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Introduction 
 
Bear Creek in Bear Canyon near Bozeman, Montana was monitored for water quality in 2011 at 
4 sites for discharge, suspended sediment, bedload sediment and turbidity.  The objective was 
to assess changes in water quality in Bear Creek from 2003 (Story and Taylor, 2004) when 
water quality monitoring was initiated to establish a baseline for the sediment levels in Bear 
Creek and evaluate above and below sediment levels from land management activities – 
primarily roads and trails and downstream residential and agricultural activities.   
 
In 2003 a larger and longer duration cooperative water quality monitoring project was conducted 
in Bear Canyon.  Cooperators included the Gallatin National Forest, numerous Bear Canyon 
homeowners, Montana DEQ, Montana Water Center, the Gallatin Local Water District, and 
several other volunteers.   Fish population shocking (Gallatin NF) was conducted in October 
2003 (Barndt and Bay, 2003).  A Beneficial Use Determination for Bear Canyon was completed 
by the Gallatin Local Water District and Montana DEQ in 2004. The 2003 monitoring of 
sediment, turbidity, and discharge in Bear Creek was designed to respond to public concerns, 
primarily Bear Canyon homeowners, about erosion and water quality in Bear Creek due to 
motorized recreation use, particularly ATV's, and livestock grazing. The 2003 monitoring found 
extensive water quality impacts from motorized trail use in Bear Canyon as well as road, 
residences, and agriculture sediment increases below the NF boundary.   
 
The 1/2005  Beneficial Use Determination (by Al Nixon) documented partial beneficial use 
support with unpaved road runoff (including trail sediment) which prompted the inclusion of Bear 
Canyon on the 2006 303(d) list, with TMDL completion scheduled for 2012.  The beneficial use 
support information and impairment information for the listed section of Bear Creek is tabulated 
below.  
 

Beneficial Use Support Information  

Use Name  
Fully 

Supporting  

Partially 

Supporting  

Not 

Supporting  

Insufficient 

Information  

Agricultural            

Aquatic Life            

Cold Water Fishery            

Drinking Water            

Industrial            

Primary Contact 

Recreation  
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The 2003 monitoring information was useful in the completion of the Gallatin NF Travel 
Management Plan (2006) which deferred motorized use in Bear Canyon until NF trails are 
rehabilitated sufficiently to support motorbike and ATV use.  The use of Bear Canyon TPA for 
motorized recreation requires extensive trail rehabilitation to meet Gallatin NF trail standards 
before motorized use can use the area without additional trail damage. All of the trail upgrades 
have been completed along the lower trail #440 system including the new trail alignment in 
Section 6 T3S R7E on the east side of Bear Creek, obliteration of the original trail on the west 
side, and improved drainage, new trail bridges.  In addition in 2011 rehab work included 
improved trail surface durability in sections 7, 8, 9, 17, 20 of  T3S R7E, and completion of trail 
improvement work in sections 20, 21, 22, and 28 of T3S R7E including improved drainage, trail 
surface puddle reduction, more durable subgrade, and rehabilitating and blocking unauthorized 
spur user made motorized ATV and motorbike routes.   

 

Methods 
 
Four of the 2003 sites were selected for the Bear Creek sampling in 2011 sites #3, #4, #5, and 
#8.   Site selection was designed to sample upstream of the previously most intensively 
impacted segment of Bear Creek between sites #3 and #4.  Site #5 is at the Bear Canyon 
trailhead site #8 at Bozeman Trail road.   All sampling sites are shown on the map below.  

 

 
 

Sampling was done during 10 days between April 25 and August 18 by Mark Story, Kenneth 
Hancock, Michael Donch, Lisa Stoeffler, Jeremy Kunzman, Matt Mitchell, Grant Morrison, and 
Dana Bangart.  A Forest Service staff gages (to calibrate the relationship between stage and 
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discharge) were used at site #5 and. An existing staff gage at the Bozeman Trail road bridge 
was used at site #8.   Measurements included discharge (cfs) using USGS pygmy and price AA 
meters with a Swoffer digital revolutions/seconds counter, suspended sediment (DH 48 wading 
sampler), bedload sediment (Helly-Smith 3" sampler), and turbidity with a HACH 2100A turbidity 
meter.  Stage at sites #5, and #8 was recorded during each sampling event.  Kenneth Hancock 
did all water quality laboratory analysis at the Gallatin NF water lab in Bozeman using a 
gravimetric filtration method for suspended sediment with a Mettler H72 balance to 0.00001 g.  
Bedload sediment was weighed with an Acculab V-1200 balance and bedload discharge 
calculated by factoring in sampling area and time.  Turbidity was measured with a HACH 2100A 
turbimeter using freshly calibrated Gelex standards.  All water quality data is enclosed.  
 

 
 

Results 
 
All data from the 2011 Bear Creek monitoring is included in Table 1.  Measured suspended 
sediment, bedload sediment, turbidity, and discharge means were tabulated for all sampling 
dates (4/25 to 8/18, 2011).  

 

Site Discharge CFS Turbidity NTU 
Suspended  

Sediment  mg/L 
Bedoad Sediment  

Tons/day 

3 35 39.8 87.0 9.2 

4 38.6 41.5 92.9 1.2 

5 38.3 44.0 92.3 0.7 

Bedload sampler in Bear 
Creek Site #3 on 
8/18/2011.   
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8 67.9 44.2 80.8 1.0 

 
 
In 2011 discharge was low during late April and early May then accelerated sharply in mid May 
and remained very high through mid June with peak flows at all sites on May 24.  Precipitation 
and discharge decreased sharply in late June after snowmelt runoff and a weather change to 
below average summer precipitation.   
 
The Gallatin National Forest, and much of  southwest and south central Montana, including 
Bear Canyon,  had much above average runoff events in May and June of 2011 due to 
substantially above average snowpacks in the Gallatin,  Absaroka,  Bearooth,  Bridger, and 
Crazy Mountain ranges and well above average May and early June 2011 rain events.    During 
June 2011 snowpacks set record snow water equivalent (SWE) amounts over the entire Gallatin 
NF.  Snowpacks were well above previous record levels.  Considerable flooding and road/trail 
infrastructure occurred throughout the Gallatin NF but only minor sloughing in Bear Canyon 
between sites #4 and #5 and some slippage of the massive slump on the east side of the 
drainage between sites #3 and #4.  
 

River basin Apl 1 % of avg May 1 % of avg June 1 % of 
avg 

June 23 % of 
avg.  

Madison 113 135 218 560 

Gallatin 118 147 244 429 

Upper 
Yellowstone 

119 149 222 403 

 
After the robust snowmelt runoff NOAA data indicate that for the July and August period 
Bozeman had 88% and 73% of average rainfall.  The drier than average mid – late summer 
precipitation also occurred in Bear Canyon with very limited localized rain events and summer 
stormflow flushing of the watershed. 
 
Statistical analysis of the data (Ponce, 1980; McDonald, 1991) was run using Microsoft Excel 
spreadsheet linear regressions, and Excel statistical analysis for "t" tests.  Of primary statistical 
question were paired comparisons ("above vs below") to test for statistically significant sediment 
and turbidity changes between sites.  A summary of results include: 
 
1. Paired "t" tests of suspended sediment between site means (day n site X vs day n site Y) 
showed no statistically significant differences (2 tailed tests at 0.05 alpha level) between sites 
#3 vs. #4, #4 vs. #5, and #5 vs. #8.    
 
2. Paired "t" tests of turbidity between site means (day n site X vs day n site Y) showed no 
statistically significant differences (2 tailed test at 0.05 alpha level) between sites #3 vs. #4, #4 
vs. #5, and #5 vs. #8.    
 
3. Linear regressions (sediment rating curves) of suspended sediment and log discharge 
showed good correlation between these variables at site #3 and fair correlation at sites #4, #5, 
and #8.    
 
Site 3:      log suspended sediment =    0.91 log discharge   - 0.22   R2=0.81 
Site 4:      log suspended sediment =    0.81 log discharge  + 0.66   R2=0.77 
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Site 5:      log suspended sediment =    0.68 log discharge  + 0.27   R2=0.78 
Site 8:      log suspended sediment =    0.63 log discharge  + 0.66   R2=0.67 
 
3. Linear regressions (sediment rating curves) of bedload sediment and log discharge showed 
good correlation between these variables at sites 5 and 8 and fair correlation at sites 3 and 4.    
 
Site 3:      log suspended sediment =    0.27 log discharge  + 1.47     R2=0.72 
Site 4:      log suspended sediment =    0.47 log discharge  + 1.71     R2=0.77 
Site 5:      log suspended sediment =    0.32 log discharge  + 1.78     R2=0.84 
Site 8:      log suspended sediment =    0.33 log discharge  + 2.05     R2=0.86 
 
Total loadings of suspended and bedload sediment, total sediment (suspended + bedload), and 
ratio of bedload to suspended sediment were calculated for each site assuming that baseflow 
days not sampled could be represented by the lowest measured suspended and bedload 
samples.  This assumption is reasonable for suspended sediment but probably over-estimates 
annual bedload discharge.  
 

 

Site 3 4 5 8 

watershed size 
mile2 

8.88 9.35 9.83 19.48 

suspended 
sediment 
tons/year 

1862 1278 1246 1776 

bedload 
sediment 
tons/year 

742 90 52 76 

total sediment 
tons/year 

1904 1369 1299 1852 

suspended 
sediment 

tons/mile2/year 131 137 127 91 

total sediment 
tons/mile2/year 

214 146 132 95 

ratio of bedload 
sediment to 
suspended 
sediment 

0.33 0.23 0.2 0.15 

Suspended sediment loadings were closely related to stream discharge at all of the sites with 
the highest stream flow and sediment yields during the snowmelt runoff period in April and May. 
The suspended sediment and bedload sediment yields are primarily related to discharge 
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variation.  At all sites suspended sediment loading was highest during the snowmelt period in 
May & June but quickly declined after mid June.  Suspended sediment increased downstream 
except for a slight reduction at site #5.  Bedload sediment was very high at site #3 then declined 
through site #8.   
 

 
 
Suspended and bedload sediment amounts in 2011 (Figure 1) were remarkably higher than at 
the same sites in 2003 (Figure 2).  At site #3 discharge in 2003 peaked at 32.2 cuffs and 
suspended sediment at 2.8 mg/L compared to 2011 peaks of 89.5 cfs and 287 mg/L.  At site #8 
discharge in 2003 peaked at 50.6 cfs and suspended sediment at 54.3 mg/L compared to 2011 
peaks of 151 cfs and 260 mg/L. Discharge in 2011 averaged about 3 times 2003 discharge but 
2011 suspended sediment about 50 to 107 times 2003 discharge.  Bedload sediment was also 
considerably higher at all sites in 2011 than 2003.  The 2011 sediment response was a dramatic 
documentation of how sediment levels increase exponentially with increasing discharge.  
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The distribution of measured sediment levels between sites is probably due to series of natural 
and man-causes factors.  Between the 2003 site #2 and 2011 site #3 the Bear Creek stream 
channel becomes steeper (gradient of 1.73% at site #3) and coarser textured which evidently 
decreases the fine bedload (silt and sand) loading.  Above the 2003 site #2 Bear Creek is low 
gradient with erodible fine textured streambanks.   The high snowmelt discharge of May and 
early June 2011 evidently mobilized massive amounts of channel source sediment above site 
#3 hence the large bedload amounts measured at site #3.  
 
Trail #440 was very close to Bear Creek between sites #3 and 4 with several areas of direct 
runoff discharge before the the Bear Creek trail obliteration and relocation work was completed.  
in June 2007.  The large semi-active slide on the west side of BAER Canyon forced 2 fords of 
Bear Creek within a few hundred feet.  The slump periodically sloughed into Bear Creek and the 
fords were quite reactive to crossings by ATV's, motorcycles, and less frequently by horses and 
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mountain bikes.  Site #4 is about 100' downstream from the new trail bridge across Bear Creek.   
 
 

 
 

 
 
 

 
 

 
 
 
 
 
 
Between sites #4 and #5 the Bear Creek stream channel has more separation from Trail #440 
and is also steeper (gradient of 3.29% at site #5) and coarser textured.  The slight reduction in 
bedload sediment and substantial reduction of suspended sediment between sites #4 and #5 is 
probably due primarily to the change to a coarser textured stream type and more resilience  to 
handle the high streamflows of 2011.    

 
Bear Creek site #8 has slightly increased bedload (as compared to site #5) but large increases 
in suspended sediment in both 2003 and 2011.  The high sediment loading at site #8 is probably 
due to a combination of fine textured streambanks, agricultural use (concentrated cattle grazing 
along Bear Creek between sites #5 and #8), and irrigation return flows. 
 
 
 

Trail # 440 section between site #3 and site #4 
where trail drainage used to directly discharge 
into Bear Creek left photo. In 2007 the section 
of trail between sites #3 and #4 was 
decommissionied (right photo) and the trail 
relocated on a stable bench above Bear 
Creek. The sharp sediment increase between 
the 2 sites did not occur in the 2011 sediment 
data.  
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Impairment Information  

Probable Causes  Probable Sources  Associated Uses  
TMDL 

Completed  

Alteration in stream -side or 
littoral vegetative covers  

Grazing in Riparian or Shoreline Zones  
Aquatic Life  

Cold Water Fishes  
NO  

Excess Algal Growth  
Grazing in Riparian or Shoreline Zones  

Unspecified Unpaved Road or Trail  
Primary Contact Recreation  NO  

Phosphorus (Total)  
Grazing in Riparian or Shoreline Zones  

Unspecified Unpaved Road or Trail  

Aquatic Life  
Cold Water Fishes  

Primary Contact Recreation  
NO  

Sedimentation/Siltation  
Grazing in Riparian or Shoreline Zones  

Unspecified Unpaved Road or Trail  
Aquatic Life  

Cold Water Fishes  
NO  

Solids (Suspended/Bedload)  
Grazing in Riparian or Shoreline Zones  

Unspecified Unpaved Road or Trail  

Aquatic Life  
Cold Water Fishes  

Industrial  
NO  

 

 
The 2011 Bear Creek monitoring measured the highest sediment and turbidity levels since 
project water quality monitoring was initiated on the Gallatin NF in 1989.  Sediment levels were 
2 orders of magnitude greater than 2011 than 2003 at all sites.  Very high sediment levels likely 
occurred over much of Montana during May and June of 2011 with record streamflows and 
robust channel sediment mobilization.  In 2011, unlike the much more moderate streamflow 
year of 2003, the water quality effects of land use, including roads, trails, residential, and 
agriculture use were difficult to discern with the massive Bear Creek stream channel sediment 
mobilization and high turbidity.  The  2 key findings however are that 1) the sharp sediment 
increase in 2003 between sites # 3 and #4 likely due primarily to trail source did not occur in 
2011 and 2) site #8 sediment increases continued in 2011 likely due to fine textured stream 
channel and agriculture use.  

 

Conclusions  
 
1.   Monitoring results indicate that Bear Creek sediment and turbidity is affected by a complex 
variety of natural and man caused factors, which are difficult to separate.  The main variable 
affecting sediment and turbidity appears to be the naturally unstable and fine textured nature of 
much of the Bear Creek system.  The steepest part of the stream system (as measured at site 
#5) had reduced sediment levels due partially to more coarse textured stream channels.   In the 
lower sections at site #8 Bear Creek meanders through finer textured channel areas with 
naturally higher levels of sediment delivery.  

 

Agricultural impacts to Bear Creek about 0.5 miles 
above site #8 on May 27, 2003.  This area was 
slightly less disturbed in 2011 but remains a 
substantial sediment source to lower Bear Creek 
due to bank sloughing and direct stormflow during 
rain events.  The Montana DEQ impairment table 
(below) lists grazing in riparian zones as a primary 

cause of impairment as well as roads and trails.   
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2.   The 2011 Bear Creek data provided a dramatic documentation of extremely high discharge, 
suspended and bedload sediment, and turbidity in a record snowmelt runoff year for much of the 
Gallatin National Forest.  Discharge in 2011 averaged 3 times as much as 2003 and sediment 
levels in 2011 were 50 to 107 times as high as 2003.   
 
4.  The larger sediment increase in 2003 between sites #3 and #4 (the decommissioned and 
relocated Trail #440 section) did occur in 2011 as total sediment was greater at site #3.  This is 
the key finding in the 2011 monitoring and probably partially attributable to the reduced trail 
sediment source between the sites.  
 
5.   The most definitive sediment and turbidity change in Bear Creek occurs between sites #5 
and #8.  The natural sediment increase due to fine textured and erodible streambanks between 
the 2 sites appears to be greatly accelerated by agricultural impacts.   

 
 
 

Table 1. Water Quality Monitoring 2011 - Bear Creek    

   

 

     

Bear Creek - Site BC - 08 

 

     

DATE TURB SS LOG SS BS LOG Q LOG 

2011 NTU MG/L SS T/D T/D BS CFS    Q 

4/25 16.50 18.49 1.2670 0.6683 0.00043 -3.36197 13.38 1.1266 

5/3 15.50 28.21 1.4503 1.4931 0.00469 -2.32843 19.6 1.2924 

5/10 61.00 138.00 2.1399 31.8167 0.92972 -0.03165 85.4 1.9314 

5/17 50.00 86.00 1.9345 21.3220 0.22520 -0.64743 91.8 1.9630 

5/24 80.00 182.00 2.2601 74.3488 1.63056 0.21234 151.3 2.1798 

6/1 37.00 57.33 1.7584 10.8893 0.29891 -0.52446 70.3 1.8472 

6/8 140.00 260.00 2.4150 87.0480 6.84723 0.83551 124 2.0934 

6/15 32.50 10.44 1.0185 2.3160 0.02329 -1.63276 82.205 1.9149 

6/27 8.10 24.42 1.3878 2.3362 0.33758 -0.47163 35.431 1.5494 

8/18 1.10 2.917 0.4649 0.0467 0.00124 -2.90763 5.931 0.7731 

avg 44.17 80.78 
 

23.23 1.03 
 

67.94 
 

 
Bear Creek - Site BC - 05 

 
 

    

DATE TURB SS LOG SS BS LOG Q LOG 

2011 NTU MG/L SS T/D T/D BS CFS    Q 

4/25 14.00 27.53 1.4398 0.5323 0.03160 -1.50026 7.16 0.8550 

5/3 16.00 24.29 1.3854 0.5226 0.00211 -2.67587 8.0 0.9015 

5/10 44.00 74.00 1.8692 7.4901 0.35854 -0.44546 37.5 1.5739 

5/17 40.00 67.00 1.8261 9.7822 0.16747 -0.77605 54.1 1.7330 
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5/24 92.50 209.00 2.3201 51.6430 4.18494 0.62169 91.5 1.9615 

6/1 32.00 57.78 1.7618 6.8097 0.09749 -1.01102 43.7 1.6400 

6/8 160.00 386.92 2.5876 80.3872 1.48555 0.17189 76.95 1.8862 

6/15 32.50 52.00 1.7160 5.6927 0.34170 -0.46636 40.5 1.6079 

6/27 7.60 21.24 1.3271 1.1001 0.01460 -1.83575 19.19 1.2830 

8/18 1.40 2.80 0.4465 0.0363 0.00023 -3.64744 4.81 0.6818 

avg 44.00 92.25 
 

16.40 0.67 
 

38.34 
 

 
Bear Creek - Site BC - 04 

 

     

DATE TURB SS LOG SS BS LOG Q LOG 

2011 NTU MG/L SS T/D T/D BS CFS    Q 

4/25 16.00 33.48 1.5248 0.6421 0.05959 -1.22486 7.10 0.8514 

5/3 15.00 25.60 1.4082 0.5022 0.04751 -1.32318 7.3 0.8613 

5/10 41.00 70.20 1.8464 5.5618 0.30480 -0.51599 29.3 1.4675 

5/17 39.00 61.00 1.7853 8.5525 0.33437 -0.47577 51.9 1.7154 

5/24 87.5 209.00 2.3201 50.7870 2.90488 0.46313 90.0 1.9542 

6/1 30.00 48.70 1.6875 6.1340 0.20194 -0.69479 46.7 1.6689 

6/8 140.00 384.55 2.5849 87.1014 7.57459 0.87936 83.89 1.9237 

6/15 36.00 68.18 1.8337 8.2977 0.63758 -0.19546 45.1 1.6539 

6/27 8.90 23.95 1.3794 1.3675 0.08748 -1.05810 21.14 1.3252 

8/18 1.90 4.79 0.6805 0.0461 0.00321 -2.49351 3.57 0.5521 

avg 41.5 92.95 
 

16.90 -0.66 
 

38.60 
 

 
Bear Creek - Site BC - 03 

 
 

    

DATE TURB SS LOG SS BS LOG Q LOG 

2011 NTU MG/L SS T/D T/D BS CFS    Q 

4/25 4.90 15.37 1.1866 0.1725 0.00352 -2.45298 4.16 0.6189 

5/3 15.00 28.40 1.4533 0.5283 0.04280 -1.36861 6.9 0.8382 

5/10 37.00 81.40 1.9106 3.6490 3.69878 0.56806 16.6 1.2202 

5/17 36.00 61.00 1.7853 8.4603 25.35732 1.40410 51.4 1.7107 

5/24 95.00 248.00 2.3945 59.9292 61.54401 1.78919 89.50 1.9518 

6/1 38.00 64.00 1.8062 7.5641 0.67174 -0.17280 43.8 1.6412 

6/8 130.00 287.00 2.4579 63.9293 0.53038 -0.27541 82.5 1.9165 

6/15 31.00 56.00 1.7482 5.0333 0.46002 -0.33722 33.289 1.5223 

6/27 8.90 23.11 1.3638 1.1505 0.02151 -1.66727 18.438 1.2657 

8/18 2.60 5.92 0.7722 0.0508 0.00051 -3.28918 3.18 0.5024 

avg 39.84 87.02 
 

15.05 9.23 
 

34.97 
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