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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

SR Asslt_ezgg:ih(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:

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
Field Description Method Derived From Verify?
MT DEQ sediment stratification GIS
ENTITY_ID DEQ waterbody segment ID MT DEQ Segment ID layer (strat_nut_061609.shp)
MT DEQ sediment stratification GIS
STREAM Stream Name Common stream name layer (strat_nut_061609.shp)
Dominant ER is the Level IV ecoregion that MT DEQ sediment stratification GIS
PRI_ECOREG | Level IV Dominant Ecoregion makes up >75% of the reach. layer (strat_nut_061609.shp)
MT DEQ sediment stratification GIS
STREAM ORD | Strahler Stream Order Taken from sediment stratification layer layer (strat_nut 061609.shp)
REACH_ID_N Unigue Reach Identifier for Source Assessment Use same convention as Sediment Stratification Source assessment reach stratification
MT DEQ sediment stratification GIS
SEDHAB_RCH | DEQ sediment stratification reach ID's merged layer (strat_nut_061609.shp)
LENGTH FT Length of reach in feet Calculated in GIS Calculated in GIS
Record reason for reach break (riparian Veg
RBRK TRIG Reach Break Trigger change, LU change, etc...)
RBRK COM Reach Break Comments Describe reason for reach break
Determined from aerial imagery (not NLCD) within
DOMLU Dominant Land Use within 1000 ft of the stream 1000 ft of stream 2005 NAIP digital aerial imagery
Record whether the reach is predominantly of
NAT Is this a natural condition ‘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
# of septic systems within 150 ft of the stream. Gallatin Water Quality Planning District
SEPTIC 150 Number of septic systems within 150 ft Extracted in GIS GIS point layer
# of septic systems within a belt area from 150 to | Gallatin Water Quality Planning District
SEPTIC 1000 Number of septic systems in 150-1000 ft belt 1000 ft of the stream. Extracted in GIS GIS point layer
# of septic systems within a belt area from 150 to | Gallatin Water Quality Planning District
SEPTIC_TRB Septic system density in tributary streams 1000 ft of the stream. Extracted in GIS GIS point layer
Streamside parallel road segments within 50 ft of | Length of parallel road segments (paved or
ROAD_ENCR | stream unpaved) within 50 ft of stream 2005 NAIP digital aerial imagery/Field N
H=extensive erosion associated with
anthropogenic activities throughout the reach;
M=most erosion associated with bends or local
BANK_ERO Level of Bank Erosion through the reach impacts; L=very little to no erosion observed Field Y
Measure multiple (5) representative RBW through
segment (total cross-valley, includes stream 2005 NAIP digital aerial
AVG_RBW Average Riparian Belt Width through segment width) and calculate the mean RBW 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 2" 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

Greater Gallatin Watershed Council

Field
Field Description Method Derived From Verify?
RPVEG_BARE Percent Riparian Vegetation - Bare Ground
o ] Estimate of percentage of each type of

RPVEG_GRASS | Percent Riparian Vegetation - Grass vegetation type along streambank throughout the
RPVEG_SHR Percent Riparian Vegetation - Shrubs [ﬁ:ﬁgéﬁg?gafgog/?lgﬁfufg gr?ttkr!sEBagg d"go/ge'g if 2005 NAIP digital aerial imagery/Field Y
RPVEG CONF | Percent Riparian Vegetation - Mature Coniferous | shrubs or; the RB - the resullts is 50% shrub

coverage
RPVEG_DEC Percent Riparian Vegetation - Mature Deciduous ’

Additional reach-scale comments on riparian
RPVEG COM Riparian Vegetation Comments vegetation Field Y
LBLU FOR Left Bank Land Use - Forest
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 | 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
LE_J ALEES Left Bank Land Use - Rural Residential Estimate of the percentage of each land use type | 2005 NAIP digital aerial v
RBLU FOR Right Bank Land Use - Forest within 100 ft on each side of the streambank imagery/Infrared imagery/Field
RBLU_RANGE Right Bank Land Use - Natural Rangeland

Right Bank Land Use - Irrigated Pasture

RBLU_|_PAS (livestock)
RBLU D _PAS Right Bank Land Use - Dry Pasture (livestock)
RBLU | 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

Record BMP codes. RPF: riparian fencing; OSW:

off-site water; WG: water gap; SWB: stormwater
BMP_CODE Best Management Practice code 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
DEQ Waterbody MT DEQ sediment
ENTITY_ID Segment ID MT DEQ Segment ID stratification GIS layer
MT DEQ sediment
STREAM Stream Name Common stream name stratification GIS layer
Unique Reach
Identifier for
Source Use same convention as Sediment Source assessment
REACH ID N Assessment Stratification reach stratification
Irrigation Initially assessed using GIS layer; refined MT DNRC irrigation
IRR_W Withdrawal using aerial photo and field identification GIS layer
Initially assessed using GIS layer; refined National Hydrography
IRR_R Irrigation Return using aerial photo and field identification Dataset GIS layer
Initially assessed using GIS layer; refined
using aerial photo and field identification.
Livestock Assigned point to closest reach
LCA Confinement Area | perpendicularly (see CON_REACH) MT DEQ GIS layer
Merged Montana and national pollution
discharge elimination system permit points from MT DEQ
into single layer. Assigned point to closest MPDES GIS layer or
MPDES MPDES Permit reach perpendicularly (see CON_REACH) NPDES GIS layer
Initially assessed using GIS layer; refined
using aerial and groundtruth. Generally National Hydrography
SRC_TYPE TRIB Tributary Input included only perennial streams Dataset GIS ]ayer
(Source Type) . . N 2005 NAIP digital
SPRG Spring Input Aerial photo and field identification aerial imagery/Field
Stormwater Pipe
PIPE _SW | Outfall Field assessment Field
Unknown Pipe
PIPE_UK | Qutfall Field assessment Field
Wastewater
(septic) Pipe
PIPE_WW | Outfall Field assessment Field
GOLFCSE | Golf Course Aerial photo and field identification
SODFM Sod Farm Aerial photo and field identification
Discrete pollutant source identified from field
Discrete Pollutant assessment (e.g. yard clippings, manure
PLTN Source (observed) | piles) Field
A new source is any source not previously
NEW_ SRC New source identified on an existing GIS layer; Y or N All existing GIS layers
from MT DEQ
MPDES GIS layer or
NPDES_ID NPDES Permit ID Used NPDES or MPDES permit ID #'s NPDES GIS layer
from MT DEQ
NPDES Permit Individual, general, stormwater or MPDES GIS layer or
NPDES TYPE Type groundwater NPDES GIS layer
Means of Diversion
(e.g. headgate, Used means of diversion from irrigation GIS MT DNRC irrigation
MEANOFDIV ditch) layer; refined in field when possible GIS layer
Actual Used aerial photo and NHD GIS layer to 2005 NAIP digital
Hydrologically assess configuration of tributaries and ditches | aerial imagery;
Connected Reach | to determine the most likely hydrologically National Hydrography
(for MPDES permit | connected to the MPDES or LCA discharge, if | Dataset GIS layer
CON_REACH and LCA only) different from closest perpendicular reach /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 /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

# of Montana Pollution Discharge Elimination System permits within the
MPDES reach

# of stormwater pipes draining to the reach, identified during the field
Stormwater assessment

# of wastewater pipes draining to the reach, identified during the field
Wastewater 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

Very overgrazed, high yard/pasture encroachment, excessive bank

Poor trampling, bare, very weedy (generally thistle and tansy)

Understory grazed, moderate yard/pasture encroachment, some trampling,
Fair moderate weeds

Low grazing and yard/pasture encroachment, minimal trampling and weeds,
Good densely vegetated

No grazing, yard/pasture encroachment, no trampling, minimal weeds,
Excellent 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.

1 12/28/2009
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FIGURE 1. OVERVIEW OF BEAR CREEK
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TABLE 1. REACH-SCALE ATTRIBUTES

BEAR
01N 5.57 179 2 FOREST Y 1 0 L 110 WBR 0.0 0.9
BEAR RURAL
02N 1.71 179 3 RESIDENCE N 7 1700 L 70 NA 5.3 19.9
BEAR
03N 1.98 17w 3 HAY N 4 300 L 70 PBR 0.5 14.1
BEAR RURAL
04 N 0.88 17w 3 SUBDIVISION N 0 0 L 50 PBR 6.8 56.9
Left Bank Land Use on Bear Creek
100% - WRural Res.
80% M Residential
60% -
2 Dry Crops
40% -
WIrr. Crops
20% -
0% M Forest
BEARO1 N BEAR 02 N BEARO3 N BEAR 04 N
FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF BEAR CREEK
Right Bank Land Use on Bear Creek
100% - W Rural Res.
80% - M Residential
60% - 1 Dry Crops
40% - MIrr. Crops
20% - M Irr. Pasture
0% B Forest
BEARO1 N BEARO02 N BEARO3 N BEAR 04 N

FIGURE 3. LAND USE TYPES ALONG THE RIGHT BANK OF BEAR CREEK
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Bear Creek
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council

2. BEAROLIN

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 BR0O4 (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

4 12/28/2009
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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

Source Riparian Potential
Pollutant Source Prevalence | Pathway | Quality Comments Significance
some erosion at trail
crossings; mostly related
Recreational use Low SW Excellent | to motorized use Low
concentrated areas of
erosion and trampling
within grazing allotments
Cattle grazing Low SW Excellent | on the National Forest Low
Septic system per mi
(150 t/1000 ft) 0.0/0.9 GW Excellent Low
Unpaved road crossings (#) 1 SW Excellent | unpaved driveway Low
7 12/28/2009
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3. BEARO2 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 BRO3 (Figure 8). The dominant
Level 4 PRI ecoregion of the reach is 17g, Mid-Elevation Sedimentary Mountains.

FIGURE 8. REACH BEAR 02 N

8 12/28/2009



Bear Creek
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council

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

Source Riparian Potential
Pollutant Source Prevalence | Pathway | Quality | Comments Significance
Septic system per mi high septic density but good
(150 ft/1000 ft) 5.3/19.9 GW Good riparian buffering quality Low/Med
most well-vegetated at
abutments, some considered a
Unpaved road crossings (#) 7 SW Good sediment source Low/Med
FIGURE 11. WELL-MAINTAINED DRIVEWAY CROSSING WITHIN REACH BEAR 02 N
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4. BEARO3 N

Reach 3 is a third order stream that extends from the mouth of Bear Canyon at water quality site
BRO03, 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

14 12/28/2009



Bear Creek
Lower Gallatin TMDL Planning Area 2009 Source Assessment Greater Gallatin Watershed Council

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 BR0O3 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

Source Riparian Potential
Pollutant Source Prevalence | Pathway | Quality | Comments Significance
Irrigated crops
(Ave. % LB/RB) 45 GW Good primarily hay production Low/Med
Pasture horse and cattle grazing; pasture
(Ave. % LB/RB) 20 SWIGW Good in good condition Low
Septic system per mi med septic density but relatively
(150 ft/1000 ft) 0.5/14.1 GW Good good riparian buffering quality Low
3 well-maintained driveways, 1
Unpaved road crossings (#) 4 sSwW Good ford causing some sedimentation Med
metal stormwater pipe from
unpaved Bear Cyn Rd. 15 ft bet.
Stormwater pipe and stream; evidence of
(# pipes) 1 pipe, SW Good recent flow. Low

FIGURE 16. FORD CROSSING WITHIN REACH BEAR O3 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

Source Riparian Potential
Pollutant Source Prevalence | Pathway | Quality | Comments Significance
moderate level of irrigated crops
Irrigated crops but riparian buffer is in good
(Ave. % LB/RB) 30 GW Good condition Low
Septic system per mi high septic density but with a
(150 ft/1000 ft) 6.8/56.9 GW Good 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

BOZE

01N 7.64 17g 2 FOREST Y 1 2500 L 150 NA 0.0 0.1
BOZE

02N 2.58 17w 2 HAY N 1 0 L 150 NA 0.0 5.8
BOZE RESIDENCE/

03N 2.27 17w 2 HAY N 3 0 L 130 NA 7.0 55.1
BOZE osw,

04 N 1.23 17w 3 URBAN N 2 150 L 70 RPF 0.8 2.4
BOZE SILT

05N 1.14 17w 3 URBAN N 2 3900 H 30 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

Left Bank Land Use on Sourdough Creek

100% B Rural Res.
80% E Urban
M Residential
60% = Golf
40% M Dry Crops
W irr. Crops
20% B Dry Pasture

M Irr. Pasture
M Forest

0%

BOZEO1 N BOZEOZN BOZEOSN BOZEO4N BOZEOSN  BOZEO6N

FIGURE 2. LAND USE TYPES ALONG THE LEFT BANK OF SOURDOUGH CREEK

Right Bank Land Use on Sourdough Creek

100% W Rural Res.

20% EUrban

M Residential
60%

W Dry Crops
40% Hlirr. Crops
20% HDry Pasture

Elrr. Pasture

0,
0% HForest
BOZEOLN BOZEO2 N BOZEO3 N BOZE 04 N BOZEOS5 N BOZEO6 N

FIGURE 3. LAND USE TYPES ALONG THE RIGHT BANK OF SOURDOUGH CREEK
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2. BOZEO1 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 con