek is within the Absaroka-Gallatin-Volcanic Level IV 
ecoregion, all three segments were assessed using the Absaroka-Gallatin-Volcanic target criteria for TN 
and TP. Hyalite Creek is a gaining stream until it hits the Bozeman Fan in the Gallatin valley where is 
dominantly a losing stream recharging the shallow, alluvial aquifer. Given the hydrology of Hyalite 
Creek, Absaroka-Gallatin-Volcanic target criteria were applied to all three reaches.  
 

E3.1 UPPER HYALITE CREEK  
The upper segment of Hyalite Creek is listed on the 2012 303(d) List for Total Nitrogen and Total 
Phosphorous nutrient impairments. Upper Hyalite Creek is located in the Absaroka-Gallatin-Volcanic 
Level IV ecoregion and flows 7.0 miles from the Headwaters in the Gallatin National Forest to the top of 
Hyalite Reservoir. This ecoregion in the Level III Middle Rockies has documented natural sources of 
phosphorous and therefore has target values for TN and TP different than other Level IV ecoregions 
within the Middle Rockies (Table E-1).  
 
The original segment of Hyalite Creek (MT41H003_131) from the headwaters to the Bozeman water 
supply diversion ditch was first listed in 2006 for nutrient impairments based on nutrient, chlorophyll-a 
and macroinvertebrate sampling in 2004. In the 2010 303(d) List, Hyalite Creek was split into 2 segments 
(MT41H003_131 split into MT41H003_129 and MT41H003_130) and the TKN and TP nutrient 
impairments were assigned to both segments.  
 
Extensive water quality sampling was conducted in the summer of 2012 in order to complete a full 
assessment. In examining Tables E-2 and E-3, there were no exceedances of the target values for 
NO3+NO2, TN or TP and all chlorophyll-a and AFDW data point were below the target criteria. 
Macroinvertebrate samples (n=2) were collected in 2004 and 2007. Both have HBI scores much less than 
4.  This complete assessment determined that the upper segment of Hyalite Creek is not impaired by 
nutrients.   
 
Table E-2. Nutrient Data Summary for Upper Hyalite Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2004-2012 14 <0.05 0.09 <0.05 <0.05 
TN 2004-2012 13 <0.01 0.04 <0.01 <0.01 
TP 2004-2012 14 0.03 0.055 0.045 0.052 
Chlorophyll-a 2004, 2012 5* NA NA 0.1 NA 
AFDW 2012 5** NA NA NA NA 
Macroinvertebrate HBI 2004-2007 2 1.669 1.691 NA NA 
*4 of 5 chl a  samples were visual assessments; **all AFDW were visual assessments and were <35 
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Table E-3. Assessment Method Evaluation Results for Upper Hyalite Creek 

Nutrient 
Parameter n Target Value 

(mg/l) 
Target 

Exceedances 
Binomial 

Test Result 
T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 14 0.100 0  PASS PASS PASS NO 
TN 13 0.250 0  PASS PASS PASS NO 
TP 14 0.130 0  PASS PASS PASS NO 
 

E3.2 MIDDLE HYALITE CREEK  
The middle segment of Hyalite Creek is listed on the 2012 303(d) List for Total Nitrogen and Total 
Phosphorous nutrient impairments. The middle segment of Hyalite Creek is located in the Absaroka-
Gallatin-Volcanic Level IV ecoregion and flows 8.8 miles from the Hyalite Reservoir outlet to the 
Bozeman water supply diversion ditch. This ecoregion in the Level III Middle Rockies has documented 
natural sources of phosphorous and therefore has target values for TN and TP different than other Level 
IV ecoregions within the Middle Rockies ecoregion (Table E-1).  
 
The original segment of Hyalite Creek (MT41H003_131) from the headwaters to the Bozeman water 
supply diversion ditch was first listed in 2006 for nutrient impairments based on nutrient, chlorophyll-a 
and macroinvertebrate sampling in 2004. In the 2010 303(d) List, Hyalite Creek was split into 2 segments 
(MT41H003_131 split into MT41H003_129 and MT41H003_130) and the TKN (now TN) and TP nutrient 
impairments were assigned to both segments.  
 
Nutrient sampling on the middle segment was conducted between 2004 and 2011 (Table E-4). Sixteen  
samples were analyzed for TN and 17 for TP and for NO3+NO2. There were no exceedances of target 
values for TN or TP and only a single exceedance for NO3+NO2. Macroinvertebrate HBI (n=4) scores were 
<4. There were no AFDW data available for this segment. Of the 3 chlorophyll-a samples, one exceeded 
the criteria (>120 mg/m2) (Table E-5).  
 
In light of the well documented natural sources of phosphorous in the Absaroka-Gallatin-Volcanic Level 
IV ecoregion, a TP TMDL was deemed not necessary as detections were significantly below the target 
value. Natural phosphorous loads to the segment would imply that exceedances in the chlorophyll-a 
samples would be attributed to excess nitrogen as nitrogen would be the most limiting nutrient to 
primary production in this system. Further research determined that Hyalite Reservoir is a source of 
inorganic nitrogen to Hyalite Creek. For reasons that will be explained in the Section E4.0, the inorganic 
nitrogen concentrations in Hyalite Creek are considered to be naturally occurring according to state law 
regarding the ‘reasonable operation’ of dams built prior to 1971. 
 
Table E-4. Nutrient Data Summary for Middle Hyalite Creek 
Nutrient Parameter Sample Timeframe n min max mean 80th percentile 
Nitrate+Nitrite 2004-2011 17 0.005 0.104 0.026 0.028 
TN 2004-2011 16 0.050 0.200 0.124 0.170 
TP 2004-2011 17 0.042 0.086 0.062 0.071 
Chlorophyll-a 2004-2008 3* 0.4 175.0 NA NA 
AFDW NA 0 NA NA NA NA 
Macroinvertebrate HBI 2004-2011 4 3.203 3.506 3.358 3.469 
* The third observation was a visual estimate of < 50 mg/m2 and was not included in the summary statistics.  
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Table E-5. Assessment Method Evaluation Results for Middle Hyalite Creek 
Nutrient 

Parameter n Target Value 
(mg/l) 

Target 
Exceedances 

Binomial 
Test Result 

T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 17 0.100 1 PASS PASS FAIL NO 
TN 16 0.250 0 PASS PASS FAIL NO 
TP 17 0.130 0 PASS PASS FAIL NO 
 

E3.3 LOWER HYALITE CREEK 
The lower segment of Hyalite Creek is not listed on the 2010 303(d) List for nutrient impairment but is 
included in this review because data collected to assist with TMDL development for the Lower Gallatin 
watershed indicated elevated nutrient concentrations. The lower segment extends 21.0 miles from the 
Bozeman water supply diversion ditch to the mouth (East Gallatin River). The middle and upper 
segments of Hyalite Creek are located in the Absaroka-Gallatin-Volcanic Level IV ecoregion which has 
documented natural sources of phosphorous and therefore has target values for TN and TP different 
than other Level IV ecoregions within the Middle Rockies ecoregion (Section 6, Table 6-2). The lower 
segment does not fall within the Absaroka-Gallatin-Volcanic ecoregion but reflects targets for TN (0.260 
mg/L) and TP (0.090 mg/L) due to the influence of natural sources of phosphorus from the upper 
drainage (Section 6, Table 6-3).  
 
Nutrient data was collected each year from 2008 to 2011. Summary nutrient data statistics and 
assessment method evaluation results for the lower segment of the East Gallatin River are provided in 
Tables E-6 and E-7, respectively. Nineteen samples were collected for TN, and 20 TP and NO3+NO2. TN 
had 12 exceedances and NO3+NO2 had 13 exceedances out of 20 samples and TP had 5 exceedances of 
the target. There is no AFDW data available for the segment. There were 2 chlorophyll-a samples 
collected and 4 macroinvertebrate samples collected in 2004-2011. None of the chlorophyll-a samples 
exceeded the target criteria but 2 of the 4 macroinvertebrate samples had an HBI score > 4.  Both AFDW 
samples were below thresholds for impairment. 
 
Table E-6. Nutrient Data Summary for Lower Hyalite Creek 

Nutrient Parameter Sample Timeframe n min max mean 80th 
percentile 

Nitrate+Nitrite 2004-2012 20 <0.01 0.55 0.178 0.29 
TN 2004-2012 19 <0.05 1.91 0.452 0.598 
TP 2008-2012 20 0.012 0.14 0.064 0.091 
Chlorophyll-a 2008, 2012 4* 15.8 83.6 41.2 59.9 
AFDW 2008, 2012 2 24.2 37.1 NA NA 
Macroinvertebrate HBI 2009-2011 4 2.618 4.695 3.672 4.537 
*The fourth sample was a visual estimate of <50.  
 
Table E-7. Assessment Method Evaluation Results for Lower Hyalite Creek 

Nutrient 
Parameter 

n Target Value 
(mg/l) 

Target 
Exceedances 

Binomial 
Test Result 

T-test 
Result 

Chl-a Test 
Result 

Indicates 
Impairment? 

Nitrate+Nitrite 20 0.100 13 FAIL FAIL PASS YES 
TN 19 0.260 12 FAIL FAIL PASS YES 
TP 20 0.090 5 PASS PASS PASS NO 
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E.4 MIDDLE CREEK (HYALITE) RESERVOIR 

E4.1 INTRODUCTION  
The Middle Creek Reservoir Dam is an earthen dam with concrete panels on the downstream side. It is 
located 15 miles south of Bozeman on the Gallatin National Forest and is owned and managed by the 
Montana Department of Natural Resources (DNRC) under special permit with the United States Forest 
Service (USFS). Completed in 1951, the dam is 125 feet high from the downstream channel toe and 
1,900 feet long. It has a storage capacity of 10,130 acre-feet at normal full pool covering 490 surface 
acres. The reservoir provides irrigation water for 73 farms and ranches and 1/3 of the drinking water 
supply to the city of Bozeman. The reservoir drains an area of 27.8 mi2. 
 
In 1991-1992, the principle spillway crest elevation was raised 8.2 feet which increased storage capacity 
from 8,393 to 10,130 acre feet. The reservoir is drained via a 5 foot diameter, steel-lined concrete 
conduit cast in place. The outlet is 600 feet long and drops 6.5 feet (slope = 0.01%). The inverted conduit 
discharge is 83 feet below the dam crest and is a bottom draw outlet.  
 

E4.2 LITERATURE REVIEW 
Marcus, M.D., 1989, Limnological Properties of a Rocky Mountain Headwater Reservoir, Water 

Resources Bulletin, American Water Resources Association, v.25, no. 1, pp. 15-25.  
 
In biweekly sampling of 3 equally spaced sites on Hyalite Reservoir from July through September 1976, 
the author observed total phosphorous concentrations averaged greater than twice the total nitrogen 
concentrations and the highest detections for both were in the near-bottom waters closest to the 
outlet. The author hypothesized that the enrichment of nitrogen concentrations in outflow over the 
inflow waters occurred from nitrogen fixation by Aphanizomenon flos-aquae.  
 
Average concentrations of total phosphate in the deep-water measurements ranged from 0.54 – 0.78 
mg/L. There were no significant differences by site or depth. Nitrate-N and nitrite-N averaged less than 
0.06 mg/L in the bottom zone. In contrast, average ammonia-N in near-bottom waters near the outlet 
(0.36 mg NH3-N /L) was approximately twice the concentrations for euphotic zone samples at the same 
location (0.16 mg NH3-N /L). Nitrogen species increased in concentration with proximity to the outlet 
although only total nitrogen was significantly greater at the outlet (P < 0.05). Specific to the near-bottom 
sampling location near the outlet, slight trends in concentration of orthophosphate, total phosphate, 
ammonia, and total nitrogen were observed which peaked in the August 30th samples. 
 
N:P ratios identified nitrogen as severely limiting primary production in Hyalite Reservoir. Algal bioassays 
conducted on Hyalite Creek downstream from the reservoir provided additional evidence of nitrogen 
limitation (Schillinger and Stuart, 1978).  
 
The author proposed mechanisms to explain the elevated nutrients in reservoir outflows: (1) nitrogen 
fixation by blue-green algae; and (2) deep-water outlets continually discharge settling nutrients, 
elevating outflow over inflow concentrations. Nitrogen fixation by Aphanizomenon flos-aquae was 
suggested as the source of nitrogen enrichment in Canyon Ferry Reservoir (Rada, 1974, Rada and 
Wright, 1979). Blooms of Aphanizomenon flos-aquae were observed in Hyalite Reservoir. Decomposition 
of these algal blooms may be the principle source of N in reservoir outlet flow. Nitrogen and 
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phosphorous species sample means were consistently the greatest at the sample location closest to the 
reservoir outlet.  
 
Hyalite Reservoir is a mesotrophic, or naturally eutrophic lake. Nutrient enrichment in outflows are likely 
due to mineralization and leaching of nutrients from (1) sediments), (2) newly exposed shorelines, 
and/or (3) particles settled from the tophogenic zone.  
 
Marcus, M.D., 1980, Periphytic Community Response to Chronic Nutrient Enrichment by a Reservoir 

Discharge, Journal of Ecology, v. 61, no. 2, pp. 387-399 
 
Abstract: Periphytic communities were investigated using glass slide substrates at four sites downstream 
from the montane Hyalite Reservoir, Montana, USA. Comparison of the most upstream site with the 
three lower sites revealed that the discharges to Hyalite Creek stimulated periphytic productivity, 
increased periphytic proportions of chlorophyll-a in the organic accumulations, and increased diatom 
diversity and evenness. As nitrogen concentration was the only stream physiochemical parameter which 
correlated with periphytic variations, it is probable that ammonia-nitrogen discharged from the 
reservoir was the primary factor influencing periphyton growth. 
 
Marcus, M.d., J.E. Schillinger, and D.G. Stuart, 1978, Limnological Studies in Montana: Hyalite 

Reservoir and Responses of Lotic Periphyton to Deep-Water Discharges, Grazing and Logging, 
Report 92, Montana University Joint Water Resources Center, Bozeman, Montana.  

 
The following is taken from the Montana Water Center Research Projects summaries: 
 
To develop limnological data for Hyalite Reservoir, a montane reservoir in Montana, physical, chemical 
and biological parameters were studied at three sites from 18 V to 16 X 76. During this period, 
physiochemical parameters and periphyton dynamics were also investigated at sites in Hyalite Creek, a 
tributary to Hyalite Creek, and Bozeman Creek to evaluate impacts from (1) deep-water reservoir 
discharges, (2) logging activities, and (3) cattle grazing. Highest mean nutrient concentrations in the 
reservoir occurred in the water mass nearest the outlet. Reservoir water-flow patterns were strongly 
influenced by wind action and the deep-water discharge. Highest chlorophyll-a concentrations and 
primary productivities occurred at the site nearest the dam. An Aphanizomenon flos-aqae bloom in the 
reservoir appeared to result from the combination of low nitrogen and low carbon-dioxide 
concentrations. Reservoir primary productivity was primarily nitrogen limited. Stream sites were also 
generally nitrogen limited. Reservoir discharges stimulated periphytic productivity, improved the 
physiological condition of the primary producers and increased diatom species diversity. These changes 
were primarily related to reservoir releases of nitrogen. Logging activities had no apparent impact on 
the periphyton. Cattle grazing increased periphytic productivity and decreased diatom diversity, 
compared to the control site. Periphyton growth can apparently be inhibited by possible toxins released 
from old growths on diatometers and low water temperatures. 
 

E4.3 DISCUSSION OF ‘NATURALLY OCCURRING’ CONDITIONS 
On the middle segment of Hyalite Creek, nutrient data collected between 2004 and 2011 yielded only a 
single target exceedance. The chlorophyll-a target of 125 mg/m2 was exceeded in July 2004. There were 
no exceedances of TN, TP or NO3+NO2 using the draft numeric criteria for the Absaroka-Gallatin-Volcanic 
Level IV ecoregion. Macroinvertebrate HBI scores were less than the threshold and did not indicate a 
condition of impairment. A literature review implicated concentrations of ammonia-N from the outlet of 
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Hyalite Reservoir resulting in periphyton production immediately below the outlet. The system is 
characterized as being severely nitrogen limited. Inorganic forms of nitrogen such as Ammonia-N are 
readily available for uptake and in a P-rich system such as the Absaroka-Gallatin-Volcanic Level IV 
ecoregion even small additions of N propagate algal growth.  
 
Hyalite Reservoir is operated for irrigation and for drinking water supply for the city of Bozeman. At full 
pool, it covers 490 surface acres and is drawn down throughout the summer and fall to meet demand in 
the valley. The dam is a deep bottom draw design. Total nitrogen near the outlet in deep water was 
significantly greater than total nitrogen in the eutrophic zone at the same location (P < 0.05). Based on 
data from Marcus, 1976, slight gains in nitrogen concentrations might be realized with a top draw design 
but this would elevate water temperature in the discharge by several degrees in late summer.  
 
In examining the dam design and known operation and land management in the drainage area of the 
reservoir, the data analysis and literature review suggest that the dam is under reasonable operation 
and that changes to design and/or operation would significantly affect downstream water users to no or 
minimal benefit to water quality. Hyalite Reservoir was completed in 1951 and falls within the bounds of 
17.30.602(19) which follows.  
 
From Administrative Rules of Montana 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.  
 

E4.4 RESEARCH CONCLUSIONS 
The middle segment of Hyalite Creek is listed on the 2012 303(d) List for Total Nitrogen and Total 
Phosphorous nutrient impairments. Data analysis and a literature review suggest that there is not a 
nutrient impairment and that the elevated chlorophyll-a observation from 2004 is a naturally occurring 
condition resulting from the reasonable operation of Hyalite Reservoir.  
 

E.5 HYALITE CREEK ASSESSMENT SUMMARY  

The upper segment of Hyalite Creek was split prior to formalization of the 2010 303(d) List. When split, 
the nutrient impairments were assigned to each segment. In 2011, draft numeric criteria for the 
Absaroka-Gallatin-Volcanic Level IV ecoregion were used to assess all 3 segments of Hyalite Creek. There 
were no exceedances of target values for TN, TP or NO3+NO2 on the middle or upper segments of the 
creek. Combined with the understanding of the “naturally occurring” conditions caused by the reservoir, 
there was enough evidence to determine that the middle and upper segments are unimpaired by 
nutrients.  A full assessment did indicate that the lower segment of Hyalite Creek is impaired for total 
nitrogen and a TN TMDL will be developed for this assessment unit.  
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F1.0 INTRODUCTION 

The appendix outlines the process by which existing nutrient loads were quantified and allocated to 
nonpoint sources in impaired stream segments at baseflow conditions using synoptic sampling events. 
These events were used to determine the load allocations (% per land use category) for each nutrient 
impaired waterbody. This process is what is outlined in Appendix F. Median flow and nutrient 
concentrations for each waterbody collected during the summer period (July 1 – September 30) were 
used in example TMDLs in Section 6 to identify the necessary reductions and load allocations and to 
determine natural background loads for the source assessment. The exception to this are the middle 
and lower segments of the East Gallatin River where 14Q5 low flow values were used for discharge and 
the WRF contribution was modeled. Existing loads and TMDLs are included in Section 6 in the 
document. Appendix F load allocations (%) do directly correlate with Section 6, however the synoptic 
sampling estimates of nutrient loads (lbs/day) do not directly correspond to the tables found in Section 
6.6.3 in the document.  
 
This appendix contains an overview of the potential nutrient sources within the Lower Gallatin 
watershed and then presents the nutrient source assessment methodology. As described in Section 6, 
the existing nutrient loads for each stream were calculated based on the available data during the 
growing season (July 1 to September 30). However, this method of calculating loads cannot distinguish 
among the various nutrient sources. DEQ analyzed synoptic sampling data to determine the percentage 
of loading from individual sources (e.g., urban, cropland, pasture, etc.) per stream. These load 
percentages were then applied to the existing dataset (i.e., more than just the synoptic sampling data) 
to calculate the existing loads per source. This appendix describes the available synoptic sampling data 
for each stream, and provides the methodology for calculating the percentage of nutrient load from the 
existing sources for each nutrient impaired stream. The source assessment methodology is described in 
detail using Godfrey Creek and Bozeman Creek as examples because they have very differing land uses 
(i.e., agriculturally-dominated and mixed use, respectively). The same approach was used for all other 
nutrient-impaired streams; the associated source assessment results are shown in the figures and tables 
that follow the two examples. 
 

F2.0 SOURCE ASSESSMENT METHODOLOGY 

The relative load from nonpoint source categories (i.e. forest, agriculture, residential/developed, and 
subsurface wastewater disposal and treatment) was calculated by analyzing the changes in TN and TP 
loading between monitoring locations for synoptic samples. Specific calculations for sources of 
subsurface wastewater treatment and disposal are located in Section F3.4. Estimates of loading from 
point sources was done separately (see Section 6.5.2). For areas where the load decreased between 
sites, the contribution from sources within that portion of the watershed was considered negligible. 
However, for areas that the nitrogen or phosphorus load increased between sites, the source type 
composition and septic contribution within that part of each watershed was analyzed. Source type 
percentages were estimated using GIS land cover data (2009), a nutrient source assessment report 
(Attachment B), and the United States Department of Agriculture-National Agricultural Statistics Service 
(USDA-NASS) CropScape application. CropScape identifies inter-annual changes in agricultural practices 
from pasture/rangeland to irrigated and dryland cropping.  
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Because a source can contribute a disproportionate load relative to its area within a watershed, the 
contribution from sources in sections of the watershed where loading occurred were weighted. This was 
done by multiplying the percentage of the peak load attributed to each watershed section by its source 
type distribution. For instance, if a certain section of stream contributed 43% to the peak load during the 
synoptic sampling event, the percent comprised by each source category was multiplied by 43% (as 
shown in Table F-11 for Godfrey Creek). Then, the percent contribution per source category was 
summed for all of the contributing areas to provide the estimated contribution of each source category 
to the peak load (Table F-10).  
 
Source assessment assumptions: 

• Synoptic sampling events were considered representative of existing flow and nutrient loading 
conditions on nutrient impaired waterbodies.  

• Large irrigation diversions that substantially altered flow dynamics were considered and 
analyzed where observed to account for inflows and outflows from a system.  

• Contributions from septic sources were categorized based on instream chemistry observations 
and septic densities in proximity to a waterbody.  

• Nutrient loads were considered conservative and no attempts were made to account for uptake 
or assimilation except what was observed in the synoptic sampling events.  

• Source contributions were determined based on their approximate land coverage as a percent 
of contributing area to a reach.  

• If a synoptic sampling observed a decrease in a nutrient load in a given reach, a source 
assessment for that reach was not done as the load contribution was considered negligible.  

• Source assessments for tributary streams were incorporated into source assessments for 
receiving waterbodies.  

• The city of Bozeman MS4 discharges to Bozeman Creek, Bridger Creek, Mandeville Creek and 
the East Gallatin River. However, based on 30 years of precipitation data (1980–2009), ≥0.05 
inch of precipitation falls, on average, 18.6 days from July 1–September 30. Activation of the 
MS4 is relatively infrequent during the summer period. Therefore, nutrient load contributions 
from the MS4 during the summer low flow period were considered negligible and were not 
included in the existing nutrient source assessment.  

• Assumptions used for the source assessment specific to each assessment unit are outlined in 
their respective section.  

 
After the initial source assessment was completed, natural background was calculated and the other 
nonpoint sources were uniformly decreased to account for natural background (Section F3.6). Modeled 
point source contributions from the city of Bozeman Water Reclamation Facility were not decreased as 
the model included a composite of natural background and nonpoint sources in its calculation.  
 

F3.0 SOURCE CATEGORIES 

The source area based loading assessment evaluated nutrient contributions from the following sources:  
• Forest (and wetlands) 
• Agriculture (cropping and pasture/rangeland) 
• Residential/Developed (infrastructure including roads and residential development)  
• Subsurface wastewater disposal and treatment (individual, community septic systems and 

WWTPs that discharge to groundwater) 
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• Point sources 
• Natural background 

 
Source assessment information for natural background as well as all sources evaluated within the area 
based approach is described in detail within this section.  
 

F3.1 FOREST 
The forested areas in the Lower Gallatin watershed are heavily timbered. Additionally, coniferous 
forests do not lose a large percentage of their biomass each fall (as a deciduous forest does). Therefore, 
overall runoff values are low for forested areas because of their capacity to infiltrate, transpire, and 
otherwise capture rainfall.  
 
Recent data collected by MBMG upstream of the forest boundary from streams draining the Bridger 
Range documented NO3+NO2 concentrations above reference concentrations for that ecoregion. 
Because the data could not be separated from natural background with high confidence, assessment 
units with headwaters in the Bridger Range combined load allocation to forest and natural background 
sources (Bridger Creek, Reese Creek, and Smith Creek).  
 

F3.2 AGRICULTURE 
There are several possible mechanisms for the transport of nutrients from agricultural land to surface 
water during the growing season. The potential pathways include: the effect of winter grazing on 
vegetative health and its ability to uptake and nutrients and minimize erosion in upland and riparian 
areas, breakdown of excrement and loading via surface and subsurface pathways, delivery from grazed 
forest and rangeland during the growing season, transport of fertilizer applied in late spring via overland 
flow and groundwater, and the increased mobility of phosphorus caused by irrigation-related saturation 
of soils in pastures (Green and Kauffman, 1989).  
 
Pastures/Rangeland 
Pastures are managed for hay production during the summer and for grazing during the fall and spring. 
Hay pastures are fairly thickly vegetated in the summer; less so in the fall through spring. The winter 
grazing period is long (October–May), and trampling and feeding further reduces biomass when it is 
already low. Commercial fertilizers are used infrequently in the watershed, but cattle manure—naturally 
applied—occurs in higher quantities from October through May because of higher cattle density than 
that found on range and forested areas (PBS&J, 2007).  
 
Rangeland differs from pasture in that rangeland has much less biomass therefore contributes fewer 
nutrients from biomass decay. However, manure deposition does play a role. Similar to the forest areas, 
rangeland is grazed during the summer in the watershed and is managed similarly to the grazing in the 
forest areas. This is sometimes an important contribution to an impaired waterbody via tributaries.  
 
Irrigated and Dryland Cropping 
Cropping in the Lower Gallatin TPA is predominately irrigated and dryland production of small grains, 
with smaller acreages of potatoes, peas, and corn (PBS&J, 2007). This category also includes sod farms. 
Irrigated lands are usually in continuous production and have annual soil disturbance and fertilizer 
inputs. Dryland cropping may have fallow periods of 16 to 22 months, depending on site characteristics 
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and landowner management. Nutrient pathways include overland runoff, deep percolation, and shallow 
groundwater flow, which transport nutrients off site. 
 

F3.3 RESIDENTIAL/DEVELOPED 
Developed areas contribute nutrients to the watershed by runoff from impervious surfaces, deposition 
by machines/automobiles, application of fertilizers, and increased irrigation on lawns. Golf courses are 
included in this category. Although developed areas often have the highest nutrient loading rates, in the 
Lower Gallatin watershed developed areas make up a small percentage of the overall area. For 
reference, the boundaries for the city of Bozeman are functionally identical to the sewered areas. 
 

F3.4 SUBSURFACE WASTEWATER DISPOSAL AND TREATMENT 
Nitrogen and phosphorus discharge by septic systems that migrate to surface waters were initially 
determined using the Method for Estimating Attenuation of Nutrients from Septic Systems (MEANSS) 
model. MEANSS used septic location data in the Lower Gallatin TPA to calculate distance to perennial 
streams and calculate a load to surface water based on local soil types. The model accounted for 
identified septic systems (Gallatin City-County Health Department, 2009; Gallatin Local Water Quality 
District, 2010) and systems that have a Montana Ground Water Pollution Control System (MGWPCS) 
permit. For non-residential MGWPCS permitted systems where actual current wastewater flow rates are 
not available, design loading rates were used in the analysis. Although design rates are typically larger 
than average daily rates, they were used in the absence of an accurate method to estimate average 
rates. Due to the large amount of septic systems in the TPA, this potential error associated with these 
specific permitted systems should not have any significant effect on the final analysis.  
 
The daily load from each system was based on literature values and conservative assumptions used 
during permitting for subdivisions in Montana (Montana Department of Environmental Quality, 2009). 
Because a complete system failure is typically addressed very quickly, conservative assumptions were 
used for the load. The model worked well in watersheds with medium to high septic density but often 
appeared to overestimate loads in watersheds with low septic density. Also, the model calculated 
annual loads whereas the TMDLs focus on summer loading (July 1 - September 30). Annual load 
estimates do not take into account higher uptake rates and changes in septic use during the summer 
period. Another assumption of the model was that perennial streams are gaining in all reaches which 
does not apply to many of the streams in the Lower Gallatin TPA. For these reasons, the results of the 
MEANSS model were not used as derived. Model estimates from MEANNS for nutrient loading were 
compared with the area-weighted approach but were not used in place of the area-weighted analysis as 
MEANSS tended to overestimate summer loading rates based on the reasons outlined above. An outline 
of the MEANSS model may be found in Appendix A of Montana’s DRAFT policy for nutrient trading at 
http://deq.mt.gov/wqinfo/NutrientWorkGroup/default.mcpx.  
 
The area-weighted approach assigned loads to septic systems based on relative septic density in the 
vicinity of the stream, dominant groundwater flow paths and changes to instream nutrient 
concentrations. In order to better define septic sources, available water chemistry data was reviewed to 
determine relative inorganic versus organic fractions of nitrogen and changes in total phosphorus 
fractions (dissolved versus particulate). The assumption being that phosphorus loading from septic 
systems is minor short of total system failure in close proximity to a waterbody and that a spike in 
inorganic nitrogen relative to the organic fraction is indicative of septic loading.  
 

http://deq.mt.gov/wqinfo/NutrientWorkGroup/default.mcpx
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Separate from the MEANSS model, loading estimates for total nitrogen and total phosphorus were 
calculated using available influent water quality data and loading rates for wastewater treatment 
facilities discharging to groundwater in drainages with nutrient impaired streams. These calculations 
were done for the Belgrade WWTP (MTX000116), the Amsterdam-Churchill WWTP (MTUS00015), and 
the Riverside Water & Sewer District WWTP (unpermitted; private facility). Facility outlines and load 
calculation assumptions for these treatment facilities are provided below. Methods used to estimate 
nutrient loading to impaired waterbodies differed between the facilities based on facility design, current 
operation, available water quality data and geographic relation to nutrient impaired waterbodies.  
 
Belgrade WWTP (MTX000116) 
 
Overview 
The City of Belgrade wastewater treatment plant is located approximately 2 miles northeast of Belgrade, 
MT in the Gallatin Valley. The facility has three outfalls to Rapid Infiltration Percolation (IP) Beds that 
discharge to Class 1 groundwater. The facility underwent a large upgrade in 2003-2004.  
 
The facility consists of 3 lined treatment ponds/cells. The disposal method includes a spray irrigation 
system and 3 groups of IP beds which discharge to groundwater. Retention times in cell #1 and #2 
combined is 53.9 days. Cell #3 is used for settling and storage prior to discharge and has a retention time 
of 137 days. The design capacity is 903,000 gpd with a design population of 3,918 single family 
residences (~10,500 persons).  
 
IP Beds A were previously determined to be exempt from nondegradation significance review based on 
ARM 17.30.702(18)(b), which states that a facility that has been operational on or prior to April 29, 
1993, is not required to meet the nondegradation criteria. Nondegradation significance reviews were 
conducted on IP beds B and C previously. The spray irrigation discharge is an exempt/non significant 
land application according to 75-5-317(2)(h), MCA.  
 
Based on an annual average flow rate, the IP beds discharge approximately 644,000 gpd of effluent and 
274,000 gpd is discharged by the spray irrigation system. This is a total of 918,000 gpd (102% of design 
capacity). Average groundwater flow direction has been determined as N 63° W due in part to mounding 
of the water table in the immediate vicinity of the IP beds. The soils in the area of the facility are 
comprised of gravelly and coarse sand and the subsoil is predominantly fine sand with medium gravel 
and gravel. The hydraulic conductivity has been estimated at 600 feet per day.  
 
TN Analysis 
The existing permit allows a TN load of 47.1 lbs/day from IP Beds A, 2.13 lbs/day from IP Beds B, and 
24.2 lbs/day from IP Beds C. The mixing zone for IP Beds B is downgradient of the IP Beds A mixing zone 
and therefore the allowable load is very low. The total permitted TN load is 73.43 lbs/day from the 3 I/P 
beds. The permit requires that at the end of the 500-foot mixing zone the nitrate (as N) concentrations 
must not exceed 10 mg/L for IP Beds A and 5 mg/L for IP Beds B and C. Based on the average daily 
discharge and the mixing zone reduction requirements, the TN load to groundwater at the edge of the 
mixing zones from the Belgrade WWTP is permitted at 35.96 lbs TN/day.  
 
Total phosphorus effluent limits were not calculated for this facility based on the 50-year breakthrough 
analysis. The 50-year breakthrough nondegradation criterion is based on the amount of soil available to 
absorb the phosphorus between the discharge point and the receiving waterbody using the average 
load of phosphorus from the wastewater source. For the permit, it was determined that the East 
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Gallatin River was the nearest waterbody located ~4 miles from the facility and, therefore, greater than 
the 50-year breakthrough analysis. However, this distance does not seem to have accounted for the 
smaller spring-fed streams draining the area north of the Belgrade WWTP.  
 
The area north and east of Belgrade was historically an extensive riparian corridor in the Gallatin Valley 
due in part to low-elevation, spring-fed streams and a wide floodplain adjacent to the East Gallatin 
River. Downstream of the confluence of Hyalite Creek and the East Gallatin River, several spring-fed 
streams enter the East Gallatin River. In upstream to downstream order these streams are: Thompson 
Creek, Ben Hart Creek, Story Creek, Cowan Creek and Gibson Creek. Water quality data was collected by 
DEQ from these streams in September 2008 and September 2009.  
 
Given the groundwater flow direction at the Belgrade WWTP and the elevation gradient north of the 
facility, Ben Hart Creek is the most likely receiving waterbody of the groundwater discharge from the 
Belgrade WWTP. As the other spring-fed streams have very similar land use characteristics, flow and 
concentration data were analyzed in comparison to the nutrient loads in Ben Hart Creek. Relative flows 
and nutrient loads in Thompson, Story, Gibson and Cowan Creeks were compared with Ben Hart Creek 
to identify the probable Ben Hart nutrient load without the influence of the Belgrade WWTP. Given the 
similar hydrologic characteristics and land uses in these adjacent systems, it was assumed that nutrient 
loads in the adjacent drainages would provide the average nutrient load in Ben Hart Creek if that 
waterbody was not under the influence of the Belgrade WWTP.  
 
This analysis identified that groundwater discharge from the Belgrade WWTP constitutes 12% (16.74 lbs 
TN/day) of the Ben Hart TN load and 1.5% of the TN load to the lower segment of the East Gallatin River 
(Table F-1). If the Belgrade WWTP is meeting the permit requirements, the TN load at the end of the 
groundwater mixing zone is 35.96 lbs/day. The TN load of 16.74 lbs/day from the Belgrade WWTP in Ben 
Hart Creek is 47% of the permitted load at the end of the 500-foot mixing zone at the WWTP. 
 
Table F-1. City of Belgrade WWTP TN Load Calculations to the East Gallatin River 

Parameter Value Units Notes 
Discharge via I/P beds 644,000 gpd When irrigation system in use 
Discharge via I/P beds 0.9982 cfs When irrigation system in use 
Permitted load to I/P beds 73.43 lbs/day TN  
Permitted load at end of groundwater mixing zone 35.96 lbs/day TN Based on permit requirements; 

estimated load to aquifer 
Estimated load to Ben Hart Creek 16.74 lbs/day TN  
As % of existing TN load in Ben Hart Creek 12.0 %  
As % of existing TN load in the Lower East Gallatin 
River 1.5 %  

Existing load in the Lower East Gallatin River* 1114.98 lbs/day TN 80th percentile of all summer 
period water quality data (n = 12) 

*Ben Hart Creek enters the East Gallatin River upstream of Smith Creek very near the boundary (Smith Creek) 
between the middle and lower segments of the river.  
 
TP Analysis 
Although the permit did not set a TP effluent limit given the 50-year breakthrough criterion, a flow/load 
analysis was also calculated for TP from the Belgrade facility. A total load from the end of mixing zone at 
the Belgrade WWTP was calculated using influent TP data collected at the Amsterdam-Churchill WWTP 
as no influent TP data could be obtained for the Belgrade WWTP. The analysis assumed a 30% reduction 
in influent concentrations before the outfall point and a 98% reduction by the end of the mixing zone. 
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This analysis found that the discharge load to the IP beds is approximately 173.40 lbs TP/day and 3.47 
lbs TP/day at the end of the mixing zone (Table F-2). Using the same analysis outlined above, it was 
estimated that the Belgrade WWTP is discharging 1.03 lbs/day TP to Ben Hart Creek. This is 30% of the 
assumed TP load at the end of the 500-foot mixing zone at the plant.  
 
Table F-2. City of Belgrade WWTP TP Load Calculations to the East Gallatin River 

Parameter Value Units Notes 
Discharge via I/P beds 644,000 gpd When irrigation system in use 
Discharge via I/P beds 0.9982 cfs When irrigation system in use 
Median influent concentration 46.125 mg/L TP n = 9 
30% reduction concentration in facultative lagoon 32.29 mg/L TP  
Load (Discharge*concentration) 173.41 lbs/day TP  
98% removal efficiency in soil matrix for TP 3.47 lbs/day TP Estimated load to aquifer 
Estimated load to Ben Hart Creek 1.03 lbs/day TP  
As % of existing TP load in Ben Hart Creek 28.0 %  
As % of existing TP load in the Lower East Gallatin 
River 1.2 %  

Existing load in the Lower East Gallatin River* 86.55 lbs/day TP 80th percentile of all summer 
period water quality data (n = 13) 

*Ben Hart Creek enters the East Gallatin River upstream of Smith Creek very near the boundary (Smith Creek) 
between the middle and lower segments of the river. 
 
An analysis of the DEQ ambient water quality data identified that groundwater discharge from the 
Belgrade WWTP comprises 28% (1.03 lbs TP/day) of the Ben Hart TP load and 1.2% of the TP load to the 
lower segment of the East Gallatin River.  
 
Summary 
The Belgrade facility is currently operating above design capacity according to the most recent permit 
data. Analysis of flow and TN concentration in the spring-fed streams north of the Belgrade on the south 
side of the East Gallatin River determined that 12% of the TN load and 28% of the TP load in Ben Hart 
Creek is from the Belgrade WWTP. This corresponds to 1.5% of the TN load and 1.2% of the TP load in 
the lower segment of the East Gallatin River, which is impaired for total nitrogen and total phosphorus. 
There is still some question whether these estimates accurately quantify the impacts of the Belgrade 
WWTP on water quality in Ben Hart Creek and the East Gallatin River. 
 
Amsterdam-Churchill WWTP (MTUS00015) 
The Amsterdam-Churchill WWTP services approximately 927 persons in 335 households and includes a 
facultative lagoon and 2 storage lagoons for spray irrigation with a design capacity of 78,000 gallons per 
day (gpd). The existing system was installed in 1977. Currently, the facility receives 85,000 to 90,000 
gpd. On-site measurements by DEQ in 2010 determined that the facility is leaking 85,000 gpd of poorly-
treated wastewater to the groundwater aquifer from the storage lagoon. The system was designed to 
provide some treatment in the facultative lagoon with the storage lagoons periodically pumped out for 
land application. It is not known if the facility was ever utilized in this fashion.  
 
The TN and TP load to groundwater was determined based on the daily leakage rate (85,000 gpd or 
0.13175 cfs) and the median influent TN and TP concentrations. Estimated loads to groundwater were 
different for TN and TP. To determine treatment load reductions, a decay equation was used for TN 
while a general reduction of 30% was applied to TP concentrations (Tables F-3 and F-4).  
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Table F-3. Amsterdam-Churchill WWTP TN Load Calculations to Camp Creek 
Parameter Value Units Notes 

Lagoon Leakage 85,000 gpd  
Lagoon Leakage 0.13175 cfs  
Median influent concentration 45.5 mg/L TN n = 9 
Estimated lagoon retention time 79 days 75% of minimum of 105 days 
Influent concentration * exp (-0.0075*Retention time) 25.16 mg/L TN  
Load (Leakage*concentration) 17.83 lbs/day TN   
76% removal efficiency in soil matrix for TN 4.28 lbs/day TN Estimated load to aquifer 

Change in load on 9/23/2009 1.35 lbs/day TN 
Observed change in load 
between sample points 
bracketing WWTP  

Existing load in Camp Creek 101.73 lbs/day TN 
80th percentile of all summer 
period water quality data (n = 
12) 

 
In the case of TN, assuming a removal efficiency of 76% in the TN load between the bottom of cell 2 and 
Camp Creek, the estimated load from the Amsterdam-Churchill WWTP is 4.28 lbs/day TN. In the only 
bracket sampling event available for Camp Creek in the vicinity of the WWTP, the change in load from 
upstream to downstream of the WWTP was 1.354 lbs/day TN.  
 
Table F-4. Amsterdam-Churchill WWTP TP Load Calculations to Camp Creek 

Parameter Value Units Notes 
Lagoon Leakage  85,000 gpd   
Lagoon Leakage  0.13175 cfs   
Median influent concentration 46.125 mg/L TP n = 9 
30% TP reduction in facultative lagoon 32.29 mg/L TP   
Load (Leakage*concentration)  22.89 lbs/day TP   
98% removal efficiency in soil matrix for TP 0.46 lbs/day TP Estimated load to aquifer 

Change in load on 9/23/2009 0.127 lbs/day TP Observed change in load between sample 
points bracketing WWTP  

Existing load in Camp Creek 6.57 lbs/day TP 80th percentile of all summer period 
water quality data (n = 15) 

 
For TP, a 98% removal efficiency was used to calculate the TP load to Camp Creek due to the leaking 
lagoon. The estimated load was 0.46 lbs/day TP. The observed change in TP load above and below the 
WWTP was 0.127 lbs/day TP on 9/25/2009.  
 
Riverside Water & Sewer District WWTP (unpermitted; private facility) 
Constructed in 1974, the Riverside Water and Sewer District WWTP is an unpermitted facility with a 
design capacity of 20,000 gpd. It services 124 households plus the clubhouse on the golf course for an 
estimated population of 325 persons plus 200 transient (clubhouse). The facility is comprised of an 
aeration pond (treatment cell) and a storage lagoon (holding cell). The original design called for the 
septic effluent to be stored in the lagoon following initial treatment and then pumped out and used to 
irrigate the Riverside golf course. According to current facility operator, it is not known that the system 
was ever utilized in this manner. This failing system is losing approximately 20,000 gpd to the underlying 
aquifer and is sited adjacent to the East Gallatin River downstream of the city of Bozeman Water 
Reclamation Facility.  
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Water quality data from the facility could not be used in the analysis as it failed DEQ QA/QC 
requirements for data acceptability. Instead, water quality influent data collected at the Amsterdam-
Churchill WWTP was used in its stead; as these 2 facilities are comparable in the number of service 
connections and resident populations that they serve. Different removal efficiencies of TN and TP were 
used for the Riverside Water & Sewer District WWTP then were applied in the Amsterdam-Churchill 
WWTP analysis. This was done for several reasons including the lack of a fully functioning aeration pond 
at Riverside, the coarse soils and shallow depth to groundwater and the relatively short groundwater 
flow path from Riverside to the East Gallatin River. In comparison to the Amsterdam-Churchill WWTP, 
the TN removal efficiency was reduced from 76% to 25% and for TP from 98% to 40% (Tables F-5 and F-
6).  
 
Table F-5. Riverside Subdivision District WWTP TN Load Calculations to the East Gallatin River  

Parameter Value Units Notes 
Lagoon Leakage 20,000 gpd  
Lagoon Leakage 0.031 cfs  
Median influent TN concentration 45.5 mg/L TN n = 9 
Assumed retention time 79 days 75% of minimum of 105 days 
Influent concentration * exp (-0.0075*Retention 
time) 25.16 mg/L TN  
Load (Leakage*concentration) 4.20 lbs/day TN   
25% removal efficiency in soil matrix for TN 3.22 lbs/day TN Estimated load to aquifer 

Change in load on 9/16/2009 -8.59 lbs/day TN 
Observed change in load between 
sample points bracketing WWTP 
location 

Existing load on East Gallatin River below WRF 
discharge and above Hyalite Creek 272.35 lbs/day TN 80th percentile of all summer 

period water quality data (n = 13) 
 
Upstream of the Riverside Water & Sewer District WWTP, the City of Bozeman WRF discharges to the 
East Gallatin River. It was difficult to separate the Riverside Subdivision TN and TP contribution from the 
significant WRF loads. In the case of TN, samples bracketing the Riverside Water & Sewer District WWTP 
showed a decrease in the TN load on 9/19/2009 of 8.59 lbs/day TN.  
 
Table F-6. Riverside Water and Sewer District WWTP TP Load Calculations to the East Gallatin River 

Parameter Value Units Notes 
Lagoon Leakage  20,000 gpd   
Lagoon Leakage  0.031 cfs   
Median influent concentration 46.125 mg/L TP n = 9 
30% TP reduction in facultative lagoon 32.29 mg/L TP   
Load (Leakage*concentration)  5.37 lbs/day TP   
40% removal efficiency in soil matrix for TP 3.22 lbs/day TP Estimated load to aquifer 

Change in load on 9/16/2009 1.58 lbs/day TP 
Observed change in load between 
sample points bracketing WWTP 
location  

Existing load on East Gallatin River below 
WRF discharge and above Hyalite Creek 30.59 lbs/day TP 80th percentile of all summer 

period water quality data (n = 15) 
 
On 9/16/2009, there was an observed increase of 1.58 lbs/day in the TP load in samples collected 
upstream and downstream of the Riverside Water & Sewer District WWTP. The increase was less than 
the estimated load of 3.22 lbs/day TP from Riverside.  
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F3.5 POINT SOURCES 
Several nutrient point sources exist in the watershed that directly contribute loading to assessment 
units identified as impaired for nutrients. These include the city of Bozeman Water Reclamation Facility 
(WRF) (MT0022608), the City of Bozeman MS-4 stormwater system (MTR040002), and the USFWS 
Bozeman Fish Technology Center (MTG130006).  
 

F3.6 NATURAL BACKGROUND 
Once the source assessment for a given waterbody was completed, natural background was determined 
based on median values (50th percentile) for reference sites as compiled by the Montana Department of 
Environmental Quality (DEQ) in the associated ecoregions (Table F-7). With the exception of the middle 
and lower segments of the East Gallatin River, this was done by using the median stream discharge from 
all available sampling data for a given waterbody and the median instream nutrient concentration for 
reference streams as determined by DEQ to calculate the natural background load. Values used for the 
middle and lower East Gallatin River segments are discussed in detail in those sections.  
 
For streams receiving natural flows from the Level IV Absaroka-Gallatin-Volcanics ecoregion water 
quality target values were used with relative flow contributions to calculate segment specific natural 
background concentrations for TN and TP (Table F-8). All other nutrient source categories were then 
uniformly decreased to account for natural background.  
 
Table F-7. Natural background concentrations in the Lower Gallatin project area by ecoregion 

Parameter 
Median reference values 

Middle Rockies 
(Level III) 

Absaroka-Gallatin Volcanics Ecoregion 
(Level IV, within Middle Rockies) 

Total nitrogen (TN) 0.095 mg/L 0.080 mg/L 
Total phosphorous (TP) 0.010 mg/L 0.081 mg/L 
 
Table F-8 Natural background concentrations in the Lower Gallatin project area per stream segment 
receiving flow from the Absaroka-Gallatin-Volcanics Level IV ecoregion 

Stream segment TN (mg/L) TP (mg/L) 
Bozeman Creek 0.085 0.055 
East Gallatin between Bozeman and Bridger Creeks 0.091 0.031 
East Gallatin between Bridger and Hyalite Creeks 0.095 0.010 
Lower Hyalite Creek 0.084 0.063 
East Gallatin between Hyalite Creek and Smith Creek 0.091 0.027 
East Gallatin between Smith Creek and the Gallatin River 0.095 0.010 
 
The exception to this approach is for streams listed for nitrite + nitrate (N03+ N02). DEQ has not 
compiled ecoregion statistics for natural background of inorganic nitrogen. For these cases, natural 
background was grouped with forest as instream water quality data collected upstream of the forest 
boundary in the Bridger Range suggested that there was a natural load of nitrite + nitrate (N03+ N02). It 
was not possible to separate the forest/natural background sources. This exception applies to Bridger 
Reese and Smith Creeks for nitrite + nitrate (N03+ N02) TMDL development.  
 
The use of median concentrations to determine natural background differs from that outlined in Section 
6.4.2 in the document where the 75th percentile of the reference dataset was used to determine natural 
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background nutrient concentrations. This is due to the fact that the reference dataset for the Level III 
Middle Rockies ecoregion includes few sites below the forest boundary in low valley landforms. In light 
of the uncertainty of background nutrient concentrations in these lower elevation systems, median 
values for nutrients in the reference dataset were deemed more appropriate to calculate natural 
background in nutrient impaired waterbodies below the forest boundary in the Lower Gallatin TMDL 
project area.  
 
Geology 
Portions of the Hyalite Creek and Bozeman Creek drainages upstream of the forest boundary are 
underlain by the Phosphoria Formation (Berg et al., 1999; Berg et al., 2000; Kellogg and Williams, 2006; 
Vuke et al., 2002). This formation has the potential to cause elevated phosphorus concentrations in 
groundwater and surface water. Studies done by the Gallatin National Forest and Montana State 
University in the 1970s documented phosphorus concentrations up to 0.50 mg/L (mean 0.07 mg/L) in 
Bozeman Creek above the forest boundary and elevated natural background concentrations in the 
Hyalite Creek drainage (Glasser and Jones, 1982; Schillinger and Stuart, 1978). Phosphorus 
concentrations were linked more strongly to natural processes by researchers than to land uses such as 
grazing and logging.  
 
Wildlife 
The effect of wildlife grazing and waste on nutrient loading is considered part of the natural background 
load. The contribution of wildlife was not evaluated during this project and may be greater in more 
heavily used areas of the watershed, however, in a multi-state study with varying densities of wildlife 
and livestock, wildlife were estimated to contribute a minimal nutrient load relative to livestock (Moffitt, 
2009). 
 

F4.0 DETAILED EXISTING LOAD SOURCE ASSESSMENTS FOR GODFREY CREEK 
AND BOZEMAN CREEK 

Source assessments for Godfrey Creek and Bozeman Creek are provided in the following sections. 
Detailed explanations of how the source assessments were conducted and load allocations calculated 
are provided in these sections for 2 streams with different land use characteristics. Godfrey Creek 
watershed is dominated by agriculture whereas the Bozeman Creek drainage includes multiple nutrient 
sources such as agriculture, residential/developed areas, and subsurface wastewater treatment and 
disposal. These detailed summaries are provided as examples for how source assessments were 
conducted for nutrient impaired waterbodies in the Lower Gallatin TMDL project area.  
 

F4.1 GODFREY CREEK EXISTING LOAD SOURCE ASSESSMENT FOR TN AND TP 
Godfrey Creek is listed as impaired for total nitrogen and total phosphorus on the 2012 303(d) List. 
Godfrey Creek flows 9 miles from the headwaters on the Madison Plateau (Camp Creek Hills) through 
the town of Churchill to the mouth where is flows into Moreland Ditch, an irrigation canal. Water quality 
sampling was conducted in 2008 and 2009 (Figure F-1).  
 
From Attachment B: Godfrey Creek is impacted by agricultural practices throughout most of its seven 
mile length. Pastures and livestock confinement areas were identified as the most significant sources of 
nutrients to Godfrey Creek, but the abundance of irrigated croplands was also considered a significant 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix F 

3/28/13 FINAL F-18 

pollutant source. The potential impact of these land uses was accentuated by the general lack of best 
management practices. Narrow pasture buffers were common in the middle and lower reaches, but 
generally absent in the upper reaches. The lack of riparian enclosure fencing allowed livestock full access 
to the stream even where pasture buffers were present. The only riparian fencing noted during the 
assessment was located upstream of Cameron Bridge Road, which was effectively keeping cattle out of 
the riparian zone. However, it should be recognized that only areas that could be accessed from road 
crossings were observed and some BMP’s were likely missed in the assessment.  
 
The stream was more impacted in the upper two reaches than in the lower two reaches. Reach GOD 01 
N was less impacted upstream of Little Holland Road (Figure F-1), with a denser riparian and less bank 
erosion observed. Downstream of Little Holland Road was the most significantly impacted by grazing 
and livestock confinement areas, resulting in trampled, eroding banks, and very poor riparian zone 
quality. The lower reaches were less impacted by grazing and livestock operations, with less bank 
erosion and a denser riparian zone observed. 
 

 
Figure F-1. Spatial data used for the Godfrey Creek existing load source assessment 
 
In Table F-9, peak load refers to the highest observed load (lbs/day) on Godfrey Creek on 9/25/2009 
which was 34.024 lbs TN/day. GD05 is located on the mainstem just upstream of the confluence of a 
tributary that enters Godfrey Creek from the east. GD04 is taken at the mouth of that tributary (Figure 
F-2). For total nitrogen samples collected on 9/25/2009, loading from the upper reaches (GD05, GD04) 
comprise 87% of the peak load observed on that day (Table F-9). This portion of the watershed is 
dominated by dryland cropping and pasture/rangeland. TN loads and concentrations decrease moving 
downstream and a substantial drop-off in concentration at GD01. Valley Ditch, which diverts water from 
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the West Gallatin River, merges with Godfrey Creek just downstream of site GD02 on the north side of 
Cameron Bridge Road. Godfrey Creek/Valley Ditch continues downstream for ~125 feet before Valley 
Ditch is redirected to the west of the Godfrey Creek channel. The dilution effects of Valley Ditch are the 
main reason for the sudden decrease in TN concentration.  
 
Table F-9. Total nitrogen loading on 9/25/2009 on Godfrey Creek 

Site ID Flow 
(cfs) 

TN 
(mg/L) 

TN load 
(lbs/day) 

Change in load from 
upstream (lbs/day) % of peak load 

GD05 0.88 3.1 14.649 14.649 43% 
GD04 (Tributary) 1.45 1.91 14.872 14.872 44% 

GD03A 2.45 2.5 32.891 3.37* 10% 
GD03 2.98 2.1 33.605 0.714 2% 

GD02A 2.88 2.2 34.024 0.419 1% 
GD02 3.22 1.96 33.891 -0.133 NA 
GD01 4.06 0.32 6.978 -26.913 NA 

*The sum of GD04 and GD05 were subtracted from GD03A to determine the change in TN load [(14.649+14.827)-
(32.891) = 3.37]. 
 

 
Figure F-2. Site IDs for surface water data points on Godfrey Creek 
 
Using the available data sources including the source assessment and the NASS CropScape application, 
percentages per source category were assigned for the each sample location where an increase in TN 
load was observed between adjacent sampling locations (i.e. on 9/25/2009 the TN load increased from 
33.605 lbs/day TN at GD03 to 34.024 lbs/day TN at GD02A). Values were then weighted based on the % 
of peak load at each sample location identified in Table F-10 and then summarized for the entire stream 
segment. Peak load is the highest observed load on the day of sampling. Results were compared to 
other available TN data.  
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Table F-10. Existing load source assessment for anthropogenic sources for total nitrogen on Godfrey 
Creek for 9/25/2009 

Source category GD05 GD04 GD03A GD03 GD02A Total 
Forest  0.00 0.00 0.00 0.00 0.00 0.00 
Agriculture 40.04 43.71 9.71 1.97 1.21 96.63 
Residential/Developed 0.86 0.00 0.20 0.04 0.02 1.13 
Subsurface wastewater disposal and treatment 2.15 0.00 0.00 0.08 0.00 2.24 
% of peak load 43.05 43.71 9.90 2.10 1.23 100.00 
 
As an example, source assessment calculations for the GD05 column are shown in Table F-11. From 
Table F-9, the TN load at GD05 was 43.05% (=14.649/34.024) of the highest observed TN load on 
9/25/2009. The far-right column of Table F-11 corresponds to the GD05 column in Table F-10. 
 
Table F-11. Example calculation of area-weighted source assessment for total nitrogen at site GD05 on 
Godfrey Creek for 9/25/2009 

Source category GD05 source 
allocation (%) 

GD05 as fraction 
of peak load 

GD05 as fraction of total 
load (%) on Godfrey Creek 

Forest  0 x 0.4305 0.00 
Agriculture 93 x 0.4305 40.04 
Residential/Developed 2 x 0.4305 0.86 
Subsurface wastewater disposal and treatment 5 x 0.4305 2.15 
Total  100 - 43.05 
 
As outlined in Section F2.1, natural background was calculated based on the median flow observation 
for Godfrey Creek using the available data (2.48 cfs) and the median TN concentration in the reference 
dataset for the Middle Rockies ecoregion (0.095 mg/L TN). The median observed TN concentration in 
Godfrey Creek was 1.41 mg/L TN for an existing TMDL load of 18.81 lbs TN/day (Table F-12).  
 
Table F-12. Godfrey Creek values used to determine total nitrogen existing load and natural 
background.  

Median discharge Median reference concentration 
for Godfrey Creek 

Natural 
background load 

Median observed 
concentration Existing Load 

2.48 cfs 0.095 mg/L TN 1.26 lbs TN/day 1.41 mg/L TN 18.81 lbs TN/day 
 
The natural background load of 1.26 lbs TN/day is 6.74% of the existing load using the median values. All 
other source categories were uniformly decreased to account for the calculated natural background load 
(Table F-13). 
 
Table F-13. Uniform decrease of source allocations to account for natural background in Godfrey 
Creek total nitrogen source assessment.  

Source allocation 
Existing load 

Without NB (%) With NB (%) 
Natural background - 6.74 
Agriculture 96.63 90.12 
Residential/Developed 1.13 1.05 
Subsurface Wastewater Treatment and Disposal 2.24 2.09 
Total  100.00 100.00 
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This method determined natural background to be ~7% of the TN load in Godfrey Creek. The source 
categories’ percentages were uniformly decreased to account for the calculated natural background TN 
load (Figure F-3). 
 

 
Figure F-3. Existing TN sources for Godfrey Creek 
 
In Godfrey Creek, it was determined that agriculture is the dominant source of TN loads in the stream 
based on data collection efforts in 2008 and 2009, the nutrient source assessment and NASS CropScape.  
 
For TP on Godfrey Creek, the same methodology was used (Table F-14; Table F-15).  
 
Table F-14. Total phosphorus loading on 9/25/2009 on Godfrey Creek 

Site ID Flow 
(cfs) 

TP 
(mg/L) 

TP load 
(lbs/day) 

Change in load from 
upstream (lbs/day) % of peak load 

GD05 0.88 0.09 0.43 0.43 40% 
GD04 (tributary) 1.45 0.059 0.46 0.46 43% 

GD03A 2.45 0.06 0.79 -0.10 NA 
GD03 2.98 0.041 0.66 -0.13 NA 

GD02A 2.88 0.054 0.84 0.18 17% 
GD02 3.22 0.021 0.36 -0.47 NA 
GD01 4.06 0.016 0.35 -0.01 NA 

*The sum of GD04 and GD05 were subtracted from GD03A to determine the change in TN load  
[(0.43+0.46)-(0.79) = -0.10]. 
 
The TP impairment on Godfrey Creek is likely tied to the sediment impairment. TP loads decrease from 
the main source area in the upper reaches but rise again at GD02A. This is likely due to a TP source in 
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the reach upstream of the sampling location and may be linked to an animal confinement area in the 
vicinity of the sampling point.  
 
Table F-15. Existing load source assessment for anthropogenic sources for total phosphorus on 
Godfrey Creek for 9/25/2009 

Source category GD05 GD04 GD03A GD03 GD02A Total 
Forest 0.00 0.00 0.00 0.00 0.00 0.00 
Agriculture 40.83 3.44 32.39 0.00 17.57 94.23 
Residential/Developed 2.20 0.07 1.70 0.00 0.92 4.89 
Subsurface wastewater disposal and treatment 0.88 0.00 0.00 0.00 0.00 0.88 
% of peak load 43.90 3.51 34.09 0.00 18.49 100 
 
As outlined in Section F2.1, natural background was calculated based on the median flow observation 
for Godfrey Creek using the available data (2.48 cfs) and the median TP concentration in the reference 
dataset for the Middle Rockies ecoregion (0.010 mg/L TP). The median observed TP concentration in 
Godfrey Creek was 0.054 mg/L TP for an existing TMDL load of 0.72 lbs TP/day (Table F-16).  
 
Table F-16. Godfrey Creek values used to determine total phosphorus existing load and natural 
background.  

Median 
discharge 

Median reference concentration 
for Godfrey Creek 

Natural background 
load 

Median observed 
concentration Existing Load 

2.48 cfs 0.010 mg/L TP 0.13 lbs TP/day 0.054 mg/L TP 0.72 lbs TP/day 
 
The natural background load of 0.13 lbs TP/day is 18.52% of the existing load using the median values. 
All other source categories were uniformly decreased to account for the calculated natural background 
load (Table F-17). 
 
Table F-17. Uniform decrease of source allocations to account for natural background in Godfrey 
Creek total phosphorus source assessment.  

Source allocation 
Existing load 

Without NB (%) With NB (%) 
Natural background  18.52 

Agriculture 94.23 76.78 
Residential/Developed 4.89 3.99 

Subsurface Wastewater Treatment and Disposal 0.88 0.72 
Total 100.00 100.00 

 
This method determined natural background to be ~18% of the TN load in Godfrey Creek. The source 
categories’ percentages were uniformly decreased to account for the calculated natural background TP 
load (Figure F-4). 
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Figure F-4. Existing TP sources for Godfrey Creek 
 

F4.2 BOZEMAN CREEK EXISTING LOAD SOURCE ASSESSMENT FOR TN  
Lower Bozeman Creek is listed on the 2012 303(d) List for a total nitrogen (TN) impairment. The lower 
segment of Bozeman Creek flows 4.9 miles from the confluence with Limestone Creek to the mouth 
(East Gallatin River). Bozeman Creek originates in the Gallatin Range and flows out of Sourdough 
Canyon. The total length of the stream is 14 miles from the confluence of North Fork and South Fork to 
the mouth (East Gallatin River). Extensive water quality data is available for Bozeman Creek with the 
primary collection efforts occurring in 2008 and 2009 and is the most well sampled waterbody in the 
project area and the analysis included data collected upstream of the assessment unit and from several 
tributaries to Bozeman Creek (Table F-18; Figure F-5). 
 
From Attachment B: Bozeman Creek is progressively more impacted from upstream to downstream 
along its 14 mile length. From its headwaters, downstream to the Bozeman Creek trailhead, Sourdough 
Creek is minimally impacted as it flows through Gallatin National Forest land. From the Bozeman Creek 
trailhead to approximately Goldenstein Rd it is an agricultural stream, with adjacent pasture land and 
hay fields. Between Goldenstein Rd, downstream to Bogert Park, residential and urban impacts increase. 
However, where residential lawns do not encroach on the stream, the riparian vegetation is still 
relatively healthy and bank erosion is limited to areas of pasture and lawn encroachment. The greatest 
potential water quality influences to these reaches are likely tributary streams (Limestone Creek, Nash 
Spring Creek) and residential lawn encroachment along South Church Street. Urban impacts greatly 
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increase downstream of Bogert Park as the streamflows through downtown Bozeman and residential 
areas along Rouse Ave. This is by far the most impacted reach along the entire stream with several 
potential nutrient sources. Residential lawns encroach directly on the stream for most of the length, 
banks were generally eroding and trampled, and the riparian quality was very poor to nonexistent in 
most areas. The most downstream reach, from Tamarack St to the confluence with the East Gallatin 
River, was less impacted by urban development than the upstream reach; with a wider riparian buffer, 
less residential lawn and pasture encroachment, and minimal bank erosion. This reach did flow through 
some livestock grazing and industrial areas, both of which are likely nutrient sources. 
 

 
Figure F-5. Spatial data used for the lower Bozeman Creek existing load source assessment 
 
For Bozeman Creek, there were 2 available sampling dates when water quality samples were collected 
at numerous points along the stream on a single day (Figure F-6). Therefore, loading was analyzed for 
both dates in addition to tributary water quality data to determine the existing sources of the TN in 
Bozeman Creek.  
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Figure F-6. Site IDs for surface water data points on Bozeman Creek 
 
In Figure F-6, important additions and diversions include the tributaries of Nash Spring Creek which joins 
Bozeman Creek immediately upstream of SD04 and Matthew Bird Creek which flows into Bozeman 
Creek immediately upstream of SD03. A large irrigation diversion on Bozeman Creek is the Mill-Willow 
irrigation canal which diverts Bozeman Creek downstream of the confluence of Matthew Bird Creek and 
Bozeman Creek and upstream of sampling point SD03. The distance between the Matthew Bird Creek 
confluence and the Mill-Willow Canal is ~500 ft. Based on flow measurements in the 9/15/2009 
sampling event, the Mill-Willow canal diverted 4.73 cfs assuming no inflow to Bozeman Creek between 
sampling points SD03A and SD03. This was 22% of the Bozeman Creek flow at the diversion on that date. 
This loss in load and flow from Bozeman Creek was accounted for in the following TN source 
assessments.  
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Using the available data sources, including the source assessment and the CropScape application, 
percentages per source category were assigned for the each sample location where an increase in TN 
load was observed. Values were then weighted based on the % of peak load at each sample location and 
then totaled for the entire stream segment. Results were compared to other available TN data.  
 
Table F-18 and F-19 are the results of the TN load analysis for samples collected on 9/2/2008.  
 
Table F-18. Total nitrogen loading on 9/2/2008 on Bozeman Creek 
Site ID Flow (cfs) TN (mg/L) TN load (lbs/day) Change in load from upstream % of peak load 

SD06 19.62 0.025 2.63 2.63 2% 
SD05A Not sampled 
SD05 15.23 0.17 13.90 11.27 9% 
SD04 19.02 0.30 30.64 30.64 14% 
SD03A Not sampled 
SD03 25.70 0.77 106.27 75.63 62% 
SD02A Not sampled 
SD02 25.81 0.88 121.97 15.70 13% 
 
Table F-19. Existing load source assessment for anthropogenic sources for total nitrogen on Bozeman 
Creek for 9/2/2008 

Source category SD06 SD05 SD04 SD03 SD02 Total 
Forest 2.16 0.46 0.00 0 0 2.62 
Agriculture 0.00 0.00 2.75 31 0 33.75 
Residential/Developed 0.00 5.08 5.49 24.8 12.87 48.24 
Subsurface wastewater disposal and treatment 0.00 3.69 5.49 6.2 0 15.39 
% of peak load 2.16 9.23 13.73 62 12.87 100 
 
Table F-20 and F-21 are the results of the TN load analysis for samples collected on 9/15/2009. Nash 
Spring Creek enters Bozeman Creek upstream of SD04 and Matthew Bird Creek joins Bozeman Creek 
between SD03 and SD03A. Data collected from these tributaries on 9/15/2009 was used in the analysis 
for the mainstem.  
 
Table F-20. Total nitrogen loading on 9/15/2009 on Bozeman Creek 

Site ID Flow (cfs) TN (mg/L) TN load (lbs/day) Change in load from 
upstream 

% of peak 
load 

SD06 7.27 0.025 0.98 0.98 1% 
SD05A 9.21 0.27 13.35 12.38 18% 
SD05 10.18 0.27 14.76 1.41 2% 

Nash Spring 
Creek 3.10 1.55 25.85 NA NA 

SD04 13.31 0.75 53.61 38.85 56% 
SD03A 14.46 0.74 57.46 3.86 6% 

Matthew Bird 
Creek 7.46 0.81 32.45 NA NA 

SD03 17.19 0.75 69.23 11.77 17% 
SD02A 18.61 0.69 68.96 -0.28 NA 
SD02 17.57 0.73 68.88 -0.08 NA 

* Nash Spring Creek and Matthew Bird Creek are tributaries to Bozeman Creek and data collection efforts were 
incorporated into the source assessment.  
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Table F-21. Existing load source assessment for anthropogenic sources for total nitrogen on Bozeman 
Creek for 9/15/2009 

Source category SD06 SD05A SD05 SD04 SD03A SD03 Total 
Forest  1.41 0.00 0.1 0.00 0.39 0.00 1.9 
Agriculture 0.00 6.62 0.00 8.42 3.06 8.5 26.6 
Residential/Developed 0.00 6.79 1.12 25.2 1.67 6.8 41.63 
Subsurface wastewater disposal and treatment 0.00 4.47 0.81 22.4 0.45 1.7 29.87 
% of peak load 1.41 17.88 2.03 56.02 5.57 17 100 
 
The existing source allocations for anthropogenic sources in the Bozeman Creek drainage was calculated 
by taking the mean of the 9/2/2008 and 9/15/2009 analyses (Table F-22).  
 
Table F-22. Mean of 9/2/2008 and 9/15/2009 source assessments 

Source category 9/2/2008 9/15/2009 Mean 
Forest  2.62 1.9 2.26 
Agriculture 33.75 26.6 30.17 
Residential/Developed 48.24 41.63 44.94 
Subsurface wastewater disposal and treatment 15.39 29.87 22.63 
% of peak load 100 100 100 
 
As outlined in Section F2.1, natural background was calculated based on the median flow observation 
for Boxeman Creek using the available data (23.95 cfs) and the median TN concentration in the 
reference dataset as determined for Bozeman Creek (0.085 mg/L TN; Table F-23). The median observed 
TP concentration in Bozeman Creek was 0.73 mg/L TN for an existing TMDL load of 94.06 lbs TN/day 
(Table F-23).  
 
Table F-23. Bozeman Creek values used to determine total nitrogen existing load and natural 
background.  

Median 
discharge 

Median reference concentration 
for Bozeman Creek 

Natural 
background load 

Median observed 
concentration Existing Load 

23.95 cfs 0.085 mg/L TP 10.95 lbs TN/day 0.73 mg/L TN 94.06 lbs TN/day 
 
The natural background load of 10.95 TN/day is 11.64% of the existing load using the median values. All 
other source categories were uniformly decreased to account for the calculated natural background load 
(Table F-24). 
 
Table F-24. Uniform decrease of source allocations to account for natural background in Bozeman 
Creek total nitrogen source assessment.  

Source allocation 
Existing load 

Without NB (%) With NB (%) 
Natural background  11.64 
Forest 2.26 2.00 
Agriculture 30.17 26.66 
Residential/Developed 44.94 39.71 
Subsurface Wastewater Treatment and Disposal 22.63 20.00 
Total  100.00 100.00 
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The method outlined in Table F-23 determined natural background to be 11% of the TN load in Bozeman 
Creek. Source categories were adjusted to account for this percentage (Figure F-7). 
 

 
Figure F-7. Existing TN sources for Bozeman Creek 
 
Matthew Bird Creek and Nash Spring Creek contribute large TN loads to Bozeman Creek, while 
Limestone Creek was found to contribute only small nutrient additions to Bozeman Creek. The existing 
load assessment used data collected on those tributaries to determine % loads to Bozeman Creek. In 
addition, the Mill-Willow irrigation canal diverts flow from Bozeman Creek and actually reduces TN loads 
immediately downstream of the Matthew Bird Creek and Bozeman Creek confluence. This was also 
accounted for in the analysis. Finally, the 9/2/2008 and 9/15/2009 data analyses had good agreement 
with the load increases observed in the 2008-2011 Greater Gallatin Watershed Council data collected on 
Bozeman Creek. In Bozeman Creek, TN sources include both agriculture and urban/residential nonpoint 
sources.  
 

F5.0 EXISTING LOAD SOURCE ASSESSMENTS FOR REMAINING TMDL 
STREAMS EXCEPT EAST GALLATIN RIVER 

Figures displaying spatial data used in the source assessments per waterbody identify all surface water 
data locations but labels are only provided for those points sampled in the synoptic events used for the 
source assessment.  
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F5.1 BEAR CREEK  
Bear Creek is listed as impaired for total phosphorus on the 2012 303(d) List. Figures and analysis for TP 
source allocation are provided in this section. Figure F-8 displays the stream sampling locations and 
other environmental data including septic density and hydrography.  
 

 
Figure F-8. Spatial data used for the Bear Creek existing load source assessment 
 
Two synoptic sampling events were available for Bear Creek. Load calculations and source assessments 
are included in the following tables (Tables F-25, F-26, F-27, and F-28).  
 

 
  

Table F-25. Total phosphorus loading on 8/26/2008 on Bear Creek 
Site ID TP load (lbs/day) Change in load from upstream % of peak load 
BRO5 5.16 0.474 65% 
BRO4 2.78 0.251 34% 
BRO3 3.47 0.003 0.4% 
BRO2 4.97 -0.265 NA 
BR01 6.24 -0.096 NA 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix F 

3/28/13 FINAL F-30 

 
Table F-26. Existing load source assessment for total phosphorus on Bear Creek for 8/26/2008 

Source category BRO5 BRO4 BRO3 Total 
Forest 55.34 27.75 0.25 83.35 
Agriculture 9.77 4.14 0.06 13.97 
Residential/Developed 0.00 0.00 0.04 0.04 
Subsurface wastewater disposal and treatment 0.00 2.59 0.06 2.65 
% of peak load 65.11 34.48 0.41 100 
 
Table F-27. Total phosphorus loading on 9/18/2009 on Bear Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
BRO5 Not sampled 
BRO4 0.32 0.32 93% 
BRO3 0.35 0.02 7% 
BRO2 0.21 -0.14 NA 
BR01 0.18 -0.02 NA 

 
Table F-28. Existing load source assessment for total phosphorus on Bear Creek for 9/18/2009 

Source category BRO4 BRO3 Total 
Forest  75.13 4.00 79.13 
Agriculture 11.2 1.00 12.2 
Residential/Developed 0.00 0.67 0.67 
Subsurface wastewater disposal and treatment 7.00 1.00 8 
% of peak load 93.33 6.67 100 
 
Mean percentages from the 2 sampling date analyses were calculated for the Bear Creek existing load 
assessment which did not include natural background. The source assessment determined that most of 
the phosphorus in the system originated upstream of the national forest boundary with only minor 
additions in the reaches downstream of the forest. Natural background was calculated to be 42% of the 
TP load in Bear Creek. Source categories were uniformly decreased to account for this percentage 
(Figure F-9). 
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Figure F-9. Existing TP sources for Bear Creek 
 

F5.2 BRIDGER CREEK  
Bridger Creek is listed as impaired for nitrite + nitrate (NO3+NO2) on the 2012 303(d) List. Figures and 
analysis for N03+ N02 source allocation are provided in this section. Figure F-10 displays the stream 
sampling locations and other environmental data including septic density and hydrography. 
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Figure F-10. Spatial data used for the Bridger Creek existing load source assessment 
 
One synoptic sampling event was available for Bridger Creek. Load calculations and source assessments 
are included in the following tables (Tables F-29, and F-30). 
 
Table F-29. N03+ N02 loading on 8/27/2008 on Bridger Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
BG06 0.04 0.04 0.0% 
BG05 0.71 0.67 6% 
BG04 0.88 0.17 1% 
BG03 1.99 1.11 9% 
BG02 6.25 4.26 35% 
BG01 12.10 5.85 48% 

 
Most of the inorganic nitrogen loading in Bridger Creek occurs in the lower reaches below the canyon 
mouth and the USFWS Fish Tech Center and exceedances of the water quality target are limited to the 
reach below the Lyman Creek confluence.  
 
Table F-30. Existing load source assessment for anthropogenic sources for NO3+NO2 on 8/27/2008 on 
Bridger Creek 

Source category BG06 BG05 BGO4 BGO3 BGO2 BGO1 Total 
Forest 0.35 0.83 0.21 1.38 5.28 0.97 9.01 
Agriculture 0.00 1.38 0.83 5.53 22.89 4.83 35.46 
Residential/Developed 0.00 1.65 0.21 1.38 3.52 27.43 34.19 
Subsurface wastewater disposal and treatment 0.01 1.65 0.14 0.92 3.52 9.67 15.91 
USFWS Fish Tech 0.00 0.00 0.00 0.00 0.00 5.43 5.43 
% of peak load 0.36 5.51 1.39 9.21 35.21 42.9 100 
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Natural background was estimated based on flow statistics for the 8/27/2008 sampling event and on 
data collected from spring sources in the Lyman Creek drainage and in Bridger Creek downstream of the 
canyon mouth. Flow and water quality data from tributary streams, particularly Lyman Creek, were 
determined to constitute a large source of N03+ N02 from natural background and forest sources. The 
data was not comprehensive enough to separate these sources. This analysis determined forest/natural 
background to be 48% of the N03+ N02 load in Bridger Creek. Source categories were adjusted to 
account for this percentage (Figure F-11). 
 

 
Figure F-11. Existing NO3+NO2 sources for Bridger Creek 
 

F5.3 CAMP CREEK  
Camp Creek is listed as impaired for total phosphorus and total nitrogen on the 2012 303(d) List. Figures 
and analysis for TP and TN source allocations are provided in this section. Figure F-12 displays the 
stream sampling locations and other environmental data including septic density and hydrography. 
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Figure F-12. Spatial data used for the Camp Creek existing load source assessment 
 
Valley Ditch, which transports flows from the West Fork Gallatin River and Godfrey Creek joins Camp 
Creek downstream of CP02B and is re-diverted from Camp Creek ~400 feet downstream of where it 
entered north of Amsterdam Road. This inter-basin water transfer is part of the change in load seen 
between CP02B and CP02A for TN and TP. Between CP02A and CP02, 4 irrigation ditches flow into Camp 
Creek. Moreland Ditch, which Godfrey Creek flows into, joins Camp Creek channel downstream of 
CP02A for a distance of ~125 feet before being re-diverted. The White Ditch also joins Camp Creek 
before being re-diverted a short distance downstream. Two smaller ditches, the Lewis Overflow ditch 
and the Lewis Ditch terminate in Camp Creek. These additions to the channel are likely a large portion of 
the observed TN and TP load increase in the reach between CP02A and CP02.  
 
It is worth noting that all instream water quality concentrations for TN and TP upstream of site CP02 
exceeded water quality targets. While irrigation ditch networks added nutrient loads that originated 
outside the Camp Creek basin between CP02B and CP02, the Camp Creek watershed is still impaired for 
TN and TP from large additions within the Camp Creek watershed.  
 
One synoptic sampling event was available for Camp Creek. Load calculations and source assessments 
are included in the following tables (Tables F-31, F-32, F-33, and F-34).  
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Table F-31. Total nitrogen loading on 9/23/2009 on Camp Creek 

Site ID TN load (lbs/day) Change in load from upstream % of peak load 
CP03A 9.01 9.01 6% 
CP03 30.23 21.22 14% 

CP02B 36.35 6.12 4% 
CP02A 37.70 1.35 1% 
CP02 151.83 114.12 75% 

 
Table F-32. Existing load source assessment for anthropogenic sources for total nitrogen on 9/23/2009 
on Camp Creek 

Source category CP03A CP03 CP02B CP02A CP02 Total 
Forest  0.00 0.00 0.00 0.00 0.00 0.00 
Agriculture 5.34 11.74 2.02 0.76 57.13 76.99 
Residential/Developed 0.00 1.40 1.61 0.09 7.52 10.62 
Subsurface wastewater disposal and treatment* 0.59 0.84 0.40 0.04 10.52 12.39 
% of peak load 5.93 13.98 4.03 0.89 75.17 100 
*Includes loading estimate from the Amsterdam-Churchill WWTP 
 
Natural background was determined to be 7% of the TN load. Source categories were adjusted to 
account for this percentage (Figure F-13). 
 

 
Figure F-13. Existing TN sources for Camp Creek 
  

Natural background 
7% Agriculture 

71% 

Residential/ 
Developed 

10% 

Subsurface 
Wastewater 

Treatment and 
Disposal 

12% 

Camp Creek TN  



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix F 

3/28/13 FINAL F-36 

 
Table F-33. Total phosphorus loading on 9/23/2009 on Camp Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
CP03A 0.59 0.59 22% 
CP03 1.80 1.21 46% 

CP02B 2.00 0.20 8% 
CP02A 2.16 0.16 6% 
CP02 2.65 0.49 18% 

 
Table F-34. Existing load source assessment for anthropogenic sources for total phosphorus on 
9/23/2009 on Camp Creek 

Source category CP03A CP03 CP02B CP02A CP02 Total 
Forest  0.00 0.00 0.00 0.00 0.00 0.00 
Agriculture 21.05 39.93 4.99 3.09 13.75 82.81 
Residential/Developed 0.00 4.59 2.30 0.59 2.75 10.24 
Subsurface wastewater disposal and treatment* 1.11 1.38 0.38 2.26 1.83 6.96 
% of peak load 22.16 45.90 7.67 5.94 18.34 100 
*Includes loading estimate from the Amsterdam-Churchill WWTP 
 
Natural background was determined to be 10% of the TP load. Source categories were adjusted to 
account for this percentage (Figure F-14). 
 

 
Figure F-14. Existing TP sources for Camp Creek 
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E5.4 DRY CREEK  
Dry Creek is listed as impaired for total phosphorus and total nitrogen on the 2012 303(d) List. Figures 
and analysis for TP and TN source allocations are provided in this section. Figure F-15 displays the 
stream sampling locations and other environmental data including septic density and hydrography. 
 

 
Figure F-15. Spatial data used for the Dry Creek existing load source assessment 
 
Pass Creek flows into Dry Creek immediately downstream of site DY02 and was found to be a significant 
source area for TN and TP.  
 
One synoptic sampling event was available for Dry Creek. Load calculations and source assessments are 
included in the following tables (Tables F-35, F-36, F-37, and F-38).  
 
Table F-35. Total nitrogen loading on 9/21/09 on Dry Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
DY02 8.32 8.32 16% 

DY01B 45.90 37.58 74% 
DY01A 23.25 -22.65 NA 
DY01 28.43 5.18 10% 
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Table F-36. Existing load source assessment for anthropogenic sources for total nitrogen on 9/21/2009 
on Dry Creek 

Source category DY02 DY01B DY01 Total 
Forest  0.48 4.44 0.00 4.92 
Agriculture 15.20 64.38 5.50 85.08 
Residential/Developed 0.16 0.74 1.50 2.40 
Subsurface wastewater disposal and treatment 0.16 4.44 3.00 7.60 
% of peak load 16.00 74.00 10.00 0.00 
 
Natural background was determined to be 22% of the total nitrogen load in Dry Creek. Source categories 
were adjusted to account for this percentage (Figure F-16). 
 

 
Figure F-16. Existing TN sources for Dry Creek 
 
Table F-37. Total phosphorus loading on 9/21/09 on Dry Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
DY02 0.55 0.55 44% 

DY01B 1.16 0.61 49% 
DY01A 1.18 0.02 2% 
DY01 1.24 0.06 5% 
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Table F-38. Existing load source assessment for anthropogenic sources for total phosphorus on 
9/21/2009 on Dry Creek 

Source category DY02 DY01B DY01A DY01 Total 
Forest  2.2 1.96 0 0 4.16 
Agriculture 34.76 34.79 1.50 3.75 74.80 
Residential/Developed 7.04 8.82 0.40 1.00 17.26 
Subsurface wastewater disposal and treatment 0.00 3.43 0.10 0.25 3.78 
% of peak load 44.00 49.00 2.00 5.00 0.00 
 
Natural background was determined to be 48% of the total phosphorus load in Dry Creek. Source 
categories were adjusted to account for this percentage (Figure F-17). 
 

 
Figure F-17. Existing TP sources for Dry Creek 
 

F5.5 LOWER HYALITE CREEK 
The lower segment of Hyalite Creek below the forest boundary is listed as impaired for total nitrogen on 
the 2012 303(d) List. Figures and analysis for TN source allocations are provided in this section.  
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Figure F-18. Spatial data used for lower Hyalite Creek existing load source assessment 
 
A complete synoptic sampling event was completed on the full length of Hyalite Creek on 9/14/2009 
from the upper segment to the mouth (Table F-39). This provided relative load and flow data for 
calculating forest TN loads from above the forest boundary. Sites upstream of HY05 are not displayed in 
Figure F-18 as they are in the middle and upper Hyalite Creek assessment units.  
 
Table F-39. Total nitrogen loading on 9/14/2009 Hyalite Creek 

Hyalite Creek AU Site ID TN Load (lbs/day) Change in load from upstream % of peak load 
UPPER HY08 4.68 4.68 2% 

MIDDLE HY04 52.41 47.73 15% 
MIDDLE HY03 51.72 -0.69 NA 
LOWER HY05 42.03 -9.70 NA 
LOWER HY02 22.75 -19.28 NA 
LOWER HY01 285.85 263.10 83% 

 
Flow data from the sampling event indicate the impacts of irrigation and water supply diversions from 
Hyalite Creek (Table F-40). In examining the flow data in Table F-40, the large decreases in flow between 
HY05 and HY02 are due to significant water diversions for municipal and agricultural uses including the 
city of Bozeman diversion and several irrigation canals.  
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Table F-40. Discharge at sampled locations on 9/14/2009 Hyalite Creek 

Site ID Flow (cfs) 
HY08 9.68 
HY04 61.0 
HY03 68.8 
HY05 65.22 
HY02 6.62 
HY01 27.87 

 
This swing in flow and load is also reflected in Table F-41 which identifies the large decrease and 
subsequent increase in load from upstream (HY05) to downstream (HY01) in the 21-mile long segment. 
For this reason, the source assessment focused on the lower half of the assessment unit as most of the 
nutrient load is diverted from the main channel in the upper portions of the assessment unit.  
 
Table F-41. Total nitrogen loading on 9/14/09 on Lower Hyalite Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
HY05 42.03 42.03 18% 
HY02 22.75 -19.28 NA 
HY01 209.24 186.49 82% 

 
For the source assessment using the 9/14/2009 data, the load to Hyalite Creek via Buster Gulch was 
omitted as that source is being addressed by a different TMDL on the middle segment of the East 
Gallatin River (Table F-41 and F-42).  
 
Table F-42. Existing load source assessment for anthropogenic sources for total nitrogen on 9/14/2009 
Lower Hyalite Creek  

Source category HY05 HY01 Total 
Forest  

Omitted as influence is 
negligible due to diversions 

0.00 0.00 
Agriculture 47.00 47.00 
Residential/Developed 12.00 12.00 
Subsurface wastewater disposal and treatment 41.00 41.00 
% of peak load 0.00 100.00 100.00 
 
Figure F-19 reflects the existing source assessment for Lower Hyalite Creek minus the TN load 
transported to Hyalite Creek from the East Gallatin River via Buster Gulch. Buster Gulch flows into 
Hyalite Creek ~ 1.5 miles above the mouth (East Gallatin River) and has little impact on the overall water 
quality of the reach which is 21 miles in length. Flow in Buster Gulch was assumed to be a constant 8 cfs 
and approximately 24% of the TN load at the mouth of Hyalite Creek based on East Gallatin River TN 
concentrations upstream of the Buster Gulch diversion. The Buster Gulch TN load was removed from the 
Hyalite Creek source assessment as it impacts only the very downstream end of the assessment unit and 
its nutrient loads are being addressed in a separate assessment unit (Section F6.2 - middle segment of 
the East Gallatin River between Bridger Creek and Hyalite Creek confluences).  
 
Natural background was determined to be 19% of the existing TN load in the lower segment of Hyalite 
Creek downstream of the forest boundary.  
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Figure F-19. Existing TN sources for Lower Hyalite Creek 
 

F5.6 JACKSON CREEK  
Jackson Creek is listed as impaired for total phosphorus on the 2012 303(d) List. Figures and analysis for 
TP source allocations are provided in this section. Figure F-20 displays the stream sampling locations and 
other environmental data including septic density and hydrography. 
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Figure F-20. Spatial data used for the Jackson Creek existing load source assessment 
 
Two synoptic sampling events were available for Jackson Creek. Load calculations and source 
assessments are included in the following tables (Tables F-43, F-44, F-45, and F-46).  
 
Table F-43. Total phosphorus loading on 8/28/2008 on Jackson Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
JK03 0.09 0.09 0.21 
JK02 0.44 0.34 0.79 

 
Table F-44. Existing load source assessment for anthropogenic sources for total phosphorus on 
8/28/2008 on Jackson Creek 

Source category JK03 JK02 Total 
Forest  13.90 7.86 21.76 
Agriculture 3.21 58.97 62.17 
Residential/Developed 4.28 11.79 16.07 
Subsurface wastewater disposal and treatment 0.00 0.00 0.00 
% of peak load 21.39 78.62 100.00 
 
Table F-45. Total phosphorus loading on 9/18/2009 on Jackson Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
JK02A 0.08 0.08 33% 
JK01B 0.18 0.09 36% 
JK01A 0.26 0.08 31% 
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Table F-46. Existing load source assessment for anthropogenic sources for total phosphorus on 
9/18/2009 on Jackson Creek 

Source category JK02A JK01B JK01A Total 
Forest 26.20 1.82 0.00 28.02 
Agriculture 1.64 31.01 29.23 61.88 
Residential/Developed 4.91 1.82 0.00 6.73 
Subsurface wastewater disposal and treatment 0.00 1.82 1.54 3.36 
% of peak load 32.75 36.47 30.77 100.00 
 
Mean percentages from the 2 sampling date analyses were calculated for the Jackson Creek existing 
load assessment which did not include natural background. Natural background was determined to be 
77% of the TP load in Jackson Creek as Jackson Creek is relatively un-impacted by anthropogenic TP 
sources. Source categories were adjusted to account for this percentage (Figure F-21). 
 

 
Figure F-21. Existing TP sources for Jackson Creek 
 

F5.7 MANDEVILLE CREEK  
Mandeville Creek is impaired for total phosphorus and total nitrogen based on available water quality 
data. Mandeville Creek does not appear on the 2012 303(d) List but will be added to the 2014 303(d) 
List. Figures and analysis for TP and TN source allocations are provided in this section. Figure F-22 
displays the stream sampling locations and other environmental data including septic density and 
hydrography. 
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Figure F-22. Spatial data used for the Mandeville Creek existing load source assessment 
 
In the lower segment of Mandeville Creek, Farmers Canal terminates in the creek. The load from this 
source area is difficult to quantify but was assumed to comprise a large portion of the observed load 
increases between MANVCO2 and MANVC01. The Middle Creek Ditch carrying flows from Hyalite Creek 
passes through the uppermost are of the basin but did not appear to contribute flows to Mandeville 
Creek. 
 
Mandeville Creek was sampled at both sample locations in 9 separate events from 2009-2011. The 
complete dataset was analyzed to determine the relative total load contributions at each sampling 
point. For total nitrogen, 22.9% of the TN load was observed at MANCOV2 and 77.1% was observed at 
the downstream location MANCOV1 on average. These relative percentages were used to determine the 
existing source allocation (Table F-47). Natural background was determined to be 6% of the TN load. 
Source categories were adjusted to account for this percentage (Figure F-23). 
 
Table F-47. Existing load source assessment for anthropogenic sources for total nitrogen for 
Mandeville Creek 

Source category MANCOV2 MANCOV1 Total 
Forest  0.00 0.00 0.00 
Agriculture 19.46 36.24 55.71 
Residential/Developed 3.44 38.55 41.99 
Subsurface wastewater disposal and treatment 0.00 2.31 2.31 
% of peak load 22.90 77.10 100.00 
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Figure F-23. Existing TN sources for Mandeville Creek 
 
Analyzing the available dataset for total phosphorus, 19.9% of the TP load was observed at MANCOV2 
and 80.1% was observed at the downstream location MANCOV1 on average. These relative percentages 
were used to determine the existing source allocation (Table F-48). Natural background was determined 
to be 12% of the TP load. Source categories were adjusted to account for this percentage (Figure F-24). 
 
Table F-48. Existing load source assessment for anthropogenic sources for total phosphorus for 
Mandeville Creek 

Source category MANCOV2 MANCOV1 Total 
Forest  0.00 0.00 0.00 
Agriculture 16.92 32.04 48.96 
Residential/Developed 2.99 47.26 50.24 
Subsurface wastewater disposal and treatment 0.00 0.80 0.80 
% of peak load 19.91 80.10 100.00 
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Figure F-24. Existing TP sources for Mandeville Creek 
 

F5.8 REESE CREEK 
Reese Creek is listed as impaired for total nitrogen and nitrite+nitrate (N03+ N02) on the 2012 303(d) List. 
Figures and analysis for TN and N03+ N02 source allocations are provided in this section. Figure F-25 
displays the stream sampling locations and other environmental data including septic density and 
hydrography. 
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Figure F-25. Spatial data used for the Reese Creek existing load source assessment 
 
One synoptic sampling event was available for Reese Creek on 9/17/2009 (Table F-49 and F-50).  
 
Table F-49. Total nitrogen loading on 9/17/2009 on Reese Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
RS02 20.06 20.06 0.50 

RS01B 40.06 20.01 0.50 
RS01A 26.98 -13.08 NA 
RS01C 18.61 -8.38 NA 

 
Table F-50. Existing load source assessment for anthropogenic sources for total nitrogen on 9/17/2009 
on Reese Creek 

Source category RS02 RS01B Total 
Forest  12.50 11.50 24.00 
Agriculture 34.00 30.50 64.50 
Residential/Developed 0.00 0.50 0.50 
Subsurface wastewater disposal and treatment 3.50 7.50 11.00 
% of peak load 50.00 50.00 100.00 
 
Natural background was determined to be 13% of the existing load. Source categories were adjusted to 
account for this percentage (Figure F-26). 
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Figure F-26. Existing TN sources for Reese Creek 
 
Table F-51. NO3+NO2 loading on 9/17/2009 on Reese Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
RS02 15.03 12.96 40% 

RS01B 34.26 19.22 60% 
RS01A 22.75 -11.50 NA 
RS01C 14.69 -8.06 NA 

 
Table F-52. Existing load source assessment for anthropogenic sources for NO3+NO2 on 9/17/2009 on 
Reese Creek 

Source category RS02 RS01B Total 
Forest  8.78 10.10 18.88 
Agriculture 32.91 40.40 73.31 
Residential/Developed 0.00 0.56 0.56 
Subsurface wastewater disposal and treatment 2.19 5.05 7.24 
% of peak load 43.88 56.12 100.00 
 
For natural background, water quality data collected by the MBMG above the forest boundary was used 
to estimate the natural background load in Reese Creek and was incorporated into the source 
assessment methodology outlined in Table F-51 and F-52. The combined forest/natural background 
allocation to the existing load was determined to be 19%. Source categories were adjusted to account 
for this percentage (Figure F-27). 
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Figure F-27. Existing NO3+NO2 sources for Reese Creek 
 

F5.9 SMITH CREEK  
Smith Creek is listed as impaired for total nitrogen and nitrite+nitrate (N03+ N02) on the 2012 303(d) List. 
Figures and analysis for TN and N03+ N02 source allocations are provided in this section.  
 
Smith Creek presented an interesting case where an irrigation canal conveyed East Gallatin River water 
to the Smith Creek drainage. The Dry Creek Irrigation Canal flows northward from the East Gallatin River 
and intersects Ross Creek (Figure F-28). At this point, flows from the canal and Ross Creek continue 
northward in the same channel. Ross Creek originally continued northeastward to its confluence with 
Smith Creek but is now channelized along a private road to where it meets Reese Creek. At this 
intersection of flow, Ross Creek/Dry Creek Irrigation Canal flow up from the south and join Reese Creek 
from the east. The Dry Creek Irrigation Canal continues northward. The confluence marks the start of 
Smith Creek which flows westward to the East Gallatin River. As there is not a headgate or diversion that 
separates flows at this intersection, water quality analyses assumed that during the summer period 
Reese Creek flows are forced into the Dry Creek Irrigation Canal which flows northward with a mix of 
Ross Creek, Reese Creek and East Gallatin River flows. Smith Creek flows westward with a mixture of 
Ross Creek and East Gallatin River flow. Under this assumption, the Reese Creek watershed is not a 
source area of nutrient impairments on Smith Creek during the summer period when the irrigation canal 
is flowing. The nutrient load from the East Gallatin River was included in the analyses because it impacts 
the entire length of Smith Creek.  
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Figure F-28. Confluence of Ross, Reese, and Smith Creeks and influence of Dry Creek Irrigation Canal 
 
The source assessment of the existing load used data collected on the East Gallatin River as well as the 
Ross Creek drainage. Figure F-29 displays only those sample locations on Smith Creek.  
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Figure F-29. Spatial data used for the Smith Creek existing load source assessment 
 
Flow and nutrient load analyses determined that 63% of the load in Smith Creek originated from the 
East Gallatin River and 37% from the Ross Creek drainage (Table F-53). TN loads did not increase in the 
Smith Creek basin between sampling points.  
 
Table F-53. Existing load source assessment for anthropogenic sources for total nitrogen on 9/17/2009 
on Smith Creek 

Source category From East 
Gallatin River 

From Ross 
Creek drainage 

From Smith 
Creek drainage Total 

Forest  3.15 3.42 0.00 6.57 
Agriculture 22.70 33.25 0.00 55.95 
Residential/Developed 2.52 0.00 0.00 26.45 
Subsurface wastewater disposal and treatment 10.70 0.32 0.00 11.03 
City of Bozeman WRF 23.93 0.00 0.00 23.93 
% of peak load 63.01 36.99 0.00 100.00 
 
In order to identify the source assessment specific to the Smith Creek drainage without the influence of 
the Dry Creek irrigation canal, the Smith Creek source assessment (Table F-54) includes only the source 
assessment for the Ross Creek drainage, as TN concentrations did not increase between sampling 
locations on Smith Creek. This removes the East Gallatin River TN load from the Smith Creek assessment 
as that source is addressed in a separate source assessment and TMDL (Section F6.2). 
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Table F-54. Existing load source assessment for anthropogenic sources for total nitrogen on 9/17/2009 
on Ross Creek 

Source category From Ross Creek drainage 
Forest  9.25 
Agriculture 89.89 
Residential/Developed 0.00 
Subsurface wastewater disposal and treatment 0.87 
% of peak load 100.00 
 
Natural background was determined to be 21% of the existing load in Smith Creek after removing the 
influence of flow and load from the Dry Creek Irrigation Canal (source = East Gallatin River) (Figure F-30). 
 

 
Figure F-30. Existing TN sources for Smith Creek 
 
For NO3+NO2 flow and load analyses determined that 61% of the load in Smith Creek originated from the 
East Gallatin River and 39% from the Ross Creek drainage (Table F-55). Nitrate+nitrite (NO2+NO3) loads 
did not increase in Smith Creek between sampling points.  
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Table F-55. Existing load source assessment for anthropogenic sources for NO3+NO2 on 9/17/2009 on 
Smith Creek 

Source category From East 
Gallatin River 

From Ross 
Creek drainage 

From Smith 
Creek drainage Total 

Forest/Natural background 3.50 3.60 0.00 7.11 
Agriculture 25.21 35.05 0.00 60.27 
Residential/Developed 2.80 0.00 0.00 2.80 
Subsurface wastewater disposal and treatment 11.82 0.34 0.00 12.16 
City of Bozeman WRF 17.67 0.00 0.00 17.67 
% of peak load 61.00 39.00 0.00 100.00 
 
In order to identify the source assessment specific to the Smith Creek drainage without the influence of 
the Dry Creek irrigation canal, the Smith Creek source assessment (Table F-56) includes only the source 
assessment for the Ross Creek drainage, as TN concentrations did not increase between sampling 
locations on Smith Creek. This removes the East Gallatin River NO3+NO2 load from the Smith Creek 
assessment as that source is addressed in a separate source assessment and TMDL (Section F6.2). 
 
Table F-56. Existing load source assessment for anthropogenic sources for NO3+NO2 on 9/17/2009 on 
Ross Creek 

Source category From Ross Creek drainage 
Forest/Natural background 9.24 
Agriculture 89.88 
Residential/Developed 0.00 
Subsurface wastewater disposal and treatment 0.87 
% of peak load 100.00 
 
For natural background, water quality data collected by the MBMG above the forest boundary was used 
to estimate the natural background load in Ross Creek and was incorporated into the source assessment 
methodology outlined in Table F-55 for Smith Creek. The forest/natural background load was 
determined to be 9% of the existing load. Source categories were adjusted to account for this 
percentage (Figure F-31). 
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Figure F-31. Existing NO3+NO2 sources for Smith Creek 
 

F5.10 THOMPSON CREEK 
Thompson Creek is listed as impaired for total nitrogen on the 2012 303(d) List. Figures and analysis for 
TN source allocations are provided in this section. Figure F-32 displays the stream sampling locations 
and other environmental data including septic density and hydrography. 
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Figure F-32. Spatial data used for the Thompson Creek existing load source assessment 
 
One synoptic sampling event was available for Thompson Creek. Load calculations and source 
assessments are included in the following tables (Tables F-57 and F-58).  
 
Table F-57. TN loading on 9/21/2009 on Thompson Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
TH02A 16.54 16.54 18% 
THO2 43.51 26.97 30% 

THO1A 88.57 45.06 50% 
THO1 89.49 0.92 1% 

 
Table F-58. Existing load source assessment for anthropogenic sources for total nitrogen on 9/21/2009 
on Thompson Creek 

Source category TH02A THO2 THO1A THO1 Total 
Forest  0.00 0.00 0.00 0.00 0.00 
Agriculture 17.93 27.43 45.82 0.99 92.16 
Residential/Developed 0.18 1.81 3.52 0.04 5.56 
Subsurface wastewater disposal and treatment 0.37 0.90 1.01 0.00 2.28 
% of peak load 18.48 30.14 50.35 1.03 100.00 
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix F 

3/28/13 FINAL F-57 

Natural background was calculated using flow statistics and DEQ reference data. Natural background 
was calculated as 9% of the existing load. Source categories were adjusted to account for this 
percentage (Figure F-33).  
 

 
Figure F-33. Existing TN sources for Thompson Creek 
 

F6.0 EXISTING LOAD SOURCE ASSESSMENTS FOR THE EAST GALLATIN RIVER 

Source assessments for TN and TP on the East Gallatin River presented some unique challenges, 
foremost among them determining the effect of upgrades to the city of Bozeman WRF in 2007 and 2011 
on downstream water quality. As outlined in Appendix G, a simple concentration based model was 
created in order to determine the relative concentration attributable to the WRF at distances 
downstream based on the long-term facility discharge and design performance for nutrient treatment. 
The results for this model were used for source assessments in the middle and lower segments of the 
East Gallatin River.  
 
Due to the influence of the Level IV Absaroka-Gallatin-Volcanics on water quality targets in the East 
Gallatin River, source assessments in the East Gallatin River will be presented as defined by instream 
water quality targets for TN and TP. This is same approach used in Section 6 in the document to present 
the TMDLs. For the upper East Gallatin River, this means that the source assessment is presented for the 
reaches upstream and downstream of the Bozeman Creek confluence. For the middle segment, this 
approach was also used to describe the source assessments upstream and downstream of the Hyalite 
Creek confluence.  
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F6.1 UPPER EAST GALLATIN RIVER  
The upper segment of the East Gallatin River is listed as impaired for total phosphorus and total nitrogen 
on the 2012 303(d) List. Figures and analysis for TP and TN source allocations are provided in this 
section. Figure F-35 displays the stream sampling locations and other environmental data including 
septic density and hydrography. In Figure F-35, Bozeman Creek flows into the East Gallatin River ~0.3 
miles upstream of site EG03.  
 
Upstream tributary data from Bear, Rocky and Jackson Creeks were used to determine the source 
allocations in upper reaches of the segment (Figure F-34). As most of the nutrient loading originates in 
the Bozeman Creek drainage which flows in to the East Gallatin River immediately upstream of EG03, 
sample data and existing load allocations from the Bozeman Creek watershed were used for the upper 
segment of the East Gallatin River as well. The upper segment does not include Bridger Creek which is 
the start of the middle segment of the East Gallatin River.  
 

 
Figure F-34. Spatial data used for the Upper East Gallatin existing load source assessment 
 
One synoptic sampling event was available for the upper segment of the East Gallatin River. Load 
calculations and source assessments are included in the following tables (Tables F-59, F-60). Sampling 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan – Appendix F 

3/28/13 FINAL F-59 

locations EG03 and EG04 are located on the East Gallatin River downstream of the Bozeman Creek 
confluence and upstream of the Bridger Creek confluence.  
 
Table F-59. Total nitrogen loading on 9/2/2008 on the East Gallatin River from Rocky and Bear Creeks 
to Bridger Creek 

Site ID TN load (lbs/day) Change in load from upstream % of peak load 
EG03 113.74 113.74 100% 
EG04 96.50 -17.24 NA 

 
Table F-60. Existing load source assessment for anthropogenic sources for total nitrogen on 9/2/2008 
on the East Gallatin River from Rocky and Bear Creeks to Bridger Creek 

Source category EG03 Total 
Forest  4 4 
Agriculture 40 40 
Residential/Developed 36 36 
Subsurface wastewater disposal and treatment 20 20 
% of peak load 100 100 
 
As there are different natural background concentrations for the East Gallatin River upstream and 
downstream of the Bozeman Creek confluence, the source assessment was further divided to reflect 
these differences. For the upper segment, source assessments for Bear Creek and Rocky/Jackson Creeks 
were used. For the lower segment, the relative flow contribution from Bozeman Creek in conjunction 
with a source assessment for the East Gallatin River between the Bozeman Creek and Bridger Creek 
confluences was used.  
 
In Table F-61, the main differences in the source assessment as defined by the entry of Bozeman Creek 
are a decrease in the influence of agriculture and an increase in residential/developed sources.  
 
Table F-61. Existing load source assessment for anthropogenic sources for total nitrogen on 9/2/2008 
on the East Gallatin River upstream of Bridger Creek  

Source category Upstream of Bozeman Creek Downstream of Bozeman Creek 
Forest  3.77 3.20 
Agriculture 54.72 35.49 
Residential/Developed 16.98 40.10 
Subsurface wastewater disposal and treatment 24.53 21.21 
% of peak load 100.00 100.00 
 
Upstream of Bozeman Creek, natural background was determined to be 22% of the existing TN load 
(Figure F-35). Downstream of Bozeman Creek and upstream of Bridger Creek, natural background was 
determined to be 26% of the existing TN load (Figure F-36). Existing load source assessments were 
uniformly decreased to account for calculated natural background and source area differences 
(Bozeman Creek drainage versus the Rocky and Bear Creek drainages). The median flow and TN and TP 
concentrations for the different segments as defined by Bozeman Creek were used to determine natural 
background.  
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Figure F-35. Existing TN sources for Upper East Gallatin River upstream of Bozeman Creek 
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Figure F-36. Existing TN sources for Upper East Gallatin River downstream of Bozeman Creek 
 
The same method used to determine existing sources upstream and downstream of Bozeman Creek for 
TN in the upper segment of the East Gallatin River was applied for TP (Table F-62 and F-63).  
 
Table F-62. Total phosphorus loading on 9/2/2008 on the East Gallatin River from Rocky and Bear 
Creeks to Bridger Creek 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
EG03 10.24 10.24 96.5% 
EG04 10.61 0.39 3.5% 

 
Table F-63. Existing load source assessment for anthropogenic sources for total phosphorus on 
9/2/2008 on the East Gallatin River from Rocky and Bear Creeks to Bridger Creek 

Source category EG03 EG04 Total 
Forest  16.60 0.00 16.60 
Agriculture 24.59 0.35 24.94 
Residential/Developed 43.03 2.45 45.48 
Subsurface wastewater disposal and treatment 12.29 0.70 12.99 
% of peak load 96.5 3.5 100.00 
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In Table F-64¸the biggest differences in TP sources as defined by the confluence of Bozeman Creek were 
a decrease in forest and agricultural sources and a large increase in residential and subsurface 
wastewater disposal and treatment sources.  
 
Table F-64. Existing load source assessment for anthropogenic sources for total nitrogen on 9/2/2008 
on the East Gallatin River upstream of Bridger Creek  

Source category Upstream of Bozeman Creek Downstream of Bozeman Creek 
Forest  40.26 9.52 
Agriculture 48.05 19.05 
Residential/Developed 7.79 52.38 
Subsurface wastewater disposal and treatment 3.90 19.05 
% of peak load 100.00 100.00 

 
Natural background was determined to be 44% of the existing TP load in the reach upstream of the 
Bozeman Creek confluence (Figure F-37) and 86% in the reach between the Bozeman Creek confluence 
and the Bridger Creek confluence (Figure F-38). This is a result of the naturally occurring phosphorus in 
the Level IV ecoregion Absaroka-Gallatin-Volcanics which occurs in the upper reaches of Bozeman Creek 
and Hyalite Creek in the East Gallatin River watershed. 
 

 
Figure F-37. Existing TP sources for Upper East Gallatin River upstream of Bozeman Creek 
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Figure F-38. Existing TP sources for Upper East Gallatin River downstream of Bozeman Creek 
 

F6.2 MIDDLE EAST GALLATIN RIVER  
The middle segment of the East Gallatin River is listed as impaired for total phosphorus and total 
nitrogen on the 2012 303(d) List. Figures and analysis for TP and TN source allocations are provided in 
this section. Figure F-40 displays the stream sampling locations and other environmental data including 
septic density and hydrography. 
 
In the middle segment of the East Gallatin River, tributary data from both TMDL streams and unlisted 
waterbodies was used to evaluate and determine existing load source allocations. A concentration 
model was developed to determine water quality conditions in the East Gallatin River downstream of 
the WRF discharge (Appendix G). There was extensive data available for this segment which was used in 
addition to the synoptic sampling to calibrate the concentration model which assumed tributary flows 
and loads from the 2009 synoptic sampling event are representative of low flow conditions in the lower 
East Gallatin River watershed. This segment includes the discharge from the city of Bozeman Water 
Reclamation Facility (WRF) and the subsurface wastewater treatment and disposal loads from the 
Belgrade area via Ben Hart Creek and the Riverside Water and Sewer District WWTP. The following 
source assessments for the middle and lower segments of the East Gallatin River are for low flow 
conditions (14Q5) and assume the WRF is discharging to the East Gallatin River at the design 
performance of the new facility (7.5 mg/L TN and 1.0 mg/L TP). Appendix G contains the full description 
of the model and how it was created and calibrated.  
 
As outlined earlier, 2 source assessments were done for the middle segment as split by Hyalite Creek 
which enters the East Gallatin River between sampling locations EG09 and EG10 (Figure F-39). Existing 
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load and natural background calculations were not determined using median values of all available 
instream water quality data as was done for other nutrient impaired waterbodies in the Lower Gallatin 
project area. Because of the complex nature of the East Gallatin River with large nutrient point sources 
(city of Bozeman WRF) and substantial irrigation diversions and returns (i.e. Buster Gulch, Dry Creek 
Irrigation Canal), load estimates and natural background calculations were determined using specific site 
data for each segment. Sites were selected that best represented hydrologic and water quality 
conditions. For the middle segment of the East Gallatin River upstream of Hyalite Creek, flow and water 
quality data from site EG07 was used and downstream of the Hyalite Creek confluence data from site 
EG10 was used. Sites EG07 and EG10 are located 0.5 miles and 10.8 miles downstream of the WRF 
discharge point respectively.  
 
Site EG07 is located downstream of the WRF discharge to the East Gallatin River and upstream of the 
Buster Gulch diversion. Site EG10 is located downstream of the Hyalite Creek confluence (and Buster 
Gulch return) and upstream of the Dry Creek Irrigation Canal diversion.  
 

 
Figure F-39. Spatial data used for the Middle East Gallatin existing load source assessment 
 
One synoptic sampling event was available for the middle segment of the East Gallatin River. Load 
calculations and source assessments for the middle segment upstream of the Hyalite Creek confluence 
are included in the following tables (Tables F-65 and F-66). Figures F-40 and F-41 are the existing load 
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allocations for TN and TP from the source assessment. In Table F-65, the most significant increase in the 
TN load occurs at EG07 downstream of the WRF discharge.  
 
Table F-65. Total nitrogen loading on 9/16/2009 on the East Gallatin River from Bridger Creek to 
Hyalite Creek confluence 

Site ID TN load (lbs/day) Change in load from upstream % of peak load 
EG05 87.50 87.50 22% 

EG05A 129.22 41.72 10% 
EG06A 99.04 -30.18 NA 
EG07 370.58 271.54 67% 

EG07A 373.88 3.30 1% 
EG09 226.29 -147.59 NA 

 
Table F-66. Existing load source assessment for anthropogenic sources for total nitrogen on the East 
Gallatin River from Bridger Creek to Hyalite Creek confluence 

Source category EG05 EG05A EG07 EG07A Total 
Forest  1.71 0.00 0.00 0.00 1.78 
Agriculture 6.27 6.09 4.03 0.00 19.65 
Residential/Developed 8.55 3.87 10.75 0.00 24.85 
Subsurface wastewater disposal and treatment* 4.99 0.36 0.00 0.20 7.09 
USFWS Fish Tech Center 0.14 0.00 0.00 0.00 0.71 
City of Bozeman WRF 0.00 0.00 52.42 0.62 45.91 
% of peak load 21.66 10.33 67.20 0.82 100.00 
*Includes loading estimate from the Riverside Water and Sewer District WWTP  
 
Based on the estimated 14Q5 flow and modeled TN concentration at EGO9, natural background in the 
segment upstream of the Hyalite Creek confluence was determined to be 7% of the existing load (Figure 
F-40). The city of Bozeman WRF is the largest TN source in this segment.  
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Figure F-40. Existing TN sources for the Middle East Gallatin River upstream of Hyalite Creek 
 
Load calculations and source assessments for the middle segment downstream of the Hyalite Creek 
confluence are included in the following tables (Tables F-67 and F-68).  
 
Table F-67. Total nitrogen loading on the East Gallatin River from Hyalite Creek to Smith Creek 
confluence 

Site ID TN load (lbs/day) Change in load from upstream % of peak load 
EG10 341.00 341.00 94% 
EG11 363.28 22.28 6% 

 
Hyalite Creek, which flows into the middle segment of the East Gallatin River upstream of EG10, delivers 
a large TN load and flow contribution to the East Gallatin River. Overall, agriculture and the WRF are the 
two largest contributors to the existing TN load.  
 
Table F-68. Existing load source assessment for anthropogenic sources for total nitrogen on the East 
Gallatin River from Hyalite Creek to Smith Creek confluence 

Source category EG10 Total 
Forest  1.04 1.04 
Agriculture 34.2 34.2 
Residential/Developed 5.49 5.49 
Subsurface wastewater disposal and treatment* 17.17 17.17 
City of Bozeman WRF 42.1 42.1 
% of peak load 100.00 100.00 
*Includes loading estimate from the Riverside Water and Sewer District WWTP 
 
Based on the estimated 14Q5 flow and modeled TN concentration at EG10, natural background in the 
segment downstream of the Hyalite Creek confluence was determined to be 8% of the existing load 
(Figure F-41).  
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Figure F-41. Existing TN sources for the Middle East Gallatin River downstream of Hyalite Creek 
 
Total phosphorus load calculations and source assessments for the middle segment upstream of the 
Hyalite Creek confluence are included in the following tables (Tables F-69 and F-70).  
 
Table F-69. Total phosphorus loading on 9/16/2009 on the East Gallatin River from Bridger Creek to 
Hyalite Creek confluence 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
EG05 4.47 4.47 10% 

EG05A 5.92 1.45 3% 
EG06A 5.48 -0.44 NA 
EG07 44.15 38.67 87% 

EG07A 43.67 -0.48 NA 
EG09 20.13 -23.36 NA 

 
Table F-70. Existing load source assessment for anthropogenic sources for total phosphorus on 
9/16/2009 on the East Gallatin River from Bridger Creek to Hyalite Creek confluence 

Source category EG05 EG05A EG07 Total 
Forest  1.65 0.00 0.00 1.65 
Agriculture 2.54 1.63 0.00 4.17 
Residential/Developed 4.57 1.59 4.94 11.11 
Subsurface wastewater disposal and treatment 1.27 0.03 2.69 3.99 
City of Bozeman WRF 0.00 0.00 79.09 79.09 
% of peak load 10.03 3.25 86.72 100.00 
*Includes loading estimate from the Riverside Water and Sewer District WWTP 
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Based on the estimated 14Q5 flow and modeled TN concentration at EGO9, natural background in the 
segment upstream of the Hyalite Creek confluence was determined to be 8% of the existing TP load 
(Figure F-42). The largest contributing source is the city of Bozeman WRF.  
 

 
Figure F-42. Existing TP sources for the Middle East Gallatin River downstream of Hyalite Creek 
 
Total phosphorus load calculations and source assessments for the middle segment downstream of the 
Hyalite Creek confluence are included in the following tables (Tables F-71 and F-72).  
 
Table F-71. Total phosphorus loading on 9/16/2009 on the East Gallatin River from Hyalite Creek to 
Smith Creek confluence 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
EG10 28.40 15.29 100 
EG11 23.93 -4.47 NA 
 
Table F-72. Existing load source assessment for anthropogenic sources for total phosphorus on 
9/16/2009 on the East Gallatin River from Hyalite Creek to Smith Creek confluence 

Source category EG10 Total 
Forest  0.00 0.00 
Agriculture 27.15 27.15 
Residential/Developed 18.10 18.10 
Subsurface wastewater disposal and treatment 9.05 9.05 
City of Bozeman WRF 45.70 45.70 
% of peak load 100.00 100.00 
*Includes loading estimate from the Riverside Water and Sewer District WWTP 
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Based on the estimated 14Q5 flow and modeled TP concentration at EG10, natural background in the 
segment downstream of the Hyalite Creek confluence was determined to be 33% of the existing load 
(Figure F-43). The increase in natural background load compared with the segment upstream of Hyalite 
Creek is due to the naturally occurring phosphorus loads in Level IV ecoregion Absaroka-Gallatin-
Volcanics which occurs in the upper reaches of Hyalite Creek. The largest contributing source is the city 
of Bozeman WRF discharge.  
 

 
Figure F-43. Existing TP sources for the Middle East Gallatin River downstream of Hyalite Creek 
 

F6.3 LOWER EAST GALLATIN RIVER  
The lower segment of the East Gallatin River is listed as impaired for total phosphorus and total nitrogen 
on the 2012 303(d) List. Figures and analysis for TP and TN source allocations are provided in this 
section. Figure F-44 displays the stream sampling locations and other environmental data including 
septic density and hydrography. 
 
Although there was a good dataset available for this segment, there were few synoptic sampling events. 
However, the September 2009 sampling event did sample many of the smaller tributaries to the lower 
segment including Ben Hart Creek, Cowan Creek, Gibson Creek, Stony Creek, Thompson Creek, and Ben 
Hart Creek in addition to sites on the mainstem. Source assessment work was also done on Dry Creek 
and Smith Creek which flow into the East Gallatin River in this segment. These resources were used to 
determine the existing load source allocation for the lower segment. The Manhattan WWTP discharges 
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to groundwater which drains to the Gallatin River and was not included in the Lower East Gallatin River 
existing load assessment as it does not impact the East Gallatin River.  
 
Because of the complex nature of the East Gallatin River with large nutrient point sources (city of 
Bozeman WRF) and substantial irrigation diversions and returns (i.e. Buster Gulch, Dry Creek Irrigation 
Canal), load estimates and natural background calculations were determined using specific site data for 
each segment. Sites were selected that best represented hydrologic and water quality conditions. For 
the lower segment of the East Gallatin River downstream of Smith Creek, median flow and water quality 
data from site EG13 was used to calculate the existing load and natural background. Site EG13 is located 
26.6 miles downstream of the WRF discharge point.  
 

 
Figure F-44. Spatial data used for the Lower East Gallatin existing load source assessment 
 
One synoptic sampling event was available for the lower segment of the East Gallatin River. Load 
calculations and source assessments are included in the following tables (Tables F-73 and F-74).  
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Table F-73. Total nitrogen loading on 9/16/2009 on the East Gallatin River from Smith Creek to the 
Gallatin River 

Site ID TN load (lbs/day) Change in load from upstream % of peak load 
EG13 472.10 472.10 95% 
EG01 498.55 26.45 5% 

 
Table F-74. Existing load source assessment for anthropogenic sources for total nitrogen on 9/16/2009 
on the East Gallatin River from Smith Creek to the Gallatin River 

Source category EG13 EG01 Total 
Forest  0.97 0.00 0.97 
Agriculture 57.92 4.64 62.56 
Residential/Developed 10.27 0.05 10.32 
Subsurface wastewater disposal and treatment 9.53 0.05 9.58 
City of Bozeman WRF 16.00 0.56 16.57 
% of peak load 94.69 5.31 100.00 
*Includes loading estimate from the Riverside Water and Sewer District WWTP and the city of Belgrade WWTP 
 
Based on the estimated 14Q5 flow and modeled TN concentration at EG13, natural background in the 
segment downstream of the Hyalite Creek confluence was determined to be 16% of the existing load 
(Figure F-45). 
 

 
Figure F-45. Existing TN sources for the Lower East Gallatin River 
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One synoptic sampling event was available for the lower segment of the East Gallatin River. Load 
calculations and source assessments are included in the following tables (Tables F-75 and F-76).  
 
Table F-75. Total phosphorus loading on the East Gallatin River from Smith Creek to the Gallatin River 

Site ID TP load (lbs/day) Change in load from upstream % of peak load 
EG13 11.78 11.78 100% 
EG01 6.90 -4.88 NA 

 
Table F-76. Existing load source assessment for anthropogenic sources for total phosphorus on the 
East Gallatin River from Smith Creek to the Gallatin River 

Source category EG13 Total 
Forest  2.60 2.60 
Agriculture 52.41 52.41 
Residential/Developed 15.65 15.65 
Subsurface wastewater disposal and treatment 7.44 7.44 
City of Bozeman WRF 21.90 21.90 
% of peak load 100.00 100.00 
*Includes loading estimate from the Riverside Water and Sewer District WWTP and the city of Belgrade WWTP 
 
Based on the estimated 14Q5 flow and modeled TP concentration at EG13, natural background was 
determined to be 66% of the existing load (Figure F-46). 
 

 
Figure F-46. Existing TP sources for the Lower East Gallatin River 
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APPENDIX G – METHOD USED TO MODEL WATER RECLAMATION FACILITY 
DISCHARGE IN THE EAST GALLATIN RIVER 
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G1.0 INTRODUCTION TO THE MODELING 

A simple steady-state one-dimensional analytical model of the East Gallatin River was developed to 
evaluate the influence of the Bozeman Water Reclamation Facility (WRF) on nutrient concentrations 
within the East Gallatin River. The objective of this exercise was to assist in the determination of 
wasteload and nonpoint source allocations and to provide an estimate of the relative contributions of 
nitrogen and phosphorus loads at various compliance points in the watershed. Given the available data 
for the system, we did not have sufficient information about river biology, mass transfer functions, or 
other state-variables to implement a sophisticated mass-balance modeling approach. Rather we took a 
simple approach using data from synoptic surveys in August 2005 and September 2009. While 
parsimonious, it still is grounded in the principles of mass balance as described in the following pages.  
 

G2.0 APPROACH 

In its simplest form, the East Gallatin River (wastewater discharge plus upstream water) can be 
conceptualized as an idealized plug flow reactor flowing downstream of the Bozeman WRF (Figure G-1). 
For simplicity we consider only a single reaction (both biotic and abiotic removal), ignore residence time 
(exit-age) distributions, and also assume that the parcel of mixed wastewater moving downstream is 
uninfluenced by other loadings in the channel. Conceptually, it is assumed that interaction between the 
mixed wastewater (immediately after the point of discharge) and the rest of the downstream watershed 
is minimal (this is justified later). We also assume a fixed percentage of the mixed wastewater includes a 
natural background concentration of available nutrients which is roughly 26.7% for nitrogen and 2.9% 
for phosphorus1. Finally, it is assumed that instream concentrations (observed) below the WRF are the 
combined effect of net assimilation of point and nonpoint sources of pollution. Provided these 
simplifications are employed, a spatial understanding about system fate and transport in the East 
Gallatin River (on a concentration basis) can be made. Likewise, assimilated load contributions of point 
and nonpoint sources can be estimated according to modeled wastewater uptake and ambient water 
quality monitoring data.  
 
While the approach detailed above is instructive, it does hinge on several key assumptions. First, the 
theoretical decay/treatment of wastewater must be known. In subsequent paragraphs we describe a 
method for estimation of the site-specific response that includes the use of chloride (Cl-) as a hydrologic 
tracer thereby integrating the effects of both dilution and nutrient uptake. In addition, we assume that 
downstream effects, whether dilution- or load-based, have no influence on the overall treatment 
efficacy2 of the reactor. We have no way to verify this assumption, but do show that groundwater and 
tributary influences on concentration are not significantly important (short of one spatial location). 
Finally, we assume that the reaction rate (for pollutant removal) is spatially invariant. Shifts in turbidity, 
heterotrophic influences, or other effects are therefore assumed not to occur. 

                                                           
1 The natural background load (upstream of the WRF) was calculated to be 20.9% and 26.7% of the mixed 
wastewater contribution for total nitrogen and nitrate, and 2.9% for total phosphorus, respectively (based on up- 
downstream water quality data).  
2 It is well known that first-order reactions in plug flow reactors remove mass proportional to the concentration. 
Therefore at higher concentrations, greater treatment occurs. Consequently if significant changes occur 
downstream from the initial mixing point (altering concentration beyond what is accounted for by uptake) 
treatment will be influenced. 
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Figure G-1. Conceptual model of plug-flow used to evaluate nutrients in the East Gallatin River. 
In this instance the mixed WRF effluent does not interact with downstream influences (short of initial mixing). Thus 
the relative concentration contribution (c) at any downstream distance can be identified as the sum of the 
assimilated wastewater contribution and the assimilated nonpoint source characteristics in the channel network.  
 
In the case of the East Gallatin River, two things enable the simplifications identified previously to be 
made. First, the concentrations of incoming tributaries are reasonably high for nutrients (Table G-1). For 
example, concentrations were TN=1.15 mg/L, NO3

-=0.78 mg/L, and TP=0.033 mg/L (all flow-weighted), 
which are quite high for the Rocky Mountains. Likewise, NO3

- was a large part of the total nutrient 
measurement (i.e., 85% ±8% SD) which is indicative of nonpoint source pollution. Groundwater 
concentrations for NO3

- are on the same order of magnitude too (Kendy, 2001) (ranging from <0.05 to 1-
2 mgN/L groundwater). Thus inflows to the river are the same order of magnitude as the concentration 
in the river. Diluting or additive effects will likely not greatly influence the rate or instream treatment.  
 
Table G-1. Concentrations of influent tributaries during September 2009 synoptic survey. 

Tributary (STORET ID) 
River 

Station 
(mi)a 

Flow 
(ft3/s) 

TN 
(mg/L) 

NO3
- 

(mg/L) 
TP 

(mg/L) 
TSS 

(mg/L) 

Churn Creek (ET03) 0.92 3.72 0.47 0.19 0.024 15 
Hyalite Creekb (HY01) 7.97 27.87 1.91 0.19 0.090 19 
Thompson Creek (TH01-M05TMPSC01) 14.08 14.88 1.12 1.07 0.013 --- 
Ben Hart Creek (BH01) 18.59 25.32 1.11 1.09 0.011 8 
Smith Creek (SM01) 21.08 52.91 1.12 1.00 0.031 8 
Story Creek (ST01) 22.71 11.3 0.82 0.80 0.011 2 
Dry Creek (DY01) 23.23 11.03 0.48 0.27 0.021 28 
Cowan Creek (ET01) 24.01 6.94 1.05 0.95 0.018 16 
Gibson Creek (GB01) 24.27 9.43 0.82 0.69 0.011 2 
aWRF at station 0. River stationing taken from Gallatin County GIS department waterways shapefile. 
bThis data does not fit with the rest of the NO3

- to TN ratios in the watershed. 
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Second, in examination of the longitudinal nutrient concentration profile of the river (Figure G-2), it is 
apparent that TN and NO3

- and TP concentrations decline throughout the river network in a typical 
exponential fashion following the addition of wastewater effluent. This effect is much more pronounced 
following the facility upgrade in fall of 2007 (e.g., spatial dilution of nutrients has become less 
pronounced), and thus it seems like application of a simple model will have some merit in evaluating 
nutrient transport processes in the watershed (although for P it appears is if dilution is still a very 
important process especially in the upper reaches).  
 

(a) 

 
(b) 

 
Figure G-2. Plots of nutrient concentration and flow data for the East Gallatin River and tributaries.  
(a) Nitrogen species including both TN and NO3- for the August 2005 and September 2009 synoptic surveys. (b) 
Same but for total phosphorus (TP). It is important to note that the relative concentration of the tributary inflow 
with respect to mainstem channel concentration determines the relative magnitude of dilution (if any occurs). 
 
Given the previous understanding, two things need be considered with respect to the biotic and abiotic 
responses in the East Gallatin River prior to make a coherent modeling analysis. These are: (1) dilution or 
assimilative effects from incoming groundwater or tributary inflows and (2) nutrient uptake. Both are 
discussed in the following pages. 
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G3.0 DILUTION AND NUTRIENT UPTAKE ANALYSIS 

A synoptic survey of chloride data (Cl-) from 2005 (STORET query) was analyzed to evaluate the effects 
of dilution within the river. Cl- is a conservative natural hydrologic tracer3 (Covino et al., 2010; Haggard 
et al., 2001; Marti et al., 2004) and data collected during 2005 are shown in Figure G-3 (including flow 
measurements from both 2005 and 2009). Hydrologic conditions were similar both years, with percent 
deviation less than 5%, and there was significant dilution of Cl- near Hyalite Creek (mi 7). In addition, 
dilution occurs in the lower reaches based on flow increases (albeit these are not observed in the Cl- 
data as the system has returned to background Cl- levels ).  
 

  
Figure G-3. Longitudinal chloride concentrations and flow measurements in the East Gallatin River. 
Significant dilution occurs in the vicinity of Hyalite Creek as evidenced by the decline in chloride (Cl-) concentration 
and in the lower river based on flow increases. According to the flow measurements, it appears as if water 
transfers (inflows/outflows) are relatively consistent during the late summer period. 
 
While a qualitative understanding of dilution is useful, quantitative methods are necessary to determine 
the relative effect on the concentration profile. Marti et al., (2004) and Haggard et al., (2006) describe a 
procedure for longitudinal correction of data in wastewater streams by considering dilution in 
combination with a simple nutrient decay model. They assume that percent water dilution (D) of Cl- at 
each sampling site can be calculated as, 
 

 (1) 
 
where Clx=the river chloride concentration (mg/L) at sampling site x and Cl0=concentration of chloride 
(mg/L) in the mixed wastewater effluent (where it has been mixed with the stream completely). While 
there is no implication of mass transfer (i.e., the calculation is simply ratio-based and it is inferred that 
concentration reductions are a result of Cl- deplete inflows with respect to the surface water 

                                                           
3Assuming influent Cl- concentrations are low relative to the wastewater concentration (which they are). 
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concentration), the approach does provide a way to estimate instream fate and transport in the absence 
of more robust data. Computed percentages of dilution (D), and associated dilution factors, are shown 
in Table G-2.  
 
Table G-2. East Fork Gallatin River chloride dilution analysis using 2005 data. 

Site ID 
River 

Station 
(mi)a 

Cl- 
(mg/L) 

D 
(%) 

Cl-

Dilution 
factorb 

NO3
-

Dilution 
factor 

TP 
Dilution 
factor 

M05EGALR05 (Upstream WWTP) -0.62 7.8 --- --- --- --- 
M05EGALR06 (Mixed effluent) 0 19.2 0 1.00 1.00 1.00 
M05EGALR07 (Spain bridge) 6.52 19.5 -1.6 1.02 1.02 1.02 
M05EGALR08 (Dry Creek Rd) 14.08 7.7 59.9 0.40 1.01 0.40 
M05EGALR09 (Spaulding bridge) 26.59 8.4 56.3 0.44 1.82 2.63 
M05EGALR10 (above confluence w/ Gallatin) 34.59 7.5 60.9 0.39 2.38 5.00 
a WRF at station 0. 
b Dilution factor calculated as 1-D/100.  
 
Percent dilutions in Table G-2 range from 04 to 60.9% for Cl-, but concentrations are very near 
background in the lower river hence the apparent influence of nutrient dilution may be underestimated. 
In addition, the dilution factor is contingent on the concentration of the river being greater than 
background. However for both NO3

- and TP influent, they are above the river concentrations at several 
locations (referring back to Figure G-2). Thus a secondary correction was also made in the dilution factor 
where nutrient inflows actually add to the instream concentration. We used the relative ratio between 
influent nutrient concentration (Ni) and instream concentration (Nx) to make this correction (i.e., Ni/Nx) 
where Ni was conservatively estimated at 1 mg/L for N and 0.05 for P5. In these cases the opposite of 
dilution occurs. 
 
Finally, we simultaneously solved for net uptake (or wastewater decay coefficient, kc) at all locations 
along the reach according to the dilution factor using the equation in Marti et al., (2004) with 
adjustment for nutrient accretion, 
 

 (2) 
 
where Nx and N0 are the concentrations of nutrient (mg/L) at distance x downstream from the WWTP 
(m), Ni=influent nutrient accretion concentration (mg/L), U=reach average velocity (m/d), and kc =first-
order wastewater nutrient decay rate (/d). Solution was arrived at numerically using the Frontline 
Generalized Reduction Gradient (GRG) nonlinear solver in Microsoft Excel™. 
 
Calculated kc’s were 2.29 /d for N and 3.56 /d for P6, which are shown in Table G-3 along with various 
comparisons from the literature. First-order uptake rates from the literature range from about 0-30.3 /d 

                                                           
4 Calculated negative dilution percentage ignored. 
5 These are based on approximate averages of flow-weighted tributary/groundwater inflows. The calculation was 
made as: if 
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for NO3-N and 0.6-30.3 /d for PO4-P. Thus our calculated values are near the low end of the range. It is 
important to note that uptake rates are generally lower for wastewater influenced streams than natural 
systems (Haggard et al., 2001; 2006). This is because nutrient uptake downstream of wastewater 
facilities is often saturated which diminishes the capacity for nutrient removal. 
 
Table G-3. Estimated wastewater uptake coefficients and lengths for the East Gallatin River 

Location Reporteda Vf 
(x 10-5 m/s) 

Calculate
d kc 
(/d)b 

Uptake length 
(Snet) 
(mi) 

Source 

This Study NO3-N 
PO4-Pc 

--- 
--- 

2.29 
3.56 

10.1 
6.5 --- 

Wastewater influenced systems 
Wastewater enriched 
stream in AR 

NO3-N 
PO4-P 

---d 
2.3-7.5 

--- 
0.6-1.9 

--- 
4.2-8.3 Haggard et al. (2006) 

15 wastewater enriched 
streams in Spain 

NO3-N 
PO4-P 

--- 
--- 

--- 
--- 

0.1-19.8 
0.1-8.9 Marti et al. (2004)) 

Wastewater enriched 
stream, AR 

NO3-N 
PO4-P 

--- 
--- 

--- 
--- 

1.9-7.5 
5.6-19.3 Haggard et al. (2001) 

South Elkhorn Creek, KY PO4-P --- --- 12.1 Birge et al. (1989)e 
Otter Creek, FL PO4-P --- --- 2.1-6.9 Reddy et al. (1996)e 

River Wey, England NO3-N 
PO4-P 

--- 
--- 

--- 
--- 

0-10.9 
4.6-9.4 

House and Dennison 
(1998)e 

Sand/Caddo Creeks, OK PO4-P --- --- 28.4-31.6 Wesolowski (1999)e 
Un-impacted streams/rivers 
West Fork Gallatin River NO3-N 1.0-4.3 2.5-10.8 1.4-2.2 Covino et al. (2010) 

Pioneer/Cliff Creek, ID NO3-N 
PO4-P 

2.3-8.2 
11.3-12.1 

5.8-20.5 
28.3-30.3 

0.3-1.1 
0.2 Davis and Minshall (1999) 

11 Streams in Grand 
Teton National Park NO3-N 0-15 0-37.5 --- Hall and Tank (2003) 

Published studies on 4th 
order streams/rivers 

NO3-N 
PO4-P 

0.3-7.8 
1.8-9.7 

0.8-19.6 
4.6-24.2 0.1-3.0 Ensign and Doyle (2006) 

a Uptake rate was calculated on the basis of uptake velocity (Vf) which is the preferred metric of benthic nutrient 
uptake independent of concentration and hydrologic characteristics of the stream (2006).  
b Assuming depth of 1.13 ft (0.35 m) from 2009 survey of Gallatin River. 
c TP assumed to be a surrogate for PO4-P 
d Significant conversion of ammonia to NO3 occurring (no net uptake of nitrate) 
e Cited by Haggard et al., (2006) 
 
Net nutrient uptake lengths were also examined (Table G-3). Uptake length (km) is the distance typically 
traveled in dissolved form before uptake (Stream Solute Workshop, 1990) which is a direct measure of 
retention efficiency (Haggard et al., 2001; 2006; Marti et al., 2004). It can be computed as, 
 

 (3) 
 
where Snet=net uptake length. In the East Gallatin River, calculated uptake lengths were 10.1 and 6.5 mi, 
respectively for TN and TP, meaning phosphorus assimilates more quickly than nitrogen. Values are very 
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similar to those reported for other wastewater enriched streams7 (Haggard et al., 2001; Gücker et al., 
2006; Haggard et al., 2006; Marti et al., 2004).  
 
Finally, in a quasi-validation of our approach, we extended the same methodology to the data from 
2009. It was assumed that dilution factors during each period were identical (no Cl- data were available 
during 2009), and model fits for both the calibration (2005) and corroboration (2009) are shown in 
Figure G-4. Generally, these show reasonable agreement (r2>0.73) and therefore some validity exists in 
our results. However, deviation from the 1:1 line does result with both NO3

- and TP, thus some caution 
should be exercised in application of the model. 
 

 
Figure G-4. Comparisons of the Marti et al., (2004) model with that of the synoptic measured data.  
The relative wastewater uptake rate (kc) for the East Gallatin River was determined in combination with the effect 
of dilution. Results are shown for both (a) NO3

- and (b) TP (note: TP was used as a surrogate for soluble P). 
 

G4.0 JUSTIFICATION FOR MODEL 

The exponential decay model described previously (last term in Eq. 2) warrants discussion as it provides 
the basis for pollutant source contributions in the watershed. While we have already defined the 
relative contributions of point and nonpoint source contributions unknowingly, further insight is gained 
using a more conventional application. Plug flow8 (as assumed in Eq. 2) occurs when advective flux 
moves pollutants downstream (i.e., ignoring dispersion) such that a mass balance can be achieved by 
the following ordinary differential equation at steady-state with first-order uptake (Chapra, 2008), 
 

 (4) 
 
where U=velocity (m/d), c=pollutant concentration (mg/L or g/m3), and kc=first-order uptake rate 
coefficient or decay constant (/d) defined previously.  

                                                           
7 Uptake length is significantly longer in a wastewater influenced stream than a natural system and uptake studies 
on unimpacted waterbodies may not be applicable to point source influenced streams (Marti et al., 2004; Haggard 
et al., 2006). 
8 The use of a plug flow is valid as Péclet number (Pe) (i.e., ratio of advection to dispersion) is large (>>10) meaning 
dispersion can be omitted from the analysis. The actual dispersion coefficient of the river was not known and we 
estimated this value using empirical methods (Fischer et al., 1979). 
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By separation of variables in Eq. 4, and integrating, the common result occurs (Chapra, 2008), 
 

 (5) 
 
where, c(w+b,x)=the concentration of the decayed wastewater plus the natural background concentration 
(this has been substituted for c in Eq. 4), c0=the initial concentration of mixed effluent at the point 
source (mg/L) and x=distance downstream of this location (m). In this instance, the uptake rate9 (kc) 
reflects the net effect of various nutrient removal mechanisms including biological and abiotic uptake, 
settling, etc., and does not consider benthic accumulation or release (Stream Solute Workshop, 1990). 
The concept is valid for both NO3

- and TP10. 
 
It is also important to note that the wastewater decay rate (which when separated from the rest of the 
downstream channel influences) allows determination of the theoretical decay curve of the wastewater. 
Hence the difference between the computed wastewater decay and the actual observed instream water 
quality data becomes the assimilated contribution of nonpoint sources in the East Gallatin River. This is 
illustrated on a concentration basis in Figure G-5a and Figure G-5b but could be translated to loads 
provided flows in the river are known. Interestingly, the initial slope of the decay in the water quality 
data in the wastewater zone11 very closely fits the estimated curve.  
 
Calculation of the percent contribution of each source at each spatial location (x) is arrived at by,  
 

 (6) 
 
where cnp,x=the nonpoint source concentration contribution at station x, cobs,x=the observed 
concentration (smoothed) at station x, rnb= the ratio of background load to wastewater load at the point 
of wastewater mixing, and rw= the ratio of wastewater load to background load (note: rnb=1- rw). It is 
assumed that the ratio between background concentration and wastewater is the same throughout the 
reach (i.e., there is no preference for a wastewater NO3

- molecule as opposed to a background 
molecule). We have illustrated this analysis for 2009 data in Figure G-5c and Figure G-5d.  
 
What is most interesting is that the relative difference between the estimated nonpoint source 
contributions for N and P is very different. For example, the river appears to be much more influenced 
by wastewater TP than NO3-N (Figure G-5c and Figure G-5d). This is counterintuitive, as uptake 
preference exists for soluble P. Such a result suggests two things. First, the apparent decline in NO3

- 
contribution from the WWTP is not a function of enhanced nutrient uptake at all, but rather increased 
nonpoint source contributions in the lower watershed12. Second, an emphasis on treatment of P at the 
wastewater facility may be of greatest water quality benefit until nonpoint N sources are adequately 
                                                           
9 Uptake (kc) is presented on volumetric basis although it can also be used interchangeably as a mass transfer 
coefficient (length/time) provided flow depth (h) is known. 
10 It should be noted that TP was used as a surrogate for available phosphorus given the large percentage of 
wastewater contribution (~13%), and high soluble nutrient concentrations from the facility.  
11 We define this as the first 10,000 meters below the plant prior to any major tributary/groundwater exchanges. 
12 The magnitude of NO3

- sources in the watershed seems to be large during the low-flow summer period based on 
the concentration and magnitude of tributaries and groundwater inflow. This does not suggest that at a later time, 
algae do not senesce or slough, or the wastewater fraction is reconstituted at some other time in the watershed.  
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controlled in the lower watershed (or as trading strategies are formulated accordingly)13. Finally, 
regardless of the downstream impacts, the point source input to the East Gallatin River without doubt 
diminishes the ability of the stream to withstand other anthropogenic input (see Haggard et al., (2001) 
to confirm this this auspice). Watershed-wide collaboration to reduce nutrients from both point and 
nonpoint sources is therefore recommended.  
 

   

   
Figure G-5. Illustration of use of a simple plug-flow decay model for East Gallatin River. 
(a) Application of the model to NO3

- concentration data collected during 2009 to identify the relative contributions 
of point and nonpoint sources in the watershed (b) Same but for TP (surrogate of SRP) for the same year. (c) 
Estimated source contributions of NO3

- in the watershed including background, point source, and nonpoint source 
categories. (d) Same as previous but for TP. 
 
At this point we should pause, and reiterate that the validity of our argument hinges on good knowledge 
of the decay coefficient of the mixed wastewater (kc) and other assumptions detailed in previous pages. 
In addition, we have made one other assumption about mass transport that should be addressed. The 
whole stream channel velocity (U) was estimated to be a single value throughout the analysis. We know 
this not to be true, but contend there is little deviation during the summer baseflow period. Velocity 
observations made by DEQ during 2009 were 1.4 ft/s (±0.4 SD, n=13). High summer flows (3x greater 

                                                           
13 It is important to note that Hyalite Creek downstream of the WRF is a significant P source to the river and also a 
significant flow contribution. Therefore it is strongly recommended that more detailed modeling be completed to 
identify whether P reductions at the WRF will be of any benefit in the lower watershed (short of upstream of 
Hyalite Creek). 
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than those observed in 2009) did not have vastly different velocities either (1.9 ft/s, Cleasby and Dodge, 
(1999). Thus, such an approximation seems reasonably valid.  
 
Finally, we should note the obvious need for better and more inclusive spatial water quality data, and 
additional water quality modeling. This will undoubtedly reduce uncertainty and better constrain our 
understanding of the system. As a consequence we recommend more detailed collections of hydrologic 
and hydraulic information (for mass transport), monitoring of in situ water quality parameters (including 
diurnal DO, pH, etc.), as well as instream water quality state-variables such as nutrients, algal 
collections, etc. Lastly, a more sophisticated modeling approach would greatly enhance this analysis.  
 

G5.0 MODEL APPLICATION TO LOW-FLOW AND CURRENT EFFLUENT 
CONDITIONS 

The model described previously was developed using flow and concentration data specific to the 
historical conditions of the East Gallatin River. Significant upgrades to the city of Bozeman WRF have 
occurred since, however. Therefore evaluation of conditions appropriate to the TMDL is necessary. 
These low-flow and effluent conditions are described in the following paragraphs.  
 
Flow upstream of the WRF in 2009 (i.e., USGS 06048700 East Gallatin River below Bridger Creek) was 
39.2 ft3/s, which is very close to the long-term monthly average for August and September (i.e., 45 and 
42 ft3/s respectively) (Figure G-6). DEQ determined the 14Q5 for this site to be 20.3 ft3/s over the 
summer critical period (July 1 – September 30) using DFLOW. However, the period of record is short14, 
which limits the validity of our conclusion. Likewise, the city of Bozeman WRF discharge was relocated 
from downstream of USGS 06048700 to upstream of the gage in December 2009 further complicating 
low-flow statistical analysis.  
 
The only long-term record of historical conditions is the Gallatin River at Logan, MT (USGS 06052500), 
which is significantly downstream of the project site and integrates both the East and West Gallatin 
rivers. However, by studying the long-term record for this site we find that the last decade shows 
significant annual departure below mean annual streamflow which suggests DEQ’s calculated 14Q5 
(20.3 ft3/s) is not representative of a longer-term conditions. Thus our initial estimate is likely an 
underestimation. 
 
As such, a review of McCarthy (2006) is more informative. While no low-flow frequency statistics have 
been tabulated for the existing gage on the East Gallatin River (e.g., USGS 0604870015), combined 
statistics for two inactive gages, USGS 06048000 East Gallatin River at Bozeman (which is 0.5 mi 
upstream from Bridger Creek) and also 06048500 Bridger Creek near Bozeman, are useful. The sum of 
these waterbodies (and consequently their low-flow statistics) reflects the expected value of critical flow 
conditions in the river. The 14Q5 for each of those waterbodies is shown in Table G-4, which yields a 

                                                           
14Only 10 years of data are available for the East Gallatin River gage site (2002-2012). 
15 The current low-flow frequency update for the state omits this site as well (personal communication Pete 
McCarthy; 1-18-2013). 
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14Q5 of 33.3 ft3/s16 (very similar to 2009), which was the mixing flow used for the final load allocation in 
the watershed.  
 

 
Figure G-6. Streamflow summary for the Gallatin and East Gallatin rivers over their period of record. 
A reasonable linear correlation (r2=0.90) exists between the rivers, thus it was inferred that flow conditions at each 
gage are similar.  
 
Table G-4. Magnitude and probability of seasonal low flow from July-October (McCarthy, 2006). 

Location Gage ID 14Q5 Flow(ft3/s) Seasons of Record 
East Gallatin River at Bozeman, MT 06048000 28 22 
Bridger Creek near Bozeman, MT 06048500 5.3 24 
East Gallatin R bl Bridger C nr Bozeman MT 06048700 33.3EST --- 
ESTEstimated as the sum of the combined flows from 06048000 and 06048500 
 
Ambient water quality information for the TMDL analysis was determined using unpaired instream data 
collected in the East Gallatin River downstream of the Bridger Creek confluence, and upstream of the 
WRF discharge location over the last 5 years (STORET query). The mean values of the available data 
were used to represent ambient water quality in the East Gallatin River. For TN, the mean was 0.406 
mg/L (n=5). For TP, the mean was 0.022 mg/L (n=5). Hence there was very little difference between the 
means and medians for each site. 
 
Post-upgrade discharge Monitoring Reports (DMRs) for the Bozeman WRF were available only for one 
year, but historical data span from April 1997 to November 2012. In order to determine the applicability 

                                                           
16 We feel this to be a better estimation of the design flow due to our concerns with the short period of record 
used in the DFLOW analysis. Subsequently, conditions used to develop the model in 2009 (39.2 ft3/s) are quite 
similar to the 14Q5 and reflect probable critical low-flow conditions for the river. 
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of using post 2011 upgrade DMR data for the model, long-term trends were examined. The 30-day mean 
discharge from the facility has remained fairly consistent with peak discharges generally occurring in 
May and June which correspond to the lowest observed discharge nutrient concentrations (Figure G-7). 
The 30-day mean discharge has been particularly consistent on a seasonal basis for the last 6 years. Over 
this period, the average July-1-September 30 discharge equals 8.34 ft3/s. 
 
While discharge has remained consistent, the results of facility upgrades in 2007 and 2011 have been 
met with declines in the 30-day means for TN, NO3+ NO2, and TP (Figures G-8, G-9 and G-10). Nutrient 
concentrations have decreased with each subsequent upgrade. However, there is only a single summer 
season of DMR data available since the October 2011 upgrade. It is also recognized that the facility is 
currently operating better than expected therefore summer nutrient concentrations may rise in the 
future as more systems and components of the facility come on line17.  
 
The dataset post-2011 upgrade was therefore determined to be too small and not representative of 
long-term operating conditions at the facility. Alternatively, the design performance specifications for 
the most recent upgrade will be used to simulate discharge concentrations from the WRF to the East 
Gallatin River. The facility has a design performance effluent of 7.5 mg/L TN and 1.0 mg/L TP, and we 
used those values in our analysis (Table G-5).  
 
Table G-5. Parameters used to determine initial model conditions post-2011 WRF upgrade 

Source Flow (ft3/s) TN (mg/L) TP (mg/L) 
City of Bozeman WRF 8.34 7.5 1.0 
East Gallatin River  33.3 0.406 0.022 
co --- 1.83 0.218 
 
To calculate the initial concentration (c0) for the existing condition analysis, the mixing equation below 
was used,  
 

 (7) 
 
where c0 = mixed concentration in the East Gallatin River below the WRF discharge; cegal= July 1 – 
September 30 mean nutrient concentration in the East Gallatin River above the WRF discharge; Qegal= 
14Q5 of the East Gallatin River upstream of the WRF discharge; cwrf = facility design performance 
nutrient treatment concentration of WRF effluent post-2011 upgrade; Qwrf= July 1 – September 30 mean 
discharge from 2007-2012. From Table G-5, initial concentrations immediately downstream of the WRF 
discharge were calculated to be 1.83 mg/L TN and 0.218 mg/L TP.  
 

                                                           
17 Based on communication with facility managers. In particular, the new sludge dewatering system which will 
return a significant side stream loading of both phosphorus and ammonia which could negatively impact biological 
nutrient reduction performance. 
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Figure G-7. 30-day average discharge from the city of Bozeman WRF to the East Gallatin River. 
 

 
Figure G-8. 30-day average total nitrogen concentration in city of Bozeman WRF effluent. 
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Figure G-9. 30-day average NO2+NO3 concentration in city of Bozeman WRF effluent. 
 

 
Figure G-10. 30-day average total phosphorus concentration in city of Bozeman WRF effluent. 
 
The model was then used to evaluate TN and TP18 concentrations and source contributions using the 
parameters identified in Table G-5. These scenarios represent the design performance discharge 

                                                           
18 While the model is implicitly based on the removal of bioavailable fractions of NO3

- and SRP, we applied it for TN 
and TP which is appropriate for wastewater streams where a large percentage of the total nutrient measurement 
is in a bioavailable form.  
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concentrations, the July 1 – September 30 WRF mean discharge since 2007, and the 14Q5 for the East 
Gallatin River downstream of the Bridger Creek confluence (33.3 ft3/s). Model runs are intended to 
represent low flow conditions in the East Gallatin River downstream of the WRF discharge and results of 
the low flow scenario are found in Figure G-11.  
 

 
Figure G-11. Low flow analysis of WRF contribution along the East Gallatin River 
 
Immediately below the WRF discharge, the WRF represents 78% of the TN concentration (Figure G-11) 
which decreases to 10% of the observed concentration at the mouth of the East Gallatin River. As stated 
previously, the apparent decline in nitrogen contribution from the WRF is more a function of increased 
nonpoint source contributions in the lower watershed rather than enhanced nutrient uptake. Based on 
the 2009 synoptic sampling data (i.e., a survey that included most of the tributary streams in the lower 
watershed and associated flow contributions) these sources are believed to be significantly contributing 
to the N load during the summer period.  
 
Regarding TP, 91% of the instream concentration fraction is from the WRF immediately downstream of 
the discharge location, which decreases to 15% at the mouth of the East Gallatin River (Figure G-11). 
Hyalite Creek flows into the East Gallatin River approximately 6 miles downstream from the WRF 
discharge and contributes a large natural TP concentration to the East Gallatin River. Unlike TN, 2009 
tributary data for TP in the lower watershed did not exceed water quality targets in all cases. This 
indicates that the uptake and adsorption are main drivers for decreasing instream TP concentrations in 
the lower watershed.  
 
A tabulation of contributing percentages for TN and TP at different compliance points of the watershed  
is shown in Table G-6 and Table G-7 respectively.  
 
Table G-6. Relative point and nonpoint source contributions for TN at different compliance points 
downstream of the WRF discharge 

East Gallatin River Segment Description River Station (mi)a Point Source (%) Nonpoint Source (%) 
Bridger Creek to Hyalite Creek confluence 0.5 75.5 24.5 
Hyalite Creek to Smith Creek confluence 10.8 42.1 57.9 
Smith Creek confluence to mouth 26.6 16.9 83.1 
aRiver station 0 (zero) is the WRF discharge location on the East Gallatin River 
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Table G-7. Relative point and nonpoint source contributions for TP at different compliance points 
downstream of the WRF discharge 
East Gallatin River Segment Description River Station (mi)a Point Source (%) Nonpoint Source (%) 
Bridger Creek to Hyalite Creek confluence  0.5 87.3 12.7 
Hyalite Creek to Smith Creek confluence 10.8 45.7 54.3 
Smith Creek confluence to mouth 26.6 21.9 78.1 
aRiver station 0 (zero) is the WRF discharge location on the East Gallatin River 
 

G6.0 LIMITATIONS AND UNCERTAINTY 

The analysis completed in the previous pages provides a likely snapshot of the relative contributions of 
point and nonpoint sources in the watershed. The evaluation is valid only for low-flow conditions when 
biological activity, and hence nutrient uptake, is similar. We make no reservations about its use for 
conditions outside those mentioned. Additionally, the methodology was quite simple (perhaps too much 
so), and relied on scant data, and many assumptions. As such, there is likely a great deal of uncertainty 
associated with our conclusions. 
 
Most notably, the instream wastewater decay rate is critically important. All results hinge on its relative 
correctness. We used a peer-reviewed approach to estimate its value, however, in the lower reaches 
river chloride was near background levels which made interpretation difficult (especially where nutrient 
inflows were higher than the background concentration). As such a scaling factor was devised to adjust 
for the increases in concentration, but this basis is not well-found. Likewise, a number of other 
assumptions regarding critical low-flow conditions and model suitability were made for the TMDL. While 
the results seemed reliable according to the slope of the modeled wastewater decay profile (and 
associated literature comparisons for wastewater dominated streams), undoubtedly there is uncertainty 
in our analysis. We made no attempts to quantitate this uncertainty. As a consequence, further data 
collection in conjunction with more sophisticated modeling is recommended to improve the results. It is 
strongly suggested this be done before pollutant trading or other management schemes are considered 
or implemented in the watershed. 
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APPENDIX H – RESPONSE TO PUBLIC COMMENTS 

 

H1.0 PUBLIC COMMENTS AND DEQ RESPONSES  

From Patrick J. Flowers, Region 3 Supervisor, Montana Fish, Wildlife and Parks.  
 
Comment #1 
FWP is discouraged to find that two of the main threats to salmonid life are not addressed in the lower 
sections of the East Gallatin and mainstem Gallatin rivers (i.e., high water temperatures and excessive 
sediment). For these rivers, FWP anticipates seeing these waterbodies listed in future assessments of 
the 303(d) list for thermal and sediment impairments.  
 
Of greatest concern to FWP, elevated water temperatures do not appear to be considered a ‘pollutant’ 
in this TMDL document. High water temperatures can be as limiting to salmonid life as chemical or 
sediment impacts. A wealth of temperature data are available for this watershed, in addition to 
knowledge of thermal loading sources. FWP encourages DEQ to further develop the document to 
discuss existing data regarding thermal impacts and potential remediation. 
 
The primary objective of the Clean Water Act is to restore and maintain the chemical, physical and 
biological integrity of the nation’s waters, therefore, thermal pollution and sedimentation must be 
paramount within this TMDL plan. Continued degradation of thermal and sediment conditions will 
further degrade the aquatic ecosystem of the Lower Gallatin River drainage, effectively reducing the 
economically and culturally valuable fisheries. Thank you again for allowing FWP to provide comments.  
 

Response to #1 
Thank you for providing comment. TMDLs are required for pollutant-waterbody segment 
combinations on the 303(d) list. The Lower Gallatin TMDL document addresses all 303(d) listings 
that require TMDL development and was not limited to tributaries. The East Gallatin River from 
Bridger Creek to Smith Creek is listed as impaired from low flow alterations and alterations in 
streamside or littoral vegetative covers, and the Gallatin River from Spanish Creek to the mouth 
is listed for low flow alterations. Although these are impairments that may be associated with 
temperature and/or sediment impairment, that linkage has not been identified by DEQ at this 
time. Low flow and habitat alterations are not pollutants and therefore do not require TMDL 
development. DEQ realizes that there can be additional impairment causes not on the most 
recent 303(d) list that are not addressed during TMDL development because of resource 
limitations. However, DEQ's Monitoring and Assessment Section continues to collect and 
compile data throughout the state, and DEQ updates the 303(d) list biannually based on the 
monitoring results and/or the type and quality of the data received from outside entities. 
Annually, DEQ puts out a call for data notice so that local, state, federal agencies and watershed 
groups and private citizens may submit data to the department. If FWP has data available that 
they would DEQ to include in future assessments they are encouraged to submit it to DEQ.  
 
Wherever there is a temperature impairment in Montana, the DEQ addresses this impairment 
as a pollutant cause that requires TMDL development. Therefore, future TMDL development in 
the Gallatin could require temperature TMDL development. In watersheds like the lower 
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Gallatin, the loss of riparian area shade is often the most influential impact linked to human 
activity addressed via temperature TMDL allocations. Given the linkage between riparian health 
and the sediment and nutrient allocations in this document, meeting the sediment and nutrient 
allocations for most tributaries in the Lower Gallatin project area should significantly help 
achieve cooler stream temperatures.  

 
From Clint Nagel, private citizen in Lower Gallatin project area 
 
Comment #2 
I would like to thank the Montana Department of Water Quality for the opportunity to comment on the 
draft to improve water quality in the Gallatin Watershed. Well it is sad to think that the once pristine 
waters of Montana have come to the need of establishing TMDLs, I guess it is understandable and not 
surprising of the need to do so. With the increase growth and use of the water resource, water becomes 
more and more valuable and not just water quantity, but water quality. As the climate warms, weather 
patterns have and will change and it is not completely known how this will affect water supplies in the 
west. But in my opinion, early indications do not bode a good report. And usually as water quantity 
decreases, so does water quality. According to the draft, TMDLs are needed for sediment, nutrients and 
E Coli within the Gallatin Watershed. The fact that these three TMDLs need to be established is not a 
surprise as it is commonly understood these three water quality parameters are negatively affected by 
an increase in growth and use. As a result of the increase in quantities of these pollutants, the 
designated uses receiving a negative impact in the waters of the Gallatin Watershed are aquatic life, 
primary contact, recreation and agricultural use. Obviously the degradation of these waters which 
prevent these uses is a potential health risk for aquatic life and humans. It not only affects our health 
but also affects our lifestyle and detracts from the reason why we choose to live here in the first place. 
My concern of the document is how much “teeth” will this have in order to make a positive difference. 
The mitigated steps mentioned in the draft should make a difference if the “follow through” is followed 
through. In my past experience, I have seen the need for water quality and water quantity monitoring. 
Frequency, location of monitoring sites and number of monitoring sites are necessary for proper 
determination. My concern here is if this plan has enough impetus to provide the necessary data for 
scientific reasoning. In Section 10 it states the following “Funding for future monitoring is uncertain and 
can vary with economic and political changes. Prioritizing monitoring activities depends on stakeholder 
priorities for restoration and funding opportunities.” Sometimes the best intentions still don’t provide 
the necessary answers because of short-sided approaches. Not only is the necessary monitoring a 
concern for me, but mitigation steps must also be undertaken. If the mitigation steps are not 
implemented as stated, then the desired results may not be achieved as desired. I believe the steps as 
stated and as I understand them now should be effective. But the steps must be taken. I believe that we 
know how to solve environmental problems. But I think the problem is as stated above. Do we have the 
will and do we want to pay the price? This will be the question that we still must answer. I applaud the 
effort and I think it has stated the problem correctly. Continue monitoring is a must and mitigation is a 
must. They both work together. Thank you for the opportunity again for comment.  
 

Response to #2 
Thank you for providing comment to the Lower Gallatin TMDL document. The document will be 
used to help guide and implement existing regulations applicable to point source dischargers 
that received a wasteload allocation. Nonpoint sources of pollutant loading to impaired 
waterbodies participate in load reduction via voluntary implementation of best management 
practices. In the Lower Gallatin project area, there are 3 active watershed/conservation groups; 
the Greater Gallatin Watershed Council, the Gallatin Local Water Quality District and the 
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Gallatin Conservation District. These groups have received funding grants to pursue TMDL 
implementation as well as additional water quality sampling and will be the strongest vehicles 
for identification and achievement of specific restoration activities in impaired basins. 
Ultimately, it will be up to the citizens who live in the project area to work towards restoration 
of impaired uses in the identified waterbodies. The impetus and resolve to restore watershed 
health is strong in the Lower Gallatin project area.  

 
From the city of Bozeman Director of Public Works, Craig Woolard, PhD. 
  
Thank you for providing comment on the Lower Gallatin TMDL document. Comments from the city of 
Bozeman included edits for references, word choice, reading comprehension and grammar. These were 
all addressed within the document and are not referenced in this section. 
 
Comment #3 
The city Bozeman is a proud steward of the East Gallatin River. This community invested more than $53 
million to support nutrient removal and improve the East Gallatin River; however we do not believe 
additional investment would materially improve water quality.  
 

Response to #3 
DEQ recognizes the significant resources the city of Bozeman invested into the Water 
Reclamation Facility (WRF) and specifically allows for phased implementation that takes these 
recent treatment upgrades into account. The TMDL establishes the wasteload allocation for the 
East Gallatin River based on the river’s nutrient targets, existing WRF discharge loads, and the 
magnitude of WRF nutrient discharge concentrations, which are significantly greater than the 
nutrient target concentrations even after the above referenced upgrades. In addition, as the city 
is aware, once numeric nutrient criteria are adopted, the target nutrient concentrations will 
probably decrease. However, MCA 75-5-313 authorizes the department to grant a variance 
allowing for affordable water quality improvements in a staged manner if requested by the 
facility. This variance provides relief from the numeric nutrient criteria and from TMDL 
wasteload allocations, which will be based on the numeric nutrient criteria. This variance 
information was used to establish the appropriate effluent concentrations as part of the phased 
implementation. 
 

Comment #4 
We believe the science behind the proposed nutrient TMDL is not fully developed. No water quality 
modeling has been done on the East Gallatin River, and MDEQ (Montana DEQ) used limited water 
quality data to determine impairment in the upstream reaches. The city of Bozeman is willing help to 
develop this required scientific documentation and has submitted a sampling plan on July 3 of this year 
for additional work to MDEQ. To date, MDEQ has not responded to our request for review of the plan to 
collect a better dataset to support decision making.  
 

Response to #4 
The upper segment of the East Gallatin River was first listed for TN and TP nutrient impairments 
in 2006 and data collected since 2006 affirm the original listing (Section 6.4.3.6). Downstream of 
the WRF discharge, the impairment determination is based on WRF discharge loads (after 
upgrades) and mixing results within the river. Even if upstream nutrient concentrations 
approached reference or pristine conditions, nutrient concentrations below the WRF discharge 
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would still be significantly above the nutrient target concentrations applicable to the river given 
the significant flow and nutrient concentration additions from the WRF discharge.  
 
The proposed nutrient modeling and associated sampling plan link to a desired effort by the city 
of Bozeman to modify the instream targets. If modified, these could then be used to update 
impairment determinations using different baseline target values than those applied within the 
TMDL document. A model to evaluate biologic response and possibly modify the nutrient 
targets below the WRF discharge was outside the scope of the Lower Gallatin TMDL 
development given the significant effort and science DEQ put into the development of draft 
numeric nutrient criteria, which form the basis for the nutrient targets within this document. 
Nevertheless, DEQ encourages locally led efforts to evaluate potential target modifications via 
site-specific criteria and biological response modeling as suggested in the comment.  
 
DEQ has responded to the proposed sampling plan and sent the city of Bozeman a sampling plan 
and potential approaches that would satisfy DEQ data and modeling requirements in order to 
develop reach-specific nutrient target concentrations.  
 
A simple, concentration-based model was developed for the East Gallatin River downstream of 
the WRF discharge location (Appendix G). The model was used to develop nutrient TMDLs for 
TN and TP in the middle and lower segments of the river.  
 

Comment #5 
We understand there is a variance process in place that allows near-term permit levels consistent with 
its current level of treatment. However, the proposed variance process makes it difficult to plan long 
term capital investments.  
 

Response to #5 
These considerations have been incorporated into ongoing variance process implementation 
planning taking place between DEQ and the Nutrient Work Group. In addition to variances, DEQ 
has been working with stakeholders on other options that may help reduce nutrients. For 
example, DEQ’s nutrient trading policy has been adopted into rule by the Board of 
Environmental Review and would encourage point to nonpoint source trading. In situations 
where use support can be demonstrated, adoption of site-specific criteria may be warranted. 
This concept is outlined in DEQ’s draft document “Carrying out a Substantial and Widespread 
Economic Analysis for Individual Nutrient Standards Variances and Guidelines for Determining if 
a Waste Water Treatment Facility can Remain at a Previous General Variance Concentration” 
(page 9). 
 
Other options available to stakeholders include House Bill 52, now codified in MCA 75-6-102 & 
103. HB 52 gave DEQ the authority to allow municipalities options for wastewater use with 
minimal treatment (i.e. dust abatement, fire suppression, irrigation).  
 
Additionally, permit limits are currently in statute and are required to be set in rule prior to 2017 
when the city of Bozeman WRF permit expires. Any changes to the permit limits will only be 
made in consultation with the Nutrient Work Group.  
 

Demonstration of Use Support Based on Empirical Data. Permittees may begin 
at any time to collect nutrient concentration, benthic and phytoplankton algae, 
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and other water quality data in the receiving waterbody downstream of their 
mixing zone. In cases where the base numeric nutrient standard for the 
waterbody were developed using a specific water quality endpoint (for example, 
pH), data collection must include that parameter. Data collection shall follow 
Department SOPs. Permittees are strongly encouraged to coordinate with the 
Department on study design and data collection protocols upfront, to assure 
that the data will be acceptable to the Department when the time comes for 
evaluating the outcomes. For example, it has been shown that chlorination of 
effluent can, in some cases, mute the effects of nutrients for some distance 
downstream (Gammons et al., 2010); this would need to be accounted for in 
any study design. Subject to Department approval, these data may be used to 
demonstrate that remaining at the previous general-variance treatment level 
(assumed here to have been achieved by the permittee) was adequate to 
support beneficial uses of the waterbody. If the collected data conclusively 
indicate that beneficial uses of the waterbody are fully supported, then a site-
specific base numeric nutrient standard may be in order. Any site-specific 
nutrient standard so determined may be adopted by the Board of 
Environmental Review under its rulemaking authority in §75-5-301(2), MCA.  

 
Comment #6 
We believe a Phased TMDL that caps nutrient loads at current levels and allows additional data to be 
collected is the wisest course of action. We are willing to participate in developing that science.  
 

Response to #6 
The WLA is phased within this document via a process that essentially mirrors the variance 
process. The city of Bozeman will be eligible for a variance or phased implementation values 
that under the variance process would cap the effluent concentrations, but under existing 
circumstances would not cap the load. Since the city currently meets the initial phased 
implementation concentration values (i.e. discharge concentrations are already below 1 mg/l TP 
and 10 mg/l TN), there is no loading cap if integrated into effluent permits using concentrations 
as suggested within this document and as allowed via the variance process. In fact, DEQ 
purposely avoids implying loading caps in order to help facilitate sewering of existing septic 
systems as part of the long-term water quality protection approach defined by the allocations 
within this document.  
 
DEQ is open and interested in working with the city. Should a water quality model and field 
sampling yield a reach-specific water quality standard for the middle segment of the East 
Gallatin River that is accepted by DEQ, the TMDL and WRF Wasteload Allocation (WLA) for the 
East Gallatin River will be amended to reflect a reach specific water quality target different from 
the Level III Middle Rockies ecoregion target.  

 
Comment #7 
We believe the East Gallatin watershed would be best served by a wider watershed-based look at 
nutrient inputs and thresholds for beneficial use impairment. Nutrient-based control of algae is merely 
one of many techniques that could be used to improve stream health.  
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Response to #7 
The TMDL is the first step towards completing a watershed-scale evaluation of impacts to 
beneficial uses. Nutrients represent one of several pollutants affecting beneficial-use support. 
DEQ supports watershed based efforts to improve water quality within the watershed and have 
provided technical and financial assistance to several watershed groups operating in the area. 
 
It should be noted that DEQ evaluates attainment of beneficial-use support by evaluating 
multiple water quality indicators, one of which is nuisance algae levels. Diatom and 
macroinvertebrate composition is another indicator often considered by DEQ in determining 
aquatic life use support. As noted in Section 6.4.2 of the TMDL document, DEQ established the 
draft nutrient criteria based on a) reference conditions; and b) stressor-response studies that 
evaluated nutrient impacts on several biological indicators (e.g., fish, macroinvertebrates, 
periphyton, chlorophyll-a) and c) the results of public perception surveys regarding algal 
densities.  
  

Comment #8 
For sediments and pathogens the impaired beneficial uses are identified. Please specifically identify the 
beneficial use(s) impaired by nutrients. 
 

Response to #8 
Table ES-1 in the Executive Summary identifies the uses impaired for nutrients. Aquatic life was 
the primary use impaired by nutrients along with contact recreation.  

 
Comment #9 
Table 1-1, please also include how the cause of impairment was determined.  
 

Response to #9 
Causes of impairment are explained in detail in the appropriate section (Section 5 – sediment, 
Section 6 – nutrients, Section 7 – pathogens).  

 
Comment #10 
Please link the TMDL (sediment, nutrients, and/or pathogen) to the streams and designated uses.  
 

Response to #10 
Addressed in Section 3.1 in the document.  

 
Comment #11 
Section 4.3 provides an example of how sediment TMDLs may be expressed. Please also include 
examples of how nutrients and pathogen TMDLs have and may be expressed.  
 

Response to #11 
Addressed in Section 4.3. in the document.  

 
Comment #12 
Regarding the MS4 Permit, use of the existing SWMM model is a very poor tool for developing the TMDL 
background load and proposed allocation. The SWMM model was conducted on a very limited portion 
of the City’s MS4 system, is not representative of the entire MS4 system, and was not calibrated at the 
time of original development. The data used and shown in Figures 5-5 and 5-6 are from our very limited 
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DMR sampling and only uses the two sampling locations selected for our MS4 permit. Not only is the 
data set small, but the locations used are very limited in encompassing the characteristics of the City’s 
stormwater. The ‘industrial site’ sampled near our shops is consistently very high in pollutants and isn’t 
indicative of Bozeman stormwater. 
 
Response to #12 

Because the allocation is intended to be met by adhering to the MS4 permit conditions (as 
stated in Section 5), DEQ determined that the staff and financial resources required to collect 
stormwater data and develop a more robust stormwater model was unnecessary and that 
modifying the existing SWMM model would satisfy the project goals and desired level of detail. 
None of the other sediment source assessments were calibrated, and for the same reasons 
described above, no attempt was made to develop a calibrated stormwater model. The model 
was used to estimate relative loading, not absolute loads, and the output was not used to set 
the allocations. 
 
The DMR data were the only available stormwater TSS data. Although the data used for Figures 
5-5 and 5-6 are limited, they do span 3.5 years and were helpful in performing a coarse 
evaluation of the stormwater quality in relation to regional values and the national values used 
in the permit. Other than following the permit conditions, the allocation does not specify any 
actions required by the city as a result of values in the data set. However, please note that the 
permit conditions require the city to compare the water quality results to the values in the 
permit, and if there is an exceedance of that value, evaluate the source and reason, and 
consider additional BMPs and/or other management measures. 
 
The permit specifies that monitoring must occur at a site representing runoff from a commercial 
and/or industrial area and at a site representing runoff from a residential area, and that the 
location must be representative. If the city feels as if the current industrial sample location is not 
representative of stormwater from commercial/industrial areas, perhaps a new location should 
be selected. Additionally, although the permit requires biannual sampling from two sites, it does 
not limit the city from collecting data more frequently or from additional sites.  

 
Comment #13 
In addition, the City’s stormwater system is poorly mapped and incapable of being utilized for a system-
wide stormwater model. If the department utilized this model, please provide additional data indicating 
what modifications were made to the original model and associated calibration data. A synopsis of the 
changes should be included in the TMDL document and, at a minimum, input and output data from the 
model run should be included within an appendix at the end of the TMDL. 
 

Response to #13 
DEQ agrees that the City’s stormwater system is poorly mapped. DEQ also agrees that the 
available data was inadequate to build a hydraulic stormwater model. However, this particular 
application of SWMM focused on the hydrologic properties of the system – the loading response 
to climatic data, infiltration rates, event mean concentrations, and generalized watershed 
boundaries. It is true that the generalized watershed boundaries may or may not be altered by 
the existence of unknown sub-surface stormwater conveyance systems, however the changes to 
watershed loading would likely be minor. Thus, DEQ decided the system information contained 
in the model provided by the city was sufficient to estimate relative loading at the watershed 
scale for the reasons described in Response 14. A synopsis of the model inputs and 
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modifications has been added to the document as Attachment D. To conserve resources, the 
output is not included in the appendix but is available from DEQ by request. DEQ would like to 
emphasize the point made in Response 12: the model was used to estimate relative loading and 
the output was not used to set the allocations. 

 
Comment #14 
A 62% reduction of sediments from commercial sites (37% reduction overall) will be difficult to achieve, 
especially given the fact that many of these sites have already been developed. The installation of BMPs 
at existing facilities is much more difficult than at new development or redevelopment sites due to 
existing grading and site constraints. New development and redevelopment is currently occurring very 
slowly given the condition of the current economy, and sediment reduction BMPs will not be installed at 
a rate that will meet reduction goals in a timely manner. We believe that a reduction of 62% of TSS from 
new development and redevelopment sites is more reasonable through the use of BMPs. In addition, 
the city will work within the MS4 to improve existing practices and implement new BMPs, where 
feasible, to further reduce the sediment load. 
 

Response to #14 
As described in Section 5.7.4.5, 62% is the average achievable reduction based on the 
International Storm Water BMP Database but because some BMPs are already in place for all 
land use categories, a smaller reduction is needed at a watershed scale. Therefore, a weighted 
approach was used to approximate the loading reductions that additional BMPs could achieve 
“across all land-use categories”. This means that 37% is the average reduction for both 
commercial and residential areas, as well as other land uses. DEQ acknowledges that certain 
areas (such as new developments and redeveloped areas) likely have a greater potential for 
reduction that retrofitting developed areas. Regardless, this approach was used to approximate 
achievable BMP-related reductions within the MS4, but as stated previously, the reduction is 
not binding and the allocation is intended to be met by following permit conditions.  
 
The stormwater source assessment and feedback from residents in the watershed indicate 
stormwater from the MS4 is a source of excess sediment; DEQ is glad the ity plans to work to 
improve existing practices and implement new BMPs, where feasible. 

 
Comment #15 
We agree with the Department that using the BMPs described in the MS4 General Permit is the most 
effective way to minimize stormwater discharges, rather than implementing numeric loads. The city is 
committed to improving the MS4 and recently formed a stormwater utility. We agree that the proposed 
allocations can be satisfied by adhering to the MS4 permit requirements.  
 

Response to #15 
DEQ is glad the city agrees with the allocation approach used for the MS4 and commends it on 
the formation of a stormwater utility and for being committed to improving the MS4. 
 

Comment #16 
Page 6-2, Section 6.3. Please define the difference between primary and secondary data sources, how 
this was determined and what it means for the assessment.  
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Response to #16 
This has been addressed in Section 6.3 in the document. Primary data sources include those 
collected in the assessment units and within the specific waterbody segment(s). Secondary data 
sources include data collected as part of Discharge Monitoring Reports (DMR) by MPDES 
permitees and other groundwater and surface water data sources used to quantify or describe 
point and nonpoint sources within a sub-basin. This includes surface water data collected 
outside the summer period (July 1 – September 30) when nutrient water quality targets apply. 
Impairment determinations are based only on primary data sources collected during the 
applicable summer period when the targets apply.  

 
Comment #17 
Please describe how and what standards were used to review the data and deem the values relevant 
and credible to use for assessment.  
 

Response to #17 
DEQ’s nutrient water quality assessment method has specific objectives and decision-making 
criteria for assessing the validity and reliability of data. DEQ uses a Data Quality Assessment 
(DQA) process to evaluate data for use in assessments and decision making. The DQA considers 
the technical, representativeness, currency, quality, and the spatial and temporal components 
of the readily available data. The specific data requirements are detailed in the nutrient 
assessment method which is located on DEQ’s website at: 
http://deq.mt.gov/wqinfo/qaprogram/sops.mcpx. Only data that passes DEQ’s DQA 
requirements are used for impairment determinations described in Section 6.4.3. 

 
Comment #18 
Page 6-5. Total Persulfate Nitrogen is not an EPA approved method for wastewater. Our MPDES permit 
(page 6 of 35) defines TN as the sum of nitrite + nitrate (as N) and TKN (as N) concentrations. Please 
clarify.  
 

Response to #18 
By DEQ’s definition, total nitrogen can be determined via persulfate digestion or from the sum 
of TKN and NO2/NO3. For assessment purposes, TPN is the preferred method for DEQ’s 
monitoring program as it has proved to be more sensitive and accurate without the blank bias. 
DEQ recognizes that both methods for determining TN are appropriate. The definition of TN in 
DEQ-12 covers both analytical methods: 
 
Total nitrogen means the sum of all nitrate, nitrite, ammonia, and organic nitrogen, as N, in an 
unfiltered water sample. Total nitrogen in a sample may also be determined via persulfate 
digestion, or as the sum of total Kjeldahl nitrogen plus nitrate plus nitrite. 

 
Comment #19 
Page 6-5. "The target concentrations of nitrogen and phosphorus are established at levels believed to 
prevent excess algae growth..." While we understand that studies indicate the numeric nutrient criteria 
are set to prevent excess algae growth, DEQ is ignoring the fact that below the City's outfall, in two 
different rounds of sampling, excess algae growth was not present prior to the upgrade. Both lab data 
and photos taken at the time the samples were collected confirm this fact. We have every reason to 
believe that after our WRF upgrade algae densities are now even lower. DEQ's assumption that the city 

http://deq.mt.gov/wqinfo/qaprogram/sops.mcpx
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of Bozeman needs to make an additional nutrient reduction of 94% beyond current performance levels 
is not supported by current algal density data.  
 

Response to #19 
An impairment determination is not based solely on the presence/absence of nuisance algae but 
on multiple indicators of impairment to beneficial uses. The target concentrations for nitrogen 
and phosphorus are established at levels to protect aquatic life. As previously noted, DEQ is 
open to working with the City. If it can be demonstrated that the East Gallatin River is meeting 
its beneficial uses, then site-specific criteria may be warranted.  

 
Comment #20 
Page 6-6. Section 6.4.3. In the following sentence, "Where water chemistry and algae data do not 
provide a clear determination of impairment status, or when other limitations exist, macroinvertebrate 
biometrics (HBI >4.0) are considered", please explain what is meant by a "clear determination". What 
was the evaluator's general definition or guidelines between clear and unclear? The text says the HBI 
was then considered, yet the text in the following sections for each waterbody seems to heavily rely on 
the HBI for determining impairment rather than just being considered. The methodology described and 
the actual evaluations do not seem to match.  
 

Response to #20 
An example of a ‘clear determination’ is where both statistical tests (T-test and exact binomial) 
for a water chemistry parameter (TP, TN or inorganic N) yield the same result of impaired or 
unimpaired. Where the signal is mixed, other parameters are considered to make an 
impairment determination. The assessment does not rely heavily upon the HBI score. The data 
descriptions in the body of document include the HBI scores as an additional point of evidence. 
Clarity in regards to the above comment was provided in the document.  

 
Comment #21 
Page 6-6. The paragraph between Tables 6-2 and 6-3 needs significantly more explanation. Exactly how 
the nutrient target values were set should be explained more explicitly. What does the following 
sentence mean and how was this done? "Water quality target values were used with relative flow 
contributions to calculate segment specific water quality targets." Please include a table or appendix 
showing the calculations.  
 

Response to #21 
Clarification was added to the description of the alterations to instream water quality targets for 
TN and TP for streams draining the Absaroka-Gallatin-Volcanics Level III ecoregion in the 
document. A description of the water quality targets and how they were calculated for streams 
draining the Absaroka-Gallatin-Volcanics Level IV ecoregion may be found in Suplee and 
Watson, 2012 (http://www.deq.mt.gov/wqinfo/standards/NumericNutrientCriteria.mcpx - click 
on Addendum 1 (Final Draft) under Scientific and Technical Basis for Montana’s Nutrient 
Criteria).  

 
Comment #22 
Page 6-11. Section 6.4.3.6. It seems counterintuitive to state that a TP TMDL is needed and then later 
state, "It does appear that the upper segment is not impaired for TP"?  The structure of these 
waterbody sections should be reviewed and revised to present a more methodical and logical 
presentation of how the determinations of impairment and need for a TMDL was determined.  

http://www.deq.mt.gov/wqinfo/standards/NumericNutrientCriteria.mcpx
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Response to #22 
That will certainly be taken into consideration moving forward in the program. The Upper East 
Gallatin River has 2 water quality targets as defined by the entry of Bozeman Creek which does 
complicate the analysis. Fortunately, segments can be broken into separate reaches for 
impairment determinations per DEQ’s nutrient assessment methods. This provides a mechanism 
to address this type of segment concern. Therefore, AUs as they are delineated in the 2012 IR 
will not be changed for the Lower Gallatin TMDL document.  

 
Comment #23 
Page 6-12. The second table in each of the waterbody evaluations is very misleading. For example, Table 
6-15 for TP shows PASS, NA, and PASS, yet the "Indicates Impairment" column is YES. There should be a 
another column or a footnote for YES to indicate how the data passed the numerical tests yet the reach 
was still determined to be impaired.  
 

Response to #23 
This is an example where data was divided into 2 reaches with different water quality targets on 
the upper segment of the East Gallatin River. In that specific table, the ‘indicates impairment’ 
column was changed to NO. In the text, it was clarified that the assessment unit includes both 
reaches and therefore, if one fails they both fail. 

 
Comment #24 
Page 6-12. Given that the upstream stretches of the East Gallatin River are listed as impaired for 
nutrients (TN and TP), the point source dischargers are then limited to the instream nutrient numeric 
criteria applied to discharge flow at the end of pipe (Section 6.6.1.1). This assumes no assimilative 
capacity in the river and is applied without any modeling or mixing zone. The Upper East Gallatin River 
stretch to the confluence of Bozeman Creek is listed as impaired, where none of the TP or TN samples 
exceed the numeric criteria, nor do the chlorophyll-a samples. The single macroinvertebrate sample 
exceeds the benchmark of 4 HBI by a value of 0.24. This is a tenuous argument to conclude impairment 
at best. In the Upper East Gallatin to the confluence of Bridger Creek, while there are TN and TP 
exceedances, the samples are very limited and statistical analysis is not possible. The chlorophyll-a 
samples are considerably below the target, and the two macroinvertebrate samples barely exceed the 
target of 4 HBI. By DEQ's own analysis, there is limited data on the stretch of the river upstream of the 
WRF discharge, and without further analysis or modeling the numeric criteria is applied end of pipe. Due 
diligence indicates that further sampling and modeling should occur to ensure sensible application of 
the criteria and a mixing zone explored.  
 

Response to #24 
The assessment unit for the upper segment of the East Gallatin River is from the confluence of 
Rocky and Bear Creeks to the confluence of Bridger Creek and the East Gallatin River. While 
there were no exceedances of water quality targets for TN or TP in the reach upstream of the 
Bozeman Creek confluence, there were multiple exceedances of water quality targets for TN 
and TP in the reach between the Bozeman Creek confluence and the Bridger Creek confluence 
with the East Gallatin River. Macroinvertebrate HBI scores also exceeded the threshold for 
impairment in the reach between the Bozeman Creek and Bridger Creek confluences. As noted 
in the document, if one reach of an assessment unit is identified as impaired, the entire 
assessment unit is considered impaired. The water quality data in the upper East Gallatin River 
supports the existing impairment listing for TN and TP.  
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Should future sampling on the East Gallatin River determine that the stream or segment is 
unimpaired for nutrients, assimilative capacity of the waterbody will be determined in future 
permit cycles as noted within Section 6.6.1.1. As previously noted, even if upstream nutrient 
concentrations approached reference or pristine conditions, nutrient concentrations below the 
WRF discharge would still be significantly above nutrient target concentrations given the 
significant total flow contribution from the WRF discharge. The limited upstream data really has 
no bearing on the existing impairment determination and has no foreseeable impact on the 
nutrient WLAs for the next 5 to 10 years since the existing WRF discharge concentrations satisfy 
all phased implementation scenario requirements through the next 5 year permit cycle and 
possibly beyond. During this time, additional data can be collected upstream of the discharge to 
determine whether or not upstream assimilative capacity exists. Even with significant upstream 
assimilative capacity, the WLA modification would result in discharge concentrations well below 
existing post-upgrade discharge values.  

 
Comment #25 
Page 6-13. "For assessment purposes, data were not adjusted to reflect the October 2011 completion of 
Bozeman's upgrade to its WRF." Please explain why DEQ would not assess the East Gallatin using post-
upgrade analyses.  
 

Response to #25 
The assessment process uses actual data and does not attempt to alter or adjust data based on 
a change in conditions. While the 2011 upgrade certainly decreased the WRF nutrient load to 
the East Gallatin River, the relative flow and concentration of the discharge in comparison to the 
existing flow and condition of the receiving waterbody is still quite significant. Downstream of 
the discharge location, the impairment determination is based on simple mixing calculations 
using established instream flows and concentrations and WRF flows and nutrient concentrations 
post-upgrade. Post-upgrade the WRF is still discharging to the East Gallatin River at average 
flows of 7.9 cfs and at concentrations approaching 5.0 mg/L TN and 0.7 mg/L TP and according 
to plant operators not all the systems are online yet suggesting that the WRF load to the East 
Gallatin River will increase in the future. These WRF flows and post-upgrade concentrations lead 
to 100% exceedance of instream water quality targets for the East Gallatin River under all 
upstream water quality scenarios (impaired or not impaired), thus leading to conditions that will 
fail both the binomial and t-tests 100% of the time.  
 
Even if DEQ assumed the reach immediately upstream of the WRF was not impaired, the 80th 
percentile of the upstream data would likely be used to determine potential mixing zone 
conditions. The 80thpercentile of the upstream reach data is 0.472 mg/L for TN and 0.0238 mg/L 
for TP. As 0.472 mg/L is greater than the instream TN target of 0.300 mg/L there is zero 
assimilative capacity for TN. For TP, using a 14Q5 low flow value of 33.3 cfs in the East Gallatin 
River downstream of the Bridger Creek confluence, allowance of a mixing zone would calculate 
to discharge concentration requirements of 0.056 mg/l TP in comparison to the existing 
required WLA concentrations of 0.030 mg/l for TP.  
 
Also, refer to response to #24 above.  
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Comment #26 
Page 6-14. DEQ further supports an impairment listing by again, taking a limited dataset, four samples 
for macroinvertebrate HBI, taken in 2005, again prior to the upgrade, to support the impairment listing 
and the call for reduction in nutrients in its discharge.  
 

Response to #26 
See response to comment #25.  

 
Comment #27 
Page 6-14. In Table 6-18 it shows the chlorophyll a data well below the nuisance algae threshold, but it 
then fails the algae test with a single AFDW sample.  
 

Response to #27 
See response to #25. Clarification was also provided in the document to point out that failing 
the AFDW is the equivalent to failing the chlorophyll-a analysis.  

 
Comment #28 
Page 6-24. In Section 6.5.1.5, the discussion does not indicate if or how the age of the septic system was 
considered, please explain.  
 

Response to #28 
The MEANSS model is a steady-state tool, it assumes that all septic systems identified are 
currently contributing wastewater to the surface waters in the watershed. This assumption may 
not be accurate for some septic systems depending on when they were built and the time it 
takes their effluent to migrate into surface waters. This is a simplifying assumption that greatly 
reduces the complexity and time necessary to provide an estimate of the nutrient loading from 
septic systems. While the steady-state assumption will overestimate the nutrient loading from 
septic systems in the short-term, the model does not account for approved but not yet 
constructed septic systems which underestimates long-term nutrient loading. These two 
assumptions are believed to roughly balance each other out for the purposes of the nutrient 
loading estimates. 

 
Comment #29 
Section 6.5.1.5. Please explain what is meant by "estimates do not take into account higher uptake 
rates" in regard to septic systems.  
 

Response to #29 
Nitrogen attenuation in the environment is a temperature dependent variable that increases 
with increasing temperatures. During the summer months there may be slightly higher nitrogen 
attenuation rates of effluent as it migrates through shallower soils that have seasonal 
temperature fluctuations. MEANSS is a steady-state model that does not account for those 
types of minor seasonal fluctuations. Due to the uncertain effluent travel times in the 
subsurface, correlating seasonal nutrient attenuation in soils with impacts to surface waters 
would not provide any additional accuracy to the model results. 

 
Comment #30 
Page 6-25. Please provide the MEANSS model described in this section.  
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Response to #30 
The MEANSS model has been incorporated into Appendix A of the Department’s draft Policy for 
Nutrient Trading – a copy of that policy can be found at 
http://deq.mt.gov/wqinfo/NutrientWorkGroup/default.mcpx. 

 
Comment #31 
Page 6-26. Please note that at the moment, the Bozeman WRF is surpassing the plant's anticipated 
design criteria for performance. It is important to recognize that, to date, the plant's new thickening and 
dewatering systems have not been put into service and because we are not returning any side-stream 
flows to the head of the plant, and the plant is significantly under loaded. The design performance for 
the facility is 7.5 mg/L TN and 1 mg/L TP. DEQ should use these values in its analysis rather than our 
short term early performance values that are not indicative of long term performance expectations. 
 

Response to #31 
A concentration-based model was developed to determine the relative contribtuitons from the 
WRF at points downstream of the discharge. The model used the design performance values of 
7.5 mg/L TN and 1.0 mg/L TP to establish the initial condition. The model was not used to 
calculate the Wasteload Allocation (WLA) for the WRF which was based on the impairment 
status of the receiving waterbody and the instream target concentrations for TN and TP in the 
Level IV Middle Rockies ecoregion. The WLA is essentially independent of existing discharge 
concentrations although it does provide flexibility should upstream assimilative capacity exist in 
the future. On the other hand, the existing treatment capabilities were taken into account when 
allowing for a somewhat lenient phased WLA implementation approach. Given the relatively 
high percentage of WRF discharge flow relative to summer river flow, DEQ encourages the city 
of Bozeman to pursue the greatest degree of nutrient removal possible to obtain the most 
benefit from the $53 million invested in the treatment plant upgrade.  

 
Comment #32 
Page 6-28. Section 6.5.2.2, including Table 6-39. Please revise the text to clarify what is meant by the 
term "allowable" in this section. Is this the allowable load in the MS4 permit or something else?  
 

Response to #32 
This was addressed in Section 6.5.2.2 in the document. Allowable load was calculated using the 
median flow in the receiving waterbody and the applicable water quality target. 

 
Comment #33 
Page 6-29. The data in Table 6-40 don't translate in a readily understandable way to the graphs shown 
on pages 6-31 to 6-35. Please explain how MDEQ translated these values to the percentages shown.  
 

Response to #33 
Table 6-40 was deleted because it did not translate well to the graphs. This was especially true 
for the East Gallatin River segments.  

 
Comment #34 
Page 6-29. Section 6.5.3, please explain what the area-based evaluation approach is and provide a 
reference. Are these from land use based export coefficients? Why are some of the entries NA, and 
what does this mean?  
 

http://deq.mt.gov/wqinfo/NutrientWorkGroup/default.mcpx
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Response to #34 
The area-based evaluation approach is outlined in Section 6.5 and further explained in 
Appendix F. 

 
Comment #35 
Page 6-30. Please provide the documentation for how the flows from the East Gallatin via Buster Gulch 
were derived and how the city's WRF flow component was determined. Similarly, please explain how 
the city's WRF flow component was determined to contribute to the Dry Creek irrigation canal. To the 
city of Bozeman's knowledge, no mixing zone study or other study has been done to determine what 
fraction of its flow makes it into these diversions, or what fraction of its nutrients makes it to their 
outlets given the irrigation uses and groundwater seepage along the route. Without this type of analysis, 
it would be impossible to say what fraction of the loads is transferred. If this analysis has been done, 
please provide it. If it has been done in the past, it most certainly would have changed with the plant's 
new outfall location.  
 

Response to #35 
A USGS mixing zone study which included analysis of the city of Bozeman WRF discharge was 
used to understand the flow characteristics immediately downstream of the outfall location 
(Cleasby, T.E. and Dodge, K.A. 1999. Effluent Mixing Characteristics below Four Wastewater 
Treatment Facilities in Southwestern Montana, 1997. Water-Resources Investigation Report 99-
4026). The outfall has since been moved further upstream but the basic findings of the research 
project are still accurate in describing mixing of the WRF discharge and the East Gallatin River 
(See response to #41). The WRF discharge is completely mixed with East Gallatin River flows 
upstream of the Buster Gulch diversion. Calculations to determine loading to Buster Gulch and 
the Dry Creek irrigation canal used channel measurements, water rights investigation, flow 
measurements, and the WRF discharges to estimate flow and load diversions to these systems 
as part of source allocation. The analysis was done to determine existing nutrient loads in 
nutrient impaired waterbodies downstream of the WRF discharge and included an assessment 
of all nutrient sources including nonpoint nutrient loads from adjoining lands and East Gallatin 
tributaries. 
 

Comment #36 
Page 6-43. Would MPDES permits written to meet this criterion also allow a 20 percent exceedance 
rate? Please clarify.  
 

Response to #36 
Upstream conditions do allow for 20% exceedance based on the binomial test statistic, such that 
when the WLA is calculated using a discharge concentration equal to the target values, this 20% 
allowable exceedance rate still exists downstream of the permitted discharge.  

 
Comment #37 
Page 6-45. Section 6.6.1.1. The reach immediately upstream of the discharge is not already consistently 
exceeding the standard. The approach applied assumes that the upstream reach always has nutrient 
concentrations greater than the selected target. The data in Section 6.4.3.6 show the upstream at times 
below the target. Bozeman should be provided a greater WLA to account for variability both in the 
upstream conditions and their treatment process. Additionally, a rate of 20-percent excursions (Section 
6.6) above the target is allowed. This should be included in the computation of the Bozeman WRF WLA 
since nutrients are not toxic and because of the variability of conditions.  
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Response to #37 
Mixing zones are not permissible when discharging to an impaired waterbody as in this 
situation. DEQ evaluated the potential implications if the reach immediately upstream of the 
discharge was delisted for a nutrient impairment and concluded that there would be no impact 
to the WRF WLA in the foreseeable future as discussed above in the response to comment #24. 
Also see response to comments #24, #25, #36 and #38.  

 
Comment #38 
Page 6-45. A "mixing zone approach is used to ensure that the discharge does not cause a standard 
violation." The city of Bozeman would like permission to implement a water quality model to develop 
appropriate wasteload allocations rather than the mixing zone approach described here. This would be 
similar to the approach that was used on the VNRP on the Clark Fork, which was approved by both DEQ 
and USEPA. This approach is a much more suitable tool to develop important wasteload values rather 
than a simple mixing zone approach which was based on extremely limited data. It is for these reasons, 
the city of Bozeman is willing to support and fund the development of a water quality model.  
 

Response to #38 
DEQ is willing to work with and support efforts by the city to collect the necessary data and 
develop a water quality model for the East Gallatin River. 

 
Comment #39 
Page 6-45. This section should mention the fact that the city of Bozeman also moved its outfall with this 
upgrade which would naturally change mixing conditions in the river and its impact on the near field 
water quality.  
 

Response to #39 
This change in outfall location was noted in Section 6.6.3.2. In a letter to Jim Lloyd, DEQ from the 
city of Bozeman dated October 29, 2007 and signed by city Engineer Rick Hixson, P.E., a request 
to revise the outfall location was outlined. From the letter: Regarding the mixing zone, the 
characteristics of the river at the proposed location are very similar to the river characteristics at 
the existing location. This suggests that the city Engineer does not agree that mixing conditions 
are substantially different at the new location.  
 
Also see response to #37. 

 
Comment #40 
Page 6-46. "There is no upper limit or load cap." This statement does not seem appropriate here. The 
idea that these numbers don't have a cap when they are so far away from what is technologically 
feasible seems disingenuous.  
 

Response to #40 
The WRF discharges to an impaired reach of the East Gallatin River. As a point source cannot 
contribute or cause an impairment, the Wasteload Allocation is equal to the end-of-pipe 
concentration equal to the instream water quality target for the Middle Rockies Level III 
ecoregion. There is no load limit or cap as long as the discharge meets the end-of-pipe 
concentration. Language has been added to Sections 6.6.1.1 that points out that even under 
phased implementation, there are no load caps if the permit limits are set based on the phased 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan - Appendix H  

3/28/13 FINAL H-17 

implementation concentrations. DEQ considers this an important clarification so that there is no 
implied growth limit on the city and so that the city can move forward with efforts to hook up 
existing septic systems to the city sewer system consistent with the goals of the TMDL LA for 
subsurface wastewater disposal.  

 
Comment #41 
Page 6-47. The sections on Total Phosphorus Discharge Limits and Total Nitrogen Discharge Limits need 
to be rewritten completely to describe the variance process. The city of Bozeman does not agree that it 
would need to have a facility designed to meet 0.07 mg/L TP and 4 mg/L TN by 2017. A facility designed 
to consistently meet those limits would represent a capital investment of more than $30 million, beyond 
the $53 million this community of 30,000 people has already invested. Given the very preliminary nature 
of the data used to develop this assessment, this section should be modified.  
 

Response to #41 
It was not the intention of DEQ to require a new facility be designed by 2017. The description of 
the phased implementation approach was rewritten prior to the public comment draft to reflect 
how DEQ anticipates the WLA for the WRF will be applied in future permit cycles and to ensure 
that it does not imply what you state above in your comment.  

 
Comment #42 
Page 6-49, Section 6.6.1.2. Regarding the stormwater permit, the justification for the TN and TP load 
reductions (22% and 46%, respectively) required for the MS4 are not adequately discussed. Please 
provide additional justification (document citation or mathematical calculation) for these values.  
 

Response to #42 
Addressed in Section 6.6.1.2 in the document and response to comments #12-#14.  
 

Comment #43 
Page 6-52. "Mass balance equations were used to reduce load estimates to reflect upgrades to the 
WRF." Again, as in the comment above mass balance equations are not the most appropriate tool for 
developing wasteload allocations intended to control algae growth. Rather, a water quality model would 
be a more appropriate tool to conduct this analysis.  
 

Response to #43 
Please see response to #45. 

 
Comment #44 
Page 6-52 and 6-53. It looks like these loads were calculated based on plant performance, rather than 
design performance as indicated above. In addition, these loads should be calculated using the 20 year 
flow for the facility, which is 13.9 MGD.  
 

Response to #44 
Loads from the WRF were calculated using design performance (7.5 mg/L TN; 1.0 mg/L TP) and 
the long-term monthly mean discharge from the facility during the period July 1 – September 30 
(5.34 MGD). The TMDL is to determine the existing condition and not some potential future 
condition.  
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Comment #45 
Page 6-53. The 139 lb/d load referenced in Table 6-44 does not match the 244.79 lb/d referenced on 
page 6-26 and cannot be readily made congruent with Table 6-46. Please explain the discrepancy. 
Appendix F doesn't seem to clearly explain the loading from the WRF on various segments of the East 
Gallatin.  
 

Response to #45 
Initially, the East Gallatin TMDLs were created using all data collected in a given segment and 
allocated based on the results of a source assessment. The results of the 2011 WRF upgrade on 
instream nutrient loads were identified using a mass balance approach. Subsequent reviews 
identified the shortfalls inherent to this approach, such as not accounting directly for losses in 
load and streamflow via irrigation diversions. The most recent version of the TMDLs for the East 
Gallatin River used a concentration reduction model to determine the relative allocation to the 
WRF and determine the loss of dissolved nutrient concentrations at distances downstream of 
the WRF outfall. This approach has identified sample locations on the East Gallatin River that 
best represent hydrologic and water quality conditions on a given segment. Data from these 
points were used to determine the existing load in a segment. In this way, the East Gallatin 
TMDLs were recalculated and more clearly defined. The new TMDL tables are in Section 6.6.3 
and an explanation of the model may be found in Appendix G.  

 
Comment #46 
Page 6-54. Please explain how the city of Bozeman's existing TN and TP loads increase in the Lower 
Section of the River (257.37 lb/d, 39.55 lb/d) when compared to the middle section of the River (138 
lb/d, 3.78 lb/d).  
 

Response to #46 
This was due to the original approach used to calculate the existing load on each segment using 
instream data which did not adequately account for irrigation diversions and returns. The tables 
and calculations were redone using a different method. Please see response to #45. 

 
Comment #47 
Page 6-53. In Table 6-44, A TN allocation of 8.32 is not technologically feasible for the city of Bozeman 
WRF to achieve. Similarly, a TP allocation of 0.73 lb/d is not achievable in Table 6-45. Please provide an 
asterisk adjacent to these values and provide the current performance value and the technologically 
achievable value in a footnote so this is clear to the reader. The same comment applies to allocations for 
the WRF shown in Tables 6-48 and 6-49.  
 

Response to #47 
This is a good suggestion. Additional clarification was added to Tables 6-43 through 6-48 in 
Section 6.6.3 in the document. 

 
Comment #48 
Page 6-53. Table 6-44 calls for the city of Bozeman to further reduce its TN load by 94%. This seems like 
an inequitable distribution of reduction in the nutrient load in this watershed, given the significant 
financial investment the city has recently made. In fact, as shown in Table 6-44, subsurface dischargers 
would be allowed to discharge 15.7 lb/d TN with 0% reduction called for, while the city of Bozeman and 
its 30,000 residents are allowed only 8.32 lb/d TN.  
 



Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan - Appendix H  

3/28/13 FINAL H-19 

Response to #48 
In Montana administrative rule, point sources cannot contribute or cause an impairment and if 
discharged to an impaired waterbody, must effectively meet the instream water quality target 
at the end-of-pipe. The current load from the WRF needs to be reduced to meet the end-of-pipe 
water quality target for the Middle Rockies Level II ecoregion. Subsurface dischargers including 
septic tanks are not regulated under MPDES. As discussed within responses to Comments #3 
and #5 and within Section 6.6.1.1 of this document, a phased WLA implementation is included 
in the document to address your above concerns.  

 
Comment #49 
Page 6-53. Please explain how the "Subsurface Wastewater Treatment and Disposal" was derived. It 
does not appear to include a load from the leaking Riverside lagoons, which could represent a significant 
N and P, as well as an E. coli load to the River.  
 

Response to #49 
The Riverside Subdivision was included in the MEANSS model based on county and DEQ data as 
a septic source. However, estimates from the load from the failing lagoon at the Riverside 
Subdivision were made based on available data and leakage rates from the system (Section 
6.5.1.5; Appendix F). Water quality influent data from the Amsterdam-Churchill system was 
used instead of the reported water quality data from Riverside which was deemed suspect. 
Estimated loads were compared with the synoptic water quality sampling in the river. Average 
wastewater flow is 20,000 gpd at the facility. A site visit by Montana DEQ estimated that Pond 2 
is leaking ~20,000 gpd (0.031 cfs). The load estimate assumed that the retention time at the 
facility if 75% of the current minimum of 105 days which equals 79 days. The influent 
concentration is assumed to be reduced to 25.16 mg/L for TN based on the reduction formula 
(influent concentration * exp(-0.0075*Retention time) and TP reduced to 32.29 mg/L based on a 
30% reduction in the system. These estimates were based on discussions with DEQ engineers.  
 
If we assume that there is a pipe of the Riverside effluent directly to the river with no reduction; 
the load would be 7.58 lbs TN/day (3% of WRF load) and 7.69 lbs TP/day (31% of WRF load). 
However, there is uptake and reduction and some retention time in the system. Most telling, 
synoptic sampling downstream of the WRF outfall does not support these loads in the river 
downstream of the Riverside Subdivision.  
 
Essentially, the system was looked at in the MEANSS model and in a separate analysis. Synoptic 
sampling did not observe large load increases in samples collected in the vicinity of the Riverside 
Subdivision. 

 
Comment #50 
Page 6-66. "DEQ assumed that sampling data for each waterbody segment represents conditions in each 
segment. Most segments have less than the desired 12 samples, which increases the uncertainty of the 
representativeness of the data." This is exactly why we believe DEQ should delay finalization of this 
document until better data and  stream modeling can be completed to ensure the conclusions it draws 
are sound.  
 

Response to #50 
As outlined in responses to #4 and #6, DEQ has encouraged the city of Bozeman to pursue a 
water quality sampling plan and development of a water quality model. The 12 samples 
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represents a minimum sample size for planning purposes. Impairment determinations can be 
made with fewer samples if enough values above target concentrations exist.  

 
Comment #51 
Page 6-66. "DEQ assumed that background concentrations are less than the target values, and based on 
sample data upstream of known sources, this appears to be true. However it is possible that target 
values are naturally exceeded during certain times..." It is interesting to note that the source water to 
the city of Bozeman drinking water facility, with an average TP concentration of 0.06 mg/L would not be 
clean enough to discharge to the East Gallatin from its wastewater facility.  
 

Response to #51 
It is possible that target values are naturally exceeded during certain times and is the very 
reason that a 20% exceedance rate is allowed and not allocated to any single pollutant source. 
This is the margin of safety in the TMDL. The TP target for Bozeman Creek above the Limestone 
Creek confluence is 0.06 mg/L but ambient instream TP concentrations are less than 0.06 mg/L 
TP. In the Lower Gallatin TMDL project area, water quality target development did account for 
streams receiving natural flows from the Level IV Absaroka-Gallatin-Volcanics ecoregion. 
Artificial or man-made conveyance structures such as irrigation canals or municipal water 
supplies were not used to develop water quality targets.  

 
Comment #52 
Page 6-67. "One other area of uncertainly is the contribution from septic tanks." We also suggest that 
the existing Riverside sanitary sewer district load should be a component of this calculation. 
Groundwater sampling for both TN and TP should be taken to better characterize this load. If 
groundwater data was used in this calculation, please provide it.  
 

Response to #52 
The Riverside Water and Sewer District loading to groundwater was included within the 
subsurface wastewater discharge source category as also discussed in response to #49.  
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1.0 INTRODUCTION 

The Lower Gallatin TMDL Planning Area (TPA) encompasses an area of approximately 997 square miles 
in Gallatin County in southwestern Montana. The Lower Gallatin TPA is within the fourth-level 
hydrologic unit code (HUC) 10020008 and  includes the area of the Gallatin River watershed extending 
from the confluence with Spanish Creek at the northern end of Gallatin Canyon downstream to where 
the Gallatin River joins the Madison and Jefferson rivers to form the Missouri River. The Lower Gallatin 
TPA also includes the entire East Gallatin River watershed.  
 
Under Montana law, an impaired water body is defined as a water body for which sufficient and credible 
data indicates non-compliance with applicable water quality standards (MCA 75-5-103).  Section 303 of 
the Federal Clean Water Act requires states to submit a list of impaired water bodies or stream 
segments to the U.S. Environmental Protection Agency (EPA) every two years.  The Montana Water 
Quality Act further directs states to develop TMDLs for all water bodies appearing on the 303(d) list as 
impaired or threatened by “pollutants”  (MCA 75-5-703).  
 
Within the Lower Gallatin TPA, there are 11 water body segments listed on the 2012 303(d) List for 
sediment-related impairments. Two of the water bodies, Camp Creek and Godfrey Creek, are tributaries 
to the Gallatin River. The other nine water bodies are tributaries to the East Gallatin River, and they 
include Bear Creek, Bozeman (Sourdough) Creek, Dry Creek, Jackson Creek, Reese Creek, Rocky Creek, 
Smith Creek, Stone Creek, and Thompson Springs Creek. South Cottonwood Creek, a tributary to the 
Gallatin River, is not listed as impaired for sediment, but contains a DEQ reference site and is included to 
provide reference data.  
 
A detailed sediment and habitat assessment of streams in the Lower Gallatin TPA was conducted to 
facilitate development of sediment TMDLs. During this assessment, streams were first analyzed in GIS 
using color aerial imagery and broken into similar reaches based on landscape characteristics. Following 
the aerial assessment reach stratification process, field data was collected at 30 monitoring sites during 
August, 2009. Field data collected during this effort was then used to quantify the existing condition of 
streams within the Lower Gallatin TPA and to estimate sediment loads from eroding streambanks to 
facilitate the development of sediment TMDLs.  
 
The three main components of this project are presented in the following sections: aerial assessment 
reach stratification, sediment and habitat assessment, and streambank erosion assessment. 
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2.0 AERIAL ASSESSMENT REACH STRATIFICATION 

2.1 METHODS 
An aerial assessment of streams in the Lower Gallatin TPA was conducted using National Agricultural 
Imagery Program (NAIP) color imagery from 2005 in GIS along with other relevant data layers, including 
the National Hydrography Dataset (NHD) 1:100,000 stream layer and United States Geological Survey 
1:24,000 Topographic Quadrangle Digital Raster Graphics.  GIS data layers were used to stratify streams 
into distinct reaches based on landscape and land-use factors following techniques described in 
Watershed Stratification Methodology for TMDL Sediment and Habitat Investigations (DEQ, 2008).  
 
The reach stratification methodology involves breaking a water body stream segment into stream 
reaches and sub-reaches. Montana DEQ tracks stream health by stream segment, which may 
encompass the entire stream or just a portion of the stream. Each of the stream segments in the Lower 
Gallatin TPA was initially divided into distinct reaches based on four landscape factors: ecoregion, valley 
gradient, Strahler stream order, and valley confinement. Stream reaches classified by these four criteria 
were then further divided into sub-reaches based on the surrounding vegetation and land-use 
characteristics, including predominant vegetation type, adjacent land-use, riparian health, 
anthropogenic influences on streambank erosion, level of development, and the presence of 
anthropogenic (human) activity within 100 feet of the stream channel. This resulted in a series of stream 
reaches and sub-reaches delineated based on landscape and land-use factors which were compiled into 
an Aerial Assessment Database for the Lower Gallatin TPA.  
 
2.1.1 Reach Types 
The aerial assessment reach stratification process involved dividing each stream segment into distinct 
reaches based on four landscape factors: ecoregion, valley gradient, Strahler stream order, and valley 
confinement. Each individual combination of the four landscape factors is referred to as a “reach type” 
in this report based on the following definition: 
 

Reach Type  - Unique combination of ecoregion, gradient, Strahler stream order and 
confinement 

Reach types were described using the following naming convention based on the reach type identifiers 
presented in Table 2-1:  
 

Level III Ecoregion – Valley Gradient – Strahler Stream Order – Confinement 
 
Table 2-1. Reach Type Identifiers. 

Landscape Factor Stratification Category Reach Type Identifier 
Level III Ecoregion Middle Rockies MR 

Valley Gradient 0-<2% 0 
2-<4% 2 

4-<10% 4 
>10% 10 

Strahler Stream Order first order 1 
second order 2 

third order 3 
fourth order 4 
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Confinement unconfined U 
confined C 

 
Thus, a stream reach identified as MR-0-3-U is a low gradient (0-<2%), 3rd order, unconfined stream in 
the Middle Rockies Level III ecoregion. 
 

2.2 RESULTS 
A total of 121 reaches were delineated during the aerial assessment reach stratification process covering 
116.4 miles of stream, excluding South Cottonwood Creek, which was assessed for potential reference 
conditions (Table 2-2). Based on the level III ecoregion, there were a total of 20 distinct reach types 
delineated in the Lower Gallatin TPA. The complete Aerial Assessment Database is provided in 
Attachment AA. 
 
Table 2-2. Aerial Assessment Stream Segments. 

Water Body Segment Number of 
Reaches 

Number of 
Reaches and 
Sub-Reaches 

Length 
(Miles) 

Bear Creek 28 34 10.1 
Bozeman Creek 18 26 15.8 
Camp Creek 15 51 25.3 
Dry Creek 12 29 16.2 
Godfrey Creek 3 5 7.1 
Jackson Creek 11 19 7.8 
Reese Creek 15 23 7.4 
Rocky Creek 7 16 7.5 
Smith Creek 1 6 6.3 
Stone Creek 13 21 5.6 
Thompson Creek 2 9 7.2 
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3.0 SEDIMENT AND HABITAT ASSESSMENT 

3.1 METHODS 
Sediment and habitat data was collected following the approach described in Longitudinal Field 
Methods for the Assessment of TMDL Sediment and Habitat Impairments (DEQ, 2009a). Field monitoring 
sites were typically selected in relatively low-gradient portions of the study streams where sediment 
deposition is likely to occur. Other considerations in selecting field monitoring sites included 
representativeness of the reach to other reaches of the same slope, order, confinement and ecoregion, 
the extent of anthropogenic impacts relative to other reaches, and ease of access, as outlined in Lower 
Gallatin River TMDL Planning Area Sediment Monitoring Sampling and Analysis Plan (DEQ, 2009b).  
 
Sediment and habitat assessments were performed at 30 field monitoring sites, which were selected 
based on the aerial assessment in GIS and on-the-ground reconnaissance. Sediment and habitat data 
was collected within nine reach types, with the complete sediment and habitat assessment performed 
at 23 monitoring sites and only the streambank erosion portion of the assessment performed at seven 
sites (Table 3-1, Figures 3-1 and 3-2). Monitoring sites were assessed progressing upstream and the 
length of the monitoring site was based on the bankfull channel width. A monitoring site length of 500 
feet was used at five sites in which the bankfull width was less than 10 feet and a monitoring site length 
of 1,000 feet was used at 25 sites in which the bankfull width was between 10 feet and 50 feet. Each 
monitoring site was divided into five equally sized study cells in which a series of sediment and habitat 
measurements were performed. Study cells were numbered 1 through 5 progressing in an upstream 
direction. The following sections provide brief descriptions of the various field methodologies employed 
during the sediment and habitat assessment. A more in-depth description of the methods is available in 
Longitudinal Field Methods for the Assessment of TMDL Sediment and Habitat Impairments (DEQ, 
2009a). 
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Table 3-1. Reach Types and Monitoring Sites. 

Reach Type Number of 
Reaches 

Number of 
Monitoring Sites  

Monitoring Sites 

MR-0-4-C 1     
MR-2-3-C 1     
MR-4-3-U 1     
MR-10-2-U 1     
MR-0-3-C 2     
MR-2-4-U 2     
MR-10-1-C 3     
MR-0-1-U 4 1 THOM01-04* 
MR-2-2-C 4 2 BEAR18-01, STON08-01 
MR-2-1-U 5     
MR-4-1-C 5 1 JACK04-01 
MR-4-2-C 5     
MR-2-3-U 6 2 SCOT25-02, CAMP13-02* 
MR-10-1-U 7     
MR-0-4-U 8 6 CAMP15-04, DRY12-06, REES15-06, ROCK03-01, 

SMIT01-05, ROCK07-03* 
MR-4-1-U 10     
MR-4-2-U 10 1 BEAR20-01 
MR-0-3-U 13 9 BEAR26-02, BOZE18-04, CAMP14-05, CAMP14-12, 

DRY09-05, GOD03-01, ROCK02-01, SCOT31-02, 
BOZE18-05* 

MR-0-2-U 14 5 BOZE14-01, GOD02-01, REES06-01, THOM02-03, 
BOZE15-01* 

MR-2-2-U 19 3 JACK10-02, STON13-02, STON11-02* 
*Streambank erosion assessment only. 
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Figure 3-1. Aerial Assessment Reach Stratification. 
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Figure 3-2. Aerial Assessment Reach Types. 
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3.1.1 Channel Form and Stability Measurements 
Channel form and stability measurements include the field determination of bankfull, channel cross-
sections, floodprone width, and surface water slope. 
 
3.1.1.1 Field Determination of Bankfull 
The bankfull elevation was determined for each monitoring site. Bankfull is a concept used by 
hydrologists to define a regularly occurring channel-forming high flow. One of the first generally 
accepted definitions of bankfull was provided by Dunne and Leopold (1978):  
 

“The bankfull stage corresponds to the discharge at which channel maintenance is the most 
effective, that is, the discharge at which moving sediment, forming or removing bars, forming or 
changing bends and meanders, and generally doing work that results in the average 
morphologic characteristics of channels.” 

 
Indicators that were used to estimate the bankfull elevation included scour lines, changes in vegetation 
types, tops of point bars, changes in slope, changes in particle size and distribution, staining of rocks, 
and inundation features. Multiple locations and bankfull indicators were examined at each site to 
determine the bankfull elevation, which was then applied during channel cross-section measurements.  
 
3.1.1.2 Channel Cross-sections  
Channel cross-section measurements were performed at the first riffle in each cell using a line level and 
a measuring rod. At each cross-section, depth measurements at bankfull were performed across the 
channel at regular intervals, which varied depending on channel width. The thalweg depth was recorded 
at the deepest point of the channel independent of the regularly spaced intervals.  
 
3.1.1.3 Floodprone Width Measurements 
The floodprone elevation was determined by multiplying the maximum depth value by two (Rosgen, 
1996). The floodprone width was then measured by stringing a tape from the bankfull channel margin 
on both the right and left banks until the tape (pulled tight and “flat”) touched the ground at the 
floodprone elevation. When dense vegetation or other features prevented a direct line of tape from 
being strung, the floodprone width was estimated by pacing or making a visual estimate.  
 
3.1.1.4 Water Surface Slope 
Water surface slope measurements were estimated using a clinometer. This measurement was used to 
evaluate the slope assigned in GIS based on the aerial assessment. The field measured slope was used 
when evaluating the Rosgen stream type at each monitoring site. 
 
3.1.2 Fine Sediment Measurements 
Fine sediment measurements include the riffle pebble count, riffle grid toss, pool tail-out grid toss, and 
the riffle stability index. 
 
3.1.2.1 Riffle Pebble Count 
One Wolman pebble count (Wolman, 1954) was performed at the first riffle encountered in cells 1, 3 
and 5, providing a minimum of 300 particles measured within each assessment reach. Particle sizes were 
measured along their intermediate length axis (b-axis) and results were grouped into size categories. 
The pebble count was performed from bankfull to bankfull using the “heel to toe” method.  
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3.1.2.2 Riffle Grid Toss 
The riffle grid toss was performed at the same location as the pebble count measurement. The riffle grid 
toss measures fine sediment accumulation on the surface of the streambed. Grid tosses were performed 
prior to the pebble count to avoid disturbances to surface fine sediments.  
 
3.1.2.3 Pool Tail-out Grid Toss 
A measurement of the percent of fine sediment in pool tail-outs was taken using the grid toss method at 
each pool in which potential spawning gravels were identified. Three measurements were taken in each 
pool with appropriate sized spawning gravels using a 49-point grid. The spawning potential was 
recorded as “Yes” (Y) or “Questionable” (Q). No grid toss measurements were made when the substrate 
was observed to be too large to support spawning. Grid toss measurements were performed when the 
substrate was observed to be too fine to support spawning since the goal of this assessment is to 
quantify fine sediment accumulation in spawning areas. 
 
3.1.2.4 Riffle Stability Index  
In streams that had well-developed point bars, a Riffle Stability Index (RSI) evaluation was performed. 
For streams in which well-developed point bars were present, a total of three RSI measurements were 
conducted, which consisted of intermediate axis (b-axis) measurements of 15 particles determined to be 
among the largest size group of recently deposited particles that occur on over 10% of the point bar. 
During post-field data processing, the riffle stability index was determined by calculating the geometric 
mean of the dominant bar particle size measurements and comparing the result to the cumulative 
particle distribution from the riffle pebble count in an adjacent or nearby riffle. 
 
3.1.3 Instream Habitat Measurements 
Instream habitat measurements include channel bed morphology, residual pool depth, pool habitat 
quality and woody debris quantification. 
 
3.1.3.1 Channel Bed Morphology 
The length of each monitoring site occupied by pools and riffles was recorded progressing in an 
upstream direction. The upstream and downstream stations of “dominant” riffle and pool features were 
recorded. Features were considered “dominant” when occupying over 50% of the bankfull channel 
width.  
 
3.1.3.2 Residual Pool Depth 
At each pool encountered, the maximum depth and the depth of the pool tail crest at its deepest point 
was measured. The difference between the maximum depth and the tail crest depth is considered the 
residual pool depth. No pool tail crest depth was recorded for dammed pools. 
 
3.1.3.3 Pool Habitat Quality 
Qualitative assessments of each pool feature were undertaken, including pool type, size, formative 
feature, and cover type, along with the depth of any undercut banks associated with the pool. The total 
number of pools was also quantified. 
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3.1.3.4 Woody Debris Quantification 
The amount of large woody debris (LWD) within each monitoring site was recorded. Large pieces of 
woody debris located within the bankfull channel that were relatively stable so as to influence the 
channel form were counted as either single, aggregate or “willow bunch”.  A single piece of large woody 
debris was counted when it was greater than 9 feet long or spanned two-thirds of the wetted stream 
width, and 4 inches in diameter at the small end (Overton et al., 1997).   
 
3.1.4 Riparian Health Measurements 
Riparian health measurements include the riparian greenline assessment. 
 
3.1.4.1 Riparian Greenline Assessment  
Along each monitoring site, an assessment of riparian vegetation cover was performed. Vegetation 
types were recorded at 10 to 20-foot intervals, depending on the bankfull channel width. The riparian 
greenline assessment described the general vegetation community type of the groundcover, understory 
and overstory on both banks. At 50-foot intervals, the riparian buffer width was estimated on either side 
of the channel. The riparian buffer width corresponds to the belt of vegetation buffering the stream 
from adjacent land uses.   
 

3.2 RESULTS 
In the Lower Gallatin TPA, sediment and habitat parameters were assessed in August, 2009 at 30 
monitoring sites. Out of the 20 reach types delineated in GIS, sediment and habitat assessments were 
performed in nine reach types, with a focus on low gradient reach types. A statistical analysis of the 
sediment and habitat data is presented by reach type and for individual monitoring sites in the following 
sections. The complete sediment and habitat dataset is presented in Attachment AB. 
 
3.2.1 Reach Type Analysis 
This section presents a statistical analysis of sediment and habitat base parameters for each of the reach 
types assessed in the Lower Gallatin TPA. Reach type discussions are based on median values, while 
summary statistics for the minimum, 25th percentile, 75th percentile and maximum values are also 
provided since these may be more applicable for developing sediment TMDL criteria. Sediment and 
habitat base parameter analysis is provided by reach type for the following parameters: 
 

● width/depth ratio 
● entrenchment ratio 
● riffle pebble count <2mm 
● riffle pebble count <6mm 
● riffle grid-toss <6mm 
● pool tail-out grid toss <6mm 
● residual pool depth 
● pool frequency 
● LWD frequency 
● greenline understory shrub cover 
● greenline bare ground 
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3.2.1.1 Width/Depth Ratio 
The channel width/depth ratio is defined as the channel width at bankfull height divided by the mean 
bankfull depth (Rosgen, 1996). The channel width/depth ratio is one of several standard measurements 
used to classify stream channels, making it a useful variable for comparing conditions between reaches 
with the same stream type (Rosgen, 1996). A comparison of observed and expected width/depth ratios 
is also a useful indicator of channel over-widening and aggradation, which are often linked to excess 
streambank erosion and/or sediment inputs from sources upstream of the study reach. Channels that 
are over-widened are often associated with excess sediment deposition and streambank erosion, 
contain shallower and warmer water, and provide fewer deepwater habitat refugia for fish.  
 
Median width/depth ratios for assessed reach types ranged from 11.1 in MR-2-2-C to 17.9 in MR-2-3-U 
(Figure 3-3, Table 3-2). In the Lower Gallatin TPA, the width/depth ratio tends to increase as stream 
order increases. 
 
Figure 3-3. Width/Depth Ratio. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
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Table 3-2. Width/Depth Ratio. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 14 39 21 10 10 4 4 102
Minimum 5.6 8.9 8.0 8.9 10.7 14.4 10.3 5.6

25th Percentile 9.3 11.2 12.9 10.0 12.7 15.7 10.6 11.0
Median 12.2 13.9 14.9 11.1 13.6 17.9 11.3 13.8

75th Percentile 15.7 17.8 20.4 12.9 20.7 19.8 13.7 18.3
Maximum 57.0 48.6 33.3 17.4 26.0 20.0 19.0 57.0

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type

 
 
3.2.1.2 Entrenchment Ratio 
A stream’s entrenchment ratio is equal to the floodprone width divided by the bankfull width (Rosgen, 
1996). The entrenchment ratio is used to help determine if a stream shows departure from its natural 
stream type and is an indicator of stream incision that describes how easily a stream can access its 
floodplain. Streams can become incised due to detrimental land management activities or may be 
naturally incised due to landscape characteristics. A stream that is overly entrenched generally is more 
prone to streambank erosion due to greater energy exerted on the banks during flood events. Greater 
scouring energy along incised channels results in higher sediment loads derived from eroding banks. If 
the stream is not actively degrading (down-cutting), the sources of human caused incision may be 
historical in nature, though sediment loading may continue to occur. The entrenchment ratio is an 
important measure of channel conditions since it relates to sediment loading and habitat condition.   
 
The median entrenchment ratio for assessed reach types ranged from 1.8 in MR-0-3-U to 7.2 in MR-2-2-
C (Figure 3-4, Table 3-3).   
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Figure 3-4. Entrenchment Ratio. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
 
Table 3-3. Entrenchment Ratio. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 14 39 21 10 10 4 4 102
Minimum 1.5 1.0 1.3 1.7 1.8 1.5 1.2 1.0

25th Percentile 2.1 1.4 2.4 5.8 2.2 1.8 1.7 1.8
Median 2.9 1.8 4.9 7.2 4.7 2.0 1.9 2.6

75th Percentile 3.6 2.8 12.8 8.2 8.4 2.1 2.4 5.9
Maximum 8.1 14.1 19.5 9.3 9.3 2.1 3.8 19.5

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type

 
 
3.2.1.3 Riffle Pebble Count <2mm 
Percent surface fine sediment provides a good measure of the siltation occurring in a river system. 
Surface fine sediment measured using the Wolman (1954) pebble count method is one indicator of 
aquatic habitat condition and can signify excessive sediment loading. The Wolman pebble count 
provides a survey of the particle distribution of the entire channel width, allowing investigators to 
calculate a percentage of the surface substrate (as frequency of occurrence) composed of fine sediment. 
 
Median values for the percent of fine sediment <2mm based on riffle pebble counts ranged from 2% in 
MR-2-2-C and MR-2-3-U to 19% in MR-4-1-C (Figure 3-5, Table 3-4). 
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Figure 3-5. Riffle Pebble Count <2mm. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
 
Table 3-4. Riffle Pebble Count <2mm. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 12 24 13 6 6 3 3 67
Minimum 0 0 1 1 0 2 9 0

25th Percentile 7 6 7 1 3 2 14 4
Median 14 9 12 2 4 2 19 8

75th Percentile 21 17 13 3 6 3 19 15
Maximum 31 57 25 5 7 4 20 57

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type
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3.2.1.4 Riffle Pebble Count <6mm 
As with surface fine sediment <2mm, an accumulation of surface fine sediment <6mm may indicate 
excess sedimentation. Median values for the percent of fine sediment <6mm based on pebble counts 
conducted in riffles ranged from 3% in MR-2-3-U to 22% in MR-4-1-C (Figure 3-6, Table 3-5). The percent 
of fine sediment <6mm followed the same general trend as the percent of fine sediment <2mm. 
 
Figure 3-6. Riffle Pebble Count <6mm. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
 
Table 3-5. Riffle Pebble Count <6mm. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 12 24 13 6 6 3 3 67
Minimum 4 0 3 1 1 2 15 0

25th Percentile 12 8 8 2 3 2 18 5
Median 17 12 14 4 4 3 22 12

75th Percentile 26 20 16 5 7 4 22 18
Maximum 37 82 26 6 9 5 23 82

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type
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3.2.1.5 Riffle Grid Toss <6mm 
The riffle grid toss is a standard procedure frequently used in aquatic habitat assessment that provides 
complimentary information to the Wolman pebble count. Median values for riffle grid toss fine 
sediment <6mm in the Lower Gallatin TPA range from 1% in MR-2-3-U to 19% in MR-4-1-C (Figure 3-7, 
Table 3-6). 
 
Figure 3-7. Riffle Grid Toss Fine Sediment <6mm. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
 
Table 3-6. Riffle Grid Toss Fine Sediment <6mm. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 12 24 13 6 6 3 3 67
Minimum 2 0 0 1 0 1 1 0

25th Percentile 5 7 3 3 2 1 10 3
Median 12 15 10 4 3 1 19 8

75th Percentile 24 22 14 6 5 1 21 17
Maximum 88 95 22 10 14 1 24 95

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type
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3.2.1.6 Pool Tail-out Grid Toss <6mm 
Grid toss measurements in pool tail-outs provide a measure of fine sediment accumulation in potential 
spawning sites, which may have detrimental impacts on aquatic habitat by cementing spawning gravels, 
preventing flushing of toxins in egg beds, reducing oxygen and nutrient delivery to eggs and embryos, 
and impairing emergence of fry (Meehan 1991). Weaver and Fraley (1991) observed a significant inverse 
relationship between the percentage of material less than 6.35mm and the emergence success of 
westslope cutthroat trout and bull trout. 
 
Median values for pool tail-out grid toss fine sediment <6mm range from 2% in MR-2-3-U to 64% in MR-
4-1-C (Figure 3-8, Table 3-7). 
 
Figure 3-8. Pool Tail-out Grid Toss <6mm. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
 
Table 3-7. Pool Tail-out Grid Toss <6mm. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 14 38 14 5 6 2 2 81
Minimum 4 3 2 6 3 1 44 1

25th Percentile 6 14 10 6 6 2 54 8
Median 9 28 17 16 9 2 64 18

75th Percentile 17 75 20 28 11 3 73 37
Maximum 88 100 57 34 16 3 83 100

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type
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3.2.1.7 Residual Pool Depth 
Residual pool depth, defined as the difference between the maximum depth and the tail crest depth, is 
a discharge-independent measure of pool depth and an indicator of the quality of pool habitat. Deep 
pools are important resting and hiding habitat for fish, and provide refugia during temperature extremes 
and high flow periods. Residual pool depth is also an indirect measurement of sediment inputs to 
streams since an increase in sediment loading would be expected to cause pools to fill, thus decreasing 
residual pool depth over time.   
 
Median residual pool depths ranged from 0.7 feet in MR-0-2-U, MR-2-3-U and MR-4-1-C to 1.6 feet in 
MR-0-4-U (Figure 3-9, Table 3-8). This analysis indicates that the deepest pools are found in low gradient 
4rd order streams and that residual pool depth tends to increase as stream order increases in the Lower 
Gallatin TPA.  
 
Figure 3-9. Residual Pool Depth. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
 
Table 3-8. Residual Pool Depth. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 37 95 36 27 34 10 10 249
Minimum 0.3 0.4 0.6 0.4 0.4 0.3 0.4 1

25th Percentile 0.6 0.9 1.0 0.8 0.7 0.6 0.5 8
Median 0.7 1.0 1.6 0.9 1.1 0.7 0.7 18

75th Percentile 0.9 1.5 2.1 1.4 1.4 1.0 0.8 37
Maximum 2.7 3.2 4.1 2.1 2.8 1.2 1.2 100

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type
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3.2.1.8 Pool Frequency 
Pool frequency is a measure of the availability of pools to provide rearing habitat, cover, and refugia for 
salmonids. Pool frequency is related to channel complexity, availability of stable obstacles, and sediment 
supply. Excessive erosion and sediment deposition can reduce pool frequency by filling in smaller pools. 
Pool frequency can also be adversely affected by riparian habitat degradation resulting in a reduced 
supply of large woody debris or scouring from stable root masses in streambanks.  
 
The median value for the number of pools per 1,000 feet ranged from six (MR-0-4-U) to 18 (MR-2-2-U) 
(Figure 3-10, Table 3-9). Pool frequency tends to decrease as gradient decreases and stream order 
increases in the Lower Gallatin TPA. 
 
Figure 3-10. Pools per 1000 Feet. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
 
Table 3-9. Pools per 1000 feet. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 4 8 5 2 2 1 1 23
Minimum 4 2 3 11 16 13 10 2

25th Percentile 9 12 5 12 17 13 10 9
Median 15 15 6 14 18 13 10 13

75th Percentile 23 17 7 15 19 13 10 17
Maximum 34 18 15 16 20 13 10 34

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type

 
Reach types with only one monitoring site denoted in blue italics. 
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Pool frequency data is also provided as pools per mile in Table 3-10 for future TMDL applications. 
 
Table 3-10. Pools per Mile. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
Minimum 21 11 16 58 84 66 53 11

25th Percentile 45 62 26 65 90 66 53 45
Median 79 77 32 71 95 66 53 66

75th Percentile 124 91 37 78 100 66 53 87
Maximum 180 95 79 84 106 66 53 180

Statistical Parameter
Reach Type

 
Reach types with only one monitoring site denoted in blue italics. 
 

3.2.1.9 Large Woody Debris Frequency 
Large woody debris (LWD) is a critical component of high-quality salmonid habitat, providing habitat 
complexity, quality pool habitat, cover, and long-term nutrient inputs. LWD also constitutes a primary 
influence on stream function, including sediment and organic material transport, channel form, bar 
formation and stabilization, and flow dynamics (Bilby and Ward, 1989). LWD frequency can be measured 
and compared to reference reaches or literature values to determine if more or less LWD is present than 
would be expected under optimal conditions.  
 
The median value for the amount of large woody debris (LWD) per 1,000 feet ranged from four in MR-0-
4-U to 76 in MR-4-1-C (Figure 3-11, Table 3-11). Note that “willow bunches” assigned in the field were 
tallied as large woody debris. Thus, this analysis makes no distinction as to the size of the woody 
material. 
 
Figure 3-11. Large Woody Debris per 1000 Feet. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
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Table 3-11. Large Woody Debris per 1000 Feet. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 4 8 5 2 2 1 1 23
Minimum 0 2 0 27 55 68 76 0

25th Percentile 0 7 1 33 61 68 76 5
Median 15 14 4 38 66 68 76 15

75th Percentile 30 23 5 44 72 68 76 45
Maximum 30 82 7 49 77 68 76 82

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type

 
Reach types with only one monitoring site denoted in blue italics. 
 
Data is also provided as large woody debris per mile in Table 3-12 for future TMDL applications. 
 
Table 3-12. Large Woody Debris per Mile. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
Minimum 0 11 0 143 290 356 401 0

25th Percentile 0 34 5 172 319 356 401 24
Median 79 74 21 201 348 356 401 79

75th Percentile 158 121 26 230 378 356 401 238
Maximum 158 433 37 259 407 356 401 433

Statistical Parameter
Reach Type

 
Reach types with only one monitoring site denoted in blue italics. 
 
3.3.1.10 Greenline Understory Shrub Cover 
 
Riparian shrub cover is an important influence on streambank stability. Unfortunately, riparian shrub 
density data collected in the Lower Gallatin TPA was found to be in error at 17 out of the 23 assessed 
sites, which prevents a reach type analysis. Monitoring site analysis is provided in Section 3.2.2.11 for 
sites in which the data was determined to be correct.  
 
3.2.1.11 Greenline Bare Ground 
 
Percent bare ground is an important indicator of erosion potential, as well as an indicator of land 
management influences on riparian habitat. Bare ground was noted in the greenline inventory in cases 
where recent ground disturbance has resulted in exposed bare soil. Bare ground is often caused by 
trampling from livestock or wildlife, fallen trees, recent bank failure, new sediment deposits from 
overland or overbank flow, or severe disturbance in the riparian area, such as from past mining, road-
building, or fire. Ground cover on streambanks is important to prevent sediment recruitment to stream 
channels since sediment can wash in from unprotected areas during snowmelt, storm runoff and 
flooding. Bare areas are also much more susceptible to erosion from hoof shear. Most stream reaches 
have a small amount of naturally-occurring bare ground. As conditions are highly variable, this 
measurement is most useful when compared to reference values from best available conditions within 
the study area or literature values. 
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The median value for greenline bare ground was 0% in all of the reach types except MR-2-2-U, which 
had a median value of 6% (Figure 3-12, Table 3-13). 
 
Figure 3-12. Greenline Bare Ground. 

 
Reach types with only one monitoring site denoted in blue. Reach types with greater than one monitoring site denoted in red. 
 
Table 3-13. Greenline Bare Ground. 

MR-0-2-U MR-0-3-U MR-0-4-U MR-2-2-C MR-2-2-U MR-2-3-U MR-4-1-C entire dataset
# of Monitoring Sites 4 8 5 2 2 1 1 23

Sample Size 18 39 25 10 10 4 5 111
Minimum 0 0 0 0 0 0 0 0

25th Percentile 0 0 0 0 1 0 0 0
Median 0 0 0 0 6 0 0 0

75th Percentile 0 6 0 0 10 1 3 3
Maximum 5 38 5 3 30 3 3 38

Monitoring Sites BOZE14-01, 
GOD02-01, 
REES06-01, 
THOM02-03

BEAR26-02, 
BOZE18-04, 
CAMP14-05, 
CAMP14-12, 
DRY09-05, 
GOD03-01, 

ROCK02-01, 
SCOT31-02

CAMP15-04, 
DRY12-06, 
REES15-06, 
ROCK03-01, 
SCOT31-02

BEAR18-01, 
STON08-01

JACK10-02, 
STON13-02

SCOT25-02 JACK04-01

Statistical Parameter
Reach Type

 
 
3.2.2 Monitoring Site Analysis 
Sediment and habitat data collected at each monitoring site was reviewed individually in the following 
sections. Monitoring site discussions are based on median values. Summary statistics for the minimum, 
25th percentile, 75th percentile and maximum values are presented graphically, since these may be more 
applicable for developing sediment TMDL criteria.   
 



 

23 

3.2.2.1 Width/Depth Ratio 
The highest median width/depth ratio was observed in THOM02-03, which was a spring creek along 
which grazing has occurred (Figure 3-13). In the Lower Gallatin TPA, width/depth ratios generally 
increased in the downstream direction, which is the expected result as streams become larger.   
 
Figure 3-13. Width/Depth Ratio. 

 
 
3.2.2.2 Entrenchment Ratio 
Entrenchment ratio data collected within the Lower Gallatin TPA indicates the following (Figure 3-14): 
 

1. REES15-06 along the lower portion of Reese Creek has the greatest amount of floodplain access 
out of the sites assessed. 

2. Entrenched conditions were documented in CAMP14-05, CAMP14-12, DRY09-05, GOD03-01, 
REES06-01, ROCK02-01 and THOM02-03 as a result of historic and ongoing agricultural practices, 
including irrigation water transfers, channelization, channel re-location, livestock grazing, and 
crop production. 

3. Entrenched conditions in GOD02-01 are the result of channelization due to road construction. 
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Figure 3-14. Entrenchment Ratio. 

 
 
3.2.2.3 Riffle Pebble Count <2mm 
The median percent of fine sediment in riffles <2mm as measured by a pebble count was highest in 
CAMP14-05 and GOD02-01 (Figure 3-15). 
 
Figure 3-15. Riffle Pebble Count <2mm. 
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3.2.2.4 Riffle Pebble Count <6mm 
The percent of fine sediment in riffles <6mm as measured by a pebble count followed a similar trend as 
the percent of fine sediment <2mm, with the highest median values in CAMP14-05 and GOD02-01 
(Figure 3-16).   
 
Figure 3-16. Riffle Pebble Count <6mm. 

 
 
3.2.2.5 Riffle Grid Toss <6mm 
The median percent of fine sediment in riffles <6mm as measured by a grid toss was highest in CAMP14-
05 and GOD02-01 (Figure 3-17). 
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Figure 3-17. Riffle Grid Toss <6mm. 

 
 
3.2.2.6 Riffle Stability Index 
The mobile percentile of particles on the riffle is termed "Riffle Stability Index" (RSI) and provides a 
useful estimate of the degree of increased sediment supply to riffles. The RSI addresses situations in 
which increases in gravel bedload from headwater activities is depositing material on riffles and filling 
pools, and it reflects qualitative differences between reference and managed watersheds. In the Lower 
Gallatin TPA, RSI evaluations were performed in BEAR26-02, BOZE14-01, JACK10-02 and STON08-01 
(Table 3-14). 
 
Table 3-14. Riffle Stability Index Summary. 

Site Mobile Particle Analysis Pebble Count Analysis RSI 
Cell Geometric Mean Cell D50 

BEAR26-02 1 78 1 26 89 
BOZE14-01 1 103 1 47 86 
BOZE14-01 5 92 5 74 62 
JACK10-02 1 79 1 55 63 
STON08-01 2 123 1 59 88 
STON08-01 3 99 3 70 65 
STON08-01 4 118 5 44 84 

 
3.2.2.7 Pool Tail-out Grid Toss <6mm 
Fine sediment in pool tail-outs as measured by the grid toss followed the same general pattern as the 
riffle grid toss. The median percent of fine sediment in pool tail-outs as measured with the grid toss was 
highest in CAMP14-05 and JACK04-01 (Figure 3-18). 
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Figure 3-18. Pool Tail-out Grid Toss <6mm. 

 
 
3.2.2.8 Residual Pool Depth 
The greatest median residual pool depth was measured in CAMP15-04, followed by REES15-06 (Figure 3-
19). The lowest residual pool depth was found in REES06-01 where the stream appeared to have been 
channelized historically. In general, residual pool depths increase in the downstream direction within 
the assessed streams.   
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Figure 3-19. Residual Pool Depth. 

 
 
3.2.2.9 Pool Frequency 
Pool frequency generally decreased in the downstream direction within the assessed streams, which is 
the expected result as streams become larger (Figure 3-20).  
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Figure 3-20. Pool and Large Woody Debris Frequency. 

 
 
3.2.2.10 Large Woody Debris Frequency 
No observable pattern was detected for large woody debris frequency (Figure 3-20). No LWD was found 
in DRY12-06, GOD02-01 or THOM02-03. It is likely that woody shrubs lined the streambanks at these 
sites historically and contributed woody material to the stream. 
 
3.2.2.11 Greenline Understory Shrub Cover 
Median understory shrub cover exceeded 50% in BOZE18-04 and JACK10-02, while median shrub 
density was less than 50% in JACK04-01, REES15-06, ROCK02-01 and THOM02-03 (Figure 3-21). 
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Figure 3-21. Greenline Understory Shrub Cover. 

 
 
3.2.2.12 Greenline Bare Ground 
Median bare ground values tended to range from 0-5%, though the amount of bare ground was only 
elevated in BOZE18-04, DRY09-05, ROCK02-01, and STON13-02 (Figure 3-22). Urban and residential 
development has led to increased bare ground in BOZE18-04, while historic and ongoing agricultural 
practices have led to increased bare ground in DRY09-05, ROCK02-01 and STON13-02.  
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Figure 3-22. Greenline Bare Ground. 
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4.0 STREAMBANK EROSION ASSESSMENT 

4.1 METHODS 
Streambank erosion data was collected at 23 monitoring sites in which the complete sediment and 
habitat assessment was performed. An additional assessment of streambank erosion was conducted at 
seven sites to increase the representativeness of the assessment. At each of the 30 total monitoring 
sites, eroding streambanks were assessed for erosion severity and categorized as either 
“actively/visually eroding” or “slowly eroding/vegetated/undercut”. At each eroding bank, Bank Erosion 
Hazard Index (BEHI) measurements were performed and the Near Bank Stress (NBS) was evaluated 
(Rosgen, 1996, 2004). Bank erosion severity was rated from “very low” to “extreme” based on the BEHI 
score, which was determined based on the following six parameters: bank height, bankfull height, root 
depth, root density, bank angle, and surface protection. Near Bank Stress was also rated from “very low” 
to “extreme” depending on the shape of the channel at the toe of the bank and the force of the water 
(i.e. “stream power”) along the bank. In addition, the source, or underlying cause, of streambank 
erosion was evaluated based on observed anthropogenic disturbances within the riparian corridor, as 
well as current and historic land-use practices observed within the surrounding landscape. The source of 
streambank instability was identified based on the following near-stream source categories: 
transportation, riparian grazing, cropland, mining, silviculture, irrigation, natural, and “historic or other”. 
Naturally eroding streambanks were considered the result of “natural sources” while “historic or other” 
sources in the watershed include recreation, urban/residential development, and historic 
agriculture/vegetation removal. If multiple sources were observed, then a percent was noted for each 
source.  
 
Streambank erosion data collected at monitoring sites were extrapolated to the stream reach, stream 
segment, and sub-watershed scales based on similar reach type characteristics as identified in the Aerial 
Assessment Database. Sediment load calculations were performed for monitoring sites, stream reaches, 
stream segments, and sub-watersheds which are distinguished as follows: 
 

Monitoring Site  - A 500, 1000, or 2000 foot section of a stream reach where field 
monitoring was conducted  

Stream Reach   -Subdivision of the stream segment based on ecoregion, stream order, 
gradient and confinement as evaluated in GIS 

Stream Segment   -303(d) listed segment  
 
Sub-watershed -303(d) listed segment and tributary streams based on 1:100,000 NHD 

data layer 
 
For each eroding streambank, the average annual sediment load was estimated based on the 
streambank length, mean height, and the annual retreat rate. The length and mean height were 
measured in the field, while the annual retreat rate was determined based on the relationship between 
the BEHI and NBS ratings. Annual retreat rates were estimated based on retreat rates from the Lamar 
River in Yellowstone National Park (Rosgen, 1996) (Table 4-1). The annual sediment load in cubic feet 
was then calculated from the field data (annual retreat rate x mean bank height x bank length), 
converted into cubic yards, and finally converted into tons per year based on the bulk density of 
streambank material, which was assumed to average 1.3 tons/yard³ as identified in Watershed 
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Assessment of River Stability and Sediment Supply (WARSSS) (EPA, 2006, Rosgen, 2006). This process 
resulted in a sediment load for each eroding bank expressed in tons per year.   
 
Table 4-1. Annual Streambank Retreat Rates (Feet/Year), Lamar River, Yellowstone National Park 
(adapted from Rosgen 1996). 

BEHI Near Bank Stress 
very low low moderate high very high  extreme 

very Low 0.002 0.004 0.009 0.021 0.050 0.12 
low 0.02 0.04 0.10 0.24 0.57 1.37 

moderate 0.10 0.17 0.28 0.47 0.79 1.33 
high - very high 0.37 0.53 0.76 1.09 1.57 2.26 

extreme 0.98 1.21 1.49 1.83 2.25 2.76 
 
4.1.1 Streambank Erosion Sediment Load Extrapolation 
Monitoring site sediment loads were extrapolated to the stream reach, stream segment and sub-
watershed scales based on the aerial assessment reach type analysis. Streambank erosion data was 
extrapolated based on the following criteria: 
 

1. Monitoring site sediment loads were extrapolated directly to the stream reach in which the 
monitoring site was located. 
 

2. For un-assessed reaches with slopes <10%, streambank erosion sediment loads were applied 
based on reach type averages. Field data was collected within nine individual reach types that 
were delineated by confinement, stream order and gradient. The nine reach types were 
consolidated into four reach type groups based on stream order and average bankfull width 
(Table 4-2). Average sediment loads from the field assessed reach type groups were applied to 
the corresponding un-assessed reach types as presented in Table 4-2. The reach type load from 
MR-4-2-U was not extrapolated to any un-assessed reaches since this site (BEAR20-01) was 
deemed to be unique within the Lower Gallatin TPA.  

 
Table 4-2. Reach Type Streambank Erosion Sediment Loads by Reach Type Group. 

Field Assessed Reach Type 
Group

Number of 
Monitoring 

Sites

Average 
Sediment Load 
per 1000 Feet 
(Tons/Year)

Un-Assessed Reach Types

MR-0-2-U, MR-2-2-U, MR-2-2-C 10 10.88 MR-4-2-U, MR-4-2-C, MR-4-3-U, MR-4-3-C
MR-0-3-U, MR-2-3-U, MR-0-4-U 17 19.40 MR-0-3-C, MR-2-3-C, MR-0-4-C, MR-2-4-U
MR-0-1-U, MR-4-1-C 2 1.97 MR-2-1-U, MR-4-1-U
MR-4-2-U 1 15.92 none  
 

 
3. When streambank erosion sources exceeded 75% natural (as identified in the Aerial Assessment 

Database), erosion was assumed to be at the background rate per reach type grouping. The 
background rate is based on the assessment of the reference site on South Cottonwood Creek 
(SCOT25-02), and is based on 15% of the sediment load being derived from actively eroding 
streambanks and 85% of the sediment load being derived from slowly eroding streambanks. This 
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approach was also used for calculating load reductions and is discussed in more detail in Section 
4.2.3.  

 
4. For reach types with slopes >10%, a streambank erosion sediment load of 0.31 tons per 1000-

feet was applied based on field data collected in the Upper Gallatin TPA. High gradient streams 
tend to be well armored by large substrate material and tend to contribute relatively little 
sediment from streambank erosion. Much of the Upper Gallatin TPA was comprised of high 
gradient streams since the entire West Fork Watershed is located in a mountain setting. In the 
Lower Gallatin TPA, high gradient streams comprised a relatively small portion of the study area 
and were not included in the field data collection effort. The sediment load from the Upper 
Gallatin TPA was applied to the following reach types in the Lower Gallatin TPA: MR-10-1-U, 
MR10-1-C, MR-10-2-U, and MR-10-3-C. 

 

4.2 RESULTS 
4.2.1 Streambank Erosion Sediment Load Extrapolation 
A total average annual sediment load of 418 tons/year was attributed to the 219 assessed eroding 
streambanks within the 30 monitoring sites. Predominant sources of streambank erosion observed 
during the field assessment include riparian grazing, cropland, irrigation, and urban development. 
Average annual sediment loads for each monitoring site were normalized to a length of 1,000 feet for 
the purpose of comparison and extrapolation. Sediment loads due to streambank erosion for each 
monitoring site are presented in Table 4-3. Monitoring site sediment loads per 1,000 feet ranged from 
1.4 tons/year at THOM01-04 on Thompson Spring Creek to 61.6 tons/year at CAMP14-12 on Camp 
Creek.  
 
Monitoring site sediment loads were extrapolated to the stream segment scale based on the reach type 
groups (Table 4-2). Stream segment sediment loads were estimated for all 116.4 miles of stream 
included in the Aerial Assessment Database (Attachment AC). An average annual sediment load of 8,725 
tons/year was attributed to eroding streambanks at the stream segment scale. In the Lower Gallatin 
TPA, streambank erosion sediment loads ranged from 148.9 tons/year in Thompson Spring Creek to 
2,493.8 tons/year in Camp Creek (Attachment AC). Rocky Creek has highest sediment load due to 
streambank erosion per mile of stream, followed by Camp Creek. Thompson Spring Creek has the lowest 
streambank erosion sediment per mile of stream. At the stream segment scale, this assessment 
indicates that irrigation, riparian grazing, and transportation are the greatest anthropogenic 
contributors of sediment loads due to streambank erosion in the Lower Gallatin TPA (Figure 4-1). 
Sources assessed at the stream segment scale were also applied at the sub-watershed scale. 
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Table 4-3. Monitoring Site Estimated Average Annual Sediment Loads due to Streambank Erosion. 
Stream Segment Reach ID Reach Type Length of 

Eroding 
Bank 
(Feet)

Monitoring 
Site 

Length 
(Feet)

Percent of 
Reach with 

Eroding 
Bank

Reach 
Sediment 

Load 
(Tons/Year)

Total Sediment 
Load per 1000 

Feet 
(Tons/Year)

BEAR18-01 MR-2-2-C 90 1000 5 2.3 2.3
BEAR20-01 MR-4-2-U 182 300 30 4.8 15.9
BEAR26-02 MR-0-3-U 326 1000 16 31.2 31.2
BOZE14-01 MR-0-2-U 129 1000 6 8.0 8.0
BOZE15-01 MR-0-2-U 183 1000 9 5.3 5.3
BOZE18-04 MR-0-3-U 238 1000 12 17.4 17.4
BOZE18-05 MR-0-3-U 327 1000 16 8.9 8.9
CAMP13-02 MR-2-3-U 86 500 9 2.6 5.1
CAMP14-05 MR-0-3-U 176 1000 9 15.3 15.3
CAMP14-12 MR-0-3-U 323 1000 16 61.6 61.6
CAMP15-04 MR-0-4-U 167 1000 8 3.0 3.0
DRY09-05 MR-0-3-U 382 1000 19 31.4 31.4
DRY12-06 MR-0-4-U 215 1000 11 17.6 17.6
GOD02-01 MR-0-2-U 37 500 4 2.8 5.7
GOD03-01 MR-0-3-U 128 500 13 4.7 9.5
JACK04-01 MR-4-1-C 93 1000 5 2.5 2.5
JACK10-02 MR-2-2-U 242 1000 12 15.0 15.0
REES06-01 MR-0-2-U 120 300 20 7.5 24.9
REES15-06 MR-0-4-U 397 1000 20 17.1 17.1
ROCK02-01 MR-0-3-U 674 1000 34 25.4 25.4
ROCK03-01 MR-0-4-U 247 1000 12 25.8 25.8
ROCK07-03 MR-0-4-U 577 1000 29 39.6 39.6
SCOT25-02 MR-2-3-U 200 800 13 5.3 6.6
SCOT31-02 MR-0-3-U 138 1000 7 2.0 2.0

Smith Creek SMIT01-05 MR-0-4-U 516 1000 26 12.4 12.4
STON08-01 MR-2-2-C 270 1000 14 14.3 14.3
STON11-02 MR-2-2-U 227 1000 11 7.6 7.6
STON13-02 MR-2-2-U 319 1000 16 21.8 21.8
THOM01-04 MR-0-1-U 60 700 4 1.0 1.4
THOM02-03 MR-0-2-U 164 1000 8 4.0 4.0

Bear Creek

Rocky Creek

South Cottonwood 
Creek

Stone Creek

Thompson Spring 
Creek

Bozeman Creek

Camp Creek

Dry Creek

Godfrey Creek

Jackson Creek

Reese Creek

  
 
Figure 4-1. Stream Segment and Sub-watershed Streambank Erosion Sources. 
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Average annual streambank erosion sediment loads at the sub-watershed scale were estimated for the 
assessed stream segments in the Lower Gallatin TPA based on the total length of stream within the sub-
watershed. These sub-watershed sediment loads were estimated from the sum of the average annual 
streambank erosion sediment loads at the stream segment scale combined with an estimate of 
streambank erosion sediment loads from un-assessed streams. A total of 116.4 miles of stream were 
included in the Aerial Assessment Database and there are 531.0 miles of stream in the assessed sub-
watersheds based on a modified version of the 1:100,000 NHD stream layer in which ditches were 
removed (Table 4-4). The majority of un-assessed streams were 1st and 2nd order tributaries. For the 
purposes of estimating an annual average sub-watershed streambank erosion sediment load, 
streambank erosion sediment inputs from un-assessed streams was assumed to be 10.4 tons per mile 
(1.97 tons/1000 feet) based on the average value of 1st order streams assessed in the Lower Gallatin 
TPA. A total sediment load of 13,036 tons per year was derived at the sub-watershed scale (Table 4-4). 
 
Table 4-4. Sub-watershed Sediment Loads. 

Stream Segment Stream 
Length 
(Miles)

Stream 
Segment 

Sediment Load 
(Tons/Year)

Sub-
watershed 

Stream 
Length 
(Miles)

Un-
assessed 
Stream 
Length 
(Miles)

Sediment Load 
Applied to Un-

assessed Stream 
Length (10.40 
tons/year/mile)

Sub-
watershed 

(Tons/Year)

Total Load 
per Mile 

(Tons/Year)

Bear Creek 10.1 682.7 17.33 7.2 74.8 757.5 43.7
Bozeman Creek 15.8 814.9 53.95 38.2 396.9 1211.9 22.5
Camp Creek 25.3 2493.8 85.48 60.1 625.4 3119.2 36.5
Dry Creek 16.2 1422.7 185.83 169.6 1763.8 3186.6 17.1
Godfrey Creek 7.1 430.4 16.31 9.2 95.5 525.9 32.3
Jackson Creek 7.8 344.6 12.87 5.1 52.9 397.6 30.9
Reese Creek 7.4 615.9 69.08 61.6 641.1 1257.0 18.2
Rocky Creek (excluding Jackson Creek sub-watershed) 7.5 897.1 31.73 24.2 251.6 1148.7 36.2
Smith Creek (excluding Reese Creek sub-watershed) 6.3 600.7 41.42 35.1 365.3 965.9 23.3
Stone Creek 5.6 273.5 9.77 4.2 43.6 317.1 32.5
Thompson Spring Creek 7.2 148.9 7.19 n/a* n/a* 148.9 20.7
TOTAL 116.4 8725 531.0 414.5 4311 13036
*tributaries identified on NHD layer were not included since this is a spring creek  
 
4.2.2 Streambank Composition 
Streambank erosion sediment loads were evaluated based on streambank composition for the following 
particle size categories: coarse gravel, fine gravel and sand/silt. The percent of eroding streambank 
within each particle size category was evaluated for each monitoring site based on the sediment load 
from each eroding bank relative to the total sediment load for the monitoring site. Streambank 
composition data for each monitoring site was then used to evaluate streambank composition at the 
sub-watershed scale based on the sum of the monitoring site loads relative to the total sediment load 
from the assessed monitoring sites within each individual stream segment (Table 4-5). Thus, it is 
assumed that streambank composition assessed at the field monitoring sites is representative of each 
streams sub-watershed. This analysis will help guide implementation activities geared toward reducing 
sediment loads for specific particle size categories. In the Lower Gallatin TPA, sand/silt generally 
comprised the greatest portion of the streambank sediment load, comprising greater than 60% of the 
sediment load in all of the assessed streams.  
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Table 4-5. Stream Segment Streambank Composition. 

Stream Segment Number of 
Monitoring 

Sites 

 Coarse Gravel 
>6mm (Percent) 

 Fine Gravel 
<6mm & >2mm 

(Percent) 

 Sand/Silt <2mm 
(Percent) 

Bear Creek 3 9 6 86 
Bozeman Creek 4 27 10 63 
Camp Creek 4 8 7 85 
Dry Creek 2 4 6 91 
Godfrey Creek 2 9 2 90 
Jackson Creek 2 4 6 90 
Reese Creek 2 10 4 86 
Rocky Creek 3 13 6 81 
Smith Creek 1 0 0 100 
Stone Creek 3 20 10 70 
Thompson Spring Creek 2 0 0 100 

 
Streambank erosion sediment loads at the sub-watershed scale as presented in Table 4-4 were analyzed 
based on the particle size distribution of the eroding streambanks. Sub-watershed sediment loads for 
each particle size class are presented in Table 4-6. 
 
Table 4-6. Sub-watershed Sediment Loads due to Streambank Erosion for each Particle Size Class. 

Stream Segment  Coarse 
Gravel >6mm 

Load 
(Tons/Year) 

Fine Gravel 
<6mm & 

>2mm Load 
(Tons/Year) 

Sand/Silt 
<2mm Load 
(Tons/Year) 

Sub-
watershed 

(Tons/Year) 

Bear Creek 65.3 42.9 649.4 757.5 
Bozeman Creek 330.5 121.2 760.2 1211.9 
Camp Creek 240.0 213.8 2665.4 3119.2 
Dry Creek 115.5 181.5 2889.5 3186.6 
Godfrey Creek 45.3 8.1 472.4 525.9 
Jackson Creek 15.5 22.8 359.3 397.6 
Reese Creek 127.2 45.0 1084.9 1257.0 
Rocky Creek 148.7 66.1 933.9 1148.7 
Smith Creek 0.0 0.0 965.9 965.9 
Stone Creek 63.1 31.4 222.6 317.1 
Thompson Spring Creek 0.0 0.0 148.9 148.9 

 
4.2.3 Streambank Erosion Sediment Load Reductions 
The narrative water quality standards that apply to sediment relate to the naturally occurring condition, 
which is typically associated with either reference conditions or those that occur if all reasonable land, 
soil, and water conservation practices are applied. Therefore, to assist with TMDL development, the 
streambank erosion assessment also includes an estimation of sediment loading reductions that could 
be achieved via the implementation of Best Management Practices (BMPs). Streambank erosion 
sediment load reductions were evaluated based on field collected data and streambank erosion sources 
identified in the Aerial Assessment Database through the following process: 
 

1. Anthropogenic activities that remove streamside vegetation tend to de-stabilize streambanks 
and increase the amount of active streambank erosion. Through the implementation of riparian 
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and streambank BMPs, streambanks can be stabilized and active erosion can be reduced. A 
reference site approach was used to identify an appropriate ratio of actively eroding 
streambanks compared to slowly eroding streambanks for streams in the Lower Gallatin TPA. 
The assessment from the one reference site included in this study (SCOT25-02) indicated that 
10% of the streambank sediment load was derived from actively eroding streambanks. Based on 
this, the rate used to approximate the effect of BMP implementation and to calculate load 
reductions is 15% actively eroding and 85% slowly eroding banks. For the three primary reach 
type groups described in Table 4-7 (i.e. all groups except MR-4-2-U), streambank erosion 
sediment load reductions were derived using the average values for both actively eroding 
streambanks and slowly eroding streambanks. For each reach type group, the expected 
streambank erosion sediment load when BMPs were applied was calculated based on 15% of 
the actively eroding streambanks and 85%  of the slowly eroding streambanks using the 
following equation:  

 
(0.15 x active) + (0.85 x slowly) = streambank erosion sediment load with BMPs 

 
For example, the reach type group for 2nd order streams, which includes the MR-0-2-U, MR-2-2-
U, and MR-2-2-C reach types, averaged 7.19 tons/year from actively eroding streambanks and 
4.44 tons/year from slowly eroding streambanks for 1,000 feet of stream, resulting in a reduced 
sediment load of 4.85 tons/year, as follows: 
 

(0.15 x 7.19) + (0.85 x 4.44) = 4.85 
 

In this analysis, the data from all actively eroding banks was utilized, including the three 
monitoring sites in which no active streambank erosion was observed. For the slowly eroding 
streambanks, the zero values were removed from the dataset since these monitoring sites 
tended to be dominated by anthropogenic disturbances. Streambank erosion sediment load 
reductions are presented for each reach type category in Table 4-7. 
 

Table 4-7. Reach Type Streambank Sediment Load Reductions with BMPs. 
Field Assessed Reach Type 

Group
Average 

Sediment Load 
per 1000 Feet 
(Tons/Year)

Reduced 
Sediment Load 
per 1000 Feet 
(Tons/Year)

Un-Assessed Reach Types

MR-0-2-U, MR-2-2-U, MR-2-2-C 10.88 4.85 MR-4-2-U, MR-4-2-C, MR-4-3-U, MR-4-3-C
MR-0-3-U, MR-2-3-U, MR-0-4-U 19.40 5.16 MR-0-3-C, MR-2-3-C, MR-0-4-C, MR-2-4-U
MR-0-1-U, MR-4-1-C 1.97 1.95 MR-2-1-U, MR-4-1-U  
 

2. For the reaches in which a monitoring site was located, the reach type category sediment load 
reduction was applied, except when this value exceeded the monitoring site value. In this case, 
the monitoring site sediment load was evaluated based on 15% of the actively eroding 
streambanks and 85% of the slowly eroding streambanks and this value was then applied to the 
entire reach in which the monitoring site was located. 
 

3. Because they are assumed to be achieving the naturally occurring condition, no sediment load 
reductions were applied to reaches with >75% natural sources of erosion. In addition, no load 
reduction was applied to the natural load in reaches with <75% natural sources.   
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4. Because high gradient channels tend to be well armored and have a very low erosion rate, no 
sediment load reductions were applied to streams with slopes >10%. 
 

5. Because little is known about the tributaries to the 303(d) listed stream segments and they are 
predominately 1st and 2nd order streams with a low streambank erosion load assigned during the 
extrapolation process, no sediment load reductions were applied to tributaries of the assessed 
303(d) listed stream segments. 

 
Based on the process described above, streambank erosion sediment load reductions for each sediment 
303(d) listed sub-watershed in the Lower Gallatin TPA are provided in Table 4-8. Potential reductions in 
anthropogenic loading as a result of the application of BMPs range from 32% to 66%. The loading 
reductions listed in Table 4-8 were calculated based on the achievable reductions in loading to the 
303(d) listed water body segments, while additional reductions may also be possible from the tributaries 
to the listed water bodies. 
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Table 4-8. Sub-watershed Sediment Load Reductions with BMPs. 

 
 

Total Sub- 
watershed  

(Tons/Year) 
Anthropogenic  
Sub-watershed  

Load  
(Tons/Year) 

Natural Sub- 
watershed  

Load  
(Tons/Year) 

Total Sub- 
watershed  

(Tons/Year) 
Anthropogenic  
Sub-watershed  

Load (Tons/Year) 
Natural Sub- 

watershed  
Load  

(Tons/Year) 
Bear Creek 757.5 585.3 172.2 373.6 201.4 172.2 383.9 51% 383.9 66% 
Bozeman Creek 1211.9 900.8 311.1 842.2 531.1 311.1 369.7 31% 369.7 41% 
Camp Creek 3119.2 3034.4 84.8 1280.8 1196.0 84.8 1838.4 59% 1838.4 61% 
Dry Creek 3186.6 3027.4 159.2 2202.9 2043.7 159.2 983.7 31% 983.7 32% 
Godfrey Creek 525.9 525.9 0.0 270.5 270.5 0.0 255.4 49% 255.4 49% 
Jackson Creek 397.6 369.0 28.6 223.

 
194.
 

28.
 

174.
 

44% 174.
 

47% 
Reese Creek 1257.

 
1156.
 

100.
 

863.
 

762.
 

100.
 

393.
 

31% 393.
 

34% 
Rocky Creek (excluding Jackson Creek sub-watershed) 1148.

 
938.
 

210.
 

582.
 

372.
 

210.
 

566.
 

49% 566.
 

60% 
Smith Creek (excluding Reese Creek sub-watershed) 965.

 
833.
 

132.
 

597.
 

465.
 

132.
 

368.
 

38% 368.
 

44% 
Stone Creek 317.

 
241.
 

75.
 

200.
 

125.
 

75.
 

116.
 

37% 116.
 

48% 
Thompson Creek 148.

 
148.
 

0.
 

57.
 

57.
 

0.
 

91.
 

61% 91.
 

61% 
TOTAL 1303

 
1176
 

127
 

749
 

622
 

127
 

554
 

43% 554
 

47% 

Existing Sediment Load (Tons/Year) Reduced Sediment Load through BMPs  
(Tons/Year) 

Stream Segment Potential Reduction in  
Anthropogenic  
Sediment Load  
(Anthropogenic  

Existing-Anthropogenic  
Reduced) (Tons/Year) 

Percent Reduction in  
Anthropogenic Sediment  

Load (Potential  
Reduction/Anthropogenic  

Existing) 

Potential  
Reduction in Total  

Sediment Load  
(Total Existing- 
Total Reduced)  

(Tons/Year) 

Percent Reduction in  
Total Sediment Load  

(Potential  
Reduction/Total  

Existing) 



 

41 

5.0 ASSUMPTIONS AND UNCERTAINTY 

This assessment assumes that different streams with similar reach type characteristics will have similar 
physical attributes and sediment loads due to streambank erosion. Since only a portion of the streams 
within the Lower Gallatin TPA were assessed in the field, a degree of uncertainty is unavoidable when 
extrapolating data from assessed sites to un-assessed sites. There is also some uncertainty in identifying 
streambank erosion sources from aerial imagery and a portion of the identified anthropogenic load is 
likely due to natural streambank erosion processes. Use of the USGS 1:100,000 NHD stream layer in GIS 
also creates uncertainty, since this layer was created from topographic maps and may not accurately 
represent conditions on the ground.  
 
Sediment limitations in many streams in the Lower Gallatin TPA relate to the fine sediment fraction 
found on the stream bottom, while streambank erosion sediment modeling examined all sediment sizes. 
Since sediment source modeling may under-estimate or over-estimate sediment inputs due to selection 
of sediment monitoring sites and the extrapolation methods used, model results should not be taken as 
an absolutely accurate account of sediment production within each sub-watershed. Instead, the 
streambank erosion assessment model results should be considered an instrument for estimating 
sediment loads and making general comparisons of sediment loads from various sources.  
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6.0 SUMMARY 

The 2009 sediment and habitat assessment in the Lower Gallatin TPA provides a comprehensive analysis 
of existing sediment conditions within impaired stream segments and estimated streambank erosion 
sediment loads for use in TMDL development. A total of 121 reaches were delineated during the aerial 
assessment reach stratification process covering 116.4 miles of stream. Based on the level III ecoregion, 
there were a total of 20 distinct reach types and sediment and habitat parameters were assessed at 30 
monitoring sites. Statistical analysis of the sediment and habitat data from the 30 monitoring sites will 
aid in developing sediment TMDL targets that are specific for the Lower Gallatin TPA, while streambank 
erosion data will be utilized in the sediment TMDL. Within the 30 monitoring sites, an average annual 
sediment load of 418 tons/year was attributed to the 219 assessed eroding streambanks and average 
annual sediment load of 8,725 tons/year was estimated for the listed stream segments. Out of the 531.0 
miles of stream within the assessed sub-watersheds, a total sediment load of 13,036 tons per year was 
estimated at the sub-watershed scale. It is estimated that this sediment load can be reduced to 7,495 
tons/year, which is a 43% reduction in sediment load from streambank erosion. 
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Attachment AB - SEDIMENT & HABITAT DATABASE 
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BEAR18-01 1 8/17/09 1 MR-2-2-C C4b B4 1.25 2.5 2-<4% 17.9 18.4 1.03 17.4 1.9 117.9 >6.6 58 1 5 3   11 1.4 10 3 27   0 0   >200 >150 
BEAR18-01 1 8/17/09 2 MR-2-2-C B4 B4 1.25 2.5 2-<4% 16.6 19.6 1.18 14.1 1.8 27.6 1.7                       0 0   >188 119 
BEAR18-01 1 8/17/09 3 MR-2-2-C C4b B4 1.25 2.5 2-<4% 14.0 16.0 1.14 12.3 1.9 124.0 >8.9 61 1 1 1               0 0   >175 113 
BEAR18-01 1 8/17/09 4 MR-2-2-C E4b B4 1.25 2.5 2-<4% 13.5 20.5 1.52 8.9 2.1 41.5 3.1                       0 0   >194 108 
BEAR18-01 1 8/17/09 5 MR-2-2-C E4b B4 1.25 2.5 2-<4% 15.6 22.3 1.43 10.9 2.0 120.6 7.7 46 3 6 10               0 0   >108 >105 

                                                                  
BEAR26-02 1 8/17/09 1 MR-0-3-U C4 C4 1.74 1.4 <2% 29.3 33.8 1.16 25.4 2.3 109.3 3.7 29 5 8 14 89 15 1.2 1 0 13   0 0   >175 88 
BEAR26-02 1 8/17/09 2 MR-0-3-U B4c C4 1.74 1.4 <2% 17.0 19.7 1.16 14.7 1.9 30.0 1.8                       0 0   >150 >175 
BEAR26-02 1 8/17/09 3 MR-0-3-U C4 C4 1.74 1.4 <2% 26.8 27.7 1.04 25.9 1.8 126.8 >4.7 35 6 7 8               0 0   >135 >158 
BEAR26-02 1 8/17/09 4 MR-0-3-U B4c C4 1.74 1.4 <2% 20.7 24.4 1.18 17.5 1.9 30.7 1.5                       0 0   40 >200 
BEAR26-02 1 8/17/09 5 MR-0-3-U C4 C4 1.74 1.4 <2% 16.9 20.6 1.22 13.9 1.8 58.9 3.5 61 1 3 5               0 0   63 >183 

                                                                  
BOZE14-01 1 8/17/09 1 MR-0-2-U C4 C3 1.12 1.6 <2% 21.0 32.4 1.55 13.6 2.1 171.0 8.1 47 0 4 3 86 10 1.3 25 1 30   3 0   60 >200 
BOZE14-01 1 8/17/09 2 MR-0-2-U         <2%                                     0 0   90 >200 
BOZE14-01 1 8/17/09 3 MR-0-2-U E3 C3 1.12 1.6 <2% 17.7 31.2 1.76 10.1 2.3 57.7 3.3 89 3 8 2               3 0   33 >200 
BOZE14-01 1 8/17/09 4 MR-0-2-U C3/4 C3 1.12 1.6 <2% 26.3 41.0 1.56 16.9 2.5 128.3 >4.9                       5 0   34 >200 
BOZE14-01 1 8/17/09 5 MR-0-2-U C3 C3 1.12 1.6 <2% 24.0 35.8 1.49 16.1 2.6 134.0 >5.6 74 8 12 5 62             0 20   >79 >200 

                                                                  
BOZE18-04 1 8/24/09 1 MR-0-3-U B4c B4c 1.01 1.0 <2% 23.4 44.1 1.88 12.4 2.8 45.4 1.9 30 7 8 14   2 1.3 7 0 7 75 30 13 75 3 8 
BOZE18-04 1 8/24/09 2 MR-0-3-U F4 B4c 1.01 1.0 <2% 29.8 55.2 1.85 16.1 2.6 35.8 1.2                     65 38 0 78 0 6 
BOZE18-04 1 8/24/09 3 MR-0-3-U F4 B4c 1.01 1.0 <2% 25.0 45.1 1.81 13.9 2.7 31.0 1.2 47 9 12 3             100 0 15 100 5 5 
BOZE18-04 1 8/24/09 4 MR-0-3-U F4 B4c 1.01 1.0 <2% 22.7 41.1 1.81 12.5 2.9 29.7 1.3                     73 15 5 95 5 3 
BOZE18-04 1 8/24/09 5 MR-0-3-U G4c B4c 1.01 1.0 <2% 18.0 35.5 1.97 9.1 3.0 21.0 1.2 39 9 12 4                         

                                                                  
CAMP14-05 1 8/20/09 1 MR-0-3-U E4 E4 3.16 <2% <2% 10.6 10.5 0.99 10.7 1.5 30.6 2.9 6 26 51 95   18 1.1 10 3 41   3 0   5 10 
CAMP14-05 1 8/20/09 2 MR-0-3-U B4/5c E4 3.16 <2% <2% 11.6 13.3 1.15 10.1 1.7 23.6 2.0                       0 0   3 10 
CAMP14-05 1 8/20/09 3 MR-0-3-U B5c E4 3.16 <2% <2% 13.3 14.1 1.06 12.5 1.8 29.3 2.2 <2 57 82 94               0 0   >125 0 
CAMP14-05 1 8/20/09 4 MR-0-3-U B4/5c E4 3.16 <2% <2% 14.8 17.6 1.19 12.4 1.9 26.8 1.8                       3 0   75 0 
CAMP14-05 1 8/20/09 5 MR-0-3-U B4c E4 3.16 <2% <2% 11.1 13.0 1.17 9.5 1.6 23.1 2.1 6 24 50 88               3 0   35 0 

                                                                  
CAMP14-12 1 8/21/09 1 MR-0-3-U B4c E4 1.26 1.0 <2% 14.3 19.7 1.38 10.4 3.0 26.3 1.8 23 8 17 8   17 1.1 1 0 5   0 0   11 8 
CAMP14-12 1 8/21/09 2 MR-0-3-U B4c E4 1.26 1.0 <2% 15.7 23.6 1.50 10.5 2.9 25.7 1.6                       0 0   10 5 
CAMP14-12 1 8/21/09 3 MR-0-3-U B4c E4 1.26 1.0 <2% 17.6 20.4 1.16 15.2 2.4 31.6 1.8 23 9 12 18               0 0   44 24 
CAMP14-12 1 8/21/09 4 MR-0-3-U C4 E4 1.26 1.0 <2% 16.4 19.1 1.16 14.1 2.4 46.4 2.8                       0 0   10 40 
CAMP14-12 1 8/21/09 5 MR-0-3-U B4c E4 1.26 1.0 <2% 21.6 23.3 1.08 20.0 1.7 47.6 2.2 24 13 13 40               0 3   56 16 

                                                                  
CAMP15-04 1 8/21/09 1 MR-0-4-U C3 E4 1.48 1.0 <2% 30.0 48.9 1.63 18.4 2.4 80.0 2.7 76 3 3 0   3 1.9 5 0 5   0 0   >200 13 
CAMP15-04 1 8/21/09 2 MR-0-4-U C3/4 E4 1.48 1.0 <2% 34.8 57.0 1.64 21.2 2.1 90.8 2.6                       5 0   >200 >143 
CAMP15-04 1 8/21/09 3 MR-0-4-U         <2%                                     0 0   >200 >200 
CAMP15-04 1 8/21/09 4 MR-0-4-U C4 E4 1.48 1.0 <2% 50.4 76.2 1.51 33.3 2.4 325.4 >6.5 32 8 8 10               0 0   >200 >200 
CAMP15-04 1 8/21/09 5 MR-0-4-U C4 E4 1.48 1.0 <2% 31.2 61.2 1.96 15.9 2.5 431.2 >13.8 42 16 16 7               5 0   >200 >200 

                                                                  
DRY09-05 1 8/25/09 1 MR-0-3-U B4c E4 1.47 1.3 <2% 15.7 18.5 1.18 13.3 1.5 24.7 1.6 20 21 26 36   14 1.6 8 0 15   18 0   13 20 
DRY09-05 1 8/25/09 2 MR-0-3-U B4c E4 1.47 1.3 <2% 14.9 17.9 1.20 12.4 1.7 22.9 1.5                       0 0   3 8 
DRY09-05 1 8/25/09 3 MR-0-3-U B4c E4 1.47 1.3 <2% 14.6 17.9 1.23 11.9 1.8 22.6 1.5 23 18 19 10               3 0   8 3 
DRY09-05 1 8/25/09 4 MR-0-3-U G4c E4 1.47 1.3 <2% 13.4 19.1 1.43 9.4 2.1 16.4 1.2                       10 0   15 5 
DRY09-05 1 8/25/09 5 MR-0-3-U G4c E4 1.47 1.3 <2% 13.0 17.4 1.34 9.7 1.9 16.0 1.2 32 17 20 17               8 0   0 20 
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DRY12-06 1 8/25/09 1 MR-0-4-U C4 E4 1.13 0.8 <2% 16.4 19.4 1.18 13.9 1.9 89.4 5.5 57 12 14 1   7 1.5 0 0 0   0 0   >200 >200 
DRY12-06 1 8/25/09 2 MR-0-4-U C4 E4 1.13 0.8 <2% 15.2 16.8 1.10 13.8 2.0 75.2 4.9                       0 0   >188 >200 
DRY12-06 1 8/25/09 3 MR-0-4-U C4 E4 1.13 0.8 <2% 18.0 25.2 1.40 12.9 2.2 50.0 2.8 32 7 10 17               0 0   >133 >200 
DRY12-06 1 8/25/09 4 MR-0-4-U C4 E4 1.13 0.8 <2% 16.7 19.9 1.19 14.0 2.1 40.7 2.4                       0 0   55 >200 
DRY12-06 1 8/25/09 5 MR-0-4-U B4c E4 1.13 0.8 <2% 19.0 24.2 1.28 14.9 1.8 36.0 1.9 36 14 20 18               0 0   23 >200 

                                                                  
GOD02-01 1 8/20/09 1 MR-0-2-U E4 E4 1.03 1.0 <2% 6.1 6.6 1.08 5.6 1.6 19.1 3.1 11 29 35 88   34 0.6 0 0 0   0 0   13 10 
GOD02-01 1 8/20/09 2 MR-0-2-U C4 E4 1.03 1.0 <2% 8.8 6.5 0.74 12.0 1.3 19.8 2.3                       0 0   10 8 
GOD02-01 1 8/20/09 3 MR-0-2-U B4c E4 1.03 1.0 <2% 7.7 7.5 0.97 7.9 1.4 15.7 2.0 12 31 37 29               0 0   5 18 
GOD02-01 1 8/20/09 4 MR-0-2-U C4 E4 1.03 1.0 <2% 9.0 5.6 0.62 14.5 1.2 24.0 2.7                       0 5   13 8 
GOD02-01 1 8/20/09 5 MR-0-2-U B4c E4 1.03 1.0 <2% 7.8 4.9 0.63 12.4 1.2 15.8 2.0 13 21 31 44               0 0   5 10 

                                                                  
GOD03-01 1 8/24/09 1 MR-0-3-U C4 E4 2.20 1.0 <2% 11.7 8.9 0.76 15.3 1.1 27.7 2.4 13 14 21 17   18 0.8 2 0 2   0 0   0 0 
GOD03-01 1 8/24/09 2 MR-0-3-U B4c E4 2.20 1.0 <2% 9.7 8.4 0.86 11.2 1.3 20.7 2.1                       5 0   0 0 
GOD03-01 1 8/24/09 3 MR-0-3-U C4 E4 2.20 1.0 <2% 11.6 8.8 0.76 15.2 1.2 28.6 2.5 15 21 27 16               0 0   0 0 
GOD03-01 1 8/24/09 4 MR-0-3-U C4 E4 2.20 1.0 <2% 9.6 8.2 0.85 11.2 1.3 44.6 4.6                       0 0   0 0 
GOD03-01 1 8/24/09 5 MR-0-3-U C4 E4 2.20 1.0 <2% 11.4 9.0 0.79 14.4 1.2 31.4 2.8 17 13 16 22               0 0   0 0 

                                                                  
JACK04-01 1 8/18/09 1 MR-4-1-C B4 B4 1.27 3.0 4-<10% 13.2 14.7 1.11 11.9 1.6 26.2 2.0 45 19 23 19   10 0.7 41 8 76 10 0 0 25 200 >200 
JACK04-01 1 8/18/09 2 MR-4-1-C G4 B4 1.27 3.0 4-<10% 12.2 13.9 1.14 10.7 1.6 14.2 1.2                     10 3 0 40 200 >200 
JACK04-01 1 8/18/09 3 MR-4-1-C         4-<10%                                   23 0 0 30 >200 >200 
JACK04-01 1 8/18/09 4 MR-4-1-C E4b B4 1.27 3.0 4-<10% 12.0 13.9 1.16 10.3 1.6 45.0 3.8 53 9 15 24             15 0 0 38 200 >200 
JACK04-01 1 8/18/09 5 MR-4-1-C B4c B4 1.27 3.0 4-<10% 17.5 16.1 0.92 19.0 1.4 33.5 1.9 30 20 22 1             10 3 0 23 193 >200 

                                                                  
JACK10-02 1 8/18/09 1 MR-2-2-U B4c C4 1.32 1.7 2-<4% 17.0 22.1 1.30 13.1 1.8 36.0 2.1 55 6 8 5 63 20 1.4 35 6 77 58 0 0 83 >85 >200 
JACK10-02 1 8/18/09 2 MR-2-2-U C4 C4 1.32 1.7 2-<4% 22.0 24.1 1.10 20.1 1.6 74.0 3.4                     75 0 10 73 25 >200 
JACK10-02 1 8/18/09 3 MR-2-2-U B4c C4 1.32 1.7 2-<4% 16.0 18.2 1.14 14.1 1.6 31.0 1.9 38 0 1 0             50 8 43 53 6 >200 
JACK10-02 1 8/18/09 4 MR-2-2-U B4c C4 1.32 1.7 2-<4% 23.3 25.9 1.11 20.9 1.6 41.3 1.8                     50 3 10 30 23 >200 
JACK10-02 1 8/18/09 5 MR-2-2-U C4 C4 1.32 1.7 2-<4% 21.0 19.2 0.91 23.0 1.4 54.0 2.6 50 7 9 3             63 0 0 23 32 >200 

                                                                  
REES06-01 1 8/20/09 1 MR-0-2-U E4 E4 1.07 1.0 <2% 7.4 7.4 1.00 7.4 1.3 27.4 3.7 27 10 15 8   20 0.6 30 0 30   0 0   23 5 
REES06-01 1 8/20/09 2 MR-0-2-U E4 E4 1.07 1.0 <2% 9.3 9.5 1.03 9.1 1.4 25.3 2.7 36 6 11 4               0 0   63 5 
REES06-01 1 8/20/09 3 MR-0-2-U B4c E4 1.07 1.0 <2% 10.9 10.3 0.95 11.5 1.4 15.9 1.5 50 15 17 14               0 0   >150 30 

                                                                  
REES15-06 1 8/29/09 1 MR-0-4-U E4 E4 2.91 0.5 <2% 14.0 22.4 1.60 8.8 2.2 234.0 >16.7 25 6 6 14   15 1.7 7 0 7 8 0 0 8 26 19 
REES15-06 1 8/29/09 2 MR-0-4-U E4 E4 2.91 0.5 <2% 15.8 23.8 1.51 10.5 2.0 220.8 >14.0                     8 0 0 8 31 15 
REES15-06 1 8/29/09 3 MR-0-4-U E4 E4 2.91 0.5 <2% 13.6 22.3 1.64 8.3 1.9 223.6 >16.4 25 9 14 5             5 0 0 5 46 35 
REES15-06 1 8/29/09 4 MR-0-4-U E4 E4 2.91 0.5 <2% 12.4 19.2 1.55 8.0 1.9 242.4 >19.5                     10 0 0 0 63 30 
REES15-06 1 8/29/09 5 MR-0-4-U C4 E4 2.91 0.5 <2% 17.8 23.1 1.30 13.7 1.7 227.8 >12.8 20 12 17 14             53 0 0 10 29 38 

                                                                  
ROCK02-01 1 8/19/09 1 MR-0-3-U F4 C4 1.58 2.0 <2% 24.1 28.5 1.18 20.4 1.8 31.1 1.3 34 7 8 15   12 1.4 3 0 17 98 0 0 55 31 59 
ROCK02-01 1 8/19/09 2 MR-0-3-U F4 C4 1.58 2.0 <2% 22.4 27.4 1.22 18.3 1.7 28.4 1.3                     35 10 0 5 35 40 
ROCK02-01 1 8/19/09 3 MR-0-3-U B4c C4 1.58 2.0 <2% 31.0 30.4 0.98 31.6 1.5 45.0 1.5 

     
          13 13 0 0 38 35 

ROCK02-01 1 8/19/09 4 MR-0-3-U F4 C4 1.58 2.0 <2% 19.4 27.9 1.44 13.5 1.8 24.4 1.3 35 6 11 22             38 25 0 5 30 50 
ROCK02-01 1 8/19/09 5 MR-0-3-U F4 C4 1.58 2.0 <2% 33.5 23.1 0.69 48.6 1.5 34.5 1.0 39 5 6 2             18 18 0 18 48 59 
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ROCK03-01 1 8/18/09 1 MR-0-4-U C3 C3 1.25 1.0 <2% 27.7 38.1 1.37 20.1 2.2 112.7 4.1 78 1 3 3   6 1.8 2 0 4   0 0   125 >200 
ROCK03-01 1 8/18/09 2 MR-0-4-U B3c C3 1.25 1.0 <2% 27.6 37.4 1.36 20.4 2.0 42.6 1.5                       0 0   144 >200 
ROCK03-01 1 8/18/09 3 MR-0-4-U B3c C3 1.25 1.0 <2% 24.0 37.7 1.57 15.3 2.0 39.0 1.6                       5 0   105 >200 
ROCK03-01 1 8/18/09 4 MR-0-4-U G3c C3 1.25 1.0 <2% 19.3 33.3 1.72 11.2 2.4 24.3 1.3                       0 13   13 >200 
ROCK03-01 1 8/18/09 5 MR-0-4-U B3c C3 1.25 1.0 <2% 27.4 35.2 1.29 21.3 2.1 45.4 1.7 84 13 14 1               0 0   20 >200 

                                                                  
SCOT25-02 1 8/24/09 1 MR-2-3-U B3 B3 1.13 2.0 2-<4% 22.0 33.6 1.53 14.4 2.2 47.0 2.1 89 2 3 1   13 0.7 23 9 68   0 0   >200 >200 
SCOT25-02 1 8/24/09 2 MR-2-3-U B3 B3 1.13 2.0 2-<4% 26.3 34.6 1.32 20.0 2.2 51.3 2.0                       0 0   >200 >200 
SCOT25-02 1 8/24/09 3 MR-2-3-U B3 B3 1.13 2.0 2-<4% 24.3 36.7 1.51 16.1 2.2 50.3 2.1 90 4 5 1               3 0   >200 >200 
SCOT25-02 1 8/24/09 4 MR-2-3-U B3 B3 1.13 2.0 2-<4% 26.3 35.0 1.33 19.8 2.0 40.3 1.5 109 2 2 1               0 0   >200 >200 

                                                                  
SCOT31-02 1 8/26/09 1 MR-0-3-U C3 C3 1.14 2.0 <2% 35.6 70.4 1.98 18.0 3.0 305.6 8.6 65 4 5 8   11 1.3 38 7 82   0 0   200 >200 
SCOT31-02 1 8/26/09 2 MR-0-3-U         <2%                                     3 0   >163 >200 
SCOT31-02 1 8/26/09 3 MR-0-3-U E3 C3 1.14 2.0 <2% 18.0 36.5 2.03 8.9 2.7 253.0 >14.1 76 0 0 0               0 0   52 >200 
SCOT31-02 1 8/26/09 4 MR-0-3-U C3/4 C3 1.14 2.0 <2% 30.6 48.9 1.60 19.1 2.2 245.6 >8.0                       0 0   50 >200 
SCOT31-02 1 8/26/09 5 MR-0-3-U C4 C3 1.14 2.0 <2% 32.0 55.7 1.74 18.4 2.5 277.0 >8.7 58 5 8 2               0 0   88 >200 

                                                                  
SMIT01-05 1 8/25/09 1 MR-0-4-U C4 E4 2.01 0.5 <2% 51.0 98.7 1.94 26.4 2.4 451.0 >8.8 19 25 26 12   5 1.7 1 0 1   0 0   8 100 
SMIT01-05 1 8/25/09 2 MR-0-4-U C4 E4 2.01 0.5 <2% 50.5 92.4 1.83 27.6 2.5 450.5 >8.9 21 12 13 22               0 0   20 51 
SMIT01-05 1 8/25/09 3 MR-0-4-U         <2%                                     3 0   8 75 
SMIT01-05 1 8/25/09 4 MR-0-4-U         <2%                                     0 0   0 20 
SMIT01-05 1 8/25/09 5 MR-0-4-U         <2%                                     0 0   13 >63 

                                                                  
STON08-01 1 8/19/09 1 MR-2-2-C E4b C4b 1.30 

 
2-<4% 13.6 16.5 1.21 11.2 2.0 108.6 8.0 59 5 5 5   16 0.9 13 5 49   0 0   >200 >200 

STON08-01 1 8/19/09 2 MR-2-2-C E4b C4b 1.30 
 

2-<4% 12.8 15.5 1.21 10.6 2.0 77.8 6.1         88             3 0   >200 >200 
STON08-01 1 8/19/09 3 MR-2-2-C E4b C4b 1.30 

 
2-<4% 12.3 15.4 1.25 9.8 1.7 102.3 8.3 70 2 2 3 65             0 0   >200 >200 

STON08-01 1 8/19/09 4 MR-2-2-C C4b C4b 1.30 
 

2-<4% 15.0 17.3 1.15 13.0 1.5 85.0 5.7         84             0 0   >200 >200 
STON08-01 1 8/19/09 5 MR-2-2-C E4b C4b 1.30 

 
2-<4% 11.4 14.3 1.25 9.1 1.9 106.4 9.3 44 3 3 6               0 0   >200 >200 

                                                                  
STON13-02 1 8/19/09 1 MR-2-2-U E4 C4 1.34 1.2 2-<4% 13.3 14.9 1.12 11.9 1.9 123.3 9.3 50 4 4 2   16 0.9 33 2 55   5 0   54 85 
STON13-02 1 8/19/09 2 MR-2-2-U C4 C4 1.34 1.2 2-<4% 13.7 14.6 1.07 12.8 1.9 125.7 9.2                       10 0   150 8 
STON13-02 1 8/19/09 3 MR-2-2-U C4 C4 1.34 1.2 2-<4% 14.7 17.1 1.16 12.7 1.7 136.7 9.3 59 3 3 3               18 0   100 38 
STON13-02 1 8/19/09 4 MR-2-2-U E4 C4 1.34 1.2 2-<4% 13.4 16.7 1.25 10.7 1.7 83.4 6.2                       10 0   >156 31 
STON13-02 1 8/19/09 5 MR-2-2-U C4 C4 1.34 1.2 2-<4% 25.0 24.0 0.96 26.0 1.6 150.0 6.0 49 4 4 14               30 0   75 18 

                                                                  
THOM02-03 1 8/26/09 1 MR-0-2-U C4 E4 3.40 0.5 <2% 27.8 15.8 0.57 48.8 0.9 91.6 3.3 20 18 24 15   4 0.7 0 0 0 0 0 0 0 24 20 
THOM02-03 1 8/26/09 2 MR-0-2-U B4c E4 3.40 0.5 <2% 33.8 20.0 0.59 57.0 1.0 54.8 1.6 19 23 23 22             0 0 0 0 14 55 
THOM02-03 1 8/26/09 3 MR-0-2-U         <2%                                   0 0 0 0 33 11 
THOM02-03 1 8/26/09 4 MR-0-2-U         <2%                                   0 0 0 0 38 11 
THOM02-03 1 8/26/09 5 MR-0-2-U         <2%               27 13 16 11             0 0 0 0 44 14 
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Reach ID Reach Type Pool Residual 
Depth (Feet) 

Spawning 
Gravels 

Identified 

Pool Tail-out 
Fines (%) 

BEAR18-01 MR-2-2-C 1 2.0 Y 28 
BEAR18-01 MR-2-2-C 2 0.9 Y 6 
BEAR18-01 MR-2-2-C 3 0.6     
BEAR18-01 MR-2-2-C 4 1.2     
BEAR18-01 MR-2-2-C 5 2.1     
BEAR18-01 MR-2-2-C 6 1.6     
BEAR18-01 MR-2-2-C 7 0.9     
BEAR18-01 MR-2-2-C 8 0.9     
BEAR18-01 MR-2-2-C 9 1.6     
BEAR18-01 MR-2-2-C 10 1.3     
BEAR18-01 MR-2-2-C 11 2.1 Y 34 
  
BEAR26-02 MR-0-3-U 1 0.4     
BEAR26-02 MR-0-3-U 2 1.4     
BEAR26-02 MR-0-3-U 3 0.8     
BEAR26-02 MR-0-3-U 4 0.9     
BEAR26-02 MR-0-3-U 5 2.3 Y 12 
BEAR26-02 MR-0-3-U 6 0.9 Y 14 
BEAR26-02 MR-0-3-U 7 0.9     
BEAR26-02 MR-0-3-U 8 0.8     
BEAR26-02 MR-0-3-U 9 0.9     
BEAR26-02 MR-0-3-U 10 0.8     
BEAR26-02 MR-0-3-U 11 1.8     
BEAR26-02 MR-0-3-U 12 2.0     
BEAR26-02 MR-0-3-U 13 1.2     
BEAR26-02 MR-0-3-U 14 1.5 Y 37 
BEAR26-02 MR-0-3-U 15 1.0     
  
BOZE14-01 MR-0-2-U 1 1.5 Y 4 
BOZE14-01 MR-0-2-U 2 0.8     
BOZE14-01 MR-0-2-U 3 1.1     
BOZE14-01 MR-0-2-U 4 1.1 Y 9 
BOZE14-01 MR-0-2-U 5 1.8 Y 19 
BOZE14-01 MR-0-2-U 6 1.1 Y 7 
BOZE14-01 MR-0-2-U 7 2.7 Y 12 
BOZE14-01 MR-0-2-U 8 0.6     
BOZE14-01 MR-0-2-U 9 1.5     
BOZE14-01 MR-0-2-U 10 0.7 Y 10 
  
BOZE18-04 MR-0-3-U 1 1.4 Y 7 
BOZE18-04 MR-0-3-U 2 1.1 Y 21 
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Reach ID Reach Type Pool Residual 
Depth (Feet) 

Spawning 
Gravels 

Identified 

Pool Tail-out 
Fines (%) 

CAMP14-05 MR-0-3-U 1 1.0 Y 93 
CAMP14-05 MR-0-3-U 2 1.1 Y 88 
CAMP14-05 MR-0-3-U 3 1.4 Y 77 
CAMP14-05 MR-0-3-U 4 1.2 Y 86 
CAMP14-05 MR-0-3-U 5 0.9 Y 90 
CAMP14-05 MR-0-3-U 6 2.6 not recorded 100 
CAMP14-05 MR-0-3-U 7 0.7     
CAMP14-05 MR-0-3-U 8 1.0     
CAMP14-05 MR-0-3-U 9 0.6     
CAMP14-05 MR-0-3-U 10 0.9 Y 93 
CAMP14-05 MR-0-3-U 11 0.7 Y 99 
CAMP14-05 MR-0-3-U 12 0.7 Y 67 
CAMP14-05 MR-0-3-U 13 0.9     
CAMP14-05 MR-0-3-U 14 1.3 Q 100 
CAMP14-05 MR-0-3-U 15 1.3     
CAMP14-05 MR-0-3-U 16 1.0 Y 45 
CAMP14-05 MR-0-3-U 17 0.4 Y 91 
CAMP14-05 MR-0-3-U 18 1.2 Y 44 
  
CAMP14-12 MR-0-3-U 1 0.6     
CAMP14-12 MR-0-3-U 2 1.0     
CAMP14-12 MR-0-3-U 3 1.1     
CAMP14-12 MR-0-3-U 4 1.4     
CAMP14-12 MR-0-3-U 5 1.5     
CAMP14-12 MR-0-3-U 6 0.8     
CAMP14-12 MR-0-3-U 7 0.9     
CAMP14-12 MR-0-3-U 8 1.0     
CAMP14-12 MR-0-3-U 9 1.4     
CAMP14-12 MR-0-3-U 10       
CAMP14-12 MR-0-3-U 11 1.8     
CAMP14-12 MR-0-3-U 12 1.2     
CAMP14-12 MR-0-3-U 13 1.0     
CAMP14-12 MR-0-3-U 14 0.9     
CAMP14-12 MR-0-3-U 15 0.7     
CAMP14-12 MR-0-3-U 16 1.0     
CAMP14-12 MR-0-3-U 17 1.7     
  
CAMP15-04 MR-0-4-U 1 2.1 Y 24 
CAMP15-04 MR-0-4-U 2 2.3     
CAMP15-04 MR-0-4-U 3 1.4     
  
DRY09-05 MR-0-3-U 1 1.5 Y 15 
DRY09-05 MR-0-3-U 2 1.7 Y 30 
DRY09-05 MR-0-3-U 3 1.5 Y 22 
DRY09-05 MR-0-3-U 4 2.3     
DRY09-05 MR-0-3-U 5 2.4 Y 20 
DRY09-05 MR-0-3-U 6 3.2 Y 16 
DRY09-05 MR-0-3-U 7 0.9     
DRY09-05 MR-0-3-U 8 1.0     
DRY09-05 MR-0-3-U 9 0.8     
DRY09-05 MR-0-3-U 10 1.3 Y 11 
DRY09-05 MR-0-3-U 11 2.3 Y 7 
DRY09-05 MR-0-3-U 12 0.9     
DRY09-05 MR-0-3-U 13 1.7     
DRY09-05 MR-0-3-U 14 0.9     
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Reach ID Reach Type Pool Residual 
Depth (Feet) 

Spawning 
Gravels 

Identified 

Pool Tail-out 
Fines (%) 

DRY12-06 MR-0-4-U 1 1.1     
DRY12-06 MR-0-4-U 2 1.7     
DRY12-06 MR-0-4-U 3 0.7     
DRY12-06 MR-0-4-U 4 0.8     
DRY12-06 MR-0-4-U 5 1.4     
DRY12-06 MR-0-4-U 6 3.1     
DRY12-06 MR-0-4-U 7 1.4     

  
GOD02-01 MR-0-2-U 1 0.6     
GOD02-01 MR-0-2-U 2 0.7     
GOD02-01 MR-0-2-U 3 1.0     
GOD02-01 MR-0-2-U 4 0.7 Y 39 
GOD02-01 MR-0-2-U 5 0.7     
GOD02-01 MR-0-2-U 6 0.6     
GOD02-01 MR-0-2-U 7 0.6     
GOD02-01 MR-0-2-U 8 0.8     
GOD02-01 MR-0-2-U 9 0.7     
GOD02-01 MR-0-2-U 10 0.3     
GOD02-01 MR-0-2-U 11 0.8     
GOD02-01 MR-0-2-U 12 0.7 Y 88 
GOD02-01 MR-0-2-U 13 0.4 Y 8 
GOD02-01 MR-0-2-U 14 0.4     
GOD02-01 MR-0-2-U 15 0.9     
GOD02-01 MR-0-2-U 16 0.4     
GOD02-01 MR-0-2-U 17 0.6     

  
GOD03-01 MR-0-3-U 1 1.0 Y 45 
GOD03-01 MR-0-3-U 2 0.8 Y 13 
GOD03-01 MR-0-3-U 3 0.7 Y 71 
GOD03-01 MR-0-3-U 4 0.4 Y 27 
GOD03-01 MR-0-3-U 5 0.8 Y 21 
GOD03-01 MR-0-3-U 6 0.7 Y 20 
GOD03-01 MR-0-3-U 7 1.0 not recorded 31 
GOD03-01 MR-0-3-U 8 0.8 Y 20 
GOD03-01 MR-0-3-U 9 0.7 not recorded 11 

  
JACK04-01 MR-4-1-C 1 0.4     
JACK04-01 MR-4-1-C 2 0.5     
JACK04-01 MR-4-1-C 3 0.8     
JACK04-01 MR-4-1-C 4 0.7     
JACK04-01 MR-4-1-C 5 0.6     
JACK04-01 MR-4-1-C 6 0.4 Y 44 
JACK04-01 MR-4-1-C 7 0.7     
JACK04-01 MR-4-1-C 8 0.8 Y 83 
JACK04-01 MR-4-1-C 9 1.1     
JACK04-01 MR-4-1-C 10 1.2     
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Reach ID Reach Type Pool Residual 
Depth (Feet) 

Spawning 
Gravels 

Identified 

Pool Tail-out 
Fines (%) 

JACK10-02 MR-2-2-U 1 1.0 Q 6 
JACK10-02 MR-2-2-U 2 1.0     
JACK10-02 MR-2-2-U 3 0.8     
JACK10-02 MR-2-2-U 4 0.8     
JACK10-02 MR-2-2-U 5 0.7     
JACK10-02 MR-2-2-U 6 0.6     
JACK10-02 MR-2-2-U 7       
JACK10-02 MR-2-2-U 8 1.2     
JACK10-02 MR-2-2-U 9 2.0     
JACK10-02 MR-2-2-U 10 1.4     
JACK10-02 MR-2-2-U 11 1.9     
JACK10-02 MR-2-2-U 12 1.4 Q 7 
JACK10-02 MR-2-2-U 13 1.2     
JACK10-02 MR-2-2-U 14 1.6     
JACK10-02 MR-2-2-U 15 2.8     
JACK10-02 MR-2-2-U 16 1.2 not recorded 10 
JACK10-02 MR-2-2-U 17 1.6     
JACK10-02 MR-2-2-U 18 1.7     
JACK10-02 MR-2-2-U 19       
JACK10-02 MR-2-2-U 20 1.7 Y 3 
  
REES06-01 MR-0-2-U 1 0.6     
REES06-01 MR-0-2-U 2 0.4 Y 5 
REES06-01 MR-0-2-U 3 0.7 Y 12 
REES06-01 MR-0-2-U 4 0.5     
REES06-01 MR-0-2-U 5 0.6     
REES06-01 MR-0-2-U 6 0.9     
  
REES15-06 MR-0-4-U 1 1.9 Y 2 
REES15-06 MR-0-4-U 2 2.1 Y 8 
REES15-06 MR-0-4-U 3 0.9     
REES15-06 MR-0-4-U 4 2.2 Y 19 
REES15-06 MR-0-4-U 5 2.3 Y 20 
REES15-06 MR-0-4-U 6 2.8 Y 7 
REES15-06 MR-0-4-U 7 1.6     
REES15-06 MR-0-4-U 8 2.2 Y 20 
REES15-06 MR-0-4-U 9 0.6     
REES15-06 MR-0-4-U 10 1.5 Y 14 
REES15-06 MR-0-4-U 11 1.0 Y 16 
REES15-06 MR-0-4-U 12 2.0 Y 16 
REES15-06 MR-0-4-U 13 0.8     
REES15-06 MR-0-4-U 14 0.8     
REES15-06 MR-0-4-U 15 2.1     
  
ROCK02-01 MR-0-3-U 1 1.1     
ROCK02-01 MR-0-3-U 2 1.0     
ROCK02-01 MR-0-3-U 3 1.5     
ROCK02-01 MR-0-3-U 4 1.3     
ROCK02-01 MR-0-3-U 5 1.9     
ROCK02-01 MR-0-3-U 6 1.1     
ROCK02-01 MR-0-3-U 7 1.5     
ROCK02-01 MR-0-3-U 8 1.7 Y 33 
ROCK02-01 MR-0-3-U 9 1.6     
ROCK02-01 MR-0-3-U 10 1.5     
ROCK02-01 MR-0-3-U 11 0.9     
ROCK02-01 MR-0-3-U 12 1.1 Y 3 
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Reach ID Reach Type Pool Residual 
Depth (Feet) 

Spawning 
Gravels 

Identified 

Pool Tail-out 
Fines (%) 

ROCK03-01 MR-0-4-U 1 1.5     
ROCK03-01 MR-0-4-U 2 1.3     
ROCK03-01 MR-0-4-U 3 0.9     
ROCK03-01 MR-0-4-U 4 2.1     
ROCK03-01 MR-0-4-U 5 4.1     
ROCK03-01 MR-0-4-U 6 1.1     
  
SCOT25-02 MR-2-3-U 1 0.7 Y 1 
SCOT25-02 MR-2-3-U 2 0.7     
SCOT25-02 MR-2-3-U 3 1.0     
SCOT25-02 MR-2-3-U 4 0.3 Y 3 
SCOT25-02 MR-2-3-U 5 0.5     
SCOT25-02 MR-2-3-U 6 0.9     
SCOT25-02 MR-2-3-U 7 1.2     
SCOT25-02 MR-2-3-U 8 0.7     
SCOT25-02 MR-2-3-U 9 1.0     
SCOT25-02 MR-2-3-U 10 0.3     
  
SCOT31-02 MR-0-3-U 1 2.0 Y 5 
SCOT31-02 MR-0-3-U 2       
SCOT31-02 MR-0-3-U 3 1.8     
SCOT31-02 MR-0-3-U 4 1.8     
SCOT31-02 MR-0-3-U 5 0.7     
SCOT31-02 MR-0-3-U 6 1.1 Y 7 
SCOT31-02 MR-0-3-U 7 0.6     
SCOT31-02 MR-0-3-U 8 1.5     
SCOT31-02 MR-0-3-U 9 1.0     
SCOT31-02 MR-0-3-U 10 1.1     
SCOT31-02 MR-0-3-U 11       
  
SMIT01-05 MR-0-4-U 1 2.7     
SMIT01-05 MR-0-4-U 2 2.5 Y 57 
SMIT01-05 MR-0-4-U 3 0.8 Y 7 
SMIT01-05 MR-0-4-U 4 1.6 Y 21 
SMIT01-05 MR-0-4-U 5 0.9     
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Reach ID Reach Type Pool Residual 
Depth (Feet) 

Spawning 
Gravels 

Identified 

Pool Tail-out 
Fines (%) 

STON08-01 MR-2-2-C 1 1.2 Y 6 
STON08-01 MR-2-2-C 2 1.1     
STON08-01 MR-2-2-C 3 0.8     
STON08-01 MR-2-2-C 4 0.8     
STON08-01 MR-2-2-C 5 0.8     
STON08-01 MR-2-2-C 6 0.4     
STON08-01 MR-2-2-C 7 0.5     
STON08-01 MR-2-2-C 8 0.8     
STON08-01 MR-2-2-C 9 0.6 Y 16 
STON08-01 MR-2-2-C 10 0.8     
STON08-01 MR-2-2-C 11 1.4     
STON08-01 MR-2-2-C 12 0.8     
STON08-01 MR-2-2-C 13 1.6     
STON08-01 MR-2-2-C 14 1.4     
STON08-01 MR-2-2-C 15 0.6     
STON08-01 MR-2-2-C 16 0.8     
  
STON13-02 MR-2-2-U 1 1.8     
STON13-02 MR-2-2-U 2 0.6     
STON13-02 MR-2-2-U 3 0.4 Y 12 
STON13-02 MR-2-2-U 4 0.5     
STON13-02 MR-2-2-U 5 0.4     
STON13-02 MR-2-2-U 6 1.4     
STON13-02 MR-2-2-U 7 1.3     
STON13-02 MR-2-2-U 8 0.4     
STON13-02 MR-2-2-U 9 0.7     
STON13-02 MR-2-2-U 10 1.0 Y 16 
STON13-02 MR-2-2-U 11 0.9     
STON13-02 MR-2-2-U 12 0.8     
STON13-02 MR-2-2-U 13 1.0     
STON13-02 MR-2-2-U 14 1.1     
STON13-02 MR-2-2-U 15 1.1     
STON13-02 MR-2-2-U 16 0.7     
  
THOM02-03 MR-0-2-U 1 1.0 Y 5 
THOM02-03 MR-0-2-U 2 0.5 Y 22 
THOM02-03 MR-0-2-U 3 0.8     
THOM02-03 MR-0-2-U 4 0.6 Y 6 
  
Y = Spawning Gravels Present    
N = Spawning Gravels Absent    Q = Questionable Spawning 
Gravels    
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Attachment AC - STREAMBANK EROSION SEDIMENT LOADS 
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Bear Creek BEAR 01-01 MR-2-1-U 1.95 1090 2.1 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0
Bear Creek BEAR 02-01 MR-4-1-U 1.95 951 1.9 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.0
Bear Creek BEAR 03-01 MR-10-1-U 0.31 375 0.1 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Bear Creek BEAR 04-01 MR-4-1-U 1.95 1826 3.6 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 0.0
Bear Creek BEAR 05-01 MR-10-1-U 0.31 708 0.2 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Bear Creek BEAR 06-01 MR-4-1-U 1.95 1682 3.3 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 3.3 0.0
Bear Creek BEAR 07-01 MR-10-1-U 0.31 714 0.2 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Bear Creek BEAR 08-01 MR-4-1-U 1.95 1117 2.2 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0
Bear Creek BEAR 09-01 MR-10-1-U 0.31 401 0.1 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Bear Creek BEAR 10-01 MR-4-1-U 1.95 437 0.9 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0
Bear Creek BEAR 11-01 MR-4-2-U 4.85 1232 6.0 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0
Bear Creek BEAR 11-02 MR-4-2-U 10.88 331 3.6 FAIR FAIR 20 0 0 0 60 0 20 0 0.7 0.0 0.0 0.0 2.2 0.0 0.7 0.0
Bear Creek BEAR 12-01 MR-2-2-U 10.88 2333 25.4 FAIR FAIR 0 0 0 0 60 0 40 0 0.0 0.0 0.0 0.0 15.2 0.0 10.2 0.0
Bear Creek BEAR 13-01 MR-4-2-U 10.88 627 6.8 FAIR FAIR 20 0 0 0 70 0 10 0 1.4 0.0 0.0 0.0 4.8 0.0 0.7 0.0
Bear Creek BEAR 13-02 MR-4-2-U 10.88 296 3.2 FAIR FAIR 20 0 0 0 70 0 10 0 0.6 0.0 0.0 0.0 2.3 0.0 0.3 0.0
Bear Creek BEAR 14-01 MR-2-2-U 10.88 4039 43.9 FAIR FAIR 30 0 0 0 50 0 20 0 13.2 0.0 0.0 0.0 22.0 0.0 8.8 0.0
Bear Creek BEAR 15-01 MR-4-2-U 4.85 826 4.0 FAIR FAIR 20 0 0 0 0 0 80 0 0.8 0.0 0.0 0.0 0.0 0.0 3.2 0.0
Bear Creek BEAR 16-01 MR-2-2-U 4.85 1057 5.1 FAIR GOOD 20 0 0 0 0 0 80 0 1.0 0.0 0.0 0.0 0.0 0.0 4.1 0.0
Bear Creek BEAR 17-01 MR-4-2-C 10.88 992 10.8 FAIR GOOD 0 40 0 0 0 0 60 0 0.0 4.3 0.0 0.0 0.0 0.0 6.5 0.0
Bear Creek BEAR 17-02 MR-4-2-C 10.88 1743 19.0 GOOD FAIR 50 0 0 0 0 0 50 0 9.5 0.0 0.0 0.0 0.0 0.0 9.5 0.0
Bear Creek BEAR 18-01 MR-2-2-C 2.28 2320 5.3 FAIR GOOD 50 0 0 0 0 0 50 0 2.6 0.0 0.0 0.0 0.0 0.0 2.6 0.0
Bear Creek BEAR 19-01 MR-4-2-C 10.88 1920 20.9 FAIR GOOD 50 0 0 0 0 0 50 0 10.4 0.0 0.0 0.0 0.0 0.0 10.4 0.0
Bear Creek BEAR 20-01 MR-4-2-U 15.92 2378 37.9 FAIR FAIR 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 37.9 0.0
Bear Creek BEAR 21-01 MR-2-2-U 10.88 746 8.1 FAIR FAIR 50 0 0 0 0 0 0 50 4.1 0.0 0.0 0.0 0.0 0.0 0.0 4.1
Bear Creek BEAR 22-01 MR-2-3-U 19.40 6268 121.6 FAIR FAIR 40 0 0 0 0 0 20 40 48.6 0.0 0.0 0.0 0.0 0.0 24.3 48.6
Bear Creek BEAR 23-01 MR-2-3-U 19.40 1161 22.5 FAIR FAIR 0 20 0 0 0 0 40 40 0.0 4.5 0.0 0.0 0.0 0.0 9.0 9.0
Bear Creek BEAR 24-01 MR-0-3-U 19.40 838 16.3 FAIR FAIR 60 0 0 0 0 0 40 0 9.8 0.0 0.0 0.0 0.0 0.0 6.5 0.0
Bear Creek BEAR 24-02 MR-0-3-U 19.40 1607 31.2 FAIR FAIR 20 0 0 0 0 40 0 40 6.2 0.0 0.0 0.0 0.0 12.5 0.0 12.5
Bear Creek BEAR 25-01 2309 0.0 FAIR FAIR 40 0 0 0 0 40 20 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bear Creek BEAR 26-01 MR-0-3-U 19.40 1516 29.4 FAIR FAIR 50 0 0 0 0 50 0 0 14.7 0.0 0.0 0.0 0.0 14.7 0.0 0.0
Bear Creek BEAR 26-02 MR-0-3-U 31.22 5038 157.3 FAIR FAIR 0 40 0 0 0 40 0 20 0.0 62.9 0.0 0.0 0.0 62.9 0.0 31.5
Bear Creek BEAR 26-03 MR-0-3-U 19.40 1156 22.4 FAIR FAIR 20 0 20 0 0 0 0 60 4.5 0.0 4.5 0.0 0.0 0.0 0.0 13.5
Bear Creek BEAR 27-01 MR-2-3-U 19.40 995 19.3 FAIR FAIR 10 0 0 0 0 20 0 70 1.9 0.0 0.0 0.0 0.0 3.9 0.0 13.5
Bear Creek BEAR 28-01 MR-0-3-U 19.40 2486 48.2 FAIR FAIR 40 0 0 0 0 30 0 30 19.3 0.0 0.0 0.0 0.0 14.5 0.0 14.5

TOTAL 53513 682.7 TOTAL 149.4 71.7 4.5 0.0 46.4 108.4 155.2 147.1
PERCENT 0.22 0.11 0.01 0.00 0.07 0.16 0.23 0.22

Bozeman Creek BOZE 01-01 MR-10-1-U 0.31 984 0.3 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Bozeman Creek BOZE 02-01 MR-4-1-U 1.95 581 1.1 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0
Bozeman Creek BOZE 03-01 MR-4-1-C 1.95 1613 3.1 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 3.1 0.0
Bozeman Creek BOZE 04-01 MR-2-1-U 1.95 902 1.8 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.0
Bozeman Creek BOZE 05-01 MR-2-2-U 4.85 305 1.5 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0
Bozeman Creek BOZE 06-01 MR-4-2-U 4.85 942 4.6 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 4.6 0.0
Bozeman Creek BOZE 07-01 MR-0-2-U 4.85 2222 10.8 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 10.8 0.0
Bozeman Creek BOZE 08-01 MR-2-2-U 4.85 6615 32.1 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 32.1 0.0
Bozeman Creek BOZE 08-02 MR-2-2-U 10.88 1127 12.3 FAIR FAIR 30 0 0 0 0 0 70 0 3.7 0.0 0.0 0.0 0.0 0.0 8.6 0.0
Bozeman Creek BOZE 09-01 MR-0-2-U 4.85 2400 11.6 FAIR FAIR 10 0 0 0 10 0 80 0 1.2 0.0 0.0 0.0 1.2 0.0 9.3 0.0
Bozeman Creek BOZE 10-01 MR-2-2-U 4.85 5529 26.8 GOOD FAIR 20 0 0 0 0 0 80 0 5.4 0.0 0.0 0.0 0.0 0.0 21.5 0.0
Bozeman Creek BOZE 11-01 MR-0-2-U 4.85 2097 10.2 GOOD FAIR 10 0 0 0 0 0 90 0 1.0 0.0 0.0 0.0 0.0 0.0 9.2 0.0
Bozeman Creek BOZE 12-01 MR-2-2-C 10.88 4378 47.6 GOOD FAIR 50 0 0 0 0 0 50 0 23.8 0.0 0.0 0.0 0.0 0.0 23.8 0.0
Bozeman Creek BOZE 12-02 MR-2-2-C 4.85 4200 20.4 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 20.4 0.0
Bozeman Creek BOZE 13-01 MR-2-2-U 4.85 1529 7.4 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 7.4 0.0
Bozeman Creek BOZE 14-01 MR-0-2-U 8.04 4901 39.4 FAIR GOOD 0 0 0 0 40 0 60 0 0.0 0.0 0.0 0.0 15.8 0.0 23.6 0.0
Bozeman Creek BOZE 15-01 MR-0-2-U 5.33 5754 30.7 FAIR FAIR 0 20 0 0 0 40 0 40 0.0 6.1 0.0 0.0 0.0 12.3 0.0 12.3
Bozeman Creek BOZE 15-02 MR-0-2-U 10.88 6057 65.9 FAIR FAIR 0 20 0 0 0 60 20 0 0.0 13.2 0.0 0.0 0.0 39.5 13.2 0.0
Bozeman Creek BOZE 16-01 MR-2-2-U 10.88 678 7.4 FAIR FAIR 10 0 0 0 0 90 0 0 0.7 0.0 0.0 0.0 0.0 6.6 0.0 0.0
Bozeman Creek BOZE 17-01 MR-0-2-U 10.88 1140 12.4 FAIR FAIR 0 0 0 0 0 80 20 0 0.0 0.0 0.0 0.0 0.0 9.9 2.5 0.0
Bozeman Creek BOZE 17-02 MR-0-2-U 10.88 4607 50.1 FAIR FAIR 0 0 0 0 0 40 0 60 0.0 0.0 0.0 0.0 0.0 20.1 0.0 30.1
Bozeman Creek BOZE 18-01 MR-0-3-U 19.40 1071 20.8 FAIR FAIR 0 0 0 0 0 0 70 30 0.0 0.0 0.0 0.0 0.0 0.0 14.5 6.2
Bozeman Creek BOZE 18-02 MR-0-3-U 19.40 6310 122.4 FAIR FAIR 0 0 0 0 0 30 0 70 0.0 0.0 0.0 0.0 0.0 36.7 0.0 85.7
Bozeman Creek BOZE 18-03 MR-0-3-U 19.40 6489 125.9 FAIR FAIR 0 0 0 0 0 30 0 70 0.0 0.0 0.0 0.0 0.0 37.8 0.0 88.1
Bozeman Creek BOZE 18-04 MR-0-3-U 17.37 6024 104.6 POOR POOR 0 0 0 0 0 0 0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 104.6
Bozeman Creek BOZE 18-05 MR-0-3-U 8.92 4910 43.8 FAIR FAIR 0 0 0 0 0 0 0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 43.8

TOTAL 83366 814.9 TOTAL 35.8 19.3 0.0 0.0 16.9 162.9 209.2 370.8
PERCENT 0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.5

Camp Creek CAMP 01-01 MR-4-1-U 1.97 1888 3.7 FAIR POOR 0 100 0 0 0 0 0 0 0.0 3.7 0.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 02-01 899 0.0 FAIR POOR 0 100 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 03-01 MR-0-1-U 1.97 1985 3.9 FAIR FAIR 0 50 0 50 0 0 0 0 0.0 2.0 0.0 2.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 03-02 MR-0-1-U 1.97 1953 3.8 FAIR FAIR 0 40 60 0 0 0 0 0 0.0 1.5 2.3 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 03-03 MR-0-1-U 1.97 2555 5.0 FAIR FAIR 10 30 60 0 0 0 0 0 0.5 1.5 3.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 03-04 MR-0-1-U 1.97 459 0.9 FAIR FAIR 0 50 50 0 0 0 0 0 0.0 0.5 0.5 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 03-05 MR-0-1-U 1.97 1175 2.3 FAIR FAIR 0 20 80 0 0 0 0 0 0.0 0.5 1.9 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 04-01 MR-2-1-U 1.97 3715 7.3 POOR POOR 0 50 50 0 0 0 0 0 0.0 3.7 3.7 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 05-01 MR-4-1-C 1.97 925 1.8 FAIR FAIR 0 70 30 0 0 0 0 0 0.0 1.3 0.5 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 05-02 MR-4-1-C 1.97 1024 2.0 FAIR FAIR 0 60 0 0 0 0 40 0 0.0 1.2 0.0 0.0 0.0 0.0 0.8 0.0
Camp Creek CAMP 06-01 MR-0-1-U 1.97 1515 3.0 POOR POOR 0 100 0 0 0 0 0 0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 06-02 MR-0-1-U 1.97 1534 3.0 FAIR FAIR 0 70 0 0 0 0 30 0 0.0 2.1 0.0 0.0 0.0 0.0 0.9 0.0
Camp Creek CAMP 07-01 MR-0-2-U 10.88 1388 15.1 FAIR FAIR 0 70 0 0 0 0 30 0 0.0 10.6 0.0 0.0 0.0 0.0 4.5 0.0
Camp Creek CAMP 08-01 MR-0-3-U 19.40 960 18.6 FAIR FAIR 0 40 40 0 0 0 20 0 0.0 7.5 7.5 0.0 0.0 0.0 3.7 0.0
Camp Creek CAMP 09-01 MR-2-3-U 19.40 968 18.8 FAIR FAIR 0 40 50 0 0 0 10 0 0.0 7.5 9.4 0.0 0.0 0.0 1.9 0.0
Camp Creek CAMP 10-01 MR-0-3-U 19.40 505 9.8 FAIR FAIR 0 50 40 0 0 0 10 0 0.0 4.9 3.9 0.0 0.0 0.0 1.0 0.0
Camp Creek CAMP 10-02 MR-0-3-U 19.40 1912 37.1 FAIR FAIR 10 20 70 0 0 0 0 0 3.7 7.4 26.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 10-03 MR-0-3-U 19.40 1093 21.2 FAIR FAIR 0 40 40 0 0 0 20 0 0.0 8.5 8.5 0.0 0.0 0.0 4.2 0.0
Camp Creek CAMP 10-04 MR-0-3-U 19.40 408 7.9 FAIR FAIR 0 70 0 0 0 0 30 0 0.0 5.5 0.0 0.0 0.0 0.0 2.4 0.0
Camp Creek CAMP 11-01 MR-0-3-C 19.40 877 17.0 FAIR FAIR 0 70 0 0 0 0 30 0 0.0 11.9 0.0 0.0 0.0 0.0 5.1 0.0
Camp Creek CAMP 11-02 MR-0-3-C 19.40 764 14.8 GOOD GOOD 0 50 0 0 0 0 50 0 0.0 7.4 0.0 0.0 0.0 0.0 7.4 0.0
Camp Creek CAMP 12-01 MR-2-3-C 19.40 1983 38.5 FAIR FAIR 0 50 0 0 0 0 50 0 0.0 19.2 0.0 0.0 0.0 0.0 19.2 0.0
Camp Creek CAMP 13-01 MR-2-3-U 19.40 621 12.1 FAIR FAIR 20 30 40 0 0 0 10 0 2.4 3.6 4.8 0.0 0.0 0.0 1.2 0.0
Camp Creek CAMP 13-02 MR-2-3-U 5.12 665 3.4 FAIR FAIR 20 60 0 0 0 0 20 0 0.7 2.0 0.0 0.0 0.0 0.0 0.7 0.0
Camp Creek CAMP 14-01 MR-0-3-U 19.40 3888 75.4 FAIR FAIR 40 60 0 0 0 0 0 0 30.2 45.3 0.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-02 MR-0-3-U 19.40 786 15.3 FAIR FAIR 10 40 50 0 0 0 0 0 1.5 6.1 7.6 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-03 MR-0-3-U 19.40 1168 22.7 POOR POOR 0 60 0 0 0 0 0 40 0.0 13.6 0.0 0.0 0.0 0.0 0.0 9.1
Camp Creek CAMP 14-04 MR-0-3-U 19.40 4358 84.5 POOR POOR 30 20 30 0 0 0 0 20 25.4 16.9 25.4 0.0 0.0 0.0 0.0 16.9
Camp Creek CAMP 14-05 MR-0-3-U 15.25 2211 33.7 FAIR FAIR 20 40 40 0 0 0 0 0 6.7 13.5 13.5 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-06 MR-0-3-U 19.40 2201 42.7 FAIR FAIR 50 30 20 0 0 0 0 0 21.3 12.8 8.5 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-07 MR-0-3-U 19.40 1848 35.9 FAIR FAIR 80 20 0 0 0 0 0 0 28.7 7.2 0.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-08 MR-0-3-U 19.40 924 17.9 FAIR FAIR 20 40 0 0 0 0 0 40 3.6 7.2 0.0 0.0 0.0 0.0 0.0 7.2
Camp Creek CAMP 14-09 MR-0-3-U 19.40 8617 167.2 FAIR FAIR 30 20 20 0 0 30 0 0 50.2 33.4 33.4 0.0 0.0 50.2 0.0 0.0
Camp Creek CAMP 14-10 MR-0-3-U 19.40 3839 74.5 FAIR FAIR 0 50 0 0 0 50 0 0 0.0 37.2 0.0 0.0 0.0 37.2 0.0 0.0
Camp Creek CAMP 14-11 MR-0-3-U 19.40 1594 30.9 POOR POOR 0 0 0 0 0 0 0 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 30.9
Camp Creek CAMP 14-12 MR-0-3-U 61.62 8753 539.4 POOR POOR 0 0 20 0 0 80 0 0 0.0 0.0 107.9 0.0 0.0 431.5 0.0 0.0
Camp Creek CAMP 14-13 MR-0-3-U 19.40 6851 132.9 POOR POOR 50 20 0 0 0 30 0 0 66.5 26.6 0.0 0.0 0.0 39.9 0.0 0.0
Camp Creek CAMP 14-14 MR-0-3-U 19.40 3384 65.6 FAIR FAIR 50 50 0 0 0 0 0 0 32.8 32.8 0.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-15 MR-0-3-U 19.40 3390 65.8 POOR POOR 40 20 0 0 0 0 0 40 26.3 13.2 0.0 0.0 0.0 0.0 0.0 26.3
Camp Creek CAMP 14-16 MR-0-3-U 19.40 6334 122.9 FAIR FAIR 50 0 50 0 0 0 0 0 61.4 0.0 61.4 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-17 MR-0-3-U 19.40 1562 30.3 FAIR FAIR 10 70 10 0 0 0 10 0 3.0 21.2 3.0 0.0 0.0 0.0 3.0 0.0
Camp Creek CAMP 14-18 MR-0-3-U 19.40 3765 73.0 FAIR FAIR 0 20 80 0 0 0 0 0 0.0 14.6 58.4 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-19 MR-0-3-U 19.40 2483 48.2 POOR POOR 0 20 0 0 0 0 0 80 0.0 9.6 0.0 0.0 0.0 0.0 0.0 38.5
Camp Creek CAMP 14-20 MR-0-3-U 19.40 1584 30.7 POOR POOR 0 0 100 0 0 0 0 0 0.0 0.0 30.7 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 14-21 MR-0-3-U 19.40 5441 105.6 FAIR POOR 0 20 60 0 0 0 0 20 0.0 21.1 63.3 0.0 0.0 0.0 0.0 21.1
Camp Creek CAMP 14-22 MR-0-3-U 19.40 7020 136.2 FAIR FAIR 30 20 50 0 0 0 0 0 40.9 27.2 68.1 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 15-01 MR-0-4-U 19.40 4325 83.9 FAIR FAIR 10 40 0 0 0 50 0 0 8.4 33.6 0.0 0.0 0.0 42.0 0.0 0.0
Camp Creek CAMP 15-02 MR-0-4-U 19.40 4050 78.6 FAIR FAIR 10 30 30 0 0 30 0 0 7.9 23.6 23.6 0.0 0.0 23.6 0.0 0.0
Camp Creek CAMP 15-03 MR-0-4-U 19.40 622 12.1 FAIR FAIR 100 0 0 0 0 0 0 0 12.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Camp Creek CAMP 15-04 MR-0-4-U 2.96 5940 17.6 FAIR FAIR 10 40 0 0 0 40 10 0 1.8 7.0 0.0 0.0 0.0 7.0 1.8 0.0
Camp Creek CAMP 15-05 MR-0-4-U 19.40 5118 99.3 FAIR FAIR 10 40 0 0 0 40 10 0 9.9 39.7 0.0 0.0 0.0 39.7 9.9 0.0

TOTAL 133827 2493.8 TOTAL 445.8 580.4 576.8 2.0 0.0 671.0 67.8 150.0
PERCENT 0.2 0.2 0.2 0.0 0.0 0.3 0.0 0.1
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Dry Creek DRY 01-01 MR-10-1-C 0.31 1229 0.4 GOOD GOOD 0 0 0 0 0 0 100 0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
Dry Creek DRY 02-01 MR-10-1-U 0.31 407 0.1 FAIR FAIR 0 50 0 0 0 0 50 0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0
Dry Creek DRY 03-01 MR-10-1-U 0.31 1282 0.4 POOR POOR 0 60 0 0 0 0 40 0 0.0 0.2 0.0 0.0 0.0 0.0 0.2 0.0
Dry Creek DRY 04-01 MR-4-1-U 1.97 954 1.9 POOR POOR 0 60 0 0 0 0 40 0 0.0 1.1 0.0 0.0 0.0 0.0 0.8 0.0
Dry Creek DRY 04-02 MR-4-1-U 1.97 3183 6.3 POOR POOR 10 20 70 0 0 0 0 0 0.6 1.3 4.4 0.0 0.0 0.0 0.0 0.0
Dry Creek DRY 04-03 MR-4-1-U 1.97 738 1.5 FAIR FAIR 0 40 40 0 0 0 20 0 0.0 0.6 0.6 0.0 0.0 0.0 0.3 0.0
Dry Creek DRY 05-01 MR-2-1-U 1.97 2954 5.8 FAIR FAIR 0 0 80 0 0 0 20 0 0.0 0.0 4.7 0.0 0.0 0.0 1.2 0.0
Dry Creek DRY 06-01 MR-2-2-U 10.88 3657 39.8 FAIR FAIR 0 20 70 0 0 0 10 0 0.0 8.0 27.9 0.0 0.0 0.0 4.0 0.0
Dry Creek DRY 07-01 2021 0.0 FAIR FAIR 0 50 40 0 0 0 10 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dry Creek DRY 08-01 MR-0-2-U 10.88 3249 35.3 FAIR FAIR 10 40 40 0 0 0 10 0 3.5 14.1 14.1 0.0 0.0 0.0 3.5 0.0
Dry Creek DRY 09-01 MR-0-3-U 19.40 3487 67.7 FAIR FAIR 30 30 0 0 0 30 10 0 20.3 20.3 0.0 0.0 0.0 20.3 6.8 0.0
Dry Creek DRY 09-02 MR-0-3-U 19.40 2686 52.1 FAIR FAIR 10 70 0 0 0 0 20 0 5.2 36.5 0.0 0.0 0.0 0.0 10.4 0.0
Dry Creek DRY 09-03 MR-0-3-U 19.40 5586 108.4 FAIR FAIR 10 40 0 0 0 40 10 0 10.8 43.4 0.0 0.0 0.0 43.4 10.8 0.0
Dry Creek DRY 09-04 MR-0-3-U 19.40 5193 100.7 FAIR FAIR 0 40 0 0 0 40 10 10 0.0 40.3 0.0 0.0 0.0 40.3 10.1 10.1
Dry Creek DRY 09-05 MR-0-3-U 31.39 4650 146.0 FAIR FAIR 0 30 0 0 0 50 0 20 0.0 43.8 0.0 0.0 0.0 73.0 0.0 29.2
Dry Creek DRY 09-06 MR-0-3-U 19.40 2653 51.5 FAIR FAIR 50 40 0 0 0 0 10 0 25.7 20.6 0.0 0.0 0.0 0.0 5.1 0.0
Dry Creek DRY 10-01 MR-0-3-C 19.40 1484 28.8 FAIR FAIR 0 40 0 0 0 40 20 0 0.0 11.5 0.0 0.0 0.0 11.5 5.8 0.0
Dry Creek DRY 10-02 MR-0-3-C 19.40 2137 41.5 FAIR FAIR 50 40 0 0 0 0 10 0 20.7 16.6 0.0 0.0 0.0 0.0 4.1 0.0
Dry Creek DRY 10-03 MR-0-3-C 19.40 509 9.9 FAIR FAIR 10 40 0 0 0 50 0 0 1.0 3.9 0.0 0.0 0.0 4.9 0.0 0.0
Dry Creek DRY 11-01 MR-0-4-C 19.40 1338 26.0 FAIR FAIR 50 40 0 0 0 0 10 0 13.0 10.4 0.0 0.0 0.0 0.0 2.6 0.0
Dry Creek DRY 12-01 MR-0-4-U 19.40 2572 49.9 FAIR FAIR 50 40 0 0 0 0 10 0 24.9 20.0 0.0 0.0 0.0 0.0 5.0 0.0
Dry Creek DRY 12-02 MR-0-4-U 19.40 2555 49.6 FAIR FAIR 30 30 0 0 0 0 0 40 14.9 14.9 0.0 0.0 0.0 0.0 0.0 19.8
Dry Creek DRY 12-03 MR-0-4-U 19.40 6456 125.2 FAIR FAIR 40 20 0 0 0 40 0 0 50.1 25.0 0.0 0.0 0.0 50.1 0.0 0.0
Dry Creek DRY 12-04 MR-0-4-U 19.40 3709 72.0 FAIR FAIR 10 30 0 0 0 60 0 0 7.2 21.6 0.0 0.0 0.0 43.2 0.0 0.0
Dry Creek DRY 12-05 MR-0-4-U 19.40 4054 78.7 FAIR FAIR 10 0 90 0 0 0 0 0 7.9 0.0 70.8 0.0 0.0 0.0 0.0 0.0
Dry Creek DRY 12-06 MR-0-4-U 17.63 2850 50.3 FAIR FAIR 10 40 0 0 0 0 0 50 5.0 20.1 0.0 0.0 0.0 0.0 0.0 25.1
Dry Creek DRY 12-07 MR-0-4-U 19.40 2977 57.7 FAIR FAIR 0 30 0 0 0 70 0 0 0.0 17.3 0.0 0.0 0.0 40.4 0.0 0.0
Dry Creek DRY 12-08 MR-0-4-U 19.40 2571 49.9 FAIR FAIR 20 0 0 0 0 60 0 20 10.0 0.0 0.0 0.0 0.0 29.9 0.0 10.0
Dry Creek DRY 12-09 MR-0-4-U 19.40 8540 165.7 FAIR FAIR 20 20 0 0 0 30 0 30 33.1 33.1 0.0 0.0 0.0 49.7 0.0 49.7

TOTAL 85683 1422.7 TOTAL 254.0 424.6 122.4 0.0 0.0 406.7 71.1 143.9
PERCENT 0.2 0.3 0.1 0.0 0.0 0.3 0.0 0.1

Godfrey Creek GOD 01-01 MR-0-1-U 1.97 5639 11.1 FAIR FAIR 20 20 20 0 0 20 0 20 2.2 2.2 2.2 0.0 0.0 2.2 0.0 2.2
Godfrey Creek GOD 02-01 MR-0-2-U 5.69 3149 17.9 POOR POOR 20 20 20 0 0 20 0 20 3.6 3.6 3.6 0.0 0.0 3.6 0.0 3.6
Godfrey Creek GOD 03-01 MR-0-3-U 9.46 15867 150.1 POOR POOR 20 20 20 0 0 20 0 20 30.0 30.0 30.0 0.0 0.0 30.0 0.0 30.0
Godfrey Creek GOD 03-02 MR-0-3-U 19.40 6879 133.5 POOR POOR 20 20 20 0 0 20 0 20 26.7 26.7 26.7 0.0 0.0 26.7 0.0 26.7
Godfrey Creek GOD 03-03 MR-0-3-U 19.40 6071 117.8 POOR POOR 20 0 40 0 0 40 0 0 23.6 0.0 47.1 0.0 0.0 47.1 0.0 0.0

TOTAL 37605 430.4 TOTAL 86.1 62.5 109.6 0.0 0.0 109.6 0.0 62.5
PERCENT 0.2 0.1 0.3 0.0 0.0 0.3 0.0 0.1

Jackson Creek JACK 01-01 MR-10-1-C 0.31 5072 1.6 FAIR FAIR 30 0 0 0 50 0 20 0 0.5 0.0 0.0 0.0 0.8 0.0 0.3 0.0
Jackson Creek JACK 02-01 MR-4-1-C 1.97 1622 3.2 FAIR FAIR 40 30 0 0 30 0 0 0 1.3 1.0 0.0 0.0 1.0 0.0 0.0 0.0
Jackson Creek JACK 02-02 MR-4-1-C 1.97 362 0.7 FAIR FAIR 40 30 0 0 30 0 0 0 0.3 0.2 0.0 0.0 0.2 0.0 0.0 0.0
Jackson Creek JACK 03-01 MR-4-1-U 1.97 563 1.1 FAIR FAIR 40 30 0 0 30 0 0 0 0.4 0.3 0.0 0.0 0.3 0.0 0.0 0.0
Jackson Creek JACK 04-01 MR-4-1-C 2.50 2134 5.3 FAIR FAIR 0 50 0 0 50 0 0 0 0.0 2.7 0.0 0.0 2.7 0.0 0.0 0.0
Jackson Creek JACK 05-01 MR-4-1-U 1.97 997 2.0 FAIR FAIR 0 50 0 0 50 0 0 0 0.0 1.0 0.0 0.0 1.0 0.0 0.0 0.0
Jackson Creek JACK 06-01 MR-2-1-U 1.97 1113 2.2 FAIR FAIR 40 30 0 0 30 0 0 0 0.9 0.7 0.0 0.0 0.7 0.0 0.0 0.0
Jackson Creek JACK 07-01 MR-2-2-U 10.88 1228 13.4 FAIR FAIR 40 40 0 0 20 0 0 0 5.3 5.3 0.0 0.0 2.7 0.0 0.0 0.0
Jackson Creek JACK 08-01 MR-0-2-U 10.88 2074 22.6 FAIR FAIR 40 30 0 0 30 0 0 0 9.0 6.8 0.0 0.0 6.8 0.0 0.0 0.0
Jackson Creek JACK 09-01 MR-2-2-U 10.88 2794 30.4 FAIR FAIR 50 20 0 0 30 0 0 0 15.2 6.1 0.0 0.0 9.1 0.0 0.0 0.0
Jackson Creek JACK 09-02 MR-2-2-U 10.88 3137 34.1 FAIR FAIR 40 20 0 0 20 0 20 0 13.7 6.8 0.0 0.0 6.8 0.0 6.8 0.0
Jackson Creek JACK 09-03 MR-2-2-U 10.88 1829 19.9 GOOD FAIR 40 20 0 0 0 0 40 0 8.0 4.0 0.0 0.0 0.0 0.0 8.0 0.0
Jackson Creek JACK 10-01 MR-2-2-U 10.88 2228 24.2 GOOD FAIR 10 50 0 0 0 0 40 0 2.4 12.1 0.0 0.0 0.0 0.0 9.7 0.0
Jackson Creek JACK 10-02 MR-2-2-U 14.98 2548 38.2 FAIR FAIR 10 40 0 0 0 50 0 0 3.8 15.3 0.0 0.0 0.0 19.1 0.0 0.0
Jackson Creek JACK 10-03 MR-2-2-U 10.88 2849 31.0 FAIR FAIR 10 40 0 0 0 40 0 10 3.1 12.4 0.0 0.0 0.0 12.4 0.0 3.1
Jackson Creek JACK 10-04 MR-2-2-U 10.88 1666 18.1 FAIR FAIR 30 70 0 0 0 0 0 0 5.4 12.7 0.0 0.0 0.0 0.0 0.0 0.0
Jackson Creek JACK 11-01 MR-0-2-U 10.88 4163 45.3 FAIR FAIR 20 50 0 0 0 0 0 30 9.1 22.6 0.0 0.0 0.0 0.0 0.0 13.6
Jackson Creek JACK 11-02 MR-0-2-U 10.88 2059 22.4 FAIR FAIR 0 40 0 0 0 20 0 40 0.0 9.0 0.0 0.0 0.0 4.5 0.0 9.0
Jackson Creek JACK 11-03 MR-0-2-U 10.88 2665 29.0 FAIR FAIR 30 40 0 0 0 0 0 30 8.7 11.6 0.0 0.0 0.0 0.0 0.0 8.7

TOTAL 41101 344.6 TOTAL 87.1 130.5 0.0 0.0 32.0 36.0 24.8 34.3
PERCENT 0.3 0.4 0.0 0.0 0.1 0.1 0.1 0.1

Reese Creek REES 01-01 MR-10-2-U 0.31 1077 0.3 FAIR FAIR 0 70 0 0 0 0 30 0 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.0
Reese Creek REES 01-02 MR-10-2-U 0.31 557 0.2 FAIR FAIR 10 70 0 0 0 0 20 0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Reese Creek REES 02-01 MR-4-2-U 10.88 759 8.3 FAIR FAIR 0 80 0 0 0 0 20 0 0.0 6.6 0.0 0.0 0.0 0.0 1.7 0.0
Reese Creek REES 02-02 MR-4-2-U 10.88 2658 28.9 POOR POOR 0 100 0 0 0 0 0 0 0.0 28.9 0.0 0.0 0.0 0.0 0.0 0.0
Reese Creek REES 03-01 MR-2-2-U 10.88 1214 13.2 FAIR FAIR 0 60 0 0 0 0 40 0 0.0 7.9 0.0 0.0 0.0 0.0 5.3 0.0
Reese Creek REES 03-02 MR-2-2-U 10.88 1616 17.6 FAIR FAIR 0 80 0 0 0 0 20 0 0.0 14.1 0.0 0.0 0.0 0.0 3.5 0.0
Reese Creek REES 04-01 MR-4-2-U 10.88 932 10.1 FAIR FAIR 0 80 0 0 0 0 20 0 0.0 8.1 0.0 0.0 0.0 0.0 2.0 0.0
Reese Creek REES 05-01 MR-2-2-U 10.88 2487 27.1 FAIR FAIR 30 60 0 0 0 0 10 0 8.1 16.2 0.0 0.0 0.0 0.0 2.7 0.0
Reese Creek REES 06-01 MR-0-2-U 24.85 1090 27.1 FAIR FAIR 0 90 0 0 0 0 10 0 0.0 24.4 0.0 0.0 0.0 0.0 2.7 0.0
Reese Creek REES 07-01 MR-2-2-U 10.88 691 7.5 FAIR FAIR 10 30 0 0 0 60 0 0 0.8 2.3 0.0 0.0 0.0 4.5 0.0 0.0
Reese Creek REES 08-01 MR-0-2-U 10.88 1166 12.7 FAIR FAIR 0 30 0 0 0 60 10 0 0.0 3.8 0.0 0.0 0.0 7.6 1.3 0.0
Reese Creek REES 09-01 MR-0-3-U 19.40 323 6.3 FAIR FAIR 0 30 0 0 0 60 10 0 0.0 1.9 0.0 0.0 0.0 3.8 0.6 0.0
Reese Creek REES 10-01 MR-4-3-U 10.88 406 4.4 FAIR FAIR 0 30 0 0 0 60 10 0 0.0 1.3 0.0 0.0 0.0 2.7 0.4 0.0
Reese Creek REES 11-01 MR-2-3-U 19.40 947 18.4 FAIR FAIR 0 30 0 0 0 60 10 0 0.0 5.5 0.0 0.0 0.0 11.0 1.8 0.0
Reese Creek REES 12-01 MR-0-3-U 19.40 903 17.5 FAIR FAIR 0 20 0 0 0 80 0 0 0.0 3.5 0.0 0.0 0.0 14.0 0.0 0.0
Reese Creek REES 13-01 MR-0-4-U 19.40 1387 26.9 FAIR FAIR 0 30 0 0 0 60 10 0 0.0 8.1 0.0 0.0 0.0 16.1 2.7 0.0
Reese Creek REES 14-01 156 0.0 FAIR FAIR 0 20 0 0 0 50 30 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Reese Creek REES 15-01 MR-0-4-U 19.40 181 3.5 FAIR FAIR 0 20 0 0 0 60 20 0 0.0 0.7 0.0 0.0 0.0 2.1 0.7 0.0
Reese Creek REES 15-02 MR-0-4-U 19.40 3381 65.6 POOR POOR 0 20 0 0 0 40 0 40 0.0 13.1 0.0 0.0 0.0 26.2 0.0 26.2
Reese Creek REES 15-03 MR-0-4-U 19.40 3248 63.0 FAIR FAIR 0 40 0 0 0 60 0 0 0.0 25.2 0.0 0.0 0.0 37.8 0.0 0.0
Reese Creek REES 15-04 MR-0-4-U 19.40 4205 81.6 FAIR FAIR 0 30 30 0 0 40 0 0 0.0 24.5 24.5 0.0 0.0 32.6 0.0 0.0
Reese Creek REES 15-05 MR-0-4-U 19.40 3217 62.4 FAIR FAIR 0 20 0 0 0 60 20 0 0.0 12.5 0.0 0.0 0.0 37.5 12.5 0.0
Reese Creek REES 15-06 MR-0-4-U 17.07 6641 113.4 FAIR FAIR 10 20 0 0 0 60 10 0 11.3 22.7 0.0 0.0 0.0 68.0 11.3 0.0

TOTAL 39242 615.9 TOTAL 20.2 231.6 24.5 0.0 0.0 264.0 49.4 26.2
PERCENT 0.0 0.4 0.0 0.0 0.0 0.4 0.1 0.0

Rocky Creek ROCK 01-01 MR-0-3-U 19.40 2226 43.2 FAIR FAIR 20 30 0 0 0 30 0 20 8.6 13.0 0.0 0.0 0.0 13.0 0.0 8.6
Rocky Creek ROCK 01-02 MR-0-3-U 19.40 2953 57.3 FAIR FAIR 10 50 0 0 0 40 0 0 5.7 28.6 0.0 0.0 0.0 22.9 0.0 0.0
Rocky Creek ROCK 02-01 MR-0-3-U 25.44 961 24.4 FAIR FAIR 20 40 0 0 0 40 0 0 4.9 9.8 0.0 0.0 0.0 9.8 0.0 0.0
Rocky Creek ROCK 02-02 MR-0-3-U 19.40 1250 24.3 POOR FAIR 70 30 0 0 0 0 0 0 17.0 7.3 0.0 0.0 0.0 0.0 0.0 0.0
Rocky Creek ROCK 02-03 MR-0-3-U 19.40 1725 33.5 FAIR FAIR 80 0 0 0 0 0 20 0 26.8 0.0 0.0 0.0 0.0 0.0 6.7 0.0
Rocky Creek ROCK 02-04 MR-0-3-U 19.40 1604 31.1 FAIR FAIR 100 0 0 0 0 0 0 0 31.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rocky Creek ROCK 03-01 MR-0-4-U 25.82 7610 196.5 FAIR FAIR 60 0 0 0 0 0 40 0 117.9 0.0 0.0 0.0 0.0 0.0 78.6 0.0
Rocky Creek ROCK 03-02 MR-0-4-U 19.40 470 9.1 GOOD POOR 50 0 0 0 0 0 50 0 4.6 0.0 0.0 0.0 0.0 0.0 4.6 0.0
Rocky Creek ROCK 04-01 MR-2-4-U 19.40 1912 37.1 GOOD FAIR 50 0 0 0 0 0 50 0 18.5 0.0 0.0 0.0 0.0 0.0 18.5 0.0
Rocky Creek ROCK 05-01 MR-0-4-U 19.40 2931 56.9 GOOD POOR 50 0 0 0 0 0 50 0 28.4 0.0 0.0 0.0 0.0 0.0 28.4 0.0
Rocky Creek ROCK 06-01 MR-2-4-U 19.40 503 9.8 GOOD FAIR 50 0 0 0 0 0 50 0 4.9 0.0 0.0 0.0 0.0 0.0 4.9 0.0
Rocky Creek ROCK 06-02 MR-2-4-U 19.40 5783 112.2 FAIR POOR 80 0 0 0 0 0 20 0 89.8 0.0 0.0 0.0 0.0 0.0 22.4 0.0
Rocky Creek ROCK 06-03 MR-2-4-U 19.40 982 19.1 FAIR FAIR 70 0 0 0 0 30 0 0 13.3 0.0 0.0 0.0 0.0 5.7 0.0 0.0
Rocky Creek ROCK 07-01 MR-0-4-U 19.40 3471 67.3 FAIR FAIR 50 10 0 0 0 10 0 30 33.7 6.7 0.0 0.0 0.0 6.7 0.0 20.2
Rocky Creek ROCK 07-02 MR-0-4-U 19.40 1903 36.9 FAIR FAIR 20 0 0 0 0 40 0 40 7.4 0.0 0.0 0.0 0.0 14.8 0.0 14.8
Rocky Creek ROCK 07-03 MR-0-4-U 39.57 3501 138.5 FAIR FAIR 10 0 50 0 0 40 0 0 13.9 0.0 69.3 0.0 0.0 55.4 0.0 0.0

TOTAL 39785 897.1 TOTAL 426.4 65.4 69.3 0.0 0.0 128.3 164.1 43.6
PERCENT 0.5 0.1 0.1 0.0 0.0 0.1 0.2 0.0
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Smith Creek SMIT 01-01 MR-0-4-U 19.40 7056 136.9 FAIR FAIR 20 20 0 0 0 0 60 0 27.4 27.4 0.0 0.0 0.0 0.0 82.1 0.0
Smith Creek SMIT 01-02 MR-0-4-U 19.40 1620 31.4 POOR POOR 60 0 0 0 0 20 0 20 18.9 0.0 0.0 0.0 0.0 6.3 0.0 6.3
Smith Creek SMIT 01-03 MR-0-4-U 19.40 2333 45.3 FAIR FAIR 0 20 0 0 0 60 0 20 0.0 9.1 0.0 0.0 0.0 27.2 0.0 9.1
Smith Creek SMIT 01-04 MR-0-4-U 19.40 2834 55.0 FAIR FAIR 40 20 0 0 0 40 0 0 22.0 11.0 0.0 0.0 0.0 22.0 0.0 0.0
Smith Creek SMIT 01-05 MR-0-4-U 12.37 6328 78.3 FAIR FAIR 0 30 0 0 0 40 0 30 0.0 23.5 0.0 0.0 0.0 31.3 0.0 23.5
Smith Creek SMIT 01-06 MR-0-4-U 19.40 13085 253.9 FAIR FAIR 0 50 0 0 0 50 0 0 0.0 126.9 0.0 0.0 0.0 126.9 0.0 0.0
Smith Creek TOTAL 33256 600.7 TOTAL 68.2 197.8 0.0 0.0 0.0 213.7 82.1 38.8
Smith Creek PERCENT 0.1 0.3 0.0 0.0 0.0 0.4 0.1 0.1

Stone Creek STON 01-01 MR-10-1-C 0.31 3778 1.2 FAIR FAIR 20 0 0 0 60 0 20 0 0.2 0.0 0.0 0.0 0.7 0.0 0.2 0.0
Stone Creek STON 02-01 MR-4-1-C 1.97 1374 2.7 FAIR FAIR 0 0 0 0 70 0 30 0 0.0 0.0 0.0 0.0 1.9 0.0 0.8 0.0
Stone Creek STON 02-02 MR-4-1-C 1.97 485 1.0 FAIR GOOD 100 0 0 0 0 0 0 0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stone Creek STON 03-01 MR-4-2-C 10.88 1156 12.6 FAIR GOOD 0 0 0 0 80 0 20 0 0.0 0.0 0.0 0.0 10.1 0.0 2.5 0.0
Stone Creek STON 04-01 MR-4-2-U 10.88 570 6.2 FAIR FAIR 0 0 0 0 80 0 20 0 0.0 0.0 0.0 0.0 5.0 0.0 1.2 0.0
Stone Creek STON 04-02 MR-4-2-U 10.88 2585 28.1 FAIR FAIR 20 0 0 0 60 0 20 0 5.6 0.0 0.0 0.0 16.9 0.0 5.6 0.0
Stone Creek STON 05-01 MR-4-2-C 10.88 916 10.0 FAIR FAIR 0 80 0 0 0 0 20 0 0.0 8.0 0.0 0.0 0.0 0.0 2.0 0.0
Stone Creek STON 06-01 MR-2-2-C 10.88 1142 12.4 FAIR FAIR 20 0 0 0 70 0 10 0 2.5 0.0 0.0 0.0 8.7 0.0 1.2 0.0
Stone Creek STON 07-01 MR-2-2-U 10.88 2330 25.4 FAIR FAIR 20 0 0 0 60 0 20 0 5.1 0.0 0.0 0.0 15.2 0.0 5.1 0.0
Stone Creek STON 08-01 MR-2-2-C 14.26 1308 18.7 FAIR FAIR 0 0 0 0 50 0 50 0 0.0 0.0 0.0 0.0 9.3 0.0 9.3 0.0
Stone Creek STON 09-01 MR-4-2-C 10.88 932 10.1 FAIR FAIR 0 0 0 0 60 0 40 0 0.0 0.0 0.0 0.0 6.1 0.0 4.1 0.0
Stone Creek STON 10-01 MR-4-2-U 10.88 898 9.8 FAIR FAIR 0 0 0 0 70 0 30 0 0.0 0.0 0.0 0.0 6.8 0.0 2.9 0.0
Stone Creek STON 11-01 MR-2-2-U 10.88 570 6.2 FAIR FAIR 40 0 0 0 40 0 20 0 2.5 0.0 0.0 0.0 2.5 0.0 1.2 0.0
Stone Creek STON 11-02 MR-2-2-U 7.58 3892 29.5 FAIR FAIR 40 40 0 0 0 0 20 0 11.8 11.8 0.0 0.0 0.0 0.0 5.9 0.0
Stone Creek STON 11-03 MR-2-2-U 10.88 1123 12.2 FAIR FAIR 40 0 0 0 40 0 20 0 4.9 0.0 0.0 0.0 4.9 0.0 2.4 0.0
Stone Creek STON 12-01 MR-4-2-U 10.88 285 3.1 FAIR FAIR 40 0 0 0 40 0 20 0 1.2 0.0 0.0 0.0 1.2 0.0 0.6 0.0
Stone Creek STON 12-02 MR-4-2-U 10.88 580 6.3 FAIR FAIR 40 0 0 0 40 0 20 0 2.5 0.0 0.0 0.0 2.5 0.0 1.3 0.0
Stone Creek STON 13-01 MR-2-2-U 10.88 794 8.6 FAIR FAIR 20 40 0 0 0 0 40 0 1.7 3.5 0.0 0.0 0.0 0.0 3.5 0.0
Stone Creek STON 13-02 MR-2-2-U 21.77 1682 36.6 FAIR FAIR 0 50 0 0 0 30 20 0 0.0 18.3 0.0 0.0 0.0 11.0 7.3 0.0
Stone Creek STON 13-03 MR-2-2-U 10.88 1268 13.8 FAIR FAIR 50 0 0 0 0 0 0 50 6.9 0.0 0.0 0.0 0.0 0.0 0.0 6.9
Stone Creek STON 13-04 MR-2-2-U 10.88 1753 19.1 FAIR FAIR 10 50 0 0 0 0 40 0 1.9 9.5 0.0 0.0 0.0 0.0 7.6 0.0

TOTAL 29421 273.5 TOTAL 47.8 51.1 0.0 0.0 91.8 11.0 64.9 6.9
PERCENT 0.2 0.2 0.0 0.0 0.3 0.0 0.2 0.0

Thompson Creek THOM 01-01 MR-0-1-U 1.97 2467 4.9 FAIR FAIR 0 60 0 0 0 30 0 10 0.0 2.9 0.0 0.0 0.0 1.5 0.0 0.5
Thompson Creek THOM 01-02 MR-0-1-U 1.97 2957 5.8 POOR POOR 100 0 0 0 0 0 0 0 5.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Thompson Creek THOM 01-03 MR-0-1-U 1.97 6990 13.8 POOR POOR 20 20 30 0 0 30 0 0 2.8 2.8 4.1 0.0 0.0 4.1 0.0 0.0
Thompson Creek THOM 01-04 MR-0-1-U 1.43 3847 5.5 FAIR FAIR 10 20 20 0 0 30 0 20 0.6 1.1 1.1 0.0 0.0 1.7 0.0 1.1
Thompson Creek THOM 02-01 MR-0-2-U 10.88 2272 24.7 FAIR FAIR 0 60 0 0 0 40 0 0 0.0 14.8 0.0 0.0 0.0 9.9 0.0 0.0
Thompson Creek THOM 02-02 MR-0-2-U 10.88 1051 11.4 FAIR FAIR 0 30 0 0 0 70 0 0 0.0 3.4 0.0 0.0 0.0 8.0 0.0 0.0
Thompson Creek THOM 02-03 MR-0-2-U 4.02 17112 68.8 FAIR FAIR 0 90 0 0 0 10 0 0 0.0 61.9 0.0 0.0 0.0 6.9 0.0 0.0
Thompson Creek THOM 02-04 MR-0-2-U 10.88 593 6.5 FAIR FAIR 10 20 0 0 0 30 0 40 0.6 1.3 0.0 0.0 0.0 1.9 0.0 2.6
Thompson Creek THOM 02-05 MR-0-2-U 10.88 695 7.6 FAIR FAIR 40 30 0 0 0 30 0 0 3.0 2.3 0.0 0.0 0.0 2.3 0.0 0.0

TOTAL 37984 148.916 TOTAL 12.8 90.5 5.2 0.0 0.0 36.2 0.0 4.2
PERCENT 0.09 0.61 0.04 0.00 0.00 0.24 0.00 0.03

Monitoring sites denoted in bold text.  
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1 INTRODUCTION 

In fall 2009, OASIS Environmental, Inc. (OASIS) completed a GIS and field-based pollutant 
source assessment on twelve streams within the Lower Gallatin TMDL planning area (LGTPA) 
(Table 1, Figure 1) as part of Montana Department of Environmental Quality’s (DEQ) effort to 
develop a TMDL plan for the LGTPA. A source assessment report was completed for each of 
the twelve streams as a standalone document (Appendix A).  
The source assessment had two primary objectives: (1) to assess existing conditions within the 
watersheds of the twelve streams of interest with regards to land use and riparian condition, and 
(2) identify potential pollutant sources within the watershed and their ability to impact each 
stream during late-summer flow conditions. The source assessment was built on water quality 
monitoring completed in September, 2008. This document serves as an introduction to the 
source assessment reports completed for each of the twelve streams. 

 
Table 1. Streams assessed during the 2009 source assessment 

Stream Length 
Assessed (mi) 

Bear Cr 10 

Bridger Cr 18.5 

Camp Cr 25.5 

Dry Cr 16.5 

East Gallatin River 42 

Godfrey Cr 7 

Hyalite Cr 35.5 

Jackson Cr 8 

Reese Cr 7.5 

Smith Cr 14 

Sourdough Cr 16 

Thompson Spring Cr 6.5 
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Figure 1. Location of 12 streams assessed for 2009 lower Gallatin TPA pollutant source 
assessment 
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2 SOURCE ASSESSMENT APPROACH 

The source assessment employed a multi-tiered approach using both desktop GIS-based 
analysis and field groundtruthing, consisting of:  

1. Reach stratification,  
2. GIS-based source assessment,  
3. Groundtruthing of reach conditions and potential pollutant sources, and  
4. Reporting on the existing conditions and potential pollutant sources identified in 

each reach 

2.1 Reach Stratification  
Each stream was stratified into discrete reaches based on land use, riparian type and field 
knowledge gathered during the 2008 water quality monitoring effort. The DEQ sediment 
stratification layer for the LGTPA (strat_nut_061609.shp) was obtained from DEQ and used as 
the starting point for stratifying reaches for the pollutant source assessment.. The sediment 
reaches were merged to form longer reaches more appropriate for the objectives of the pollutant 
source assessment using the 2005 National Agriculture Imagery Program (NAIP) color aerial 
imagery (“aerials”). This reach stratification resulted in 57 reaches distributed across the twelve 
streams. The source assessment reaches are distinguished from the sediment reaches by the 
addition of “N” to the end of the reach ID field. 

2.2 GIS-Based Source Assessment 
The 57 reaches stratified from the DEQ sediment stratification layer were assessed using 
several digital data sources including the NAIP color aerials, infrared aerial imagery, and 
additional GIS layers to identify existing watershed conditions and potential pollutant sources 
(Table 2). The NAIP color aerials were flown during late summer, thus increasing their 
usefulness in determining irrigated versus non-irrigated land uses, irrigation withdrawals and 
returns, and riparian-upland transitions. Despite this, it was often difficult to discern such 
characteristics in the naturally or artificially sub-irrigated bottomland of the Gallatin Valley (e.g. 
along the lower East Gallatin River), or in the forested headwater areas. Characteristics were 
refined during the field groundtruthing effort where possible but it was outside the scope of the 
assessment to groundtruth all reaches on foot, with the exception of Sourdough Creek, as 
described below. 
Two shapefiles were generated from the GIS-based assessment, Final_reach.shp and 
Final_points.shp. Both shapefiles were initially derived solely from the GIS-based assessment. 
Additional data obtained during the field groundtruthing effort was then added to each shapefile 
for a more accurate assessment of reach-scale and discrete conditions along the 57 reaches. 

2.2.1 Reach Attributes 
For each reach a polyline layer of reach-scale attributes was developed including both existing 
reach-scale conditions, as well as reach-scale potential pollutant sources (e.g. septic system 
density). The electronic GIS file for the reach-scale layer is called Final-reach.shp. The method 
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Table 2. Reach-scale attributes in shapefile final_reach.shp, method of assessment and source of each attribute 

Field Description Method Derived From 
Field 

Verify? 

ENTITY_ID DEQ waterbody segment ID MT DEQ Segment ID 
MT DEQ sediment stratification GIS 
layer (strat_nut_061609.shp)   

STREAM Stream Name Common stream name 
MT DEQ sediment stratification GIS 
layer (strat_nut_061609.shp)   

PRI_ECOREG Level IV Dominant Ecoregion 
Dominant ER is the Level IV ecoregion that 
makes up >75% of the reach.   

MT DEQ sediment stratification GIS 
layer (strat_nut_061609.shp)   

STREAM_ORD Strahler Stream Order Taken from sediment stratification layer  
MT DEQ sediment stratification GIS 
layer (strat_nut_061609.shp)   

REACH_ID_N Unique Reach Identifier for Source Assessment Use same convention as Sediment Stratification Source assessment reach stratification   

SEDHAB_RCH DEQ sediment stratification reach ID's merged   
MT DEQ sediment stratification GIS 
layer (strat_nut_061609.shp)   

LENGTH_FT Length of reach in feet Calculated in GIS Calculated in GIS   

RBRK_TRIG Reach Break Trigger 
Record reason for reach break (riparian Veg 
change, LU change, etc...)     

RBRK_COM Reach Break Comments Describe reason for reach break     

DOMLU Dominant Land Use within 1000 ft of the stream 
Determined from aerial imagery (not NLCD) within 
1000 ft of stream 2005 NAIP digital aerial imagery   

NAT Is this a natural condition 
Record whether the reach is predominantly of 
'natural' condition (>90%) 2005 NAIP digital aerial imagery/Field Y 

NO_UPROADX Number of unpaved road or driveway crossings Counted in GIS/ assessed in field 2005 NAIP digital aerial imagery/Field Y 

SEPTIC_150 Number of septic systems within 150 ft 
# of septic systems within 150 ft of the stream. 
Extracted in GIS 

Gallatin Water Quality Planning District 
GIS point layer   

SEPTIC_1000 Number of septic systems in 150-1000 ft belt 
# of septic systems within a belt area from 150 to 
1000 ft of the stream. Extracted in GIS 

Gallatin Water Quality Planning District 
GIS point layer   

SEPTIC_TRB Septic system density in tributary streams 
# of septic systems within a belt area from 150 to 
1000 ft of the stream. Extracted in GIS 

Gallatin Water Quality Planning District 
GIS point layer   

ROAD_ENCR 
Streamside parallel road segments within 50 ft of 
stream 

Length of parallel road segments (paved or 
unpaved) within 50 ft of stream  2005 NAIP digital aerial imagery/Field Y 

BANK_ERO Level of Bank Erosion through the reach 

H=extensive erosion associated with 
anthropogenic activities throughout the reach;  
M=most erosion associated with bends or local 
impacts; L=very little to no erosion observed Field Y 

AVG_RBW Average Riparian Belt Width through segment 

Measure multiple (5) representative RBW through 
segment (total cross-valley, includes stream 
width) and calculate the mean RBW 

2005 NAIP digital aerial 
imagery/Infrared imagery/Field Y 
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of assessment for each reach-scale field assessed in Final_reach.shp, and the source used for 
each field are detailed in Table 2. Additional details on Final_reach.shp can be found in the 
metadata within the shapefile in ArcCatalog.  

2.2.2 Point Data 
Final_points.shp is a point layer of discrete attributes including both existing conditions (e.g. 
irrigation withdrawals), as well as discrete potential pollutant sources. This point layer consists 
of several GIS layers that were edited and merged into a single shapefile, Final_points.shp. The 
method of assessment for each field assessed in Final_point.shp, and what each field is derived 
from (e.g. an existing GIS layer, field groundtruthing, or a combination) is detailed in Table 3. 
Source types (SRC_TYPE) are further broken down into twelve different discrete attributes 
identified during the assessment. Additional details on Final_point.shp can be found in the 
metadata within the shapefile in ArcCatalog. Additional information on the point layer is included 
below. 
Most point attributes obtained from the initial GIS layers were further assessed on the aerial 
photos for accuracy. Point attributes were also groundtruthed in the field when possible. 
Generally only the confluences of tributary streams listed on the National Hydrography Dataset 
(“NHD layer”) as “perennial” were maintained on the final point attribute layer. Intermittent 
tributaries which are often dry by late-summer were not considered significant for pollutant 
delivery and were thus removed unless there was a significant green channel that could be 
seen on the aerial photo, the intermittent tributary was 2nd order or greater, or the tributary was 
flowing during the late-summer assessment. 
The goal of documenting irrigation withdrawal locations was to assess changes in discharge 
longitudinally thereby altering the assimilative capacity of the waterbody. Water withdrawals 
included headgate, ditch, instream and pump diversion types as indicated on the MT DNRC 
irrigation GIS layer. All irrigation withdrawals and returns were included in the point attribute 
layer unless there was clearly no discernable channel visible on the aerial at the supposed 
withdrawal or return location. Pump-type diversions were generally removed from the point layer 
for this reason. If there was any question of the likelihood that a withdrawal was present at a 
location indicated on the MT DNRC layer, the error went in favor of including the feature rather 
than omitting it. In some cases it was determined that a withdrawal or return was close to but 
not located directly at, an obvious withdrawal or return and the point was therefore relocated to 
what was most likely the true location. Withdrawals and returns were noted in the comment field 
of the ArcGIS attribute table as to whether the point was confirmed or unconfirmed on the aerial 
or in the field. In some cases where it was determined that there was likely a withdrawal or 
return at a given location, it was denoted that the point was “roughly determined on the aerial”.  
In each of the reports, septic system density was reported in Table 1 as number of septic 
systems per mile within both 150 ft of the stream and within a belt from 150 ft to 1000 ft from the 
stream. The number of septic systems per reach was calculated in ArcGIS by intersecting the 
150 ft buffer and 150-1000 ft belt with the septic system point layer. 
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TABLE 2 CONTINUED.  REACH-SCALE ATTRIBUTES IN SHAPEFILE FINAL_REACH.SHP, METHOD OF ASSESSMENT AND SOURCE OF EACH ATTRIBUTE 

Field Description Method Derived From 
Field 

Verify? 
RPVEG_BARE Percent Riparian Vegetation - Bare Ground 

Estimate of percentage of each type of 
vegetation type along streambank throughout the 
reach. Average values for both RB and LB (e.g if 
the reach is 100% shrubs on the LB and 0% 
shrubs on the RB - the results is 50% shrub 
coverage) 

2005 NAIP digital aerial imagery/Field Y 

RPVEG_GRASS Percent Riparian Vegetation - Grass 

RPVEG_SHR Percent Riparian Vegetation - Shrubs 

RPVEG_CONF Percent Riparian Vegetation - Mature Coniferous 

RPVEG_DEC Percent Riparian Vegetation - Mature Deciduous 

RPVEG_COM Riparian Vegetation Comments 
Additional reach-scale comments on riparian 
vegetation Field Y 

LBLU_FOR Left Bank Land Use - Forest 

Estimate of the percentage of each land use type 
within 100 ft on each side of the streambank 

2005 NAIP digital aerial 
imagery/Infrared imagery/Field Y 

LBLU_RANGE Left Bank Land Use - Rangeland 
LBLU_I_PAS Left Bank Land Use - Irrigated Pasture 
LBLU_D_PAS Left Bank Land Use - Dry Pasture 
LBLU_I_CRO Left Bank Land Use - Irrigated Agriculture 
LBLU_D_CRO Left Bank Land Use - Dryland Agriculture 
LBLU_GOLF Left Bank Land Use - Golf Course 
LBLU_RES Left Bank Land Use - Residential 
LBLU_URBAN Left Bank Land Use - Urban 
LBLU_RURES Left Bank Land Use - Rural Residential 
RBLU_FOR Right Bank Land Use - Forest 
RBLU_RANGE Right Bank Land Use - Natural Rangeland 

RBLU_I_PAS 
Right Bank Land Use - Irrigated Pasture 
(livestock) 

RBLU_D_PAS Right Bank Land Use - Dry Pasture (livestock) 
RBLU_I_CRO Right Bank Land Use - Irrigated Agriculture 
RBLU_D_CRO Right Bank Land Use - Dryland Agriculture 
RBLU_GOLF Right Bank Land Use - Golf Course 
RBLU_RES Right Bank Land Use - Residential 
RBLU_URBAN Right Bank Land Use - Urban 
RBLU_RURES Right Bank Land Use - Rural Residential 

BMP_CODE Best Management Practice code 

Record BMP codes. RPF: riparian fencing; OSW: 
off-site water; WG: water gap; SWB: stormwater 
basin; PRB: pasture buffer; WBR: water bar Field Y 
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Table 3. Point attributes in shapefile final_points.shp, method of assessment and source 
of each attribute. Source types are also detailed. 

Field  Description Method Derived From 

ENTITY_ID  
DEQ Waterbody 
Segment ID MT DEQ Segment ID 

MT DEQ sediment 
stratification GIS layer 

STREAM  Stream Name Common stream name 
MT DEQ sediment 
stratification GIS layer 

REACH_ID_N  

Unique Reach 
Identifier for 
Source 
Assessment 

Use same convention as Sediment 
Stratification 

Source assessment 
reach stratification 

SRC_TYPE 
(Source Type) 

IRR_W 
Irrigation 
Withdrawal  

Initially assessed using GIS layer; refined 
using aerial photo and field identification 

MT DNRC irrigation 
GIS layer 

IRR_R Irrigation Return 
Initially assessed using GIS layer; refined 
using aerial photo and field identification 

National Hydrography 
Dataset GIS layer 

LCA 
Livestock 
Confinement Area 

Initially assessed using GIS layer; refined 
using aerial photo and field identification. 
Assigned point to closest reach 
perpendicularly (see CON_REACH) MT DEQ GIS layer 

MPDES MPDES Permit 

Merged Montana and national pollution 
discharge elimination system permit points 
into single layer. Assigned point to closest 
reach perpendicularly (see CON_REACH) 

from MT DEQ 
MPDES GIS layer or 
NPDES GIS layer 

TRIB Tributary Input 

Initially assessed using GIS layer; refined 
using aerial and groundtruth. Generally 
included only perennial streams 

National Hydrography 
Dataset GIS layer 

SPRG Spring Input Aerial photo and field identification 
2005 NAIP digital 
aerial imagery/Field 

PIPE_SW 
Stormwater Pipe 
Outfall Field assessment Field 

PIPE_UK 
Unknown Pipe 
Outfall Field assessment Field 

PIPE_WW 

Wastewater 
(septic) Pipe 
Outfall Field assessment Field 

GOLFCSE Golf Course Aerial photo and field identification   

SODFM Sod Farm  Aerial photo and field identification  

PLTN 
Discrete Pollutant 
Source (observed)  

Discrete pollutant source identified from field 
assessment (e.g. yard clippings, manure 
piles) Field 

NEW_SRC  New source 
A new source is any source not previously 
identified on an existing GIS layer; Y or N All existing GIS layers 

NPDES_ID  NPDES Permit ID Used NPDES or MPDES permit ID #’s 

from MT DEQ 
MPDES GIS layer or 
NPDES GIS layer 

NPDES_TYPE  
NPDES Permit 
Type 

Individual, general, stormwater or 
groundwater 

from MT DEQ 
MPDES GIS layer or 
NPDES GIS layer 

MEANOFDIV  

Means of Diversion 
(e.g. headgate, 
ditch) 

Used means of diversion from irrigation GIS 
layer; refined in field when possible 

MT DNRC irrigation 
GIS layer 

CON_REACH  

Actual 
Hydrologically 
Connected Reach 
(for MPDES permit 
and LCA only) 

Used aerial photo and NHD GIS layer to 
assess configuration of tributaries and ditches 
to determine the most likely hydrologically 
connected to the MPDES or LCA discharge, if 
different from closest perpendicular reach 

2005 NAIP digital 
aerial imagery; 
National Hydrography 
Dataset GIS layer 
/Field 
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2.3 Groundtruthing 
The reach-scale characteristics and potential nutrient and E. coli sources identified in the GIS-
based analysis were groundtruthed in the field by vehicle at accessible stream crossings. Four 
reaches on Sourdough were groundtruthed in their entirety on foot by walking below the high 
water mark, or on the bank where possible without obtaining permission (e.g. along adjacent 
roads or public land corridors such as the Gallatin Valley Land Trust trail system). Sourdough Cr 
reaches 3 through 6 (from the confluence with the East Gallatin River, upstream to just south of 
Goldenstein Rd) were groundtruthed on foot.  
For each reach, a Lower Gallatin TMDL Planning Area Aerial Assessment Field Verification data 
sheet was completed after the reach was groundtruthed. These data sheets documented the 
riparian composition and condition, extent of bank erosion, encroachment of crop, pasture land, 
and road, condition of unpaved road crossings, observations of best management practices 
(BMP’s), and discrete characteristics such as irrigation withdrawals, returns, tributaries,and 
springsas well as potential nutrient and E. coli sources. The completed field data sheets are 
compiled in Appendix B and included as a separate file to the source report.  
Field verification data was added to the existing reach and point shapefiles as appropriate 
(Final_reach.shp or Final_points.shp). Discrete points documented in the field were GPS’d and 
the GPS location was uploaded into ArcGIS and incorporated into the existing point shapefile. 

2.4 Reporting 
The GIS analysis and field observations were integrated into a source assessment report for 
each of the twelve streams organized by reach. The individual source reports for the 12 streams 
are included in Appendix A. Each report includes an introduction to the stream, maps of 
individual reaches, details on the existing reach characteristics, and an assessment of 
documented potential pollutant sources in light of the listed impairments for that stream (e.g. 
nutrient or E. coli impairment). 
Potential pollutant sources and significance were identified for respective reaches in an 
assessment table. Potential significance of a pollutant was qualitatively assessed as “low”, 
“med” or “high” based on the following conditions: prevalence of a source, the potential of that 
source to reach a stream given the transport pathway (surface and/or groundwater), distance of 
a source from the stream, and the quality of the riparian buffer zone. Pollutant source 
prevalence values for the most common sources are described in Table 4. Source prevalence is 
reported as either a discrete number which is then assigned to a low, medium or high category 
(e.g septic density or % irrigated agriculture), or assigned directly to a category (for example, 
septic density within tributary drainages flowing to each reach were visually estimated and 
assigned a qualifier of none, low, med, high). Residential yard encroachment was considered a 
significant source of nutrients and E. coli to Sourdough Creek and was therefore also included 
in the pollutant source tables for that report. Descriptions of the four riparian quality categories 
used are detailed in Table 5. 
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Table 4. Description of common pollutant source categories and scoring 

Pollution Source Description 

Irrigated crops 
ave % (LB/RB) 

% irrigated agriculture averaged over left and right banks. Low: 1-25%, 
Med: 26-50%, High: 51-100% 

Pasture  
ave % (LB/RB) 

% total pasture (both dry and irrigated) averaged over left and right 
banks. Low: 1-25%, Med: 26-50%, High: 51-100% 

Septic system per mi  
(150 ft/1000 ft) 

Septic system density (#/mi) within 150 ft of the stream and within the 
150-1000 ft belt from the stream. Low: 0.1-3 septic/mi, Med: 3-5 
septic/mi, High: 5+ septic/mi 

Septic in tributaries 
Qualitative assessment of the density of septics along tributary streams 
joining the reach (none, med, low, high) 

Unpaved road crossings # of unpaved crossings in the reach 

LCA # of livestock confinement areas within the reach 

MPDES 
# of Montana Pollution Discharge Elimination System permits within the 
reach 

Stormwater 
# of stormwater pipes draining to the reach, identified during the field 
assessment 

Wastewater 
# of wastewater pipes draining to the reach, identified during the field 
assessment 

Other pollutant sources 
# of locations of discrete pollutant sources e.g. piles of grass clippings on 
the stream bank identified during the field assessment 

 
 

Table 5. Description of riparian quality scores 

Riparian Quality Description 

Poor 
Very overgrazed, high yard/pasture encroachment, excessive bank 
trampling, bare, very weedy (generally thistle and tansy) 

Fair 
Understory grazed, moderate yard/pasture encroachment, some trampling, 
moderate weeds 

Good 
Low grazing and yard/pasture encroachment, minimal trampling and weeds, 
densely vegetated 

Excellent 
No grazing, yard/pasture encroachment, no trampling, minimal weeds, 
dense, healthy vegetation 
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BEAR CREEK 

Bear Creek has its headwaters in the Gallatin Range south of Bozeman (Figure 1). In the upper 
reaches it flows through the Gallatin National Forest and other public lands upstream of the 
Bear Canyon Trailhead. Downstream of the trailhead it flows through a rural residential area in 
Bear Canyon, then through rural residences and agriculture, prior to its confluence with Rocky 
Creek to form the East Gallatin River downstream of Interstate 90. Water quality in Bear Creek 
(Waterbody ID MT41H003_40) is listed on the State of Montana’s 2008 303(d) List as being 
impaired for the following pollutants: algal growth, total phosphorus, suspended solids, and 
sediment.  
For the purposes of assessing pollutant sources, Bear Creek was divided into four reaches 
based on land use and riparian type (Figure 1). Each reach was assessed for general reach 
characteristics with regards to adjacent land use, streambank stability, and riparian condition 
and composition. Pollutant sources, both discrete and reach-scale, were identified and 
evaluated for their potential to function as sources of nutrients. Reach-scale conditions on Bear 
Creek are summarized in Table 1 and the relative percentages of left and right bank land uses 
are depicted in Figures 2 and 3. See the Introduction to the 2009 Lower Gallatin TPA Pollutant 
Source Assessment Reports for descriptions of the reach-scale fields displayed in Table 1, as 
well as details on potential pollutant sources evaluated in each of the reach sections below. It 
should be noted that many of the photos in this report were taken the day after a heavy 
rainstorm and hence depict turbid stream water. 

1.1. Summary 
Bear Creek is only marginally impacted by anthropogenic sources throughout its ten mile length. 
Residential septic systems and unpaved road crossings were identified as the most significant 
potential sources of nutrients to Bear Creek. The upper reach (BEAR 01 N) flows primarily 
through U.S. Forest Service land, with the only potential anthropogenic nutrient source being 
bank and trail erosion associated with recreation, grazing, and naturally-erosive soils. Reach 
BEAR 02 N remains relatively unaltered, with the exception of the encroachment of Bear 
Canyon Road, and an increased density of rural residences and associated septic systems and 
unpaved driveway crossings (Table 1). Although the stream and driveway crossings along Bear 
Canyon Road were well-vegetated, the encroaching road and driveway crossings were 
considered to be potential nutrient and sediment sources during storm events. The two lower 
reaches are primarily agricultural, surrounded by pasture and cropland. With the dense riparian 
buffer in these reaches, pasture and cropland were not considered very significant nutrient 
sources. Septic systems, however, continued to be a potential nutrient source in the lower two 
reaches. 
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FIGURE 1. OVERVIEW OF BEAR CREEK 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID N 

Reach 
length 

(mi) 

Ecoreg. Strm. 
Ord. 

Dom. Land 
Use 

Nat. Unpaved 
Rd. 

xings 

Rd. 
Encr. 

(ft) 

Bank 
Ero. 

Rip. 
Width 

(ft) 

BMP Septic 
150 ft 
per mi 

Septic 
1000 
ft per 

mi 
BEAR 
01 N 5.57 17g 2 FOREST Y 1 0 L 110 WBR 0.0 0.9 
BEAR 
02 N 1.71 17g 3 

RURAL 
RESIDENCE N 7 1700 L 70 NA 5.3 19.9 

BEAR 
03 N 1.98 17w 3 HAY N 4 300 L 70 PBR 0.5 14.1 
BEAR 
04 N 0.88 17w 3 

RURAL 
SUBDIVISION N 0 0 L 50 PBR 6.8 56.9 

 
 

 

FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF BEAR CREEK 

 
 

 

FIGURE 3.  LAND USE TYPES ALONG THE RIGHT BANK OF BEAR CREEK 
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2. BEAR 01 N 
Reach 1 is a second order stream in the Gallatin Mountains south of Bozeman. The reach 
spans from the Bear Creek headwaters, downstream to water quality sample site BR04 (Figure 
4). The entire reach is upstream of the end of Bear Canyon Road, which ends at the Bear 
Canyon trailhead. The dominant Level 4 PRI ecoregion of the reach is 17g, mid-elevation 
sedimentary mountains.   
 

 

FIGURE 4. REACH BEAR 01 N 
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2.1. Reach Condition 
The reach is located almost entirely within the Gallatin National Forest, and is primarily in its 
natural condition with the dominant land use being recreation. The riparian vegetation is very 
robust and healthy, consisting of a mixed conifer-cottonwood overstory with a willow-grass-forb 
understory (Figure 5). Severe bank erosion was observed in select areas, but overall erosion 
within the reach was considered low. Erosion was associated with cattle grazing and motorized-
use trail crossings (Figures 6 and 7), and natural erosion due to the highly erosive soil. The 
Gallatin National Forest rerouted the trail between approximately miles 2-4 from the trailhead, 
reducing recreation-related stream erosion in that area. In addition, several water bars have 
been installed across the trail to route water off of the trail during storm events, thereby 
mitigating trail erosion that could deliver sediment to the stream. No roads encroach on the 
stream within the reach.  
 

 

FIGURE 5. ROBUST RIPARIAN VEGETATION IN REACH BEAR 01 N (STREAM IN RIGHT SIDE OF PHOTO) 
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FIGURE 6. BANK EROSION AGAINST OLD ROAD WHICH IS NOW A TRAIL. CATTLE IN BACKGROUND. 

 

 

FIGURE 7. BANK EROSION AT TRAIL CROSSING. 
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2.2. Nutrient Source Characterization 
Recreational use and cattle grazing were the only potential pollution sources identified within the 
reach (Table 2). While the grazing impact appeared significant in some areas, it was 
concentrated near a few stream crossings and was not widespread throughout the reach. 
Therefore the potential significance of grazing was considered low. No septic systems were 
identified within 150 feet of the stream and only 0.9 septic systems were identified per mile 
within 1000 feet. A single unpaved driveway crosses the stream at the lower end of the reach 
near the Bear Canyon trailhead (Figure 4). The condition of the driveway was not observed. 

 
TABLE 2. POTENTIAL NUTRIENT SOURCES WITHIN REACH BEAR 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Recreational use Low SW Excellent  

some erosion at trail 
crossings; mostly related 
to motorized use Low 

Cattle grazing Low SW Excellent  

concentrated areas of 
erosion and trampling 
within grazing allotments 
on the National Forest Low 

Septic system per mi 
(150 ft/1000 ft)  0.0/0.9 GW  Excellent  Low 

Unpaved road crossings (#)  1 SW  Excellent  unpaved driveway Low 
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3. BEAR 02 N 
Reach 2 is a third order stream that flows through Bear Canyon from the Bear Canyon trailhead, 
downstream to near the canyon mouth at water quality site BR03 (Figure 8). The dominant 
Level 4 PRI ecoregion of the reach is 17g, Mid-Elevation Sedimentary Mountains.   
 

 

FIGURE 8. REACH BEAR 02 N 
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3.1. Reach Condition 
The dominant land uses within the reach are forested land and rural residential. Although 
several residences are located along the reach, overall the riparian vegetation is robust and 
healthy, consisting of a mixed conifer-cottonwood overstory with a willow-grass-forb understory 
(Figure 9). Bank erosion was very low and was limited to natural erosion in the fine, erosive 
soils present within Bear Canyon. The unpaved Bear Canyon Road encroaches on the stream 
for a third of a mile within the reach (Figure 10). Vegetation along the encroached area was 
generally dense, but the unpaved road could potentially be a sediment source during large 
storm events and during spring snowmelt. Two small irrigation withdrawals were identified within 
the reach. The irrigation withdrawals were not confirmed on the aerial or in the field. 
 

 

FIGURE 9. DENSE CONIFER-COTTONWOOD RIPAIRAN IN REACH BEAR 02 N 
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FIGURE 10. BEAR CANYON ROAD ENCROACHMENT ALONG REACH BEAR 02 N 

 

3.2. Nutrient Source Characterization 
Potential nutrient sources within reach BEAR 02 N are identified in Table 3. With the abundance 
of residences, septic system density was rather high within the reach. However, with the robust 
riparian buffer the potential significance of septic systems was considered moderate. Seven 
unpaved road crossings were identified within the reach. One crossing was Bear Canyon Road 
which is very well maintained and not likely a sediment source. The other crossings were 
driveways, most of which were well-maintained (e.g. Figure 11) and not considered a sediment 
source but could potentially deliver sediment during storm events. Both the spring and the 
tributary identified within the reach drain were relatively unimpacted forested lands and were not 
considered significant nutrient sources. 
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TABLE 3. POTENTIAL NUTRIENT SOURCES WITHIN REACH BEAR 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Septic system per mi 
(150 ft/1000 ft)  5.3/19.9 GW Good 

high septic density but good 
riparian buffering quality Low/Med 

Unpaved road crossings (#)  7 SW  Good 

most well-vegetated at 
abutments, some considered a 
sediment source Low/Med 

 
 
 

 

FIGURE 11.  WELL-MAINTAINED DRIVEWAY CROSSING WITHIN REACH BEAR 02 N 
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4. BEAR 03 N 
Reach 3 is a third order stream that extends from the mouth of Bear Canyon at water quality site 
BR03, downstream to Bozeman Trail Road (Figure 12). The dominant Level 4 PRI ecoregion of 
the reach is 17w, Townsend Basin.   
 

 

FIGURE 12. REACH BEAR 03 N 
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4.1. Reach Condition 
The dominant land uses within the reach are hay production, irrigated horse and cattle pasture, 
and scattered residences. Although the riparian zone is narrower than in reach BEAR 02 N, it is 
still relatively dense and robust, composed of cottonwood with a shrub understory in the upper 
reach, and willow, dogwood and alder in the lower reach (Figure 13). Bank erosion was low 
within the reach, limited to areas of pasture encroachment where stabilizing riparian vegetation 
has transitioned to shallower-rooted cultivar grasses (Figure 14). The unpaved Bear Canyon 
Road encroaches on the stream for 300 feet within the reach (Figure 15). Vegetation along the 
encroached area was generally dense, but the unpaved road could potentially be a sediment 
source during large storm events and during spring snowmelt. Two irrigation withdrawals 
remove water within the reach. Neither of the withdrawals were observed in the field. 
  

 

FIGURE 13. ROBUST SHRUB RIPARIAN ZONE IN LOWER REACH BEAR 03 N 
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FIGURE 14. LIMITED BANK EROSION ON OUTER MEANDER BEND BEHIND LAMOTTE SCHOOL  
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FIGURE 15. BEAR CANYON ROAD ENCROACHMENT WITH GOOD RIPARIAN BUFFER IN BEAR 03 N 

 

4.2. Nutrient Source Characterization 
Potential nutrient sources within the reach are identified in Table 4. Irrigated crops comprised a 
moderate proportion of the reach, but with the good riparian quality, their potential significance 
as a nutrient source was considered low to moderate. The proportion of pasture land was quite 
low, and the observed pasture was in relatively good condition, not overgrazed, and with a 
substantial riparian buffer. Therefore pasture was assigned a low potential significance as a 
nutrient source. 
Septic density within 150 feet of the stream was lower than in reach BEAR 02 N, while density 
within 1000 feet remained high. With a relatively healthy riparian buffer, the potential 
significance of septic systems was considered to be low. Three well-maintained driveway 
crossings and one ford (Figure 16) were identified within the reach. Substrate at the ford was 
gravel and small cobble but was nonetheless considered a sediment source when vehicles 
crossed (a truck was observed crossing during the assessment). A metal stormwater pipe was 
located just downstream of water quality site BR03 at the upstream end of the reach (Figure 
17). The pipe drained the borrow ditch along Bear Canyon Road and was located within 15 feet 
of the stream. Evidence of flow from a rainstorm the previous night was observed during the 
assessment. 
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TABLE 4. POTENTIAL NUTRIENT SOURCES WITHIN REACH BEAR 03 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(Ave. % LB/RB)  45 GW  Good primarily hay production Low/Med 

Pasture  
(Ave. % LB/RB)  20 SW/GW  Good 

horse and cattle grazing; pasture 
in good condition Low 

Septic system per mi 
(150 ft/1000 ft)  0.5/14.1 GW  Good 

med septic density but relatively 
good riparian buffering quality Low 

Unpaved road crossings (#)  4 SW  Good 
3 well-maintained driveways, 1 
ford causing some sedimentation Med 

Stormwater  
(# pipes)  1 pipe, SW  Good 

metal stormwater pipe from 
unpaved Bear Cyn Rd. 15 ft bet. 
pipe and stream; evidence of 
recent flow. Low 

 
 

 

FIGURE 16. FORD CROSSING WITHIN REACH BEAR 03 N 
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FIGURE 17. PIPE DRAINING BEAR CANYON ROAD DITCH WITHIN REACH BEAR 03 N 
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5. BEAR 04 N 
Reach 4 is a third order stream that extends from Bozeman Trail Road downstream to its 
confluence with Rocky Creek to form the East Gallatin River (Figure 18). The dominant Level 4 
PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 18. REACH BEAR 04 N 
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5.1. Reach Condition 
The dominant land uses within the reach are hay production and residential. Although there are 
several residences along the stream, the riparian zone remains dense with a cottonwood 
overstory and dense alder, dogwood and willow understory (Figures 19 and 20). Bank erosion 
was low within the reach; the only bank disturbance observed was some minor trampling 
downstream of Bozeman Trail Road near the Mt. Ellis Academy. Three irrigation withdrawals 
were identified within reach BEAR 04 N. 
 

 

FIGURE 19. DENSE RIPARIAN DOWNSTREAM OF THE FRONTAGE ROAD WITHIN BEAR 04 N 
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FIGURE 20. YARD ENCROACHMENT ON STREAM WITH DENSE RIPARIAN BUFFER ON REACH BEAR 04 N 

 

5.2. Nutrient Source Characterization 
Potential nutrient sources within the reach are identified in Table 5. Irrigated crops comprised a 
moderate proportion of the reach but with the good riparian buffer, the potential significance of 
irrigated crops as a nutrient source was considered low. Septic density along the reach was 
rather high both within 150 and 1000 feet of the stream; with the good riparian buffer, the 
potential significance of septic systems was considered low to moderate. No unpaved road 
crossings or road encroachment were identified.  

TABLE 5. POTENTIAL NUTRIENT SOURCES WITHIN REACH BEAR 04 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops 
 (Ave. % LB/RB)  30 GW  Good 

moderate level of irrigated crops 
but riparian buffer is in good 
condition Low 

Septic system per mi 
(150 ft/1000 ft)  6.8/56.9 GW  Good 

high septic density but with a 
good riparian buffer Low/Med 
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SOURDOUGH CREEK 

Sourdough Creek has its headwaters in the Gallatin Range south of Bozeman. In the upper 
reaches it flows through forested lands on the Gallatin National Forest, then through agricultural 
land, rural residential and subdivisions south of Bozeman, prior to transitioning to a true urban 
stream as it flows through the City of Bozeman. It joins the East Gallatin River just north of 
Interstate 90 in Bozeman. Sourdough Cr is locally known as Bozeman Cr, thus the reaches on 
Sourdough Cr follow the naming convention initiated by MT DEQ, labeling Sourdough Cr reaches 
“BOZE”. Sourdough Cr is the only stream in the 2009 source assessment that was groundtruthed 
on foot rather than from a vehicle. Reaches 3-6 were walked in the stream while the most 
upstream, least impacted reaches were groundtruthed by vehicle. Reach 1 was only groundtruthed 
from the trail within the first two miles upstream of the Bozeman Cr trailhead. 
Water quality in Sourdough Creek (Waterbody ID MT41H003_040) is listed on the State of 
Montana’s 2008 303(d) List as being impaired for the following pollutants: E. coli, total phosphorus, 
sedimentation/siltation, and Total Kjeldahl Nitrogen. For the purposes of assessing pollutant 
sources, Sourdough Creek was divided into six reaches based on land use and riparian type 
(Figure 1). Each reach was assessed for general reach characteristics with regards to adjacent 
land use, streambank stability, and riparian condition and composition.  Pollutant sources, both 
discrete and reach-scale, were identified and evaluated for their potential to function as sources of 
nutrients. Reach-scale conditions on Sourdough Creek are summarized in Table 1 and the relative 
percentages of left and right bank land uses are depicted in Figures 2 and 3. See the Introduction 
to the 2009 Lower Gallatin TPA Pollutant Source Assessment Reports for descriptions of the 
reach-scale fields displayed in Table 1, as well as details on potential pollutant sources evaluated 
in each of the reach sections below. 

1.1. Summary 
Sourdough Creek is progressively more impacted from upstream to downstream along its sixteen 
mile length. From its headwaters, downstream to the Bozeman Creek trailhead (reach 1), 
Sourdough Creek is minimally impacted as it flows through Gallatin National Forest land. From the 
Bozeman Creek trailhead to approximately Goldenstein Rd (reach 2) it is an agricultural stream, 
with adjacent pasture land and hay fields. Between Goldenstein Rd, downstream to Bogert Park 
(reaches 3 and 4), residential and urban impacts increase. However, where residential lawns do 
not encroach on the stream, the riparian vegetation is still relatively healthy and bank erosion is 
limited to areas of pasture and lawn encroachment. The greatest potential water quality influences 
to reaches 3 and 4 are likely tributary streams (Limestone Creek, Spring Creek) and residential 
lawn encroachment along South Church St.  
Urban impacts greatly increase downstream of Bogert Park as the stream flows through downtown 
Bozeman and residential areas along Rouse Ave. This section is comprised almost exclusively of 
reach 5, which is by far the most impacted reach along the entire stream with several potential 
sources of nutrients and E. coli. Residential lawns encroach directly on the stream for most of the 
length, banks were generally eroding and trampled, and the riparian quality was very poor to non-
existent in most areas. Sixteen pipes were identified entering the stream. Several of these were 
stormwater pipes with current flow, or recent evidence of flow. Reach 6, the most downstream 
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reach from Tamarack St to the confluence with the East Gallatin River, was less impacted by urban 
development than reach 5, with a wider riparian buffer, less residential lawn and pasture 
encroachment, and minimal bank erosion. This reach did flow through some livestock grazing and 
industrial areas, both of which are likely nutrient and E. coli sources. 
 

 

FIGURE 1. OVERVIEW OF SOURDOUGH CREEK 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID N 

Reach 
length 

(mi) Ecoreg. Ord. Dom. LU Nat. 

# UP 
Rd 

xing 

Rd. 
Encr. 

(ft) 
Bank 
Ero. 

Rip. 
Width BMP* 

Septic/
mi 150 

Septic/
mi 1000 

BOZE 
01 N  7.64 17g  2  FOREST  Y  1  2500  L  150  NA  0.0  0.1 
BOZE 
02 N  2.58 17w  2  HAY  N  1  0  L  150  NA  0.0  5.8 
BOZE 
03 N  2.27 17w  2 

RESIDENCE/ 
HAY  N  3  0  L  130  NA  7.0  55.1 

BOZE 
04 N  1.23 17w  3  URBAN  N  2  150  L  70 

OSW, 
RPF  0.8  2.4 

BOZE 
05 N  1.14 17w  3  URBAN  N  2  3900  H  30 

SILT 
FENCE  0.0  0.0 

BOZE 
06 N  0.93 17w  3  URBAN  N  1  0  L  60  RPF  0.0  0.0 
*OSW: off‐site water; RPF: riparian fencing 

 

 

FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF SOURDOUGH CREEK 

 

 

FIGURE 3. LAND USE TYPES ALONG THE RIGHT BANK OF SOURDOUGH CREEK 
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2. BOZE 01 N 
Reach 1 is a second order stream high in the Gallatin Mountains south of Bozeman. The reach 
spans from the stream headwaters, downstream to Bozeman Creek trailhead (Figure 4). The 
dominant Level 4 PRI ecoregion of the reach is 17g, mid-elevation sedimentary mountains.   
 

 

FIGURE 4. REACH BOZE 01 N 
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2.1. Reach Condition 
The reach is located within the Gallatin National Forest, and is primarily in its natural condition with 
land use limited to recreation and historic logging on the hillsides. The riparian vegetation is robust 
and healthy, consisting of a mixed conifer-cottonwood overstory with a shrub-grass-forb understory 
(Figures 5). Bank erosion was limited to a handful of locations in the most downstream mile of the 
reach where small side trails extend from the Bozeman Creek trail, which is directly adjacent to the 
stream (Figure 6). The trail encroaches on the stream for approximately one half mile upstream of 
the trailhead. Five irrigation withdrawals were identified, all located at the downstream end of the 
reach. Of these, two significant withdrawals were confirmed in the field. The City of Bozeman water 
treatment plant withdrawal is located approximately one mile upstream of the trailhead. Another 
relatively large withdrawal was observed at the trailhead. 

 
 

FIGURE 5. DENSE COTTONWOOD-CONIFER RIPARIAN UPSTREAM OF THE BOZEMAN CREEK TRAILHEAD 
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FIGURE 6. BOZEMAN CREEK TRAIL WITHIN 5 FEET OF SOURDOUGH CREEK, WITHIN THE FIRST MILE  
UPSTREAM OF THE TRAILHEAD 

 

2.2. Potential Nutrient and E. coli Sources 
The few potential nutrient and E. coli sources within the reach are detailed in Table 2. This is a 
very popular trailhead, leading to excessive dog waste accumulation during all seasons, primarily 
in the first mile upstream of the trailhead where the stream is directly adjacent to the trail (Figure 6). 
Dog waste was considered a moderately significant nutrient and E. coli source. The Bozeman 
Creek trail, an old logging road, crosses the stream at a bridge five miles upstream of the trailhead. 
The trail and bridge are well-maintained and the crossing is not considered a significant nutrient 
source. 

TABLE 2. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH BRID 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Recreation (dog waste) med SW/GW Excellent 

Dog waste is abundant in the first 
mile upstream of the Bozeman 
Creek trailhead; potentially 
significant E. coli and nutrient 
source med 

Unpaved road crossings (#) 1 SW  Excellent 
Bridge; Bozeman Creek trail 
crossing 5 miles from trailhead low 
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3. BOZE 02 N 
Reach 2 spans from the Bozeman Creek trailhead, downstream to south of Goldenstein Rd (Figure 
4). Due to the length of the reach, the dominant Level 4 PRI ecoregion of the reach is 17w, 
Townsend Basin.    
 

 

FIGURE 7. REACH BOZE 02 N 
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3.1. Reach Condition 
The dominant land uses within the reach are irrigated and dry pasture and hay production (Figure 
8). The riparian vegetation is healthy and dense throughout the reach (Figure 9), composed of a 
willow understory with a cottonwood overstory. Almost no bank erosion was documented 
throughout the reach. One irrigation withdrawal was identified at the upstream end of the reach but 
was not confirmed in the field. 

 
 

FIGURE 8. IRRIGATED HAY FIELD DOWNSTREAM OF NASH RD. SOURDOUGH CR RIPARIAN IN LEFT OF 
PHOTO 
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FIGURE 9. DENSE WILLOW-COTTONWOOD RIPARIAN 

3.2. Potential Nutrient and E. coli Sources 
Potential nutrient and E. coli sources within the reach are detailed in Table 3. Pasture land 
comprised a moderate proportion of land use within the reach, but it was in relatively good 
condition, and was observed encroaching on the stream in only select locations. Combined with 
the wide, dense riparian buffer, pasture was considered to have a low potential significance as a 
nutrient source. One two-track ford was identified within the reach, located between Abigail Ranch 
Rd on the west side of stream and Cobble Creek Rd on the east side (Figure 10). Substrate at the 
ford was rather coarse and appeared infrequently crossed and was considered a minor sediment 
source. The City of Bozeman water treatment plant has an individual MPDES permit for discharge 
at the upstream end of the reach (Table 3).  

TABLE 3. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH BRID 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture %  
(LB/RB) 50 SW/GW Excellent 

good condition, generally not 
overgrazed or encroaching on 
stream low 

Septic system per mi  
(150 ft/1000 ft) 0/5.8 GW 

 
Excellent  low 

Unpaved road crossings (#) 1 SW Excellent 

ford between Abigail Ranch Rd 
on west side of stream and 
Cobble Creek Rd on east side low 

MPDES  
(# permits) 1 SW 

 
Excellent 

ID: MT0030155. City of Bozeman 
Water Treatment Plant; individual 
permit;  low 
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FIGURE 10. TWO-TRACK FORD ACROSS STREAM BETWEEN ABIGAIL RANCH RD AND COBBLE CREEK RD 
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4. BOZE 03 N 
Reach 3 begins upstream of Goldenstein Rd and extends downstream to Kagy Boulevard (Figure 
11). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 11. REACH BOZE 03 N 
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4.1. Reach Condition 
The dominant land uses within the reach are residential, pasture and natural forest associated with 
the Gallatin Valley Land Trust (GVLT) linear trail greenbelt. The riparian vegetation is healthy and 
dense with minimal yard and pasture encroachment throughout approximately two thirds of the 
reach (Figure 12). The remaining portion of the reach, such as the section along South Sourdough 
Rd, has significant yard and pasture encroachment, and associated bank erosion (Figures 13 and 
14). Two irrigation withdrawals were identified in the reach. One was located along the GVLT trail 
downstream of Goldenstein Rd, very low flow was in the withdrawal ditch at the time of 
observation. The other withdrawal was observed farther downstream and appeared to be used for 
a residential pond (Figures 15 and 16), but this could not be confirmed without trespassing. Two 
tributaries, Spring Cr and Limestone Cr, enter within the reach (Figure 11). 

 
 

FIGURE 12. HEALTHY COTTONWOOD RIPARIAN UPSTREAM OF GOLDENSTEIN RD 
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FIGURE 13. EROSION AND PASTURE ENCROACHMENT UPSTREAM OF KAGY BLVD 

 

 

FIGURE 14. EROSION AND YARD ENCROACHMENT DOWNSTREAM OF GOLDENSTEIN RD 
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FIGURE 15. SANDBAGS DIVERTING WATER FOR WITHDRAWAL FOR RESIDENTIAL POND 

 

 

FIGURE 16. WITHDRAWAL IN FIGURE 15 APPEARS TO LEAD TO RESIDENTIAL POND ON WEST SIDE OF 
STREAM 
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4.2. Potential Nutrient and E. coli Sources 
Potential nutrient and E. coli sources within the reach are detailed in Table 4. Pasture was 
generally in good condition, not overgrazed or encroaching on the stream. Residential lawns 
encroached on the stream for approximately a quarter of the reach (e.g. Figure 14), mainly along 
South Sourdough Rd, with no riparian buffer separating the stream from potential nutrient and E. 
coli sources such as lawn fertilizers, grass clippings and pet waste. The Valley View Golf Club is 
not located directly adjacent to Sourdough Creek, as there is a good riparian buffer between the 
golf course and the stream. However, with the high concentrations of fertilizers used on the golf 
greens, the golf course was considered a potential ground water nutrient source to this reach.  
Spring Cr, a significant tributary (Figure 17), flows through the golf course and enters just upstream 
of Kagy Blvd. Limestone Cr drains agricultural and residential land, and appears to flow through at 
least one residential in-line pond (Figure 11). Due to the land uses within their watersheds, both 
tributaries are likely significant sources of nutrients and E. coli. Two small springs and three 
irrigation returns were identified. These flows drain agricultural lands and residential areas and 
could be potential nutrient and E. coli sources. Two pipes of unknown origin enter the stream (e.g. 
Figure 18), neither of which were flowing at the time of the assessment.  
Septic system density was relatively high within the reach, primarily within 1000 feet of the stream, 
and was considered a significant potential nutrient and E. coli source. Three unpaved crossings 
were identified: a private driveway, the GVLT linear trail footbridge at water quality site SD05 
(Figure 19), and a two-track ford located just downstream of the GVLT footbridge (Figure 20). The 
footbridge and the ford were considered minor potential sediment sources. 

TABLE 4. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH BOZE 03 N 

Pollutant Source 
Source 
Prevalence  Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture % (LB/RB) 30% GW/SW Good/Excellent 

Pasture generally in good 
condition, not encroaching 
on stream low 

Residential lawns (% 
directly encroaching 
on stream) 25% GW/SW 

Poor              
(no riparian 
where lawn 
encroaches) 

Lawns encroach directly on 
the stream along South 
Sourdough Rd; potential 
nutrient and E. coli source med 

Golf % (LB/RB) 10 GW/SW Good 

Good riparian buffer with 
some residences; potential 
nutrient source low/med 

Tributaries 2 SW Good 
Significant tribs; lower trib 
flows through golf course med/high 

Irrigation 
returns/springs 5 SW Good 

Drain agricultural lands and 
residential areas; potential 
nutrient and E. coli source low/med 

Pipe of unknown 
source 2 SW NA 

Not flowing during 
assessment low 

Septic system per mi  
(150 ft/1000 ft) 7/55.1 GW  Good/Excellent 

Significant potential 
nutrient and E. coli source med 

Unpaved road 
crossings (#) 3 SW  Good/Excellent 

Ford, GVLT footbridge, 
private drive low 
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FIGURE 17. SPRING CR TRIBUTARY ENTERS UPSTREAM OF KAGY BLVD AFTER FLOWING THROUGH THE 
VALLEY VIEW GOLF COURSE 

 

 

FIGURE 18. PIPE OF UNKNOWN SOURCE ENTERING STREAM; NOT FLOWING 
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FIGURE 19. GALLATIN VALLEY LAND TRUST LINEAR TRAIL FOOTBRIDGE AT WATER QUALITY SITE SD05 

 

 

FIGURE 20. TWO-TRACK FORD DOWNSTREAM OF GVLT FOOTBRIDGE 
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5. BOZE 04 N 
Reach 4 begins at Kagy Boulevard and extends along South Church St downstream to where a 
large diversion dam diverts water to the east, at the north end of Bonner St (Figure 16). The 
dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 21. REACH BOZE 04 N 
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5.1. Reach Condition 
The dominant land uses within the reach are pasture land and residential. The riparian condition 
varies throughout the reach. Through most of the pasture land areas the riparian vegetation is 
characterized by dense, healthy stands of willow and cottonwood, with stable banks (Figure 22). In 
contrast, yard encroachment, bank erosion, and significant trampling are common through 
residential and industrial sections along South Church St (Figures 23 and 24). One significant 
tributary, Mathew Bird Cr, enters at the lower end of the reach (Figures 11 and 25). 

 

 
 

FIGURE 22. DENSE WILLOW RIPARIAN DOWNSTREAM SOUTH CHURCH STREET 
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FIGURE 23. TRAMPLING AND RESIDENTIAL ENCROACHMENT DOWNSTREAM OF MARTEL BRIDGE ALONG 
SOUTH CHURCH STREET 

 

 

FIGURE 24. ERODING BANK DOWNSTREAM OF KAGY BLVD 
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FIGURE 25. MATHEW BIRD CR ENTERING NEAR THE DOWNSTREAM END OF THE REACH 

 

5.2. Potential Nutrient and E. coli Sources 
Potential nutrient and E. coli sources within the reach are detailed in Table 5. Open fields along the 
reach were classified as pasture land but appeared to be open residential fields, and not lands 
used for feeding or holding of livestock.   Pasture lands/residential fields were therefore considered 
a low potential nutrient and E. coli source. Residential lawns encroach on the stream for 
approximately 10% of the reach along South Church St (Figure 26) and were considered a 
moderately significant potential nutrient and E. coli source. A significant tributary, Mathew Bird Cr 
enters at the lower end of the reach (Figure 25). This tributary flows through dense residential 
areas with duck ponds, and along the GVLT linear trail and is considered a moderate to high 
potential nutrient and E. coli source. Two unpaved private bridges cross the stream but both were 
in good condition and well vegetated. Kagy Blvd encroaches on the stream for about 150 ft but was 
not considered a pollutant source due to the short distance of encroachment.  
Two pipes of unknown origin were identified exiting a single yard just downstream of South Church 
St. A small diameter PVC pipe was identified dripping into the stream (Figure 27). A second pipe 
was noted at the same location entering below base flow. A large stormwater pipe enters 
Sourdough Creek at the Manion residence off East Lincoln St, across the stream from the power 
station on South Church St. This is a concrete stormwater pipe with significant flow (Figure 28) 
witnessed during a dry period, suggesting significant infiltration and/or inflow into the storm sewer 
system.  Because of the significant flow, this pipe was considered a moderately significant source 
of nutrients and E. coli. One livestock confinement area, a horse corral located directly adjacent to 
the stream, was identified just downstream of Kagy Blvd. Only a single horse in the corral during 
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the assessment but manure was observed on the stream bank. Although this single corral is likely 
acting as a nutrient and E. coli source, because there was only one it was considered a relatively 
small pollutant source relative to the entire reach. 

TABLE 5. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH BOZE 04 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture (Ave. % LB/RB) 55% SW/GW Good 

primarily dry pasture; riparian 
condition is generally good 
along pasture areas but 
potential nutrient/E. coli source low 

Septic system per mi  
(150 ft/1000 ft) 0.8/2.4 GW Good  low 

Tributaries 1 SW Good 
Mathew Bird Cr is significant; 
potential nutrient/E. coli source med/high 

Unpaved road crossings (#) 2 SW Good 
Two private bridge crossings in 
good condition low 

Pipe of unknown source (#) 2 SW NA 

Exit same yard; one under 
water, one dripping. Likely just 
drains low 

Pipe (stormwater) (#) 1 SW NA 

Large concrete pipe enters at 
Manion residence (SDP01 in 
2009 LGTPA monitoring). 
Flowing med 

LCA (#) 1 SW/GW Fair 
observed only one horse but 
manure on bank low 

Residential lawns (% 
directly encroaching on 
stream) 10% GW/SW 

Poor              
(no riparian 
where lawn 
encroaches) 

Lawns encroach directly on the 
stream along South Church St; 
potential nutrient and E. coli 
source med 
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FIGURE 26. RESIDENTIAL LAWN ENCROACHMENT 

 

 

FIGURE 27. PVC PIPE ENTERING LEFT BANK JUST DOWNSTREAM OF SOUTH CHURCH ST. DRIPPING AT TIME 
OF ASSESSMENT 
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FIGURE 28. STORMWATER PIPE ENTERING AT MANION PROPERTY. 2009 WATER QUALITY SAMPLING SITE 
SDP01. 
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6. BOZE 05 N 
Reach 5 begins where a large diversion dam diverts water to the east, at the north end of Bonner 
St (Figure 29), and extends downstream to Tamarack St. The dominant Level 4 PRI ecoregion of 
the reach is 17w, Townsend Basin.   
 

 

FIGURE 29. REACH BOZE 05 N 
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6.1. Reach Condition 
Reach 5 is the most impacted by urban development and is in very poor physical condition. The 
reach flows through downtown Bozeman, thus the dominant land use is urban for its entire length. 
The stream flows under streets and businesses in a large culvert under downtown Bozeman for 
approximately one city block. It goes into the culvert downstream of Babcock St just west of Rouse 
St, and re-surfaces downstream of the alley between Main St and Mendenhall St (Figure 30).  
Typical of an urban stream, it is channelized along roads and residences in many locations, using 
a variety of materials from traditional boulder and concrete rip-rap to car bodies, old appliances 
and stone walls (Figure 31). The riparian zone is in very poor condition for the entire length of the 
reach. Vegetation is characterized by tree willows, cottonwoods and green ash, with extensive 
trampling underneath and minimal understory vegetation (Figure 32). Bank erosion is common 
(Figure 33), but is also mitigated by extensive rip-rap along residential back yards (Figure 34). 
Lawns associated with both residences and Bogert Park encroach on the stream for most of its 
length (Figures 32, 34, 35 and 36). 
 

 
 

FIGURE 30. BRIDGE UNDER ALLEY BETWEEN MAIN ST AND MENDENHALL ST WHERE STREAM RE-
SURFACES FROM BEING CHANNELIZED UNDER MAIN ST AND BUSINESSES 
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FIGURE 31. OLD APPLIANCES ADJACENT TO THE STREAM DOWNSTREAM OF ROUSE AVE 

 

 

FIGURE 32. TRAMPLED BANK DOWNSTREAM OF PEACH ST 
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FIGURE 33. ERODING BANK 

 

 

FIGURE 34. RIP-RAPPED BANK BEHIND RESIDENCE 
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FIGURE 35. LAWN ENCROACHMENT UPSTREAM OF OLIVE ST 

 

 

FIGURE 36. LAWN ENCROACHMENT AND BANK EROSION AT BOGERT PARK 
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6.2. Potential Nutrient and E. coli Sources 
Reach 5 is highly impacted by several urban-related pollutant sources such as pipes that drain to 
the stream, and runoff from yards and roads. Potential nutrient and E. coli sources within the reach 
are detailed in Table 6. Residential lawns encroach on the stream for most of the reach with 
significant trampling and bank erosion, and have a moderate to high potential to function as a 
nutrient and E. coli source to the reach (Figures 32-36). The parking lot adjacent to where the 
stream enters the culvert under Main St is encroaching on the stream and is completely devoid of 
vegetation. However, a silt fence was installed to protect sediment from entering the stream.  
Two unpaved trail foot bridges cross the stream, the foot bridge at Bogert Park and the GVLT trail 
bridge upstream of Tamarack St (Figure 37). Both were in good condition and well vegetated but 
with erosion around the abutments. Rouse Ave encroaches on the stream for about 3000 ft and 
Bonner St encroaches in the upstream end of the reach for about 900 ft. No vegetation is present 
along 1500 ft of the encroachment along Rouse Ave and could be a significant nutrient source 
(Figure 38). 
Eight pipes of unknown origin were identified entering the stream, none of which were flowing 
during the assessment, nor did any of the pipe exhibit evidence of recent flow such as sediment 
within the pipe or erosion below the pipe. Most were likely residential drain pipes and/or sump 
pump drains to mitigate high groundwater tables during snowmelt and storm events. These pipes 
were not considered a highly significant nutrient or E. coli source. In contrast, the eight stormwater 
pipes pose a greater potential to be nutrient and E. coli sources. Of these, three were flowing and 
one contained evidence of recent flow (sediment build up in the pipe). Two of the flowing 
stormwater pipes are particularly noteworthy. The pipe at Peach St enters on the left bank, and the 
water was warm with a distinctly chlorine odor (Figure 39). The pipe adjacent to Rouse Ave 
smelled very strongly of methane and sewage, and brown, solid, dime-sized particles were 
observed floating out of the pipe. The latter pipe was since confirmed to contain very high levels of 
E. coli (greater than 2000 cfu/100 ml) during the September 2009 water quality monitoring effort. 
Discrete pollutant sources, specifically grass piles on the stream banks at four locations, were 
identified as potentially significant nutrient sources. Karst Stage and the City of Bozeman have 
stormwater MPDES permits (Table 7), located approximately 1000 ft from the stream. Stormwater 
discharges enter the stream via municipal storm drains and could potentially deliver runoff 
pollutants to the stream. 
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TABLE 6. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH BOZE 05 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Unpaved road crossings (#) 2 SW Fair 
Two footbridges: GVLT trail and 
Bogert Park low 

Road encroachment 3900 ft SW Poor 
Rouse and Bonner streets, 
potential nutrient sources low/med 

Pipe of unknown source (#) 8 SW NA 
None flowing, most likely drain 
pipes low 

Pipe (stormwater) (#) 8 SW NA 
Some flowing; significant 
nutrient/E. coli source med/high 

Discrete pollutant source (#) 4 SW/GW NA piles of grass clippings on bank med 

MPDES permit (#) 2 SW NA see Table 7 low 

Residential lawns (% 
directly encroaching on 
stream) 75% GW/SW 

Poor              
(no riparian 
where lawn 
encroaches) 

Lawns encroach directly on the 
stream along Rouse St; 
potential nutrient and E. coli 
source med/high 

 

TABLE 7. MPDES PERMITS DISCHARGING TO REACH BOZE 05 N 

MPDES ID Permittee Name Permit Type Pollutant Pathway 
Discharge 

Reach 

MTR040002  City of Bozeman 
Stormwater/Small 

MS4 
located ~ 1000 ft from stream, enters 
stream via storm drains BOZE05 

MTR000402  Karst Stage  Stormwater 
located ~ 1000 ft from stream, enters 
stream via storm drains BOZE05 
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FIGURE 37. RECREATION EROSION AT GVLT TRAIL FOOTBRIDGE UPSREAM OF TAMARACK ST 

 

 

FIGURE 38. ROUSE ST ENCROACHES ON THE STREAM 
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FIGURE 39. FLOWING STORMWATER PIPE DOWNSTREAM OF PEACH ST, WATER WARM AND SMELLED OF 
CHLORINE 
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7. BOZE 06 N 
Reach 6 begins at Tamarack St and ends at the confluence with the East Gallatin River just 
downstream of East Griffin Dr (Figure 40). The dominant Level 4 PRI ecoregion of the reach is 
17w, Townsend Basin.   
 

 

FIGURE 40. REACH BRID 06 N 
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7.1. Reach Condition 
Reach 6 is also an urban reach but it is in better condition than reach 5, with higher quality riparian 
buffers, and less bank erosion, trampling and lawn encroachment. The reach flows through an 
industrial/residential section of Bozeman and the dominant land use is urban for its entire length. 
Riparian vegetation is characterized by a cottonwood, tree willows, and green ash overstory and a 
willow-dogwood-reed canarygrass understory (Figure 41). Bank erosion was minimal, observed 
only in select locations of pasture or lawn encroachment (Figures 42 and 43); however, fine 
sediments were observed in the slackwater areas. Some erosion was also observed in areas of 
sparse understory. One irrigation withdrawal was identified on the aerial just upstream of interstate 
90 but was not observed during the groundtruthing. 
 

 
FIGURE 41. DENSE COTTONWOOD-WILLOW RIPARIAN 
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FIGURE 42. BANK EROSION AND PASTURE ENCROACHMENT UPSTREAM OF INTERSTATE 90 

 

 

FIGURE 43. LAWN ENCROACHMENT DOWNSTREAM OF INTERSTATE 90 
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7.2. Potential Nutrient and E. coli Sources 
Potential nutrient and E. coli sources within the reach are detailed in Table 8. Residential lawns 
and small horse pastures encroach on the stream for a limited portion of the reach but are 
associated with some bank erosion (Figures 42 and 43). Lawns and small pastures were 
considered a potential nutrient and E. coli source via both overland flow and groundwater delivery.   
One unpaved driveway crosses the stream but it was well-vegetated near the abutments and is not 
likely a sediment source. Although no roads encroached, parking lots through the industrial areas 
were located directly adjacent to the stream, often with no riparian buffer. Gravel was pushed into 
the stream from one adjacent parking lot, likely causing sediment input during storm events (Figure 
44). Two LCAs were identified adjacent to the stream and were considered potential nutrient and 
E. coli sources through both overland and groundwater delivery. One of the LCAs, observed just 
upstream of Interstate 90, was associated with manure piles located within 3 feet of the active 
channel (Figure 45).  
One small stormwater pipe drains to the stream under the Tamarack St Bridge. It was not flowing 
at the time of the assessment but could be a potential pollutant source during storm events. 
Kenyon Noble Ready Mix (concrete manufacturer) maintains a stormwater MPDES permits (Table 
9), located approximately 1000 ft from the stream. Stormwater discharges enter the stream via 
municipal storm drains and could potentially deliver runoff pollutants to the stream. 

TABLE 8. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH BOZE 06 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Unpaved road crossings (#) 1 SW Good 
Bozeman Brick bridge, not a 
sediment source low 

Pipe (stormwater) (#) 1 SW NA 

Enters under Tamarack St 
bridge, no flow during 
assessment, potential nutrient 
source during storm events low 

LCA (#) 2 SW/GW Fair/Good 

Horse corrals adjacent to 
stream; potential nutrient and E. 
coli sources med 

MPDES permit (#) 2 SW NA see Table 9 low 

Residential lawns (% 
directly encroaching on 
stream) 10% GW/SW 

Poor              
(no riparian 
where lawn 
encroaches) 

Lawns encroach directly on the 
stream only in a few locations low 

 
TABLE 9. MPDES PERMITS DISCHARGING TO REACH BOZE 06 N 

MPDES ID Permittee Name Permit Type Pollutant Pathway 
Discharge 

Reach 

MTR000095 
Kenyon Noble Ready 

Mix Stormwater City storm drain to Sourdough Cr BOZE 06 N 
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FIGURE 44. GRAVEL PUSHED INTO RIPARIAN FROM ADJACENT PARKING LOT 

 
 

 

FIGURE 45. HORSE CORRAL DIRECTLY ADJACENT TO STREAM UPSTREAM OF INTERSTATE 90



 

 

 

 

 

 

Bridger Creek 

 

Pollutant Source Assessment Report 

 
2009 Lower Gallatin TMDL Planning Area  

  



(Intentionally Blank) 



Bridger Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

  1 1/8/2010 

BRIDGER CREEK 

Bridger Creek has its headwaters on the east side of the Bridger Mountains north of Bozeman. In 
the upper reaches it flows through forested lands on the Gallatin National Forest and private lands, 
then through rural residential lands in Bridger Canyon prior to its confluence with the East Gallatin 
River on the southern end of the Bridger Mountains.  
Water quality in Bridger Creek (Waterbody ID MT41H003_100) is listed on the State of Montana’s 
2008 303(d) List as being impaired for the following pollutants: Total Phosphorus, and Total 
Kjeldahl Nitrogen. For the purposes of assessing pollutant sources, Bridger Creek was divided into 
six reaches based on land use and riparian type (Figure 1). Each reach was assessed for general 
reach characteristics with regards to adjacent land use, streambank stability, and riparian condition 
and composition. Pollutant sources, both discrete and reach-scale, were identified and evaluated 
for their potential to function as sources of nutrients to Bridger Creek. Reach-scale conditions on 
Bridger Creek are summarized in Table 1 and the relative percentages of left and right bank land 
uses are depicted in Figures 2 and 3. See the Introduction to the 2009 Lower Gallatin TPA 
Pollutant Source Assessment Reports for descriptions of the reach-scale fields displayed in Table 
1, as well as details on potential pollutant sources evaluated in each of the reach sections below. 

1.1. Summary 
Bridger Creek is marginally impacted by anthropogenic sources throughout its eighteen mile 
length, with pasture land and the Bridger Creek Golf Course identified as the most significant 
potential sources of nutrients. Pasture land encroached on the reach primarily in reach BRID 02 N, 
while golf course turf was often mowed adjacent to the stream in reach BRID 06 N. The riparian 
quality was good to excellent throughout all of the reaches, with unaltered conifer forest in the 
headwater reaches, and dense cottonwoods and willows along the remaining reaches. Bank 
erosion was limited to areas of heavy livestock grazing, primarily in reach BRID 02 N, and in the 
more urban reaches of BRID 05 and 06 where historic and new rip-rap were quite common. Septic 
systems were generally not very dense, with the exception of reach BRID 05 N where septic 
density was the highest  
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FIGURE 1. OVERVIEW OF BRIDGER CREEK 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID N 

Reach 
length 

(mi) Ecoreg. Ord. Dom. LU Nat. 
# UP Rd 

xing 

Rd. 
Encr. 

(ft) 
Bank 
Ero. 

Rip. 
Width BMP 

Septic/mi 
150 

Septic/mi 
1000 

BRID 
01 N 1.89 17g 2 FOREST N 2 0 L 100 NA 0.5 4.8 
BRID 
02 N 12.48 17g17w 3 

RURAL 
RESIDENTIAL N 13 0 L 175 NA 0.3 5.4 

BRID 
03 N 0.54 17w 3 ROAD  N 1 2000 L 40 NA 1.8 0.0 

BRID 
04 N 1.40 17w 3 

PASTURE/ 
RURAL 

RESIDENCE N 0 700 L 175 NA 0.0 10.7 
BRID 
05 N 1.26 17w 3 

HAY/ 
RESIDENTIAL N 1 0  L 130 NA 3.2 9.6 

BRID 
06 N 0.72 17w 3 

RECREATION/ 
GOLF N 1 550 L 80 NA 0.0 1.4 

 

 

FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF BRIDGER CREEK 

 

 

FIGURE 3. LAND USE TYPES ALONG THE RIGHT BANK OF BRIDGER CREEK 
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2. BRID 01 N 
Reach 1 is a second order stream high in the Bridger Mountains north of Bozeman. The reach 
includes Bridger Creek from its headwaters, downstream to the Bridger Bowl driveway where 
Maynard Cr enters (Figure 4). The dominant Level 4 PRI ecoregion of the reach is 17g, mid-
elevation sedimentary mountains.   
 

 

FIGURE 4. REACH BRID 01 N 
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2.1. Reach Condition 
The upper section of the reach is located within the Gallatin National Forest, and is primarily in its 
natural condition. Land use is forest and recreation, with scattered rural residences. The reach 
flows through Bohart Ranch Cross Country Ski Center for much of its length. The riparian 
vegetation is very robust and healthy, consisting of a mixed conifer overstory with a willow-grass-
forb understory (Figures 5 and 6). No bank erosion was observed within the reach, and no roads 
encroach upon the stream.  
 

 

FIGURE 5. DENSE WILLOW RIPARIAN COVERING STREAM 
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FIGURE 6. REACH BRID 01 N IN FOREGROUND 

 

2.2. Potential Nutrient Sources 
The few potential nutrient sources within the reach are detailed in Table 2. Septic system density 
within the reach was very low and was not considered a potential nutrient source. The two 
unpaved road crossings were actually ski/hiking trails located at Bohart Ranch (Figure 7). Both 
culvert crossings were well vegetated and only infrequently traveled by vehicles and were therefore 
not considered significant nutrient sources.   
 

TABLE 2. POTENTIAL NUTRIENT SOURCES WITHIN REACH BRID 01 N 

Nutrient Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Septic system per mi  
(150 ft/1000 ft) 0.5/4.8 GW  Excellent  low 

Unpaved road crossings (#) 2 SW  Excellent 
culverted ski/hiking trail crossings 
at Bohart Ranch low 
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FIGURE 7. SKI TRAIL CROSSING AT BOHART RANCH 
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3. BRID 02 N 
Reach 2 is a 12.5 mile long reach that spans the length of Bridger Canyon. It begins at the Bridger 
Bowl driveway and extends downstream to where the stream channel becomes highly constricted, 
upstream of the Maiden Rock Rd crossing (Figure 4). The dominant Level 4 PRI ecoregion of the 
reach is 17w, Townsend Basin.   
 

 

FIGURE 8. REACH BRID 02 N 
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3.1. Reach Condition 
The dominant land uses within the reach are rural residential and irrigated and non-irrigated 
pasture land. The riparian vegetation is healthy and dense throughout the reach (Figures 9 and 
10), composed of a willow understory with a conifer overstory in the upper section and cottonwood 
overstory in the mid to lower section. Very little bank erosion was documented throughout the 
reach. However, rip-rap was observed at several road crossings and along meander bends, 
indicating that bank erosion was possible, and likely present where the stream was not observed in 
the field. No roads encroach on this reach.  
Five irrigation withdrawals were identified on the GIS layer, and were potentially confirmed on the 
aerial based on potential flow paths, but were not confirmed in the field. Due to the wide, sub-
irrigated riparian zone, it was difficult to discern from aerial photographs whether the withdrawals 
were present or not.  

 

 
 

FIGURE 9. DENSE WILLOW RIPARIAN DOWNSTREAM OF BRIDGER BOWL DRIVEWAY 
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FIGURE 10. DE NSE WILLOW-COTTONWOOD RIPARIAN DOWNSTREAM OF KELLY CANYON RD 

 

3.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 3. Pasture land comprised a 
moderate proportion of land use within the reach, and was in relatively good condition. Combined 
with the wide, dense riparian buffer, pasture was considered to have a medium to low potential 
significance as a nutrient source.  Surface nutrient inputs appear to be mitigated well.  The relative 
significance of ground water nutrient inputs is unknown, but may be significant depending on level 
of use and amount of fertilizer application.  
Although septic system density per mile was low, certain areas had rather high concentrations of 
septics, such as just downstream of Bridger Bowl, and near the Stone Cr confluence. These areas 
could potentially function as nutrient sources to Bridger Cr. Several tributary streams enter within 
the reach including Olson Cr and Stone Cr, primarily draining forested land. Septic system density 
along tributaries was moderate: these tributary septics were considered a minor nutrient source. 
Eleven unpaved road crossings were identified within the reach, or roughly one unpaved crossing 
per mile. Larger unpaved crossings included Kelly Canyon Rd and the Bridger Bowl driveway. The 
remaining crossings were smaller roads and private driveways. Most driveways were well 
maintained and were not considered a significant nutrient or sediment source (Figure 11).  
Bridger Bowl ski area holds a groundwater permit (MTX000144) that allows groundwater discharge of 
onsite sewerage systems (Table 4).  Two LCAs were identified in the reach. These LCAs were not 
accessible for observation in the field, and it was difficult to confirm whether they were indeed 
active LCAs based on the aerial. One additional potential nutrient source was identified, a cattle 
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operation located at the southeast corner of Jackson Creek Rd and Bridger Canyon Rd. This 
operation was not specifically an LCA, as animals were not confined in a corral, but high animal 
densities and a very degraded intermittent tributary stream have been observed in the past at this 
location. 

TABLE 3. POTENTIAL NUTRIENT SOURCES WITHIN REACH BRID 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture %  
(LB/RB) 50 SW/GW 

Good/ 
Excellent 

good condition, generally not 
overgrazed or encroaching on 
stream Low/med 

Septic system per mi  
(150 ft/1000 ft) 0.3/5.4 GW 

 Good/ 
Excellent  low 

Septic in tributaries  Med Tributary 
  
Excellent  low 

Unpaved road crossings (#) 11 SW 
 Good/ 
Excellent 

 Kelly Canyon Rd and Bridger 
Bowl driveway. Several private 
driveways, mostly in good 
condition med 

LCA (#) 2 GW/SW 
 Good/ 
Excellent  low 

MPDES  
(# permits) 1 SW 

 Good/ 
Excellent see Table 4 low 

 
 

 

FIGURE 11. PRIVATE DRIVEWAY CROSSING 
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TABLE 4. MPDES PERMITS IDENTIFIED IN REACH BRID 02 N 

MPDES ID 
Permittee 

Name Permit Type Pollutant Pathway 
Discharge 

Reach 

MTX000144 Bridger Bowl 
Groundwater/Sewerage 

system  
Short distance from Maynard Creek & 
Bridger Creek BRID 02 N 
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4. BRID 03 N 
Reach 3 is a short 0.5 mile long reach that flows directly adjacent to the road through the narrow 
canyon at the downstream end of Bridger Canyon. The reach spans from Maiden Rock Rd, 
downstream to Fish Hatchery Rd at the USFWS Bozeman Fish Technology Center (Figure 12). 
The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 12. REACH BRID 03 N 

4.1. Reach Condition 
Due to the canyon nature of the reach it is not suitable for many uses, and the dominant land uses 
within the 0.5 mile reach is forest, with significant road encroachment. The riparian buffer is a 
narrow strip of young cottonwood, willows and grasses, constricted by Bridger Canyon Rd and the 
old highway on either side (Figure 13). Although the riparian was narrow, most banks were well-
vegetated and stable, with the exception of erosion caused from poor drainage off of Bridger 
Canyon Rd (Figure 14). One irrigation withdrawal was identified within the reach, located just 
upstream of Fish Hatchery Rd (in background of Figure 13).  
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FIGURE 13. REACH BRID 03 N IN CANYON, UPSTREAM OF FISH HATCHERY RD, ADJACENT TO BRIDGER 
CANYON RD. IRRIGATION WITHDRAWAL IN BACKGROUND 
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FIGURE 14. EROSION FROM POOR DRAINAGE OFF BRIDGER CANYON RD 

 

4.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 5. Septic system density was low 
within the reach, as only one residence is located along the stream. The area downstream of the 
bridge at the unpaved Maiden Rock Rd was actively eroding, causing sediment to enter the stream 
(Figure 15). Bridger Canyon Rd encroaches on the stream for approximately 2000 ft, causing some 
sediment and erosion.  

TABLE 5. POTENTIAL NUTRIENT SOURCES WITHIN REACH BRID 03 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Septic system per mi  
(150 ft/1000 ft) 1.8/0.0 GW  Good  low 

Unpaved road crossings (#) 1 SW  Good 
Maiden Rock Rd, some erosion 
occurring downstream low 
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FIGURE 15. EROSION DOWNSTREAM OF MAIDEN ROCK RD BRIDGE 
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5. BRID 04 N 
Reach 4 extends from Fish Technology Rd, approximately 1.5 miles downstream to Bridger 
Canyon Rd. (Figure 12). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend 
Basin.   
 

 

FIGURE 16. REACH BRID 04 N 

5.1. Reach Condition 
The dominant land uses within the reach are rural residence, hay production, and irrigated and dry 
pasture land. The riparian vegetation is quite healthy, with dense willows and scattered 
cottonwoods (Figure 17), with very little bank erosion observed. Rip-rapped banks were observed 
in the section through the USFWS Bozeman Fish Technology Center (Fish Tech Center) (Figure 
16). Three irrigation withdrawals were identified within the reach, two of which were definitively 
confirmed on the aerial and one was confirmed in the field.  
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FIGURE 17. DENSE WILLOW RIPARIAN DOWNSTREAM OF DRINKING HORSE SUBDIVISION FOOTBRIDGE 

 

5.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 6. Pasture land which was 
primarily irrigated, was abundant along the reach and was considered a low to moderately 
significant nutrient source. No septic systems were located within 150 feet of the stream; the 
density within 1000 feet was moderate. Overall, septic systems were considered to have a low 
potential for nutrient delivery to the stream. The unpaved Fish Hatchery Rd encroaches on the 
stream for approximately 700 ft, but the area between the road and the stream is densely 
vegetated and was not considered a significant sediment source (Figure 18). The Fish Tech Center 
parking lot is also located directly adjacent to the stream (Figure 19) and could be a potential 
pollutant source. The Fish Tech Center has two MPDES permits to discharge hatchery water into 
Bridger Cr (Table 7). 

TABLE 6. POTENTIAL NUTRIENT SOURCES WITHIN REACH BRID 04 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture (Ave. % LB/RB) 50% SW/GW  Good primarily irrigated low/med 

Septic system per mi  
(150 ft/1000 ft) 0.0/10.7 GW   Good  low 

MPDES  
(# permits) 2 SW/GW   Good BRID 04 N low 
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TABLE 7. MPDES PERMITS DISCHARGING TO REACH BRID 04 N 

MPDES ID Permittee Name Permit Type Pollutant Pathway 
Discharge 

Reach 

MTG770018 
Bozeman Fish 

Technology Center General 
Fish hatchery discharging to Ground 
Water BRID 04 N 

MTG130006 
USFWS-Bozeman 
Fish Tech Center General 

Fish hatchery discharging directly to 
Bridger Creek BRID 04 N 

 
 

 
 

FIGURE 18. FISH HATCHERY RD ENCROACHMENT LOOKING UPSTREAM 
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FIGURE 19. BRIDGER FISH TECHNOLOGY CENTER PARKING LOT ADJACENT TO STREAM 
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6. BRID 05 N 
Reach 5 extends from Bridger Canyon Rd downstream to Story Mill Rd (Figure 12). The dominant 
Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 20. REACH BRID 05 N 
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6.1. Reach Condition 
The dominant land uses within the reach are residential subdivision and irrigated and dry pasture 
land. The riparian vegetation is robust with a dense willow-cottonwood overstory (Figure 21), with 
very little bank erosion observed. Several old cars are placed as rip-rap along the reach indicating 
the current and historic potential for bank erosion (Figure 22). Two irrigation withdrawals were 
identified within the reach, neither of which were confirmed in the field. One tributary, Lyman Cr, 
enters from the north at the start of the reach. 

 

 
 

FIGURE 21. DENSE WILLOW-COTTONWOOD RIPARIAN VEGETATION DOWNSTREAM OF  
BRIDGER CANYON RD 

 



Bridger Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

  23 1/8/2010 

 

 
 

FIGURE 22. CAR BODIES USED AS RIP-RAP 

 

6.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 8. Irrigated pasture land was 
abundant along the reach and was considered a moderately significant nutrient source. With an 
increase in residences at the lower end of the reach, septic systems are potentially a moderately 
significant nutrient source. A single unpaved crossing was identified, the footbridge at Cottonwood 
Subdivision. The footbridge was recently constructed with silt fences still in place; however this 
bridge had the potential to function as a sediment source near the abutments (Figure 23).  

TABLE 8. POTENTIAL NUTRIENT SOURCES WITHIN REACH BRID 05 N 

Pollution Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture (Ave. % LB/RB) 60 SW/GW   mostly irrigated pasture med 

Septic system per mi  
(150 ft/1000 ft) 3.2/9.6 GW    med 

Unpaved road crossings (#) 1 SW   
footbridge at Cottonwood 
subdivision low 
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FIGURE 23. FOOTBRIDGE AT COTTONWOOD SUBDIVISION 
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7. BRID 06 N 
Reach 6 extends from Story Mill Rd downstream through the Bridger Creek Golf Course to the 
confluence with the East Gallatin River (Figure 24). The dominant Level 4 PRI ecoregion of the 
reach is 17w, Townsend Basin.   
 

 

FIGURE 24. REACH BRID 06 N 
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7.1. Reach Condition 
The Bridger Creek Golf Course comprises the majority of the land use along the reach, with a small 
subdivision. Golf course turf was mowed directly adjacent to the stream in several locations (e.g. 
Figure 25). Where the stream was buffered from the turf the riparian was healthy and dense, 
composed of a cottonwood overstory and willow understory (Figure 26). Bank erosion was minor, 
limited to select outer meander bends (Figure 27). However, both rock and car body rip-rap was 
quite common, indicating the potential for significant bank erosion. 

 

 
 

FIGURE 25. GOLF COURSE TURF ENCROACHMENT AND RIP-RAP 
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FIGURE 26. DENSE COTTONWOOD RIPARIAN DOWNSTREAM OF STORY MILL RD 

 

 

FIGURE 27. MINOR BANK EROSION ON OUTER MEANDER BEND 
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7.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 9. The golf course was identified 
as the primary nutrient source within the reach, as it extends the length of the reach on both sides 
of the stream. The riparian buffer was dense in some areas while turf encroached directly on the 
stream in many locations (e.g. Figure 25). The paved McIlhatten Rd and Story Mill Roads encroach 
within 50 feet of the stream for a total of 550 feet. Vegetation along both roads is relatively dense, 
with some rip-rap. Neither of the roads was considered a significant nutrient source. One unpaved 
crossing, a golf cart bridge, crosses the stream but this bridge receives only minimal usage by 
electric vehicles and was well vegetated at the abutments (Figure 28). 

TABLE 9. POTENTIAL NUTRIENT SOURCES WITHIN REACH BRID 06 N 

Pollution Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Golf course (Ave. % LB/RB) 95% SW/GW  Good 

golf course turf encroaches in 
several areas; significant nutrient 
source Med/high 

Septic system per mi  
(150 ft/1000 ft) 0.0/1.4 GW  Good  low 

Unpaved road crossings (#) 1 SW  Good 
golf cart bridge, very little vehicle 
traffic low 

 
 

 

FIGURE 28. GOLF CART BRIDGE 
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CAMP CREEK 

Camp Creek is an agricultural stream that flows through Churchill and Amsterdam west of 
Bozeman, Montana. It flows through rangeland, dairy, hay, pasture, and crop operations prior to 
flowing into the Gallatin River northeast of Manhattan. Water quality in Camp Cr (Waterbody ID 
MT41H002_010) is listed on the State of Montana’s 2008 303(d) List as being impaired for the 
following pollutant impairments: fecal coliform, total nitrogen, and sedimentation/siltation.  
Camp Creek was divided into seven reaches based on stream order, land use and riparian type 
(Figure 1). Each reach was assessed for general reach characteristics with regards to adjacent 
land use, streambank stability, and riparian condition and composition.  Pollutant sources, both 
discrete and reach-scale, were identified and evaluated for their potential to function as sources of 
nutrients and E. coli. Reach-scale conditions on Camp Creek are summarized in Table 1 and the 
relative percentages of left and right bank land uses are depicted in Figures 2 and 3. See the 
Introduction to the 2009 Lower Gallatin TPA Pollutant Source Assessment Reports for descriptions 
of the reach-scale fields displayed in Table 1, as well as details on potential pollutant sources 
evaluated in each of the reach sections below. 

1.1. Summary 
Water quality in Camp Creek is highly impacted by agricultural and livestock operations throughout 
its length, with the most severe impacts evident downstream from reach Camp 03 N, north of 
Norris Rd.  The riparian vegetation in this section was heavily grazed and weedy with thistles, and 
banks were actively eroding. Nutrient and E. coli loading may become more difficult to assess in 
the downstream reaches, as several large irrigation withdrawals and returns remove and return 
water to the stream from other agricultural areas throughout the valley. Riparian quality and bank 
stability improved progressively downstream starting near the upstream end of reach CAMP 06 N. 
Excellent riparian quality and bank stability was observed upstream of the confluence of Camp Cr 
with the Gallatin River.  
Pastures and irrigated crop lands were identified as the most significant sources of nutrients and E. 
coli to Camp Cr. The potential impact of these land uses was accentuated by the general lack of 
best management practices such as riparian exclosure fencing, allowing livestock full access to the 
stream. However, it should be recognized that only areas that could be accessed from road 
crossings were observed and that BMPs were likely missed in the assessment.  
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FIGURE 1. OVERVIEW OF CAMP CREEK 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID 

Reach 
length 
(mi) 

Ecoreg.  Strm. 
Ord. 

Dom. Land 
Use 

Nat. Unpaved 
Rd. xings 

Rd. 
Encr. 
(ft) 

Bank 
Ero. 

Rip. 
Width 
(ft) 

BMP  Septic 
150 ft 
per mi 

Septic 
1000 ft 
per mi 

CAMP 
01 N  3.98 17w  1  RANGE/ HAY  N  1  0   L  50  NA  0.0  0.0 
CAMP 
02 N  2.04 17w  3 

RANGE/ 
CROP  N  0  0  L  100  NA  0.0  0.0 

CAMP 
03 N  1.11 17w  3  CROP  N  1  0  M  80  NA  0.0  3.6 
CAMP 
04 N  7.80 17w  3 

PASTURE/ 
RANGE  N  19  7400  M  25  NA  0.6  2.8 

CAMP 
05 N  1.28 17w  3 

RURAL 
SUBDIVISION  N  0  0  L  15  NA  0.0  2.3 

CAMP 
06 N  5.34 17w  3 

ROWCROPS/ 
PASTURE  N  2  0  L  20  NA  0.6  1.3 

CAMP 
07 N  3.80 17w  4  PASTURE  N  1  0  L  60  NA  0.0  1.3 

 
 

 

FIGURE 2. RELATIVE LAND USE TYPES ALONG THE LEFT BANK OF CAMP CREEK 

 
 

 

FIGURE 3. RELATIVE LAND USE TYPES ALONG THE RIGHT BANK OF CAMP CREEK 



Camp Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

 4      1/8/2010 

 
2. CAMP 01 N 
Reach 1 is a first order stream that begins in the foothills of the Gallatin Mountains south of Axtell 
Anceny Rd and extends for nearly four miles to the confluence of West Fork Camp Cr (Figure 4). 
The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.  
  

 

FIGURE 4. REACH CAMP 01 N  
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2.1. Reach Condition 
Land use within the reach is primarily rangeland (Figure 5), with limited non-irrigated pasture and 
crop production (Figure 6). The riparian zone was comprised of dense herbaceous species (Figure 
7) with some cattle impacts and crop encroachment. Low levels of bank erosion were observed, 
typically associated with livestock use.   No road encroachment was observed within the reach nor 
were any irrigation withdrawals identified.   
 

 

FIGURE 5. RANGELAND IN THE HEADWATERS OF CAMP CREEK AT THE AXTELL ANCENY RD CROSSING 
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FIGURE 6. LIMITED NON-IRRIGATED CROPS ALONG REACH CAMP 01 N 

 

 

FIGURE 7. DENSE WETLAND AT AXTELL ANCENY ROAD CROSSING 
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2.2. Potential Nutrient and E. coli Sources 
Potential pollutant sources to reach CAMP 01 N are listed in Table 2. The unpaved but well-
maintained Axtell Anceny Rd crosses the reach. Although sediment could potentially be delivered 
to the stream at the culvert crossing, the riparian was very dense (Figure 5) and thus the crossing 
was not considered a significant sediment source. Two springs enter the reach (Figure 1) but 
because they drain dry pasture and cropland they do not likely delivery a significant amount of 
nutrients and E. coli.  Pasture and range lands comprise the majority of land use in the reach:  
livestock use was evident throughout the reach and it appears that livestock had full stream 
access. 

TABLE 2. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH CAMP 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture & Range (Ave. % 
LB/RB) 90% SW/GW good  nutrient and E. coli source med 

Unpaved road crossings (#)  1 SW  good  

culvert at Axtell Anceny Rd, 
potential sediment source, but 
dense riparian low 

 
 



Camp Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

 8      1/8/2010 

 
3. CAMP 02 N 
Reach 2 is a third order stream that begins at the confluence of West Fork Camp Cr and extends 
for two miles downstream to where an intermittent tributary enters from the west at the location of a 
historic barn and other outbuildings (Figures 8 and 9). The dominant Level 4 PRI ecoregion of the 
reach is 17w, Townsend Basin.  

 

FIGURE 8. REACH CAMP 02 N 
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FIGURE 9. INTERMITTANT TRIBUTARY ENTERING FROM WEST AT THE DOWNSTREAM END OF REACH CAMP 
02 N. CAMP CR IN BACKGROUND BEHIND SMALL HILL 

 

3.1. Reach Condition 
Land use within reach 2 is primarily rangeland and non-irrigated crops. The riparian zone was 
relatively intact, comprised of dense herbaceous wetlands in the upper section and dense willow-
juniper and scattered cottonwood in the lower section (Figures 10 and 11). Banks were generally 
stable however some livestock trampling was observed (Figure 11).  
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FIGURE 10. WILLOW-JUNIPER RIPARIAN BOTTOMLAND EAST OF AXTELL ANCENY ROAD 

 

 

FIGURE 11. DENSE WILLOW-JUNIPER RIPARIAN WITH LIVESTOCK ACCESS AND TRAMPLING 
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3.2. Potential Nutrient and E. coli Sources 
Livestock grazing on the rangeland within the reach, as indicated by bank trampling at livestock 
crossings (e.g. Figure 12), was identified as a moderate potential nutrient and E. coli source. 
Pasture and range lands comprise the majority of land use in the reach:  livestock use was evident 
throughout the reach and it appears that livestock had full stream access at locations observed in 
the field (figures 7.1 and 7.2). 
 

 

FIGURE 12. BANK TRAMPLING AT LIVESTOCK CROSSING EAST OF AXTELL ANCENY ROAD 

 

TABLE 3.1. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH CAMP 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Range (Ave. % LB/RB) 85% SW/GW good  
Livestock access to stream 
evident is several places med 
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4. CAMP 03 N 
Reach 3 is a third order stream that begins where an intermittent tributary enters from the west at 
the location of a historic barn and other outbuildings and extends downstream to Norris Road 
(Figures 13 and 14). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.  
 

 

FIGURE 13. REACH CAMP 03 N 
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4.1. Reach Condition 
Land use within the reach is primarily rangeland and non-irrigated crops. Upstream of Axtell 
Anceny Rd the riparian zone was comprised of healthy cottonwoods and willows, with minimal 
bank erosion (Figure 14). Riparian quality decreased downstream of the crossing, with significant 
bank erosion, livestock trampling, and pasture encroachment observed (Figure 15). No road 
encroachment was observed within the reach. One irrigation withdrawal was identified at the lower 
end of the reach but was not confirmed in the field. 
 

 

FIGURE 14. LOOKING NORTH ON AXTELL ANCENY ROAD, ROBUST COTTONWOOD-WILLOW RIPARIAN 
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FIGURE 15. NARROW RIPARIAN, ERODING BANKS & ALGAL GROWTH:   LOOKING WEST AT AXTELL ANCENY 
ROAD CROSSING 

4.2. Potential Nutrient and E. coli Sources 
Potential pollutant sources to reach CAMP 03 N are listed in Table 3. Irrigated crops were present 
throughout a third of the reach and were considered to have a moderated potential as a nutrient 
source. Pasture land comprised 40% of the reach. While pasture encroachment was sparse in the 
upper section of the reach, pasture encroachment and associated bank erosion were common in 
the lower section. Therefore pasture was considered a moderate potential nutrient and E. coli 
source. No riparian fencing or other BMPs were observed. The unpaved Axtell Anceny Rd crosses 
the lower section of the reach and the crossing was considered a potential sediment source 
(Figure 16). Due to the low prevalence of unpaved crossings, this single culvert was considered to 
have low relative significance for nutrient delivery. 

TABLE 4. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH CAMP 03 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops 
(Ave. % LB/RB) 30 GW  good potential nutrient source med 

Pasture (Ave. % LB/RB) 40 SW/GW  good 
pasture encroachment and bank 
erosion on lower end of reach Med 

Septic system per mi (150 
ft/1000 ft) 0/3.6 GW  good  low 

Unpaved road crossings (#) 1 SW  good 
Axtell Anceny Rd culvert, 
potential sediment source low 
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FIGURE 16. CULVERT AT AXTELL ANCENY ROAD WITHIN REACH CAMP 03 N; POTENTIAL SEDIMENT SOURCE 
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5. CAMP 04 N 
Reach 4 is a third order stream that begins just south of the Norris road and extends downstream 
nearly eight miles along Camp Creek Rd to water quality site CP03, upstream of the town of 
Amsterdam (Figure 17). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend 
Basin.  

 

FIGURE 17. REACH CAMP 04 N 
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5.1. Reach Condition 
Land use within the reach is primarily non-irrigated crops and rangeland with some pasture and 
rural residential. Riparian quality was significantly lower in this reach compared to upstream 
reaches. Select areas were comprised of dense willows (e.g. Figure 18) while the majority of the 
reach was highly degraded with overgrazed, weedy vegetation, eroding banks and pasture 
encroachment (Figures 19 & 20). Camp Creek Rd encroaches on the stream for 1.4 miles, often 
channelizing the stream against the road (Figure 18 and 21). Vegetation was generally dense 
between the road and the stream but due to the length of encroachment Camp Creek Rd was likely 
delivering sediment to the stream during storm events. Three irrigation withdrawals were identified 
within the reach. Of these, the withdrawal downstream of Arnold Rd (Figure 17) was identified in 
the field as a pipe delivering water from Camp Creek to an adjacent irrigation canal. The other two 
withdrawals were not identified in the field. 
 

 

FIGURE 18. DENSE WILLOW RIPARIAN ZONE ALONG CAMP CREEK RD IN UPPER SECTION OF REACH 
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FIGURE 19. HIGHLY GRAZED RIPARIAN ZONE WITH ERODING BANKS 

 

 

FIGURE 20. DEGRADED RIPARIAN ZONE DOWNSTREAM OF CAMP CREEK RD 
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FIGURE 21. CAMP CREEK ROAD ENCROACHES ON REACH CAMP 04 N 

 

5.2. Potential Nutrient and E. coli Sources 
Potential pollutant sources to reach CAMP 04 N are listed in Table 4. The range/pasture adjacent 
to the stream was generally highly grazed, weedy, and associated with significant bank erosion 
(Figures 19 and 20). Adjacent rangeland and pasture was therefore considered a highly significant 
potential source of nutrients and E. coli. Although pasture land comprised an average of only 15% 
of the land use along the reach, it was considered a moderately significant nutrient and E. coli 
source. Riparian fencing and other BMPs were limited, allowing livestock direct access to the 
creek. Two livestock confinement areas were identified, located adjacent to the stream upstream of 
Arnold Rd and at the intersection of Norris Rd and Camp Creek Rd (Figure 22). Nineteen unpaved 
crossings were identified. The crossings were both bridge and culverts, located on Camp Creek 
Rd, private driveways, and other small roads. Due to their high number, unpaved crossings were 
considered a moderately significant sediment source. 
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TABLE 5. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH CAMP 04 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Rangeland 30 SW/GW poor 
Bank erosion and trampling 
common high 

Pasture (Ave. % LB/RB) 15 SW/GW  poor 
Significant pasture encroachment 
observed high 

Septic system per mi (150 
ft/1000 ft) .6/2.8 GW  poor Sparse rural residential  low 

Septic in tributaries  Low Tributary  poor  low 

LCA 2 SW/GW  poor 
livestock operation adjacent to 
stream upstream of Arnold Rd med 

Unpaved road crossings (#) 19 SW   poor 

Culverts and bridges on Camp 
Creek Rd, private driveways, 
other small roads med 

 

 

 
 

FIGURE 22. LCA LOCATED AT INTERSECTION OF NORRIS AND CAMP CREEK ROADS 
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6. CAMP 05 N 
Reach 5 is a short, third order stream reach that begins at water quality site CP03, upstream of the 
town of Amsterdam and extends to just downstream of Amsterdam Rd (Figure 23). The dominant 
Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.  

 

FIGURE 23. REACH CAMP 05 N 
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6.1. Reach Condition 
Land use within the reach is primarily pasture, residential and cropland. The riparian zone was 
rather narrow (Figure 24), comprised of native sedges, rushes, invasive reed canarygrass and 
scattered willows (Figure 25). Despite the narrow riparian zone bank erosion was limited. Yard 
encroachment was common throughout the reach (Figure 26). One irrigation withdrawal was 
identified within the reach but was not confirmed in the field. 
 

 

FIGURE 24. WEEDY, NARROW RIPARIAN, UPSTREAM OF OLD RAILROAD GRADE 



Camp Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

 23      1/8/2010 

 

 
 

FIGURE 25. SEDGE-RUSH-GRASS RIPARIAN WITH SCATTERED WILLOWS. 

 

 

FIGURE 26. YARD ENCROACHMENT WITH TALL WILLOWS, DOWNSTREAM OF CAMP CREEK RD 
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6.2. Potential Nutrient and E. coli Sources 
Potential pollutant sources to reach CAMP 05 N are listed in Table 5. Pasture land comprised a 
majority of the adjacent land use within the reach, and was considered to be of moderate 
significance as a nutrient and E. coli source. Residential yards, which commonly encroached on 
the stream within the reach (Figure 26) may also contribute nutrients to Camp Creek in this reach, 
but were considered less significant than pasture lands. A single livestock confinement area, 
located approximately 1/3 mile from the stream, was not considered a significant potential nutrient 
and E. coli source.  

TABLE 6. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH CAMP 05 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture (Ave. % LB/RB) 50 SW/GW  fair/good Some pasture encroachment med 

Residential (Ave. % LB/RB) 40 SW/GW fair/good 
Significant amount of yard 
encroachment low 

Septic system per mi (150 
ft/1000 ft) 0/2.3 GW  fair/good  low 

Septic in tributaries  Low Tributary  fair/good  low 

LCA (#) 1 GW/SW  fair/good located ~1/3 mi from stream low 
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7. CAMP 06 N 
Reach 6 is a third order stream that begins just downstream of Amsterdam Rd and extends 
downstream to where a tributary enters from the west at a private driveway crossing downstream 
of water quality site CP02 (Figure 27). The dominant Level 4 PRI ecoregion of the reach is 17w, 
Townsend Basin. 

 

FIGURE 27. REACH CAMP 05 N 
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7.1. Reach Condition 
Land use within the reach is primarily irrigated crops and pasture. The riparian zone varied from 
dense reed canarygrass and weedy thistles (Figure 28), to heavily grazed vegetation where 
pasture encroached (Figure 29). Banks were generally very stable with the exception of the section 
at a private driveway crossing west of Amsterdam Rd-Churchill Rd intersection where heavy 
grazing and trampling were observed (Figures 27 and 30).   
 

 

FIGURE 28. WEEDY BUT DENSE RIPARIAN, DOWNSTREAM OF WATER QUALITY SITE CP02 AT PRIVATE 
DRIVEWAY IN LOWER REACH 

 



Camp Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

 27      1/8/2010 

 

 
 

FIGURE 29. GRAZED RIPARIAN AND PASTURE ENCROACHMENT DOWNSTREAM OF CHURCHILL RD 

 

 

FIGURE 30. HEAVY GRAZING AND BANK TRAMPLING DOWSTREAM OF PRIVATE DRIVE WEST OF 
AMSTERDAM-CHRUCHILL RD INTERSECTION 
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7.2. Potential Nutrient and E. coli Sources 
Potential pollutant sources to reach CAMP 06 N are listed in Table 6. The Amsterdam wastewater 
treatment ponds are located within 100 feet of Camp Creek, downstream of Amsterdam Rd (Figure 
31) and are considered a potentially moderately significant source of nutrients and E. coli. Irrigated 
crops make up a high percentage of land use along the stream and were considered a highly 
significant nutrient source. Pasture land often encroached on the stream (Figure 29) and was a 
moderately significant nutrient and E. coli source. No riparian fencing or other BMPs were 
observed. Three unpaved crossings were identified. All were private driveways, with the driveway 
west of Amsterdam Rd considered a minor sediment source (Figure 32).  
Five LCAs were identified, only one was located directly adjacent to Camp Cr (Figure 27). The 
remaining are located adjacent to tributaries and ditches (Figure 33). Pollutants would flow first to 
these smaller water bodies, and then a minimum of ¾ mi downstream to Camp Cr. The farthest 
north LCA would most likely impact reach CAMP 07 N rather than CAMP 06 N. The moderately-
sized tributary stream identified at the lower end of the reach (Figure 33) could potentially be 
significant nutrient and E. coli sources, as it drains a large agricultural area.  

TABLE 7. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH CAMP 06 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Wastewater treatment plant NA GW fair/good 
Amsterdam wastewater treatment 
ponds med 

Irrigated crops (Ave. % 
LB/RB) 65 GW  fair/good significant nutrient source high 

Pasture (Ave. % LB/RB) 30 SW/GW  fair/good 
significant nutrient and E. coli 
source med 

Septic system per mi (150 
ft/1000 ft) .6/1.3 GW  fair/good  low 

Septic in tributaries  Medium Tributary  fair/good  low 

Unpaved road crossings (#) 3 SW  fair/good 
private driveways; one a minor 
potential sediment source low 

Tributary 2 SW unknown 

farthest downstream is larger; 
drains large agricultural area, 
could be significant nutrient/E. 
coli source med 

LCA (#) 5 GW/SW  fair/good CAMP 07 N med 
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FIGURE 31. AMSTERDAM WASTEWATER TREATMENT PONDS ADJACENT TO CAMP CREEK 
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FIGURE 32. CULVERT AT DRIVEWAY WEST OF AMSTERDAM RD 
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FIGURE 33. FIVE LCA’S (RED DOTS) LOCATED ON REACH CAMP 06 N, AND ADJACENT INTERMITTENT 
TRIBUTARIES (PINK LINES) AND DITCHES (YELLOW LINES) 
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8. CAMP 07 N 
Reach 7 is a fourth order stream that begins where a tributary enters from the west at a private 
driveway crossing downstream of water quality site CP02, and extends downstream to the 
confluence with the Gallatin River east of Manhattan (Figure 34). The dominant Level 4 PRI 
ecoregion of the reach is 17w, Townsend Basin. 

 

FIGURE 34. REACH CAMP 05 N 
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8.1. Reach Condition 
Reach 6 lies within the floodplain of the Gallatin River and receives groundwater and spring inputs 
throughout its length. Land use within the reach is primarily irrigated pasture and hay fields, with 
scattered residences. The riparian zone was very robust, with willows and dense sedges and 
weedy reed canarygrass (Figures 35). Pasture and irrigated hay fields encroached on the stream 
in some locations, but banks were very stable due to the dense riparian vegetation (Figure 36). 
Four tributary streams and two irrigation withdrawals were identified within the reach. 
 

 

FIGURE 35. ROBUST RIPARIAN ZONE, DOWNSTREAM OF FRONTAGE RD 
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FIGURE 36. HAY/PASTURE ENCROACHMENT WITH DENSE, HERBACEOUS RIPARIAN. VIEWED FROM 
MOUNTAIN VIEW CEMETARY. IRRIGATION RETURN IN FOREGROUND. 

 

8.2. Potential Nutrient and E. coli Sources 
Potential pollutant sources to reach CAMP 07 N are listed in Table 7. Irrigated hay fields were a 
potential nutrient source but were not as common as irrigated pasture. The abundance of irrigated 
pasture land was deemed to have a potentially high significance for delivery of nutrients and E. coli 
to Camp Cr. No riparian fencing or other BMPs were observed. One unpaved crossing, a private 
driveway, was confirmed but was not directly observed in the field due to private property issues. 
The four tributary streams identified entering the reach could potentially be significant nutrient and 
E. coli sources, as they drain large agricultural areas (Figure 34). The two irrigation returns were 
both relatively large (e.g. Figure 36) and could also be significant nutrient and E. coli sources. 
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TABLE 8. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH CAMP 07 N 

Pollutant Source 
Source 
Prevalence  Pathway

Riparian 
Quality Comments 

Potential 
Significance 

Irrigated crops (Ave. % 
LB/RB) 20 GW good/excellent some hay field encroachment low 
Pasture (Ave. % 
LB/RB) 70 SW/GW  good/excellent 

All irrigated, some naturally 
subirrigated  high 

Septic system per mi 
(150 ft/1000 ft) 0/1.3 GW  good/excellent  low 

Septic in tributaries  Low Tributary  good/excellent  low 

Tributaries 4 Tributary unknown 
drain large agricultural areas; 
nutrient/E. coli sources med 

Irrigation returns 2 SW good/excellent 
drain large agricultural areas; 
nutrient/E. coli sources med 

Unpaved road 
crossings (#) 1 SW  good/excellent 

private driveway, not observed 
in field low 
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DRY CREEK 

Dry Creek starts in the foothills on the west side of the northern Bridger Mountains north of 
Belgrade. It flows south through dry rangeland and agricultural areas for approximately fifteen 
miles to its confluence with the East Gallatin River (Figure 1). Note that two Dry Creek Roads exist. 
The road connecting from Belgrade, north to the Dry Creek community, and west to Manhattan, is 
called Dry Creek Road. To differentiate this road from the road heading north from the Dry Creek 
community, north to Menard, the latter is denoted in this assessment as “North Dry Creek Road”.  
Water quality in Dry Creek (Waterbody ID MT41H003_100) is listed on the State of Montana’s 
2008 303(d) List as being impaired for the following pollutants: total nitrogen, total phosphorus, and 
sediment. For the purposes of assessing pollutant sources, Dry Creek was divided into three 
reaches based on land use and riparian type (Figure 1). Each reach was assessed for general 
reach characteristics with regards to adjacent land use, streambank stability, and riparian condition 
and composition.  Pollutant sources, both discrete and reach-scale, were identified and evaluated 
for their potential to function as sources of nutrients. Reach-scale conditions on Dry Creek are 
summarized in Table 1 and the relative percentages of left and right bank land uses are depicted in 
Figures 2 and 3. See the Introduction to the 2009 Lower Gallatin TPA Pollutant Source 
Assessment Reports for descriptions of the reach-scale fields displayed in Table 1, as well as 
details on potential pollutant sources evaluated in each of the reach sections below. 

1.1. Summary 
Dry Creek is only marginally impacted by anthropogenic sources throughout its sixteen mile length, 
with pasture land and irrigated crops identified as the most significant potential sources of 
nutrients. The upper reach (DRY 01 N) flows primarily through non-irrigated cropland and 
rangeland which were not considered significant nutrient sources. Pasture encroachment and bank 
erosion in the naturally-erosive soils increased in the lower two reaches. However, the quality of 
the riparian buffer remained relatively high, reducing potential nutrient delivery to the steam. The 
exception was an approximately 1 mile section downstream of Menard Road, where significant 
overgrazing and a lack of riparian fencing contributed to bank erosion.  
Although most of the unpaved road crossings along the stream length were stable, well vegetated 
and not likely to act as a sediment source during storm events, some of the crossings had a 
significant amount of gravel and fine substrate on the bridge decking and could potentially 
contribute sediments and nutrients to the stream. With the low number of residences, septic 
systems were not considered a potential nutrient source. 
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FIGURE 1. OVERVIEW OF DRY CREEK 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID 

Reach 
length 

(mi) 

Ecoreg. Strm. 
Ord. 

Dom. 
Land 
Use 

Nat. Unpaved 
Rd. 

xings 

Rd. 
Encr. 

(ft) 

Bank 
Ero. 

Rip. 
Width 

(ft) 

BMP Septic 
150 ft 
per mi 

Septic 
1000 ft 
per mi 

DRY 
01 N 9.10 17w 3 

RANGE/ 
CROPS Y 0 0 L 40 PBR 0.0 0.9 

DRY 
02 N 5.02 17w 4 

RANGE/ 
CROPS N 2 0 L 40 

SILT_ 
FENCE,

PBR 0.0 5.2 
DRY 
03 N 2.10 17w 4 

HAY/ 
CROPS N 1 150 L 50 PBR 0.0 0.0 

 

 

FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF DRY CREEK 

 

 

FIGURE 3. LAND USE TYPES ALONG THE RIGHT BANK OF DRY CREEK 
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2. DRY 01 N 
Reach 1 begins in the foothills of the west side of the northern Bridger Mountains north of Belgrade 
and extends downstream approximately nine miles to where Pass Creek enters downstream of 
Biggs Haugland Road (Figure 4). The dominant Level 4 PRI ecoregion of the reach is 17w, 
Townsend Basin.   

 

FIGURE 4. REACH DRY 01 N 
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2.1. Reach Condition 
The dominant land uses within the reach are rangeland, and irrigated and dry crops (primarily hay 
production). The riparian vegetation is relatively healthy and dense throughout the reach, 
composed of willow, chokecherry, reed canarygrass and scattered juniper (Figure 5). The 
exception to the healthy riparian is the section for ¾ of a mile downstream of Menard Road which 
is heavily grazed and devoid of riparian vegetation in certain areas (Figure 6). Bank erosion was 
considered moderate with banks ranging to highly stable where riparian vegetation was dense, to 
severe erosion such as downstream of Menard Road (Figure 6). Soils within the reach are also 
highly erosive, leading to some areas of partly-natural erosion on outer meander bends where 
some grazing has also reduced stabilizing vegetation (Figure 7). North Dry Creek Road 
encroaches for a total of approximately 1000 ft in two locations: upstream (Figure 8) and 
downstream of Biggs Haugland Road. Both sections of encroachment are well vegetated and were 
not considered significant potential sediment sources. One irrigation withdrawal was identified on 
the aerial north of Menard Rd but was not confirmed in the field. 
 

 

FIGURE 5. DENSE RIPARIAN UPSTREAM OF NORTH DRY CREEK RD 
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FIGURE 6. POOR RIPARIAN QUALITY AND ERODING BANKS DOWNSTREAM OF MENARD ROAD 

 

 

FIGURE 7. BANK EROSION IN HIGHLY-EROSIVE SOILS 
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FIGURE 8. NORTH DRY CREEK ROAD ENCROACHMENT 

 

2.2. Nutrient Source Characterization 
Potential nutrient sources within reach DRY 01 N are detailed in Table 2. Because the proportion 
of land use in pasture or irrigated crops was low, these land uses were not considered significant 
nutrient sources. The exception was the short ¾ mile segment downstream of Menard Road 
(Figure 6) where the pasture was very overgrazed, banks were actively eroding, and no riparian 
fencing was observed. This section is likely a sediment and nutrient source during storm events 
and during spring runoff.  
Five livestock confinement areas were identified along this section of the stream. Four of the LCA’s 
are located along tributaries to Dry Creek rather than on the main channel. Of these, three are 
located 1 to 2.5 miles upstream of the main Dry Creek channel (Figure 4). Therefore, only the LCA 
located on the main channel was considered a potential pollutant source, but this LCA was not 
observed in the field to assess the degree of potential influence. Tributaries included Menard, 
Larue and Blacktail Creeks, all small streams draining from the west side of the Bridger Mountains 
which due to their mountainous/rangeland headwaters were not considered potential nutrient 
sources. Septic system density within the reach was very low and was not considered a potential 
nutrient source. Two irrigation returns enter the reach downstream of the North Dry Creek Road 
crossing. Because these returns flow through irrigated and non-irrigated cropland they could 
potentially be a source of nutrients.  
Seven unpaved road crossings were identified within the reach, including Biggs Haugland Road, 
Rocky Mountain Road, two crossings on North Dry Creek Road, and several driveways. Abutments 
at the Biggs Haugland Road crossing were well vegetated and stable. Rocky Mountain Road, and 



Dry Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

8 12/28/2009 

several of the driveways, were not observed in the assessment. The two crossings on North Dry 
Creek Road were considered potential sediment sources during storm events, as there was gravel 
on the decking at the lower crossing (Figure 9), and evidence of flooding over the road on the 
upper crossing.  

TABLE 2. POTENTIAL NUTRIENT SOURCES WITHIN REACH DRY 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(Ave. % LB/RB) 15 GW  Good wheat/barley/hay production Low 

Pasture  
(Ave. % LB/RB)  12 SW/GW   Good 

pasture in good condition; one 
area of severe pasture 
encroachment observed 
downstream of Menard Rd Low 

Irrigation returns (#) 2 SW Unknown drains agricultural land  Low 

Septic system per mi  
(150 ft/1000 ft)  0.1/0.7 GW   Good Low 

Septic in tributaries   Low Tributary   Good almost no residences along tribs Low 

Unpaved road crossings (#)  7 SW   Good 

Two Dry Cr Rd crossings 
considered potential sediment 
sources Low 

LCA (#)  5 GW/SW   Good 
one on main channel, four 
located on tributaries Low 
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FIGURE 9. GRAVEL ON BRIDGE DECKING AT DOWNSTREAM CROSSING ON NORTH DRY CREEK ROAD 
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3. DRY 02 N 
Reach 2 begins where a tributary enters downstream of Biggs Haugland Road crossing and 
extends approximately five miles downstream to North Dry Creek Road (Figure 10). The dominant 
Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 10. REACH DRY 02 N 
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3.1. Reach Condition 
The dominant land uses within the reach are wheat and barley production, hay production, pasture, 
and rangeland. The riparian vegetation is generally healthy, although significant pasture 
encroachment was observed (Figure 11). Riparian vegetation was composed of a chokecherry, 
willow and juniper understory with dense reed canarygrass; cottonwoods were present in the 
lowest 1 to 3 miles of the reach (Figure 12). Banks were generally stable due to the dense riparian, 
however soils are naturally erosive and some erosion was observed where pasture encroached on 
the stream at outer meander bends (Figure 11). Four irrigation withdrawals were identified during 
the assessment. Of those, two were only possibly confirmed on the aerial while the other two were 
more definitively confirmed as significant diversions based on potential flow paths. None of the 
withdrawals were confirmed in the field. No roads encroach on the stream in this reach.  
 

 

FIGURE 11. PASTURE ENCROACHMENT AND BANK EROSION ON MEANDER BEND 
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FIGURE 12. DENSE RIPARIAN UPSTREAM OF PRIVATE DRIVEWAY OFF NORTH DRY CREEK ROAD 

 

3.2. Nutrient Source Characterization 
Potential nutrient sources within reach DRY 02 N are detailed in Table 3. Irrigated crops were 
considered a moderate potential nutrient source. Pasture land was observed to be in relatively 
good condition but frequently encroached on the stream. However, with a robust riparian buffer 
throughout most of the reach pasture was considered to have a low to moderate potential as a 
nutrient source. Small but significant tributaries included Mill Creek and Reynolds Creek, neither of 
which was considered significant potential nutrient sources because they flow primarily through 
non-irrigated rangeland, cropland and pasture.  
Both of the two LCA’s were located on tributary streams. Potential sources from one LCA would 
flow to Quagle Creek, then to Mill Creek, then to the main stem of Dry Creek, for a total travel 
distance of approximately three miles. The second LCA is located on Reynolds Creek, 
approximately one mile upstream of Dry Creek. Due to their distance from the main channel, both 
LCA’s were considered to have low potential significance. Septic system density within the reach 
was low and combined with the good quality riparian, septic systems were not considered a 
potential pollutant source. There were likely additional irrigation withdrawals and returns within the 
reach but with paleochannels and subirrigated riparian this was difficult to discern from aerial 
photographs. 
Five unpaved road crossings were identified within the reach, including two crossings on North Dry 
Creek Road and three driveways. Both of the North Dry Creek Road crossings were considered 
potential sediment sources during storm events due to gravel and fine sediment observed on their 
bridge decking (Figure 13). However, due to their low prevalence the crossings were considered to 
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have a low potential significance. Abutments at all of the observed crossings were stable and well 
vegetated (Figure 13).  

TABLE 3. POTENTIAL NUTRIENT SOURCES WITHIN REACH DRY 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(Ave. % LB/RB) 27 GW  Good hay, wheat and barley production Med 

Pasture  
(Ave. % LB/RB) 20 SW/GW  Good 

pasture in good condition but 
significant encroachment on 
stream observed Low/Med 

Irrigation returns (#) 1 SW Unknown drains agricultural land  Low 

Septic system per mi  
(150 ft/1000 ft) 0.2/1.6 GW  Good Low 

Septic in tributaries  Low Tributary  Good very few residences Low 

Unpaved road crossings (#) 5 SW  Good 

two of the crossings had 
sediment on bridge decking and 
could be a sed. source during 
storm events Low 

LCA (#) 2 GW/SW  Good 
both located on tributary streams 
at least 1 mi upstream of Dry Cr Low 

 

 

FIGURE 13. GRAVEL ON BRIDGE DECKING AT NORTH DRY CREEK ROAD WITH STABLE, WELL-VEGETATED 
ABUTMENTS 
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4. DRY 03 N 
Reach 3 begins at North Dry Creek Road and extends approximately two miles downstream to its 
confluence with the East Gallatin River (Figure 14). The dominant Level 4 PRI ecoregion of the 
reach is 17w, Townsend Basin.   
 

 

FIGURE 14. REACH DRY 03 N 
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4.1. Reach Condition 
The dominant land uses within the reach are pasture land mixed with irrigated and dry cropland. 
The reach was only accessible at the North Dry Creek Road and Dry Creek Road crossings. 
Where observed, the riparian zone is rather narrow, but vegetation is dense with reed canarygrass 
and scattered cottonwoods (Figures 15 and 16). Banks were generally stable due to the dense 
riparian vegetation; however erosion is possible in the pastures between Dry Creek Road and the 
East Gallatin confluence. One significant irrigation ditch exits just downstream of Dry Creek Road 
(Figure 16). No roads encroach on the stream in this reach.   
 

 

FIGURE 15. DENSE RIPARIAN WITH COTTONWOOD OVERSTORY DOWNSTREAM OF NORTH DRY CREEK 
ROAD 
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FIGURE 16. DENSE REED CANARYGRASS VEGETATOPM WITH LARGE HEADGATE ON RIGHT BANK IN 
BACKGROUND, DOWNSTREAM OF DRY CREEK ROAD 

 

4.2. Nutrient Source Characterization 
Potential nutrient sources within the reach are identified in Table 4. Pasture land comprised the 
bulk of the land along the reach. Although it was observed only at two crossings, pasture appeared 
to be in good condition with minimal stream encroachment and was therefore was considered a 
low to moderate potential nutrient source. One LCA was located south of Dry Creek Road; 
potential sources from the LCA would likely flow first to a large canal, then west to the main stem of 
Dry Creek approximately 0.4 mi downstream. Due to its distance from the main channel, the LCA 
was considered to have low potential significance. A large irrigation return entering from the east 
downstream of Dry Creek Road was confirmed on the aerial but not on the field. Because this 
canal drains a large agricultural area it has the potential to deliver a significant amount of nutrients 
to the stream. 
No septic systems were located within 150 ft of the stream, and density within the 150 to 1000 ft 
buffer was moderate. With the good riparian quality, septic system density within the reach was 
determined to have low potential significance. There were likely additional irrigation withdrawals 
and returns within the reach but with paleochannels and subirrigated riparian this was difficult to 
discern on the aerial. North Dry Creek Road was the only unpaved crossing. The culvert was 
relatively well-armored but some sedimentation likely occurs and the culvert was considered to be 
a minor sediment source (Figure 17).  
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TABLE 4. POTENTIAL NUTRIENT SOURCES WITHIN REACH DRY 03 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(Ave. % LB/RB) 15 GW  Good hay, wheat and barley production Low 

Pasture  
(Ave. % LB/RB) 60 SW/GW   Good 

pasture in good condition with 
some encroachment on stream Low/Med 

Irrigation returns (#) 1 SW Unknown 
large canal, drains agricultural 
land  Med 

Septic system per mi  
(150 ft/1000 ft) 0.0/4.8 GW   Good Low 

Unpaved road crossings (#) 1 SW   Good 
culvert at North Dry Cr Rd; minor 
sediment source Low 

 
 

 

FIGURE 17. CULVERT DOWNSTREAM OF NORTH DRY CREEK ROAD; MINOR SEDIMENT SOURCE 
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EAST GALLATIN RIVER 

The East Gallatin River (“E. Gallatin”) is the primary water body within the Lower Gallatin TMDL 
Planning Area (LGTPA). With the exception of Camp Creek which drains to the Gallatin River, all of 
the MT 303d-listed tributaries within the LGTPA drain to the E. Gallatin. The E. Gallatin begins east 
of Bozeman at the confluence of Rocky Creek and Bear Creek. Rocky Creek has its headwaters in 
the Bangtail Mountains north and south of Bozeman Pass while Bear Creek drains the northern 
Gallatin Mountains.  
For the purposes of assessing pollutant sources, the E. Gallatin was divided into eleven reaches 
based on land use and riparian type (Figure 1). These eleven reaches are divided between three 
water body segments on the State of Montana’s 2008 303(d) List (Table 1). Reaches 1-5, from the 
confluence of Rocky and Bear Creeks, downstream to Bridger Creek, (Figure 2), are associated 
with DEQ water body segment ID, MT41H003_010. Water quality in this upper segment is listed on 
the State of Montana’s 2006 303(d) list as being impaired for total phosphorus and total nitrogen. 
This fourth order segment flows through agricultural and rural residential areas east of Bozeman 
and through light urban areas within Bozeman. 
Reaches 6-10, from the Bridger Creek to the confluence with Smith Creek (Figure 3), are 
associated with DEQ water body segment ID MT41H003_020. This segment is a fourth order 
stream and is listed as being impaired for low flow alterations, algae, pH, total phosphorous, and 
total nitrogen. Reach 11, DEQ water body segment, MT41H003_030, is a fifth order stream that 
extends from the confluence with Smith Creek to the where it joins the Gallatin River. Water quality 
in this upper segment is listed as being impaired for total nitrogen and pH. These middle and lower 
segments are characterized by agricultural and rural residential land use. 
Each of the eleven reaches was assessed for general reach characteristics with regards to 
adjacent land use, streambank stability, and riparian condition and composition.  Pollutant sources, 
both discrete and reach-scale, were identified and evaluated for their potential to function as 
sources of nutrients. Reach-scale conditions on the E. Gallatin are summarized in Table 1 and the 
relative percentages of left and right bank land uses are depicted in Figures 4 and 5. See Appendix 
B for descriptions of the reach-scale fields displayed in Table 1, as well as details on the potential 
nutrient sources evaluated.  

1.1. Summary 
The East Gallatin River varies greatly in its approximately 40 mile length from its headwaters on 
Bozeman Pass to where it meets the Gallatin River north of Manhattan. The upstream segment 
(reaches 1-5), from the Bear Cr-Rocky Cr confluence to Bridger Cr, is predominantly a mountain-
foothills stream with the riparian vegetation characterized by a cottonwood overstory and dense 
willow-dogwood understory. The middle segment (reaches 6-10), from Bridger Cr to Smith Cr, 
flows through urban areas on the northeast side of Bozeman, and through agricultural land and 
golf courses within the valley bottom. The lower segment (reach 11), from Smith Cr to its 
confluence with the Gallatin River, is a larger, more sinuous river flowing through both irrigated and 
dry agricultural land. Reach characteristics and potential nutrient sources for each of the three 
segments are summarized below. 
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Upper Segment: Bear Cr-Rocky Cr confluence to Bridger Cr  
Land use in the upper segment is dominated by moderately-utilized horse pasture, rural residential 
neighborhoods, and portions of the urban area within the Bozeman city limits. Pasture land and 
associated bank erosion, the recently closed stockyard on East Griffin Drive, and the Bozeman 
urban area were identified as the most significant potential nutrient sources within this segment. 
Upstream of Bohart Dr the river is only marginally impacted by anthropogenic sources, with pasture 
land buffered from the river by healthy riparian vegetation, and stable, well-vegetated banks. 
Downstream of Bohart Dr the riparian becomes narrower as pasture land encroaches, and invasive 
weeds such as tansy and thistle are common along banks. Commercial and residential 
development, and associated impermeable surfaces and yard encroachment also increase through 
the short section of the river through northeast Bozeman. With the reduction in stabilizing riparian 
vegetation, bank stability decreased and banks were sloughing along several meander bends. 
However, due to extensive riprap, bank erosion downstream of Bohart Dr was still only moderate.  
The stockyard on East Griffin Dr is located directly adjacent to the river. With a rather narrow 
riparian buffer along the stockyard it was considered a significant potential nutrient source to the 
river. Sourdough/Bozeman Cr (aka Bozeman Cr), a MT DEQ 303d-listed stream, is a tributary to 
this river segment. Due to its urban watershed and identified water quality impairments, 
Sourdough/Bozeman Cr is considered a significant potential nutrient source to the E. Gallatin. The 
lower portion of this segment of the East Gallatin River flows adjacent to Bridger Creek Golf 
Course, with turf grass was mowed directly adjacent to the river in some locations. The golf course 
was also considered a moderated potential nutrient source. 

Middle Segment: Bridger Cr to Smith Cr 
Land use in the middle section is dominated by irrigated and dry pasture land, rural residential 
neighborhoods, and golf courses (Bridger Creek and Riverside Golf Courses). The riparian quality 
was good throughout most of the segment with dense cottonwoods and willows. Residential yards, 
golf course turf, and pasture land did encroach on the river in several locations within the reach. 
Overall banks were relatively stable, with erosion concentrated in the areas where riparian 
vegetation was grazed or cleared. Banks were commonly stabilized using boulders, concrete, and 
old cars. 
Nutrient inputs from golf course and pasture lands and two wastewater facilities were identified as 
the most significant potential nutrient sources within this segment. Livestock utilization was greater 
in the lower portion of this segment than in the upper, with some bank trampling observed in 
pasture areas. The City of Bozeman discharges treated effluent water directly to the river under an 
MPDES permit., The Riverside Country Club wastewater treatment ponds are also located 
adjacent to the river, and have the potential to impact the East Gallatin River through ground water 
infiltration  Several tributaries enter this segment, and may contribute significant nutrient loads to 
the mainstem East Gallatin River.   

Lower Segment: Smith Cr to Gallatin River confluence 
The river increases in size and sinuosity in the lower segment, with several tributary streams 
entering this reach. Irrigated and dry pasture land, and hay production are the primary land uses in 
this segment. The riparian quality was excellent throughout most of the segment, characterized by 
dense cottonwoods and willows in the upper portion and a mix of willows, buffaloberry and juniper 
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in the lower portion. Pasture land did encroach on the river in several locations, and livestock 
utilization was moderate. Although soils are quite erosive along the lower segment, banks were 
relatively stable, with erosion observed where pasture land encroached along outer meander 
bends, or where hay fields or lawns were mowed directly adjacent to the stream. Riprap was less 
common than in the middle segment.  
Pasture land and tributary streams were identified as the most significant potential nutrient sources 
within this segment. Six tributaries enter the reach: Smith Cr, Story Cr, Dry Cr, Cowan Cr (called 
“East Gallatin Unknown Trib” during the 2008 and 2009 water quality monitoring), Gibson Cr, and 
Bullrun Cr. Tributary streams drain areas dominated by agricultural use, are influenced heavily by 
groundwater inputs and may contribute significant nutrient loads to the mainstem East Gallatin 
River. 
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FIGURE 1. OVERVIEW OF THE THREE DEQ WATERBODY SEGMENTS FOR THE EAST GALLATIN RIVER 
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FIGURE 2. OVERVIEW OF UPPER EAST GALLATIN RIVER WATERBODY SEGMENTS (REACHES 1-5). WATER 
BODY SEGMENT ID MT41H003_010, FROM THE ROCKY CR-BEAR CR CONFLUENCE TO BRIDGER CR 
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FIGURE 3. OVERVIEW OF UPPER EAST GALLATIN RIVER WATERBODY SEGMENTS (REACHES 6-10). WATER 
BODY SEGMENT ID MT41H003_020, FROM BRIDGER CREEK TO SMITH CREEK 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Waterbody 
Seg. ID 

Listed 
Impairments Reach 

ID 

Reach 
length 

(mi) 

Ecoreg. Strm. 
Ord. 

Dom. Land 
Use 

Nat. Unpaved 
Rd. 

xings 

Rd. 
Encr. 

(ft) 

Bank 
Ero. 

Rip. 
Width 

(ft) 

BMP* Septic 
150 ft 
per mi 

Septic 
1000 ft 
per mi 

M
T4

1H
00

3_
01

0 
B

ea
r C

r-R
oc

ky
 C

r c
on

flu
en

ce
 to

 B
rid

ge
r 

C
r  

Total 
phosphorous, 
total nitrogen 

EGAL 
01 N  3.16 17w  4 

RURAL 
RESIDENCE/ 
PASTURE  N  4  0  L  80 

WG, 
RPF  1.6  9.2 

EGAL 
02 N  2.56 17w  4 

RURAL 
RESIDENCE/ 
PASTURE  N  4  2000  M  70  RPF  0.4  5.9 

EGAL 
03 N  0.34 17w  4  PASTURE  N  0  0   L  100  NA  0.0  2.9 

EGAL 
04 N  0.49 17w  4  URBAN  N  0  50  L  50  NA  0.0  0.0 

EGAL 
05 N  0.45 17w  4 

GOLF/RURAL 
RESIDENCE  N  0  0   L  175  NA  0.0  0.0 

M
T4

1H
00

3_
02

0 
B

rid
ge

r C
r t

o 
S

m
ith

 C
r 

Low flow, 
algae, pH, 

total 
phosphorous, 
total nitrogen 

EGAL 
06 N  2.58 17w  4  PASTURE/ HAY  N  0  0  M  120  RPF  0.0  7.0 

EGAL 
07 N  1.31 17w  4 

GOLF/ 
RECREATION  N  0  0  L  250 

RIP_ 
BUFF  0.0  0.0 

EGAL 
08 N  1.21 17w  4  PASTURE  N  0  0  L  100  NA  0.0  2.5 

EGAL 
09 N  5.96 17w  4 

RURAL 
RESIDENCE/ 
PASTURE/HAY  N  1  0  M  110  NA  0.2  7.0 

EGAL 
10 N  12.01 17w  4  PASTURE/HAY  N  2  0  M  120  NA  0.0  1.2 

M
T4

1H
00

3_
03

0 
S

m
ith

 C
r t

o 
G

al
la

tin
 R

iv
er

 

Total 
nitrogen, pH 

EGAL 
11 N  11.75 17w  5 

PASTURE/ 
RANGE  N  3  0  L  150  NA  0.2  1.9 

*RPF: riparian fencing;   WG: water gap; RIP_BUFF: riparian buffer          
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FIGURE 4. LAND USE TYPES ALONG THE LEFT BANK OF THE EAST GALLATIN RIVER 
 

 

 

FIGURE 5. LAND USE TYPES ALONG THE RIGHT BANK OF THE EAST GALLATIN RIVER 
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2. EGAL 01 N 
The E. Gallatin begins where Rocky Cr and Bear Cr merge north of Interstate 90 east of Bozeman. 
Rocky Cr has its headwaters in the Bangtail Mountains north and south of Interstate 90 on the west 
side of Bozeman Pass. Bear Cr flows north from the Gallatin Mountains south of Interstate 90. The 
reach spans from the confluence of the two creeks, downstream past Story Hill Rd (Figure 6). The 
dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 6. REACH EGAL 01 N 
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2.1. Reach Condition 
The dominant land uses within the reach are rural residence and irrigated and dry pasture land. 
The riparian vegetation is quite healthy, with dense willows and cottonwoods and adjacent pasture 
land (Figures 7 and 8). Very little bank erosion and pasture encroachment were observed. Two 
irrigation withdrawals were identified within the reach, both of which were definitively confirmed on 
the aerial. Two small tributary streams enter within the reach, Kelly Cr and Little Bridger Cr. A 
water gap extending approximately 20 feet into the channel was observed downstream of Kelly 
Canyon Rd. Riparian fencing was observed upstream of Story Hill Rd and is likely common in this 
reach where land use is dominated by low livestock densities on pasture land associated with 
small-acreage landowners (e.g. Figure 7). 
 

 

FIGURE 7. DENSE WILLOW/COTTONWOOD RIPARIAN WITH ADJACENT PASTURE AND RIPRAP 
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FIGURE 8. DENSE WILLOW/COTTONWOOD RIPARIAN WITH WATER GAP ON RIGHT BANK 

 

2.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 2. Although pasture land was 
abundant along the reach, pasture was considered only a moderate potential nutrient source as 
livestock densities were rather low and best management practices such as riparian fencing and a 
water gap were observed. The two tributary streams were small, with robust riparian zones 
observed on the aerial and were therefore not considered a significant nutrient source. Septic 
system density within 150 feet of the stream was low while density within 1000 feet was moderate. 
The four unpaved crossings were well armored and vegetated at the abutments and were not 
considered a significant nutrient or sediment source. No road encroachment was observed.  

TABLE 2. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 01 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture % (average LB/RB)  75 GW/SW  Excellent 

Low density livestock on 
the pasture, riparian 
fencing observed Med  

Tributaries (#) 2 SW  Excellent 
Small tribs Kelly Cr, Little 
Bridger Cr Low  

Septic in tributaries LOW SW  Excellent  Med 

Septic system per mi (150 
ft/1000 ft) 1.6/9.2  GW  Excellent    Low 

Unpaved road crossings (#)  4 SW  Excellent 

 Two roads, two driveways, 
all well-armored and 
vegetated at abutments  Low 
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3. EGAL 02 N 
Reach 2 begins downstream of Story Hill Rd, flows north of Interstate 90, and ends upstream of 
the stockyards off of East Griffin Dr  (Figure 9). The dominant Level 4 PRI ecoregion of the reach is 
17w, Townsend Basin.   
 

 

FIGURE 9. REACH EGAL 02 N 
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3.1. Reach Condition 
The dominant land uses within the reach are irrigated pasture and rural residential neighborhoods. 
Upstream of Bohart Drive (on the north side of Interstate 90), the riparian vegetation is healthy with 
dense willows and cottonwoods and relatively stable banks (Figure 10). Downstream of Bohart Dr 
residential density and pasture encroachment increases, riparian quality and bank stability 
decrease significantly, and invasive weeds become common along banks (Figures 11 and 12). 
Bank erosion was moderate throughout the reach. Bohart Dr encroaches on the river for 
approximately 2000 ft. One irrigation withdrawal was identified within the reach and confirmed on 
the aerial. Riparian fencing was observed near the North Wallace crossing and is likely present 
along additional stretches of the reach. 
 

 

FIGURE 10. ROBUST WILLOW-COTTONWOOD RIPARIAN JUST DOWNSTREAM OF STORY HILL RD 
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FIGURE 11. ERODING BANK ALONG BOHART DRIVE, INVASIVES KNAPWEED AND TANSY ON BANK 

 

 

FIGURE 12. BOHART DRIVE ENCROACHING ALONG RIVER, RIPRAP, AND INVASIVES KNAPWEED AND TANSY 
ON BANK 
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3.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 3. Pasture and residential yard 
encroachment downstream of Bohart Dr, and associated poor riparian quality and bank instability 
were the primary potential nutrient sources within the reach. Although Bohart Dr encroachment on 
the stream was not likely causing direct sedimentation into the river, the road was altering the 
natural channel pattern, causing increased erosion along encroachment areas (Figure 12). Three 
unpaved driveways and the chip-sealed North Wallace St cross the river along this reach. All of the 
crossings were well armored and vegetated and were not considered significant nutrient or 
sediment sources.  

 
TABLE 3. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 02 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significan

ce 

Pasture % (average LB/RB) 50  GW/SW  Poor/Good 

Minimal pasture 
encroachment upstream of 
Bohart Dr, often overgrazed 
and weedy downstrm of 
Bohart Dr.  Med/high  

Residential yard 
encroachment Mod/high GW/SW Poor 

High downstream of Bohart 
Dr Med/high  

Septic system per mi (150 
ft/1000 ft)  0.4/5.9 SW  Excellent 

Septics 
concentrated upstream of 
Bohart Dr where riparian 
quality is excellent Low  

Unpaved road crossings (#)  4 SW  Good 

3 driveways and N. Wallace 
St (chip-sealed). All 
crossings well armored and 
vegetated. Low  
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4. EGAL 03 N 
Reach 3 begins upstream of the old Headwaters Livestock Auction facility off of East Griffin Drive 
and extends only 1/3 mile downstream to the confluence with Sourdough/Bozeman Cr (Figure 13). 
This short reach was delineated due to the distinct land use present, specifically the stockyard. The 
dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 13. REACH EGAL 03 N 
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4.1. Reach Condition 
The dominant land use within the reach is dry pasture in the form of the old Headwaters Livestock 
Auction stockyard adjacent to the river, and other moderately-used pasture land. Overall the 
riparian vegetation is robust with healthy cottonwoods (Figure 14), yet it is narrow in some places 
and dense tansy and pasture grasses are common in the understory (Figure 15). Pasture 
encroachment was specifically noted on the aerial adjacent to the stockyard, and bank failures and 
extensive rip-rap were observed on the banks adjacent to the old stockyard.   Bank erosion was 
also observed downstream of the Gallatin Valley Land Trust trail footbridge (Figure 16). 
 

 

FIGURE 14. HEALTHY COTTONWOOD RIPARIAN DOWNSTREAM OF GALLATIN VALLEY LAND TRUST 
FOOTBRIDGE 
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FIGURE 15. NARROW RIPARIAN WITH ADJACENT PASTURE 

 

 

FIGURE 16. BANK EROSION DOWNSTREAM OF GALLATIN VALLEY LAND TRUST FOOTBRIDGE 
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4.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 4. The recently closed Headwaters 
Livestock Auction stockyard adjacent to the river is the most significant potential nutrient source 
within the reach. Since sale of Headwaters Livestock Auction property, some site cleanup has 
occurred, and while livestock are no longer present on the property, the stockyard has the potential 
to deliver ‘legacy’ nutrients directly to the river via both surface and groundwater, and also through 
potential bank failure of nutrient-rich soils. Pasture along the remainder of the reach was not 
heavily utilized by livestock, and was generally buffered by at least a narrow riparian buffer strip 
(Figure 15).  An irrigation return also flows through a lot on the old stockyard and enters into the 
head of the reach, and may be a potential nutrient source to this reach. 

TABLE 4. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 03 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture % (average LB/RB)  35 GW/SW Good 
Well-buffered, low 
utilization Low  

Stockyard high GW/SW Poor 
Narrow riparian, stockyard 
directly adjacent to river Med 

Irrigation returns/springs (#) 1  SW  Good 

 Irrigation return flows 
though previous cattle 
holding pens. Low/med  

Septic system per mi (150 
ft/1000 ft)  0/2.9 SW  Good    Low 
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5. EGAL 04 N 
Reach 4 begins at the confluence with Sourdough/Bozeman Cr and extends downstream only ½ 
mile to where the adjacent land use transitions from primarily urban to the relatively undeveloped 
East Gallatin Recreation area (Figure 17). The dominant Level 4 PRI ecoregion of the reach is 
17w, Townsend Basin.   
 

 

FIGURE 17. REACH EGAL 04 N 
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5.1. Reach Condition 
The river flows through primarily urban land use within this reach, including both industrial and 
residential areas. The riparian condition and bank stability varied throughout the reach. At the 
Rouse Ave crossing riparian quality was very low, consisting of a narrow strip of cottonwoods 
directly adjacent to commercial and residential yards (Figure 18). Bank stability at this location was 
moderate, with banks heavily rip-rapped (Figure 19). Upstream and downstream of Rouse Ave the 
riparian area was wider, with healthy willows and cottonwoods and stable banks (Figure 20). 
Sourdough/Bozeman Cr enters at the upstream end of the reach. Road encroachment was limited 
to 50 ft along the paved North Rouse Avenue.  
 

 

FIGURE 18. RIPARIAN DOWNSTREAM OF NORTH ROUSE AVE COMPRISED OF NARROW STRIP OF 
COTTONWOODS 
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FIGURE 19. RIPRAP DOWNSTREAM OF NORTH ROUSE AVE, LOW RIPARIAN QUALITY 

 

 

FIGURE 20. HEALTHY RIPARIAN AT DOWNSTREAM END OF REACH 
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5.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 5. Sourdough/Bozeman Cr enters 
the river at the upstream end of the reach. This large tributary drains primarily urban areas within 
the City of Bozeman and is considered a significant potential nutrient source to the East Gallatin 
River. Commercial and residential development within the reach is associated with areas of 
impermeable surface and yard encroachment, which could function as nutrient sources to the river. 
One MPDES permit for Exxon Mobile’s Bozeman Terminal (Table 6, Figure 17) was identified 
approximately ½ mile from the river. Due to this distance from the river, this MPDES permit was not 
considered a likely potential pollutant source. 

TABLE 5. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 04 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Tributary high SW NA 

Sourdough/Bozeman Cr 
enters at start of reach, 
significant potential 
pollutant source Med/high 

Commercial and residential 
development high SW/GW Poor 

Abundant encroachment of 
impermeable surfaces and 
yards Med 

MPDES permits (#) 1  SW/GW Poor  
 
See Table 7  Low/Non  

 

TABLE 6. MPDES PERMITS LOCATED WITHIN REACH HY04 N 

MPDES ID Permittee Name Permit Type Pollutant Pathway 
Discharge 
Reach 

MTG790003 
Exxon Mobile 

Bozeman Terminal General 
Located nearly ½ mile from river, not likely 
pollutant source EGAL 04 
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6. EGAL 05 N 
Reach 5 extends from the East Gallatin Recreation Area, downstream to the confluence with 
Bridger Creek (Figure 21). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend 
Basin.   
 

 

FIGURE 21. REACH EGAL 05 N 
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6.1. Reach Condition 
In the upper section the river is in a relatively natural state as it flows through the East Gallatin 
Recreation Area. Land use in the lower section is dominated by both the recreation area as well as 
the Bridger Creek Golf Course. The riparian area is wide and robust throughout most of the reach, 
with dense cottonwoods, alders, dogwoods and willows (Figure 22), with the exception of limited 
areas of turf encroachment along the golf course. No bank erosion was observed. One irrigation 
withdrawal was identified on the aerial but was not confirmed in the field. 
 

 

FIGURE 22. DENSE WILLOW-COTTONWOOD RIPARIAN VEGETATION WITHIN EAST GALLATIN RECREATION 
AREA 

 

6.2. Potential Nutrient Sources 
The golf course was the only potential nutrient source identified within the reach (Table 7). The golf 
course was considered a moderately significant potential source due to turf encroachment 
observed in certain areas and associated fertilizers that could enter the river via surface runoff 
and/or groundwater transport. 

TABLE 7. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 05 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Golf % (average LB/RB)  30 GW/SW  Good 

Some areas of turf 
encroachment, potential 
nutrient source  Med  
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7. EGAL 06 N 
Reach 6 extends from the confluence with Bridger Creek downstream to where the river enters the 
Riverside Country Club (Figure 23). The dominant Level 4 PRI ecoregion of the reach is 17w, 
Townsend Basin.   
 

 

FIGURE 23. REACH EGAL 06 N 
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7.1. Reach Condition 
Land use in reach 6 is primarily residential, pasture land, and hay production (Figure 24), with the 
Bridger Creek Golf Course located adjacent to the river on the right bank in the upper-most section 
of the reach (Figure 23). Riparian vegetation in the reach is a mix of dense cottonwoods and 
willows (Figure 25), yet pasture and residential yard encroachment are common (Figure 26). Golf 
course turf was mowed directly adjacent to the stream in several locations along the golf course. 
Largely due to encroaching pasture land and lawns, bank erosion was considered moderate, with 
several areas of erosion noted on meander bends (Figure 27). The river also flows through the MT 
Fish, Wildlife and Parks Cherry River Fishing Access Site (FAS), where the riparian area is in a 
relatively natural state, yet historic land uses in the area have resulted in extensive bank erosion 
and riprap (Figure 27 and 28) including car bodies used to stabilize banks. Downstream of the 
Cherry River FAS, riparian continued to be dense where residential yard encroachment was not 
occurring. A bank stabilization project at a private residence was also observed in the lower portion 
of the reach (Figure 29). 
Bridger Cr is a primary tributary to the reach and drains a variety of land uses, primarily rural 
residential lands and pasturelands.  Mandeville Creek also enters the East Gallatin River within the 
reach.  Mandeville Creek drains residential and urban areas of Bozeman and may be a significant 
source of nutrients to the Eats Gallatin River.   Two irrigation withdrawals were identified within the 
reach, both of which were possibly, but not definitively, confirmed on the aerial. 
 

 

FIGURE 24. HAY PRODUCTION AND DENSE, HEALTHY RIPARIAN UPSTREAM OF MANLEY RD 

 



East Gallatin River  
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

28 5/25/2010 

 

FIGURE 25. DENSE COTTONWOOD-WILLOW RIPARIAN UPSTREAM OF MANLEY RD 

 
 

 

FIGURE 26. PASTURE ENCROACHMENT AND DENSE COTTONWOOD RIPARIAN DOWNSTREAM OF MANLEY 
RD 
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FIGURE 27. BANK EROSION AND RIPRAP WITHIN THE CHERRY RIVER FAS 

 

 

FIGURE 28. HEALTHY RIPARIAN AND RIPRAP, WITHIN THE CHERRY RIVER FAS 
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FIGURE 29. HEALTHY RIPARIAN IN BACKGROUND, BANK STABILIZATION PROJECT IN FOREGROUND 

 

7.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 8. Pasture and irrigated agriculture 
were the primary potential nutrient sources within the reach. The golf course and residential lawn 
encroachment could also act as nutrient sources through fertilizers entering the river through 
surface and groundwater. The LCA identified was located approximately 1/3 of a mile from the 
river, and with the good riparian quality was not considered a potential nutrient source. MPDES 
permits are located within the reach (Table 9). The Manley Meadows Homeowners Association has 
a groundwater permit approximately ¾ of a mile from the river, which is not likely a significant 
nutrient source. The City of Bozeman has a stormwater permit for the landfill, located within a ½ 
mile of both Bridger Cr and the river. Although regulated through the permit, landfill stormwater 
runoff could be a potential source of nutrients to the river during severe events..  
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TABLE 8. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 06 N 

Pollutant Source 
Source 
Prevalence  Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture % (LB/RB) 45  GW/SW  Good 
Relatively low density utilization but 
often encroaching  Low/med 

Irrigated crops %  
(average LB/RB) 35 GW  Good Often encroaching Low/med  

LCA (#) 1  GW/SW  Good 
Located ~1/3 mi from river, not likely 
significant nutrient source Low  

Tributaries (#) 2  SW  Good Bridger Cr , Mandeville Creek Low/med 

MPDES permits (#) 2   GW, SW  Good see Table 10 Low 

Septic system per 
mi (150 ft/1000 ft)  0/7.0 SW  Good 

Healthy riparian buffer throughout 
most of reach Low 

 
TABLE 9. MPDES PERMITS LOCATED WITHIN REACH EGAL 06 N 

MPDES ID Permittee Name 
Permit 
Type Pollutant Pathway 

Discharge 
Reach 

MTR000403 City of Bozeman Stormwater 

Located ~1/2 mi from the river, associated 
with landfill. Very possibly flows to Bridger 
Cr first.  

EGAL 06,  
pos. BRID 06 

MTX000153 

Manley Meadows 
Homeowners 
Association Groundwater 

Located ~3/4 mi from the river, not likely 
potential nutrient source EGAL 06 
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8. EGAL 07 N 
Reach 7 flows through the Riverside Country Club and along the City of Bozeman 
Wastewater Treatment Plant, ending downstream at the Springhill Sod Farm off of 
Springhill Rd (Figure 30). The dominant Level 4 PRI ecoregion of the reach is 17w, 
Townsend Basin.   
 

 

FIGURE 30. REACH EGAL 07 N 
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8.1. Reach Condition 
Golf course and pasture land comprise most of the land use along reach 7 (Figure 30). 
The riparian area along the reach is comprised of dense cottonwoods and willows 
(Figure 31), with areas of pasture, residential yard, and turf grass encroachment (Figure 
32). Golf course turf was observed mowed within 20 feet of the river for approximately ½ 
mile upstream of Springhill Rd. While narrow, the 20 foot riparian buffer was considered 
better than removal of all riparian vegetation and mowing of turf directly to the river’s 
edge. Minimal bank erosion was observed due to the robust riparian vegetation 
throughout most of the reach.  
No tributaries enter the reach, but an historic oxbow on the river channel, now filled with 
water within the golf course, returns water to the river at the upstream end of the reach 
(see oxbow noted on Figure 30). This oxbow channel now functions as a pond feature 
on the golf course (Figure 33). Golf course turf is mowed directly to its edges, and it is 
eutrified with dense algal growth. One irrigation withdrawal was identified but was not 
confirmed on the aerial or in the field.  
 

 

FIGURE 31. DENSE COTTONWOOD-WILLOW RIPARIAN UPSTREAM OF SPRINGHILL RD 
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FIGURE 32. COTTONWOOD-WILLOW RIPARIAN ALONG THE RIVERSIDE COUNTRY CLUB. 
PASTURE ENCROACHMENT AND BANK EROSION IN BACKGROUND.  

 

 

FIGURE 33. NUTRIENT-RICH OXBOW CHANNEL (NOW GOLF POND) WITHIN RIVERSIDE COUNTRY 
CLUB GOLF COURSE, DRAINS THROUGH CHANNEL TO REACH EGAL 07 
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8.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 10. Pasture land and the 
Riverside Golf Course were the most significant potential nutrient sources within the 
reach. Although the riparian buffer was generally wide along the golf course, it covers a 
significant portion of the reach and turf was observed mowed within 20 feet of the river in 
several areas. Therefore turf fertilizers were considered a significant potential nutrient 
source along reach 7. The oxbow channel discussed in the previous section could be a 
significant source of nutrients as it drains fertilized golf course turf, contains dense algal 
growth, and has no riparian buffer to protect it from overland inputs. The MPDES permit 
shown in Figure 30 is located at the offices of the City of Bozeman Wastewater 
Treatment Plant, however the actual permitted discharge for the WWTP is located 
downstream at the start of reach 8 (see Figure 34). 

TABLE 10. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 07 N 

Pollutant 
Source 

Source 
Prevalence  Pathway 

Riparian 
Quality Comments 

Potential 
Significance 

Pasture %  
(average 
LB/RB)  5 GW/SW 

 Good/ 
excellent   Low  

Golf %  
(average 
LB/RB)  50 GW/SW 

 Good/ 
excellent 

High prevalence, often 
narrow riparian, golf course 
returns water to river Med  
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9. EGAL 08 N 
Reach 8 extends from the Riverside Country Club, downstream to the Springhill Sod 
Farm off of Springhill Rd (Figure 34). The dominant Level 4 PRI ecoregion of the reach 
is 17w, Townsend Basin.   
 

 

FIGURE 34. REACH EGAL 08 N 
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9.1. Reach Condition 
Pasture comprises most of the land use along reach 8, with the Riverside Country Club 
Golf Course and City of Bozeman Wastewater Treatment Plant outfall located at the 
upstream end of the reach (Figure 34). The riparian zone is relatively healthy in the 
upper and lower sections of the reach, with dense cottonwoods and minimal bank 
erosion, although some riprap was observed along banks (Figures 35 and 36). Riparian 
quality was poor in the middle section of the reach with heavily grazed pasture 
encroachment, a narrow riparian, and bank erosion on outer meander bends (Figure 37). 
Based on assessment of the aerial there appears to be a wide riparian buffer between 
the golf course and the river. 
 

 

FIGURE 35. HEALTHY, WIDE RIPARIAN IN UPPER SECTION OF REACH AT CITY OF BOZEMAN 
WASTEWATER TREATMENT PLANT 
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FIGURE 36. DENSE, WIDE COTTONWOOD RIPARIAN WITH RIPRAP ON BANK, AT DOWNSTREAM 
END OF REACH 

 
 

 

FIGURE 37. NARROW RIPARIAN WITH PASTURE ENCROACHMENT, INVASIVE WEEDS AND 
ERODING BANKS IN MIDDLE SECTION OF REACH  
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9.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 11. Potentially significant 
nutrient sources within this reach include agricultural pasturelands, the Riverside 
Subdivision wastewater treatment lagoons, and the City of Bozeman WWTP discharge. 
Pasture land is heavily utilized in the middle section of the reach and was considered a 
moderately significant potential nutrient source. The City of Bozeman WWTP discharges 
treated effluent water directly to the East Gallatin River, and is regulated under an 
MPDES permit (Table 12). The Riverside Subdivision wastewater treatment lagoons are 
located directly adjacent to the river, and are not regulated under an MPDES permit. 
Due to their proximity to the river and what appears on the aerial to be a narrow riparian 
buffer, the treatment lagoons were considered a potential nutrient source.  

TABLE 11. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 08 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture %  
(average LB/RB) 40  GW/SW  Fair/Good 

Fair/good where 
pasture most 
prevalent; excellent 
in upper and lower 
where pasture not 
common  Med  

Waste water treatment 
lagoons (#) 1  GW Fair/Good 

 Riverside 
Subdivision lagoons, 
located adjacent to 
river  Med 

Golf %  
(average LB/RB)  5 GW/SW  Excellent 

Appears to be wide 
buffer where golf 
course located; only 
present on short 
stretch of river   Low 

Irrigation 
returns/springs (#) 1  SW  NA    Low 

MPDES permits (#)          1  SW  NA see Table 14  High  

Septic system per mi 
(150 ft/1000 ft) 0/2.5  SW  Good    Low 

  
TABLE 12. MPDES PERMITS LOCATED WITHIN REACH EGAL 08 N 

MPDES ID Permittee Name Permit Type Pollutant Pathway 
Discharge 
Reach 

MT0022608 

City of Bozeman 
Wastewater 

Treatment Plant Individual 
Treated wastewater discharges directly to 
river EGAL 08 
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10. EGAL 09 N 
Reach 9 is a longer reach, extending from Springhill Sod Farm off of Springhill Rd, 
downstream approximately six miles to the confluence with Hyalite Creek (Figure 38). 
The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 38. REACH EGAL 09 N 
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10.1. Reach Condition 
Primary land uses within reach 9 were pasture and hay production, and residential 
subdivisions. Access was difficult in this reach due to a lack of road crossings, and was 
only directly observed at four locations along the six mile reach (at the Springhill Sod 
Farm, water quality site EG08 off of Nelson Rd, water quality site EG09 at Spain Bridge 
Rd, and at the confluence with Hyalite Cr). Riparian quality was relatively good where 
the river was observed (Figure 39), with some pasture encroachment and invasive 
weeds noted (Figures 40 and 41). However, based on the aerial it appears that pasture 
encroachment was common throughout the reach. Bank erosion was moderate within 
the reach, with erosion observed on outer meander bends. Extensive areas of riprap 
indicate low bank stability in the erodible soils within the river bottom (Figure 41). 
The MT 303d tributaries GIS layer indicates that Middle Cottonwood Creek enters near 
the downstream end of the reach, yet on the aerial it appears to flow into a series of 
irrigation ditches prior to entering the river farther upstream (Figure 38). Two irrigation 
withdrawals were identified within the reach. A distinct channel was confirmed 
associated with the upstream withdrawal, while confirmation of the downstream 
withdrawal was difficult to confirm on the aerial due to the subirrigated riparian area near 
the river at the withdrawal location.  
 

 

FIGURE 39. DENSE COTTONWOOD-WILLOW RIPARIAN NEAR NELSON RD AT WATER QUALITY 
MONITORING SITE EG08 
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FIGURE 40. COTTONWOOD RIPARIAN WITH YARD/PASTURE ENCROACHMENT NEAR NELSON RD 
AT WATER QUALITY MONITORING SITE EG08 

 

 

FIGURE 41. INVASIVE TANSY AND HIGH SLOUGHING BANK ON OUTER MEANDER 
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10.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 13. Pasture 
encroachment and associated bank erosion was the primary potential pollutant source 
within reach 9. Pasture was common and was often encroaching on the river and was 
considered a moderately significant nutrient source. Septic systems along Middle 
Cottonwood Cr appeared high based on the GIS coverage (Figure 38), however based 
on the aerial it appears that the creek enters an irrigation ditch prior to flowing through 
the densest area of septics, reducing the potential of the tributary septics as a nutrient 
source. The unpaved Spain Bridge Rd crosses the reach (Figure 42) but the crossing 
was in good condition, with stable, vegetated banks, and was not considered a potential 
nutrient source.  

TABLE 13. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 09 N 

Pollutant 
Source 

Source 
Prevalence  Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture %  
(average LB/RB) 53 GW/SW Good 

Pasture frequent, 
encroachment common, 
associated with bank 
erosion  Med  

Irrigated crops %  
(average LB/RB) 13 GW  Good   Low  

Tributaries (#) 1  SW  Unknown 

Middle Cottonwood Cr; 
flows through agricultural 
areas  Low/med 

Septic in 
tributaries High SW/GW Good 

Middle Cottonwood Cr 
likely does not flow 
through neighborhood 
where septics are dense, 
as shown on GIS 
coverage Med 

Irrigation 
returns/springs (#) 1  SW  NA   Low  

Septic system per 
mi (150 ft/1000 ft) 0.2/7.0  SW  Good   Low  

Unpaved road 
crossings (#)  1 SW  Good 

Spain Bridge Rd, well-
vegetated and stable at 
crossing Low  
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FIGURE 42. STABLE BANKS AT UNPAVED SPAIN BRIDGE RD CROSSING 
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11. EGAL 10 N 
Reach 10 is the longest reach delineated on the E. Gallatin, extending from the 
confluence with Hyalite Cr, downstream twelve miles to where Smith Cr enters (Figure 
43). It is also the last fourth order reach on the E. Gallatin prior to transitioning to a fifth 
order stream. The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend 
Basin.   
 

 

FIGURE 43. REACH EGAL 10 N 
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11.1. Reach Condition 
Reach 10 is highly sinuous, flowing through the subirrigated agricultural valley north of 
Belgrade. The twelve mile reach was observed at the Hyalite Cr confluence, at Penwell 
Bridge Rd, Hamilton Bridge Rd, Dry Creek Rd, and at the Ben Hart Cr and Smith Cr 
confluences. Primary land uses along the reach are hay production and pasture land 
with springs common within the valley bottom. Riparian vegetation was a mosaic of 
cottonwoods with willow understory (Figure 44), willows only, and pasture and hay land 
(Figure 45). Invasive weeds such as reed canarygrass and thistles were abundant along 
the banks. Bank erosion was moderate throughout the reach, with instability and 
sloughing observed on meander bends and in areas of pasture encroachment and 
livestock trampling (Figures 46 and 47).  
The irrigation withdrawal located downstream of Hamilton Bridge road was confirmed on 
the aerial, as a ditch can be seen trending northwest from the river at that location. Four 
major tributaries enter the reach, Hyalite Cr, Trout Cr, Thompson Spring Cr and Ben 
Hart Cr.  
 

 

FIGURE 44. HEALTHY RIPARIAN UPSTREAM OF PENWELL BRIDGE RD 
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FIGURE 45. WILLOW RIPARIAN WITH PASTURE AND DENSE REED CANARYGRASS ON BANKS 
DOWNSTREAM OF HAMILTON BRIDGE RD 

 

 

FIGURE 46. BANK EROSION DOWNSTREAM OF HAMILTON BRIDGE RD 
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FIGURE 47. DRY CREEK ROAD CROSSING; LIVESTOCK TRAMPLING ON BANK 

 

11.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 14. Pasture land and 
tributary streams were identified as the primary potential sources of nutrients within 
reach 10. Pasture land was often grazed to very near the stream and direct trampling by 
livestock was only observed at one location visited (Figure 47). Adjacent land was often 
hayed directly to the edge of the river. Due to the natural and artificial irrigation within the 
valley bottom, hay fields were considered a low to moderately significant potential 
nutrient source. The springs along the reach were located in areas of good riparian 
quality, yet because they drain agricultural land they were identified as potential nutrient 
sources.  
The Hamilton Bridge Rd and Penwell Bridge Rd crossings were both well-vegetated and 
stable and were not considered potential nutrient sources, although some sedimentation 
likely occurs during runoff events (Figure 48). 
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TABLE 14. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 10 N 

Pollutant Source 
Source 
Prevalence  Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture % (LB/RB)  50 GW/SW  Fair 

Riparian area narrow and 
weedy where pasture 
encroaches  Med  

Irrigated crops %  
(average LB/RB) 20 GW  Fair 

Crops often planted to 
edge of river  Low/med 

Tributaries (#) 4  SW  Good 
Hyalite, Trout, Thompson 
and Ben Hart Creeks Med/high  

Irrigation 
returns/springs (#)  5 SW  Excellent 

Good riparian quality in 
bottom land but abundant 
springs draining 
agricultural land  Low/med  

Unpaved road 
crossings (#)  2 SW   

Hamilton Bridge Rd and 
Penwell Bridge Rd, both 
stable, well-vegetated at 
crossings Low  

 
 

 

FIGURE 48. STABLE BANKS AND WELL-VEGETATED AT PENWELL BRIDGE CROSSING 
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12. EGAL 11 N 
Reach 11 extends from the confluence of Smith Cr, nearly twelve miles downstream to 
where it meets the Gallatin River north of Manhattan. The river transitions from a fourth 
order stream in reach 10 to a fifth order in reach 11, with a notable increase in size 
(Figure 49). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 49. REACH EGAL 11 N 
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12.1. Reach Condition 
The river size increases in reach 11, winding through the agricultural valley bottom north 
of Manhattan. Primary land uses along the reach are hay production and pasture land. 
The adjacent landscape is dryer than in reach 10 where springs and seeps were 
common. Riparian vegetation transitions from the cottonwood overstory and reed 
canarygrass in the upper reach (Figure 50), to primarily willows, buffaloberry and juniper, 
with dense reed canarygrass and pasture grasses in the lower reach (Figure 51). 
Riparian vegetation is generally healthy, although pasture encroachment is common 
(Figure 52). Soils are naturally erosive throughout the reach, with instability and 
sloughing observed on meander bends and in areas of pasture encroachment (Figures 
52 and 53).  
Six tributaries enter the reach: Smith Cr, Story Cr, Dry Cr, Cowan Cr (called “East 
Gallatin Unknown Trib” during the 2008 and 2009 water quality monitoring), Gibson Cr, 
and Bullrun Cr (Figure 49). One irrigation withdrawal was confirmed on the aerial near 
the downstream end of the reach, and was associated with a National Hydrography 
Dataset (NHD) canal flow line in GIS. Two irrigation returns were identified. The return 
located just upstream of Swamp Rd was identified in the field, entering the river through 
a culvert (Figure 54). The source of the culvert was not observed. The other irrigation 
return was confirmed on the aerial and was associated with an NHD flow line.   
 

 

FIGURE 50. COTTONWOOD-WILLOW RIPARIAN IN UPPER REACH, DOWNSTREAM OF SWAMP 
CREEK RD 
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FIGURE 51. WILLOW-REED CANARYGRASS RIPARIAN DOWNSTREAM OF WEST DRY CREEK RD 

 

 

FIGURE 52. BANK EROSION AND PASTURE ENCROACHMENT DOWNSTREAM O FSPAULDING 
BRIDGE RD AT WATER QUALITY SITE EG13 
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FIGURE 53. BANK EROSION ON OUTER MEANDER BEND DOWNSTREAM OF DRY CREEK SCHOOL 
RD 

 

 

FIGURE 54. CULVERT ENTERING UPSTREAM OF SWAMP CREEK RD (MIDDLE OF PHOTO) 
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12.2. Potential Nutrient Sources 
Potential nutrient sources within the reach are detailed in Table 15. Pasture land and 
tributary streams were identified as the primary potential sources of nutrients within 
reach 11. Pasture land was often grazed to very near the stream although direct 
trampling by livestock was not observed within the reach. The two livestock confinement 
areas were confirmed on the aerial, and are located on Gibson and Bullrun Creeks, 
approximately one and two miles upstream of their confluences with the E. Gallatin 
respectively. Because they are few in number, and are located on tributaries of the river, 
the LCA’s were not considered significant nutrient sources. However, the LCA’s could 
potentially act as nutrient sources to the tributary streams. In addition, septic system 
density within these tributary watersheds is moderate, increasing their potential as 
significant nutrient sources.  
Three unpaved roads cross the reach, Swamp Creek Rd, Dry Creek School Rd, and 
Spaulding Bridge Rd. Minor erosion was noted upstream of Swamp Creek Rd where the 
culvert returns water to the river (Figure 54). The other two crossings were well 
vegetated and were not considered a significant nutrient source. The two irrigation 
returns were considered low to moderately significant potential nutrient sources. Both 
returns drain agricultural land, yet no channel indicating the source of the return 
upstream of Swamp Creek Rd was identified.  

TABLE 15. POTENTIAL NUTRIENT SOURCES WITHIN REACH EGAL 11 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture % (LB/RB)  55 GW/SW 
Good/ 
Excellent 

 Encroachment common 
but minimal bank 
erosion observed Low/med  

Irrigated crops % (ave 
LB/RB)  5 GW/SW 

Good/ 
Excellent    Low/med 

LCA (#)  2 GW/SW 
Good/ 
Excellent 

 Located on Bullrun Cr 
(2 mi upstrm) and 
Gibson Cr (1 mi upstrm)  Low 

Tributaries (#) 6  SW 
Good/ 
Excellent 

Smith, Story, Dry, 
Cowan (ET), Bullrun, 
Gibson Med  

Septic in tributaries Med SW 
Good/ 
Excellent  Low 

Irrigation 
returns/springs (#)  3 SW 

Good/ 
Excellent 

 One identified in field 
upstrm of Swamp Creek 
Rd, unidentified source 

 Low/med- 
Unknown 

Septic system per mi 
(150 ft/1000 ft) 0.2/1.9 SW 

Good/ 
Excellent   Low  

Unpaved road 
crossings (#) 3  SW 

Good/ 
Excellent 

Swamp Creek Rd, Dry 
Creek School Rd, 
Spaulding Bridge Rd, 
none were signif. sed. 
source  Low 
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1. GODFREY CREEK 

Godfrey Creek is a small, second order agricultural stream that flows through Churchill west of 
Bozeman, Montana. It flows through dairy, hay, pasture, and crop operations prior to flowing into 
an irrigation ditch north of Churchill; historic alterations to Godfrey Creek’s watercourse and 
adjacent irrigation infrastructure have changed flow patterns so that Godfrey Creek no longer 
maintains a natural channel in its lower reaches. Water quality in Godfrey Creek (Waterbody ID 
MT41H002_020) is listed on the State of Montana’s 2008 303(d) List as being impaired for the 
following pollutants: algal growth, fecal coliform, total nitrogen, total phosphorus, and sediment.  
Godfrey Creek was divided into four separate reaches based on stream order, land use and 
riparian type (Figure 1). Each reach was assessed for general reach characteristics with regards to 
adjacent land use, streambank stability, and riparian condition and composition.  Pollutant sources, 
both discrete and reach-scale, were identified and evaluated for their potential to function as 
sources of nutrients and E. coli. Reach-scale conditions on Godfrey Creek are summarized in 
Table 1 and the relative percentages of left and right bank land uses are depicted in Figures 2 and 
3. See the Introduction to the 2009 Lower Gallatin TPA Pollutant Source Assessment Reports for 
descriptions of the reach-scale fields displayed in Table 1, as well as details on potential pollutant 
sources evaluated in each of the reach sections below. 

1.1. Summary 
Godfrey Creek is impacted by agricultural practices throughout most of its seven mile length. 
Pastures and livestock confinement areas were identified as the most significant sources of 
nutrients and E. coli to Godfrey Creek, but the abundance of irrigated croplands was also 
considered a significant pollutant source. The potential impact of these land uses was accentuated 
by the general lack of best management practices. Narrow pasture buffers were common in 
reaches 3 and 4 but generally absent in reaches 1 and 2. The lack of riparian exclosure fencing 
allowed livestock full access to the stream even where pasture buffers were present. The only 
riparian fencing noted during the assessment was located upstream of Cameron Bridge Road, 
which was effectively keeping cattle out of the riparian zone. However, it should be recognized that 
only areas that could be accessed from road crossings were observed and some BMP’s were likely 
missed in the assessment.  
The stream was more impacted in the upper two reaches (reaches GOD 01 N and GOD 02 N) than 
in the lower two reaches. Reach GOD 01 N was less impacted upstream of Little Holland Road 
(Figure 1), with a denser riparian and less bank erosion observed. Downstream of Little Holland 
Road and through reach GOD 02 N was the most significantly impacted by grazing and livestock 
confinement areas, resulting in trampled, eroding banks, and very poor riparian zone quality. 
Reaches GOD 03 N and GOD 04 N were less impacted by grazing and livestock operations, with 
less bank erosion and a denser riparian zone observed. 
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FIGURE 1. OVERVIEW OF GODFREY CREEK 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID N 

Reach 
length 

(mi) 

Ecoreg. Strm. 
Ord. 

Dom. Land 
Use 

Nat. Unpaved 
Rd. 

xings 

Rd. 
Encr. 

(ft) 

Bank 
Ero. 

Rip. 
Width 

(ft) 

BMP* Septic 
150 ft 
per mi 

Septic 
1000 ft 
per mi 

GOD 01 
N 1.66 17w 2 ROW CROPS N 5 200 M 15 NA 1.8 5.4 
GOD 02 
N 3.01 17w 3 

ROW 
CROPS/HAY N 4 0 M 10 NA 0.7 5.7 

GOD 03 
N 1.30 17w 3 

URBAN 
RL/ROWCROP 

RR N 2 0 M 15 
RPF, 
PBR 3.1 38.4 

GOD 04 
N 1.15 17w 3 ROWCROPS N 0 0 L 15 PBR 0.0 0.0 

*RPF: riparian fencing 

 

 

FIGURE 2. RELATIVE LAND USE TYPES ALONG THE LEFT BANK OF GODFREY CREEK 

 

 

FIGURE 3. RELATIVE LAND USE TYPES ALONG THE RIGHT BANK OF GODFREY CREEK 
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2. GOD 01 N 
Reach 1 is a second order stream, also known as the West Fork of Godfrey Creek. The reach 
spans from south of Little Holland Road, downstream to the confluence with East Fork Godfrey 
Creek (Figure 4). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 4. REACH GOD 01 N 
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2.1. Reach Condition 
Land use within the reach is primarily cattle grazing, resulting in an unhealthy overgrazed riparian 
zone in many areas (Figure 5), with select sections of dense grass and ungrazed riparian in the 
upper portion of the reach (Figure 6). Although the riparian zone was encroached by crop 
production and impacted by cattle in several areas, due to the small size of the stream and low 
flow, bank erosion was generally moderate (Figure 6). However, select areas of bank erosion were 
observed (Figure 7). The paved Amsterdam-Churchill road encroached on the stream for ~200 ft at 
the lower end of the reach but the bank between the stream and the road was well vegetated, 
reducing the likelihood of pollutant delivery. No significant irrigation withdrawals were identified 
within the reach. 
 

 

FIGURE 5. GRAZED, WEEDY RIPARIAN UPSTREAM OF CHURCHILL ROAD WITH NO PASTURE BUFFER 
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FIGURE 6. DENSE GRASS RIPARIAN BUFFER UPSTREAM OF LITTLE HOLLAND ROAD 

 

 

FIGURE 7. ERODING BANK DOWNSTREAM OF LITTLE HOLLAND ROAD 
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2.2. Nutrient and E. coli Source Characterization 
Potential pollutant sources to reach GOD 01 N are listed in Table 2. The high percentage of 
irrigated crops within the reach was considered to have a moderate to high potential significance 
for nutrient delivery to the stream due to the poor riparian buffer quality. The potential significance 
of irrigated pasture as a source of nutrients and E. coli was considered high within the reach, due 
to the high prevalence of irrigated pasture and poor riparian quality throughout much of the reach. 
In addition, no riparian fencing was observed, allowing livestock what appeared to be unlimited 
access to the steam within pastures. The impact of livestock was most apparent starting 
downstream of Little Holland Road (Figure 7). The riparian buffer was in better condition upstream 
of Little Holland Road, with less bank erosion and trampling observed (Figure 6).   
Four LCA’s were identified during the survey (Table 2). Two of the LCA’s are located adjacent to 
Godfrey Creek, while the other two are located greater than 1,000 ft from the creek. One of the 
farther LCA’s is in fact located on an intermittent tributary approximately 2.5 miles upstream of 
Godfrey Creek, which discharges to reach GOD 02 rather than GOD 01. Due to their proximity and 
poor riparian buffer quality the two LCA’s adjacent to the stream were considered to have a high 
potential significance for delivering nutrients and E. coli to the stream. The two LCA’s farther from 
the stream were of lower potential significance. 
Septic system density was relatively low, with 1.8 per mile within 150 ft and 5.4 per mile within the 
150 to 1,000 ft buffer (Table 2). Five unpaved crossings were identified within the reach. Two of the 
crossings were well-maintained County roads with a low potential for sedimentation; three 
crossings were ranch driveways.  

TABLE 2. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH GOD 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(Ave. % LB/RB) 30% GW  Poor Potatoes, corn, hay Med/High  

Pasture (Ave. % LB/RB) 35% SW/GW  Poor 

Dry pasture also common. 
Primary degradation along 
stream is cattle related High  

Septic system per mi  
(150 ft/1000 ft) 1.8/5.4 GW  Poor 

Septic density relatively low 
almost no intact riparian buffer Low 

Unpaved road crossings (#) 5 SW  Poor 

2 crossings on well-maintained 
County rds, 3 were ranch 
driveways. None likely a 
sediment source Low 

LCA (#) 4 GW/SW  Poor 

Two adjacent to GOD 01 N, two 
>1000 ft from stream (one likely 
discharges to GOD 02 N rather 
than GOD 01 N) High 
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3. GOD 02 N 
Reach 2 is a third order stream that begins at the confluence of the West and East Forks of 
Godfrey Creek and extends downstream to where a small ditch enters from the west near 
Moonlight Road (Figure 8). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend 
Basin.   
 

 

FIGURE 8. REACH GOD 02 N 
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3.1. Reach Condition 
Land use within the reach is primarily cattle grazing and livestock confinement areas, resulting in a 
very unhealthy, nearly non-existent overgrazed riparian zone. Due to the small stream size and low 
flow energy, some areas were overgrazed but not actively eroding (such as the area downstream 
of Churchill Road seen in Figure 9), while other areas were highly erosive and trampled, especially 
through livestock confinement areas (Figure 10). The paved Amsterdam-Churchill Road 
encroached on the stream for ~200 ft at the lower end of the reach but the bank between the 
stream and the road was well vegetated, reducing the likelihood of pollutant delivery from surface 
runoff. 
 

 

FIGURE 9. OVERGRAZED RIPARIAN DOWNSTREAM OF CHURCHILL ROAD BUT RELATIVELY STABLE BANKS 

 



Godfrey Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

10 12/28/2009 

 

FIGURE 10. ERODING, TRAMPLED BANKS WITHIN LIVESTOCK CONFINEMENT AREA 

 

3.2. Nutrient and E. coli Source Characterization 
In addition to the East Fork of Godfrey Creek, three irrigation returns enter the stream within the 
reach. Collectively these returns could have a moderate potential nutrient and E. coli delivery to the 
stream, as they drain agricultural lands. The prevalence of irrigated crops was low (Table 3) but 
due to the poor riparian quality, the potential significance of irrigated crops for nutrient delivery was 
considered moderate. Both dry and irrigated pasture land was prevalent throughout the reach, and 
often encroached along the stream. Due to its high prevalence, poor riparian quality, and 
abundance of trampling, pasture had a very high significance for nutrient and E. coli delivery to the 
stream. In addition, no riparian fencing was observed, allowing livestock what appeared to be 
unlimited access to the steam within pastures.   
Four LCA’s and a discrete pollutant source were also identified during the survey (Table 3). All of 
the LCA’s were located within 300 ft of the stream and should be considered a significant potential 
nutrient source (Figure 10 above). One of the LCA’s was located directly adjacent to the stream, 
with a large mound of stockpiled manure within 30 feet of the stream (Figure 11). Septic system 
density was relatively low, with 0.7 per mile within 150 ft and 5.7 septic systems per mile within the 
150 to 1,000 ft buffer. Four unpaved crossings were identified within the reach. One of the 
crossings was the well-maintained Canal Road with a low potential for sedimentation (Figure 12); 
three crossings were ranch driveways. The discrete pollutant source, a pile of dirt located between 
the Canal Road bridge abutment and the stream downstream of Canal Road, was considered to be 
a potential sediment source during storm events (Figure 13).  
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TABLE 3. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH GOD 02 N 

Pollutant Source 
Source 
Prevalence  Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(Ave. % LB/RB) 15% GW  Poor Primarily hay and crops Med 

Pasture (Ave. % LB/RB) 55% SW/GW  Poor 

Pasture encroachment and 
bank trampling common; 
pasture in very poor, 
overgrazed condition. High 

Irrigation returns (#) 3 SW Unknown Med 
Septic system per mi  
(150 ft/1000 ft) 0.7/5.7 GW  Poor Relatively low density Low 

Septic in tributaries  Low Tributary  Poor Low 

Unpaved road crossings 
(#) 4 SW  Poor 

Well-maintained Canal Rd and 
driveways Low 

LCA (#) 4 GW/SW  Poor 

Located w/in 300 ft of stream; 
one w/ large manure pile w/in 
30 ft of stream High 

Other pollutant sources (#) 1 Pipe, SW  Poor 
Pile of dirt dumped  on  LB  
downstream of Canal Rd. Low 

 
 

 
FIGURE 11. LIVESTOCK CONFINEMENT AREA WITH MANURE PILE WITHIN 30 FT OF STREAM 
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FIGURE 12. STABLE, WELL-VEGETATED ABUTMENT AT CANAL ROAD CROSSING 

 

 

FIGURE 13. PILE OF DIRT DUMPED NEXT TO STREAM AT CANAL ROAD CROSSING 
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4. GOD 03 N 
Reach 3 is a third order stream that begins where a small ditch enters from the west near 
Continental Road, and extends to just downstream of water quality site GD01 east of Churchill 
(Figure 14). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 14. REACH GOD 03 N 



Godfrey Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

14 12/28/2009 

4.1. Reach Condition 
Land uses within the reach are primarily pasture, crop and hay production, with fewer livestock 
observed in or near the stream. The riparian zone appeared to be in better condition than reach 
GOD 02 N upstream, with areas of dense riparian grass (Figure 15). Bank erosion was considered 
moderate, with erosion observed primarily upstream and downstream of the driveway upstream of 
water quality monitoring site GD01 (Figure 16). Bank erosion throughout the remainder of the 
reach was relatively minor due to the dense riparian vegetation. No roads encroached within this 
reach; the stream does not cross the road upstream of Cameron Bridge Road, as indicated in 
Figure 14. One significant irrigation withdrawal was identified, located just downstream of Cameron 
Bridge Road. This withdrawal is likely a continuation of the irrigation return that enters at the same 
location across the stream, constituting the crossing of a large canal.  
 

 

FIGURE 15. DENSE GRASS RIPARIAN IN DOWNSTREAM PORTION OF REACH 
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FIGURE 16. TRAMPLED AND ERODING PASTURE JUST UPSTREAM OF WQ SITE GD01 

 

4.2. Nutrient and E. coli Source Characterization 
An irrigation return, two LCA’s, and two unpaved road crossings were identified within the reach 
(Table 4). The irrigation return was rather large, entering from the right bank just downstream of 
Cameron Bridge Road (Figure 17). This canal flows through irrigated and dry crop land and could 
potentially be a significant nutrient source. Overall, irrigated crops had a moderate potential for 
nutrient delivery to the reach. Less pasture encroachment was observed in this reach as compared 
to reach GOD 02 N. Although only one area of riparian fencing was observed, livestock were not 
often observed directly in and adjacent to the stream. With the good riparian vegetation quality, 
pasture was considered to have moderate potential significance for nutrient and E. coli delivery to 
this reach. 
Residences and septic density increased within this reach. Septic system density was moderate, 
with 3.1 per mile within 150 ft and 38.4 per mile within the 150 to 1,000 ft buffer. Although the 
riparian zone quality was good, the potential significance of septic density was considered 
moderated due to its prevalence. Two unpaved driveway bridge crossings were identified within 
the reach. The driveway upstream of Cameron Bridge road was relatively well-vegetated but was 
identified as a potential mild sediment source during storm events (Figure 18). Two LCA’s were 
confirmed in the field, upstream and downstream of the driveway upstream of water quality site 
GD01. One was a manure-filled horse corral located within 150 ft of the stream; the other was likely 
a riding arena, located within 200 ft of the stream. Due to their low prevalence the LCA’s were 
considered low potential nutrient and E. coli sources. 
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TABLE 4. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH GOD 03 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(Ave. % LB/RB)  30% GW  Good Primarily hay and crops Med 

Pasture (Ave. % LB/RB)  47% SW/GW  Good 

Some pasture encroachment but 
pasture in relatively good 
condition; very little bank 
trampling observed. Med 

Irrigation returns (#) 1 SW Good Large canal Med 

Septic system per mi  
(150 ft/1000 ft)  3.1/38.4 GW  Good Moderate density Med 

Unpaved road crossings (#)  2 SW  Good 

Driveway bridges, one is 
potentially a mild sediment 
source during storm events Low 

LCA (#)  2 GW/SW 
 Fair/ 
Good 

Corrals upstream and 
downstream of driveway 
upstream of WQ site GD01 Low 

 
 

 

FIGURE 17.  IRRIGATION RETURN PRIOR TO FLOWING INTO REACH GOD 03 N; LOCATED JUST 
DOWNSTREAM OF CAMERON BRIDGE ROAD. 
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FIGURE 18. MINOR SEDIMENTATION POTENTIAL AT DRIVEWAY UPSTREAM OF CAMERON BRIDGE ROAD 
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5. GOD 04 N 
Reach 4 is a third order stream that begins just downstream of water quality site GD01 and 
extends approximately one mile downstream to where it flows into a ditch, no longer reaching a 
larger stream body (Figure 19). The dominant Level 4 PRI ecoregion of the reach is 17w, 
Townsend Basin.   
 

 

FIGURE 19. REACH GOD 04 N 
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5.1. Reach Condition 
Land use within the reach is a mixture of irrigated and dry pasture, and hay production. The reach 
was only observed in approximately the upper 1/3 mile, where landowner permission was 
obtained. In this section, the riparian zone was narrow but dense, composed of weeds and other 
invasives such as reed canarygrass and meadow foxtail, mixed with native sedges (Figure 20).  
Due to the stabilizing riparian vegetation erosion was low within the section of the reach that was 
observed. No roads encroached within this reach. 
 

 

FIGURE 20. DENSE RIPARIAN WITH WEEDY AND NATIVE SPECIES 

 

5.2. Nutrient and E. coli Source Characterization 
Irrigated crop fields, primarily hay production, were considered to have a moderate potential for 
nutrient delivery to the reach (Table 5). Horse and cattle pasture comprised the bulk of the land 
adjacent to the reach. Although the prevalence was high, very few animals and almost no bank 
trampling was observed during the assessment. Therefore pasture was considered to have a low 
potential significance for nutrient and E. coli delivery to the reach. No septic systems or unpaved 
roads were located within the reach. However, an ATV ford was identified in the upper portion of 
the reach which was causing some minor sedimentation (Figure 21). The ford did not appear to be 
frequently used.  
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TABLE 5. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH GOD 04 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(Ave. % LB/RB) 30% GW  Good Alfalfa hay Med 

Pasture (Ave. % LB/RB) 67% SW/GW    Good 
Few animals observed; pasture in 
relatively good condition. Med 

 
 
 

 

FIGURE 21. SEDIMENTATION OCCURING AT ATV FORD IN UPSTREAM PORTION OF REACH 
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1. HYALITE CREEK 

Hyalite Creek has its headwaters within the Gallatin Range south of Bozeman (Figure 1). In the 
upper reaches it flows through Hyalite Canyon within the Gallatin National Forest, until reaching 
the valley floor where it meanders through rural residential neighborhood prior entering the East 
Gallatin River east of Belgrade. For the purposes of assessing pollutant sources, Hyalite Creek 
was divided into seven reaches based on land use and riparian type (Figure 1). These seven 
reaches are divided between three water body segments on the State of Montana’s 2008 303(d) 
List (Table 1). The three upper reaches, from the headwaters downstream to the mouth of Hyalite 
Canyon (Figure 1), are associated with DEQ water body segment IDs, MT41H003_131 (upper 
Hyalite Creek) and MT41H006_010 (Hyalite Reservoir).  The four lower reaches, from the mouth of 
Hyalite Canyon to its confluence, are associated with DEQ water body segment ID 
MT41H003_132. Water quality in upper Hyalite Creek (segment MT41H003_131) is listed on the 
State of Montana’s 2006 303(d) list as being impaired for pollutants, total phosphorous (TP) and 
total Kjehldahl nitrogen (TKN). 
Each reach was assessed for general reach characteristics with regards to adjacent land use, 
streambank stability, and riparian condition and composition.  Pollutant sources, both discrete and 
reach-scale, were identified and evaluated for their potential to function as sources of nutrients to 
Hyalite Creek. Reach-scale conditions on Hyalite Creek are summarized in Table 1 and the relative 
percentages of left and right bank land uses are depicted in Figures 2 and 3. See the Introduction 
to the 2009 Lower Gallatin TPA Pollutant Source Assessment Reports for descriptions of the 
reach-scale fields displayed in Table 1, as well as details on potential pollutant sources evaluated 
in each of the reach sections below. 

1.1. Summary 
The condition and potential nutrient sources are highly varied throughout Hyalite Creek’s thirty-five 
mile length from its forested headwaters to the agricultural bottomlands at its confluence with the 
East Gallatin River. The upper three reaches (HYAL 01N - 03N, Figure 1) appear to be functioning 
in a relatively natural state, with very few anthropogenic water quality influences evident throughout 
the reaches. The exception is below the outlet to Hyalite Reservoir, where excessive algal growth 
is evident, presumably the result of nutrient export from the reservoir outlet.  Several small 
tributaries enter the stream throughout the three upper reaches; these tributaries drain natural 
areas and do not contribute appreciable amounts of anthropogenic pollutant loads to Hyalite 
Creek. 
The lower four reaches (HYAL 04N – 07N, Figure 1) are more significantly impacted by 
anthropogenic sources, namely septic systems, pasture land that encroaches on the stream in 
areas with poor riparian buffer quality, and irrigated cropland (primarily wheat and hay). Riparian 
quality was relatively good throughout the lower reaches, with some areas of pasture or residential 
lawn encroachment. BMP’s consisted primarily of pasture buffers along the valley reaches 
(reaches 4-7). Riparian fencing and water gaps were limited throughout these lower reaches, and 
only observed within reach HYAL 04 N. However, it should be recognized that only areas that 
could be accessed from road crossings were observed and that some BMP’s were likely missed in 
the assessment.  
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Although few BMP’s were observed, in general pastures were not excessively overgrazed or 
encroaching on the stream, with the exception of reach HYAL 06 N downstream of Valley Center 
Road. Reach HYAL 06 N was the most significantly impacted by livestock grazing, with poor 
riparian quality and eroding banks in the downstream portion of the reach. While reach HYAL 05 N 
had a higher quality riparian zone with less bank erosion, with more residences it had the highest 
density of septic systems of all the reaches.  
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FIGURE 1. HYALITE CREEK OVERVIEW 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Waterbody 
Segment ID 

Listed 
Impairments 

Reach 
length 

(mi) 

Reach 
ID 

Ecoreg. Strm. 
Ord. 

Dom. Land Use Nat. Unpaved 
Rd. 

xings 

Rd. 
Encr. 

(ft) 

Bank 
Ero. 

Rip. 
Width 

(ft) 

BMP* Septic 
150 ft 
per mi 

Septic 
1000 ft 
per mi 

M
T4

1H
00

3_
13

1 

Total 
phosphorous, 
total Kjehldahl 

nitrogen 

5.87 
HYAL 

01 
17i 2 FOREST Y 3 0 L 125 NA 0.0 0.0 

1.88 

HYAL 
03 

17g 3 FOREST N 2 18000 L 120 NA 0.2 0.4 

M
T4

1H
00

6_
01

0 

None 

8.92 

HYAL 
02 

(Hyalite 
Lake) 

17g 3 FOREST N 1 0 L NA NA 0.0 0.0 

M
T4

1H
00

3_
13

2 

Low Flow 
alterations 

7.24 

HYAL 
04 

17w 3 RURAL 
RESIDENCE 

N 4 700 L 60 WG 
RPF, 
PBR 

0.4 15.3 

3.41 
HYAL 

05 
17w 3 RESIDENCE N 1 1000 L 50 PBR 3.5 26.6 

5.96 
HYAL 

06 
17w 3 HAY/PASTURE N 2 0 L 40 PBR 0.3 2.9 

1.96 
HYAL 

07 
17w 4 PASTURE N 1 0 L 75 PBR 0.5 6.1 

*RPF: riparian fencing;   WG: water gap; PBR: pasture buffer          



Hyalite Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

1 12/28/2009 

 

 

FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF HYALITE CREEK 

 

 

FIGURE 3. LAND USE TYPES ALONG THE RIGHT BANK OF HYALITE CREEK 
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2. HYAL 01 N 
Reach 1 is a second order stream high in the Gallatin Mountains south of Bozeman, MT. The 
reach spans from the Hyalite Creek headwaters, downstream to the inlet of Hyalite Reservoir 
(Figure 4). Eighty percent of the reach is upstream of the end of Hyalite Canyon Road, at the 
Hyalite Lake trailhead. The dominant Level 4 PRI ecoregion of the reach is 17i, Absoroka-Gallatin 
Volcanic Mountains.   
 

 

FIGURE 4. REACH HYAL 01 N 
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2.1. Reach Condition 
The reach is located entirely within the Gallatin National Forest, and is primarily in its natural 
condition with dominant land use being recreation. The riparian vegetation is very robust and 
healthy, consisting of a mixed conifer overstory with a willow-grass-forb understory (Figure 5). 
Bank erosion within the reach was considered to be low and was limited to mild recreation-related 
bank trampling near the Hyalite Creek trailhead, and at the Grotto Falls overlook. No roads 
encroach the stream within the reach.  
 

 

FIGURE 5. REACH HYAL 01 NEAR THE HYALITE CREEK TRAILHEAD. 

 

2.2. Nutrient Source Characterization 
Several small mountain tributary streams enter this reach but no discrete anthropogenic pollutant 
sources were identified. Table 2 identifies general potential pollutant sources within the reach. 
Forest Service toilets located at cabins and trailheads are vault toilets which are pumped and are 
therefore not considered to be a pollutant source. No septic systems exist within the reach (Table 
1). The driveway to the Window Rock cabin is the only unpaved road that crosses the stream 
within the reach (Figure 4). This bridge crossing is well vegetated and does not likely contribute a 
significant amount of sediment to the stream.  A decommissioned two-track bridge which now 
functions as a trail footbridge does cross the stream within the reach but receives little traffic and is 
well vegetated at the abutments. 
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TABLE 2. POTENTIAL NUTRIENTSOURCES WITHIN REACH HYAL 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Light recreational use Low SW/GW Excellent 
Campsites  and turnouts along 
main and forest roads Low 

Unpaved road 
crossings (#) 1 SW Excellent 

Window Rock cabin driveway- 
low erosion potential Low 
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3. HYAL 02 N 
Reach 2 is composed of Hyalite reservoir (Figure 6) which serves as a primary water supply for the 
City of Bozeman, and as a popular recreation destination for boaters, picnickers and campers. The 
reach spans from the inlet of the reservoir, to the dam spillway. The dominant Level 4 PRI 
ecoregion of the reach is 17g, Mid-Elevation Sedimentary Mountains.   
 

 

FIGURE 6. HYALITE RESERVIOR, REACH HYAL 02 N 
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3.1. Reach Condition 
The reach is located entirely within the Gallatin National Forest, with dominant land use being 
recreation. The level of the lake fluctuates significantly, with low summer lake levels exposing a 
bare shoreline. Overall lakeside vegetation is very robust and healthy, consisting of a mixed conifer 
overstory with a willow-grass-forb understory. Bank erosion and disturbance within the reach is 
limited to picnicker and camper trampling at access sites, a Forest Service campground, and a 
private youth camp, located on the east side of the lake, and the Blackmore Boat Launch, located 
on the west side of the lake.  
 

 

FIGURE 7. HYALITE RESERVOIR LOOKING TOWARDS INLET. 

 

3.2. Nutrient Source Characterization 
Potential nutrient sources within the reach are identified in Table 3. Light recreational use includes 
USFS campgrounds, turnouts, and other recreational sites along the reservoir. Collectively, these 
sources were determined to have a low significance as a nutrient source to the reservoir.  Forest 
Service toilets located at the campground and trailheads are vault toilets which are pumped and 
are therefore not considered to be a nutrient source.  
The reservoir itself was also identified as a potential nutrient source (Table 3). Excessive algal 
growth was observed below the reservoir outlet (Figure 6) in the summers of 2008 and 2009, 
possibly a result of nutrient-enriched reservoir water flowing from the reservoir outlet.  
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TABLE 3. POTENTIAL NUTRIENT SOURCES WITHIN REACH HYAL 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Light recreational use Med SW/GW Good 

USFS campground, Blackmore 
boat launch  and turnouts along 
main and forest roads Low 

Reservoir High SW NA 

Nutrient export from the reservoir 
may be in ammonia form from, 
and quickly oxidizes to nitrate.  
Both forms are utilized by plants 
(algae). Med 
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4. HYAL 03 N 
Reach 3 extends from the Hyalite Reservoir dam, downstream to the mouth of Hyalite Canyon at 
Black Bear Road, where the stream flows from the mountains into the valley (Figure 8). The 
dominant Level 4 PRI ecoregion of the reach is 17g, Mid-Elevation Sedimentary Mountains.   
 

 

FIGURE 8. REACH HYAL 03 N 
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4.1. Reach Condition 
Reach 3 is located entirely within the Gallatin National Forest, with the dominant land use being 
recreation. Although limited in width due to the confined channel throughout Hyalite Canyon, the 
riparian vegetation is very robust and healthy, consisting of a mixed conifer overstory with a willow-
grass-forb understory (Figure 9). Bank erosion within the reach was considered to be low and was 
limited to mild recreation-related bank trampling in and around the Langhor Campground. The 
paved Hyalite Canyon Road encroaches within 50 ft of the stream for approximately 18,000 ft, or 
3.4 miles, in the lower end of the reach. The bank between the road and the stream is steep, but 
well-vegetated and/or well-armored (Figure 10), therefore the road is not considered to be a 
significant sediment or nutrient source. Several irrigation withdrawals are located within the lower 
portion of reach HYAL 03 N, some of which withdraw a significant amount of flow from the creek.  
 

 

FIGURE 9. REACH HYAL 03 N UPSTREAM OF LANGHOR ROAD 
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FIGURE 10. ROAD ENCROACHMENT ALONG HYALITE CANYON ROAD 

 

4.2. Nutrient Source Characterization 
Several small mountain tributary streams enter throughout reach HYAL 03 N but no discrete 
pollution sources were identified. Table 4 identifies general potential pollutant sources within the 
reach. The significance of all potential pollutant sources was considered low, given the low source 
presence and healthy riparian buffer. Light recreation within the reach was identified as a potential 
anthropogenic pollutant source within the reach. Forest Service toilets located at campgrounds and 
trailheads are vault toilets which are pumped and are therefore not considered to be a pollutant 
source. Very few septic systems exist within the reach with a density of 0.2/mi within 150 ft and 
0.4/mi within the 150-1000 ft buffer (Table 4).  
Two unpaved roads cross the reach: a driveway at the lower end of the reach, and the Langhor 
Road. The driveway did not appear to be causing significant sedimentation as the abutment areas 
were well vegetated. The Langhor Road crossing itself was not causing sediment delivery, yet the 
bridge allowed people from the adjacent campsite to access the stream downstream of the bridge 
causing trampling and minor erosion (Figure 11). 
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TABLE 4. POTENTIAL NUTRIENT SOURCES WITHIN REACH HYAL 03 N 

Pollutant Source 
Source 

Prevalence Pathway
Riparian 
Quality Comments 

Potential 
Significance

Light recreational use Low SW Excellent 
USFS campground  and turnouts 
along main and forest roads Low 

Septic system  
(150  ft, #/mi) 0.2 GW Excellent Very low septic system density Low 

Unpaved road 
crossings (#) 2 SW Excellent 

Two crossings, low sediment 
delivery potential Low 

 

 

FIGURE 11. MINOR TRAMPLING DOWNSTREAM OF LANGHOR ROAD 
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5. HYAL 04 N 
Reach 4 is a third order stream that extends from the mouth of Hyalite Canyon at Black Bear Road, 
to Elk Road upstream of Huffine Lane near Four Corners (Figure 12). The dominant Level 4 PRI 
ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 12. REACH HYAL 04 N 
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5.1. Reach Condition 
The dominant land use within reach HYAL 04 N is residential, mixed with hay production and 
irrigated and dryland pasture. The riparian area is relatively healthy throughout the reach, with an 
overstory of cottonwood and a willow/dogwood/grass understory (Figure 13). However, isolated 
areas of significant cattle and horse grazing-related impact do exist, such as upstream of Elk Road, 
downstream of Blackwood Road, and downstream of Johnson Road. Bank erosion was relatively 
low within the reach and observed primarily at the road crossings mentioned above (Figure 14). 
Overall, banks appeared well-vegetated and stable.  
Cottonwood Road and South 19th Avenue encroach on the stream within this reach. Cottonwood 
Road encroaches within 35 ft for approximately 400 ft; South 19th encroaches within 20 ft for 
approximately 300 ft. Both areas of encroachment are well vegetated and relatively well buffered 
from these paved roads (Figure 15).  
Several irrigation withdrawals divert water within the reach. Two large ditches are displayed in the 
National Hydrography Dataset, and were observed on the aerial photo, crossing reach 4 upstream 
of Chapman Road and downstream of Blackwood Road. No withdrawals were identified on the MT 
DNRC layer, and these ditches were not considered to be associated with irrigation withdrawals or 
returns, as they most likely cross over or under Hyalite Creek in culverts. However, these situations 
were not confirmed in the field. 
 

 

FIGURE 13. REACH HYAL 04 N AT BLACKWOOD ROAD CROSSING 
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FIGURE 14. EXAMPLE OF ERODING/TRAMPLED BANK UPSTREAM OF ELK ROAD IN HYAL 04 N 

 
 

 

FIGURE 15. WELL-VEGETATED BANK WHERE COTTONWOOD ROAD ENCROACHES IN HYAL 04 N 
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5.2. Nutrient Source Characterization 
Potential nutrient sources to reach HYAL 04 N are listed in Table 5. Although a high proportion of 
the land use within the reach is pasture, it was in relatively good condition, with little overgrazing 
and pasture encroachment observed. Pasture was therefore considered to have a low potential for 
nutrient input to the stream by overland delivery, however the potential for groundwater nitrate 
loading exists. 
A spring and two livestock confinement areas were identified within the reach. One LCA identified 
during the field survey located just downstream of Blackwood Road, was situated within 5 ft of the 
stream and would likely function as a nutrient source during storm events, as manure and soil are 
washed into the stream (Figure 16). Four unpaved roads cross the reach: Blackwood Road, 
Chapman Road, Johnson Road and Black Bear Road. No significant potential for sediment input 
was observed at any of these unpaved crossings (Figure 17). While septic system density was only 
0.4 septic/mi within 150 ft of the stream, density was 15.3 septic/mi from 150 to 1,000 ft (Table 5), 
with the highest density of septics occurring at the head of the reach near the mouth of Hyalite 
Canyon.  
Three MPDES permit locations were identified perpendicular to reach HYAL 04 N, however it is 
unlikely that any of the permitted discharges impact this reach. Instead, the discharges flow to 
tributary streams that enter Hyalite Creek a minimum of 7.5 miles downstream of the permitted 
location. Details on the MPDES permits and pathways to Hyalite Creek are included in Table 6. 
 

TABLE 5. POTENTIAL NUTRIENT SOURCES WITHIN REACH HYAL 04 N 

Pollutant Source 
Source 
Prevalence  Pathway 

Riparian 
Quality Comments 

Potential 
Significance 

Irrigated crops  
(ave% LB/RB)  23% GW  Good Primarily hay production  Low 

Pasture  
(ave% LB/RB) 45% SW/GW  Good 

Cattle and horse pasture, some 
grazing noted directly adjacent to 
stream but overall pasture in good 
condition; pasture buffer generally 
present Low /Med 

Septic system per mi  
(150 ft/1000 ft)  0.4/ 15.3 GW  Good Relatively low septic density  Low 

Septic in tributaries  High Tributary  Good 
High density of septics in 
tributaries Med 

Unpaved road 
crossings (#)  4 SW  Good 

No significant sedimentation 
potential observed at crossings Low 

LCA  2 GW/SW  Fair 

One far from stream, one within 5 
ft of stream with manure piles and 
minimal riparian buffer Med 

MPDES  
(see Table 6)  3 GW  Good 

All three are far from stream and 
likely only impact downstream 
reaches HYAL 06 N and 07 N Low 
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FIGURE 16. HORSE CORRAL WITHIN 5 FT OF STREAM IN HYAL 04 N 

 

 

FIGURE 17. EXAMPLE OF STABLE, NON-EROSIVE CROSSING AT JOHNSON ROAD IN HYAL 04 
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TABLE 6. MPDES PERMITS LOCATED WITHIN REACH HY04 N 

MPDES ID Permittee Name Permit Type Pollutant Pathway 
Discharge 
Reach 

MTG010188 Faith Dairy General 

South Dry Cr, then either 7.5 mi to reach 
HYAL 05 N via a ditch, or continues 
downstream in Dry Cr another 8 mi 
downstream to reach HYAL 07 N 

HYAL 05 N 
and/or 
HYAL 07 N 

MTX000117 
Rae Water and 

Sewer Groundwater 
Groundwater discharge likely flows towards 
Aijker Cr, then 8 mi to reach HYAL 06 N  HYAL 06 N 

MTX000150 

Homelands 
Development Co. 

LLC Groundwater 

Groundwater discharge likely flows towards 
South Dry Cr, then either 7.5 mi to reach 
HYAL 05 N via a ditch, or continues 
downstream in Dry Cr another 8 mi 
downstream to reach HYAL 07 N 

HYAL 05 N 
and/or 
HYAL 07 N 
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6. HYAL 05 N 
Reach 5 is a third order stream that extends from Elk Road upstream of Huffine Lane near Four 
Corners, downstream to Baxter Street (Figure 18). The dominant Level 4 PRI ecoregion of the 
reach is 17w, Townsend Basin.   
 

 

FIGURE 18. REACH HYAL 05 N 
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6.1. Reach Condition 
The dominant land use within reach HYAL 05 N is residential, mixed with hay production and 
irrigated and dryland pasture. The riparian area is relatively healthy throughout the reach, with an 
overstory of cottonwood and a willow/chokecherry understory, with limited grazing impact (Figure 
19). There is some concentrated yard encroachment around the Cobb Hill-Huffine Lane and 
Monforton School Road crossings (Figure 20). Overall banks appeared well-vegetated and erosion 
was limited to areas of yard and pasture encroachment, of which there were few. Monforton School 
Road, which is paved, encroaches within 30 ft for approximately 1,000 ft. The bank between the 
road and the stream is well-vegetated for the entire length of encroachment, buffering the stream 
from the road (Figure 21).  
Three irrigation withdrawals were identified within the reach. A large ditch is displayed in the 
National Hydrography Dataset, and was observed on the aerial photo, crossing the reach 
downstream of Monforton School Road. No withdrawals were identified on the MT DNRC layer at 
this location, and this ditch was not considered to be associated with an irrigation withdrawal or 
return, as it most likely crosses over or under Hyalite Creek in a culvert. However, this was not 
confirmed in the field.  
 
 

 

FIGURE 19. REACH HYAL 05 N DOWNSTREAM OF MONFORTON SCHOOL ROAD 
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FIGURE 20. YARD ENCROACHMENT UPSTREAM OF COBB HILL ROAD 

 

 

FIGURE 21. MONFORTON SCHOOL ROAD ENCROACHING ON REACH HYAL 05 N 
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6.2. Nutrient Source Characterization 
Potential nutrient sources to reach HYAL 05 N are listed in Table 7. Pasture land comprised a 
large amount of land use within the reach, but little pasture encroachment or overgrazing was 
observed. Combined with the good riparian buffer, pasture was considered a moderate potential 
nutrient source. The rural nature of the reach lends itself to increased concentration of septic 
systems, primarily in the upper portion of the reach. Septic density was 3.5 within 150 ft and 26.6 
within the 150 to 1,000ft buffer, and was therefore considered a moderated potential source of 
nutrients to the stream. One significant tributary enters the reach, downstream of Huffine Lane. 
Septic system density was relatively high within this tributary watershed. Because the riparian zone 
quality along this tributary was not observed, the potential significance of the tributary septics as a 
nutrient source was considered moderate. Only one unpaved crossing was identified during the 
survey, at Elk Road. This bridged crossing had stable concrete abutments and clean decking and 
was not considered to be a sediment source (Figure 22).  
Three MPDES permit locations were identified perpendicular to reach HYAL 05 N, however it is 
possible that none of the permitted discharges impact the reach. Instead, the discharges flow to 
tributary streams that enter Hyalite Creek a minimum of 7.5 miles downstream of the permitted 
location. Details on the MPDES permits and pathways to Hyalite Creek are included in Table 8. 

TABLE 7. POTENTIAL POLLUTION SOURCES WITHIN REACH HYAL 05 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(ave% LB/RB)  23% GW  Good 

Irrigated crops throughout reach 
- return flows evident Low 

Pasture  
(ave% LB/RB)  43% SW/GW  Good 

Floodplain pasture and hay 
production - good riparian, 
generally buffered from the 
stream Med 

Septic system per mi  
(150 ft/1000 ft)  3.5/26.6 GW  Good 

Medium amount of septic 
systems in proximity of stream  Med 

Septic in tributaries  High Tributary 
Not 
Investigated 

High density of septics in 
tributaries draining to stream  Med 

Unpaved road crossings (#)  1 SW  Good 

One unpaved crossing (Elk Rd), 
not considered to be a sediment 
source Low 

 



Hyalite Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

22 12/28/2009 

 

FIGURE 22. CONCRETE ABUTMENT AT ELK ROAD CROSSING 
 

 

TABLE 8. MPDES PERMITS LOCATED WITHIN REACH HY05 N 

MPDES ID Permittee Name Permit Type Pollutant Pathway 
Discharge 
Reach 

MTX000110 
Utility Solutions 

LLC Groundwater 

Groundwater discharge likely flows towards 
Elk Grove Slough, then to Dry Cr, then either 
7.5 mi to reach HYAL 05 N via a ditch, or 
continues downstream in Dry Cr another 8 mi 
downstream to reach HYAL 07 N 

HYAL 05 N or 
HYAL 07 N 

MTX000106 
Utility Solutions 

LLC Groundwater 

Groundwater discharge likely flows towards 
Dry Cr, then either 7.5 mi to reach HYAL 05 
N via a ditch, or continues downstream in Dry 
Cr another 8 mi downstream to reach HYAL 
07 N 

HYAL 05 N or 
HYAL 07 N 

MTX000126 Bozeman KOA Groundwater 

Groundwater discharge likely flows towards 
Dry Cr, then either 7.5 mi to reach HYAL 05 
N via a ditch, or continues downstream in Dry 
Cr another 8 mi downstream to reach HYAL 
07 N 

HYAL 05 N or 
HYAL 07 N 
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7. HYAL 06 N 
Reach 6 is a third order stream that extends from Baxter Road, downstream to Airport Road 
(Figure 23). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 23. REACH HYAL 06 N 
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7.1. Reach Condition 
The dominant land use within reach HYAL 06 N is pasture mixed with hay production. Riparian 
condition was rather poor in the lower section of the reach downstream of Valley Center Road, 
often very weedy and overgrazed with unhealthy cottonwoods and yard encroachment (Figure 24). 
Riparian condition improved in the upstream sections, with a healthy cottonwood overstory and 
willow/grass understory (Figure 25). Pasture was still common in the upper sections but 
overgrazing was not observed.  
Although riparian condition was poor in the lower section, banks were observed to be relatively 
stable and bank erosion was limited to areas of pasture and yard encroachment throughout the 
reach. No roads encroached on the stream within the reach, and one irrigation withdrawal was 
identified upstream of Cameron Bridge Road. This withdrawal was not confirmed in the field.  
 

 

FIGURE 24. OVERGRAZED RIPARIAN WITH UNHEALTHY COTTONWOODS UPSTREAM OF CAMERON BRIDGE 
ROAD 
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FIGURE 25. HEALTHY RIPARIAN AT VALLEY CENTER ROAD 

 

7.2. Nutrient Source Characterization 
Two irrigation returns and two tributary streams enter reach HYAL 06 N. Because these returns 
and tributaries flow through agricultural land prior to reaching Hyalite Creek they are considered a 
potential nutrient source to the reach. Pasture comprises a high proportion of the land use in reach 
HYAL 06 N (Table 9). Due to the low quality, overgrazed, narrow riparian buffer observed 
downstream of Valley Center Road, and a lack of BMP’s such as riparian fencing observed, 
pasture was considered to have a moderated potential for nutrient delivery to the stream. 
One MPDES permitted discharge, an LCA, and two unpaved road crossings were also identified 
within reach HYAL 06 N (Table 9). The MPDES permit is a groundwater discharge permit for a the 
Valley Grove subdivision, located on a tributary stream approximately ½ mile upstream of Hyalite 
Creek (Table 10, Figure 23). With fewer residences in this reach the septic system influence was 
lower, with a septic density of 0.3/mi within 150 ft and 2.9/mi within the 150 to 1,000 ft buffer (Table 
9). Septic density was considered high in tributary streams, primarily due to the Valley Grove 
subdivision. It was confirmed with the Gallatin Local Water Quality District newer residences within 
the Valley Grove Subdivision are connected to a central sewer system for which there is an 
MPDES permit, while older residences are on individual septic systems.  
Two unpaved road crossings were identified. The bridge at Cameron Bridge road was well-
vegetated around the abutments and was not likely causing any significant sediment delivery. 
Hulbert Road had gravel covering the decking and was potentially a sediment source during storm 
events (Figure 26). The LCA was a small sheep operation located adjacent to the stream just 
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upstream of Hulbert Road. The area was overgrazed but it was difficult to discern whether the 
sheep were fenced from the creek (Figure 27). 
 

TABLE 9. POTENTIAL NUTRIENT SOURCES WITHIN REACH HYAL 06 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture % (LB/RB)  50% SW/GW Fair/Good 

Overgrazed, weedy, with 
significant pasture encroachment 
with almost no pasture buffer 
downstream of Valley Center Rd. 
Riparian improves upstream.  Med 

Irrigation returns (#) 2 SW Unknown Drains agricultural land  Med 

Septic system per mi  
(150 ft/1000 ft)  0.3/2.9 GW Fair/Good 

Relatively low septic density near 
stream throughout reach  Low 

Septic in tributaries   High Tributary  Fair/Good High septic density in tribs  High 

Unpaved road crossings (#)  2 SW  Fair/Good 

Hulbert Rd xing potentially 
causing some sedimentation 
during storm events from 
gravel/fines on decking Med 

LCA (#)  1 GW/SW  Fair 

Sheep operation close to stream, 
overgrazed pasture and lawn 
adjacent to LCA Med 

MPDES (# permits)  1 GW  Good Valley Grove Water and Sewer Low 

 
TABLE 10. MPDES PERMIT LOCATED WITHIN REACH HY06 N 

MPDES ID Permittee Name Permit Type Pollutant Pathway 
Discharge 
Reach 

MTX000112 
Valley Grove Water 

and Sewer Groundwater 

Groundwater discharge likely flows to 
tributary, then to Hyalite Cr approximately 0.5 
mi downstream HYAL 06 N 



Hyalite Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

27 12/28/2009 

 

FIGURE 26. GRAVEL ON BRIDGE DECKING AT HULBERT ROAD 

 
 

 

FIGURE 27. SHEEP OPERATION IN DISTANCE, UPSTREAM OF HULBERT ROAD 
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8. HYAL 07 N 
Reach 7 is a fourth order stream that extends from Airport Road, downstream to the confluence 
with the East Gallatin River (Figure 28). The dominant Level 4 PRI ecoregion of the reach is 17w, 
Townsend Basin.   
 

 

FIGURE 28. REACH HYAL 07 N 
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8.1. Reach Condition 
The dominant land use within reach HYAL 07 N is pasture, mixed with irrigated and dryland crops 
and rural residential. Riparian condition was considered fair to good throughout the reach, with 
some areas dominated by weedy, overgrazed pasture, as seen at the crossing of Airport Road 
(Figure 29). Other areas, such as upstream of the confluence with the East Gallatin River, the 
riparian was dense, although thick with invasive reed canarygrass (Figure 30). Although weedy 
and overgrazed in some areas, banks appeared to be relatively stable and not highly erosive. No 
roads encroached on the stream within the reach and two irrigation withdrawals were identified. 
One of the withdrawals was not confirmed on the aerial or in the field. 
 

 

FIGURE 29. REACH 7 DOWNSTREAM OF AIRPORT ROAD. RIPARIAN IS WEEDY AND OVERGRAZED ON LEFT 
BANK, DENSE WILLOWS RIGHT BANK. 
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FIGURE 30. REACH 7 UPSTREAM OF THE CONFLUENCE WITH THE EAST GALLATIN RIVER  

 

8.2. Nutrient Source Characterization 
Irrigated crops comprised a relatively low percentage of land use within the reach (Table 11) and 
although the riparian buffer quality was low, irrigated crops were considered to have a low potential 
for nutrient delivery. Pasture land was abundant within the reach. Combined with relatively low 
riparian quality, observed pasture encroachment and a lack of riparian fencing pasture was 
considered to have a moderate potential significance for nutrient delivery.  
One irrigation return and one tributary were identified entering the reach. The one unpaved road 
crossing was a well-maintained driveway bridge that was well-vegetated near the abutments 
(Figure 31) and was not considered to be a sediment or nutrient source. Septic system influence 
was relatively low, with a septic density of 0.5/mi within 150 ft and 6.1/mi within the 15 to -1,000 ft 
buffer (Table 11).  
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TABLE 11. POTENTIAL NUTRIENT SOURCES WITHIN REACH HYAL 07 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops  
(ave% LB/RB) 10% GW Fair/Good Hay and some wheat production Low 

Pasture  
(ave% LB/RB) 70% SW/GW Fair/Good 

Some pasture encroachment 
(e.g. downstream of Airport Rd), 
with areas of healthy riparian Med 

Irrigation returns (#) 1 SW Unknown Drains agricultural land  Low 

Septic system per mi  
(150 ft/1000 ft) 0.5/6.1 GW Fair/Good Low septic density through reach Low 

Unpaved road crossings (#) 1 SW Good 
One well maintained driveway 
bridge Low 

 
 

 

FIGURE 31. UNPAVED DRIVEWAY CROSSING WITH WELL-VEGETATED ABUTMENTS UPSTREAM OF THE 
CONFLUENCE WITH THE EAST GALLATIN RIVER
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JACKSON CREEK 

Jackson Creek has its headwaters in the Bangtail Mountains east of Bozeman. It flows through 
forested lands on the Gallatin National Forest prior to converging with Timberline Cr to form Rocky 
Cr, just north of Interstate 90 (Figure 1). The 2008 water quality site JK01 was actually located on 
Rocky Cr.  
Water quality in Jackson Creek (Waterbody ID MT41H003_050) is listed on the State of Montana’s 
2008 303(d) List as being impaired for the following pollutants: total phosphorus, and 
sedimentation/siltation. For the purposes of assessing pollutant sources, Jackson Creek was 
divided into two reaches based on land use and riparian type (Figure 1). Each reach was assessed 
for general reach characteristics with regards to adjacent land use, streambank stability, and 
riparian condition and composition.  Pollutant sources, both discrete and reach-scale, were 
identified and evaluated for their potential to function as sources of nutrients to Jackson Creek. 
Reach-scale conditions on Jackson Creek are summarized in Table 1 and the relative percentages 
of left and right bank land uses are depicted in Figures 2 and 3. See the Introduction to the 2009 
Lower Gallatin TPA Pollutant Source Assessment Reports for descriptions of the reach-scale fields 
displayed in Table 1, as well as details on potential pollutant sources evaluated in each of the 
reach sections below. 

1.1. Summary 
Jackson Creek is only marginally impacted by anthropogenic sources throughout its eight mile 
length, with logging, unpaved fords, and livestock grazing on pasture land identified as the most 
significant potential nutrient sources. Active logging on RY Timber Company land in the upper 
reaches is generally buffered from the stream by dense riparian vegetation, but increased 
sediment and nutrient delivery remains potentially significant in these areas. Three two track roads 
were observed fording the stream in the upper reach, and more are likely present due to logging 
and recreation in the area. These fords are a potentially significant source of sediment and 
nutrients. Livestock grazing on pasture land was common in the lower reach, and some grazing-
associated erosion was observed at cattle crossings and areas of pasture encroachment. The 
riparian quality was good to excellent throughout both the reaches, with conifer forest in the 
headwater reach, and dense willows along the lower reach.  
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FIGURE 1. OVERVIEW OF JACKSON CREEK 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID 

Reach 
Length 
(mi) 

Ecoreg.  Strm. 
Ord. 

Dom. Land 
Use 

Nat. Unpaved 
Rd. xings 

Rd. 
Encr. 
(ft) 

Bank 
Ero. 

Rip. 
Width 
(ft) 

BMP  Septic 
150 ft 
per mi

Septic 
1000 ft 
per mi

JACK 
01 N  4.76 17i  2  FOREST  N  3  0  L  40  NA  0.0  0.2 
JACK 
02 N  3.02 17w  2  HAY/PASTURE  N  2  0  L  80  NA  0.3  4.6 

 

 

FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF JACKSON CREEK 

 

 

FIGURE 3. LAND USE TYPES ALONG THE RIGHT BANK OF JACKSON CREEK 
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2. JACK 01 N 
Reach 1 is a second order stream high in the Bangtail Mountains east of Bozeman. The reach 
spans from the stream headwaters, downstream to where it crosses Jackson Creek Rd (Figure 4). 
The dominant Level 4 PRI ecoregion of the reach is 17i, Absoroka-Gallatin Volcanic Mountains.  
 

 

FIGURE 4. REACH JACK 01 N 
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2.1. Reach Condition 
The reach flows through a mosaic of Gallatin National Forest and RY Timber Company land. 
Dominant land uses are logging, recreation and grazing. The riparian vegetation is generally robust 
and healthy, consisting of a mixed conifer overstory with a willow-grass-forb understory (Figures 5 
and 6), with select areas of grazing impact, and forest/logging road crossings. Bank erosion was 
limited to natural erosion of high banks on outer meander bends (Figure 6), and logging road 
crossings (Figure 7). Livestock grazing did not appear to be a significantly impacting on the riparian 
vegetation.  
 

 

FIGURE 5. DENSE WILLOW-CONIFER RIPARIAN 
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FIGURE 6. WILLOW-CONIFER RIPARIAN WITH NATURAL BANK EROSION ON OUTER MEANDER BEND. 

 

 

FIGURE 7. LOGGING ROAD CROSSING IN UPPER SECTION  
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2.2. Potential Pollution Sources 
Potential nutrient sources within the reach are detailed in Table 2. Recreational uses could be 
causing minimal nutrient and sediment input from dispersed campsites along the stream. Historic 
and active logging in the upper watershed was considered a low to moderate potential nutrient 
source. Three logging two-track roads cross the stream at fords, causing active sedimentation into 
the stream (e.g. Figure 7).  

TABLE 2. POTENTIAL NUTRIENT SOURCES WITHIN REACH JACK 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Light recreational use  low/med SW Excellent 

Dispersed campsites could be 
causing minimal nutrient input. 
Recreation impact likely related 
to two-track crossings low 

Logging 
Historic and 
active SW Excellent 

Historic and active logging is 
buffered from stream by riparian 
but some sedimentation is likely  low/med 

Septic system per mi (150 
ft/1000 ft)  0.0/.02 GW Excellent  low 

Unpaved road crossings (#)  3 SW Excellent 
logging road/two track fords, 
actively causing sedimentation med 
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3. JACK 02 N 
Reach 1 is a second order stream high in the Bangtail Mountains east of Bozeman. The reach 
spans from the stream headwaters, downstream to where it crosses Jackson Creek Rd (Figure 4).  
The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 8. REACH JACK 02 N 
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3.1. Reach Condition 
The dominant land use in the reach is irrigated and dry pasture, with scattered residences. The 
riparian vegetation is generally robust and healthy, consisting of a dense willow overstory with 
sedge-grass understory (Figure 9). Low to moderated bank erosion was observed, primarily 
associated with livestock grazing, such as the area downstream of Jackson Creek Rd where there 
was an active cattle crossing (Figure 10), and cattle were observed within the riparian zone and in 
the stream. Two irrigation withdrawals were identified but neither was confirmed in the field. 
 

 

FIGURE 9. DENSE WILLOW RIPARIAN; LOOKING DOWNSTREAM AT JACKSON CREEK RD CROSSING 
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FIGURE 10. CATTLE CROSSING DOWNSTREAM OF JACKSON CREEK RD AT 2008 WATER QUALITY SITE JK02 

 

3.2. Potential Pollution Sources 
Potential nutrient sources within the reach are detailed in Table 3. Pasture land was identified as 
the primary potential nutrient source for the reach. Although livestock are not grazed in high 
density in this section of the stream, pasture land was considered a moderately significant nutrient 
source, as no best management practices were noted and cattle were observed to have unlimited 
access to the reach for most of its length. Septic system density was relatively low. Two unpaved 
crossings were identified. The Forest Service Rd was in good condition with vegetation at the 
culvert, but some sedimentation could be occurring during storm events (Figure 11). The condition 
of the lower unpaved private road was not observed due to private land access issues.   

TABLE 3. POTENTIAL NUTRIENT SOURCES WITHIN REACH JACK 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture (Ave. % LB/RB)  90% SW/GW  Good livestock not in high density med 

Septic system per mi (150 
ft/1000 ft)  0.3/4.6 GW  Good  low 

Unpaved road crossings (#)  2 SW  Good 
Forest Service Rd in good 
condition low 
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FIGURE 11. DOWNSTREAM FROM FOREST SERVICE RD CROSSING
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REESE CREEK 

Reese Creek starts in the foothills on the west side of the Bridger Mountains north of Bozeman. It 
flows through agricultural lands and rural residential areas to its confluence with Smith Creek 
upstream of Dry Creek Road (Figure 1). Water quality in Reese Creek (Waterbody ID 
MT41H003_070) is listed on the State of Montana’s 2008 303(d) List as being impaired for the 
following pollutants: total nitrogen, total phosphorus, fecal coliform, and suspended sediments. For 
the purposes of assessing pollutant sources, Reese Creek was divided into three reaches based 
on land use and riparian type (Figure 1). Each reach was assessed for general reach 
characteristics with regards to adjacent land use, streambank stability, and riparian condition and 
composition.  Pollutant sources, both discrete and reach-scale, were identified and evaluated for 
their potential to function as sources of nutrients and E. coli. Reach-scale conditions on Reese 
Creek are summarized in Table 1 and the relative percentages of left and right bank land uses are 
depicted in Figures 4 and 5. See the Introduction to the 2009 Lower Gallatin TPA Pollutant Source 
Assessment Reports for descriptions of the reach-scale fields displayed in Table 1, as well as 
details on potential pollutant sources evaluated in each of the reach sections below. 
The routing of Reese Creek at its confluence with Smith Creek is incorrect on both the NHD and 
the 303d layer. The NHD routing has “Ross Creek” flowing west under a ditch from the East 
Gallatin River, under a private two-track road, and merging with Reese Creek downstream of this 
road (Figure 2). The 303d layer routing also depicts Smith Creek flowing under the private two-
track road and merging with Reese Creek. In reality, Smith Creek flows to the private road and 
takes a sharp bend to the north where it is channelized along the road (Figure 3). The appearance 
of a channel west of the road on the aerial photo is misleading, as this channel is long abandoned, 
with no evidence of recent or yearly flow under the road and into the old channel downstream. 
Reese Cr enters Smith Cr just before Smith Cr flows under the private road. In 2008 water quality 
site RS01 was placed on Smith Creek rather than Reese Creek, as it was assumed that the 
channel entering from the south was indeed a ditch as indicated on the NHD layer. 

1.1. Summary 
Reese Creek appears minimally impacted by anthropogenic sources throughout its seven mile 
length. Potential nutrient sources were determined to have a low potential significance in reaches 
REES 01 and 02. These upper reaches flow primarily through irrigated and non-irrigated cropland, 
pasture, and native rangeland. Where observed, this agricultural land was generally in good 
condition and not overgrazed or encroaching significantly on the stream. The riparian zone in the 
upper two reaches was healthy, with dense shrubs, grasses, and sparse cottonwoods.  
Irrigated crops, primarily wheat, barley and hay, were identified as having a moderate potential 
significance for nutrient delivery in reach REES 03. Some crop field encroachment was observed 
in this reach, and the riparian buffer was rather narrow and weedy. Pasture buffers were the only 
best management practices observed during the assessment.  
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FIGURE 1. OVERVIEW OF REESE CREEK NORTH OF BOZEMAN AND BELGRADE
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FIGURE 2. NHD GIS LAYER ROUTING OF SMITH, “ROSS”, AND REESE CREEKS NEAR THEIR CONFLUENCE 
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FIGURE 3. ACTUAL ROUTING OF SMITH AND REESE CREEKS NEAR THEIR CONFLUENCE 
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TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID 

Ecoreg. Reach 
length 

(mi) 

Strm. 
Ord. 

Dom. 
Land Use 

Nat. Unpaved 
Rd. 

xings 

Rd. 
Encr. 

(ft) 

Bank 
Ero. 

Rip. 
Width 

(ft) 

BMP Septic 
150 ft 
per mi 

Septic 
1000 ft 
per mi 

REES 
01 N 17w 2.35 2 

RANGE/ 
PASTURE Y 0 0 L 40 PBR 0.0 0.9 

REES 
02 N 17w 3.83 4 HAY N 2 0 L 40 PBR 0.0 5.2 
REES 
03 N 17w 1.26 4 HAY N 1 150 L 50 PBR 0.0 0.0 

 
 

 

FIGURE 4. LAND USE TYPES ALONG THE LEFT BANK OF REESE CREEK 

 

 

FIGURE 5. LAND USE TYPES ALONG THE RIGHT BANK OF REESE CREEK 
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2. REES 01 N 
Reach 1 begins in the foothills of the west side of the Bridger Mountains north of Bozeman and 
extends downstream to Gee Norman Rd (Figure 6). The dominant Level 4 PRI ecoregion of the 
reach is 17w, Townsend Basin.   
 

 

FIGURE 6. REACH REES 01 N 

 

2.1. Reach Condition 
The dominant land uses within the reach are rangeland and pasture. The reach was only observed 
at the Gee Norman Rd crossing at the downstream end of the reach. From this crossing looking 
upstream into the Bridger Mountain foothills, the riparian vegetation appeared very healthy, 
consisting of dense willows, alders, forbs and grasses, with sparse cottonwoods (Figure 7). 
Consequently, bank erosion was considered low but could be more common upstream of Gee 
Norman Rd (Figure 8). No roads encroach within the reach.   
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FIGURE 7. HEALTHY RIPARIAN WITH STABLE BANKS UPSTREAM OF GEE NORMAN RD 

 

 

FIGURE 8. HEALTHY RIPARIAN ALONG REACH REES 01 N LOOKING UPSTREAM FROM GEE NORMAN RD 
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2.2. Nutrient Source Characterization 
Potential nutrient and E. coli sources within the reach are identified in Table 2. On the aerial there 
appears to be an irrigation withdrawal approximately 0.5 miles upstream of Gee Norman Rd, and a 
subsequent return on the upstream side of Gee Norman Rd. However, no irrigation return was 
observed in the field and it was thus not added to the point attributes. The relative percent of 
pasture throughout the reach is moderate, but it appears to be in good condition (Figure 8) and 
with the dense riparian, this was considered to be of low potential significance. No septic systems 
were identified within 150 feet of the stream, and density was very low within the150-1000 foot 
buffer. The reach is not crossed by any unpaved roads. 

TABLE 2. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH REES 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture  
(Ave. % LB/RB) 50 SW/GW  excellent 

appears to be in good condition 
with dense riparian; hence 
considered of low significance low/med 

Septic system per mi (150 
ft/1000 ft) 0.0/0.9 GW  excellent low 
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3. REES 02 N 
Reach 2 begins downstream of Gee Norman Rd and extends downstream through pasture and 
hay fields to approximately ¾ of a mile downstream of Hamilton Rd. (Figure 9). The dominant Level 
4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 9. REACHES REES 02 N AND REES 03 N 

 

3.1. Reach Condition 
The dominant land uses within the reach are hay production and pasture, with scattered 
residences. The riparian vegetation appeared very healthy within the reach, consisting of willows 
and cottonwoods with a forb-grass understory (Figures 10 and 11). No bank erosion was observed 
from either the Hamilton Rd or Gee Norman Rd crossings, both of which are unpaved. Four 
irrigation withdrawals were identified on the GIS layer, but none of these withdrawals were 
confirmed in the field. It is also very difficult to discern whether they are present or not based on 
the aerial, due to the presence of paleochannels and the irrigated bottomland. 
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FIGURE 10. DENSE RIPARIAN WITH STABLE BANKS DOWNSTREAM OF HAMILTON RD 

 

 

FIGURE 11. WILLOW-GRASS RIPARIAN ALONG STREAM IN DISTANCE DOWNSTREAM OF HAMILTON RD 
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3.2. Nutrient Source Characterization 
Potential nutrient and E. coli sources within the reach are identified in Table 2. Although pasture 
comprised a moderate amount of land use, it appeared to be in good condition and was not 
overgrazed or significantly encroaching on the stream. Therefore it was considered to have a low 
to moderate potential as a nutrient and E. coli source. Irrigated crops, primarily wheat, barley, and 
hay, were also considered to have a low potential for nutrient delivery.  
One of the LCAs was located near the stream and could be a potential nutrient source. Another 
LCA flows to a ditch 0.7 mile upstream of Reese Cr. The third would most likely impact only a ditch 
that never enters Reese Cr but rather flows west along Dry Creek Rd for some distance. Irrigated 
pasture and irrigated crops were both low within the reach and were considered to have low 
potential significance. No septic systems were identified within 150 feet of the stream, and density 
was moderate within the 150-1000 foot buffer. With the healthy riparian buffer, the potential 
significance of septic systems was considered low. 
Tributaries entering the reach include Limestone Cr, Bill Smith Cr and North Cottonwoods Cr, all 
small streams draining from the west side of the Bridger Mountains which were not considered 
significant potential nutrient sources. The Hamilton Rd crossing, with concrete abutments, was not 
considered a potential sediment source. The culvert at Gee Norman road was covered with gravel 
and could potential act as a sediment source during storm events (Figure 12).  
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TABLE 3. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH REES 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Pasture  
(Ave. % LB/RB) 40 SW/GW  excellent 

appeared to be in good condition 
with dense riparian low/med 

Irrigated crops (Ave. % 
LB/RB) 25 GW  excellent wheat, barley, hay production low 

Septic system per mi (150 
ft/1000 ft) 0.0/5.2 GW  excellent low 

Septic in tributaries  Medium Tributary  excellent low 

Unpaved road crossings (#) 2 SW  excellent 

Hamilton Rd very stable; Gee 
Norman Rd minor potential 
sediment source low 

LCA (#) 3 GW/SW  unknown 
one within 200 ft; two flow to 
ditches, not directly to reach low 

 
 

 

FIGURE 12. GRAVEL ON CULVERT AT GEE NORMAN RD 
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4. REES 03 N 
Reach 3 begins approximately ¾ of a mile downstream of Hamilton Rd and extends downstream to 
its confluence with Smith Cr, upstream of Dry Creek Rd (Figure 9). The dominant Level 4 PRI 
ecoregion of the reach is 17w, Townsend Basin.   

4.1. Reach Condition 
The dominant land uses within the reach are hay production and pasture. Although narrow, the 
riparian was dense, consisting of weedy reed canarygrass, pasture grasses and thistles, with 
patches of willows and buffaloberry (Figure 14). Pasture/hay field encroachment was observed in 
some areas (Figure 15). Banks were generally stable due to the dense riparian vegetation. 
However, bank erosion was observed in areas where pasture encroached along meander bends 
(Figure 15). No roads encroach on the reach.  
 

 

FIGURE 13. DENSE REED CANARYGRASS RIPARIAN WITH BUFFALOBERRY AND WILLOWS 
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FIGURE 14. BANK EROSION WHERE PASTURE ENCROACHES ON A MEANDER BEND 

 

4.2. Nutrient Source Characterization 
Potential nutrient and E. coli sources within the reach are identified in Table 5. The irrigated 
agriculture along the stream was considered to be of moderate potential significance, due to the 
moderate source prevalence and sometimes narrow riparian buffer. An unpaved private ranch road 
crosses the stream within the reach. The road is well-maintained gravel and is infrequently used, 
but loose gravel was observed on top of and around the culvert and some minimal sedimentation 
could be occurring during storm events (Figure 16). 

TABLE 4. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH REES 03 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops (Ave. % 
LB/RB) 40 GW  Good moderate med 

Pasture  
(Ave. % LB/RB) 20 SW/GW  Good 

low prevalence but often 
encroaching low/med 

Unpaved road crossings (#) 1 SW  Good 

well maintained culvert crossing, 
minor sedimentation could be 
occurring during storm events low 
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FIGURE 15. CULVERT AT RANCH ROAD CROSSING 
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SMITH CREEK 

Smith Creek starts in the foothills on the west side of the Bridger Mountains north of Bozeman. It 
flows through agricultural lands and rural residential areas for approximately 11 miles to its 
confluence with the East Gallatin River just upstream of Swamp Road near the Dry Creek area 
(Figure 1).  
Water quality in Smith Creek (Waterbody ID MT41H003_060) is listed on the State of Montana’s 
2008 303(d) List as being impaired for the following pollutants: fecal coliform, nitrates, and 
sediment. For the purposes of assessing pollutant sources, Smith Creek was divided into two 
reaches based on land use and riparian type (Figure 1). Each reach was assessed for general 
reach characteristics with regards to adjacent land use, streambank stability, and riparian condition 
and composition.  Pollutant sources, both discrete and reach-scale, were identified and evaluated 
for their potential to function as sources of nutrients and E. coli. Reach-scale conditions on Smith 
Creek are summarized in Table 1 and the relative percentages of left and right bank land uses are 
depicted in Figures 4 and 5. See the Introduction to the 2009 Lower Gallatin TPA Pollutant Source 
Assessment Reports for descriptions of the reach-scale fields displayed in Table 1, as well as 
details on potential pollutant sources evaluated in each of the reach sections below. 
The disagreement between the National Hydrography Dataset (NHD) and the MT 303d streams 
GIS layers regarding the naming and routing of Smith Creek requires a short discussion. From the 
headwaters, downstream to the confluence with Reese Creek, the NHD GIS layer labels Smith 
Creek as “Ross Creek”, while the MT 303d GIS layer labels this section “Smith Creek”. Incidentally, 
when locals were asked what they called this section of the creek, they concurred that they called it 
“Ross Creek” upstream of the confluence with Reese Creek. For the purpose of this assessment, 
the MT 303d layer convention was used, calling the entire length Smith Creek.  
The routing of Smith Creek at the confluence with Reese Creek is incorrect on both the NHD and 
the 303d layer. The NHD routing has “Ross Creek” flowing west under a ditch from the East 
Gallatin River, under a private two-track road, and merging with Reese Creek downstream of this 
road to then form Smith Creek (Figure 2). The 303d layer routing also depicts Smith Creek flowing 
under the private two-track road and merging with Reese Creek. In reality, Smith Creek flows to the 
private road and takes a sharp bend to the north where it is channelized along the road (Figures 3 
and 4). The appearance of a channel west of the road on the aerial photo is highly misleading, as 
this channel is long abandoned with no evidence of recent or yearly flow under the road and into 
the old channel downstream. Reese Cr enters Smith Cr just before Smith Cr flows under the 
private road. In 2008 water quality site RS01 was placed on Smith Creek rather than Reese Creek, 
as it was assumed that the channel entering from the south was indeed a ditch as indicated on the 
NHD layer. 

1.1. Summary 
Throughout its fourteen mile length Smith Creek flows primarily through horse and cattle pastures, 
and irrigated and non-irrigated cropland planted primarily with wheat, barley and hay. Therefore 
pasture land and irrigated crops were identified as the most significant potential sources of 
nutrients and E. coli to the stream. While the riparian area was dense and healthy in some areas 
with decent pasture buffers, other sections had significant pasture or cropland encroachment with 
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a very narrow, weedy, overgrazed riparian zone. In these areas, the banks were often eroding due 
to the lack of stabilizing vegetation and naturally-erosive soils. Pasture buffers were more prevalent 
in reach 2 than in reach 1. Limited riparian fencing was observed; even where pasture buffers 
existed, livestock had full access to the stream in both reaches where the stream flowed through 
pasture land. 
Unpaved road crossings were also considered a potential sediment source in reach SMIT 01 N, 
due to loose sediment and gravel observed on bridge decking and on top of culverts. Septic 
systems and livestock confinement areas were considered minor but not significant potential 
nutrient sources within both reaches.  
 

 

FIGURE 1. OVERVIEW OF SMITH CREEK NORTH OF BOZEMAN AND BELGRADE 
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FIGURE 2. NHD GIS LAYER ROUTING OF SMITH, “ROSS”, AND REESE CREEKS NEAR THEIR CONFLUENCE 
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FIGURE 3. ACTUAL ROUTING OF SMITH AND REESE CREEKS NEAR THEIR CONFLUENCE 
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FIGURE 4. SMITH CREEK CHANNELIZED UPSTREAM OF REESE CREEK CONFLUENCE 
 
TABLE 1. REACH-SCALE ATTRIBUTES 

Reach 
ID 

Ecoreg. Reach 
length 

(mi) 

Strm. 
Ord. 

Dom. 
Land 
Use 

Nat. Unpaved 
Rd. 

xings 

Rd. 
Encr. 

(ft) 

Bank 
Ero. 

Rip. 
Width 

(ft) 

BMP* Septic 
150 ft 
per mi 

Septic 
1000 ft 
per mi 

SMIT 01 
N 

17w 7.67 2 HAY/ 
CROPS 

N 6 1400 M 30 RPF, 
PBR 

0.3 3.7 

SMIT 02 
N 

17w 6.30 4 HAY N 0 1000 M 45 RPF, 
PBR 

0.0 7.9 

*RPF: riparian fencing; PBR: pasture buffer    
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FIGURE 5. LAND USE TYPES ALONG THE LEFT BANK OF SMITH CREEK 

 

 

FIGURE 6. LAND USE TYPES ALONG THE RIGHT BANK OF SMITH CREEK 
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2. SMIT 01 N 
Reach 1 begins in the foothills of the west side of the Bridger Mountains north of Bozeman and 
extends downstream to where Reese Creek enters, upstream of Dry Creek Road (Figure 7). The 
dominant Level 4 PRI ecoregion of the reach is 17w, Townsend Basin.   
 

 

FIGURE 7. REACH SMIT 01 N 

 

2.1. Reach Condition 
The dominant land use within the reach is hay production and pasture, with scattered residences. 
The riparian condition varied widely throughout the reach. In the upstream section the riparian 
zone ranged from a narrow dense grass buffer (Figure 8) to no riparian where pasture and lawns 
were directly adjacent to the stream (Figures 9 and 10). Lower in the reach, starting downstream of 
Penwell Bridge Rd to the west of Springhill Rd, the riparian zone was wider, consisting of dense 
willows and grasses (Figure 11). Limited riparian fencing was observed within the reach. Due to 
the naturally-erosive soils and the prevalence of livestock grazing, bank erosion was considered 
moderate throughout the reach. Although pasture encroachment was common in the upper reach, 
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due to the small stream size and low flow energy, erosion was not as severe as in the lower reach 
where bank erosion was commonly documented (Figures 12 and 13).  
The unpaved Hamilton Bridge Road encroaches within 5 ft of the stream for approximately 50 feet; 
the private two-track road upstream of the Reese Cr confluence encroaches within 25 ft of the 
stream (Figure 4). Vegetation along the stream is very dense along Hamilton Rd, thus the road 
was not considered a significant sediment source. Vegetation was sparser along the private road, 
yet the road is very narrow and not frequently traveled and was therefore also not considered to be 
a significant sediment source.  
 

 

FIGURE 8. REED CANARYGRASS RIPARIAN DOWNSTREAM OF PENWELL BRIDGE RD EAST 
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FIGURE 9. PASTURE ENCROACHMENT IN UPPER REACH, DOWNSTREAM OF MCGUIRE RD 

 

 

FIGURE 10. TRAMPLED RIPARIAN UPSTREAM OF STIMPSON RD 
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FIGURE 11. HEALTHY RIPARIAN ZONE UPSTREAM OF GALLATIN RD 

 

 

FIGURE 12. BANK EROSION DOWNSTREAM OF GALLATIN RD WHERE PASTURE ENCROACHES 
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FIGURE 13. BANK EROSION IN PASTURE UPSTREAM OF REESE CR CONFLUENCE 

 

2.2. Nutrient Source Characterization 
Potential nutrient and E. coli sources within the reach are identified in Table 2. Irrigated crops 
(primarily wheat, barley and hay production), have a low to moderate prevalence within the reach. 
Combined with a fair to good riparian buffer, crops were considered to have a low to moderate 
potential for nutrient delivery to the stream. Pasture land had a higher prevalence than irrigated 
crops and a moderate amount of encroachment and overgrazing was observed. The riparian buffer 
was often narrow (Figures 9, 10, 12 and 13). Therefore, pasture land was considered to have a 
moderate potential for nutrient and E. coli delivery to the reach. 
Two irrigation returns enter the stream within the reach (Figure 7). The Lutz McGuire ditch returns 
to Smith Cr just downstream of Penwell Bridge Rd West. A large canal enters from the East 
Gallatin River just downstream of the Reese Cr confluence at the lower end of the reach. The 
canal was signed as the “Falls Ln Canal” on a marker at the ditch confluence. The potential 
significance of nutrient and E. coli delivery from these ditches was considered moderate, as they 
drain an agricultural area within the valley bottom. One tributary, Ross Cr, enters from the east just 
upstream of Gallatin Rd (Figure 7). On the NHD layer it appears that Ross Cr is channelized for 
approximately 0.5 mile upstream of its confluence with Smith Cr, and therefore this section is not 
depicted as a tributary line on Figure 7. This tributary was considered a moderate potential source 
of nutrients and E. coli, as it drains agricultural lands within the valley bottom.  
The two LCA’s were located approximately 1.5 miles upstream of reach SMIT 01 N along the Lutz 
McGuire ditch (Figure 7) and were therefore determined to be of low to moderate potential 
significance. Septic system density was low within 150 feet and moderate within the 150-1000 foot 
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buffer. Six unpaved crossings were identified within the reach, located at Gallatin Rd, Hamilton 
Bridge Rd, Penwell Bridge Rd East (east of Springhill Rd), Penwell Bridge Rd West (west of 
Springhill Rd), a private driveway and McGuire Rd. All of the crossing had fairly well-vegetated 
abutments; with the exception of McGuire road, all crossings could potentially be a minor sediment 
source during storm events due to either gravel on bridge decking (e.g. Figure 14) or gravel on top 
of culverts. Although each unpaved crossing was considered a minor sediment source, their 
cumulative potential significance was considered low to moderate. 
 

TABLE 2. POTENTIAL NUTRIENT AND E. COLI SOURCES WITHIN REACH SMIT 01 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops (Ave. % 
LB/RB) 25 GW  good/fair hay, barley, wheat production low/med 

Pasture  
(Ave. % LB/RB) 40 SW/GW  good/fair 

horse and cattle grazing with 
moderate bank erosion and 
overgrazing observed med 

Septic system per mi (150 
ft/1000 ft) 0.3/3.7 GW  good/fair low 

Irrigation returns (#) 2 SW good/fair 
Lutz McGuire ditch, Falls Ln 
Canal from East Gallatin R med 

Unpaved road crossings (#) 6 SW  good/fair 

all had well-vegetated abutments 
but most were considered a 
minor sediment source during 
storm events low/med 

LCA (#) 2 GW/SW  good/fair 

LCA’s flow to Lutz McGuire ditch, 
then downstream to reach SMIT 
01 N low/med 
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FIGURE 14. WELL-VEGETATED ABUTMENT WITH GRAVEL ON DECKING AT HAMILTON BRIDGE RD 
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3. SMIT 02 N 
Reach 2 begins upstream of Dry Creek Road and extends to Smith Creek’s confluence with the 
East Gallatin River (Figure 15). The dominant Level 4 PRI ecoregion of the reach is 17w, 
Townsend Basin.   
 

 

FIGURE 15. REACH SMIT 02 N 

 

3.1. Reach Condition 
The dominant land use within the reach is crop production and pasture, with scattered residences. 
The riparian was generally dense but very weedy with thistle and reed canarygrass. Willows and 
buffaloberry were present in sparse clumps throughout the reach (Figure 16), and pasture and yard 
encroachment were also common (Figure 17). While areas with dense riparian vegetation are 
relatively stable, areas with cropland and pasture encroachment are actively eroding in the highly 
erosive, fine silty loam soils (Figures 16 and 17). Limited riparian fencing was observed within the 
reach. Overall, bank erosion was considered moderate throughout the reach.  
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The unpaved Reese Creek Road encroaches within 30 ft of the stream for approximately 0.2 miles, 
upstream of Dry Creek Rd (Figure 18). Riparian grasses along the stream are very dense along the 
road and thus it was not considered a significant sediment source. Four irrigation withdrawals were 
identified on the GIS layer (Figure 15), only one of which was confirmed in the field. The confirmed 
withdrawal was relatively large, exiting at the upper end of the reach, just downstream of the 
Reese Cr confluence. The other three withdrawals were roughly confirmed on the aerial, but this 
was difficult to discern due to the abundance of paleochannels and the irrigated bottomland. 
 

 

FIGURE 16. DENSE BUT WEEDY RIPARIAN WITH SCATTERED SHRUBS, DOWNSTREAM OF REESE CR 
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FIGURE 17. CROP ENCROACHMENT DOWNSTREAM OF REESE CR 

 

 

FIGURE 18. REESE CREEK RD ENCROACHES UPSTREAM OF DRY CREEK RD 
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3.2. Nutrient Source Characterization 
Potential nutrient and E. coli sources within the reach are identified in Table 3. Irrigated crops 
comprised a relatively low proportion of the land use and were considered a potential, but minor 
source of nutrients to the stream. In contrast, pasture land was more prevalent and encroached on 
the stream in certain areas. Therefore pasture was considered a moderate potential source of 
nutrients and E. coli. No septic systems were identified within 150 feet while septic density was 
moderate in the 150-1000 foot buffer. Therefore the potential significance of septic systems was 
considered low. One LCA was located downstream of Dry Creek Rd relatively close to the stream, 
but was not observed in the field. While this single LCA could be functioning as a source of nutrient 
and E. coli, cumulatively, LCA’s were considered to be a minor pollutant source within the reach.  
No unpaved roads cross this reach.  
 

TABLE 3. POTENTIAL NUTRIENT AND E. COLI WITHIN REACH SMIT 02 N 

Pollutant Source 
Source 
Prevalence Pathway

Riparian 
Quality Comments 

Potential 
Significance

Irrigated crops (Ave. % 
LB/RB) 20 GW  good/fair wheat, barley and hay production low 

Pasture  
(Ave. % LB/RB) 52 SW/GW  good/fair 

horse and cattle grazing, 
sometimes encroaching on 
stream med 

Septic system per mi (150 
ft/1000 ft) 0.0/7.9 GW  good/fair low 

LCA (#) 1 GW/SW  good/fair 
close to the stream but rather 
small low 
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THOMPSON SPRING CREEK 

Thompson Spring Creek (“Thompson Creek”) begins as a spring north of Baseline Road northeast 
of Belgrade (Figure 1). It flows north through the agricultural fields and grazing lands in the 
lowlands of the Gallatin Valley, prior to its confluence with the East Gallatin River just downstream 
of Dry Creek Road.  
Water quality in Thompson Creek (Waterbody ID MT41H003_090) is listed on the State of 
Montana’s 2008 303(d) List as being impaired for the following pollutants: total nitrogen, 
chlorophyll-a, and sediment. For the purposes of assessing pollutant sources, Thompson Creek 
was divided into two reaches based on land use and riparian type (Figure 1). Each reach was 
assessed for general reach characteristics with regards to adjacent land use, streambank stability, 
and riparian condition and composition.  Pollutant sources, both discrete and reach-scale, were 
identified and evaluated for their potential to function as sources of nutrients. Reach-scale 
conditions on Thompson Creek are summarized in Table 1 and the relative percentages of left and 
right bank land uses are depicted in Figures 2 and 3. See the Introduction to the 2009 Lower 
Gallatin TPA Pollutant Source Assessment Reports for descriptions of the reach-scale fields 
displayed in Table 1, as well as details on potential pollutant sources evaluated in each of the 
reach sections below. 

1.1. Summary 
Pasture land and irrigated crops were identified as the most significant potential sources of 
nutrients throughout both reaches of Thompson Creek. The upper reach flows through irrigated 
and non-irrigated cropland, planted primarily with wheat, barley and hay. Horse and cattle pastures 
comprise the majority of the lower reach, but where observed this pasture land was generally in 
good condition and not overgrazed or encroaching significantly on the stream. Pasture buffers 
were observed along both reaches. The riparian area was rather weedy with reed canarygrass and 
thistles, but vegetation throughout both reaches was dense and considered a relatively good buffer 
for mitigating surface nutrient inputs. Septic system, livestock confinement areas, and unpaved 
road crossings were considered minor but not significant potential nutrient sources within both 
reaches. 
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FIGURE 1. REACHES THOM 01 N AND THOM 02 N 
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TABLE 1. REACH-SCALE ATTRIBUTES ON THOMPSON CREEK 

Reach 
ID N 

Ecoreg. Reach 
length 

(mi) 

Strm. 
Ord. 

Dom. 
Land Use 

Nat. Unpaved 
Rd. 

xings 

Rd. 
Encr. 

(ft) 

Bank 
Ero. 

Rip. 
Width 

(ft) 

BMP* Septic 
150 ft 
per mi 

Septic 
1000 ft 
per mi 

THOM 
01 N 17w 2.09 1 

HAY/ROW 
CROPS N 1 150 L 40 PBR 0.5 0.5 

THOM 
02 N 17w 4.14 2 PASTURE N 2 100 L 60 

RPF, 
PBR 0.0 1.4 

*RPF: riparian fencing 

 

 

FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF THOMPSON CREEK 

 

 

FIGURE 3. LAND USE TYPES ALONG THE RIGHT BANK OF THOMPSON CREEK 

 
 
  

0%

20%

40%

60%

80%

100%

THOM 01 N THOM 02 N

Left Bank Land Use on Thompson Creek

Rural Res.

Dry Crops

Irr. Crops

Dry Pasture

Irr. Pasture

0%

20%

40%

60%

80%

100%

THOM 01 N THOM 02 N

Right Bank Land Use on Thompson Creek

Rural Res.

Dry Crops

Irr. Crops

Dry Pasture

Irr. Pasture



Thompson Creek 
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council 

4 12/28/2009 

2. THOM 01 N 
Reach 1 is a first order spring creek that begins north of Baseline Road near Belgrade. Although 
the Montana 303d list stream GIS layer indicated that Thompson Creek started farther upstream at 
Interstate 90, it was determined from aerial photos that there was no discernable channel until 
north of Baseline Road. The stream reach flows through irrigated and dry hay fields downstream to 
its confluence with another small spring creek entering from the southwest, downstream of Penwell 
Bridge Road (Figure 1). The dominant Level 4 PRI ecoregion of the reach is 17w, Townsend 
Basin. It should be noted that reach THOM 01 N was only observed at Penwell Bridge Road due to 
a lack of access along the reach. 

2.1. Reach Condition 
The dominant land use within the reach is pasture and a few scattered residences. Where the 
stream was observed, the riparian was dense with sedges and scattered willow, as well as invasive 
thistles and reed canarygrass (Figure 4). Vegetation within the riparian zone was not overgrazed. 
Due to the dense riparian and low-energy spring-fed flow, minimal bank erosion was observed, but 
increased bank erosion is possible where the stream was not observed, due to the likelihood of 
pasture encroachment and grazing influences.  
 

 

FIGURE 4. DENSE SEDGE AND REED CANARYGRASS RIPARIAN UPSTREAM OF PENWELL BRIDGE RD 
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2.2. Nutrient Source Characterization 
Potential nutrient sources within the reach are identified in Table 2. Pasture comprised a moderate 
proportion of land use within the reach, but combined with the good riparian buffer and lack of 
encroachment observed, it was considered to have a low potential significance as a nutrient 
source. The other dominant land use within the reach was irrigated cropland (primarily wheat, 
barley and hay) which was considered to potentially act as a moderate nutrient source. 
Septic system density was very low within 150 feet and in the 150 to 1000 foot buffer. The culvert 
at Penwell Bridge Road was the only unpaved crossing within the reach; the crossing was not fully 
vegetated and could potentially be a minor sediment source during storm events (Figure 5). The 
unpaved Penwell Bridge Road encroaches within 25 feet of the stream for 150 feet within the reach 
(Figure 6). The bank between the road and the stream was only partially vegetated but due to the 
short distance of encroachment the road was not considered a significant sediment source. A 
spring that enters upstream of Penwell Bridge Road was not considered a potential nutrient 
source. Although the spring potentially flows through irrigated cropland in an historic channel, the 
channel was dry during base flow conditions, at the time the aerial photo was taken.  

TABLE 2. POTENTIAL NUTRIENT SOURCES WITHIN REACH THOM 01 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture  
(Ave. % LB/RB) 30 SW/GW Good 

good condition with little 
encroachment where observed Low/Med 

Irrigated crops  
(Ave. % LB/RB) 35 SW/GW Good 

wheat, barley and hay 
production Med 

Septic system per mi  
(150 ft/1000 ft) 0.5/0.5 GW Good 

good riparian buffer reduces 
significance Low 

Unpaved road crossings (#) 1 SW Good 
Penwell Bridge Road, minor 
potential for sediment delivery Low 
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FIGURE 5. CULVERT AT PENWELL BRIDGE ROAD 

 

 

FIGURE 6. PENWELL BRIDGE ROAD ENCROACHMENT 
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3. THOM 02 N 
Reach 2 is a second order stream that begins at the confluence with another small spring creek 
entering from the southwest, downstream of Penwell Bridge Road, and extends downstream to its 
confluence with the East Gallatin River near Dry Creek Road (Figure 1). The dominant Level 4 PRI 
ecoregion of the reach is 17w, Townsend Basin.   

3.1. Reach Condition 
The dominant land use within the reach is irrigated and non-irrigated pasture with some hay 
production. The riparian zone is generally robust, composed of sedges, native wetland grasses, 
mixed with non-native pasture grass, thistles, and invasive reed canarygrass (Figure 7). Although 
there is some pasture encroachment (Figure 8), vegetation within the riparian zone was generally 
not overgrazed. Due to the dense riparian vegetation, its small size and low, spring-fed flow, 
minimal bank erosion was observed within the reach. The paved Dry Creek Road encroaches for 
100 feet but with densely vegetated banks this was not considered a significant nutrient source. 
Three irrigation withdrawals were identified on the GIS layer, but they were not definitively 
observed on the aerial nor confirmed in the field. 
 

 

FIGURE 7. ROBUST RIPARIAN, UPSTREAM OF HAMILTON ROAD 
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FIGURE 8. PASTURE ENCROACHMENT LEFT BANK BUT GENERALLY DENSE RIPARIAN 

 

3.2. Nutrient Source Characterization 
Potential nutrient sources within the reach are identified in Table 3. Pasture was the dominant land 
use throughout the reach. Although it comprised a high proportion of the reach it was observed to 
be in relatively good condition, was generally not overgrazed or encroaching on the stream. 
Combined with a dense riparian buffer, pasture was considered a moderate potential as a nutrient 
source.  
The LCA was a horse corral just downstream of water quality site TH01, upstream of the 
confluence with the East Gallatin River (Figure 9). Due to the low prevalence of LCA’s throughout 
the reach, this single LCA was not considered to be a significant nutrient source. Septic system 
density was low throughout the reach. Two unpaved crossings were identified. The culverts at 
Hamilton Bridge Road and a private driveway could potentially function as a minor sediment 
sources but the area of exposed gravel at the crossings is relatively small (Figure 10). Thus the 
unpaved crossings were considered to have low potential significance as nutrient sources.  
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TABLE 3. POTENTIAL NUTRIENT SOURCES WITHIN REACH THOM 02 N 

Pollutant Source 
Source 
Prevalence Pathway 

Riparian 
Quality Comments 

Potential 
Significance

Pasture  
(Ave. % LB/RB) 70 SW/GW  Good 

good riparian buffer reduces 
potential significance of high 
amount of pasture Med 

Irrigated crops  
(Ave. % LB/RB) 10 SW/GW  Good hay production Low 

Septic system per mi  
(150 ft/1000 ft) 0.0/1.4 GW   Good Low 

Septic in tributaries  Low Tributary   Unknown Low 

Unpaved road crossings (#) 2 SW   Good Hamilton Bridge Rd; driveway Low 

LCA (#) 1 GW/SW   Good horse corral  Low 
 

 

FIGURE 9. HORSE CORRAL ON REACH THOM 02 N UPSTREAM OF EAST GALLATIN CONFLUENCE 
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FIGURE 10. HAMILTON BRIDGE ROAD CROSSING
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1.0 Introduction 
 
This report presents results of the Upland Sediment Assessment and Modeling Effort for the 
Lower Gallatin Watershed Tributary Sediment Assessment.  Upland sediment loading from 
hillslope erosion was modeled using a Universal Soil Loss Equation (USLE) based model which 
was combined with a sediment delivery ratio (SDR) and a riparian health assessment to predict 
the amount of sediment delivered to streams. The USLE based model was implemented as a 
watershed-scale, raster-based, GIS model using ArcView GIS software. The USLE model 
requires five landscape factors which are combined to predict upland soil loss, including a 
rainfall factor (R), soil erodibility factor (K), length and slope factors (LS), a cropping factor (C), 
and a management practices factor (P).  Details and data sources of each factor are described in 
subsequent sections of this report. Three separate management scenarios were modeled in this 
study to evaluate the potential sediment reduction from implementation of best management 
practices (BMPs).   
 
The study area is located in southwest Montana near the communities of Bozeman, Belgrade, 
and Manhattan (Figure 1-1). The individual watersheds evaluated in this study include streams 
listed for sediment impairment on the 2012 303(d) list, including Bear, Sourdough, Camp, Dry, 
Godfrey, Jackson, Reese, Rocky, Smith, Stone and Thompson Springs Creeks, shown below in 
Figure 1-2.  
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Figure 1-1.  Lower Gallatin River Watershed Site Location Map. 
 
 
 

 
Figure 1-2.  2012 303(d) Sediment Listed Streams of the Lower Gallatin River Watershed. 
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2.0 Modeling Approach 
 
The general form of the USLE equation has been widely used for upland sediment erosion 
modeling and is presented as (Brooks et al., 1997):  
 

A = RK(LS)CP (in tons per acre per year). 
  
The R-factor characterizes the effect of raindrop impact and runoff rates associated with a 
rainstorm.  It is a determined using the kinetic energy of a rainfall event (measured in hundreds 
of ft-tons per acre per year) and the maximum 30-minute rainfall intensity (inches per hour) for 
an area.  The total kinetic energy of a rain event is obtained by multiplying the kinetic energy per 
inch of rainfall by the depth of rainfall during each intensity period.    
 
The K-factor is a soil erodibility factor that quantifies the susceptibility of soil to erosion. It is a 
measure of the average soil loss (tons per acre per hundreds of ft-tons per acre of rainfall 
intensity) from a particular soil in continuous fallow, and has been derived from previous 
experimental data.   
 
The LS-factor is a function of the slope and flow length of the eroding slope or cell.  For the 
purpose of computing the LS-factor, slope is defined as the average land surface gradient per 
cell. The flow length refers to the distance between where overland flow originates and runoff 
reaches a defined channel or depositional zone. The equation used for calculating the length and 
slope factor (LS) was provided by Lim, et al. (2005) using a method developed by Moore and 
Burch (1986 a, b). The equation used to calculate LS is provided below; where A is flow length 
multiplied by cell size, and Θ is slope angle in degrees.  
 

3.14.0

0896.0
sin

13.22






 Θ

∗





=

ALS  

 
The C-factor is a crop management value that represents the ratio of soil erosion from a specific 
cover type compared to the erosion that would occur on a clean-tilled fallow under identical 
slope and rainfall. The C-factor integrates a number of variables that influence erosion including 
vegetative cover, plant litter, soil surface, and land management. The original C-factor of the 
USLE was experimentally determined for agricultural crops and has since been modified to 
include rangeland and forested cover.  
 
The P-factor or conservation practice factor is a function of the interaction of the supporting 
land management practice and slope.  It incorporates the use of erosion control practices such as 
strip-cropping, terracing and contouring, and is applicable only to agricultural lands.  Values of 
the P-factor compare straight-row farming practices with that of certain agriculturally based 
conservation practices. This factor was set to one for this analysis based on existing practices 
within the watershed.  
 
Results from the USLE equation were combined with a sediment delivery ratio (SDR) to 
predict the amount of sediment delivered to streams. The sediment delivery ratio was derived 
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within the model for each cell based on the relationship between the distance from the delivery 
point to the stream and the percent of eroded sediment delivered to the stream.   
 
A riparian health condition was also applied to the USLE model to determine the amount of 
sediment that could be delivered to streams based on the condition of their riparian vegetation.  
 
Three management scenarios were modeled for the Lower Gallatin River watershed including:  
 

1) an existing conditions scenario using sediment loads derived for the existing upland 
land condition and the existing riparian health condition,  

2) a desired conditions scenario using sediment loads derived for the desired upland land 
condition and the existing riparian health condition, and 

3) an improved conditions scenario using sediment loads derived for the desired upland 
land condition and an improved riparian health condition. 

 
The results of these modeling efforts include the annual sediment load for each stream listed for 
sediment on the state’s 2012 303(d) List, the annual sediment load from each land cover type, 
and the potential sediment load reduction from each sediment listed stream with the 
implementation of land-use BMPs and improved riparian health condition.  

2.1 Data Sources 
 
The following sections describe the data sources used to obtain the appropriate spatial data 
required for this model. The results of each specific parameter are shown graphically.  

2.1.1 R-Factor 
 
The rainfall and runoff factor grid was prepared by the Spatial Climate Analysis Service (SCAS) 
of Oregon State University at 4 km grid cell resolution. For the purposes of this analysis, the 
SCAS R-factor grid was projected to Montana State Plane Coordinates (NAD83, meters), 
resampled to a 10m analytic cell size and clipped to the extent of the Lower Gallatin River 
watershed to match the project’s standard grid definition. The R-Factor for the Lower Gallatin 
River Watershed is shown below in Figure 2-1.  
 



 

5 

 
Figure 2-1.  USLE R-factor for the Lower Gallatin River Watershed. 
 

2.1.2 K-Factor 
 
Polygon data for the K-factor were obtained from the NRCS Soil Survey Geographic database 
(SSURGO).  The K-factor for the Lower Gallatin River watershed is shown below in Figure 2-2.  
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Figure 2-2.  USLE K-factor for the Lower Gallatin River Watershed. 
 

2.1.3 Digital Elevation Model (DEM) 
 
The digital elevation model (DEM) of the Lower Gallatin River watershed is the base layer used 
for developing the LS factor, defining the extent of the bounds of the analysis area, and 
delineating areas where the USLE model is not valid (i.e. the flow channels of the stream 
network).  The USGS 30m DEM for the Lower Gallatin River watershed was used for these 
analyses. The DEM was interpolated to a 10m analytic grid cell to render the delineated stream 
network more representative of the actual size of Lower Gallatin River watershed streams and to 
minimize resolution dependent stream network anomalies. Results of the DEM for the Lower 
Gallatin River watershed is provided below in Figure 2-3. 
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Figure 2-3.  Digital Elevation Model (DEM) of the Lower Gallatin River Watershed. 
 

2.1.4 National Land Cover Dataset (NLCD) 
 
The 2001 National Land Cover Dataset (NLCD) was obtained from USGS and is developed 
through a cooperative project conducted by the Multi-Resolution Land Characteristics (MRLC) 
Consortium, a partnership of nine federal agencies. This layer is used to establish USLE C-
factors for the Lower Gallatin River watershed.  The NLCD is a categorized 30-meter Landsat 
Thematic Mapper image from 2001. The NLCD image was reprojected to Montana State plane 
projection/coordinate system, and resampled to the project standard 10-meter grid size. Results 
of the NLCD are shown below in Figure 2-4.  
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Figure 2-4.  National Land Cover Dataset (2001) for the Lower Gallatin River Watershed.  
 
Descriptions for the NLCD land cover classification codes present in the Lower Gallatin 
watershed are provided below, followed by the percent of each land-use type in Table 2-1. 
 
11. Open Water - Areas of open water, generally with less than 25% cover of vegetation or soil. 
 
12. Perennial Ice/Snow - All areas characterized by a perennial cover of ice and/or snow, 
generally greater than 25% of total cover. 
 
21. Developed, Open Space - Includes areas with a mixture of constructed materials, but mostly 
vegetation in the form of lawn.  Impervious surfaces account for less than 20 percent of total 
cover. These areas commonly include large-lot single-family housing units, parks, golf courses, 
and vegetation planted in developed areas for recreation, erosion control, or aesthetic purposes.   
       
22. Developed, Low Intensity - Includes areas with a mixture of constructed materials and 
vegetation. Impervious surfaces account for 20-49 percent of total cover.  These areas most 
commonly include single-family housing units. 
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23. Developed, Medium Intensity - Includes areas with a mixture of constructed materials and 
vegetation.  Impervious surfaces account for 50-79 percent of the total cover. These areas most 
commonly include single-family housing units. 
 
24. Developed, High Intensity - Includes highly developed areas where people reside or work in 
high numbers.  Examples include apartment complexes, row houses and commercial/industrial.  
Impervious surfaces account for 80-100 percent of the total cover. 
 
31. Barren Land (Rock/Sand/Clay) – Barren areas of bedrock, desert pavement, scarps, talus, 
slides, volcanic material, glacial debris, sand dunes, strip mines, gravel pits and other earthen 
material. Generally, vegetation accounts for less than 15 percent of total cover. 
 
41. Deciduous Forest - Areas dominated by trees generally greater than 5 meters tall, and greater 
than 20 percent of total vegetation cover.  More than 75 percent of the tree species shed foliage 
simultaneously in response to seasonal change. 
 
42. Evergreen Forest - Areas dominated by trees generally greater than 5 meters tall, and greater 
than 20 percent of total vegetation cover.  More than 75 percent of the tree species maintain their 
leaves all year. Canopy is never without green foliage. 
 
43. Mixed Forest - Areas dominated by trees generally taller than 5 m, and greater than 20% of 
total cover.  Neither deciduous nor evergreen species are greater than 75% of total tree cover. 
 
52. Shrub/Scrub - Areas dominated by shrubs; less than 5 meters tall with shrub canopy typically 
greater than 20 percent of total vegetation.  This class includes tree shrubs, young trees in an 
early successional stage or trees stunted from environmental conditions. 
 
71. Grasslands/Herbaceous - Areas dominated by grammanoid or herbaceous vegetation, 
generally greater than 80 percent of total vegetation.  These areas are not subject to intensive 
management such as tilling, but can be utilized for grazing. 
 
81. Pasture/Hay - Areas of grasses, legumes, or grass-legume mixtures planted for livestock 
grazing or the production of seed or hay crops, typically on a perennial cycle.  Pasture/hay 
vegetation accounts for greater than 20 percent of total vegetation. 
 
82. Cultivated Crops - Areas used for the production of annual crops, such as corn, soybeans, 
vegetables, tobacco, and cotton, and also perennial woody crops such as orchards and vineyards.  
Crop vegetation accounts for greater than 20 percent of total vegetation.  This class also includes 
all land being actively tilled. 
 
90. Woody Wetlands - Areas where forest or shrubland vegetation accounts for greater than 20% 
of vegetative cover and the soil or substrate is periodically saturated or covered with water. 
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95. Emergent Herbaceous Wetlands - Areas where perennial herbaceous vegetation accounts for 
greater than 80% of vegetative cover and the soil or substrate is periodically saturated with or 
covered with water. 
 
Table 2-1.  Percent of Land-Use Types Present in the Lower Gallatin River Watershed.  

Land-Use Type 

Remaining 
Lower 

Gallatin 
Watershed 

Bear 
Creek 

Rocky 
Creek 

Upper 
Bozeman 

Creek 

Lower 
Bozeman 

Creek 

Camp 
Creek 

Godfrey 
Creek 

Smith 
Creek 

Ross 
Creek 

Thompson 
Creek 

Barren Land 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Cultivated Crops 14.1 3.0 0.0 1.4 12.7 34.0 45.5 0.0 0.0 61.5 

Deciduous Forest 0.6 3.5 1.6 1.4 1.6 0.0 0.0 0.0 0.0 0.1 

Developed High 
Intensity 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 

Developed Low 
Intensity 1.9 0.8 0.8 0.1 7.4 0.6 1.8 1.0 0.3 0.4 

Developed Med. 
Intensity 0.6 0.1 0.1 0.0 2.5 0.1 0.1 0.0 0.0 0.0 

Developed Open 
Space 4.2 1.3 1.1 1.2 18.5 2.4 3.5 9.4 3.6 6.4 

Emergent Herb. 
Wetlands 0.2 0.0 0.1 0.1 0.4 0.0 0.0 0.0 0.0 0.0 

Evergreen Forest 23.9 71.4 55.0 83.8 20.3 0.3 0.0 0.0 0.2 0.0 

Hay/Pasture 17.1 5.1 2.3 1.6 18.5 15.0 19.8 51.8 47.8 23.6 

Herbaceous/ 
Grassland 21.8 1.3 12.7 1.1 1.6 31.7 26.3 36.5 43.8 4.9 

Mixed Forest 0.1 0.2 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 

Open Water 0.2 0.0 0.0 0.1 0.0 0.0 0.0 0.2 0.1 0.0 

Shrub/Scrub 13.1 13.0 25.8 8.8 15.4 15.5 2.8 0.5 3.9 1.7 

Woody Wetlands 2.0 0.4 0.2 0.5 0.6 0.3 0.0 0.6 0.2 1.3 

 

2.1.5 C-Factor Derivation 
 
A classification scheme was used to assign USLE C-factors to the NLCD land-use types present 
in the Lower Gallatin River watershed (Table 2-2). This scheme was initially developed based 
on ground cover percentages established by the USDA Soil Conservation Service (1977), and 
has been refined based on present land cover conditions in the Lower Gallatin River watershed 
as determined between DEQ and NRCS staff. Land-use categories of developed land (medium 
and high intensity), barren land, and open water were present in small amounts within the Lower 
Gallatin River watershed (<1% combined) and were assigned a C-factor of zero. In order to 
estimate the potential sediment reduction that might be accomplished under a best management 
practices scenario, the model was also run using C-factors assigned to the desired condition. To 
determine C-factors for the desired conditions, existing condition C-factors for anthropogenic 
land-use types were changed to reflect the ground cover that best represents an improved land 
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condition in the Lower Gallatin River watershed.  Land cover types identified as shrub/scrub, 
grasslands/ herbaceous, pasture/hay, and cultivated crops were conservatively changed to reflect 
a 10 percent increase in ground cover over existing conditions, shown below in Table 2-3. It is 
acknowledged that land cover is variable within and across watersheds, and changes seasonally; 
the C-factors used for the model are intended to represent typical annual conditions at a coarse 
scale and the percent of improvement achievable via the implementation of BMPs. 
 
Table 2-2.  Lower Gallatin C-Factors for Existing and Desired Management Conditions. 

NLCD 
Code Description Land Use Category 

C-Factor 
Existing 

Condition 
Desired 

Condition 

21, 22 Developed, Open Space 
/Low Intensity 

Residential/Urban 
Development 0.0001 0.0001 

41, 42, 43 Deciduous/ Evergreen/  
Mixed Forest Natural  Sources 0.001 0.001 

52 Shrub/Scrub Grazing 0.040 0.027 

71 Grasslands/Herbaceous Grazing 0.035 0.019 

81 Pasture/Hay Cropland 0.020 0.013 

82 Cultivated Crops Cropland 0.15 0.10 

90 Woody Wetlands Natural Source 0.0001 0.0001 

  
Table 2-3.  Percent Ground Cover for Existing and Desired Land Cover Types. 

Land Cover Existing % Ground Cover Desired % Ground Cover 

Shrub/Scrub 60 70 
Grasslands/Herbaceous 65 75 

Pasture /Hay 65 75 
Cultivated Crops 30 40 

 

2.1.6 Sediment Delivery Ratio  
 
USLE model results were combined with a sediment delivery ratio (SDR) to predict sediment 
delivery to streams. The SDR was derived for each grid cell based on the distance from the cell 
to the nearest stream. This distance-based relationship was established during development of the 
WARSEM road sediment model by integrating previous studies which evaluated sediment 
delivery down slope of forest roads (Dube et al., 2004).  These studies determined that the 
percent of sediment delivered to streams decreases with distance from the stream based on the 
relationship shown in Table 2-4. This relationship has been applied in previous USLE models 
for TMDL development, and is considered to be a conservative estimate of sediment delivery 
from upland erosion.  
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Table 2-4.  Sediment Delivery vs. Distance from Stream. 
Distance from 

Stream (ft) 
Percent of Sediment  
Delivered to Stream 

0 100 
35 70 
70 50 

105 35 
140 25 
175 18 
210 10 
245 4 
280 3 
315 2 
350 1 

 

2.1.7 Riparian Health Assessment  
 
Well vegetated riparian buffers act as filters that effectively trap sediment from overland flow.  
The ability of vegetated riparian buffers to trap sediment is generally proportional to the buffer 
width and overall health. Previous studies (Castelle and Johnson, 2000) have estimated that 
approximately 80% of sediment and 65% of particulate organic matter can be removed across a 
healthy riparian buffer. Studies within Montana suggest that sediment generated from upland 
erosion sources can be reduced by 25% (Middle Blackfoot TMDL) to 90% (Hook, 2003).   
 
A riparian health assessment was previously conducted for the Lower Gallatin River watershed 
by Montana DEQ. Ratings of poor, fair, and good were assigned to the left and right bank of 
multiple reaches on each surveyed stream. The results of this assessment are provided below in 
Table 2-5 and shown graphically in Figure 2-5.  
 
The USLE derived sediment loads for the Lower Gallatin River watershed were adjusted to 
compensate for riparian health conditions in the watershed. For this analysis, a sediment 
reduction efficiency of 75% was assumed for a healthy (good) riparian buffer. With 75% 
removal, 25% of the USLE-derived sediment load is delivered to the stream. As the condition of 
the riparian buffer declines or is degraded, sediment reduction efficiencies of 50% and 25% are 
assumed to represent moderately (fair) and heavily (poor) disturbed conditions.  
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Table 2-5.  Riparian Health Statistics for the Lower Gallatin River Watershed.  
Stream Parameter 

Riparian Condition 
Poor Fair Good 

Bear Creek 
Length (mi) 0.00 14.76 5.51 

Percent 0% 73% 27% 

Bozeman Creek 
Length (mi) 2.28 18.56 10.74 

Percent 7% 59% 34% 

Camp Creek 
Length (mi) 14.97 35.43 0.28 

Percent 30% 70% 1% 

Dry Creek 
Length (mi) 2.06 29.94 0.46 

Percent 6% 92% 1% 

Godfrey Creek 
Length (mi) 12.10 2.14 0.00 

Percent 85% 15% 0% 

Jackson Creek 
Length (mi) 0.00 14.80 0.77 

Percent 0% 95% 5% 

Reese Creek 
Length (mi) 2.28 12.58 0.00 

Percent 15% 85% 0% 

Rocky Creek 
Length (mi) 1.98 12.00 1.10 

Percent 13% 80% 7% 

Smith Creek 
Length (mi) 0.62 11.98 0.00 

Percent 5% 95% 0% 

Stone Creek 
Length (mi) 0.00 10.83 0.31 

Percent 0% 97% 3% 

Thompson Creek 
Length (mi) 3.76 10.62 0.00 

Percent 26% 74% 0% 
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Figure 2-5.  Riparian Health Condition of the Lower Gallatin River Watershed. 
 
Riparian health data for the Lower Gallatin River watershed were incorporated into the USLE 
model by appropriating the calculated sediment load into the riparian condition categories for 
each watershed. This was accomplished by multiplying the USLE derived sediment load by the 
percent of each riparian condition present (poor, fair, good) and by the assumed delivery ratio 
(75% for poor, 50% for fair, 25% for good). Anthropogenic land-use categories were assigned 
the riparian condition that was previously determined for each watershed, while natural land-use 
categories were assigned a riparian condition of 75% good and 25% fair. This assumes that areas 
with natural sources of erosion have functioning riparian buffers that cannot be improved 
through the implementation of BMPs. For the purposes of this analysis, land-use categories 
considered anthropogenic include cultivated crops, developed land (low, medium and high 
density, open space), pasture/hay, grasslands/herbaceous land, and shrub/scrub land. Land-use 
categories considered natural include barren land, deciduous forest, emergent herbaceous 
wetland, evergreen forest, mixed forest, open water, and woody wetlands. The riparian health 
condition was not evaluated for Ross Creek; instead, the Ross Creek sub-watershed received the 
sediment delivery ratios calculated for Reese Creek, which is in close proximity to Ross Creek 
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and has similar land-use. Examples of the sediment load calculations incorporating the riparian 
health condition are provided for each modeling scenario below in Table 2-6. 
 

Table 2-6.  Riparian Health Example for the Bear Creek Sub-Watershed. 

Sub-
Watershed Land Use Type 

Existing 
Upland 

Conditions 
Load 

(Tons/Year) 

Desired 
Upland 

Conditions 
Load 

(Tons/Year) 

Riparian Buffer 
Condition (%) 

Appropriated 
Sediment Load 

(tons/year) 

Total 
Adjusted 

Load 
(tons/yr) 

Percent 
Load 

Reduction 
Good Fair Poor Good  Fair  Poor 

Scenario 1 -Existing Upland Condition Load Adjusted for Existing Riparian Condition 

Bear 
Creek 

Anthropogenic 378.8 251.9 27% 73% 0% 25.7 137.9 0.0 164 57% 
Natural 139.9 139.9 75% 25% 0% 26.2 17.5 0.0 44 69% 
Total 518.7 391.8 -   -  - 52.0 155.4 0.0 207 60% 

Scenario 2 - Desired Upland Condition Load Adjusted for Existing Riparian Condition 

Bear 
Creek 

Anthropogenic 378.8 251.9 27% 73% 0% 17.1 91.7 0.0 109 34% 
Natural 139.9 139.9 75% 25% 0% 26.2 17.5 0.0 44 0% 
Total 518.7 391.8 -   -  - 43.3 109.2 0.0 153 26% 

Scenario 3 - Desired Upland Condition Load Adjusted for Improved Riparian Condition 

Bear 
Creek 

Anthropogenic 378.8 251.9 75% 25% 0% 47.2 31.5 0.0 79 28% 
Natural 139.9 139.9 75% 25% 0% 26.2 17.5 0.0 44 0% 
Total 518.7 391.8 -  -  -  73.5 49.0 0.0 122 20% 

 
For Scenario 1, loads were calculated using the USLE-based sediment loads derived for the 
existing upland condition, and the existing riparian health condition was applied to the 
anthropogenic land-use types. Natural land-use types were assigned riparian health condition of 
75% good and 25% fair. This scenario evaluates the influence of the existing riparian condition 
on the existing USLE-derived upland sediment load.  
 
For Scenario 2, loads were calculated using the USLE-based sediment loads for the desired 
upland condition, and the existing riparian health condition was applied to the anthropogenic 
land-use types. Natural land-use types were assigned riparian health condition of 75% good and 
25% fair. This scenario evaluates the effectiveness of the implementation of upland BMPs that 
improve land cover.  
 
For Scenario 3, loads were calculated using the USLE-based sediment loads for the desired 
upland condition, and an improved riparian health condition was applied to the anthropogenic 
land-use types. In this calculation, the riparian health condition was changed to 75% good and 
25% fair for anthropogenic land-use types, while natural land-use types remained at 75% good 
and 25% fair. The concept is that through the application of riparian BMPs, the health of the 
vegetated riparian buffers will increase, hence increasing their sediment reduction efficiency. 
This scenario evaluates the effectiveness of implementing BMPs that improve riparian condition.  
 
 
3.0 Results 
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Sediment loading results for the existing and desired upland conditions are provided below in 
Table 3-1. This table presents results of the USLE model before the incorporation of the riparian 
health condition. Results are presented by sub-watershed and land-use type, and are further 
grouped by anthropogenic and natural sources. It should be noted that the sub-watersheds listed 
are not additive of watershed areas upstream, and include only the total for the sub-watershed 
listed. Total upland sediment loads for the sediment listed streams ranged from 1.0 tons/year 
(Smith Creek) to 13,258 tons/year (Dry Creek) for the existing upland condition, with an average 
sediment load of 3,057 tons/year. Using the desired upland condition, sediment loads for listed 
streams ranged from 0.7 tons/year (Smith Creek) and 7,856 tons/year (Dry Creek), with an 
average of 1,924 tons/year. 
 
Results of the riparian health incorporation are presented in Table 3-2, including results of the 
three model scenarios grouped by anthropogenic (labeled as “anthro”) and natural sources. 
Scenario 1 represents the sediment load delivered to streams under the existing upland condition 
and with existing riparian health conditions, Scenario 2 represents the desired upland condition 
with existing riparian health, and Scenario 3 represents the desired upland condition with 
improved riparian health. Anthropogenic sediment loads for the sediment listed streams were 
reduced by 33-43% with the implementation of upland management BMPs, and anthropogenic 
sources were reduced 28-56% with the use of BMPs that improve riparian health condition. The 
total load reduction potential with the use of both upland and riparian BMPs ranged from 41-
72% for the sub-watersheds.  
  



 

18 

Table 3-1.  Results of USLE Model for Lower Gallatin River Watershed (without riparian health). 

Sub-
Watershed Land Use Type Area 

(acres) 
Percent of 
Watershed 

Existing 
Condition 

Load 
(Tons/Year) 

Existing 
Conditions 

Load 
(Tons/Acre/

Year) 

Desired 
Conditions 

Load 
(Tons/Year) 

Desired 
Conditions 

Load 
(Tons/Acre/

Year) 

Bear Creek 

Cultivated Crops 291 2% 32.5 0.11 21.7 0.07 
Deciduous Forest 397 3% 4.8 0.01 4.8 0.01 

Developed Low Intensity 26 0% 0.0 0.00 0.0 0.00 
Developed Open Space 112 1% 0.1 0.00 0.1 0.00 

Emergent Herb. Wetlands 9 0% 0.0 0.00 0.0 0.00 
Evergreen Forest 9590 76% 134.9 0.01 134.9 0.01 

Grasslands/Herbaceous 140 1% 25.3 0.18 13.7 0.10 
Mixed Forest 20 0% 0.1 0.01 0.1 0.01 
Pasture/Hay 587 5% 8.8 0.01 5.7 0.01 
Shrub/Scrub 1503 12% 312.2 0.21 210.7 0.14 

Woody Wetlands 20 0% 0.0 0.00 0.0 0.00 
Total Anthropogenic 2658 21% 378.8 0.14 251.9 0.09 

Total Natural 10035 79% 139.9 0.01 139.9 0.01 
Total Sub-Watershed 12694 100% 518.7 0.04 391.8 0.03 

Camp 
Creek 

Barren Land 6 0% 0.0 0.00 0.0 0.00 
Cultivated Crops 15200 32% 4997.2 0.33 3331.5 0.22 
Deciduous Forest 35 0% 0.4 0.01 0.4 0.01 

Developed High Intensity 3 0% 0.0 0.00 0.0 0.00 
Developed Low Intensity 291 1% 0.1 0.00 0.1 0.00 
Developed Med. Intensity 28 0% 0.0 0.00 0.0 0.00 

Developed Open Space 1115 2% 0.4 0.00 0.4 0.00 
Emergent Herb. Wetlands 5 0% 0.0 0.00 0.0 0.00 

Evergreen Forest 339 1% 3.2 0.01 3.2 0.01 
Grasslands/Herbaceous 15202 32% 2651.0 0.17 1439.1 0.09 

Mixed Forest 13 0% 0.2 0.01 0.2 0.01 
Open Water 9 0% 0.0 0.00 0.0 0.00 
Pasture/Hay 7021 15% 241.7 0.03 157.1 0.02 
Shrub/Scrub 8410 18% 1380.7 0.16 932.0 0.11 

Woody Wetlands 112 0% 0.0 0.00 0.0 0.00 
Total Anthropogenic 47271 99% 9271.1 0.20 5860.1 0.12 

Total Natural 520 1% 3.8 0.01 3.8 0.01 
Total Sub-Watershed 47791 100% 9274.9 0.19 5864.0 0.12 

Dry Creek 

Barren Land 93 0% 0.0 0.00 0.0 0.00 
Deciduous Forest 42 0% 0.4 0.01 0.4 0.01 

Developed Low Intensity 54 0% 0.0 0.00 0.0 0.00 
Developed Open Space 1431 2% 1.0 0.00 1.0 0.00 

Evergreen Forest 13235 19% 298.0 0.02 298.0 0.02 
Grasslands/Herbaceous 33712 50% 8891.5 0.26 4826.8 0.14 

Mixed Forest 16 0% 0.2 0.01 0.2 0.01 
Open Water 1 0% 0.0 0.00 0.0 0.00 
Pasture/Hay 11754 17% 640.2 0.05 416.1 0.04 
Shrub/Scrub 7454 11% 3426.9 0.46 2313.2 0.31 
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Table 3-1.  Results of USLE Model for Lower Gallatin River Watershed (without riparian health). 

Sub-
Watershed Land Use Type Area 

(acres) 
Percent of 
Watershed 

Existing 
Condition 

Load 
(Tons/Year) 

Existing 
Conditions 

Load 
(Tons/Acre/

Year) 

Desired 
Conditions 

Load 
(Tons/Year) 

Desired 
Conditions 

Load 
(Tons/Acre/

Year) 

Woody Wetlands 114 0% 0.1 0.00 0.1 0.00 
Total Anthropogenic 54405 80% 12959.7 0.24 7557.2 0.14 

Total Natural 13501 20% 298.7 0.02 298.7 0.02 
Total Sub-Watershed 67905 100% 13258.4 0.20 7855.9 0.12 

Godfrey 
Creek 

Barren Land 2 0% 0.0 0.00 0.0 0.00 
Cultivated Crops 3697 46% 2164.2 0.59 1442.8 0.39 

Developed High Intensity 1 0% 0.0 0.00 0.0 0.00 
Developed Low Intensity 120 1% 0.0 0.00 0.0 0.00 
Developed Med. Intensity 16 0% 0.0 0.00 0.0 0.00 

Developed Open Space 279 3% 0.2 0.00 0.2 0.00 
Evergreen Forest 1 0% 0.0 0.00 0.0 0.00 

Grasslands/Herbaceous 2232 28% 783.7 0.35 425.4 0.19 
Mixed Forest 1 0% 0.0 0.00 0.0 0.00 
Pasture/Hay 1410 17% 110.8 0.08 72.0 0.05 
Shrub/Scrub 330 4% 88.2 0.27 59.5 0.18 

Total Anthropogenic 8085 100% 3147.2 0.39 2000.1 0.25 
Total Natural 4 0% 0.0 0.00 0.0 0.00 

Total Sub-Watershed 8089 100% 3147.2 0.39 2000.1 0.25 

Jackson 
Creek 

Deciduous Forest 16 0% 0.1 0.01 0.1 0.01 
Developed Low Intensity 4 0% 0.0 0.00 0.0 0.00 
Developed Open Space 3 0% 0.0 0.00 0.0 0.00 

Evergreen Forest 6663 56% 175.8 0.03 175.8 0.03 
Grasslands/Herbaceous 3522 30% 1757.8 0.50 954.2 0.27 

Pasture/Hay 547 5% 56.5 0.10 36.7 0.07 
Shrub/Scrub 1092 9% 483.0 0.44 326.0 0.30 

Woody Wetlands 1 0% 0.0 0.00 0.0 0.00 
Total Anthropogenic 5168 44% 2297.3 0.44 1317.0 0.25 

Total Natural 6681 56% 175.9 0.03 175.9 0.03 
Total Sub-Watershed 11849 100% 2473.2 0.21 1492.9 0.13 

Reese 
Creek 

Barren Land 177 1% 0.0 0.00 0.0 0.00 
Deciduous Forest 46 0% 0.4 0.01 0.4 0.01 

Developed Low Intensity 6 0% 0.0 0.00 0.0 0.00 
Developed Open Space 218 1% 0.0 0.00 0.0 0.00 

Evergreen Forest 7834 39% 280.3 0.04 280.3 0.04 
Grasslands/Herbaceous 5690 29% 1621.2 0.28 880.1 0.15 

Mixed Forest 10 0% 0.1 0.01 0.1 0.01 
Pasture/Hay 4138 21% 132.5 0.03 86.1 0.02 
Shrub/Scrub 1710 9% 1291.8 0.76 871.9 0.51 

Woody Wetlands 89 0% 0.0 0.00 0.0 0.00 
Total Anthropogenic 11762 59% 3045.5 0.26 1838.2 0.16 

Total Natural 8156 41% 280.8 0.03 280.8 0.03 
Total Sub-Watershed 19918 100% 3326.3 0.17 2119.0 0.11 



 

20 

Table 3-1.  Results of USLE Model for Lower Gallatin River Watershed (without riparian health). 

Sub-
Watershed Land Use Type Area 

(acres) 
Percent of 
Watershed 

Existing 
Condition 

Load 
(Tons/Year) 

Existing 
Conditions 

Load 
(Tons/Acre/

Year) 

Desired 
Conditions 

Load 
(Tons/Year) 

Desired 
Conditions 

Load 
(Tons/Acre/

Year) 

Rocky 
Creek 

Cultivated Crops 56 0% 15.9 0.29 10.6 0.19 
Deciduous Forest 421 2% 9.9 0.02 9.9 0.02 

Developed Low Intensity 219 1% 0.1 0.00 0.1 0.00 
Developed Med. Intensity 30 0% 0.0 0.00 0.0 0.00 

Developed Open Space 258 1% 0.3 0.00 0.3 0.00 
Emergent Herb. Wetlands 2 0% 0.0 0.00 0.0 0.00 

Evergreen Forest 12537 57% 187.3 0.01 187.3 0.01 
Grasslands/Herbaceous 1852 8% 874.4 0.47 474.7 0.26 

Mixed Forest 52 0% 0.5 0.01 0.5 0.01 
Pasture/Hay 485 2% 73.0 0.15 47.5 0.10 
Shrub/Scrub 6084 28% 2997.7 0.49 2023.5 0.33 

Woody Wetlands 60 0% 0.1 0.00 0.1 0.00 
Total Anthropogenic 8984 41% 3961.6 0.44 2556.7 0.28 

Total Natural 13073 59% 197.7 0.02 197.7 0.02 
Total Sub-Watershed 22057 100% 4159.3 0.19 2754.4 0.12 

Ross Creek 

Deciduous Forest 7 0% 0.1 0.01 0.1 0.01 
Developed Low Intensity 28 0% 0.0 0.00 0.0 0.00 
Developed Med. Intensity 2 0% 0.0 0.00 0.0 0.00 

Developed Open Space 319 4% 0.0 0.00 0.0 0.00 
Grasslands/Herbaceous 2917 38% 43.5 0.01 23.6 0.01 

Open Water 1 0% 0.0 0.00 0.0 0.00 
Pasture/Hay 4146 54% 36.4 0.01 23.7 0.01 
Shrub/Scrub 272 4% 4.7 0.02 3.2 0.01 

Woody Wetlands 15 0% 0.0 0.00 0.0 0.00 
Total Anthropogenic 7683 100% 84.6 0.01 50.4 0.01 

Total Natural 23 0% 0.1 0.00 0.1 0.00 
Total Sub-Watershed 7706 100% 84.6 0.01 50.5 0.01 

Smith 
Creek 

Developed High Intensity 2 0% 0.0 0.00 0.0 0.00 
Developed Low Intensity 10 1% 0.0 0.00 0.0 0.00 
Developed Open Space 60 6% 0.0 0.00 0.0 0.00 
Grasslands/Herbaceous 56 5% 0.1 0.00 0.0 0.00 

Open Water 2 0% 0.0 0.00 0.0 0.00 
Pasture/Hay 886 83% 1.0 0.00 0.6 0.00 
Shrub/Scrub 9 1% 0.0 0.00 0.0 0.00 

Woody Wetlands 40 4% 0.0 0.00 0.0 0.00 
Total Anthropogenic 1023 96% 1.0 0.00 0.7 0.00 

Total Natural 42 4% 0.0 0.00 0.0 0.00 
Total Sub-Watershed 1066 100% 1.0 0.00 0.7 0.00 

Stone 
Creek 

Deciduous Forest 6 0% 0.0 0.01 0.0 0.01 
Evergreen Forest 4632 83% 212.3 0.05 212.3 0.05 

Grasslands/Herbaceous 515 9% 523.2 1.02 284.0 0.55 
Mixed Forest 1 0% 0.0 0.00 0.0 0.00 
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Table 3-1.  Results of USLE Model for Lower Gallatin River Watershed (without riparian health). 

Sub-
Watershed Land Use Type Area 

(acres) 
Percent of 
Watershed 

Existing 
Condition 

Load 
(Tons/Year) 

Existing 
Conditions 

Load 
(Tons/Acre/

Year) 

Desired 
Conditions 

Load 
(Tons/Year) 

Desired 
Conditions 

Load 
(Tons/Acre/

Year) 

Pasture/Hay 23 0% 1.4 0.06 0.9 0.04 
Shrub/Scrub 422 8% 190.5 0.45 128.6 0.30 

Woody Wetlands 2 0% 0.0 0.00 0.0 0.00 
Total Anthropogenic 961 17% 715.2 0.74 413.6 0.43 

Total Natural 4641 83% 212.3 0.05 212.3 0.05 
Total Sub-Watershed 5602 100% 927.6 0.17 625.9 0.11 

Thompson 
Creek 

Cultivated Crops 1502 61% 5.9 0.00 4.0 0.00 
Deciduous Forest 3 0% 0.0 0.00 0.0 0.00 

Developed Low Intensity 17 1% 0.0 0.00 0.0 0.00 
Developed Open Space 133 5% 0.0 0.00 0.0 0.00 
Grasslands/Herbaceous 320 13% 0.2 0.00 0.1 0.00 

Pasture/Hay 390 16% 0.3 0.00 0.2 0.00 
Shrub/Scrub 75 3% 0.0 0.00 0.0 0.00 

Woody Wetlands 18 1% 0.0 0.00 0.0 0.00 
Total Anthropogenic 2437 99% 6.5 0.00 4.3 0.00 

Total Natural 21 1% 0.0 0.00 0.0 0.00 
Total Sub-Watershed 2457 100% 6.5 0.00 4.3 0.00 

Lower 
Bozeman 

Creek 

Cultivated Crops 277 1% 15.0 0.05 10.0 0.04 
Deciduous Forest 354 2% 7.1 0.02 7.1 0.02 

Developed Low Intensity 6 0% 0.0 0.00 0.0 0.00 
Developed Open Space 57 0% 0.0 0.00 0.0 0.00 

Emergent Herb. Wetlands 11 0% 0.0 0.00 0.0 0.00 
Evergreen Forest 16726 84% 405.8 0.02 405.8 0.02 

Grasslands/Herbaceous 269 1% 211.8 0.79 115.0 0.43 
Mixed Forest 8 0% 0.0 0.00 0.0 0.00 
Open Water 12 0% 0.0 0.00 0.0 0.00 
Pasture/Hay 296 1% 4.4 0.01 2.9 0.01 
Shrub/Scrub 1874 9% 1531.7 0.82 1033.9 0.55 

Woody Wetlands 106 1% 0.0 0.00 0.0 0.00 
Total Anthropogenic 2779 14% 1762.9 0.63 1161.7 0.42 

Total Natural 17217 86% 413.0 0.02 413.0 0.02 
Total Sub-Watershed 19997 100% 2175.9 0.11 1574.7 0.08 

Upper 
Bozeman 

Creek 

Cultivated Crops 1305 10% 96.6 0.07 64.4 0.05 
Deciduous Forest 270 2% 3.4 0.01 3.4 0.01 

Developed High Intensity 12 0% 0.0 0.00 0.0 0.00 
Developed Low Intensity 680 5% 0.0 0.00 0.0 0.00 
Developed Med. Intensity 187 1% 0.0 0.00 0.0 0.00 

Developed Open Space 2300 17% 0.4 0.00 0.4 0.00 
Emergent Herb. Wetlands 12 0% 0.0 0.00 0.0 0.00 

Evergreen Forest 4703 35% 36.1 0.01 36.1 0.01 
Grasslands/Herbaceous 179 1% 7.4 0.04 4.0 0.02 

Mixed Forest 23 0% 0.0 0.00 0.0 0.00 
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Table 3-1.  Results of USLE Model for Lower Gallatin River Watershed (without riparian health). 

Sub-
Watershed Land Use Type Area 

(acres) 
Percent of 
Watershed 

Existing 
Condition 

Load 
(Tons/Year) 

Existing 
Conditions 

Load 
(Tons/Acre/

Year) 

Desired 
Conditions 

Load 
(Tons/Year) 

Desired 
Conditions 

Load 
(Tons/Acre/

Year) 

Pasture/Hay 2103 16% 43.3 0.02 28.2 0.01 
Shrub/Scrub 1425 11% 202.1 0.14 136.4 0.10 

Woody Wetlands 58 0% 0.0 0.00 0.0 0.00 
Total Anthropogenic 8191 62% 349.9 0.04 233.4 0.03 

Total Natural 5065 38% 39.5 0.01 39.5 0.01 
Total Sub-Watershed 13257 100% 389.4 0.03 272.9 0.02 

Remaining 
Lower 

Gallatin 
Watershed 

Barren Land 1048 0% 0.0 0.00 0.0 0.00 
Cultivated Crops 56000 14% 11632.6 0.21 7755.1 0.14 
Deciduous Forest 2217 1% 39.5 0.02 39.5 0.02 

Developed High Intensity 146 0% 0.0 0.00 0.0 0.00 
Developed Low Intensity 7733 2% 0.3 0.00 0.3 0.00 
Developed Med. Intensity 2308 1% 0.0 0.00 0.0 0.00 

Developed Open Space 16454 4% 3.0 0.00 3.0 0.00 
Emergent Herb. Wetlands 809 0% 0.0 0.00 0.0 0.00 

Evergreen Forest 98569 25% 2593.8 0.03 2593.8 0.03 
Grasslands/Herbaceous 84146 21% 25876.1 0.31 14047.0 0.17 

Mixed Forest 360 0% 4.3 0.01 4.3 0.01 
Open Water 707 0% 0.0 0.00 0.0 0.00 
Pasture/Hay 65632 17% 1686.3 0.03 1096.1 0.02 
Shrub/Scrub 53536 13% 23697.5 0.44 15995.8 0.30 

Woody Wetlands 7729 2% 1.1 0.00 1.1 0.00 
Total Anthropogenic 285956 72% 62895.8 0.22 38897.3 0.14 

Total Natural 111438 28% 2638.7 0.02 2638.7 0.02 
Total Sub-Watershed 397394 100% 65534.5 0.16 41536.0 0.10 

Total 
Lower 

Gallatin 
River 

Watershed 

Total Anthro Load 447363 70% 100877.1 0.23 62142.6 0.14 

Total Natural Load 190418 30% 4400.5 0.02 4400.5 0.02 

Total Watershed 637781 100% 105277.6 0.17 66543.1 0.10 
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Table 3-2.  Results of USLE Model with Riparian Health Incorporation.  

Sub-
Watershed 

Land 
Use 

Type 

Existing 
Condition 

Load 
(tons/yr) 

Desired 
Condition 

Load 
(tons/yr) 

Scenario 1 Scenario 2 Scenario 3 Total 
Load 

Reduction 
w/ use of 
Upland 

and 
Riparian 

BMPs 

Existing 
Upland 
Load w/ 
Existing 
Riparian 
Condition 
(tons/yr) 

Percent 
Load 

Reduction 
w/ use of 
Riparian 
Condition 

Desired 
Upland 
Load w/ 
Existing 
Riparian 
Condition 
(tons/yr) 

Percent 
Load 

Reduction 
w/ use of  
Upland 
BMPs 

 Desired 
Upland 
Load w/ 

Improved 
Riparian 
Health 

(tons/yr) 

Percent 
Load 

Reduction 
w/ use of 
Riparian 

BMPs 

Bear Creek 
Anthro 379 252 164 57% 109 34% 79 28% 52% 
Natural 140 140 44 69% 44 0% 44 0% 0% 
Total 519 392 207 60% 153 26% 122 20% 41% 

Camp 
Creek 

Anthro 9271 5860 5307 43% 3355 37% 1831 45% 65% 
Natural 4 4 1 69% 1 0% 1 0% 0% 
Total 9275 5864 5309 43% 3356 37% 1832 45% 65% 

Dry Creek 
Anthro 12960 7557 6640 49% 3872 42% 2362 39% 64% 
Natural 299 299 93 69% 93 0% 93 0% 0% 
Total 13258 7856 6733 49% 3965 41% 2455 38% 64% 

Godfrey 
Creek 

Anthro 3147 2000 2242 29% 1425 36% 625 56% 72% 
Natural 0 0 0 69% 0 0% 0 0% 0% 
Total 3147 2000 2242 29% 1425 36% 625 56% 72% 

Jackson 
Creek 

Anthro 2297 1317 1120 51% 642 43% 412 36% 63% 
Natural 176 176 55 69% 55 0% 55 0% 0% 
Total 2473 1493 1175 52% 697 41% 467 33% 60% 

Reese 
Creek 

Anthro 3046 1838 1640 46% 990 40% 574 42% 65% 
Natural 281 281 88 69% 88 0% 88 0% 0% 
Total 3326 2119 1727 48% 1077 38% 662 39% 62% 

Rocky 
Creek 

Anthro 3962 2557 2039 49% 1316 35% 799 39% 61% 
Natural 198 198 62 69% 62 0% 62 0% 0% 
Total 4159 2754 2100 50% 1377 34% 861 38% 59% 

Ross Creek 
Anthro 85 50 46 46% 27 40% 16 42% 65% 
Natural 0 0 0 69% 0 0% 0 0% 0% 
Total 85 51 46 46% 27 40% 16 42% 65% 

Smith 
Creek 

Anthro 1 1 1 49% 0 36% 0 39% 61% 
Natural 0 0 0 69% 0 0% 0 0% 0% 
Total 1 1 1 49% 0 36% 0 39% 61% 

Stone 
Creek 

Anthro 715 414 353 51% 204 42% 129 37% 63% 
Natural 212 212 66 69% 66 0% 66 0% 0% 
Total 928 626 419 55% 270 35% 196 28% 53% 

Thompson 
Creek 

Anthro 6 4 4 43% 2 34% 1 45% 63% 
Natural 0 0 0 69% 0 0% 0 0% 0% 
Total 6 4 4 43% 2 34% 1 45% 63% 

Lower 
Bozeman 

Creek 

Anthro 1763 1162 763 57% 503 34% 363 28% 52% 
Natural 413 413 129 69% 129 0% 129 0% 0% 
Total 2176 1575 892 59% 632 29% 492 22% 45% 

Upper 
Bozeman 

Creek 

Anthro 350 233 152 57% 101 33% 73 28% 52% 
Natural 40 40 12 69% 12 0% 12 0% 0% 
Total 389 273 164 58% 113 31% 85 25% 48% 

Remaining 
Watershed 

Anthro 62896 38897 31530 50% 19500 38% 12155 38% 61% 
Natural 2639 2639 825 69% 825 0% 825 0% 0% 
Total 65535 41536 32355 51% 20324 37% 12980 36% 60% 

Lower 
Gallatin 

Watershed 

Anthro 100877 62143 50571 50% 31153 38% 19420 38% 62% 
Natural 4400 4400 1375 69% 1375 0% 1375 0% 0% 
Total 105278 66543 51946 51% 32528 37% 20795 36% 60% 
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BACKGROUND 

The city of Bozeman (city) lies in the Bozeman Creek/East Fork Gallatin River drainage. This watershed is 
currently under TMDL development for sediment, nutrients, and pathogens. Therefore, it is of 
importance to identify the portion of this pollutant loading coming from urban runoff associated with 
the city. Additionally, an existing NPDES MS4 permit applies to this area, and developing a pollutant 
loading model may assist with refining the data in the MS4 permit. 
 
In this study, a hydrologic stormwater model is used to estimate pollutant loadings due to city runoff for 
sediment and nutrients. This model is set up using a similar structure as a previous Bozeman-area model 
so as to be able to relate it to previous results. This pollutant loading model represents existing 
conditions in the project basin, and can be used to determine future loading totals from various future 
scenarios. This model can also be modified as more detailed information on existing BMPs, subsurface 
stormwater systems, and flow and water quality data from the stormwater systems becomes available, 
and can also be integrated with future improvements such as retention ponds, improved BMPs, LID, etc. 
This model was built using the Environmental Protection Agency’s Storm Water Management Model 
(SWMM) Version 5.0 (Build 5.0.020)(Rossman, 2010). 
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1.0 LOCATION AND SCOPE OF WORK 

The city of Bozeman encompasses approximately 12,500 acres (as of September 2010) in Gallatin 
County, Montana, and is roughly bound by the East Gallatin River to the north and east, Stucky Road to 
the south, and Cottonwood Road to the west (Figure 1-1). Approximate central coordinates for the city 
are 45.68o north latitude and 111.05o west longitude. It includes multiple sections within township 1S 
and 2S, range 5E and 6E. Elevations within the city range from approximately 4,600 to 5,400 feet above 
sea level, referenced to the North American Vertical Datum of 1988 (NAVD88). All elevations in this 
report are referenced to NAVD88.  
 

 
Figure 1-1. Project Location Map 
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1.1 SCOPE OF WORK 
1.1.1 Objectives and Model Selection 
The objective of the project is to build a pollutant loading model that represents existing and future 
conditions in the project basin, and that can be used to determine loading totals from the various 
catchments within the city. This model should provide a mechanism to model future improvements such 
as retention, improved BMPs, LID, etc. To meet these objectives, the stormwater modeling for the city 
performed by the Montana Department of Environmental Quality (DEQ) was done using the United 
States Environmental Protection Agency’s (EPA’s) Storm Water and Wastewater Management Model 
(SWMM) Version 5.0 (Build 5.0.020). 
 
SWMM was chosen for several reasons: 

• It can model stormwater runoff quality and quantity as a single event or on a continuous daily 
basis for multi-year period. 

• It is intended primarily for use in urban areas. 
• It is simple to use and widely accepted among the environmental community. 
• It is produced and maintained by the Environmental Protection Agency and is publicly available. 

 
After SWMM had been discussed as the appropriate software, it was found that the city had already 
modeled the study area through their consultant HDR, Inc. (HDR). HDR built the Greater Bozeman Area 
(GBA) stormwater model for the city using Storm Water and Wastewater Management Model (XP-
SWMM) in 2008. This facilitated model development as the input structure for XP-SWMM and SWMM is 
similar. XP-SWMM is a proprietary hydrodynamic flow model that can simulate spatially distributed 
hydraulic conditions. It can also be linked to a digital elevation model of the ground surface to simulate 
overland flow. Traditional subsurface flow can be linked to the surface flow, creating a very detailed 
estimate of observed conditions. Although XP-SWMM could meet the bulleted criteria above, the 
software is proprietary and costs several thousand dollars to purchase. Also, the level of hydraulic detail 
achieved by XP-SWMM is higher than needed in this analysis. Therefore, DEQ chose to use the XP-
SWMM input data to re-create the model within the SWMM platform. A final objective was to ensure 
the two models corroborated well, so that input and results from one could be used in the other to 
reproduce similar results. 
 
Thus, the plan for this modeling effort was to first re-create the GBA model in SWMM, and have the 
results of that effort match well with the results from the original HDR/XP-SWMM version of the GBA 
model. Once this was achieved, the SWMM GBA model was pared down to the city of Bozeman, and run 
on a continuous time step for 30 years to estimate pollutant loading for the city only (the MS4 area). 
This two-phase modeling approach is broken down in Sections 4 and 5 of this document. 
 
1.1.2 Data Collection and Review 
Data was acquired from the city of Bozeman and their consultant, HDR, Inc. Data received from the city 
includes a hard copy of the May 2008 Bozeman Storm Water Facilities Plan (with appendices)(HDR 
Engineering, Inc.,2008), a compact disc containing the basic inputs and outputs tables of the XP-SWMM 
model in spreadsheet format, and access to GIS data such as land use, zoning, and catchment 
delineations used in the XP-SWMM model. HDR provided some assistance in interpreting several of the 
XP-SWMM files. 
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1.1.3 Assumptions and Limitations 
There were several assumptions and limitations associated with this modeling effort. SWMM uses a 
number of initial condition parameters. It was assumed that default values were adequate for this 
simulation. Since the main focus of this effort was a continuous runoff model that ran for approximately 
30 years, this assumption should be valid. SWMM also does not simulate instream reactions, and 
delivers all loads through the routed system in a continuous stirred-tank reactor type method. This 
assumption should be valid for conveyance features with short travel times (as is the case in a small city 
setting such as Bozeman). 
 
The data acquisition for this model is limited by the fact that almost all data was obtained from 3rd 
parties. The vast majority of the input data was obtained from the original HDR model. The assumption 
is that this data was correct. No surveys, ground-truthing, etc. was done to verify this data. There were 
several inconsistencies and/or data gaps within the reported HDR model data (explained further in the 
precipitation and infiltration sections), and when these were encountered, best professional judgment 
was used to determine the appropriate solution. 
 
As is mentioned throughout this document, this model is severely limited by the lack of a mapped 
stormwater system, flow or water quality data, data on existing BMPs within the watershed, and/or 
ground-truthed watershed delineations. Without this data, it was unfeasible to calibrate this model in 
any meaningful way. While this limitation may change in the future as data becomes available and is 
added to the model, at this time the model should be used as a tool for determining relative load 
reductions between scenarios only. It should not be used for, or considered, a TMDL-level load 
allocation model. 
 

2.0 SITE CHARACTERIZATION 

The site characterization will focus principally on the city of Bozeman, since the GBA has already been 
characterized by HDR and it was only used in this project to re-create the original model in SWMM. 
 

2.1 PROJECT BOUNDARIES 
The GBA stormwater model encompasses almost 50,000 acres within and around the city of Bozeman. 
The city of Bozeman stormwater model includes only the area within the Bozeman city limits 
(approximately 12,500 acres), as defined by the city GIS layer titled “Bozeman_City_Limits” available on 
their website (http://www.bozeman.net/Departments-(1)/Information-Technology/GIS) as of August 
2010 (Figure 2-1). Throughout this report, these two models will be referred to as the GBA model and 
the City model. 
 

http://www.bozeman.net/Departments-(1)/Information-Technology/GIS)
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Figure 2-1. Greater Bozeman Area Location Map 
 

2.2 LAND USE 
Land use data used in the GBA model was taken from the city’s 2004 land use GIS data. However, this 
land use data only covers the area within the city limits, and it is unclear how land uses for areas outside 
the city (but inside the GBA) were determined. Regardless, the input data lists the land use, areas, and 
percent impervious area for each sub-catchment, and so the necessary data to re-create the model was 
available - even if it is unclear where it came from originally. For the City model, 2009 land use GIS data 
was used. The majority of the land use within the city is vacant (land that is currently unoccupied; no 
buildings) and right-of-way (roads and right-of-ways) (Table 2-1). Land uses were used in the City model 
to estimate the percent impervious area associated with each sub-catchment, a necessary modeling 
parameter. 
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Table 2-1. 2009 Land Use Within the City of Bozeman 
Land Use Area (acres) Area (%) 
Vacant 3,591.6 28.8% 
Right of Way 2,269.1 18.2% 
Public Facility/Park 1,657.6 13.3% 
Single Home Residential 1,528.1 12.3% 
School/Educational Facility 793.7 6.4% 
Multiple Home Residential 512.8 4.1% 
Commercial/Retail 442.7 3.6% 
Mixed Use 252.4 2.0% 
Duplex/Triplex Home Residential 235.4 1.9% 
Admin/Professional 222.5 1.8% 
Light Manufacturing 215.9 1.7% 
Unknown 189.3 1.5% 
Golf Course 178.6 1.4% 
Commercial/Auto 112.4 0.9% 
MHMP 104.9 0.8% 
Hotel/Motel 68.2 0.5% 
Church 52.2 0.4% 
Restaurant/Bar 40.7 0.3% 
Totals: 12,468.0 100.0% 
 

2.3 TOPOGRAPHY AND DRAINAGE 
The project area is moderately sloped from southeast to northwest, with surface elevations in the city 
ranging from approximately 4,600 ft. to 5,400 ft. (surface elevations within the GBA range from 
approximately 4,500 ft. to 8,700 ft.). The area drains generally to the north and west, towards the East 
Gallatin River (Figure 2-2). A digital elevation model with 10 meter resolution, obtained from the USGS 
National Elevation Dataset (NED), was used in the modeling process. 
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Figure 2-2. Drainage and Topography Map (elevation in feet) 
 

2.4 SOILS AND INFILTRATION 
Soil types for the project area were obtained from the State Soil Geographic (STATSGO) database. The 
project area consists of four soil types – MT587, MT535, MT544, and MT658. These soils typically consist 
of silts with 20-25% clay content and can be found on a multitude of slopes. Each of these soil types has 
a hydrologic soil group of either B or C (Figure 2-3). 
 
Hydrologic soil types are used for determining infiltration rates in the model, as well as depths to 
groundwater for design purposes. Soils can be classified into one of four USDA Natural Resources 
Conservation Service (NRCS) hydrologic soil groups depending on their runoff potential (U.S. 
Department of Agriculture, NRCS, 1986). The four hydrologic soil groups are A through D, where Group 
A has the lowest runoff potential, and Group D has the highest runoff potential. A brief description of 
each is presented below: 
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Group A Soils having low runoff potential and high infiltration rates even when thoroughly saturated. 
They consist primarily of deep, well to excessively drained sands or gravels and have a high 
rate of water transmission. 

Group B Soils having moderate infiltration rates when thoroughly saturated and consist primarily of 
moderately deep-to-deep, moderately well-to-well drained soils with moderately fine to 
moderately coarse textures. These soils have a moderate rate of water transmission. 

Group C Soils having low infiltration rates when thoroughly saturated and consist primarily of soils 
with a layer that impedes downward movement of water and soils with moderately 
fine-to-fine texture. These soils have a low rate of water transmission. 

Group D Soils having high runoff potential. These soils have low infiltration rates when thoroughly 
saturated and consist primarily of clay soils with high swelling potential, soils with a 
permanent high water table, soils with a clay pan or clay layer at or near the surface and 
shallow soils over nearly impervious material. These soils have a very low rate of water 
transmission. 

 

 
Figure 2-3. Soils Map 
 

2.5 HYDROLOGIC AND HYDRAULIC FEATURES 
The major hydrologic and hydraulic features in the project area consist of a stormwater infrastructure 
network, multiple irrigation ditches, Bozeman Creek, Bridger Creek, and the East Gallatin River. Since the 
objectives of this project do not include detailed hydraulic analysis, the stormwater network of pipes 
and outlets was not modeled in detail, but rather on a sub-catchment basis only. There are no significant 
hydraulic storage features (ponds, lakes, etc.) within the basin. 
 



City of Bozeman Hydrologic Model Report – Acronyms 

11/21/12  8 

3.0 GREATER BOZEMAN AREA: HYDROLOGIC ANALYSIS 

The goal of the DEQ GBA model was to re-create the original HDR model (modeled in XP-SWMM) in 
SWMM. There were actually several model runs to re-create, as HDR ran several 24-hour storm events 
for their analysis. The goal was to match the hydrology as closely as possible for all scenarios, based on 
the limited amount of calibration data available. 
 
Because SWMM and XPSWMM are similar, the input data was largely compatible between the two 
models. Compatible data included: 

• geographic (x and y coordinates for each junction in the model); 
• catchment (size, width, impervious percent, and slope); 
• junction (invert elevations, ground elevations, and maximum depths); 
• link (u/s and d/s elevations, slopes, conduit shapes, conduit lengths, Manning’s roughness 

values, channel bottom widths/pipe diameters). 
 
There were some parameters that had to be estimated (those that were not provided in the original 
HDR input data). These included parameters which are fairly standard, such as pervious and impervious 
manning’s values for catchment areas, depressional area storage, etc. These values were input as 
standard values, and a later sensitivity analysis showed that the model was not sensitive to these 
parameters. 
 
The infiltration values are more important. The infiltration used in the original HDR model is not stated, 
so DEQ had to use best professional judgment to determine infiltration rates and methods. Ultimately, 
the Horton’s infiltration model was used, both because it separates out impervious area separate from 
the pervious infiltration areas (like HDR did), and it also tends to deal better with long term rainfall 
events (which is part of the goal of step 2). This is further described in Section 4.4. 
 
See Appendix A for a list of all SWMM input data associated with the Greater Bozeman Area model. 
 

3.1 RAINFALL 
The rainfall events used by HDR for this study were the 2-yr 24-hr, 10-yr 24-hr, 25-yr 24-hr, and 100-yr 
24-hr rainfall events as determined by HDR (Table 3-1). According to HDR, these are based on USGS 
Report 98-4100, Characteristics of Extreme Storms in Montana and Methods for Constructing Synthetic 
Storm Hyetographs (Parrett, 1998), an assumed annual rainfall of 18.0 inches in Bozeman, MT, and the 
geographic position of Bozeman (45.68o N, 111.05o W). In the HDR modeling report, there is an 
inconsistency in the total rainfall reporting. Tables 2.2-2 and 2.4-1 from the Bozeman Storm Water 
Facilities Plan both give rainfall totals used in the model, but report different numbers (the difference is 
about 5-10%). The more conservative of these values (values from Table 2.4-1, also listed below in Table 
3-1) were used in this modeling analysis. 
 
The type of rainfall distribution used for the rainfall events in the model was determined by HDR from 
the USGS Report 98-4100. This report details how to determine region-specific design storm 
hyetographs. Two “unit” hyetographs for the 24-hr storm were used in the HDR model (Figures 2.2-2 
and Figure 2.2-3 from the Bozeman Storm Water Facilities Plan report (HDR Engineering, Inc.,2008)). 
However, the two are not identical (temporally or spatially), and neither one sums to one (which is the 
definition of a “unit” hyetograph). Since there was no additional information in this report discussing the 
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rainfall events used, these two graphs were both normalized to one inch of rainfall, and then an average 
of the two was taken and used in this analysis (Figure 3-1). This storm hyetograph is unlike the 
traditional SCS unit hyetograph. It has two smaller peaks, the large one very early in the storm event and 
a smaller one much later when the ground is theoretically saturated, as compared to the more 
traditional SCS hyetograph which has an intense peak in the middle of the storm event. 
 
Table 3-1. Project Rain Events 

Frequency (years) Duration (hours) Total Rainfall (inches) 
2 24 1.18 

10 24 1.96 
25 24 2.10 

100 24 2.81 
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Figure 3-1. 24-hr Rain Hyetograph, Cumulative Depth = 1 inch. 
 

3.2 BASIN AREA AND SUB-CATCHMENTS 
The project basin was created by HDR using ArcHydro with a 5-foot contour topographic map from the 
city. This process resulted in 60 catchments within the GBA watershed. The desire was to maintain the 
same watersheds for continuity purposes; however, since the elevation data currently available is much 
more refined (10 meter DEM from the USGS National Elevation Dataset), the watershed delineation was 
redone using ArcSWAT, which uses a similar delineation process to ArcHydro. The updated delineation 
based on the 10-meter DEM was fairly similar to the original HDR delineation (Figure 3-2). The figure 
shows the three sub-catchments within the watershed (East Gallatin River, Bozeman Creek, and Bridger 
Creek) for both delineations. All three updated sub-catchments overlap significantly with the originals. 
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Figure 3-2. Comparison of Original HDR Delineation with Updated DEQ Delineation. 
 
The original HDR basin is 49,063 acres and is broken up into 42 catchments (one of these catchments 
was later broken into several further sub-catchments). The catchments range in size from approximately 
30 acres to over 6,000 acres (Table 3-2). DEQ forced the ArcSWAT program to divide the basin into 
approximately 42 catchments as well. When compared to the original delineations, these basins were 
found to be fairly similar in shape and location (Figure 3-3). Therefore, based on the similarity between 
the two delineations, the possibility that HDR had additional information (stormwater network 
information, irrigation ditches not in the DEM, etc.), and to preserve continuity between the two 
models, the original HDR basins were kept for further modeling efforts. 
 
Table 3-2. Greater Bozeman Area Catchments 

Basin Name Area (acres) Basin Name Area (acres) Basin Name Area (acres) 
BC1A  1,157.1 EG1G 175.6 EG5Q 1,811.4 
BC2A  663.9 EG2A  1,525.6 EG6A 6,130.4 
BC2B 230.7 EG2B  98.8 EG6B 266.8 
BC2C 201.3 EG2C 703.9 EG7B 2,404.3 
BC2E  667.4 EG2D  1,791.4 EG7C 4,261.1 
BC2F  815.0 EG2E  513.9 EG7F  1,245.5 
BC3A 306.8 EG3A  186.3 EG7G 2,372.7 
BC3B 368.0 EG4A  358.2 EG7H 4,147.8 
EG1A 484.7 EG4B  455.2 EG7K 973.3 
EG1B 1,524.3 EG4C  273.4 EG7L 895.5 
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Table 3-2. Greater Bozeman Area Catchments 
Basin Name Area (acres) Basin Name Area (acres) Basin Name Area (acres) 

EG1C 426.8 EG5B  1,352.2 EG7S 904.1 
EG1D 4,399.5 EG5E 47.2 EGT1A 1,667.9 
EG1E  111.4 EG5G  389.0 EGT1B 30.4 
EG1F  537.3 EG5P  684.6 EGT2A 1,473.4 

Total 49,034 
 

 
Figure 3-3. Comparison of Original HDR Catchments with Updated DEQ Catchments 
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3.3 PERCENT IMPERVIOUS AREA 
HDR used land use as the major determination for percent impervious area within a catchment. To 
calculate percent impervious area by land use, HDR used 2004/5 land use data and assumed impervious 
percentages for each land use (Table 3-3; same as Table B.2-1 from the Bozeman Storm Water Facilities 
Plan (HDR Engineering, Inc.,2008)). Since the city land use data only covers the area within the city, it is 
not clear how HDR estimated percent impervious area for those areas outside the city. The report does 
not explain this. 
 
Table 3-3. Percent Impervious Area Estimates 
Description LU CODE % Impervious 
Administrative/Professional AP 90% 
Commercial/Retail C 70% 
Commercial/Auto CA 90% 
Church CHURCH 70% 
Duplex/Triplex Household Residence DTHR 50% 
Golf Course GOLF 5% 
Hotel/Motel HM 70% 
Light Manufacturing LM 70% 
Mobile Home/Mobile Park MHMP 45% 
Multi-Family Household Residence MHR 35% 
Mixed Use MIXED 65% 
Public Facility/Park PFP 10% 
Restaurant/Bar RB 70% 
Rights-of-Way ROW 100% 
School/Educational Facility SEF 65% 
Single-Family Household Residence SHR 45% 
Vacant VACANT 5% 
Table taken from Bozeman Storm Water Facilities Plan, 2008 (HDR Engineering, Inc.,2008) 
 
These values were used to re-create the original HDR model in EPA Storm Water Management Model 
(SWMM), although the values were tweaked for the second phase of the project (see Section 4.5). 
 

3.4 HORTON INFILTRATION RATES 
As mentioned above, the infiltration method used in the original HDR model is not stated. The input 
data lists an “infiltration reference” which identifies basins as sand, loam, clay, or mixes of these 
constituents. The Bozeman Storm Water Facilities Plan states that soil infiltration rates were developed 
from the SSURGO soil dataset, but there is no mention of either the infiltration rates used or the 
infiltration methodology used in the model. Therefore, for the DEQ modeling effort, an infiltration 
method was chosen based on available information. Horton’s infiltration model was chosen, both 
because it separates out impervious area separately from the pervious infiltration areas (similar to what 
HDR did), and it also tends to deal better with long term rainfall events (which is part of the goal of step 
2). 
 
Horton’s model is empirical and is a well known infiltration equation. It gives infiltration capacity as a 
function of time, with initial high rates of infiltration followed by an exponential decay rate during 
extended storms (Figure 3-4). Horton’s equation is: 
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Fp(t) = Fc + (F0 – Fc)e-kt 
 
Where (units are Length, Time): 
Fp = overall infiltration rate as a function of time (L/T) 
Fc = Minimum (final) infiltration rate (L/T) 
F0 = Maximum (initial) infiltration rate (L/T) 
t = Time since beginning of storm (T) 
k = Decay coefficient (T-1) 
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Figure 3-4. Example of Horton’s Infiltration Model 
 
Horton infiltration rates and parameters were estimated using a standard reference book (Mays, 1999), 
and the SWMM help section. Each soil type was given a set of Horton’s parameter values, and then each 
catchment was prorated based on the soil make-up of the catchment. The soils in this area are 
hydrologic group ‘B’ and ‘C’, which means they have moderate initial infiltration rates. Horton 
infiltration rate parameter ranges used in the model are shown in Table 3-4. 
 
Table 3-4. Horton Infiltration Rate Parameters 

Parameter Range Unit 
Max (Initial) Infiltration Rate 2.2 – 3.0 in/hr 
Minimum (Final) Infiltration Rate 0.03 – 0.06 in/hr 
Decay Rate of Infiltration 7.0 1/hr 
 

3.5 MODEL SETUP, CALIBRATION, AND STABILITY 
3.5.1 Model Setup 
The GBA model was set up without the use of any meteorological parameters besides the hyetograph 
and the rainfall totals for each storm event. Manning’s n values and depressional storage values were 
assigned to pervious and impervious areas according to Table 3-5. 
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Table 3-5. Summary of Manning’s n and Depressional Storage Values used in Model 
Conveyance Type Depressional Storage Value (in) Manning’s n Value 

Pervious Areas 0.025 0.1 
Impervious Areas 0.001 0.014 

 
The outfall for the model is the East Gallatin River downstream of the city. 
 
3.5.2 Model Calibration 
Due to the lack of flow meters in the river, creeks, and storm water pipes, and the lack of historic data, 
calibration of this model was not possible. However, the goal for this modeling scenario was to re-create 
the results from the HDR model. 
 
3.5.3 Model Stability and Error 
All model runs were subjected to a detailed analysis for errors and discrepancies. This analysis included 
doing a mass balance check in SWMM to verify that there was no systemic net gain or loss of water 
volume (Total Vin – Total Vout = ΔVsystem), and a check of the overall efficiency of the runoff and hydraulic 
blocks. If necessary, channels, pipes, and other conveyance/storage features were checked to make sure 
that SWMM did not have to extrapolate water elevations above defined input data. In all model runs, 
the overall runoff continuity error was less than 0.5 percent, and the overall routing continuity error was 
less than four percent. Finally, hydrographs were spot checked to insure that there was no major 
instability in the model. Modeling results can be found in Appendix A. 
 

3.6 MODEL RESULTS 
3.6.1 GBA Runoff and Storm Events. 
Runoff from the GBA catchments was generated in the runoff block of SWMM. Hydrographs based on 
the rain events described in Table 3-1 were generated for each catchment, creating inflow hydrographs 
for each node. 
 
The results of the DEQ GBA model show that infiltration plays a major role in the hydrology. Runoff 
percentages ranged from 7% to 93%, depending on the storm event and the sub-catchment (Table 3-6). 
 
Table 3-6. Runoff Results 

Catchment 

2-year, 24-hour Event 
(1.18") 

10-year, 24-hour 
Event (1.96") 

25-year, 24-hour 
Event (2.10") 

100-year, 24-hour 
Event  (2.81") 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

2769 0.87 80.8% 1.53 85.8% 1.66 85.6% 2.30 89.5% 
2776 0.39 58.9% 0.77 69.2% 0.83 69.7% 1.20 77.1% 
2780 0.79 58.9% 1.53 69.0% 1.66 69.6% 2.49 77.0% 
2956 1.58 58.7% 3.04 68.4% 3.31 69.1% 4.91 76.6% 
2958 0.86 58.8% 1.69 68.9% 1.81 69.4% 2.67 76.9% 
2963 0.64 80.8% 1.14 85.9% 1.20 85.7% 1.69 89.5% 
3054 0.62 58.9% 1.20 69.0% 1.29 69.5% 1.93 77.0% 
3061 0.91 58.7% 1.75 68.2% 1.90 68.9% 2.82 76.3% 
3068 1.37 65.7% 2.55 73.8% 2.76 74.3% 3.99 80.6% 
3076 0.71 58.8% 1.38 68.6% 1.47 69.2% 2.18 76.7% 
3105 0.69 58.8% 1.32 68.6% 1.44 69.3% 2.15 76.8% 
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Table 3-6. Runoff Results 

Catchment 

2-year, 24-hour Event 
(1.18") 

10-year, 24-hour 
Event (1.96") 

25-year, 24-hour 
Event (2.10") 

100-year, 24-hour 
Event  (2.81") 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

3111 0.99 58.8% 1.93 68.9% 2.09 69.5% 3.07 77.0% 
3115 1.30 80.7% 2.30 85.5% 2.46 85.4% 3.44 89.4% 
3117 1.32 75.7% 2.36 81.6% 2.52 81.6% 3.59 86.4% 
3119 1.50 58.7% 2.92 68.4% 3.13 69.1% 4.66 76.6% 
3120 1.70 65.6% 3.16 73.5% 3.41 74.0% 4.97 80.3% 
3290 1.61 75.6% 2.88 81.5% 3.07 81.6% 4.36 86.4% 
3519 1.46 58.7% 2.82 68.3% 3.07 69.0% 4.54 76.5% 
3526 0.48 48.8% 0.98 61.0% 1.07 62.0% 1.66 71.1% 
BC1A 27.79 24.4% 73.01 38.6% 83.78 41.4% 143.84 53.1% 
BC2A 36.98 56.6% 66.69 61.5% 72.76 62.6% 108.39 69.7% 
BC2B 13.00 57.3% 26.12 69.3% 28.45 70.5% 41.80 77.4% 
BC2C 6.97 35.2% 14.49 44.0% 16.17 45.9% 26.61 56.4% 
BC2E 28.99 44.2% 58.28 53.5% 64.63 55.3% 100.05 64.0% 
BC2F 33.61 41.9% 75.92 57.0% 84.03 58.9% 129.11 67.7% 
BC3A 20.89 69.2% 39.28 78.4% 42.41 79.0% 60.64 84.4% 
BC3B 3.03 56.8% 5.83 65.9% 6.35 67.1% 9.45 74.4% 
EG1A 26.64 55.9% 51.71 65.3% 56.41 66.5% 84.18 74.2% 
EG1B 40.45 27.0% 97.96 39.3% 112.05 42.0% 189.90 53.2% 
EG1C 18.28 43.6% 44.53 63.9% 48.76 65.3% 73.90 73.9% 
EG1D 85.43 19.7% 276.72 38.5% 318.12 41.3% 545.53 53.0% 
EG1E 4.11 37.5% 10.96 60.2% 12.06 61.8% 18.60 71.2% 
EG1F 23.43 44.3% 52.08 59.4% 57.45 61.1% 87.59 69.6% 
EG1G 10.73 62.1% 21.76 75.9% 23.54 76.6% 33.97 82.6% 
EG2A 11.48 7.7% 81.60 32.7% 96.21 36.0% 176.86 49.5% 
EG2B 7.25 74.6% 13.60 84.3% 14.61 84.4% 20.56 88.8% 
EG2C 17.13 24.7% 58.68 51.0% 65.70 53.4% 105.94 64.3% 
EG2D 89.27 50.7% 197.27 67.4% 215.53 68.8% 319.29 76.1% 
EG2E 21.19 41.9% 51.96 61.9% 57.14 63.5% 86.76 72.1% 
EG3A 6.69 36.5% 15.77 51.9% 17.58 53.9% 27.59 63.3% 
EG4A 30.81 87.5% 52.97 90.5% 56.62 90.3% 78.20 93.2% 
EG4B 30.47 68.1% 55.55 74.7% 60.15 75.5% 86.36 81.0% 
EG4C 12.50 46.5% 27.16 60.8% 29.89 62.4% 45.17 70.6% 
EG5B 82.91 62.4% 146.26 66.2% 159.06 67.2% 232.62 73.5% 
EG5E 3.36 72.4% 6.11 79.1% 6.54 79.2% 9.36 84.6% 
EG5G 16.54 43.2% 37.16 58.5% 41.06 60.3% 62.79 68.9% 
EG5P 42.07 62.5% 74.24 66.4% 80.71 67.4% 118.06 73.6% 
EG5Q 85.77 48.2% 154.61 52.3% 170.20 53.7% 261.32 61.6% 
EG6A 44.02 7.3% 262.82 26.2% 315.24 29.4% 608.50 42.4% 
EG6B 18.02 68.7% 31.73 72.8% 34.31 73.5% 49.32 79.0% 
EG7B 28.33 12.4% 70.68 18.0% 86.36 20.5% 184.62 32.8% 
EG7C 43.30 10.3% 97.16 14.0% 117.91 15.8% 258.16 25.9% 
EG7F 10.14 8.3% 33.82 16.6% 41.61 19.1% 88.60 30.4% 
EG7G 66.91 28.7% 128.83 33.2% 146.02 35.2% 251.10 45.2% 
EG7H 135.54 33.2% 249.04 36.8% 277.89 38.3% 454.99 46.8% 
EG7K 50.51 52.8% 90.10 56.7% 98.73 58.0% 148.72 65.3% 
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Table 3-6. Runoff Results 

Catchment 

2-year, 24-hour Event 
(1.18") 

10-year, 24-hour 
Event (1.96") 

25-year, 24-hour 
Event (2.10") 

100-year, 24-hour 
Event  (2.81") 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

Runoff 
(acre-feet) 

Runoff 
Ratio 

EG7L 7.35 8.3% 20.13 13.8% 25.32 16.2% 58.59 27.9% 
EG7S 45.17 50.8% 80.56 54.6% 88.38 55.9% 133.87 63.2% 

EGT1A 47.51 29.0% 137.92 50.6% 154.49 52.9% 246.28 63.1% 
EGT1B 0.57 19.2% 2.42 48.6% 2.70 51.0% 4.48 62.9% 
EGT2A 30.46 21.0% 110.63 46.0% 125.33 48.6% 206.23 59.8% 
Totals 1,385.37 28.7% 3,241.36 40.5% 3652.41 42.6% 6036.48 52.6% 

 
DEQ model results and HDR model results are compared in Table 3-7. The HDR results are those seen in 
Table 2.4-1 of the Bozeman Storm Water Facilities Plan (HDR Engineering, Inc.,2008) as ‘existing’ results 
(the East Gallatin/Bozeman Creek results from this table have been combined on an area-weighted 
average below, based on 9% of the total area in the Bozeman Creek watershed, and 91% of the area in 
the East Gallatin River watershed). Overall, the comparison is quite close. The large difference 
associated with the two-year storm event is likely explained by the lack of knowledge about the 
infiltration model used by HDR., or some other unknown in the HDR model (XP-SWMM may route runoff 
slightly different, for example). However, overall this comparison was considered adequate for the 
purpose of moving forward. 
 
Beyond comparing results on a watershed basis, not much further comparison can be done. In Appendix 
C-2 of the Bozeman Storm Water Facilities Plan (HDR Engineering, Inc.,2008), the individual output for 
each node/sub-catchment is listed. However, this appendix only contains runoff data for 22 of the 61 
sub-catchments. Some are entirely omitted, while others are listed but not labeled with catchment info 
so a comparison cannot be made (see page 12 of 14 of Appendix C-2 of the Bozeman Storm Water 
Facilities Plan (HDR Engineering, Inc.,2008) for an example). 
 
Table 3-7. DEQ and HDR model comparison 

Event Total Precip. (in) Total Precip. (acre-feet) DEQ Runoff HDR Runoff Difference 
2-yr, 24-hr 1.18 4,820 28.8% 20.0% -8.8% 

10-yr, 24-hr 1.96 8,010 40.5% 40.4% -0.1% 
25-yr, 24-hr 2.10 8,580 42.6% 43.3% 0.7% 

100-yr, 24-hr 2.81 11,480 52.6% 55.2% 2.6% 
 
3.6.2 Conclusions 
Based on the limited comparison with the original HDR model, the DEQ storm water model is roughly 
equivalent to the original. The DEQ model appears to slightly over predict runoff in urban areas, and 
slightly under predict runoff in rural areas as compared to the HDR model. However, since several 
parameters had to be estimated to re-create the original HDR model report, the comparison was 
considered adequate to move forward. 
 

4.0 CITY OF BOZEMAN: HYDROLOGIC ANALYSIS 

Once the original HDR model of the GBA was re-created in SWMM, the next goal was to create a long 
term, continuous model of the city of Bozeman to help predict stormwater pollutant loading to the city. 
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Parameters were kept the same as in the previous model, except for a few updates. Since the original 
model was built in 2004, the model was updated for 2010. These changes included using an updated 
2009 land use, and also re-evaluating the percent impervious areas that were used in the original HDR 
model (See Section 4.5).  
 
The infiltration method used will be Horton’s infiltration, which is described in detail in Section 4.4. 
Horton’s infiltration model deals with impervious and pervious areas separately, and also handles long 
term rainfall better than the antecedent moisture condition method used by SCS. 
 

4.1 RAINFALL 
The rainfall methodology used in this model was a daily, continuous rainfall file for the period from 1980 
through 2009 (30 years). There are several rain gages within a few miles of the project site. However, 
only one gage was located within the project site and had a multi-decade continuous rainfall record. The 
rain gage used was the Bozeman - Montana State University gage (Coop ID 241044). This gage has a 
continuous rainfall record from 1948 through 2010 and is located at 45.67o N, 111.05o W at an elevation 
of 4,913 feet above sea level. This location places it in the southern portion of the city of Bozeman. The 
data used in this analysis was from 1/1/1980 through 12/31/2009 – a period of 30 years. This was nearly 
a complete dataset, with only a few missing data points. There were five missing individual dates 
(11/18/1981, 11/28/2001, 2/1/2002, 11/2/2004, and 1/7/2006), along with the entire month of 
September 1995. These data gaps were filled by using a nearby National Weather Service/Federal 
Aviation Administration rain gage (Bozeman Gallatin Field [Coop ID 240622]) to replace the values for 
the month and individual days. The data was checked to make sure that actual rain events were 
transposed, rather than just the exact daily record. Averages and maxima for this period are shown in 
Table 4-1, and a histogram of the rainfall distribution is shown in Figure 4-1.  
 
Table 4-1. Project Rainfall Summary 

Parameter Value 
Period of Record 1980 - 2009 

Average Annual Rainfall (in) 19.59 
Maximum Daily Rainfall (in) 2.68 

Average Annual “Rainy” Days (>0.01 in) 109 
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Figure 4-1. Daily Rainfall Distribution Histogram, MSU Station, 1980 – 2009 (approx. 11,000 records) 
 

4.2 CLIMATOLOGY 
The climatology portion of SWMM is used for long-term continuous simulations. This module describes 
climate related variables used for computing snowmelt and runoff. These variables include temperature, 
evaporation, wind speed, snowmelt, and areal depletion. 
 
4.2.1 Temperature 
Air temperature is used to calculate snowfall, snowmelt, and evaporation rates. For this simulation, data 
for both daily minimum and daily maximum temperatures were used. SWMM then fits a sinusoidal 
curve to this data to estimate temperatures at each time step. An external file containing 30 years worth 
of temperatures was used in this simulation. The temperature gage used was the Bozeman - Montana 
State University gage (Coop ID 241044 – see Section 4.1 for location information). The data used in this 
analysis was from 1/1/1980 through 12/31/2009 – a period of 30 years. There were three missing 
periods, each about one month long. These data gaps were filled by using a nearby temperature gage 
(Bozeman Gallatin Field [Coop ID 240622]) to replace the values for the missing months. 
 
4.2.2 Evaporation 
Evaporation rates play a major role in the water budget. For this simulation, daily evaporation rates 
(in/day) were used. An external file containing 30 years worth of evaporation rates was used in this 
simulation. The gage used was the Bozeman - Montana State University gage (Coop ID 241044 – see 
Section 4.1 for location information). The data used in this analysis was from 1/1/1980 through 
12/31/2009 – a period of 30 years. 
 
The evaporation rate data had numerous gaps. No evaporation data was collected for the winter 
months (November through April), and there were several years where there was no data collected for 
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the entire year. It was not possible to fill this missing data with a nearby gage. Therefore, evaporation 
rates were averaged by Julian Day (JD), and a representative annual plot was created. To obtain values 
for the missing winter months, evaporation data from the Helena, MT area was analyzed (this data 
included winter averages), and a regression was done between the two datasets for the summer month 
data. This relationship was then applied to the Helena winter month evaporation rates to obtain values 
for Bozeman, MT. Once the entire year was estimated, a pan evaporation constant was used to convert 
the pan evaporation rates to actual field rates. Pan evaporation rates range from 0.35 to 1.1, depending 
on the location, distance from vegetation, wind speeds, temperatures, and other factors (U.S. 
Department of Commerce, National Oceanic and Atmospheric Administration, 1982). The lack of 
knowledge about the types and location of the pan used at the weather station make it difficult to make 
an accurate estimate of the pan evaporation coefficient. However, the area in question is urban and 
therefore a higher than average pan evaporation constant of 0.95 was used in this study. This constant 
was estimated based on the factors mentioned, and best professional judgment. The evaporation curve 
used for the model is shown in Figure 4-2. The difference between the actual data and the regression 
data can be seen by the lack of variation in the regression data (November through April; JD 1 – 110, 300 
- 365). 
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Figure 4-2. Evaporation Rate Data Used in Model 
 
4.2.3 Wind Speed 
Wind speed is used to calculate snowmelt rates. Higher wind speeds tend to increase the rate at which 
snow melts. An external file containing 30 years worth of wind speeds (in mph) was used in this 
simulation. The gage used was the Bozeman - Montana State University gage (Coop ID 241044 – see 
Section 4.1 for location information). The data used in this analysis was from 1/1/1980 through 
12/31/2009 – a period of 30 years. There was no missing data for this variable. 
 
4.2.4 Snowmelt 
Snowmelt can affect runoff rates, volumes, and pollutant loads. Snowmelt is governed by several 
parameters, including the air temperature at which precipitation falls as snow, heat exchange at the 
snow surface, melt ratios, and the study area’s elevation, latitude, and longitude. These parameters are 
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all specified in the snowmelt editor within SWMM. Snowmelt parameters used in this study are listed in 
Table 4-2. Some of these were default values, and some were used as calibration parameters. 
 
Table 4-2. Snowmelt Parameter Summary 

Parameter Value 
Temperature Below Which Snow Falls/Melts (F) 33.5 

Antecedent Temperature Index Weight (fraction) 0.5 
Negative Melt Ratio 0.6 

Elevation above Mean Sea Level (ft) 4,795 
Latitude (degrees) 45.7 

Longitude Correction (+/- minutes) -24 
 
4.2.5 Areal Depletion 
Areal depletion is the tendency of accumulated snow to melt non-uniformly across the ground surface. 
Often, certain areas melt very quickly, whereas snow can remain in other locations for several weeks or 
more. An areal depletion curve shows the ratio of snow depth (as a fraction of the snow depth where 
there is 100% coverage) to fraction of snow coverage (Figure 4-3). SWMM provides the opportunity to 
use two areal depletion curves, one for pervious areas and one for impervious areas. The SWMM default 
values were used for both of these in this study – ‘No areal depletion’ for the impervious areas, and 
‘natural area depletion’ for the pervious areas. ‘No areal depletion’ simply means that snow melts 
evenly across the entire snowpack at the same rate. This melts the snow at a faster rate than if areal 
depletion is used. 
 

 
*Source: SWMM User’s Manual Version 5.0, Figure 3-2, page 44 
Figure 4-3. Areal Depletion Curve 
 

4.3 BASIN AREA AND SUB-CATCHMENTS 
The project basin includes only the area within the Bozeman city limits (approximately 12,500 acres), as 
defined by the city GIS layer titled “Bozeman_City_Limits” available on their website 
(http://www.bozeman.net/Departments-(1)/Information-Technology/GIS) as of August 2010. To 
maintain continuity between the two models, the original HDR catchment delineation was clipped to the 
city of Bozeman layer. This process resulted in 38 catchments within the Bozeman-area watershed (the 
original breakdown of sub-catchment BC3B was not used). Although the goal was to maintain the same 
watersheds for continuity purposes, after the clip there were several catchments that were tiny, isolated 

http://www.bozeman.net/Departments-(1)/Information-Technology/GIS
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slivers, some less than one acre (Figure 4-4). Therefore, all catchment slivers less than 35 acres were 
merged with the next downstream one. This value (35 acres) was based on both the fact that the 
smallest catchment in the HDR model was around 35 acres, and that this was a point in which the data 
split conveniently – catchments larger than this appeared to have their own characteristics/drainage 
method. This did not have an effect on routing to the major rivers – no land area was re-routed to a new 
river – just a new catchment within the same stream watershed. A total of seven catchments were 
merged with their larger neighbors to create 31 catchments in the City model (Table 4-3). Of these 
seven, five were merged with the downstream catchment according to the HDR model, whereas two 
were merged with a different downstream catchment based on aerial interpretation. These slight 
modifications do not affect model integrity, but do help to simplify the model. 
 

 
Figure 4-4. Catchments to be Incorporated into Larger Downstream Basins 
 
Table 4-3. Catchment Redistribution for City Model 

Catchment Area 
(ac.) Merged? 

Catchment 
Merged 

With/Updated 
Area (ac.) 

Catchment Area 
(ac.) Merged? 

Catchment 
Merged 

With/Updated 
Area (ac.) 

EG1B 0.21 Y EG1A BC2B 280.53 N   
EG2C 2.16 Y EG2E EGT1A 296.88 Y EGT2A / 319.45 
BC1A 8.59 Y BC2F* EG7C 305.15 Y EG7B / 317.96 
EG7B 12.81 Y EG7C BC2F 306.72 Y BC1A / 315.30 

EGT2A 22.57 Y EGT1A* BC2E 310.70 N   
EG5E 31.79 Y EG6A BC3A 318.70 N   
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Table 4-3. Catchment Redistribution for City Model 

Catchment Area 
(ac.) Merged? 

Catchment 
Merged 

With/Updated 
Area (ac.) 

Catchment Area 
(ac.) Merged? 

Catchment 
Merged 

With/Updated 
Area (ac.) 

EG1C 32.99 Y EG2D EG4A 348.13 N   
EG7F 40.93 N   BC3B 354.53 N   
EG3A 53.66 N   EG4B 407.65 N   
EG5G 82.55 N   EG7S 440.16 N   
EG1D 90.58 N   BC2A 454.98 N   
EG2B 98.85 N   EG1A 474.53 Y EG1B / 474.74 
EG1E 111.38 N   EG1F 523.86 N   
EG6A 132.09 Y EG5E / 163.88 EG5P 666.73 N   
EG1G 153.06 N   EG7K 699.54 N   
EG2E 173.40 Y EG2C / 175.56 EG5Q 910.50 N   
EG4C 181.25 N   EG2D 973.64 Y EG1C / 1006.63 
EG6B 250.79 N   EG5B 1165.68 N   
EG7G 262.36 N   EG7H 1472.15 N   

Total Area (acres): 12,452.8 
* These combinations differ from the HDR model routing; this divergence was based on aerial and DEM 
interpretation. 
 
This updated network was input into the SWMM interface and a new link-node network was created 
(Figure 4-5). 
 

 
Figure 4-5. Link-Node Network for City of Bozeman Model 
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4.4 LAND USE 
The 2009 land use was obtained from the city. This was the most recent land use available. Land uses 
within the city are shown in Table 4-4. 
 
Table 4-4. City of Bozeman 2009 Land Use 

Land Use Description Area (acres) Area (%) 
AP Administrative/Professional 222.3 1.8% 
C Commercial/Retail 442.1 3.6% 

CA Commercial/Auto 112.3 0.9% 
CHURCH Church 52.1 0.4% 

DTHR Duplex/Triplex Household Residence 235.1 1.9% 
GOLF Golf Course 178.3 1.4% 
HM Hotel/Motel 68.1 0.5% 
LM Light Manufacturing 215.6 1.7% 

MHMP Mobile Home/Mobile Park 104.8 0.8% 
MHR Multi-Family Household Residence 512.1 4.1% 

MIXED Mixed Use 252.1 2.0% 
PFP Public Facility/Park 1,655.5 13.3% 
RB Restaurant/Bar 40.6 0.3% 

ROW Rights-of-Way 2,266.3 18.2% 
SEF School/Educational Facility 792.8 6.4% 
SHR Single-Family Household Residence 1,526.2 12.3% 

  Unknown 189.1 1.5% 
VACANT Vacant 3,587.2 28.8% 

Total 12,452.8 100.0% 
 
Most (but not all) of the descriptions are self-explanatory. From aerial interpretation, the ‘Mixed Use’ 
land use appears to be a hodge-podge of malls, apartments, parking lots, and a few homes. Based on 
this aerial interpretation, mixed use is most closely related to Commercial/Retail type of land use. The 
‘Unknown’ land use consists of empty or partially empty lots and parcels that have been disturbed, and 
are in the process of being developed. However, most are not developed yet and are still open areas. 
The ‘Vacant’ land use is the largest single land use, composing over 25% of the city. This land use exists 
mainly along the periphery of the city, and is composed of areas recently acquired by the city but still 
under production for crops, areas that have been sub-divided into parcels, areas in the process of being 
developed, and areas that have recently been developed but not yet re-categorized under the proper 
land use. A general breakdown of the city of Bozeman land use is shown in Figure 4-6. 
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Figure 4-6. City of Bozeman Major Land Use Categories (in acres) 
 

4.5 PERCENT IMPERVIOUS AREA 
The percent impervious areas used by HDR are listed in Section 4.3. Although they seem reasonable, 
some random checks of catchments indicate that some percent impervious areas were estimated too 
high. An example is shown in Figure 4-7. Catchment BC2C (shown in the figure) is listed as having 35% 
impervious area. Based on the 2009 aerial photograph, this seems unlikely. 
 

 
Figure 4-7. Percent Impervious Discrepancies 
 
For this analysis, five parcels from each land use were analyzed to determine the percent impervious. 
The top two parcels in size of that particular land use were chosen, plus three additional random 
parcels. The percent impervious area was interpreted for each based on the aerial photographs. An 
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average percent impervious area was obtained for each land use, and these are reported (rounded to 
the nearest 5%) in Table 4-5 along with the HDR values used in the original model. 
 
Table 4-5. Percent Impervious Area Estimates 
Description LU CODE HDR Estimate: % Impervious DEQ Estimate: % Impervious 
Administrative/Professional AP 90% 70% 
Commercial/Retail C 70% 90% 
Commercial/Auto CA 90% 90% 
Church CHURCH 70% 40% 
Duplex/Triplex Household Residence DTHR 50% 60% 
Golf Course GOLF 5% 5% 
Hotel/Motel HM 70% 90% 
Light Manufacturing LM 70% 55% 
Mobile Home/Mobile Park MHMP 45% 40% 
Multi-Family Household Residence MHR 35% 45% 
Mixed Use MIXED 65% 70% 
Public Facility/Park PFP 10% 15% 
Restaurant/Bar RB 70% 70% 
Rights-of-Way ROW 100% 90% 
School/Educational Facility SEF 65% 20% 
Single-Family Household Residence SHR 45% 30% 
Unknown - - 16% 
Vacant VACANT 5% 5% 
 
There were only a few major differences between the two methods. The School/Educational Facility 
land use is composed mainly of the Montana State University campus. This campus includes a large 
amount of open lands, and even the developed land has large open spaces between buildings. This is 
the reason for the low value obtained from this analysis. Other land uses that dropped significantly 
include Church, Administrative/Professional, Light Manufacturing, and Single Family Residential. The 
Hotel/Motel and Commercial/Retail land use impervious areas increased significantly. Since the 
Bozeman Storm Water Facilities Plan (HDR Engineering, Inc.,2008)does not discuss how they came up 
with their impervious percentage values, no further comparison can be made, but updated percent 
impervious areas were used in the City model. 
 

4.6 HORTON INFILTRATION RATES 
The infiltration methodology chosen for this model was Horton’s infiltration method (see Section 4.4 for 
further description). The rates and parameters were estimated using standard reference books and the 
SWMM help section. Each soil type was given a set of Horton’s parameter values, and then each 
catchment was prorated based on the soil make-up of the catchment. The soils in this area are 
hydrologic group ‘B’ and ‘C’, which means they have moderate initial infiltration rates. Horton 
infiltration rate parameter ranges are shown in Table 4-6. 
 
Table 4-6. Horton Infiltration Rate Parameters 

Parameter Range Unit 
Max (Initial) Infiltration Rate 2.2 – 3.0 in/hr 
Minimum (Final) Infiltration Rate 0.03 – 0.06 in/hr 
Decay Rate of Infiltration 7.0 1/hr 
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4.7 EVENT MEAN CONCENTRATIONS AND STORMWATER LOADING 
Event mean concentration (EMC) is a physically-based parameter used in stormwater modeling. It is 
defined as the mean pollutant concentration found in stormwater runoff. The annual EMC is the mean 
pollutant concentration of all runoff events throughout the year. It can be used, along with volumetric 
runoff estimates, to predict stormwater loading to downstream waterbodies. Typical units for EMC are 
either mg/L (volumetric) or kg/ha/year (areal). Volumetric loading rates (mg/L) will be used for this 
study. 
 
Event mean concentrations are region specific. Differences in precipitation type, frequency, quantity, 
and other patterns all play a significant role in determining EMCs. EMCs can easily range over an order 
of magnitude based on regional differences. Therefore, it is imperative to get as region specific data as 
possible. In the early 1980s, EPA did a national study, called the Nationwide Urban Runoff Program 
(NURP)(U.S. Environmental Protection Agency, 1983), which categorized urban runoff for different 
pollutants and urban land uses throughout the U.S. The study was aimed at all major cities & towns (at 
least 100,000 population), which means that Montana urban areas was not large enough to be featured 
in this study. However, the NURP project included data from Denver, CO; Boise, ID; and Rapid City, SD. 
These cities, although outside of Montana and several hundred miles from Bozeman, MT, are all 
categorized as either arid or semi-arid mountain west or high plains cities, and therefore have some 
similarities to the study area. There have been many studies since then that further the values for 
various regions around the country; however, the general problem is best stated by the National Storm 
Water Quality Database (Pitt et al., 2004): Excellent national coverage is anticipated, although there will 
be few municipalities from the northern, west-central states of Montana, Wyoming, and North and 
South Dakota (where cities are generally small, and few were included in the Phase 1 NPDES program). 
 
This problem was further observed during the literature search. No literature was found on Montana 
EMC runoff values, so other regional sources were used. One important study was Caraco (2000), which 
analyzed runoff in Boise, Denver, and Phoenix, AZ for total suspended solids (TSS), total nitrogen (TN), 
total phosphorus (TP), and others. The results of this study compared to national studies indicate that 
runoff concentrations in arid/semi-arid areas are much higher. They also came up with a general urban 
land use value of EMCs for each of the parameters listed above. The National Storm Water Quality 
Database (NSQD) did not obtain values from our region, although their results compare similarly to the 
NURP values. 
 
The Denver Urban Drainage District discusses EMCs, and based on EMCs in the Denver Metropolitan 
Area, come up with EMCs for different land uses (industrial, commercial, residential, and undeveloped) 
in the Denver area (Denver Urban Drainage and Flood Control District, 1999). These values are relatively 
high compared to nationwide EMC values. 
 
The Salt Lake Countywide Watershed – Water Quality Stewardship Plan (2009) attempts to provide a 
master stormwater plan for the Salt Lake City region. This region is characterized as semi-arid and, 
although slightly warmer than Bozeman, is similar in elevation, rainfall and temperature patterns. The 
study summarizes several earlier studies done within the County and reports regional EMCs for both TSS 
and TP, as well as bacteria counts for city runoff (unfortunately, nitrogen was not analyzed in this study). 
All reported values are for typical urban runoff; however, the study also analyzed different contributing 
land uses and, although there was not enough data to propose land use specific EMCs, they did 
conclude that land use does make a difference, and presented the available data. The study used five 
land uses – commercial, industrial, residential, mixed (general urban), and transportation. It found that, 
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in general, residential and transportation land uses had TSS and TP EMCs about twice as high as 
commercial and industrial land uses. Mixed land use fell somewhere in the middle of this range. 
 
The information on bacteria counts is even sparser than that on sediment and nutrients, and a 
determination of EMC values for bacteria counts could not even be attempted with the available data. 
Therefore, bacterial loading was not included in this model. Note that the SWMM platform does support 
simple bacteria loading, and if additional information should become available, it would be very easy to 
incorporate bacteria loading into the modeling effort. 
 
Taking these three to four studies into account, the following values were taken as averages EMCs for 
the land uses necessary to this study (Table 4-7). 
 
Table 4-7. Event Mean Concentrations Used in Study 

Land Use 
TSS (mg/L) 

Salt Lake City Study Denver Caraco NURP DEQ 
General Urban 154 - 242 141 - 224   
Commercial* 60 225 242   176 

Industrial 45 399 242     
Mixed 100 -       

Residential* 115 240 242   199 
Transportation* 160 - 242   201 

Open/Undeveloped - 400       
Open – Vacant* 154 400 242   332 

Open – Maintained* 154 400 242   212 

Land Use 
TP (mg/L) 

Salt Lake City Study Denver Caraco NURP DEQ 
General Urban 0.68 - 0.65 0.37 - 0.47   
Commercial* 0.22 0.42 0.65   0.43 

Industrial 0.18 0.43       
Mixed 0.34 -       

Residential* 0.50 0.65 0.65   0.60 
Transportation* 0.48 - 0.65   0.57 

Open/Undeveloped - 0.40       
Open – Vacant* 0.68 0.40 0.65   0.46 

Open – Maintained* 0.68 0.40 0.65   0.72 

Land Use 
TN (mg/L) 

Salt Lake City Study Denver Caraco NURP DEQ 
General Urban   - 4.06 2.44 - 3.08   
Commercial*   3.3 4.06   3.68 

Industrial   2.7       
Mixed   -       

Residential*   3.4 4.06   3.73 
Transportation*   - 4.06   4.06 

Open/Undeveloped   3.4       
Open – Vacant*   3.4 4.06   2.98 

Open – Maintained*   3.4 4.06   4.66 
*Land uses used in this study 
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4.8 MODEL SETUP, CALIBRATION, AND STABILITY 
4.8.1 Model Setup 
The City model was set up with 30 years of continuous weather data. Manning’s n values and 
depressional storage values were assigned to pervious and impervious areas according to Table 4-8. The 
outfall for the model is the East Gallatin River downstream of Bozeman. 
 
Table 4-8. Summary of Manning’s n and Depressional Storage Values used in Model 

Conveyance Type Depressional Storage Value (in) Manning’s n Value 
Pervious Areas 0.1 0.1 
Impervious Areas 0.01 0.014 
 
4.8.2 Model Calibration 
Due to the lack of flow meters in the river, creeks, and stormwater pipes, and the lack of historic data, 
calibration of this model was not possible. However, the objective is to create a tool that can be used to 
estimate loading to Bozeman Creek and the East Gallatin River. As new data is gathered on flow rates, 
etc, this model can be modified accordingly. 
 
4.8.3 Model Stability and Error 
All model runs were subjected to a detailed analysis for errors and discrepancies. This analysis included 
doing a mass balance check in SWMM to verify that there was no systemic net gain or loss of water 
volume (Total Vin – Total Vout = ΔVsystem), and a check of the overall efficiency of the runoff and hydraulic 
blocks. If necessary, channels, pipes, and other conveyance/storage features were checked to make sure 
that SWMM did not have to extrapolate water elevations above defined input data. In all model runs, 
the overall runoff continuity error was less than 0.5 percent, and the overall routing continuity error was 
less than one percent. Finally, hydrographs were spot checked to insure that there was no major 
instability in the model. Modeling results can be found in Appendix B. 
 

4.9 EXISTING MODEL 
4.9.1 Project Basin Runoff 
Runoff from the city of Bozeman catchments was generated in the runoff block of SWMM. Continuous 
hydrographs based on the rainfall amounts were generated for each catchment, creating inflow to each 
node. For runoff block input and output, please see Appendix B. 
 
4.9.2 Existing Modeling Results 
General watershed runoff values for the model are shown in Table 4-9. As can be seen, the mass 
balance for the precipitation is about 49% evaporation, 32% infiltration, and 20% surface runoff. Both 
the rainfall totals and the breakdown of the rainfall into evaporation, infiltration, and runoff are 
reasonable values for urban areas within the region, and these ranges have been observed in other 
regional modeling efforts. 
 
Table 4-9. Runoff Quantity Mass Balance 
Parameter Volume (acre-feet) Depth (inches) Mass Balance 
Initial Snow Cover 269.8 0.26 - 
Total Precipitation 568,443 547.8 - 
Evaporation Loss 277,434 267.3 48.8% 
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Table 4-9. Runoff Quantity Mass Balance 
Parameter Volume (acre-feet) Depth (inches) Mass Balance 
Infiltration Loss 180,635 174.1 31.8% 
Surface Runoff 112,862 108.8 19.8% 
Final Snow Cover 131.9 0.13 0.02% 
Final Surface Storage 0 0 0.00% 
Continuity Error (%) -0.41 100.41% 
 
Breakdowns for each catchment, with total volume of runoff, peak outflow, and the runoff fraction 
listed for each are shown in Table 4-10. Runoff fractions varied greatly within the city, ranging from 5.1% 
(EG3A) up to 40.1% (EG1D). This reflects the large variation within the city as far as land use, impervious 
area, and other runoff parameters are concerned. 
 
Table 4-10. Water Balance by Catchment 

Catchment 

Percent 
Impervious 

Area 

Total 
Precipitation 

(in) 

Total 
Evaporation 

(in) 

Total 
Infiltration 

(in) 

Total 
Runoff 

(in) 
Total Runoff 
(acre-feet) 

Runoff 
Fraction 

BC2A 35.1% 547.8 266.9 180.4 102.5 3885 18.7% 
BC2B 45.5% 547.8 268.4 149.5 133.5 3121 24.4% 
BC2E 36.9% 547.8 267.3 174.1 108.8 2816 19.9% 
BC2F 32.9% 547.8 267.0 183.3 99.5 2613 18.2% 
BC3A 57.1% 547.8 269.8 117.0 166.1 4412 30.3% 
BC3B 57.3% 547.8 269.4 118.1 165.1 4876 30.1% 

BRC2E 16.4% 547.8 266.4 223.8 59.2 866 10.8% 
EG1A 15.6% 547.8 265.0 233.6 49.0 1938 8.9% 
EG1D 75.7% 547.8 271.8 64.0 219.5 1657 40.1% 
EG1E 36.7% 547.8 267.9 169.4 113.7 1055 20.8% 
EG1F 34.2% 547.8 267.3 178.8 104.3 4554 19.0% 
EG1G 34.7% 547.8 267.6 175.3 107.9 1376 19.7% 
EG2B 39.1% 547.8 268.0 164.4 118.8 979 21.7% 
EG2D 31.8% 547.8 267.6 181.8 101.1 8479 18.5% 
EG3A 5.5% 547.8 265.2 255.3 27.9 125 5.1% 
EG4A 22.7% 547.8 265.6 215.1 67.7 1963 12.4% 
EG4B 61.3% 547.8 269.8 107.0 176.2 5984 32.2% 
EG4C 55.4% 547.8 269.5 120.7 162.6 2456 29.7% 
EG5B 47.8% 547.8 268.3 145.8 137.1 13314 25.0% 
EG5G 70.0% 547.8 271.0 82.7 200.5 1379 36.6% 
EG5P 54.4% 547.8 269.1 127.4 155.6 8645 28.4% 
EG5Q 31.9% 547.8 266.5 190.2 92.4 7011 16.9% 
EG6A 33.3% 547.8 266.8 184.9 98.0 1339 17.9% 
EG6B 34.9% 547.8 266.9 181.8 100.8 2107 18.4% 
EG7C 13.3% 547.8 264.7 242.2 40.2 1064 7.3% 
EG7F 39.5% 547.8 267.4 169.0 113.8 388 20.8% 
EG7G 29.7% 547.8 266.3 196.4 86.2 1885 15.7% 
EG7H 31.5% 547.8 266.5 191.3 91.3 11198 16.7% 
EG7K 37.1% 547.8 267.1 175.7 107.0 6238 19.5% 
EG7S 33.0% 547.8 266.7 187.1 95.5 3503 17.4% 

EGT1A 17.2% 547.8 266.3 221.5 61.3 1633 11.2% 
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4.9.3 Water Quality Loading 
The water quality method in this simulation is quite simple. The runoff volume times the event mean 
concentration gives the pollutant loading. Pollutant loads by catchment are shown in Table 4-11, and a 
summary of pollutant loading is shown in Table 4-12. 
 
Table 4-11. Pollutant Loading by Catchment 

Catchment TSS (lbs) TN (lbs) TP (lbs) 
 BC2A 2,303,744 39,286 5,981 
 BC2B 1,687,905 33,431 5,084 
 BC2E 1,571,241 29,118 4,487 
 BC2F 1,513,339 27,267 4,168 
 BC3A 2,368,588 45,944 6,691 
 BC3B 2,584,869 51,058 7,537 

 BRC2E 529,809 8,411 1,288 
 EG1A 1,329,467 15,204 2,345 
 EG1D 876,218 16,989 2,249 
 EG1E 719,490 9,938 1,448 
 EG1F 2,853,479 45,897 6,779 
 EG1G 992,240 12,085 1,776 
 EG2B 693,427 8,855 1,289 
 EG2D 5,547,172 80,573 11,837 
 EG3A 65,166 837 129 
 EG4A 1,481,024 15,641 2,325 
 EG4B 3,354,609 61,306 8,433 
 EG4C 1,554,760 23,934 3,328 
 EG5B 7,486,903 139,705 20,492 
 EG5G 799,500 14,254 2,047 
 EG5P 4,968,004 86,968 12,286 
 EG5Q 4,589,258 67,513 10,049 
 EG6A 731,012 15,745 2,384 
 EG6B 1,467,187 18,723 2,746 
 EG7C 742,513 7,558 1,164 
 EG7F 212,832 4,559 685 
 EG7G 1,196,176 19,311 2,905 
 EG7H 7,367,450 106,004 16,032 
 EG7K 3,896,948 60,712 9,306 
 EG7S 2,307,528 32,824 4,895 

 EGT1A 859,928 17,960 2,774 
 
Table 4-12. Pollutant Loading Basin Summary 

Pollutant 

Total Loading (lbs) Annual Loading (lbs/year) 
Bozeman 

Creek 
Bridger 
Creek 

East Gallatin 
River 

Bozeman 
Creek 

Bridger 
Creek 

East Gallatin 
River 

TSS 12,029,686 529,809 56,092,290 400,990 17,660 1,869,743 
TN 226,104 8,411 883,095 7,537 280 29,436 
TP 33,948 1,288 129,702 1,132 43 4,323 
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5.0 SUMMARY 

The Lower Gallatin watershed is currently under TMDL development for sediment, nutrients, and 
pathogens. In an effort to determine the portion of sediment and nutrient pollutant loading coming 
from urban runoff associated with the city, a SWMM model was built using a previous Bozeman-area 
model as a guideline. 
 
The SWMM model was shown to re-create the original model reasonably well, and was then used to 
create a smaller, city-specific model that used a 30 year daily simulation to determine average existing 
loading rates for sediment and nutrients. This model represents existing conditions in the project basin, 
and can be used to determine relative reductions between management scenarios. It could also be used 
to determine loading totals from future scenarios. This model can be modified as more detailed 
information on existing BMPs, subsurface stormwater systems, and flow and water quality data from 
the stormwater system becomes available, and can also be integrated with future improvements such as 
retention ponds, improved BMPs, low impact development (LID), etc. 
 
There were several assumptions and limitations associated with this modeling effort, including the use 
of initial condition parameters, SWMM built in limitations, and some inconsistencies and minor data 
gaps within the HDR model data (which was assumed to be accurate; no ground-truthing or field data 
collection was performed by DEQ). However, the DEQ model was able to re-create the results from the 
original GBA model with some consistency (+/-10% for all scenarios). This re-created base model was 
then applied to the city for a continuous time period of 30 years. 
 
Due to a lack of complete calibration data (flows, sediment and nutrient samples), this model was not 
calibrated, but several checks show it appears mechanistically stable and the results are reasonable. 
While the lack of calibration limitation may change in the future as data becomes available and is added 
to the model, at this time the model should be used as a tool for determining relative load reductions 
between scenarios only. It should not be used for, or considered, a TMDL-level load allocation model. 
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APPENDIX A – GREATER BOZEMAN AREA MODEL INPUT AND OUTPUT 

 
 

(Provided electronically upon request) 
 



City of Bozeman Hydrologic Model Report – Appendix B 

11/21/12  A-2 



City of Bozeman Hydrologic Model Report – Appendix B 

11/21/12  B-1 

APPENDIX B – CITY OF BOZEMAN MODEL - INPUT AND OUTPUT 
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