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1.0 INTRODUCTION:
The Watershed Restoration Coalition (WRC) has been working on an intensive monitoring and
assessment program for Upper Clark Fork tributary streams from spring 2010 until early winter 2013.
Part of the effort has been both diagnostic, with the aim of identifying sources of problems and
opportunities for conservation projects. A second part of the effort has focused on evaluation-- setting
up the baseline to measure the effects of conservation/restoration projects. This report focuses on that
second goal, measuring the effectiveness of conservation/restoration.
The project effectiveness monitoring goal and objectives are:
GOAL #1: Measure the effectiveness of on-going restoration projects: which address low-flows, water
temperature, siltation-sediment, streamside vegetation alterations, and physical alterations to help
improve future implementation of water quality improvement projects.
OBJECTIVE #1: Gather data on riparian condition, upland condition, and productivity to compare to
baselines from 2002 to 2004 on conservation projects (stock water pipelines) in East Deer Lodge valley.
OBJECTIVE #2: Gather data on riparian condition and channel morphology at Peterson Creek (State
DNRC land), Dry Cottonwood, Sand Hollow, and Gold Creek where riparian management projects are
being done.
OBJECTIVE #3: Gather data on flows and temperatures on Cottonwood Creek and Racetrack Creek.
Sample design for project effectiveness was based on “before-after” comparisons of characteristics at
the sites established during baseline monitoring, per the QAPP.
2.0 METHODS:
2.1 Types and Locations of Projects
Monitoring reaches were located by stratifying the sample area into general Rosgen valley types using
aerial photos and topographic maps, and selecting two to three “monitoring” reaches in the entire
sampling area for that tributary, based on the approximate proportion of stream length in each valley
type. Coordinates of beginning and ending stations of all monitoring reaches were recorded in the field
with GPS units as decimal latitude/longitude (NAD 83). Photo points were taken upstream and
downstream at beginning/ending stations with digital camera and cataloged.
The NRCS riparian assessment monitoring was done on longer stream reaches, providing a coarse-scale
assessment of stream conditions. The geomorphic, fish habitat and vegetation sampling is done at a
finer scale. For those parameters both monitoring and reference reaches are 350 feet to 500 feet long,
and approximately 20 times the bankfull width- of the stream, whichever is longer. Data collection at
“monitoring” sites and “reference” sites repeats the same parameters collected during the earlier time

period, thereby creating a “before-after” monitoring scenario for project sites and for non-project
(“reference”) sites.
Table 1: Summary of Data Collection Planned for each Tributary Stream, 2012
Stream:
Gold Creek

Sand Hollow Creek

Effectiveness Monitoring Protocols
NRCS Riparian Assessment, Geomorphic, Fish Habitat, Greenline
vegetation
NRCS Riparian Assessment, Geomorphic, Fish Habitat, Greenline
vegetation
Hanson Lotic Assessment, Geomorphic, Fish Habitat, Greenline
vegetation, Upland Veg biomass clipping
Hanson Lotic Assessment, Greenline vegetation

Cottonwood Creek
Racetrack Creek

Daily water temperature and flow measurements
Daily water temperature and flow measurements

Peterson Creek
Dry Cottonwood Creek

Table 2: Summary of Existing Baseline Data and 2012 Data Collection
Stream
Gold Creek

Site
G-M-2
Lat 46.57651
Long -112.91654

Stream
Peterson Creek

Site
Peters-M-1
Lat 46.31864
Long -112.66358

Existing Baseline Data
Type(s)
Geomorphic
Long Profile
X-Section
Pebble Count
<2mm
,
D50
Bankfull W/D
Fish Habitat
Woody Veg.
NRCS Riparian
Assesment

Proposed 2012 Data
Collection

Existing Baseline Data
Type(s)
Geomorphic
Long Profile
X-Section
Pebble Count
<2mm
D50
Bankfull W/D
Fish Habitat
Woody Veg.
NRCS Riparian
Assessment

Proposed 2012 Data
Collection

N
Y
N
Y
Y
Y
Y
Y
Y

N
Y
N
N
N
Y
Y
Y
Y

Stream
Cottonwood Creek

Site(s)
C-2 I-90 Johnson
46.3993
-112.7156

Existing Baseline Data
Type(s)
Daily Flow
Daily Temperature

Proposed 2012 Data
Collection
Y
Y

C-3 SA corral bridge
46.3947
-112.6517

Stream
Dry Cottonwood Creek

Site(s)
DryC-M-1
Lat 46.24224
Long -112.74047
DryC-M-2
Lat 46.22458
Long -112.70198

Stream

Site(s)

Sand Hollow

SandH-M-1

Existing Baseline Data
Type(s)
Geomorphic
Long Profile
X-Section
Pebble Count
<2mm
,
D50
Bankfull W/D
Fish Habitat
Woody Veg.
Hanson Lotic Assessment
Upland Range Transect
Flow

Proposed 2012 Data
Collection

Existing Baseline Data
Type(s)
Geomorphic
Long Profile
X-Section
Pebble Count
<2mm
D50
Bankfull W/D
Fish Habitat
Woody Veg.
NRCS Riparian
Assessment

Proposed 2012 Data
Collection

N
Y
N
Y
Y
Y
Y
Y
Y
N
Y

N
N
N
N
N
N
N
Y
Y

Stream

Site(s)

Racetrack Creek

Racetr-M-1
Lat 46.27641
Long -112.78916

Existing Baseline Data
Type(s)
Daily Flow
Daily Temp

Proposed 2012 Data
Collection
Y
Y

Racetr-M-2
Lat 46.27198
Long -112.82816

2.2 Field Sampling Methods and Field Forms
Field data was collected with the following equipment and methods:
Table 3:
Parameters, Equipment and Methods
Parameter:
Equipment:
1.
Riparian Assessment
Field sheets, tape
measures, wading rod.

2.

Tape measure, wading
rod, laser level and rod

4.

Geomorphic channel data (widthdepth, slope, Wolman pebble
count, eroding banks)
Fish habitat data (pools, pool
depth, LWD)
Riparian Vegetation

5.

Flow and water temperature

Tru-Track stage and
water temperature
data logger calibrated

3.

Wading rod
Wading rod

Methods:
Per Montana NRCS Riparian
Assessment (NRCS, 2004), or
Per Hansen Lotic Assessment
protocols (Hansen, 2008)
Rosgen Level II approach with field
data forms (Rosgen, 1996, 2008)
USFS R1/R4 methodology modified
(US Forest Service, 1995)
USFS Winward Greenline
methodology modified (Winward,
2000)

2.2.1 Riparian Assessment:
Two types of riparian assessments were done: NRCS assessments and Hansen Lotic assessments,
depending on the stream and prior monitoring history. The riparian assessments were done on stream
walks from where each stream enters the valley to the tributaries confluence with the Clark Fork. The
standard method for assessments is the NRCS Riparian Assessment method published by Montana NRCS
personnel (Tom Pick, Pete Husby, et.al. 2004). The methods include five (5) optional “Supplemental

Attributes”—Aquatic Life Substrate Habitats, Fish Habitats, Temperature Indicators, Flow, and Nutrient
Indicators---which can be used in addition to the 10 basic questions which form the reach score.
In the case of Project Effectiveness Monitoring in the East Valley watersheds (Objective #4), the Hansen
Lotic Assessment method was used in order to compare current data directly with 2002/2003 baseline
data collected by the WRC using this method. See Hansen (2009).
2.2.2 Geomorphic Assessment:
The geomorphic assessment was done during low-flow periods on selected 350-ft. to 500-ft.long reaches
(monitoring reaches and reference reaches) according to the Level II methodologies outlined in Rosgen
(1996) and USFS (1994). Data was collected on monumented channel cross-sections, channel profiles,
bankfull width-depth ratios, channel substrate size distribution (Wolman pebble count), valley type
characterization and length and height of eroding banks. See APPENDIX B for field sheets.
2.2.3. Fish Habitat Assessment:
The fish habitat assessment was based on US Forest Service R1/R4 Fish Habitat Assessment concepts,
but is modified to include only a portion of the parameters measured in that method. In particular,
number of pools, pool depth, residual pool depth, and large woody debris as defined by R1/R4
approaches. Fish habitat work was done in mid- to late summer low flows. See APPENDIX C for field
sheets.
2.2.4 Upland Vegetation Assessment:
Vegetative assessments was done for upland sites using the NRCS “Techniques for Rangeland Photo plots
and Points Cover Monitoring, 100 foot Permanent Transect Method.”
The method is used for selection, completion, analysis and interpretation of rangeland sites for
conservation and monitoring. These permanent transects serve as a reference for judging future
conditions and trend.
2.2.5 Greenline Vegetation Assessments:
In the monitoring reaches and reference reaches a more quantitative assessment of woody riparian
vegetation was done, called the “Greenline vegetation” method, based on the US Forest Service
publication by Winward (2000). This modified Winward methodology quantifies the genus, number, size
and decadence of woody vegetation in the Greenline area (within three feet of the active channel), but it
does not attempt to identify all major vegetation to species. See APPENDIX D for field sheet.
2.2.6 Flow and Water Temperature:
Continuous flow and water temperature measurement sites were located to bracket the intensive
irrigation area of each sampled tributary watershed, including a site near the tributary’s confluence with
the Upper Clark Fork, and at least one site near the upper end of the valley, or foothills, usually but not
always, above all the major irrigation diversion sites. Water height and water temperature data were
recorded by calibrated TruTrack dataloggers on a one-hour time step. Data was recorded from spring
(April, May or June), until late October.
Each TruTrack was suspended in a PVC tube fastened to a steel fencepost driven into the stream
substrate, leveled and surveyed in to a benchmark. Flows were measured three to four times at each site
during the summer using a Marsh-McBirney flow meter. The method is the USGS cross-section flow
velocity method (as described in USFS RM-245, 1994). The calculated flows were fit to the downloaded
stage data from the TruTrack, to provide a stage-discharge curve using automated curve-fitting
procedures in the Microsoft EXCEL program. The data analysis provides error bounds, and recognizes

that stage data outside the calibration flows (+/- 20%) is not reliable for statistical analysis, but only an
indication of flow levels. Stage data is downloaded into a spreadsheet, transformed by the stagedischarge relationship into a flow in cubic feet per second, with a mean daily flow and minimum daily
flow extracted from the full hourly data set.
The water temperature data is recorded by the TruTrack on the same hourly time step as flow data.
Mean daily and maximum daily temperatures were calculated, and summarized as number of days with
maximums over 15 degrees C. and days over 20 degrees C. The 15 degrees C. level is just above
optimum temperature for native salmonids, and the 20 degrees C. is an “upper incipient lethal
temperature” for westslope cutthroat trout, the most common native salmonid (Bear, B.A. et.al., 2005).

3.0 RESULTS
3.1 DRY COTTONWOOD CREEK:
Background: Dry Cottonwood Creek is a tributary stream which joins the Clark Fork about eight miles
south of Deer Lodge. It has a naturally intermittent reach (dry each year from late summer through late
winter) in its lowest mile nearest the Clark Fork River, hence its name. Landownership in the Dry
Cottonwood Creek drainage includes four private ranches in the lower five miles, with most of the
middle and upper watershed lying within the Beaverhead-Deer Lodge National Forest.
Water Quality, Fisheries and Fish Habitat: Dry Cottonwood Creek is not 303-d listed as impaired by
Montana DEQ, however, sediment and riparian degradation problems are quite evident. Dry
Cottonwood Creek harbors a population of resident westslope cutthroat trout from at least stream mile
2.5 (DNRC Sec. 34) upstream throughout the North Fork and South Fork, with over 15 stream miles
inhabited by native fish. No non-native salmonids exist in Dry Cottonwood, a rare attribute of an Upper
Clark Fork tributary. The westslope cutthroats in Dry Cottonwood are a recognized conservation
population. Montana Fish Wildlife and Parks biologists did population surveys at two points along Dry
Cottonwood Creek in 2008, at stream mile 2.8 and 5.3, with results of 28-39 westslope cutthroat trout
per 100-meter reach. Habitat problems include large quantities of road sediment washing into the
stream, stream bank damage and loss of diverse streamside vegetation due to grazing pressure, and loss
of connectivity with the Clark Fork due to irrigation withdrawals.
WRC Projects: The WRC did resource assessments throughout the east side Deer Lodge valley in 20022003. These assessments led to projects to improve riparian and upland resources in the Dry
Cottonwood and adjacent drainages (Sand Hollow and Orofino Gulches) through the installation of stock
water pipelines. These pipelines were installed in 2004-2005 to provide livestock water to ridge top
grasslands, to improve the use of upland range, and reduce livestock pressure in riparian corridors.
Pipelines were installed on ranches both north (Sand Hollow) and south (GBP Industries and Hadley) of
Dry Cottonwood creek, because livestock from multiple ranches on both sides of the basin were using
Dry Cottonwood creek as their primary water supply. These pipelines have functioned effectively as
livestock water supply from 2005 until the present (fall 2012).
Riparian fences were not installed as part of the original pipeline project. A riparian assessment done by
Clark Fork Coalition in 2009 indicated continuing problems with riparian conditions along Dry
Cottonwood Creek, so a riparian fencing project was designed. This project resulted in riparian fences
being installed on Dry Cottonwood Creek Ranch and Hadley Ranch in 2010, the Pytosh Ranch (formerly
GBP industries) in 2011, and DNRC section 34 in 2012.

Effectiveness monitoring on Dry Cottonwood focused on riparian condition, evaluating the impacts of
stock water pipelines from 2005 to 2009, and the effectiveness of riparian fences from 2010 to 2012.
Change in Riparian Health Condition: The WRC surveyed over 9 miles of Dry Cottonwood Creek riparian
health and function using the Hansen Lotic Assessment method in fall, 2002. The Clark Fork Coalition
staff (WRC partner) surveyed the same nine miles of Dry Cottonwood Creek and North Fork of Dry
Cottonwood in fall 2009 to track aquatic and riparian habitat quality. This 2009 survey showed the
stream corridor was “non-functional” in five reaches owned by Dry Cottonwood Creek Ranch (DCCR) and
Hadley in the lower mile of the stream, and also “non-functional” in a reach in Section 35. Other DCCR
reaches in Sec. 1 (above Canyon) and Sec. 28 and Sec. 29 (below Ranch house) were “functional at risk.”
This status was broadly similar to conditions in 2002, surveyed prior to CFC involvement.
The main noted pressures on the stream and riparian habitat were due to historic grazing pressure and
dewatering by irrigation, with some sites in the “canyon” area affected by fine sediment from roads.
Starting in 2010, the DCCR and Hadley changed grazing regimes and began some re-vegetation work.
Also in 2011 and 2012, the DCCR reduced its use of irrigation water, maintaining streamflow through the
lower mile for a longer period than had been typical for many years. Improvements in habitat due to
release from grazing, natural regeneration, rewatering and the re-vegetation work were apparent by late
2011, and were clearly noted in the 2012 field work.
Since 25 separate segments of Dry Cottonwood Creek were assessed in both 2002 and 2009, the data
was “lumped” into three groups, each from a specific physiographic region of the basin to give a general
picture of riparian health trends: a) “valley” reaches, which are owned primarily by
DCCR/Hadley/Rogers/DNRC (river mile 0 to river mile 3)—correspond to cottonwood gallery in grassland
environment, b) “canyon” reaches which are owned by DCCR, Pytosh, and US Forest Service (river mile 3
to river mile 6)—which correspond to a mixed deciduous/coniferous forest, and c) the “North Fork” of
Dry Cottonwood Creek, which is entirely Forest Service land ownership (primarily coniferous forest).
TABLE 4: Average Hansen Lotic Assessment Scores for Dry Cottonwood Drainage, 2002-2009
“Valley” reaches correspond to DCCR, Hadley, Rogers, DNRC from river to Sec. 34.
“Canyon” reaches correspond to DCCR, Pytosh, and USFS Secs. 35, 2, 1 up to NF Road.
“North Fork” reaches are entirely on North Fork of Dry Cottonwood (USFS grazing allotment).
These repeat “before-after” riparian assessments, 2002-2009, show static or slightly improving
conditions, with improvement mostly in the “Canyon” reaches. Since new upland water sources were
constructed for all “valley” and “canyon” pastures in 2005, more improvement was expected. Apparently
livestock impacts on “valley” and “canyon” riparian areas continued to be significant after
Given that the 2009 assessment showed little or no improvement in riparian conditions in the lower
three miles of the stream (valley area), the CFC/Dry Cottonwood Creek Ranch and Hadley ranches
instituted a more aggressive riparian protection program in 2010, using high-tensile electric fence to
exclude grazing from the lower two miles of the stream, and part of the “canyon reach” (Sections 35 and
36). The Clark Fork Coalition also used these riparian grazing exclosures as trial sites for planting native
riparian shrubs in 2011 and 2012.

In 2012 the lower reaches were re-assessed, to try and detect differences in the worst sites since 2009.
The results of the 2002, 2009, and 2012 Hansen Lotic Assessments for the lower two miles of Dry
Cottonwood Creek are shown in Table 5 (below):
TABLE 5: Dry Cottonwood Creek Lotic Assessments for 2002, 2009 and 2012

Note that the results for all five reaches show that the best riparian condition measured was in fall,
2012. While four out of five sites were in “non-functional”condition in 2009, three out of the five
reaches scored “proper functioning condition” in 2012, while two reaches scored in the upper range of
“functioning at risk.” Perceived changes in 2012, as compared to 2009, include: reduced active bank
erosion and hoof shear, notable reduction in grazing impacts on streamside herbaceous and willow
communities since 2009, presence of multiple age classes of cottonwood as well as regeneration of
seedling and small sapling willows. Noxious weeds including spotted knapweed and leafy spurge are still
a prevalent problem. Apparent declines in riparian condition on Hadley Ranch from 2002 to 2009 are of
unknown origin. Both of these Hadley Ranch reaches responded particularly well to the riparian
exclosure fencing from 2009 to 2012, with at least of doubling of their scores.
In summer 2011, the WRC installed detailed monitoring reaches at two sites on Dry Cottonwood Creek,
one site on Dry Cottonwood Creek Ranch within the lower “valley” reach (Section 28), and one site in
Section 35 in the lower end of the “canyon” topography. These 400 ft. long monitoring reaches provide
much more detailed baseline measurements of geomorphology, fish habitat, and woody vegetation
health to complement the more coarse-scale “riparian health” monitoring (see Tables 6 and 7).
TABLE 6: Dry Cottonwood Creek Geomorphic and Fish Habitat Baseline Data from August, 2011:
Site:
River
Channel Rosgen
WidthFine
Fine
Residual No.
mile:
Slope:
Type:
Depth
Sediment sediment pool
Pools/1000
Ratio:
% <2mm % <6mm depth:
ft.
0.5
1.3%
B4
14
16
22
0.8
7
Dry
Cottonwd
DCCR
diversion
(valley)
3.0
3.8%
B4
17
8
18
0.7
15
Dry
Cottonwd
DCCR old
corrals
(canyon)

TABLE 7: Dry Cottonwood Creek Woody Vegetation Baseline Data from August, 2011:
Profile Name:
Description length Upper
Lower
Riparian
Date of Survey:
DryC-M-1
of
Boundary Boundary community
Reach
(potential)

Channel
Type

DCCR and Hadley Includes
400 FT 46.24224 ; 46.24230; Cottonwood- Rosgen
Fenceline
DCCR
-112.7406 -112.7417
dogwood
B4
downstream
irrigation
diversion
Woody Species Survey Total
Total Sapling Total
Total
Left Bank Right Bank
Total
By age class:
Seedling/Sprout
Mature Decadent
Total
Total
Plants

7/21/11

Date of Survey:

42
Profile Name:
DryC-M-2

7/19/11

Woody Species by age
class

Total Seedling
Sprout
20

27
18
Description length
of
Reach
Just above 400 ft.
DNRC
property line
by old corral
Total Sapling Total
Mature
19

12

1
47
41
88
Upper
Lower
Riparian
Channel
Boundary Boundary community Type
(potential)
46.22458 46.22518 Cottonwood- Rosgen
-112.702 -112.7033
dogwood
B4

Total
Decadent

Left Bank
total

Right Bank
Total

Total
Plants

1

31

21

52

Change in Upland Range Condition: The Dry Cottonwood Creek Ranch short grass prairie rangelands in
T6N R9W Sections 28 and 34 were monitored by the Natural Resource Conservation Service in 2002 and
2010 to evaluate the status of the upland plant community. The method was clipping plants in sample
sites (USDA NRCS, 2003). In 2002 leafy spurge (Euphorbia esula), a herbaceous noxious weed, had
become the dominant plant on these rangelands. Bluebunch wheatgrass (Psuedoroegneria spicata), the
natural ly dominant grass on these rangelands, and an important cattle forage, was repressed. Two
major factors changed in this time period: constructing the pipeline and water tanks and bringing in a
large herd of sheep once a year as ambulatory weed control (sheep love spurge). By 2010, the
bluebunch wheatgrass had resumed its place as the dominant plant on the range, where it was
producing about three times the biomass of the leafy spurge.

Table 8: Comparison of Plant Dominance in Upland Rangelands, Dry Cottonwood Creek Ranch

3.2. Sand Hollow
Background: Sand Hollow is a small tributary stream which joins the Clark Fork six miles south of Deer
Lodge. It has a naturally dry reach in its lowest three miles nearest the Clark Fork River, and the upper
five miles has perennial water. Sand Hollow drains an approximately eight-square mile watershed.
Landownership in the Sand Hollow drainage includes several private ranches in the and State school
trust lands in its lower five miles, with the upper watershed lying within the Beaverhead-Deer Lodge
National Forest.
Water Quality, Fisheries and Fish Habitat: Sand Hollow is not 303-d listed as impaired by Montana DEQ,
but riparian degradation problems are quite evident. Sand Hollow is not a fish-bearing stream.
WRC Projects: The WRC did resource assessments throughout the east side Deer Lodge valley in 20022003. These assessments led to projects to improve riparian and upland resources in the Sand Hollow
and adjacent drainages (Dry Cottonwood Creek and Orofino Gulches) through the installation of stock
water pipelines. These pipelines were installed in 2004-2005 to provide livestock water to ridge top
grasslands, to improve the use of upland range, and reduce livestock pressure in riparian corridors. A 6mile long pipeline and 6 stock tanks were installed on the ridge south of Sand Hollow, with the primary
water source being water diverted from Sand Hollow in Section 36. This pipeline and the Orofino
pipeline to the north have functioned effectively as stock water supply from 2005 until the present (fall
2012).
Riparian fences were not installed as part of the original pipeline project. A riparian assessment done by
Clark Fork Coalition in 2010 indicated continuing problems with riparian conditions along Sand Hollow. In
2011 and 2012 the Dry Cottonwood Creek Ranch (DCCR) used temporary electric fencing to reduce
livestock access to the reach of Sand Hollow above the road crossing (eastern Section 36 only).
Effectiveness monitoring on Sand Hollow focused on riparian condition, evaluating the impacts of stock
water pipelines from 2005 to 2009, and the effectiveness of a temporary riparian fence from 2011 to
2012 in one of the reaches.
Change in Riparian Health Condition: The WRC surveyed the riparian health of Sand Hollow using the
Hansen Lotic Assessment protocol, in fall 2002, two years before the pipeline project. The WRC’s
partner, Clark Fork Coalition, surveyed the same riparian reaches of Sand Hollow in fall 2010, using the
same protocol. The WRC returned to the site in fall, 2012, to do another round of riparian health
assessments. The results of the riparian assessments from each year are compared in Table 8 below.
The assessments cover three reaches, in two pastures, representing over 1.5 miles of stream corridor. In
2002, the riparian health scores were extremely poor, with all three reaches scoring as “non-functional”

stream segments, with serious physical and vegetative impairments related to exceedingly heavy
livestock use. In 2010, five years after installation of the pipelines and ridge-top stock tanks, the scores
are still low, with one reach improving its score, and two reaches declining (see Photos). In 2012, after
two seasons with a temporary electric fence around the stream in eastern Section 36, that area’s score
increased markedly to 70%, which is in the middle range of “functional at risk.” Both the Section 36
west and Section 31 pasture areas scored slightly higher in 2012 than in previous years as well, with both
scoring 60%, which is on the boundary between “non-functional” and low “functional at risk” in the
Hansen assessment. These data indicate a trend towards recovery in Section 36, with a stronger
response in the reach protected temporarily by electric fence for two growing seasons.
TABLE 8: Sand Hollow Riparian Assessments 2002, 2010, 2012
3.3 Gold Creek
Background: Gold Creek is a major tributary stream which joins the Upper Clark Fork about seven (7)
miles downstream of Garrison. Gold Creek drains a 66-square mile watershed. Land ownership includes
private ranches for the first six miles above the river, with the middle and upper watershed lying mostly
within the Beaverhead-Deer Lodge National Forest.
Water Quality, Fisheries and Fish Habitat: Gold Creek is 303-d listed by Montana DEQ for metals,
nitrogen and low flow. Gold Creek is an important stream for fisheries, with substantial importance for
both sport fish (fluvial brown trout spawning reaches in lower watershed) and native species. Westslope
cutthroat trout are found throughout the watershed, but particularly in the middle and upper
watershed above “Wall City.” Fish surveys in 2007 showed from 2 to 78 cutthroats per 100-m reach in
the lower to middle watershed and from 69-202 brown trout in the lower watershed. Whitefish and
other native fish are also present. Fish habitat is impaired in places by irrigation dewatering, heavy
riparian grazing, nutrients, and low-flow/water temperature issues. A history of mining has altered some
tributaries substantially.
WRC Projects: The WRC did some initial watershed assessment work in Gold Creek in the mid-2000s,
and began work on a large conservation project on lower Gold Creek in 2007. This on-going project, on
Thomas Herefords ranch, included change from flood to center-pivot irrigation, a large riparian exclosure
along Gold Creek, installation of winterized stock tanks, and moving an intensive livestock corral system
off the creek. This evaluation focuses on riparian conditions, and particularly on riparian health within
the exclosure upstream of the ranch bridge, which was fenced with high-tensile electric fence in 2008.
Effectiveness monitoring on lower Gold Creek includes coarse-scale evaluation of riparian health across
the whole Thomas Hereford operation, and installation of two geomorphic/fish habitat/vegetation
sampling reaches on the same ranch.
Change in riparian health condition: The WRC evaluated riparian health along Gold Creek throughout
the Thomas Hereford property in 2010 and in 2012 using the NRCS Riparian Assessment method. The
WRC also evaluated geomorphology, fish habitat and riparian vegetation on Gold Creek on one site
immediately above the ranch headquarters bridge, and one site within the corrals at the ranch
headquarters.
The riparian assessment scores reflect the conditions on four reaches totaling about 1.2 linear miles of
Gold Creek on the ranch. Scores in the riparian exclosure above the bridge were very similar in each
year, and were “sustainable” (NRCS Riparian Assessments are scored as >80% = “sustainable,” >50%-79%
= “at risk,” and <50% = “unsustainable.”) Scores in the corral were “unsustainable” in 2010, but had

improved in 2012 to a low “at risk” designation. This is probably a result of the relatively low use of the
corral area by livestock in 2011-2012 compared to prior years, as the Thomas Hereford ranch completed
its off-stream corral system for feeding calves in 2011. Scores in the “picnic area” pasture were
somewhat lower in 2012 than in 2010, declining from “sustainable” to “at risk.” Management changes
responsible for this possible trend are unknown. The lowest section of the stream remain in
“sustainable” condition.
The “above bridge” site, according to photos and landowner commentary, was in very poor condition in
2007 prior to implementation of the riparian exclosure fence. Unfortunately no NRCS riparian
assessment data were collected at that time. Based on landowner and agency commentary, it is likely
that riparian health improvements between 2008 and 2010 were substantial.
Table 9: Comparison of Gold Creek Riparian Assessment Scores on Thomas Herefords, 2010-2012

Looking at a more detailed scale of evaluation, the following tables show data from field evaluations in
2010 and 2012 for geomorphology, fish habitat and woody vegetation in a 400-ft. long reach of Gold
Creek above the Thomas Ranch headquarters bridge.

Table 10 : Comparison of 2010 and 2012 Channel Cross-Sections on Thomas Ranch

TABLE 11: Gold Creek Thomas Ranch Cross-Section Comparison at 3+85 feet in above the bridge site
Channel cross-sections did not change significantly during the two-year time period, despite the fact that
there was a very large, sustained high flow during June, 2011. Deposition on the right bank (REW
indicates “right edge of water”) in the upper cross-section probably occurred during that event, which
may indicate a tendency towards narrowing the channel. Visual indications during this time period
suggest that the channel, which in 2008 had significant areas of channel bank erosion and an
“over widened” width-depth ratio, is healing and probably narrowing as floodplain deposition and
revegetation move the system towards a slightly lower width-depth ratio. The measured amount of
bank erosion did not significantly change from 2010 to 2012.
Table 12 : Fish Habitat Parameters Comparison for Gold Creek on Thomas Ranch, 2010-2012
Fish habitat parameter measurements may indicate a trend towards deepening of pools, which is what
would be expected from a large flow event like what occurred in 2011. The lower number of pools is
probably not real, but a relic of different interpretation of undercut banks. Loss of large woody debris

may simply indicate loss of smaller material swept away by the flood, with no recruitment from
upstream.
Riparian woody vegetation, shown in Table 13 below, indicates significant recruitment of young willows
prior to 2010, with maturing of those willows through 2012. The high number of seedling willows in
2010 indicates that the initial relief of grazing pressure in 2008 provided strong willow recruitment.
Extremely heavy tall grass growth in the riparian corridor, undiminished by grazing, in succeeding years
may be limiting further willow recruitment except on freshly deposited sediments. The WRC has noticed
that severe grass competition with small shrubs is common in restoration projects in the Upper Clark
Fork.
Table 14: Gold Creek Woody Vegetation Comparison in Thomas Ranch Above Bridge Site
In general the Thomas Ranch site indicates gradual improving trend in the riparian exclosure and corral
site. However, much of the improvement probably occurred in the 2008 to 2010 period before
quantitative measurements were begun. Changes in channel form and stability, fish habitat quality and
riparian woody vegetation are slow geologic and ecological processes best measured over longer time
frames. The WRC will continue to monitor this site to document those changes.
3.4 Peterson Creek
Background: Peterson Creek drains the Boulder Mountains southeast of Deer Lodge and flows for more
than twelve miles before joining the Clark Fork River in Deer Lodge town. The Peterson Creek watershed
comprises about thirty-one square miles including the large tributaries of Jack Creek, Spring Creek and
Burnt Hollow Creek. The majority of the watershed is private land, with a small USFS area in the
headwaters. Limited irrigated hay production occurs at the downstream end of the watershed, most
land use is for upland livestock grazing.
Water Quality, fisheries and fish habitat: Peterson Creek is 303-d listed by Montana DEQ for water
temperature, sediment, nitrogen, phosphorus, and low-flow. The fishery in Peterson Creek is primarily
brown trout in the lower reaches, with westslope cutthroat trout and brook trout throughout the middle
and upper reaches. Within the project area (RM 7.9), field sampling in 2008 by Montana FWP revealed
low populations of 6 westslope cutthroat trout and 8 brook trout within a 100-M reach, with habitat
quality judged poor to medium.
WRC projects: The WRC initiated work in Peterson Creek drainage in 2010 with a riparian fencing
project which protects almost 2 miles of the stream on Kramer Ranch and associated State grazing lease
within a rotational grazing system. In 2012 the WRC funded a three-mile long, five tank summer stock
water system on the same site. The purpose of the stock water system was to reduce dependence on
water gaps to Peterson Creek and Jack Creek (where pressure was concentrated), and allow livestock to
graze the uplands more effectively, while facilitating a rotational grazing system that works for the whole
ranch. Project effectiveness monitoring includes NRCS riparian assessment of the whole reach and the
geomorphic, fish habitat and woody vegetation characteristics of a 400-ft long sample site in the
northern part of the ranch which was particularly heavily used by livestock.

Change in riparian health condition: The riparian assessment scores in Peterson Creek showed
consistently lower values in 2012 than 2010, both in the project reach and outside the project reach.
Although observer bias may have played a role, other data show that improvements are not yet
detectable on the landscape. The project reach includes most downstream sub-reaches owned by
Kramer and DNRC (grazing lease)---sites 3,4, and 5. In sub-reaches 4 and 5, representing the majority of
the project area, riparian condition was similar in 2010 and 2012. The large flows in June 2011
apparently exacerbated eroding banks, and some unplanned grazing in 2012 apparently knocked back
vegetative recovery, so potential improvements were probably set back by these events.
Table 15: Comparison of Peterson Creek NRCS Riparian Assessments in 2010 and 2012

Table 16: Cross-Section Comparisons for 2010 and 2012 on Peterson Creek

Review of the cross-section data in Table 16 reveals indication of deposition and aggradation in both
cross-sections. There are two probable causes: first, beaver are active in this area, and part of CrossSection 0+00 was inundated by a small beaver pond; second, there is active bank erosion depositing
material in the channel, especially in the downstream end of the monitoring sit. A large area of bank
erosion upstream of cross-section 2+85 had apparently grown in extent from 2010 to 2012.
Table 17: Fish Habitat Indicators for the Peterson Creek Site below Jack Creek (DNRC)
Fish habitat was measured on a 350 ft. long monitoring reach just below Jack Creek. Although the crosssections there appear to have aggraded, there are deeper pools present in 2012. Some, not all, of these
pools are beaver dam enhanced. Residual pool depth mean increased from 0.6 to 1.4 feet by 2012,
which provides important habitat in a stream this small. Large woody debris is generally similar in each
year.
The “Greenline” survey of woody vegetation regeneration along Peterson Creek indicates that woody
plants are regenerating—there is a marked increase in seedling size riparian shrubs between 2010 to
2012. However, sapling size plants are diminished, perhaps by beaver cutting. Just as on the other
streams, the time span to measure significant changes in riparian geologic and ecological condition
needs to be longer than two years. The WRC will maintain monitoring on these sites in coming years.

3.5 Flow restoration projects
Racetrack Creek
Background: Racetrack Creek has its headwaters in the Flint Creek Range. It drains an area of about 51
square miles and flows for approximately 23 miles until joining with the Clark Fork River. The lower
portion of the watershed is used mainly for agricultural purposes while the upper section is owned by
the Forest Service and used for recreation. Racetrack Creek and the water stored in several of the high
lakes within the basin are an important source of agricultural irrigation water for the Deer Lodge valley.
Water Quality, Fisheries and Fish Habitat: Racetrack Creek is listed by Montana DEQ’s 303-d list as
impaired by low flows. Water temperature is a serious concern in sections of lower Racetrack that are
affected by low flows. Fisheries are robust in the middle and upper watershed. Montana FWP sampled
fish populations in Racetrack Creek during August 2007 (River Mile 10.8, 12.7, 15.0, and 18.5). No
sections were sampled below River Mile 6.8 due to complete dewatering in that portion of the creek.
Brown and brook trout were the only trout species sampled at River Mile 10.8, while all four species
(rainbow, brook, brown, and cutthroat) and their hybrids were present at RM 12.7. The upper two sites
contained rainbow, westslope cutthroat and hybrid trout.
WRC Projects: The WRC monitored flow and water temperature at multiple sites on Racetrack Creek in
summer of 2010 and 2011. In 2011, a WRC partner, the Clark Fork Coalition, purchased and began the
process of protecting a water right for 400 acre-feet of storage water in Racetrack Lake. In August of
2011, the Coalition tested the use of this water right for re-watering lower Racetrack Creek. Other
projects to improve low flows in Racetrack Creek are being investigated, and the WRC has met with the
Racetrack Water Users Association on a number of occasions to coordinate on project development.
The WRC has documented that water temperatures in Racetrack Creek, especially from RM 3.0 down to
RM 2, are elevated late in the summer (below that there is groundwater return flows which cool the
remaining water in the stream). Maximum daily water temperatures were measured above 20 degrees
C. at monitoring site R-2 (about RM 3.0) for 14 days in 2010 and 31 days in 2011. These temperatures

are highly stressful for trout, and probably constitute a serious impairment to water quality. It is
believed that a successful flow restoration effort will mitigate not only low flows but also elevated water
temperatures.
Measuring Changes in Flow Conditions: The Montana FWP established a flow target for lower Racetrack
Creek of 3 cfs in 1986. Given that the flows in upper Racetrack, upstream of all irrigation diversions, tend
to exceed 30 cfs for much of the summer (due to natural flow and releases from several small reservoirs
in the upper basin), this target is quite a bit lower than what natural flows were likely to be, and reflect
the fact that almost all flows in late summer are diverted for irrigation.
Mean daily flow from July-October, 2010, for Racetrack at Site R-1 at the I-90 frontage road were 7.2 cfs,
with flows under 1 cfs on 56 days during that period. Mean daily flows at in July-October, 2010 at R-3
(RM 9 above all diversions) were 57.7 cfs, with a minimum flow of 31.1 cfs. Flows at R-2 in July-Oct,
2010, between these two sites, were less than 1 cfs on 21 days.
The Clark Fork Coalition released reservoir water as a “re-watering” trial from Racetrack Lake on 7
September, 2011. It is important to understand that this was just a trial, and that the reservoir storage
water was not yet legally protected from diversion (the change application for instream flow is still being
processed by DNRC). However, even without protection, it appears that the storage water re-watered a
dry section of Racetrack Creek between R-2 and R-1 for at least two weeks in early to mid-September,
2011. The overall hydrographs for Racetrack Creek at R-2 are shown below:

In 2010, the bump in the hydrograph in early September was due to a large regional rain event.

As can be seen in the “close-up” of the Racetrack Creek R-2 site hydrograph in 2011, there was a release
of stored water (10 cfs declining to 6 cfs) from the lake from 7 September until 3 October, 2011. This
water initially caused a small jump in the hydrograph at R-2 (21 stream miles below the Lake), which
lasted for approximately two weeks. During part of this time, a dry section of Racetrack Creek at
Yellowstone Trail was re-watered (see photos). However, since the released water was not protected
legally as in-stream flow, it was eventually diverted by irrigators in late September. The test showed that
releases from the Lake can re-water the driest section of the stream, even when it is completely dry at
the outset of the release. It is expected that eventually the strategy will be to release Lake water earlier,
before the Creek completely dries out, since this is likely to preserve more of the storage water as instream flow, with less going to satisfy the water deficit below the dry stream channel.
The Tru-Track data loggers are very useful for this type of work, but need to be deployed to strategic
sites, and properly calibrated with field measurements (creating a valid stage-discharge curve) to
successfully monitor the progress of an in-stream flow project. It is also essential to have a battery of
Tru-Tracks to understand how the flows from the upper watershed are distributed to the irrigators and to
in-stream flows.

Cottonwood Creek:
Background: Cottonwood Creek descends from the Boulder Mountains east of Deer Lodge, and flows
westward through the East Deer Lodge Valley, draining a watershed of 42 square miles. The creek enters
the Clark Fork on the Grant-Kohrs Ranch, near the city of Deer Lodge, after flowing over six miles
through predominantly private agricultural lands. Cattle grazing, irrigated hay production, urbanization,
timber harvest, and historic mining are the dominant land uses in the watershed. Private ownership
comprises 30% of the watershed while 69% of the watershed is under US Forest Service ownership.
Water Quality, Fisheries and Fish Habitat: The Montana DEQ has not included Cottonwood Creek on its
303-d impaired streams list. However, low flows, water temperature, and irrigation fish passage
barriers/entrainment are clearly evident constraints for aquatic life in the watershed, as is the severely
degraded habitat in the urban corridor. The WRC began monitoring flows on Cottonwood Creek in 2009,
and continued in 2010 and 2011. Cottonwood Creek is a fish-priority watershed for the US Forest
Service. It is a Tier 2 priority for fisheries restoration for Montana FWP/NRDP, partly due to its perceived
potential for restoration of a fluvial native westslope cutthroat trout fishery. The westslope cutthroat
population appeared significant by RM 6.9, where 58 cutts and 71 brookies were sampled in 2007 by
MFWP. Although the lower watershed is dominated by brown trout and brook trout, this upper reach
and tributaries like Baggs Creek, North Fork, Middle Fork and South Fork of Cottonwood have some good
quality habitat and significant westslope cutthroat populations.
WRC Projects: The WRC has implemented several projects in Cottonwood Creek in the last three years,
including a new diversion, fish screen, 1.7-mile pipeline and pivot irrigation system on Applegate Ranch
(2011-2012), an important water user in the lower watershed; two new fish-friendly diversions on Olsen
and Burt diversions (2011-2012); a riparian habitat project on Anderson Ranch (in progress); and a
winterized stock water system on McQueary Ranch to replace a 3 cfs winter stock water diversion
(2012). Several other irrigation fish passage diversion projects are under design.
The water savings realized by the Applegate Ranch water efficiency project are significant but difficult to
measure from year to year due to the extreme variation in flows on the creek. The current system is
designed to reduce diversions from Applegate’s upper diversion from 7.5 cfs to 2.7 cfs for much of the
middle to late irrigation season. From 15 July to 15 September, the Applegates are also doing a shutdown of their lower diversion, to maintain the flow savings from the new pipeline/pivots in the creek.
Measurements in 2010 and 2011 show that low flows from July-October just above the I-90 culverts in
Deer Lodge (site C-2) hit a minimum of 1.1 cfs in 2010 and 4.9 cfs in 2011. Water temperatures above
Deer Lodge did not exceed 20 degrees C. on any days in 2010. Water temperatures below Deer Lodge
exceeded 20 degrees C. on 18 days in 2010, due to the impacts of urbanization (no water temp data was
registered above or below Deer Lodge in 2011 due to equipment failure).
No Tru-Track data loggers were functioning properly on Cottonwood in 2012. However, on 10
September, 2012, the WRC did a detailed synoptic run on the lower Cottonwood system. The results are
shown below:
RM:
Site: Sept. 10, 2012
Flow (cfs) Time:
Temp(F): Lat:
Long:
3.9
Sherm's corrals bridge
1.2
10:25
46.3947 -112.6517
3.5
Above upper Applegate diversion
1.4
11:25
67.2
46.393 -112.6759
3.5
Applegate canal @ pipeline
0.5
12:30
46.393 -112.6759

Below upper Applegate diversion
Gene Burt diversion
Above lower Applegate diversion
Lower Applegate canal
Below lower Applegate diversion
Djohnsons C-2

1.1
0.2?
1.4
0.2
1.2?
2.3

11:59
14:30
13:39
14:10
14:20
15:30

55.9
58.4

46.393
46.395
46.3965
46.3965
46.3965
46.3993

-112.6759
-112.6808
-112.6917
-112.6917
-112.6917
-112.7155

3.5
3.2
2.6
2.6
2.6
1.4

This synoptic evaluation in late 2012 shows that the stream appears to be gaining water throughout this
reach, most notably in the approximately one mile reach from the lower Applegate diversion to the I-90
site (Johnsons C-2), where flows approximately doubles. It is also important to note that the water
temperatures decrease in the lower sites (RM 2.6 and below), indicating a switch from primarily surface
water to groundwater as the dominant source of inflow to the creek, at least in the last 2.5 miles. The
synoptic run also shows that the agreement with Applegates was functioning to maintain conserved flow
in the creek (lower diversion closed).
August, 2011, Racetrack Creek at Yellowstone Trail

Sept. 10, 2011 after release of Racetrack Lake water (at Yellowstone Trail)

4.0 Conclusions and Recommendations
The WRC is devoted to improving natural resource management in the Upper Clark Fork, with a focus on
the agricultural lands in Powell, Deer Lodge, and Silver Bow County. The WRC believes that landowners
are the critical link in making effective improvements in natural resource management. Monitoring the
effects of on-the-ground projects funded and managed by WRC and its landowner partners is a critical
step towards adapting and improving project success, and hence, long-term success of resource
management. This monitoring project has been a step forward for the WRC in developing the capacity
to do effectiveness monitoring.
The early focus has been on projects which initially were done to improve riparian health in rangelands,
as this has been an emphasis for WRC for some time. More recent projects done by WRC include some
water conservation efforts. Some initial conclusions from this effort to monitor riparian health and water
conservation projects are:
1. The NRCS Riparian Assessment tool can be effectively used over time to evaluate “before-after”
resource management scenarios on riparian sites—changes in management can be detected fairly
consistently. Care must be taken to document the exact locations of reaches and to train the
practitioners consistently in proper use of this evaluation/ monitoring tool.
2. The Hansen Lotic Assessment, which is closely related (actually the predecessor) to the NRCS
Riparian Assessment tool, is another useful protocol for evaluating riparian health, which appears able to
detect management changes over time.
3. Riparian health reflects the physical (soil condition, channel geometry, channel substrate, channel
erosion) and vegetative (species composition, invasive plants, woody shrub/tree cover and regeneration,
browse) characteristics of a site, and these characteristics do change over relatively short time periods
(several years). The vegetative characteristics, particularly woody species regeneration, are most
responsive to changes in livestock grazing practices.
4. The WRC, NRCS and landowner partners have been experimenting with major range management
improvements in the East Valley for 10 years. Two practices appear to have had a major impact on
upland grassland health in some sites: a) installation of stock water pipelines and b) institution of sheep
grazing (mob grazing by 800 sheep) to control noxious weeds. These same practices have not had a
major impact on riparian health in many settings---Dry Cottonwood Creek and Sand Hollow are two
examples. Although piped stock water is available on grassy uplands, cattle still seek out riparian areas
for loafing, water, moist soils, wind shelter and browse. Damage to riparian areas from the large amount
of time livestock spend in the riparian portions of these large pastures is evident.
5. Grazing management in semi-arid sites is a complex undertaking—no technique should be broadly
applied without adaptation to the local site. The Sand Hollow and Dry Cottonwood Creek land managers
felt that to reverse the low quality of riparian health in these sites, they needed to apply riparian pasture
fences. These fences have made a significant improvement in riparian health in two to three years by
excluding cattle. In the future these riparian pastures will be grazed again, but with sheep and with low
numbers of cattle for short periods only.
6. Riparian woody vegetation responds quickly to release from physical impact and prolonged browse
by cattle. In Gold Creek, it appears that the woody species regenerated rapidly after the release from

livestock pressure, but after several years the tall, thick grass crop may be out-competing smaller woody
shrubs.
7. The WRC is committed to sharing the story of its work on rangeland and riparian health. Monitoring
is an important tool, so WRC will continue to monitor sites used in this project. The WRC wants to get
more landowners involved in monitoring sites. Tours to sites monitored in this project are helpful. In
October, 2012, the WRC and NRCS organized a tour to the Thomas Hereford Ranch in Gold Creek, partly
to see the riparian management.
8. The WRC has worked with several partners, including NRCS and Clark Fork Coalition on water
conservation projects. In Cottonwood Creek the WRC is involved in in-stream flow work with several
landowners. Monitoring in-stream flow requires specialized equipment and dedicated staff. The WRC is
contractually required to monitor these in-stream flow projects for a long period of time. Showing that
the water conserved is actually maintained in-stream and not diverted by other landowners requires
cooperation with the water commissioner. Initial monitoring in 2012 on Cottonwood Creek showed
good landowner cooperation, and hydrologic conditions which are propitious for maintaining conserved
water in-stream.
9. Management of Racetrack Creek in-stream flow is a responsibility of WRC partner Clark Fork
Coalition. However, the WRC has a long-term interest in the Racetrack Creek watershed, and hopes to
continue to participate in monitoring and other activities in Racetrack.
10. The WRC needs to budget for at least one monitoring technician every summer to meet its growing
monitoring obligations.
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APPENDIX A: PHOTOS OF MONITORING SITES ON UPPER CLARK FORK
TRIBUTARIES
Geomorphic/Habitat Monitoring Reaches in UCF Tributaries*

Stream:
Dempsey

Site Code:
D-M-2

Rosgen
Type:
E4

Dempsey
Cottonwood

D-M-1
C-M-2

E4 incised
C4

Cottonwood

C-M-1

C4

Yes

Gold

G-M-3

B3

Yes

Gold

G-M-2

B4

Gold

B4

Racetrack

G-M-1
Racetr-M1
Racetr-M2

Peterson

Peters-M-1 B4

Peterson
Dry
Cottonwood
Dry
Cottonwood

Peters-M-2 B4

Racetrack

DryC-M-1

DryC-M-2
Perkins-MPerkins Gulch 1
Perkins-MPerkins Gulch 2
Browns
Gulch
BG-M-1
Browns
Gulch
BG-M-2

Referenc
e:
Yes

C4 altered
C4

Yes

Yes

B4
B4

Yes

B5
B5
G5/E5
G5/E5

Yes

Length_f Upper_La Upper_Lo
t
ti
ng
350 46.29075 -112.8271
400 46.28994 112.79758
400 46.39396 -112.6536
500 46.39234 112.67237
400 46.53548 112.95353
400 46.57651 112.91654
500 46.57798 112.91611
400 46.27641 112.78916
400 46.27198 112.82816
350 46.31864 112.66358
400 46.28438 112.61385
400 46.24224 112.74047
400 46.22458 112.70198
400 46.17632 112.70162
400 46.17204 112.66586
400 46.03469 112.63827
400 46.12319 112.61825

*Yellow highlights are monitoring sites with photos in this report.

Gold Creek on Thomas Herefords, above the bridge, monitoring site G-M-3, 2005 photo
(Courtesy of NRCS)---“before project” condition. Note extensive eroding banks, hoof shear,
over-widened channel, poor riparian vegetation, and shaping of willows by livestock impact

(rubbing).

Peterson Creek, DNRC lease to Kramer below Jack Creek, Peters-M-1 monitoring reach, June,
2010.
This eroding bank expanded during the spring 2011 event.

Peterson Creek, DNRC lease to Kramer, below Jack Creek, downstream view , June, 2010
Peters-M-1 site

