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Sampling and Analysis Plan 
 
As shown in Table 2-1, the 303(d) listed stream segments in the Flathead TMDL Planning are 
listed as impaired for sediment.  The 1996 impairment determination was based on limited  data 
and recent, available data were inconclusive regarding potential sediment related impairments.  
As a result, a minimum of one site per stream segment was sampled for the following 
parameters: 
  

   Physical Habitat Parameters – Wolman pebble counts, Pfankuch Ratings, channel cross-
sections, longitudinal profile (slope) 

• Biological Parameters – Macroinvertebrates 
 
The sample sites are listed in Table 3-1 and shown in Figure 3-1.  When possible, sampling sites 
were located at historical Forest Service sites with existing Pfankuch information.  For streams 
lacking historical Pfankuch data, the sampling site was located at the mouth of the drainage.  
Sites were located in Rosgen C Channel types with the expectation that these channel types are 
most responsive to upstream impacts. 
   
Forest Service protocols (Harrelson, 1994) were followed for the physical habitat measurements.  
The stream reach for the assessment was established at ten times the stream width upstream from 
the midpoint and ten times the stream width downstream from the midpoint.  Additional detail on 
establishing a reach is provided in the Stream Channel Reference Sites: An Illustrated Guide to 
Field Technique (Harrelson, 1994).   Physical surveys include channel cross-section 
measurements, Pfankuch ratings, and Wolman pebble counts.  
 
The Pfankuch Stream Channel Stability rating (Pfankuch, 1978) uses a qualitative visual 
measurement with associated mathematical values to reflect stream conditions.  The rating is 
based on 15 catgeories:  six related to the bottom of the stream channel (the part of the channel 
covered by water yearlong), five related to the lower banks (covered by water only during spring 
runoff), and four related to the upper banks (covered by water only during flood stages).  
Acceptable Pfrankuch ratings have been refined based on their Rosgen stream classification 
(Rosgen 1996).   
 
Wolman pebble counts involved walking a transect in a riffle section from bankfull to bankfull 
width.  The field person placed one foot in front of the other and, without looking down, selected 
a rock and measured the intermediate diameter of the rock.  This information was recorded and 
the procedure followed until a minimum of 100 rocks per transect were counted (Wolman, 
1954).   
 
Pfankuch ratings and Wolman pebble counts were completed at three sites in the stream reach 
(upper limit, midpoint, and the lower limit).   Channel cross-section measurements were 
completed only at the midpoint.  Elevation data was gathered every five feet in the center of the 
bankfull width.  This data was used to generate a longitudinal profile for each stream.   
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EPA and FNFS staff collected macroinvertebrate samples in August 2003.  Field staff kicked and 
scrubbed a square meter area of the stream bottom substrate until 300 organisms were collected 
in a D-frame net (1 mm mesh size).  These protocols followed methods established by MT DEQ 
(MT DEQ, 2003).   
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Table 1. Sample designations and locations. Sites are listed by drainage in upstream-to-downstream order. North, Middle, and South Forks of the Flathead 

River drainage, August 2002 and August and September 2003. 
 

 
Parameters 

 
Site 
 

 
Location  

 
Description 

 
Sampling 
Date 

 
Latitude/ Longitude 

CS Pf LP W M 

North Fork of the Flathead River 

Whale Creek #2 800 ft. above FS Rd 
#1672 07-17-03  

48.85996/114.55266 X X X X  

Whale Creek 
Upstream Site Above FS Rd #1672 08-27-03 48.85988/114.54779     X 

Whale Creek  At North Fork 
Bridge 08-27-03 48.85146/114.36242     X Whale Creek  

Whale Creek #1 
2000 ft. above 
Moose Creek Rd 
(#1671) 

07-14-03 
 
48.863.43/114.46546 X X X X  

Red Meadow 
Creek At North Fork Road 08-27-03 48.80707/114.34727     X 

Red Meadow 
Creek 

Approx. 3 miles u.s. 
of FS Rd #115 07-08-03 48.80874/114.43084 X X X X  Red Meadow 

South Fork Red 
Meadow 

1000 ft. u.s. of North 
Fork Road 07-10-03 48.80430/114.34601 X X X X  

North Fork Coal 
Creek 

Above Bridge on FS 
Rd #317 to S Fork 08-27-03 48.69178/114.37678     X 

North Fork Coal 
Creek #1 

1 mile along FS Rd 
#317b 10-01-03 48.70605/ 114.45939 X X X X   

North Fork Coal Creek 
North Fork Coal 
Creek #2 

Approx. 4 miles 
along FS Rd #317b 10-07-03 48.69165/114.39179 X X X X  

South Fork Coal 
Creek #1 

Above Bridge on FS 
Rd #317 

08-27-03 
(macro) / 
09-15-03   

48.67474/114.40942 X X X X X 

South Fork Coal Creek 
South Fork Coal 
Creek#2 

Upstream of FS 
boundary w/ state 
lands 
 

09-23-03 48.68306/114.36524 X X X X  
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Parameters 

 
Site 
 

 
Location  

 
Description 

 
Sampling 
Date 

 
Latitude/ Longitude 

CS Pf LP W M 
Coal Creek At Deadhorse Bridge 08-27-03      X 

 
Coal Creek #1* 

2000’ Above 
Deadhorse Bridge 

10-07-03 48.67383/114.32448 X X X X  

Coal Creek At North Fork Road 08-27-03 48.68819/114.19916     X 
Coal Creek 

Coal Creek #2 Approx. 1000’ above 
Rd #317 10-15-03  

48.66157/114.24334 
X X X X 

 

Middle Fork of the Flathead River 

Morrison Creek Morrison Creek 1 mile past Trail 
#154 on Rd #569 

07-15-03 
/08-26-03 
(macro) 

48.21572/113.29020 X X X X X 

Challenge Creek Challenge Creek Near Campground 08-26-03 48.23018/113.33150     X 

Granite Creek 
100 ft d.s. of 
Tumbler Crk 
confluence 

09-10-03 48.22313/113.33156     X 

Granite Creek 

Granite Creek 
100 ft d.s. 
Challenge/Dodge 
Confluence 

07-16-03 48.22660/113.33263 X X X X  

Skyland Creek Skyland Creek  Above confluence 
with Bear Creek  08-23-02 48.2929 / 113.3890    X X 

South Fork of the Flathead River 

Sullivan Creek Above confluence 
with Conner Creek 08-22-02   

47.9756 / 113.6687 X X  X X 
Sullivan Creek 

Sullivan Creek Below Quintonkian 08-22-02 48.0278 / 113.7052 X X  X X 
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Biological Reports 
 
 

Three biological reports on the Sullivan and Skyland Creek and the Flathead River drainage are 
included in this section.
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INTRODUCTION 
 
 Aquatic invertebrates are aptly applied to bioassessment since they are known to be 
important indicators of stream ecosystem health (Hynes 1970). Long lives, complex life cycles 
and limited mobility mean that there is ample time for the benthic community to respond to 
cumulative effects of environmental perturbations.  

This report summarizes data collected in August 2002 from two sites on Sullivan Creek 
and one site on Skyland Creek in Flathead County, Montana. These study sites lie within the 
Canadian Rockies ecoregion (Woods et al. 1999).  

A multimetric approach to bioassessment such as the one applied in this study uses 
attributes of the assemblage in an integrated way to measure biotic health. A stream with good 
biotic health is “…a balanced, integrated, adaptive system having the full range of elements 
and processes that are expected in the region’s natural environment…” (Karr and Chu 1999). 
The approach designed by Plafkin et al. (1989) and adapted for use in the State of Montana has 
been defined as “… an array of measures or metrics that individually provide information on 
diverse biological attributes, and when integrated, provide an overall indication of biological 
condition.” (Barbour et al. 1995). Community attributes that can contribute meaningfully to 
interpretation of benthic data include assemblage structure, sensitivity of community members 
to stress or pollution, and functional traits. Each metric component contributes an 
independent measure of the biotic integrity of a stream site; combining the components into a 
total score reduces variance and increases precision of the assessment (Fore et al. 1996). 
Effectiveness of the integrated metrics depends on the applicability of the underlying model, 
which rests on a foundation of three essential elements (Bollman 1998a). The first of these is 
an appropriate stratification or classification of stream sites, typically, by ecoregion. Second, 
metrics must be selected based upon their ability to accurately express biological condition. 
Third, an adequate assessment of habitat conditions at each site to be studied enhances the 
interpretation of metric outcomes.  
 Implicit in the multimetric method and its associated habitat assessment is an 
assumption of correlative relationships between habitat measures and the biotic metrics, in the 
absence of water quality impairment. These relationships may vary regionally, requiring an 
examination of habitat assessment elements and biotic metrics and a test of the presumed 
relationship between them. Bollman (1998a) has recently studied the assemblages of the 
Montana Valleys and Foothill Prairies ecoregion, and has recommended a battery of metrics 
applicable to the montane ecoregions of western Montana. This metric battery has been shown 
to be sensitive to impairment, related to measures of habitat integrity, and consistent over 
replicated samples.   

 
METHODS  

Samples were collected in August 2002 by Montana DEQ and US Environmental 
Protection Agency personnel. Sample designations and site locations are indicated in Table 1a. 
The site selection and sampling method employed were those recommended in the Montana 
Department of Environmental Quality (DEQ) Standard Operating Procedures for Aquatic 
Macroinvertebrate Sampling (Bukantis 1998). The “traveling kick” collection procedure was 
employed for the samples; duration and length for only two of the samples was provided and 
are indicated in Table 1b. Aquatic invertebrate samples were delivered to Rhithron Associates, 
Inc., Missoula, Montana, for laboratory and data analyses.  

In the laboratory, the Montana DEQ-recommended sorting method was used to obtain 
subsamples of at least 300 organisms from each sample, when possible. Organisms were 
identified to the lowest possible taxonomic levels consistent with Montana DEQ protocols. 
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Table 1a. Sample designations and locations. Sites are listed by drainage in upstream-to-
downstream order. Sullivan and Skyland Creeks, August 2002. 
 
Site Station ID Activity ID Location Description Latitude/ Longitude 
SUL1 C08SULLC01 02-C200-M Sullivan Creek above 

confluence with Conner 
Creek 

47°0’58.536”/113°0’40.122” 

SUL2 C08SULLC02 02-C201-M Sullivan Creek below 
Quintonkian 

 48°0’1.668”/113°0’42.312” 

SKY C08SKYLC01 02-C202-M Skyland Creek above 
confluence with Bear 
Creek 

48°0’17.574”/113°0’23.34” 

 
 
Table 1b. Sample collection procedure, duration, and length. Sullivan and Skyland Creeks, 
August 2002. 
 

Site Sampling 
Date 

Collection 
Procedure 

Duration Length 

SUL1 8-22-02 KICK Not recorded Not recorded 
SUL2 8-22-02 KICK 2 MINUTES 40 FEET 
SKY 8-23-02 KICK 1:21 MINUTES 20 FEET 

 
 

To assess aquatic invertebrate communities in this study, a multimetric index 
developed in previous work for streams of western Montana ecoregions (Bollman 1998a) was 
used. Multimetric indices result in a single numeric score, which integrates the values of 
several individual indicators of biologic health. Each metric used in this index was tested for its 
response or sensitivity to varying degrees of human influence. Correlations have been 
demonstrated between the metrics and various symptoms of human-caused impairment as 
expressed in water quality parameters or instream, streambank and stream reach morphologic 
features. Metrics were screened to minimize variability over natural environmental gradients, 
such as site elevation or sampling season, which might confound interpretation of results 
(Bollman 1998a). The multimetric index used in this report incorporates multiple attributes of 
the sampled assemblage into an integrated score that accurately describes the benthic 
community of each site in terms of its biologic integrity. In addition to the metrics comprising 
the index, other metrics shown to be applicable to biomonitoring in other regions (Kleindl 1995, 
Patterson 1996, Rossano 1995) were used for descriptive interpretation of results. These 
metrics include the number of “clinger” taxa, long-lived taxa richness, the percent of predatory 
organisms, and others. They are not included in the integrated bioassessment score, however, 
since their performance in western Montana ecoregions is unknown. However, the relationship 
of these metrics to habitat conditions is intuitive and reasonable.  

The six metrics comprising the bioassessment index used in this study were selected 
because, both individually and as an integrated metric battery, they are robust at 
distinguishing impaired sites from relatively unimpaired sites (Bollman 1998a). In addition, 
they are relevant to the kinds of impacts that are present in Sullivan and Skyland Creeks. They 
have been demonstrated to be more variable with anthropogenic disturbance than with natural 
environmental gradients (Bollman 1998a). Each of the six metrics developed and tested for 
western Montana ecoregions is described below. 
 

1. Ephemeroptera (mayfly) taxa richness.  The number of mayfly taxa declines 
as water quality diminishes. Impairments to water quality which have been demonstrated 
to adversely affect the ability of mayflies to flourish include elevated water temperatures, 
heavy metal contamination, increased turbidity, low or high pH, elevated specific 
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conductance and toxic chemicals. Few mayfly species are able to tolerate certain 
disturbances to instream habitat, such as excessive sediment deposition.  

2. Plecoptera (stonefly) taxa richness. Stoneflies are particularly susceptible to 
impairments that affect a stream on a reach-level scale, such as loss of riparian canopy, 
streambank instability, channelization, and alteration of morphological features such as 
pool frequency and function, riffle development and sinuosity. Just as all benthic 
organisms, they are also susceptible to smaller scale habitat loss, such as by sediment 
deposition, loss of interstitial spaces between substrate particles, or unstable substrate. 

3. Trichoptera (caddisfly) taxa richness. Caddisfly taxa richness has been shown 
to decline when sediment deposition affects their habitat. In addition, the presence of 
certain case-building caddisflies can indicate good retention of woody debris and lack of 
scouring flow conditions.  

4. Number of sensitive taxa. Sensitive taxa are generally the first to disappear as 
anthropogenic disturbances increase. The list of sensitive taxa used here includes 
organisms sensitive to a wide range of disturbances, including warmer water temperatures, 
organic or nutrient pollution, toxic pollution, sediment deposition, substrate instability and 
others. Unimpaired streams of western Montana typically support at least four sensitive 
taxa (Bollman 1998a). 

5. Percent filter feeders.  Filter-feeding organisms are a diverse group; they 
capture small particles of organic matter, or organically enriched sediment material, from 
the water column by means of a variety of adaptations, such as silken nets or hairy 
appendages. In forested montane streams, filterers are expected to occur in insignificant 
numbers. Their abundance increases when canopy cover is lost and when water 
temperatures increase and the accompanying growth of filamentous algae occurs. Some 
filtering organisms, specifically the Arctopsychid caddisflies (Arctopsyche spp. and 
Parapsyche spp.) build silken nets with large mesh sizes that capture small organisms such 
as chironomids and early-instar mayflies. Here they are considered predators, and, in this 
study, their abundance does not contribute to the percent filter feeders metric. 

6. Percent tolerant taxa.  Tolerant taxa are ubiquitous in stream sites, but when 
disturbance increases, their abundance increases proportionately. The list of taxa used 
here includes organisms tolerant of a wide range of disturbances, including warmer water 
temperatures, organic or nutrient pollution, toxic pollution, sediment deposition, substrate 
instability and others. 

 
Scoring criteria for each of the six metrics are presented in Table 2. Metrics differ in 

their possible value ranges as well as in the direction the values move as biological conditions 
change. For example, Ephemeroptera richness values may range from zero to ten taxa or 
higher. Larger values generally indicate favorable biotic conditions. On the other hand, the 
percent filterers metric may range from 0% to 100%; in this case, larger values are negative 
indicators of biotic health. To facilitate scoring, therefore, metric values were transformed into 
a single scale. The range of each metric has been divided into four parts and assigned a point 
score between zero and three. A score of three indicates a metric value similar to one 
characteristic of a non-impaired condition. A score of zero indicates strong deviation from non-
impaired condition and suggests severe degradation of biotic health. Scores for each metric 
were summed to give an overall score, the total bioassessment score, for each site in each 
sampling event. These scores were expressed as the percent of the maximum possible score, 
which is 18 for this metric battery. 

The total bioassessment score for each site was expressed in terms of use-support. 
Criteria for use-support designations were developed by Montana DEQ and are presented in 
Table 3a. Scores were also translated into impairment classifications according to criteria 
outlined in Table 3b. 
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Table 2. Metrics and scoring criteria for bioassessment of streams of western Montana 
ecoregions (Bollman 1998a).  

 

 

 

 

 

 

 

 

 

 

In this report, certain other metrics were used as descriptors of the benthic community 
response to habitat or water quality but were not incorporated into the bioassessment metric 
battery, either because they have not yet been tested for reliability in streams of western 
Montana, or because results of such testing did not show them to be robust at distinguishing 
impairment, or because they did not meet other requirements for inclusion in the metric 
battery. These metrics and their use in predicting the causes of impairment or in describing its 
effects on the biotic community are described below. 

• The modified biotic index. This metric is an adaptation of the Hilsenhoff Biotic Index 
(HBI, Hilsenhoff 1987), which was originally designed to indicate organic enrichment of 
waters. Values of this metric are lowest in least impacted conditions. Taxa tolerant to 
saprobic conditions are also generally tolerant of warm water, fine sediment and heavy 
filamentous algae growth (Bollman 1998b). Loss of canopy cover is often a contributor 
to higher biotic index values. The taxa values used in this report are modified to reflect 
habitat and water quality conditions in Montana (Bukantis 1998). Ordination studies of 
the benthic fauna of Montana’s foothill prairie streams showed that there is a 

 Score 

Metric 3 2 1 0 

Ephemeroptera taxa richness > 5 5 - 4 3 – 2 < 2 

Plecoptera taxa richness > 3 3 - 2 1 0 

Trichoptera taxa richness > 4 4 - 3 2 < 2 

Sensitive taxa richness > 3 3 - 2 1 0 

Percent filterers 0 – 5 5.01 - 10 10.01 – 25 > 25 

Percent tolerant taxa 0 – 5 5.01 - 10 10.01 – 35 > 35 

 
Table 3a. Criteria for the assignment of use-support classifications / standards violation 
thresholds (Bukantis 1998). 

 
% Comparability to reference                

 
Use support 

 
>75 
 
25-75 
 
<25 

 
Full support--standards not violated 

 
Partial support--moderate impairment--
standards violated 
Non-support--severe impairment--standards 
violated 

 
Table 3b. Criteria for the assignment of impairment classifications (Plafkin et al. 1989). 

 
% Comparability to reference 

 
Classification 

 
> 83 
54-79 
21-50 
<17 

 
nonimpaired 
slightly impaired 
moderately impaired 
severely impaired 
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correlation between modified biotic index values and water temperature, substrate 
embeddedness, and fine sediment (Bollman 1998a). In a study of reference streams, the 
average value of the modified biotic index in least-impaired streams of western Montana 
was 2.5 (Wisseman 1992). 

• Taxa richness. This metric is a simple count of the number of unique taxa present in a 
sample. Average taxa richness in samples from reference streams in western Montana 
was 28 (Wisseman 1992). Taxa richness is an expression of biodiversity, and generally 
decreases with degraded habitat or diminished water quality. However, taxa richness 
may show a paradoxical increase when mild nutrient enrichment occurs in previously 
oligotrophic waters, so this metric must be interpreted with caution. 

• Percent predators. Aquatic invertebrate predators depend on a reliable source of 
invertebrate prey, and their abundance provides a measure of the trophic complexity 
supported by a site. Less disturbed sites have more plentiful habitat niches to support 
diverse prey species, which in turn support abundant predator species. 

• Number of “clinger” taxa. So-called “clinger” taxa have physical adaptations that allow 
them to cling to smooth substrates in rapidly flowing water. Aquatic invertebrate 
“clingers” are sensitive to fine sediments that fill interstices between substrate particles 
and eliminate habitat complexity. Animals that occupy the hyporheic zones are 
included in this group of taxa. Expected “clinger” taxa richness in unimpaired streams 
of western Montana is at least 14 (Bollman 1998b). 

• Number of long-lived taxa. Long-lived or semivoltine taxa require more than a year to 
completely develop, and their numbers decline when habitat and/or water quality 
conditions are unstable. They may completely disappear if channels are dewatered or if 
there are periodic water temperature elevations or other interruptions to their life 
cycles. Western Montana streams with stable habitat conditions are expected to support 
six or more long-lived taxa (Bollman 1998b). 

 
 
RESULTS  

Habitat Assessment 
 Table 4 shows the habitat parameters evaluated, parameter scores and overall habitat 
evaluations for the study sites. Overall habitat conditions received positive evaluations; all sites 
studied were categorized as optimal. 
 At the upper site on Sullivan Creek (SUL1), assessment of the instream habitat 
parameters suggested that benthic substrates were somewhat less diverse than expected, 
although no appreciable sediment deposition or embeddedness was noted. Flow conditions 
were judged sub-optimal. Streambank stability and vegetation appeared sub-optimal, and the 
riparian zone width was mildly abbreviated.  
 At the lower site on Sullivan Creek (SUL2), some sediment deposition was reported, and 
benthic substrate diversity was somewhat depressed. Sub-optimal flow conditions were noted 
here. Streambank stability was judged marginal on one side of the channel and sub-optimal on 
the other side; some disruption of vegetative protection was appraised. Riparian zone width 
appeared to be somewhat foreshortened.  
 Benthic substrates were mildly embedded, and sediment deposition was noted in the 
evaluated reach of Skyland Creek (SKY). Substrates were less diverse than expected. 
Streambanks were judged stable, although some disruption of vegetation was reported, and 
some erosion potential was reported relative to higher floodplain terraces. On one side of the 
channel, mild abbreviation of the riparian zone was noted.  
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Table 4. Stream and riparian habitat assessment. All 3 sites were assessed based upon criteria 
developed by Montana DEQ for streams with riffle/run prevalence. Site locations are given in 
Table 1a. Sullivan and Skyland Creeks, August 2002. 
 

Max. possible 
score Parameter SUL1 SUL2 SKY 

10 Riffle 
development 10 10 9 

10 Benthic substrate 8 8 8 
20 Embeddedness 20 20 15 

20 Channel 
alteration 20 20 20 

20 Sediment 
deposition 20 15 15 

20 Channel flow 
status 14 14 19 

20 Bank stability 8 / 6 5 / 3 9 / 9 
20 Bank vegetation 8 / 6 8 / 7 8 / 6 
20 Vegetated zone 8 / 8 8 / 6 8 / 9 
160 Total 136 124 135 

     

 Percent of 
maximum 85% 78% 84% 

 CONDITION* OPTIMAL OPTIMAL OPTIMAL 
 
Condition categories: Optimal > 80% of maximum score; Sub-optimal 75 - 56%; Marginal  49 - 29%; Poor <23%.  
(Plafkin et al. 1989). 
 

Bioassessment 
Table 5 itemizes each contributing metric and shows individual metric scores for each 

site. Tables 3a and 3b above show criteria for use-support categories (Bukantis 1998) and 
impairment classifications (Plafkin et al. 1989) recommended by Montana DEQ. 
 When this bioassessment method is applied to these data, resulting scores suggest that 
all 3 evaluated sites fully supported designated uses, and were essentially unimpaired 
biologically. Invertebrate assemblages, metric performances, and scoring were remarkably 
similar among the sites studied. 
 

Aquatic invertebrate communities 
 Interpretations of biotic integrity in this report are made without reference to results of 
habitat assessments, or any other information about the sites or watersheds that may have 
accompanied the invertebrate samples. Interpretations are based entirely on: the taxonomic 
and functional composition of the sampled invertebrate assemblages; the sensitivities, 
tolerances, physiology, and habitus information for individual taxa gleaned from the writer’s 
research; the published literature, and other expert sources; and on the performance of 
bioassessment metrics, described earlier in the report, which have been demonstrated to be 
useful tools for interpreting potential implications of benthic invertebrate assemblage 
composition. 
 High mayfly taxa richness (8) and a low biotic index value (1.27) suggest that water 
quality at the upper site on Sullivan Creek (SUL1) was unimpaired by nutrients or other 
pollutants. The site supported 6 cold-stenotherm taxa; cold, clean water appears to have been 
the rule here. Tolerant organisms composed a larger-than-expected proportion of the sampled 
animals, but a single taxon comprised the tolerant class at the site. This was the frequently-
collected mayfly Baetis tricaudatus. The designation of this animal as “tolerant” may be  
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Table 5.  Metric values, scores, and bioassessments for 3 sites on Sullivan and Skyland 
Creeks, August 2002. Site locations are given in Table 1a. 
 

 SITES 
 SUL1 SUL2 SKY 

METRICS METRIC VALUES 
Ephemeroptera richness 8 8 7 
Plecoptera richness 4 5 4 
Trichoptera richness 5 6 7 
Number of sensitive taxa 7 6 4 
Percent filterers 0 0 0 
Percent tolerant taxa 17.68 11.74 25.14 
 METRIC SCORES 
Ephemeroptera richness 3 3 3 
Plecoptera richness 3 3 3 
Trichoptera richness 3 3 3 
Number of sensitive taxa 3 3 3 
Percent filterers 3 3 3 
Percent tolerant taxa 1 1 1 
TOTAL SCORE 
(max.=18) 16 16 16 

PERCENT OF MAX. 89% 89% 89% 
Impairment 
classification* NON NON NON 

USE SUPPORT † FULL FULL FULL 
† Use support designations: See Table 3a. 
* Classifications: (NON) non-impaired, (SLI) slightly impaired, (MOD) moderately impaired, 
(SEV) severely impaired. See Table 3b. 
 
 
questionable; arguably, in this case ubiquity has been confused with tolerance.   
 Fourteen “clinger” taxa were among the sampled assemblage, and 5 caddisfly taxa were 
present. These findings suggest that fine sediment deposition did not substantially limit hard 
substrate habitats. The overall taxa richness (24) seems low, but probably within expectations 
for a small montane stream. No fewer than 6 predator taxa were present at the site, suggesting 
that instream habitats were varied and available. Reach-scale habitat features, such as 
riparian zone function, streambank stability, and natural channel morphology were likely 
intact; four stonefly taxa were collected, and the richness of this insect order may be associated 
with large-scale habitat integrity. Among the stoneflies present at the site were the sensitive 
perlodids Kogotus sp. and Megarcys sp. Long-lived taxa were notably scarce; only 2 taxa were 
collected, and each was represented by but a single individual. Surface flow may be seasonal at 
this site. All expected functional components of an intact montane assemblage were present in 
the sample, but shredders were not as abundant as expected. This may be due to limited 
riparian inputs of large organic debris or to hydrologic conditions unfavorable for the retention 
of this material.  
 Cold water of excellent quality appears to have persisted downstream; at the lower site 
on Sullivan Creek (SUL2); a low biotic index value (1.32) complemented high mayfly taxa 
richness (8). Among the 5 cold-stenotherm taxa collected here were the mayfly Drunella doddsi, 
and caddisflies in the Rhyacophila Iranda Group. Baetis tricaudatus was the sole “tolerant” 
taxon collected.  
 Stony benthic substrate habitats do not appear to have been compromised by fine 
sediment deposition, since 6 caddisfly taxa and 16 “clinger” taxa were supported at the site. 
Other instream habitats were probably diverse and undisturbed; this hypothesis is supported 
by the fact that no fewer than 10 predator taxa were present in the sample. Twenty-eight taxa 
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occurred in the sampled assemblage, a number that seems low, but is probably consistent with 
a small montane stream in good condition. Five stonefly taxa were collected, suggesting that 
reach-scale habitat features were not deficient. The site supported only a single semivoltine 
taxon, which could be related to a seasonal diminishment of surface flow. The functional 
composition of the assemblage was composed of all expected contributors, but similar to the 
upper site, this reach supported fewer shredders than expected. Lack of riparian inputs or 
unfavorable hydrologic conditions may explain the poor representation of this group. 
 High mayfly taxa richness (7) and a low biotic index value (2.47) are evidence for 
unpolluted water at the site on Skyland Creek (SKY). Five cold-stenotherm taxa were present 
here, including the dipteran Glutops sp., and the stonefly Yoraperla sp. Cold water 
temperatures are indicated by these faunal elements. The (perhaps) unfairly maligned mayfly 
Baetis tricaudatus composed the “tolerant” class of organisms at the site.  
 Fine sediment deposition did not substantially impair substrate habitats, since 13 
“clinger” taxa were collected, as well as 7 caddisfly taxa, including at least 5 species in the 
genus Rhyacophila. The total number of taxa (29) in the assemblage was within expected limits 
for a small montane system; ten of these taxa were predators. These findings suggest that 
instream habitats were diverse and available. No long-lived taxa appeared in the sampled 
assemblage, suggesting that surface flow may not persist year-round at this site. The site 
supported at least 4 species of stoneflies, which could indicate that reach-scale features such 
as streambanks, riparian zones, and channel morphology were basically functional. The 
functional composition of the assemblage included all expected groups in appropriate 
proportions.  
 
CONCLUSION 

• All 3 of the sites appraised in this study supported sensitive assemblages of 
invertebrates, suggesting excellent water quality and good instream and reach-scale 
habitat. Diversity appeared to be appropriate for small montane watersheds. The 
scarcity of long-lived taxa at these sites could imply seasonal diminishment of surface 
flow. Figure 1 plots bioassessment scores against habitat assessment scores. Symbols 
representing the 3 sites fall into the area of the graph that suggests both excellent water 
quality and good habitat conditions. 

 
Figure 1. Total bioassessment scores plotted against habitat assessment scores for sites on 
Sullivan and Skyland Creeks, August 2002. (After Barbour and Stribling 1991). 
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INTRODUCTION 
 Aquatic invertebrates are aptly applied to bioassessment since they are known to be 
important indicators of stream ecosystem health (Hynes 1970). Long lives, complex life cycles 
and limited mobility mean that there is ample time for the benthic community to respond to 
cumulative effects of environmental perturbations.  

This report summarizes data collected in August and September 2003 from sites on the 
North and Middle Forks of the Flathead River drainage in Flathead County, Montana. Aquatic 
invertebrate assemblages were sampled by personnel of the U.S. EPA Region 8. All of the study 
sites lie within the Northern Rockies ecoregion (Woods et al. 1999).  

A multimetric approach to bioassessment such as the one applied in this study uses 
attributes of the assemblage in an integrated way to measure biotic health. A stream with good 
biotic health is “…a balanced, integrated, adaptive system having the full range of elements 
and processes that are expected in the region’s natural environment…” (Karr and Chu 1999). 
The approach designed by Plafkin et al. (1989) and adapted for use in the State of Montana has 
been defined as “… an array of measures or metrics that individually provide information on 
diverse biological attributes, and when integrated, provide an overall indication of biological 
condition” (Barbour et al. 1995). Community attributes that can contribute meaningfully to 
interpretation of benthic data include assemblage structure, sensitivity of community members 
to stress or pollution, and functional traits. Each metric component contributes an 
independent measure of the biotic integrity of a stream site; combining the components into a 
total score reduces variance and increases precision of the assessment (Fore et al. 1996). 
Effectiveness of the integrated metrics depends on the applicability of the underlying model, 
which rests on a foundation of three essential elements (Bollman 1998a). The first of these is 
an appropriate stratification or classification of stream sites, typically, by ecoregion. Second, 
metrics must be selected based upon their ability to accurately express biological condition. 
Third, an adequate assessment of habitat conditions at each site to be studied enhances the 
interpretation of metric outcomes.  
 Implicit in the multimetric method and its associated habitat assessment is an 
assumption of correlative relationships between habitat measures and the biotic metrics, in the 
absence of water quality impairment. These relationships may vary regionally, requiring an 
examination of habitat assessment elements and biotic metrics and a test of the presumed 
relationship between them. Bollman (1998a) has studied the assemblages of the Montana 
Valleys and Foothill Prairies ecoregion and has recommended a battery of metrics applicable to 
the montane ecoregions of western Montana. This metric battery has been shown to be 
sensitive to impairment, related to measures of habitat integrity, and consistent over replicated 
samples.   

 
METHODS 

Samples were collected in August and September 2003 by U.S. EPA personnel. Sample 
designations and site locations are indicated in Table 1. The site selection and sampling 
method employed were those recommended in the MT DEQ Standard Operating Procedures for 
Aquatic Macroinvertebrate Sampling (Bukantis 1998). Aquatic invertebrate samples were 
delivered to Rhithron Associates, Inc., Missoula, Montana, for laboratory and data analyses.  

In the laboratory, the MT DEQ-recommended sorting method was used to obtain 
subsamples of at least 300 organisms from each sample, when possible. Organisms were 
identified to the lowest possible taxonomic levels consistent with MT DEQ protocols. 
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Table 1. Sample designations and locations. Sites are listed by drainage in upstream-to-downstream order. North and Middle Forks  
of the Flathead River drainage, August and Septemebr 2003.  
 

Site Sampling Date Station ID Activity ID Location Description Latitude/ Longitude Kick 
Length / Duration 

North Fork of the Flathead River 

WHAL02 08-27-03 C06WHALC02 03-0930-M WHALE CREEK UPPER 48.85988/114.54779 50 FEET/7 MIN 

WHAL01 08-27-03 C06WHALC01 03-0929-M WHALE CREEK @ NORTH FORK BRIDGE 48.85146/114.36242 100 FEET/7:30 MIN 

RDM 08-27-03 C06RDMEC01 03-0931-M RED MEADOW CREEK 48.80707/114.34727 150 FEET/10 MIN 

COLN 08-27-03 C06COLNC01 03-0935-M NORTH FORK COAL CREEK 48.69178/114.37678 125 FEET/12:45 MIN 

COLS 08-27-03 C06COLSC01 03-0934-M SOUTH FORK COAL CREEK 48.67474/114.40942 100 FEET/15 MIN 

COAL01 08-27-03 C06COALC01 03-0933-M COAL CREEK @ DEADHORSE 48.67480/114.31652 200 FEET/10 MIN 

COAL02 08-27-03 C06COALC02 03-0932-M COAL CREEK ON NORTH FORK ROAD 48.68819/114.19916 200/10:30 MIN 

Middle Fork of the Flathead River 

MORS 08-26-03 C07MORSC01 03-0927-M MORRISON CREEK 48.21572/113.29020 100 FEET/14 MIN 

CHLG 08-26-03 C07CHLGC01 03-0928-M CHALLENGE CREEK 48.23018/113.33150 150 FEET/15 MIN 

GRNT 09-10-03 C07GRNTC02 03-0937-M GRANITE CREEK 48.22313/113.33156 70 FEET/15:27 MIN 

OLE 09-29-03 C07OLEC01 03-0936-M OLE CREEK 48.28003/113.59547 70FEET/14 MIN 
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To assess aquatic invertebrate communities in this study, a multimetric index 

developed in previous work for streams of western Montana ecoregions (Bollman 1998a) was 
used. Multimetric indices result in a single numeric score, which integrates the values of 
several individual indicators of biologic health. Each metric used in this index was tested for its 
response or sensitivity to varying degrees of human influence. Correlations have been 
demonstrated between the metrics and various symptoms of human-caused impairment as 
expressed in water quality parameters or instream, streambank, and stream reach morphologic 
features. Metrics were screened to minimize variability over natural environmental gradients, 
such as site elevation or sampling season, which might confound interpretation of results 
(Bollman 1998a). The multimetric index used in this report incorporates multiple attributes of 
the sampled assemblage into an integrated score that accurately describes the benthic 
community of each site in terms of its biologic integrity. In addition to the metrics comprising 
the index, other metrics shown to be applicable to biomonitoring in other regions (Kleindl 1995, 
Patterson 1996, Rossano 1995) were used for descriptive interpretation of results. These 
metrics include the number of “clinger” taxa, long-lived taxa richness, the percent of predatory 
organisms, and others. They are not included in the integrated bioassessment score, however, 
since their performance in western Montana ecoregions is unknown. However, the relationship 
of these metrics to habitat conditions is intuitive and reasonable.  

The six metrics comprising the bioassessment index used in this study were selected 
because, both individually and as an integrated metric battery, they are robust at 
distinguishing impaired sites from relatively unimpaired sites (Bollman 1998a). In addition, 
they are relevant to the kinds of impacts that are present in the Flathead River basin. They 
have been demonstrated to be more variable with anthropogenic disturbance than with natural 
environmental gradients (Bollman 1998a). Each of the six metrics developed and tested for 
western Montana ecoregions is described below. 
 

1. Ephemeroptera (mayfly) taxa richness.  The number of mayfly taxa declines 
as water quality diminishes. Impairments to water quality which have been demonstrated 
to adversely affect the ability of mayflies to flourish include elevated water temperatures, 
heavy metal contamination, increased turbidity, low or high pH, elevated specific 
conductance and toxic chemicals. Few mayfly species are able to tolerate certain 
disturbances to instream habitat, such as excessive sediment deposition.  

2. Plecoptera (stonefly) taxa richness. Stoneflies are particularly susceptible to 
impairments that affect a stream on a reach-level scale, such as loss of riparian canopy, 
streambank instability, channelization, and alteration of morphological features such as 
pool frequency and function, riffle development and sinuosity. Just as all benthic 
organisms, they are also susceptible to smaller scale habitat loss, such as by sediment 
deposition, loss of interstitial spaces between substrate particles, or unstable substrate. 

3. Trichoptera (caddisfly) taxa richness. Caddisfly taxa richness has been shown 
to decline when sediment deposition affects their habitat. In addition, the presence of 
certain case-building caddisflies can indicate good retention of woody debris and lack of 
scouring flow conditions.  

4. Number of sensitive taxa. Sensitive taxa are generally the first to disappear as 
anthropogenic disturbances increase. The list of sensitive taxa used here includes 
organisms sensitive to a wide range of disturbances, including warmer water temperatures, 
organic or nutrient pollution, toxic pollution, sediment deposition, substrate instability and 
others. Unimpaired streams of western Montana typically support at least four sensitive 
taxa (Bollman 1998a). 

5. Percent filter feeders.  Filter-feeding organisms are a diverse group; they 
capture small particles of organic matter, or organically enriched sediment material, from 
the water column by means of a variety of adaptations, such as silken nets or hairy 
appendages. In forested montane streams, filterers are expected to occur in insignificant 
numbers. Their abundance increases when canopy cover is lost and when water 
temperatures increase and the accompanying growth of filamentous algae occurs. Some 
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filtering organisms, specifically the Arctopsychid caddisflies (Arctopsyche sp. and 
Parapsyche spp.) build silken nets with large mesh sizes that capture small organisms such 
as chironomids and early-instar mayflies. Here they are considered predators, and, in this 
study, their abundance does not contribute to the percent filter feeders metric. 

6. Percent tolerant taxa.  Tolerant taxa are ubiquitous in stream sites, but when 
disturbance increases, their abundance increases proportionately. The list of taxa used 
here includes organisms tolerant of a wide range of disturbances, including warmer water 
temperatures, organic or nutrient pollution, toxic pollution, sediment deposition, substrate 
instability and others. 

 
Scoring criteria for each of the six metrics are presented in Table 2. Metrics differ in 

their possible value ranges as well as in the direction the values move as biological conditions 
change. For example, Ephemeroptera richness values may range from zero to ten taxa or 
higher. Larger values generally indicate favorable biotic conditions. On the other hand, the 
percent filterers metric may range from 0% to 100%; in this case, larger values are negative 
indicators of biotic health. To facilitate scoring, therefore, metric values were transformed into 
a single scale. The range of each metric has been divided into four parts and assigned a point 
score between zero and three. A score of three indicates a metric value similar to one 
characteristic of a non-impaired condition. A score of zero indicates strong deviation from non-
impaired condition and suggests severe degradation of biotic health. Scores for each metric 
were summed to give an overall score, the total bioassessment score, for each site in each 
sampling event. These scores were expressed as the percent of the maximum possible score, 
which is 18 for this metric battery.  

 

Table 2. Metrics and scoring criteria for bioassessment of streams of western Montana 
ecoregions (Bollman 1998a).  

 

 

 

 

 

 

 

 

 

 

The total bioassessment score for each site was expressed in terms of use-support. 
Criteria for use-support designations were developed by MT DEQ and are presented in Table 
3a. Scores were also translated into impairment classifications according to criteria outlined in 
Table 3b.  

 

 Score 

Metric 3 2 1 0 

Ephemeroptera taxa richness > 5 5 - 4 3 – 2 < 2 

Plecoptera taxa richness > 3 3 - 2 1 0 

Trichoptera taxa richness > 4 4 - 3 2 < 2 

Sensitive taxa richness > 3 3 - 2 1 0 

Percent filterers 0 – 5 5.01 - 10 10.01 – 25 > 25 

Percent tolerant taxa 0 – 5 5.01 - 10 10.01 – 35 > 35 



Appendix C Biological Reports

   C-27 

 

 

In this report, certain other metrics were used as descriptors of the benthic community 
response to habitat or water quality but were not incorporated into the bioassessment metric 
battery, either because they have not yet been tested for reliability in streams of western 
Montana, or because results of such testing did not show them to be robust at distinguishing 
impairment, or because they did not meet other requirements for inclusion in the metric 
battery. These metrics and their use in predicting the causes of impairment or in describing its 
effects on the biotic community are described below. 

• The modified biotic index. This metric is an adaptation of the Hilsenhoff Biotic Index 
(HBI, Hilsenhoff 1987), which was originally designed to indicate organic enrichment of 
waters. Values of this metric are lowest in least impacted conditions. Taxa tolerant to 
saprobic conditions are also generally tolerant of warm water, fine sediment and heavy 
filamentous algae growth (Bollman 1998b). Loss of canopy cover is often a contributor 
to higher biotic index values. The taxa values used in this report are modified to reflect 
habitat and water quality conditions in Montana (Bukantis 1998). Ordination studies of 
the benthic fauna of Montana’s foothill prairie streams showed that there is a 
correlation between modified biotic index values and water temperature, substrate 
embeddedness, and fine sediment (Bollman 1998a). In a study of reference streams, the 
average value of the modified biotic index in least-impaired streams of western Montana 
was 2.5 (Wisseman 1992). 

• Taxa richness. This metric is a simple count of the number of unique taxa present in a 
sample. Average taxa richness in samples from reference streams in western Montana 
was 28 (Wisseman 1992). Taxa richness is an expression of biodiversity, and generally 
decreases with degraded habitat or diminished water quality. However, taxa richness 
may show a paradoxical increase when mild nutrient enrichment occurs in previously 
oligotrophic waters, so this metric must be interpreted with caution. 

• Percent predators. Aquatic invertebrate predators depend on a reliable source of 
invertebrate prey, and their abundance provides a measure of the trophic complexity 
supported by a site. Less disturbed sites have more plentiful habitat niches to support 
diverse prey species, which in turn support abundant predator species. 

 
Table 3a. Criteria for the assignment of use-support classifications / standards violation 
thresholds (Bukantis 1998). 

 
% Comparability to reference                

 
Use support 

 
>75 
 
25-75 
 
<25 

 
Full support--standards not violated 

 
Partial support--moderate impairment--
standards violated 
Non-support--severe impairment--standards 
violated 

 
Table 3b. Criteria for the assignment of impairment classifications (Plafkin et al. 1989). 

 
% Comparability to reference 

 
Classification 

 
> 83 
54-79 
21-50 
<17 

 
nonimpaired 
slightly impaired 
moderately impaired 
severely impaired 
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• Number of “clinger” taxa. So-called “clinger” taxa have physical adaptations that allow 
them to cling to smooth substrates in rapidly flowing water. Aquatic invertebrate 
“clingers” are sensitive to fine sediments that fill interstices between substrate particles 
and eliminate habitat complexity. Animals that occupy the hyporheic zones are 
included in this group of taxa. Expected “clinger” taxa richness in unimpaired streams 
of western Montana is at least 14 (Bollman 1998b). 

• Number of long-lived taxa. Long-lived or semivoltine taxa require more than a year to 
completely develop, and their numbers decline when habitat and/or water quality 
conditions are unstable. They may completely disappear if channels are dewatered or if 
there are periodic water temperature elevations or other interruptions to their life 
cycles. Western Montana streams with stable habitat conditions are expected to support 
six or more long-lived taxa (Bollman 1998b). 

 
 
RESULTS  
 

Bioassessment 
 

Figure 1 summarizes bioassessment scores for aquatic invertebrate communities 
sampled at the 11 sites in this study. Tables 4a and 4b itemizes each contributing metric and 
shows individual metric scores for each site. Tables 3a and 3b above show criteria for use-
support categories recommended by MT DEQ (Bukantis 1998) and impairment classifications 
(Plafkin et al. 1989). Macroinvertebrate taxa lists, metric results and other information for each 
sample are given in the Appendix. 

When this bioassessment method is applied to these data, scores were generally high, 
and indicated that all sites except one were non-impaired. Sampled assemblages from 6 of the 
11 sites yielded maximal scores. The lower site on Whale Creek rated the lowest bioassessment 
score, indicating slight impairment. All sites fully supported designated uses.  

 
Aquatic invertebrate communities 

 
Interpretations of biotic integrity in this report are made without reference to results of 

habitat assessments, or any other information about the sites or watersheds that may have 
accompanied the invertebrate samples. Interpretations are based entirely on: the taxonomic 
and functional composition of the sampled invertebrate assemblages; the sensitivities, 
tolerances, physiology, and habitus information for individual taxa gleaned from the writer’s 
research; the published literature, and other expert sources; and on the performance of 
bioassessment metrics, described earlier in the report, which have been demonstrated to be 
useful tools for interpreting potential implications of benthic invertebrate assemblage 
composition.  
 
Whale Creek 
 At the upstream site on Whale Creek, the sample yielded 10 mayfly taxa, and the 
calculated biotic index for the assemblage was low (2.41). These findings suggest that water 
quality at the site was very good. The site supported at least eight cold stenotherm taxa, 
including the stonefly Despaxia augusta and the dipteran Rhabdomastix sp. Cold, clean water 
was apparently the rule at this site.  
 Twenty “clinger” taxa and 5 caddisfly taxa were taken in the sample, suggesting that hard 
benthic substrates were probably not contaminated by excessive fine sediment deposition. 
Instream habitats generally seem to have been complex, since taxa richness was high (34) and at 
least 14 predator taxa were present at the site. Five stonefly taxa were collected; the richness of 
the stonefly fauna may be associated with the quality of reach-scale habitat features, such as 
riparian zone function, streambank stability, and natural channel morphology. The sampled 
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assemblage suggests that these features were probably intact. Semivoltine taxa were 
underrepresented at the site; only 2 such taxa were present in the sample. This may indicate that 
long life cycles were recently interrupted by some catastrophic event, such as dewatering, large 
sediment inputs, or thermal or chemical pollution events. Although all expected functional 
components were present in the sampled assemblage, collectors dominated the mix. 
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Figure 2. Total bioassessment scores compared among sites in the North and Middle Forks of the Flathead River drainage, August 
and September 2003. The revised Montana bioassessment method (Bollman 1998b) was used to determine scores. Scores are 
reported as the percent of maximum possible score. 
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Table 4a.  Metric values, scores, and bioassessments for sites in the North Fork of the Flathead River Drainage,  August 2003. Site 
locations are given in Table 1. 

 SITES 
 WHAL02 WHAL01 RDM COLN COLS COAL01 COAL02 

METRICS METRIC VALUES 
Ephemeroptera 
richness 10 9 11 10 8 12 9 

Plecoptera richness 5 5 7 8 8 5 4 
Trichoptera richness 5 4 9 9 5 6 6 
Number of sensitive 
taxa 10 5 9 12 11 11 7 

Percent filterers 2.20 48.66 7.54 3.77 0.59 2.11 9.54 
Percent tolerant taxa 0.0 0.0 0.0 0.0 0.0 0.0 0.58 
 METRIC SCORES 
Ephemeroptera 
richness 3 3 3 3 3 3 3 

Plecoptera richness 3 3 3 3 3 3 3 
Trichoptera richness 3 2 3 3 3 3 3 
Number of sensitive 
taxa 3 3 3 3 3 3 3 

Percent filterers 3 0 2 3 3 3 2 
Percent tolerant taxa 3 3 3 3 3 3 3 
TOTAL SCORE 
(max.=18) 18 14 17 18 18 18 17 

PERCENT OF MAX. 100% 78% 94% 100% 100% 100% 94% 
Impairment 
classification* NON SLI NON NON NON NON NON 

USE SUPPORT † FULL FULL FULL FULL FULL FULL FULL 
* Classifications: (NON) non-impaired, (SLI) slightly impaired, (MOD) moderately impaired, (SEV) severely impaired. See Table 3b. 
† Use support designations: See Table 3a.  
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Table 4b.  Metric values, scores, and bioassessments for sites in the Middle Fork of the 
Flathead River Drainage, August and September 2003. Site locations are given in Table 1. 
 

 SITES 
 MORS CHLG GRNT OLE 

METRICS METRIC VALUES 
Ephemeroptera 
richness 8 8 8 7 

Plecoptera richness 7 5 5 3 
Trichoptera richness 4 7 6 7 
Number of sensitive 
taxa 10 9 7 6 

Percent filterers 0.0 5.34 0.0 0.53 
Percent tolerant taxa 0.30 0.0 0.0 0.0 
 METRIC SCORES 
Ephemeroptera 
richness 3 3 3 3 

Plecoptera richness 3 3 3 2 
Trichoptera richness 2 3 3 3 
Number of sensitive 
taxa 3 3 3 3 

Percent filterers 3 2 3 3 
Percent tolerant taxa 3 3 3 3 
TOTAL SCORE 
(max.=18) 17 17 18 17 

PERCENT OF MAX. 94% 94% 100% 94% 
Impairment 
classification* NON NON NON NON 

USE SUPPORT † FULL FULL FULL FULL 
 
 
* Classifications: (NON) non-impaired, (SLI) slightly impaired, (MOD) moderately impaired, 
(SEV) severely impaired. See Table 3b. 
† Use support designations: See Table 3a.  
 
 At the North Fork bridge, Whale Creek supported an assemblage that included 9 mayfly 
taxa; in addition, the biotic index value (2.45) was within expectations for a montane stream. 
Good water quality is indicated by these findings. Five cold-stenotherm taxa made up 23% of 
sampled animals. Among these sensitive taxa were the mayfly Drunella doddsi and the 
nemourid stonefly Zapada columbiana. The high proportion of taxa such as these strongly 
suggests that cold, unpolluted water characterized this site. 
 Sixteen “clinger” taxa were among the animals sampled, but only 4 caddisfly taxa were 
collected. Richness of these groups are associated with clean stony substrates uncontaminated 
by fine sediment deposition. The relatively low diversity of caddisflies in this sample is likely 
the result of the domination of blackfly larvae (Simulium sp. and Prosimulium sp.), which 
together made up 48% of the sampled assemblage. Large numbers of blackfly larvae can 
compromise the availability of substrate space for other “clingers”. It appears that fine 
sediment deposition did not substantially impair habitat quality at this site. High overall taxa 
richness (31) and a diverse predator fauna (9 taxa) suggest varied instream habitats. Reach-
scale habitat features, such as riparian zone function, streambank integrity, and natural 
channel morphology were likely intact, since the stonefly fauna richness was high (5 taxa). Like 
the upper site, only a few long-lived taxa were collected. All expected functional components 
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were present, but shredders were underrepresented and filter-feeders overwhelmed the 
functional mix. This suggests plentiful fine organic material in suspension.  
 
Red Meadow Creek 
 A single site on Red Meadow Creek was sampled for this study. Eleven mayfly taxa were 
collected there, and the biotic index value (2.63) was low. Water quality was apparently 
unimpaired by nutrient pollution. Nine of the taxa present in the sample were cold-
stenotherms. Taken together, the water quality indicators calculated for this sampled 
assemblage suggest cold, clean water.  
 Invertebrate indicators of fine sediment deposition gave positive results as well; the site 
supported no fewer than 23 “clinger” taxa and 9 Trichoptera taxa. The fauna included the 
chloroperlid stoneflies Kathroperla sp and Paraperla sp., both of which are associated with 
hyporheic habitats. These findings indicate the probability that stony substrate habitats were 
not contaminated by fine sediment deposition here. Other instream habitats were apparently 
intact and available, since overall taxa richness was very high (47) and 15 of the collected taxa 
were predators. Seven stonefly taxa were among the sampled animals; these included the 
leuctrid Despaxia augusta, and the sensitive perlid Doroneuria sp. Stonefly taxa richness may 
be associated with reach-scale habitat features; the diverse Plecoptera fauna at this site 
suggests that these features were probably essentially intact. Six long-lived taxa were collected 
and some of these were abundant, implying that year-round surface flow was uninterrupted 
here, and no other recent catastrophes were likely to have aborted long life cycles. Shredders 
were underrepresented in the functional mix, but all expected components were present.  
 
Coal Creek watershed  
 The sample taken on the North Fork of Coal Creek yielded 10 mayfly taxa, and the 
biotic index value of 2.18 was low; these findings imply good water quality. Among the 9 cold-
stenotherm taxa present in the sample were the sensitive ephemerellid Caudatella sp. and the 
predatory net-spinner Parapsyche elsis. Cold, clean water can be assumed.  
 Stony substrates without fine sediment deposition also appear to be indicated by the 
invertebrate assemblage; 25 of the collected taxa were “clingers” and 9 were caddisflies. In 
addition, the hyporheic taxa Kathroperla sp. and Paraperla sp. were present here. A variety of 
other instream habitats were apparently available, since the site supported at least 41 
invertebrate taxa, 14 of which were predators. Reach-scale habitat features, such as 
streambank integrity, riparian zone function, and natural channel morphology were probably 
essentially intact since 8 stonefly taxa were collected. Only 3 long-lived taxa were present in the 
sample; however, these taxa made up 19% of sampled animals, and included taxa such as the 
perlid Doroneuria sp., which are not considered to be pioneers. It seems unlikely that 
catastrophes such as dewatering or scouring sediment pulses obliterated the fauna in the 
recent past. All expected functional components of a healthy montane stream were present at 
the site. 
 Good water quality and cold temperatures appeared to characterize the sampled site on 
the South Fork of Coal Creek. The low biotic index value (2.25) and the high mayfly taxa 
diversity (8 taxa) support this notion. Nine sensitive cold-stenotherm taxa were collected, 
including the mayfly Drunella doddsi, and the perlodid stonefly Megarcys sp.  
 High diversity of both “clingers” (19 taxa) and caddisflies (5 taxa) suggest that fine 
sediment did not compromise hard benthic substrate habitats. The presence of Paraperla sp. in 
the sample seems to support this hypothesis. Other instream habitats were probably abundant 
and intact, since overall diversity of the assemblage was high (37 taxa) and at least 18 predator 
taxa were supported at the site. The high stonefly richness suggests that reach-scale habitat 
features were likely intact; 8 stonefly taxa were collected. Only 3 semivoltine taxa were taken in 
the sample, but since Parapsyche elsis and Doroneuria sp. were among them, it seems unlikely 
that a recent disaster occurred here. These taxa are not opportunistc colonizers of disturbed 
habitats. All expected elements composed the functional mix; collectors were somewhat more 
abundant than expected. 
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 The mainstem of Coal Creek was sampled at 2 sites. At Deadhorse, the upstream site, 
12 mayfly taxa and a biotic index value of 2.64 indicated that water quality was unimpaired by 
either thermal impacts or nutrient pollution. Among the 8 cold-stenotherm taxa taken in the 
sample were caddisflies in the Rhyacophila Iranda Group, and the dancefly Oreogeton sp. 
These findings suggest that cold, clean water characterized this site.  
 No fewer than 23 “clinger” taxa were supported here, and the Trichoptera taxa richness 
was high (6). Access to hyporheic habitats was indicated by the presence of the chloroperlid 
stonefly Kathroperla sp. Fine sediment deposition apparently did not compromise benthic 
habitats. Instream habitats in general were probably abundantly available, since 13 predator 
taxa were collected, and the overall taxa richness was high (39). The rich stonefly fauna (5 taxa) 
suggests that reach-scale features such as natural channel morphology, riparian function, and 
streambank stability were unimpaired. Semivoltine taxa were underrepresented; only 2 such 
taxa were present in the sampled assemblage. Of these, the elmid Heterlimnius sp. is often the 
first long-lived taxa to appear after catastrophic disturbance. The other semivoltine taxa 
present was Parapsyche elsis, which is not a pioneering species but was apparently not 
particularly abundant at the site; only 7 individuals were taken in the sample. Whether these 
findings can be interpreted as evidence of recent obliteration of long-lived species is not clear. 
While the functional composition of the invertebrate assemblage included all expected 
components, shredders were underrepresented.  
 Downstream, at the North Fork Road, the sampled site on Coal Creek yielded 9 mayfly 
taxa, including the sensitive ephemerellids Drunella doddsi and Drunella spinifera. The high 
Ephemeroptera taxa richness, plus the low biotic index value (2.79) suggest that water quality 
was good at this site. Seven cold-stenotherm taxa were present in the sample; cold, clean water 
is implied by these findings. 
 The site supported at least 16 “clinger” taxa and 6 caddisfly taxa. Richness in these 
groups is associated with stony benthic substrates free from fine sediment deposition. A rich 
predator fauna (9 taxa) and the overall diversity of invertebrates (33 taxa) suggest that 
instream habitats were complex and available. Large-scale habitat features were also likely to 
have been intact, since stonefly taxa richness (4) was within expectations for a montane 
system. Four semivoltine taxa were found in the sample; dewatering or other catastrophes 
seem unlikely to have occurred recently. Scrapers were prominent in the functional mix, and 
shredders were correspondingly scarce. This pattern is consistent with limited shading and 
sparse input of large organic material from riparian vegetation. 
 
Morrison Creek   
 A single site on Morrison Creek was sampled; the assemblage it supported included at 
least 8 mayfly taxa and produced a biotic index value of 2.40. Both findings support a 
hypothesis of good water quality at this site. Ten sensitive cold-stenotherm taxa were among 
the animals sampled here; they included the heptageniid Epeorus grandis and the peltoperlid 
Yoraperla brevis. Cold water unimpaired by nutrient pollution appears to have characterized 
the site.  
 Fifteen “clinger” taxa and 4 caddisfly taxa were collected. While the number of “clinger” 
taxa is within expectations, caddisfly taxa richness is slightly lower than expected. 
Nevertheless, “clingers” made up 76% of sampled animals, suggesting that benthic substrates 
were probably clean and that fine sediment deposition did not substantially impair biotic 
potential here. The high overall taxa richness (35) and diverse predator fauna (17 taxa) make it 
seem likely that abundant varied instream habitats were intact. Riparian zone function, 
streambank integrity, and other reach-scale habitat features were probably also unimpacted by 
human-caused disturbances, since the stonefly fauna was rich (7 taxa) and included at least 5 
intolerant taxa, such as Despaxia augusta and Zapada columbiana. Three long-lived taxa were 
present in the sample; among these were Parapsyche elsis and Doroneuria sp., which are not 
likely to be early colonizers. It seems unlikely that this site was recently dewatered or subjected 
to other catastrophic disruptions recently. All expected functional components of a healthy 
montane stream were present here, and their proportional contributions to the assemblage 
appeared to be appropriate. 
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Challenge Creek    
 A single sample was collected from Challenge Creek. A low biotic index value (2.65) and 
high mayfly taxa richness (8) imply good water quality at this site. Cold-stenotherms were 
represented by 9 taxa, including caddisflies in the Rhyacophila Iranda Group and the midge 
Cricotopus nostococladius. These findings indicate cold, clean water. 
 The fauna included 18 “clinger” taxa and 7 caddisfly taxa, suggesting that fine sediment 
deposition did not limit benthic colonization here. Other instream habitats appear to have been 
varied, complex, and available, since taxa richness (34) was high and 15 predator taxa were 
supported at the site. The diverse Plecoptera fauna (5 taxa) was probably associated with intact 
reach-scale habitat features such as undisturbed channel morphology and well vegetated, 
stable streambanks. Four semivoltine taxa were among the sampled animals, suggesting that 
catastrophic scours or dewatering did not recently abort long lives. The functional mix 
contained all expected components, but scrapers were not abundant. Shredders, however, were 
plentiful, implying ample riparian inputs of large organic material as well as hydrologic 
conditions conducive to its retention. 
 
 
Granite Creek    
 The single sample collected from Granite Creek yielded 8 mayfly taxa and an overall 
biotic index value of 1.85, the lowest value of any site in this study. Excellent water quality is 
suggested by these findings. The dominant organism in the sampled assemblage was the 
sensitive cold-stenotherm Drunella doddsi, one of the 7 such taxa present. In addition to the 
lack of nutrient pollution, there were also apparently no thermal challenges to the fauna in this 
montane stream. 
 Fifteen “clinger” taxa and 6 caddisfly taxa are strong evidence that stony substrates 
were not contaminated by fine sediment deposition. Taxa richness (26) was somewhat lower 
than expected, but the presence of 13 predator taxa suggests that instream habitats were 
varied and intact. Reach-scale habitat features were likely not disturbed, since the site 
supported at least 5 stonefly taxa, 4 of which are sensitive animals. These include Yoraperla 
brevis and the nemourid Zapada columbiana. Only 2 semivoltine taxa appeared in the sampled 
assemblage; a recent catastrophe such as dewatering, a scouring sediment pulse, or toxic 
input cannot be ruled out. All of the expected functional components of a montane stream were 
present in appropriate proportions.  
 
Ole Creek   
 The fauna of Ole Creek were represented by a single collection. The assemblage was 
apparently not impaired by nutrient pollution or other water quality disturbances, since the 
biotic index value (2.02) was within expectations for a clean mountain stream. Cold water is 
indicated by the presence of at least 5 cold-stenotherm taxa, including Drunella doddsi and the 
uenoid caddisfly Oligophlebodes sp.  
 Only 14 “clingers” were collected, but the caddisfly fauna was rich (7 taxa). Nearly 90% 
of sampled animals were “clingers”, which implies that there were large areas of clean benthic 
substrates available for colonization. Little or no fine sediment deposition seems to have 
compromised these habitats. Overall taxa richness was lower than expected; only 22 taxa were 
present in the sampled assemblage. The predator fauna (7 taxa) was also not as rich as 
expected. These findings could be associated with relatively monotonous instream habitats, 
compared to the other sites sampled for this study. Somewhat fewer stonefly taxa (3) than 
expected were found in the sample; there may have been some disruption to reach-scale 
habitat features, such as riparian zone function, streambank integrity, or natural channel 
morphology. A few long-lived animals in 3 taxa were present. The most abundant of these was 
the caddisfly Arctopsyche grandis, the presence of which suggests that dewatering or other life-
cycle interruptions were not recent events here. Scrapers overwhelmed other functional 
components, suggesting little riparian shading, with dense algal films resulting. Shredders 
were correspondingly underrepresented, which may have been associated with a paucity of 
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riparian inputs of large organic material or hydrologic conditions that did not favor retention of 
such material.  
 
CONCLUSIONS 
 

• Low biotic index values and high mayfly taxa richness at all sampled sites suggests that 
nutrients or other pollutants did not limit biotic health at any site in this study. 
Abundant cold-stenotherms indicate that thermal impacts also were not a limiting 
factor at any site.  

• Fine sediment deposition probably did not affect instream habitats at any site. Instream 
habitat conditions at most sites were unimpaired. Monotonous conditions may have 
been indicated at Ole Creek. 

• Reach-scale habitat features may have been disturbed to some extent at Ole Creek; 
indicators at the other sites suggested that benthic assemblages were unaffected by 
such perturbations. 

• Invertebrate assemblage composition could be interpreted to suggest that recent 
dewatering, scouring sediment pulses, or other disturbances may possibly have affected 
benthos at Whale Creek, the upstream site on Coal Creek, and Granite Creek.  
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Summary 
 
 In August 2002, periphyton samples were collected from 2 sites on Sullivan Creek and 1 
site on Skyland Creek in the upper Flathead River TMDL planning area in northwestern 
Montana for the purpose of assessing whether these streams are water-quality limited and in need 
of TMDLs.  The samples were collected following MDEQ standard operating procedures, 
processed and analyzed using standard methods for periphyton, and evaluated following 
modified USEPA rapid bioassessment protocols for wadeable streams.  
 
 Hydrurus foetidus was the most abundant alga at all three sites.  This cold-water 
stenotherm thrives in flashy mountain streams that have unstable channels and exhibit wide 
seasonal fluctuations in flow, temperature, and turbidity.  H. foetidus, a chrysophyte, grows best 
in full sunlight and achieves maximum standing crop in winter and spring when flows are stable 
and turbidity is low.   
 
 Sullivan Creek above Connor Creek was subject to major environmental stresses that 
were natural in origin.  The cold-water stenotherm and pollution-sensitive diatom Hannaea arcus 
accounted for over 80% of the diatom assemblage at this site.  Although diatom species richness, 
equitability, and diversity were very low, values for the pollution index, sedimentation index, 
and percent abnormal cells indicated excellent water quality at this site.  The stresses detected 
here were probably due to cold temperatures, low nutrient concentrations, steep gradients, and/or 
fast current velocities.   
 
 A significant increase in organic loading was detected at the site on Sullivan Creek 
below Quintonkon Creek, resulting in minor impairment.  The dominant diatom species here 
was Fragilaria vaucheriae, a species that is somewhat tolerant of organic pollution.  Modal 
categories for diatom ecological attributes indicate reduced availability of dissolved oxygen at 
this site and an increase in both organic and inorganic nutrients. 
 
 Diatom metrics indicate even greater organic loading in Skyland Creek above Bear 
Creek, resulting in moderate impairment.  Encyonema silesiacum, a pollution-tolerant diatom, 
accounted for over half the diatom cells counted at this site.  Most diatoms here exert only a 
moderate demand for dissolved oxygen, as compared to a continuously high demand at the two 
sites on Sullivan Creek.  The modal category for saprobity at the Skyland Creek site was alpha-
mesosaprobous, which is the same modal category as the lower site on Sullivan Creek and 
indicates waters with 25-70% oxygen saturation and 4-13 mg/L BOD.   
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Introduction 
 
 
 This report evaluates the biological integrityTP

1
PT, support of aquatic life uses, and probable 

causes of stress or impairment to aquatic communities in Sullivan Creek and Skyland Creek in 

the upper Flathead River TMDL planning area in northwestern Montana.   The purpose of this 

report is to provide information that will help the State of Montana determine whether Sullivan 

Creek and Skyland Creek are water-quality limited and in need of TMDLs. 

 

 The federal Clean Water Act directs states to develop water pollution control plans (Total 

Maximum Daily Loads or TMDLs) that set limits on pollution loading to water-quality limited 

waters.  Water-quality limited waters are lakes and stream segments that do not meet water-

quality standards, that is, that do not fully support their beneficial uses.  The Clean Water Act 

and USEPA regulations require each state to (1) identify waters that are water-quality limited, 

(2) prioritize and target waters for TMDLs, and (3) develop TMDL plans to attain and maintain 

water-quality standards for all water-quality limited waters. 

 

 Evaluation of aquatic life use support in this report is based on the species composition 

and structure of periphyton (aka benthic algae, phytobenthos) communities at three sites that 

were sampled in August of 2002.  Periphyton is a diverse assortment of simple photosynthetic 

organisms called algae that live attached to or in close proximity of the stream bottom.  Some 

algae form long filaments or large gelatinous colonies that are conspicuous to the unaided eye.  

But most algae, including the ubiquitous diatoms, can be seen and identified only with the aid of 

a microscope.  The periphyton community is a basic biological component of all aquatic 

ecosystems.  Periphyton accounts for much of the primary production and biological diversity in 

Montana streams (Bahls et al. 1992).  Plafkin et al. (1989) and Barbour et al. (1999) list several 

advantages of using periphyton in biological assessments. 

 

 

 
                                                 
TP

1
PT Biological integrity is defined as “the ability of an aquatic ecosystem to support and maintain a balanced, 

integrated, adaptive community of organisms having a species composition, diversity, and functional organization 
comparable to that of natural habitats within a region” (Karr and Dudley 1981). 
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Project Area and Sampling Sites 

 
The project area is located within Level IV ecoregion 41c (Western Canadian Rockies), 

which is an extension of the Canadian Rockies Ecoregion in Flathead County, Montana (Woods 

et al. 1999).  This is a high, rugged, glaciated region that lies west of the Continental Divide and 

is affected by moist Pacific maritime air masses.  The Western Canadian Rockies are underlain 

by Precambrian rocks, including argillites and quartzites, and mantled by volcanic ash, glacial 

drift, and colluvium.  Soils are thin or absent on upper mountain slopes but become deeper and 

more developed below.  Climax vegetation consists of Douglas-fir, subalpine fir, grand fir, and 

Engelmann spruce forests, with alpine tundra on the highest peaks.  The main land uses are 

logging, recreation, and wildlife habitat.   

 

Periphyton samples were collected at two sites on Sullivan Creek and one site on Skyland 

Creek (Table 1).    Sullivan Creek is a west side tributary of Hungry Horse Reservoir in the 

South Fork Flathead River hydrologic unit (USGS HUC 17010209).  Skyland Creek, a tributary 

of Bear Creek, rises on the west side of the Continental Divide near Marias Pass in the Middle 

Fork Flathead River hydrologic unit (USGS HUC 17010207).   The South Fork, Middle Fork, 

and North Fork meet to form the Flathead River near West Glacier, Montana.  Sullivan Creek 

and Skyland Creek are classified B-1 in the Montana Surface Water Quality Standards.   

 

Methods 
 

 Periphyton samples were collected following standard operating procedures of the 

MDEQ Planning, Prevention, and Assistance Division.  Using appropriate tools, microalgae 

were scraped, brushed, or sucked from natural substrates in proportion to the importance of those 

substrates at each study site.  Macroalgae were picked by hand in proportion to their abundance 

at the site.  All collections of microalgae and macroalgae were pooled into a common container 

and preserved with Lugol’s (IKI) solution.   

 

 The samples were examined to estimate the relative abundance and rank by biovolume of 

diatoms and genera of soft (non-diatom) algae according to the method described in Bahls 
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(1993).  Soft algae were identified using Smith (1950), Prescott (1962, 1978), John et al. (2002), 

and Wehr and Sheath (2003).  These books also served as references on the ecology of the soft 

algae, along with Palmer (1969, 1977).   

 

 After the identification of soft algae, the raw periphyton samples were cleaned of organic 

matter using sulfuric acid, potassium dichromate, and hydrogen peroxide.  Then permanent 

diatom slides were prepared using Naphrax, a high refractive index mounting medium, following 

Standard Methods for the Examination of Water and Wastewater (APHA 1998).  At least 400 

diatom cells (800 valves) were counted at random and identified to species.  The following were 

the main taxonomic references for the diatoms:  Krammer and Lange-Bertalot 1986, 1988, 

1991a, 1991b; Lange-Bertalot 1993, 2001; Krammer 1997a, 1997b, 2002; Reichardt 1997, 1999.  

Diatom naming conventions followed those adopted by the Academy of Natural Sciences for 

USGS NAWQA samples (Morales and Potapova 2000) as updated in 2003 (Dr. Eduardo 

Morales, Academy of Natural Sciences, digital communication).  Van Dam et al. (1994) was the 

main ecological reference for the diatoms.   

 

 The diatom proportional counts were used to generate an array of diatom association 

metrics.  A metric is a characteristic of the biota that changes in some predictable way with 

increased human influence (Barbour et al. 1999).  Diatoms are particularly useful in generating 

metrics because there is a wealth of information available in the literature regarding the pollution 

tolerances and water quality preferences of common diatom species (e.g., Lowe 1974, Beaver 

1981, Lange-Bertalot 1996, Van Dam et al. 1994). 

 

 Values for selected metrics were compared to biocriteria (numeric thresholds) developed 

for streams in the Rocky Mountain ecoregions of Montana (Table 2).  These criteria are based on 

metric values measured in least-impaired reference streams (Bahls et al. 1992) and metric values 

measured in streams that are known to be impaired by various sources and causes of pollution 

(Bahls 1993).  The criteria in Table 2 are valid only for samples collected during the summer 

field season (June 21-September 21) and distinguish among four levels of stress or impairment 

and three levels of aquatic life use support:  (1) no impairment or only minor impairment (full 

support); (2) moderate impairment (partial support); and (3) severe impairment (nonsupport).  
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These impairment levels correspond to excellent, good, fair, and poor biological integrity, 

respectively.  In cold, high-gradient mountain streams, natural stressors will often mimic the 

effects of man-caused impairment on some metric values. 

 

 

Quality Assurance 
 

 Several steps were taken to assure that the study results are accurate and reproducible.  

Upon receipt of the samples, station and sample attribute data were recorded in the Montana 

Diatom Database and the samples were assigned a unique number, e.g., 2655-01.  The first part 

of this number (2655) designates the sampling site (Sullivan Creek above Connor Creek) and the 

second part (01) designates the number of periphyton samples that that have been collected at 

this site for which data have been entered into the Montana Diatom Database.   

 

 Sample observations and analyses of soft (non-diatom) algae were recorded in a lab 

notebook along with information on the sample label.  A portion of the raw sample was used to 

make duplicate diatom slides.    The slide used for the diatom proportional count will be 

deposited in the Montana Diatom Collection at the University of Montana Herbarium in 

Missoula.  The duplicate slide will be retained by Hannaea in Helena.  Diatom proportional 

counts have been entered into the Montana Diatom Database. 

 

 

Results and Discussion 
 

 Results are presented in Tables 3, 4 and 5, which are located near the end of this report 

following the references section.  Copies of aquatic plant field sheets are included in Appendix 

A.   Appendix B contains a diatom report for each sample.   Each diatom report includes an 

alphabetical list of diatom species in that sample and their percent abundances, and values for 65 

different diatom metrics and ecological attributes.  
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Sample Notes 
 

 Sullivan Creek above Connor Creek.  This sample was sparse and the entire sample 

was oxidized to make the diatom slides.  The Phormidium sp. in this sample occurred as an 

epiphyte on Hydrurus foetidus.  Hannaea arcus was visually the dominant diatom in this sample.  

 

 Sullivan Creek below Quintonkon Creek.  This sample was heavier than the one 

collected upstream.  Hannaea arcus was the visual dominant among the diatoms in this sample. 

 

 Skyland Creek above Bear Creek.  This sample was poorly preserved and in the 

process of decomposing.  It was black and smelled strongly of hydrogen sulfide.  The visually 

dominant diatoms in this sample were Encyonema silesiacum and Hannaea arcus. 

 

Non-Diatom Algae (Table 3) 
 

Hydrurus foetidus ranked first in biovolume in samples from all three sites (Table 3).  

Nicholls and Wujek (2003) reviewed the biology of this common alga of mountain streams: 

One of the most dramatic examples of a cold-water stenotherm is the mountain-
stream-dwelling chrysophyte Hydrurus foetidus.   This macroscopic, brown, gelatinous, 
unpleasant-smelling alga is relatively abundant in both the eastern and western mountain 
streams of North America.  The gelatinous envelope in which the cells are embedded is 
exceedingly tough and the plant frequently covers the entire surface of submerged rocks 
and has caused more than one hiker to lose his or her footing when crossing a stream.  It 
normally begins to disappear when water temperatures rise much above 10 P

o
PC…Other 

requirements for this species apparently include low pH and bright sunlight.   
 
Hydrurus foetidus often dominates the winter and spring algal communities of glacier-fed 

streams of the Swiss Alps, which exhibit unstable channels and wide seasonal fluctuations in 

flow, temperature, and turbidity (Hieber et al. 2001).  Elsewhere, Kawecka (1990) reported that 

Hydrurus foetidus (along with Ulothrix zonata) dominated the algal communities of unregulated 

streams in a study of paired regulated and unregulated streams.   

 

Sullivan Creek above Connor Creek.  Diatoms, which were abundant, ranked second to 

Hydrurus foetidus in terms of total biomass, followed by the filamentous cyanobacterium 
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Phormidium, which was frequent.  The branched filamentous green alga Stigeoclonium and the 

filamentous cyanophyte Amphithrix were occasional components of the algal flora at this site. 

 

 Sullivan Creek below Quintonkon Creek.  Diatoms were also abundant and ranked 

second to Hydrurus at this site.  The filamentous green algae Zygnema sp. and Ulothrix zonata 

were abundant and frequent here and ranked third and fourth in biovolume, respectively.  An 

increase in dominance by filamentous green alage generally parallels an increase in nutrient 

concentrations in streams (Wehr and Sheath 2003).  The filamentous cyanophyte Hydrocoleum 

ranked fifth in biomass at this site. 

 

 Skyland Creek above Bear Creek.  Hydrurus foetidus and diatoms were co-dominants 

at this site and ranked first and second, respectively, in terms of biomass.  The filamentous green 

alga Ulothrix zonata, which was abundant, was the only other non-diatom species present at this 

site (Table 3). 

  

Diatoms (Table 4) 
 

 The four major diatom species from Sullivan Creek and Skyland Creek are included in 

pollution tolerance classes 3 or 2 and are either sensitive to organic pollution or only somewhat 

tolerant of organic pollution (Table 4).  None of the major diatom species are most tolerant of 

organic pollution (pollution tolerance class = 1).   

 

Sullivan Creek above Connor Creek.   A very high value for the percent dominant 

species (Hannaea arcus) and low values for the number of species counted and the diversity 

index indicate moderate to severe stress at this site (Table 4).  Since Hannaea arcus is a cold 

stenothermal diatom and an attached pioneer species that is sensitive to organic pollution, its 

dominance here is probably related to steep gradients, fast currents, cold temperatures, and/or 

low nutrient concentrations.  Hannaea arcus is one of the most common diatom species in 

glacier- and snowmelt-fed streams of the Swiss Alps (Hieber et al. 2001).  A high value for the 

pollution index and zero values for the siltation index and percent abnormal cells indicate that 

organic enrichment, sedimentation, and toxic metals did not affect the association of benthic 
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diatoms at this site and that the stresses recorded here are probably natural in origin.  The only 

other major diatom species at this site—Achnanthidium minutissimum—is also an attached 

pioneer species that is sensitive to organic loading. 

 

 Sullivan Creek below Quintonkon Creek.    Although the equitability and diversity of 

diatom species improved at this site compared to the upstream site, diatom species richness 

remained low and still indicated moderate stress from natural causes.  However, a significant 

decline in the pollution index occurred between the upstream site and this site (Table 4), which 

indicated a significant increase in organic loading.  Although organic loading increased, the 

pollution index at this site remained above the threshold for minor impairment.  However, the 

dominant diatom species here (Fragilaria vaucheriae) is somewhat tolerant of organic loading 

and the large percentage of this species indicated minor impairment here. 

 

A few teratological cells of Fragilaria vaucheriae and Hannaea arcus were also counted 

at this site.  Abnormal diatom cells sometimes indicate elevated concentrations of heavy metals 

(McFarland et al. 1997).  However, there are many other possible causes of abnormal diatom 

cells, including natural factors such as rapid population growth and crowding, silica depletion, 

low water temperatures, and low pH.  The araphid diatoms, which include F. vaucheriae and H. 

arcus, seem to be especially prone to producing teratological cells (McFarland et al. 1997).  

Given that populations of F. vaucheriae and H. arcus were very large and probably expanding at 

the time, and given the austere environmental conditions prevailing at this site, the minor stress 

indicated by a few abnormal cells in Sullivan Creek is likely natural in origin and not related to 

heavy metals.  The two sites on Sullivan Creek shared 43% of their diatom associations, which 

indicates somewhat similar floras and minor environmental change. 

 

 Skyland Creek above Bear Creek.   The dominant diatom at this site was Encyonema 

silesiacum, which is somewhat tolerant of organic pollution.  A large percentage of this species 

indicated moderate impairment here (Table 4).  The pollution index also indicated minor 

impairment from organic loading.  Diatom species richness, equitability, and diversity were also 

low and indicated minor impairment.   Two abnormal cells of Hannaea arcus were observed 

during the diatom proportional count, again probably the result of natural causes.   
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Modal Categories (Table 5) 
 

Several ecological attributes assigned by Stevenson and Van Dam et al. (1994) were 

selected from the diatom reports in the appendix and modal categories of these attributes were 

extracted to characterize water quality tendencies in Sullivan and Skyland Creeks (Table 5).   

 

 The majority of diatoms at both sites on Sullivan Creek were non-motile autotrophs that 

tolerate high concentrations of organics and indicate alkaline and fresh-brackish waters with 

continuously high dissolved oxygen.  However, the percentage of diatoms in the “continuously 

high” category declined significantly from the upstream site to the downstream site, indicating a 

decline in the availability of dissolved oxygen.  The modal categories for saprobity and trophic 

state each shifted two levels between the upstream and downstream sites, indicating significant 

increases in organic loading and concentrations of inorganic nutrients.   

 

 In Skyland Creek, the modal category for oxygen demand was “moderate”, indicating 

even less available dissolved oxygen here than in lower Sullivan Creek.  The modal category for 

saprobity in Skyland Creek was alpha-mesosaprobous, which is the same modal category that 

was recorded at the lower site on Sullivan Creek (Table 5).  The alpha-mesosaprobous category 

indicates waters with 25-70% oxygen saturation and 4-13 mg/L BOD (Van Dam et al. 1994).   
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Site Visit Form 
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Flathead National Forest Documents 
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Pebble Counts 
 

 
Red Meadow Upper Profile Limit

0%

20%

40%

60%

80%

100%

120%

< 11 -
 2
2 -

 4
4 -

 6
6 -

 8
8 -

 12

12
 - 1

6

16
 - 2

2

22
 - 3

2

32
 - 4

5

45
 - 6

4

64
 - 9

0

90
 - 1

28

12
8 -

 18
0

18
0 -

 25
6

25
6 -

 36
2

36
2 -

 51
2

51
2 -

 10
24

10
24

 - 2
04

8

> 2
04

8

Particle Size (mm)

C
um

ul
at

iv
e 

%

 
 

 
Red Meadow Upper Profile Limit

0%

20%

40%

60%

80%

100%

120%

< 11 -
 2
2 -

 4
4 -

 6
6 -

 8
8 -

 12

12
 - 1

6

16
 - 2

2

22
 - 3

2

32
 - 4

5

45
 - 6

4

64
 - 9

0

90
 - 1

28

12
8 -

 18
0

18
0 -

 25
6

25
6 -

 36
2

36
2 -

 51
2

51
2 -

 10
24

10
24

 - 2
04

8

> 2
04

8

Particle Size (mm)

C
um

ul
at

iv
e 

%

 
 



Appendix C Red Meadow Creek

C-67 

 
Red Meadow Cross-section Pebble Count 2
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SUBSTRATE  DEQ/MDM 
Date:  8-Jul-03  Site Visit Code:Red Meadow Upper Profile Limit 
Waterbody:  Main-stem Red Meadow             STORET Station ID: 
Personnel:   djp,cl,kw,jg,jd 

PEBBLE COUNT 

Row ID 
Particle 

Category   Size (mm) 
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT 

        100.00% 0.00% Sum % of Total Cum. Total
1 Silt / Clay  < 1 11  11 11.22% 11.22% 
2 Sand  1 - 2 3  3 3.06% 14.29% 
3 Very Fine 2 - 4 2  2 2.04% 16.33% 
4 Fine 4 - 6 1  1 1.02% 17.35% 
5 Fine 6 - 8 2  2 2.04% 19.39% 
6 Medium 8 - 12 4  4 4.08% 23.47% 
7 Medium 12 - 16 7  7 7.14% 30.61% 
8 Coarse 16 - 22 2  2 2.04% 32.65% 
9 Coarse 22 - 32 6  6 6.12% 38.78% 

10 Very Coarse 32 - 45 6  6 6.12% 44.90% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 12  12 12.24% 57.14% 
12 Small 64 - 90 9  9 9.18% 66.33% 
13 Small 90 - 128 10  10 10.20% 76.53% 
14 Large 128 - 180 9  9 9.18% 85.71% 
15 Large C

O
B

B
LE

S 

180 - 256 5  5 5.10% 90.82% 
16 Small 256 - 362 5  5 5.10% 95.92% 
17 Small 362 - 512 4  4 4.08% 100.00% 
18 Medium 512 - 1024 0  0 0.00% 100.00% 
19 Large 1024 - 2048 0  0 0.00% 100.00% 
20 Bedrock B

O
U

LD
ER

S 

> 2048 0  0 0.00% 100.00% 
21 Total # Samples  98 0 98 100.00%  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix C Red Meadow Creek

C-69 

SUBSTRATE  DEQ/MDM 
Date:  8-Jul-03                                 Site Visit Code: RedMead X-section 1 

Waterbody:mainstem Red Meadow                          STORET Station ID: 
Personnel:djp,cl,kw,jg,jd 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm)
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT 

    100.00% 0.00% Sum % of Total Cum. Total
1 Silt / Clay  < 1 11  11 9.32% 9.32% 
2 Sand  1 - 2 4  4 3.39% 12.71% 
3 Very Fine 2 - 4 0  0 0.00% 12.71% 
4 Fine 4 - 6 1  1 0.85% 13.56% 
5 Fine 6 - 8 2  2 1.69% 15.25% 
6 Medium 8 - 12 7  7 5.93% 21.19% 
7 Medium 12 - 16 9  9 7.63% 28.81% 
8 Coarse 16 - 22 3  3 2.54% 31.36% 
9 Coarse 22 - 32 14  14 11.86% 43.22% 
10 Very Coarse 32 - 45 16  16 13.56% 56.78% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 18  18 15.25% 72.03% 
12 Small 64 - 90 18  18 15.25% 87.29% 
13 Small 90 - 128 11  11 9.32% 96.61% 
14 Large 128 - 180 3  3 2.54% 99.15% 
15 Large C

O
B

B
LE

S 

180 - 256 0  0 0.00% 99.15% 
16 Small 256 - 362 1  1 0.85% 100.00% 
17 Small 362 - 512 0  0 0.00% 100.00% 
18 Medium 512 - 1024 0  0 0.00% 100.00% 
19 Large 1024 - 2048 0  0 0.00% 100.00% 
20 Bedrock B

O
U

LD
ER

S 

> 2048 0  0 0.00% 100.00% 
21 Total # Samples  118 0 118 100.00%  
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SUBSTRATE  DEQ/MDM 
Date: 8-Jul-03                                                             Site Visit Code: Red Meadow X-section 2 

Waterbody: mainstem Red Meadow                            STORET Station ID: 
Personnel: djp,cl,kw,jg,jd 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm)
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT 

    100.00% 0.00% Sum % of Total Cum. Total
1 Silt / Clay  < 1 12  12 10.53% 10.53% 
2 Sand  1 - 2 3  3 2.63% 13.16% 
3 Very Fine 2 - 4 1  1 0.88% 14.04% 
4 Fine 4 - 6 2  2 1.75% 15.79% 
5 Fine 6 - 8 1  1 0.88% 16.67% 
6 Medium 8 - 12 9  9 7.89% 24.56% 
7 Medium 12 - 16 7  7 6.14% 30.70% 
8 Coarse 16 - 22 6  6 5.26% 35.96% 
9 Coarse 22 - 32 12  12 10.53% 46.49% 
10 Very Coarse 32 - 45 14  14 12.28% 58.77% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 15  15 13.16% 71.93% 
12 Small 64 - 90 17  17 14.91% 86.84% 
13 Small 90 - 128 12  12 10.53% 97.37% 
14 Large 128 - 180 2  2 1.75% 99.12% 
15 Large C

O
B

B
LE

S 

180 - 256 1  1 0.88% 100.00% 
16 Small 256 - 362 0  0 0.00% 100.00% 
17 Small 362 - 512 0  0 0.00% 100.00% 
18 Medium 512 - 1024 0  0 0.00% 100.00% 
19 Large 1024 - 2048 0  0 0.00% 100.00% 
20 Bedrock 

B
O

U
LD

ER
S 

> 2048 0  0 0.00% 100.00% 
21 Total # Samples  114 0 114 100.00%  
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Red Meadow Creek Historic Pfankuch Rating Comparison 

UPPER BANKS Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

 3.405-3.415 
16-July-1976 

3.405-3.415 
5-July-1979 

2.21 – 4.882 
12-Aug-1982 

9.33-9.34 
16-July-1976 

9.33-9.34 
5-July-1979 

8.78-11.88 
9-Aug-1982 

Landform slope 2 4 2 4 6 2 
Mass wasting (existing or 
potential) 

 
3 

 
9 

 
7 

 
6 

 
3 

 
6 

Debris jam potential 
(floatable objects) 

 
4 

 
2 

 
6 

 
6 

 
8 

 
8 

Vegetative bank protection 3 6 6 6 3 6 
LOWER BANKS       
Channel capacity 1 2 3 2 1 2 
Bank rock content 6 4 5 2 8 6 
Obstructions/flow 
deflectors/sediment traps 

 
2 

 
2 

 
7 

 
2 

 
4 

 
6 

Cutting 8 8 12 4 4 10 
Deposition 4 8 12 4 8 14 
BOTTOM       
Rock angularity 2 2 3 2 2 3 
Brightness 2 1 3 3 2 4 
Consolidation or particle 
packing 

 
4 

 
2 

 
4 

 
4 

 
6 

 
4 

Bottom size distribution/ 
percent stable materials 

 
8 

 
4 

 
12 

 
8 

 
8 

 
14 

Scouring and deposition 12 6 18 12 12 18 
Clinging aquatic vegetation 2 2 2 3 3 3 
TOTALS 52 62 102 68 78 106 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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Red Meadow Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
 13.508-13.51 

16-July-1976 
13.508-13.51 
5-July-1979 

13.13-13.949 
9-Aug-1982 

Profile UL 
9-July-2003 

Profile CS 
9-July-2003 

Profile LL 
9-July-2003 

Landform slope 6 4 2 2 2 2 
Mass wasting 
(existing or 
potential) 

 
6 

 
3 

 
3 

 
3 

 
3 

 
6 

Debris jam potential 
(floatable objects) 

 
4 

 
4 

 
6 

 
2 

 
6 

 
6 

Vegetative bank 
protection 

7 6 4 2 3 3 

LOWER BANKS       
Channel capacity 1 1 1 6 3 3 
Bank rock content 2 6 2 4 4 4 
Obstructions/flow 
deflectors/sediment 
traps 

 
2 

 
4 

 
4 

 
8 

 
4 

 
4 

Cutting 4 4 4 8 8 8 
Deposition 4 8 4 2 8 8 
BOTTOM       
Rock angularity 2 2 1 2 3 2 
Brightness 1 1 1 2 2 1 
Consolidation or 
particle packing 

 
2 

 
4 

 
4 

 
8 

 
4 

 
4 

Bottom size 
distribution and 
percent stable 
materials 

 
4 

 
4 

 
8 

 
18 

 
8 

 
8 

Scouring and 
deposition 

6 12 9 3 12 12 
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-74 UPPER BANKS Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
 13.508-13.51 

16-July-1976 
13.508-13.51 
5-July-1979 

13.13-13.949 
9-Aug-1982 

Profile UL 
9-July-2003 

Profile CS 
9-July-2003 

Profile LL 
9-July-2003 

Clinging aquatic 
vegetation 

2 2 2 3 3 3 

TOTALS 53 65 55 76 73 74 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
74.3 Average Pfankuch for 3 ratings done at the lower limit (LL), the cross-section (CS), and the upper limit (UL) of the 1000 foot 
profile completed as part of the field assessment of Red Meadow current conditions for the FHPA report. Field map displayed below. 
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 Cross-Section 
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Cross Section Red Meadow Creek
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Vertical exaggeration = 12.2 

LPIN = left (looking downstream) pin        RBF = right bankfull 
LTOP = left top of bank                                           RTOB = right top of bank 
LBF = left bankfull          RPIN = right (looking downstream) pin 
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 Longitudinal Profile 

Longitudinal Profile Red Meadow Creek
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South Fork Red Meadow 
 
 
 
 
 
 





Appendix C Red Meadow Creek

C-81 

Flathead National Forest Documents 
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C-82 
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Pebble Counts 
 

S.F. Red Meadow Upper Profile Limit
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S.F.Red Meadow Cross-section Pebble Count
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S.F. Red Meadow Lower Profile Limit
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Appendix C Red Meadow Creek

C-87 

SUBSTRATE  DEQ/MDM 
Date: 7/10/2003                                  Site Visit Code: SF Red Mead Upper Profile Limit 
Waterbody: South Fork Red Meadow               STORET Station ID: 
Personnel: J. Grace, J. DeRaleau, C.Lewis, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) Riffle Count
(Other) 
Count Characteristic Group: PEBL-CNT

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 20  20 17.86% 17.86% 

2 Sand  1 - 2 1  1 0.89% 18.75% 

3 Very Fine 2 - 4 2  2 1.79% 20.54% 

4 Fine 4 - 6 9  9 8.04% 28.57% 

5 Fine 6 - 8 6  6 5.36% 33.93% 

6 Medium 8 - 12 7  7 6.25% 40.18% 

7 Medium 12 - 16 8  8 7.14% 47.32% 

8 Coarse 16 - 22 17  17 15.18% 62.50% 

9 Coarse 22 - 32 15  15 13.39% 75.89% 

10 Very Coarse 32 - 45 12  12 10.71% 86.61% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 6  6 5.36% 91.96% 

12 Small 64 - 90 5  5 4.46% 96.43% 

13 Small 90 - 128 2  2 1.79% 98.21% 

14 Large 128 - 180 2  2 1.79% 100.00% 

15 Large 

C
O

B
B

LE
S 

180 - 256   0 0.00% 100.00% 

16 Small 256 - 362   0 0.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  112 0 112 100.00%  
 
 
 
 
 
 
 
 



Red Meadow Creek Appendix C 

C-88 

SUBSTRATE  DEQ/MDM 
Date: 7/10/2003                                               Site Visit Code:  SF Red Meadow X-section 

Waterbody: South Fork Red Meadow           STORET Station ID: 

Personnel:J. Grace, J. DeRaleau, C. Lewis, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count

(Other) 
Count Characteristic Group: PEBL-CNT 

    100% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 26  26 26.00% 26.00% 

2 Sand  1 - 2 2  2 2.00% 28.00% 

3 Very Fine 2 - 4 5  5 5.00% 33.00% 

4 Fine 4 - 6 1  1 1.00% 34.00% 

5 Fine 6 - 8 5  5 5.00% 39.00% 

6 Medium 8 - 12 11  11 11.00% 50.00% 

7 Medium 12 - 16 5  5 5.00% 55.00% 

8 Coarse 16 - 22 21  21 21.00% 76.00% 

9 Coarse 22 - 32 11  11 11.00% 87.00% 

10 Very Coarse 32 - 45 6  6 6.00% 93.00% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 2  2 2.00% 95.00% 

12 Small 64 - 90 4  4 4.00% 99.00% 

13 Small 90 - 128 1  1 1.00% 100.00% 

14 Large 128 - 180   0 0.00% 100.00% 

15 Large 

C
O

B
B

LE
S 

180 - 256   0 0.00% 100.00% 

16 Small 256 - 362   0 0.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  100 0 100 100.00%  
 
 
 
 
 
 
 
 



Appendix C Red Meadow Creek

C-89 

SUBSTRATE  DEQ/MDM 
Date: 7/10/2003                                         Site Visit Code: SF Red Meadow Lower profile limit 
Waterbody:South Fork Red Meadow                  STORET Station ID: 
Personnel: J. Grace, J. DeRaleau, C. Lewis, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) Riffle Count
(Other) 
Count Characteristic Group: PEBL-CNT

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 21  21 21.00% 21.00% 

2 Sand  1 - 2 6  6 6.00% 27.00% 

3 Very Fine 2 - 4 3  3 3.00% 30.00% 

4 Fine 4 - 6 8  8 8.00% 38.00% 

5 Fine 6 - 8 1  1 1.00% 39.00% 

6 Medium 8 - 12 9  9 9.00% 48.00% 

7 Medium 12 - 16 5  5 5.00% 53.00% 

8 Coarse 16 - 22 6  6 6.00% 59.00% 

9 Coarse 22 - 32 11  11 11.00% 70.00% 

10 Very Coarse 32 - 45 5  5 5.00% 75.00% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 8  8 8.00% 83.00% 

12 Small 64 - 90 5  5 5.00% 88.00% 

13 Small 90 - 128 8  8 8.00% 96.00% 

14 Large 128 - 180 4  4 4.00% 100.00% 

15 Large 

C
O

B
B

LE
S 

180 - 256   0 0.00% 100.00% 

16 Small 256 - 362   0 0.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  100 0 100 100.00%  
 

 



 

 

R
ed M

eadow
 C

reek 
A

ppendix C
 

C
-90 

 South Fork Red Meadow Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment 

Date 
Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

 0.153-0.163 
14 July 1976 

0.153-0.163 
10 July 1979 

0.0-2.722 
18 Aug.1982 

2.722-3.661 
18 Aug.1982 

Profile UL 
10 July 2003 

Profile CS 
10 July 2003 

Profile LL 
10 July 2003 

Landform slope 2 2 2 6 4 4 4 
Mass wasting  6 3 3 3 6 3 6 
Debris jam 
potential  

6 2 5 4 8 8 8 

Vegetative bank 
protection 

 
6 

 
3 

 
4 

 
3 

 
3 

 
6 

 
6 

LOWER BANKS        
Channel capacity 1 1 3 2 1 2 2 
Bank rock content 6 2 6 4 6 6 6 
Obstructions/flow 
deflectors/sediment 
traps 

 
4 

 
2 

 
6 

 
4 

 
6 

 
4 

 
4 

Cutting 8 4 6 4 4 8 12 
Deposition 12 4 8 4 4 8 8 
BOTTOM        
Rock angularity 2 1 4 2 4 3 2 
Brightness 2 1 2 2 3 2 2 
Consolidation or 
particle packing 

 
4 

 
2 

 
3 

 
4 

 
4 

 
6 

 
4 

Bottom size 
distribution/ 
percent stable 
materials 

 
8 

 
4 

 
4 

 
4 

 
8 

 
12 

 
12 

Scouring and 
deposition 

18 6 12 9 12 12 12 

Clinging aquatic 
vegetate 

3 1 2 1 3 1 1 

TOTALS 88 38 70 56 76 85 89 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
83.3 Average Pfankuch rating for the for 3 ratings done at the lower limit (LL), the cross-section (CS), and the upper limit (UL) of the 
400 foot profile completed as part of the field assessment of South Fork Red Meadow current conditions for the FHPA report. 
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 Cross-Section 

Cross Section South Fork Red Meadow Creek
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 Longitudinal Profile 

Longitudinal Profile South Fork Red Meadow Creek
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Whale Creek 
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Whale Creek Reach 1 
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Site Visit Form 
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Flathead National Forest Documents 
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Pebble Counts 

Whale Creek-1 Upper Profile Limit
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Whale Creek-1 Cross-section Pebble Count
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Whale Creek-1 Lower Profile Limit
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Whale Creek Pebble Count Comparison
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SUBSTRATE  DEQ/MDM 
Date:7/14/2003                                      Site Visit Code: Whale Ck-1 Profile Upper Limit 

Waterbody:Whale Creek                       STORET Station ID: 
Personnel: C. Lewis, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: PEBL-
CNT 

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 10  10 10.00% 10.00% 

2 Sand  1 - 2 1  1 1.00% 11.00% 

3 Very Fine 2 - 4 4  4 4.00% 15.00% 

4 Fine 4 - 6   0 0.00% 15.00% 

5 Fine 6 - 8   0 0.00% 15.00% 

6 Medium 8 - 12 6  6 6.00% 21.00% 

7 Medium 12 - 16 2  2 2.00% 23.00% 

8 Coarse 16 - 22 3  3 3.00% 26.00% 

9 Coarse 22 - 32 9  9 9.00% 35.00% 

10 Very Coarse 32 - 45 8  8 8.00% 43.00% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 12  12 12.00% 55.00% 

12 Small 64 - 90 16  16 16.00% 71.00% 

13 Small 90 - 128 12  12 12.00% 83.00% 

14 Large 128 - 180 7  7 7.00% 90.00% 

15 Large 

C
O

B
B

LE
S 

180 - 256 9  9 9.00% 99.00% 

16 Small 256 - 362 1  1 1.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  100 0 100 100.00%  
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SUBSTRATE  DEQ/MDM 
Date: 7/14/2003                                      Site Visit Code:  Whale Creek-1 Cross-section 

Waterbody: Whale Creek                       STORET Station ID: 
Personnel:C. Lewis, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) Riffle Count
(Other) 
Count Characteristic Group: PEBL-CNT

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 14  14 13.86% 13.86% 

2 Sand  1 - 2 13  13 12.87% 26.73% 

3 Very Fine 2 - 4 6  6 5.94% 32.67% 

4 Fine 4 - 6 2  2 1.98% 34.65% 

5 Fine 6 - 8 4  4 3.96% 38.61% 

6 Medium 8 - 12 4  4 3.96% 42.57% 

7 Medium 12 - 16 10  10 9.90% 52.48% 

8 Coarse 16 - 22 4  4 3.96% 56.44% 

9 Coarse 22 - 32 5  5 4.95% 61.39% 

10 Very Coarse 32 - 45 8  8 7.92% 69.31% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 12  12 11.88% 81.19% 

12 Small 64 - 90 5  5 4.95% 86.14% 

13 Small 90 - 128 7  7 6.93% 93.07% 

14 Large 128 - 180 5  5 4.95% 98.02% 

15 Large 

C
O

B
B

LE
S 

180 - 256   0 0.00% 98.02% 

16 Small 256 - 362 1  1 0.99% 99.01% 

17 Small 362 - 512 1  1 0.99% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  101 0 101 100.00%  
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SUBSTRATE  DEQ/MDM 

Date:7/14/2003                            Site Visit Code: Whale Ck-1. Profile Lower Limit 
Waterbody:Whale Creek                                 STORET Station ID: 
Personnel:C. Lewis, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT

    100.00% 0.00% Sum % of Total Cum. Total

1 Silt / Clay  < 1 11  11 11.00% 11.00% 

2 Sand  1 - 2 8  8 8.00% 19.00% 

3 Very Fine 2 - 4 3  3 3.00% 22.00% 

4 Fine 4 - 6 3  3 3.00% 25.00% 

5 Fine 6 - 8 2  2 2.00% 27.00% 

6 Medium 8 - 12 5  5 5.00% 32.00% 

7 Medium 12 - 16 1  1 1.00% 33.00% 

8 Coarse 16 - 22 2  2 2.00% 35.00% 

9 Coarse 22 - 32 1  1 1.00% 36.00% 

10 
Very 

Coarse 32 - 45 7  7 7.00% 43.00% 

11 
Very 

Coarse 

G
R

A
VE

LS
 

45 - 64 12  12 12.00% 55.00% 

12 Small 64 - 90 16  16 16.00% 71.00% 

13 Small 90 - 128 12  12 12.00% 83.00% 

14 Large 128 - 180 6  6 6.00% 89.00% 

15 Large 

C
O

B
B

LE
S 

180 - 256 9  9 9.00% 98.00% 

16 Small 256 - 362 2  2 2.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 
Total # 

Samples  100 0 100 100.00%  
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 Whale Creek Historic Pfankuch Rating Comparison 
UPPER 
BANKS 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

 8.83-8.84 
July-1976 

12.12-12.13 
July-1976 

8.83-8.84 
July-1979 

12.12-12.13 
July-1979 

6.98-7.00 
Sept.1994 

Profile 1 UL 
17 July 03 

Profile 1 CS 
17 July 03 

Profile 1 LL 
17 July 03 

Landform 
slope 

2 2 3 4 6 2 2 2 

Mass wasting  3 3 3 3 12 6 6 6 
Debris jam 
potential  

8 5 8 4 6 6 6 6 

Vegetat bank 
protection 

6 5 6 3 6 3 3 3 

LOWER 
BANKS 

        

Channel 
capacity 

2 2 1 1 2 3 3 2 

Bank rock 
content 

7 5 6 4 6 6 6 4 

Obstructions/
flow 
deflectors/sed
iment traps 

 
7 

 
3 

 
4 

 
2 

 
4 

 
4 

 
4 

 
4 

Cutting 8 4 8 4 12 8 8 8 
Deposition 12 4 8 8 8 12 12 8 
BOTTOM         
Rock 
angularity 

3 2 2 2 2 2 3 2 

Brightness 3 2 1 1 3 2 2 2 
Consolid/ 
particle pack 

5 4 2 2 2 4 4 4 
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UPPER 
BANKS 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

 8.83-8.84 
July-1976 

12.12-12.13 
July-1976 

8.83-8.84 
July-1979 

12.12-12.13 
July-1979 

6.98-7.00 
Sept.1994 

Profile 1 UL 
17 July 03 

Profile 1 CS 
17 July 03 

Profile 1 LL 
17 July 03 

Bottom size 
distribution 
/percent 
stable 
materials 

 
12 

 
8 

 
4 

 
4 

 
8 

 
8 

 
8 

 
8 

Scouring and 
deposition 

18 12 6 6 12 12 12 12 

Clinging 
aquatic 
vegetat 

3 2 2 2 2 3 3 3 

TOTALS 99 52 63 50 91 81 85 74 
 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
 
80 Average Pfankuch for 3 ratings done at the lower limit (LL), the cross-section (CS), and the upper limit (UL) of the 1000 foot 
profile completed as part of the field assessment of Whale Creek current conditions for the FHPA report. Field map displayed below. 
 
 
Whale Creek Tributary Historic Pfankuch Rating Comparison 

UPPER BANKS Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Profile 2 

UL 
22 

Sept.03 

Profile 2 
CS 
22 

Sept.03 

Profile 2 
LL 
22 

Sept.03 

Hornet 
Cr. 

0.21-0.22 
28 July 
1976 

Shorty 
Cr. 

0.29-0.3 
28 July 
1976 

Shorty 
Cr. 

1.19-1.2 
28 July 
1976 

Shorty 
Cr. 

3.90-3.91 
28 July 
1976 

Shorty 
Cr. 

01.19-1.2 
12 July 
1979 

Shorty 
Cr. 

3.90-3.91 
12 July 
1979 

Landform slope 6 4 6 5 2 2 4 6 6 
Mass wasting 6 6 6 6 3 3 6 6 3 
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UPPER BANKS Str.seg. 
Date 

Str.seg. 
Date 

Str.seg. 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Profile 2 

UL 
22 

Sept.03 

Profile 2 
CS 
22 

Sept.03 

Profile 2 
LL 
22 

Sept.03 

Hornet 
Cr. 

0.21-0.22 
28 July 
1976 

Shorty 
Cr. 

0.29-0.3 
28 July 
1976 

Shorty 
Cr. 

1.19-1.2 
28 July 
1976 

Shorty 
Cr. 

3.90-3.91 
28 July 
1976 

Shorty 
Cr. 

01.19-1.2 
12 July 
1979 

Shorty 
Cr. 

3.90-3.91 
12 July 
1979 

Debris jam potential  6 6 6 6 6 7 6 4 4 
Vegetat bank 
protection 

3 3 3 3 6 6 6 6 6 

LOWER BANKS          
Channel capacity 1 2 1 1 2 2 2 2 1 
Bank rock content 6 4 8 2 2 6 2 6 4 
Obstructions/flow 
deflectors/sediment 
traps 

 
4 

 
4 

 
4 

 
6 

 
6 

 
4 

 
4 

 
2 

 
2 

Cutting 8 8 4 6 4 4 4 4 8 
Deposition 4 8 4 4 5 8 4 8 4 
BOTTOM          
Rock angularity 2 2 2 2 2 2 2 2 2 
Brightness 3 3 2 2 2 2 2 1 1 
Consolid or particle 
pack 

 
4 

 
4 

 
2 

4 4 4 2 2 2 

Bottom size 
distribution / 
percent stable 
materials 

 
12 

 
8 

4  
8 

 
8 

 
8 

 
8 

 
4 

 
4 

Scouring and 
deposition 

18 12 6 12 12 12 12 6 6 

Clinging aquatic 
vegetat 

3 2 2 3 3 2 2 2 2 

TOTALS 75 65 60 70 67 72 66 61 55 
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Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
 
Whale Creek Tributary Historic Pfankuch Rating Comparison 

UPPER BANKS Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Ninko Cr. 

0.58-.059 
28 July 1976 

Ninko Cr 
0.59-0.59 

10 July 1979 

Koopee Cr. 
0.107-0.117 
28 July 1976 

Koopee Cr. 
0.107-0.117 
10 July 1979 

Inuya Cr. 
0.155-0.165 
28 July 19 

Inuya Cr. 
0.155-0.165 
9 July 1979 

Landform slope 4 2 4 6 2 6 
Mass wasting 6 3 9 3 6 3 
Debris jam potential  7 4 8 8 6 2 
Vegetative bank protection 6 6 3 12 9 3 
LOWER BANKS       
Channel capacity 1 1 1 2 1 2 
Bank rock content 2 4 4 4 4 4 
Obstructions/flow 
deflectors/sediment traps 

 
4 

 
4 

 
4 

 
2 

 
4 

 
2 

Cutting 8 4 16 8 12 4 
Deposition 4 16 16 4 4 4 
BOTTOM       
Rock angularity 2 2 3 2 2 2 
Brightness 3 4 4 1 3 2 
Consolid or particle packing 6 6 6 4 6 4 
Bottom size distribution / 
percent stable materials 

 
12 

 
8 

 
8 

 
8 

 
8 

 
8 

Scouring and deposition 12 24 24 12 18 6 
Clinging aquatic vegetation 3 4 4 3 4 3 
TOTALS 80 92 114 79 89 55 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Whale Creek Cross-Section Locations 
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Cross Section Lower Whale Creek
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Vertical exaggeration = 13.8 
LPIN = left (looking downstream) pin        RBF = right bankfull 
LTOP = left top of bank                                           RTOB = right top of bank 
LBF = left bankfull          RPIN = right (looking downstream) pin 
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 Longitudinal Profile 

Longitudinal Profile Lower Whale Creek
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Vertical exaggeration = 10 
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Whale Creek Reach 2 
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Site Visit Form 
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Flathead National Forest Documents 
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Pebble Counts 
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Whale Reach 2 Profile Upper Limit 
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Whale Reach 2 Pebble Count Comparison
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SUBSTRATE  DEQ/MDM 
           

Date: 22 Sept.03     
Site Visit 

Code:
Profile 2 
lower limit   

Waterbody: Whale - Upper reach 2  
STORET 

Station ID:    
Personnel: CL JG           
           

PEBBLE COUNT 
           

Row ID 
Particle 
Category   Size (mm) 

Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT 

        100.00% 0.00%Sum % of Total Cum. Total 
1 Silt / Clay   < 1 15   15 12.00% 12.00%
2 Sand   1 - 2 12   12 9.60% 21.60%
3 Very Fine 2 - 4 2   2 1.60% 23.20%
4 Fine 4 - 6 6   6 4.80% 28.00%
5 Fine 6 - 8 0   0 0.00% 28.00%
6 Medium 8 - 12 12   12 9.60% 37.60%
7 Medium 12 - 16 6   6 4.80% 42.40%
8 Coarse 16 - 22 7   7 5.60% 48.00%
9 Coarse 22 - 32 5   5 4.00% 52.00%

10 
Very 
Coarse 32 - 45 7   7 5.60% 57.60%

11 
Very 
Coarse 

G
R

A
VE

LS
 

45 - 64 15   15 12.00% 69.60%
12 Small 64 - 90 6   6 4.80% 74.40%
13 Small 90 - 128 10   10 8.00% 82.40%
14 Large 128 - 180 9   9 7.20% 89.60%
15 Large C

O
B

B
LE

S 

180 - 256 7   7 5.60% 95.20%
16 Small 256 - 362 1   1 0.80% 96.00%
17 Small 362 - 512 3   3 2.40% 98.40%
18 Medium 512 - 1024 2   2 1.60% 100.00%
19 Large 1024 - 2048     0 0.00% 100.00%
20 Bedrock 

B
O

U
LD

ER
S 

> 2048     0 0.00% 100.00%

21 
Total # 
Samples     125 0 125 100.00%   
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SUBSTRATE  DEQ/MDM 
        

Date: 22 Sept.03     Site Visit Code: 
 profile 2 
upper limit  

Waterbody: Whale - Upper reach 
2   

STORET Station 
ID:   

Personnel: CL JG         
        

PEBBLE COUNT 
          

Row ID 
Particle 
Category   Size (mm) 

Riffle 
Count 

(Other
) 
Count Characteristic Group: PEBL-CNT 

        
100.00

% 0.00%Sum % of Total Cum. Total 
1 Silt / Clay   < 1 12   12 9.92% 9.92%
2 Sand   1 - 2 7   7 5.79% 15.70%
3 Very Fine 2 - 4 3   3 2.48% 18.18%
4 Fine 4 - 6 5   5 4.13% 22.31%
5 Fine 6 - 8 0   0 0.00% 22.31%
6 Medium 8 - 12 7   7 5.79% 28.10%
7 Medium 12 - 16 4   4 3.31% 31.40%
8 Coarse 16 - 22 11   11 9.09% 40.50%
9 Coarse 22 - 32 12   12 9.92% 50.41%

10 
Very 
Coarse 32 - 45 15   15 12.40% 62.81%

11 
Very 
Coarse 

G
R

A
VE

LS
 

45 - 64 17   17 14.05% 76.86%
12 Small 64 - 90 16   16 13.22% 90.08%
13 Small 90 - 128 9   9 7.44% 97.52%
14 Large 128 - 180 3   3 2.48% 100.00%
15 Large C

O
B

B
LE

S 

180 - 256     0 0.00% 100.00%
16 Small 256 - 362     0 0.00% 100.00%
17 Small 362 - 512     0 0.00% 100.00%
18 Medium 512 - 1024     0 0.00% 100.00%
19 Large 1024 - 2048     0 0.00% 100.00%
20 Bedrock 

B
O

U
LD

ER
S 

> 2048     0 0.00% 100.00%

21 
Total # 
Samples     121 0 121 100.00% 
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Cross Section 

Cross Section Upper Whale Creek
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 Longitudinal Profile 

Longitudinal Profile Upper Whale Creek
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South Fork Coal Creek 
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Electronic Forms 
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C-135 
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Upper South Fork Coal Creek 
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Site Visit Form 
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Pebble Counts 
 

SF Coal Profile #1 upper limit Pebble Count
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SF Coal Cross-section #1 Pebble Count
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SF Coal Profile #1 lower limit
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SUBSTRATE  DEQ/MDM 
Date:15 Sept.03                                                          Site Visit Code:Profile #1 upper limit 
Waterbody:SF Coal Cr.                                           STORET Station ID:0690591 / 5394174
Personnel:djp, cll 

PEBBLE COUNT 

Row ID Particle Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: 
PEBL-CNT 

    0.00% 0.00% Sum 
% of 
Total Cum. Total

1 Silt / Clay  < 1 2  2 1.98% 1.98% 
2 Sand  1 - 2 11  11 10.89% 12.87% 
3 Very Fine 2 - 4 1  1 0.99% 13.86% 
4 Fine 4 - 6 3  3 2.97% 16.83% 
5 Fine 6 - 8 1  1 0.99% 17.82% 
6 Medium 8 - 12 7  7 6.93% 24.75% 
7 Medium 12 - 16 2  2 1.98% 26.73% 
8 Coarse 16 - 22 3  3 2.97% 29.70% 
9 Coarse 22 - 32 6  6 5.94% 35.64% 

10 Very Coarse 32 - 45 18  18 17.82% 53.47% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 10  10 9.90% 63.37% 
12 Small 64 - 90 8  8 7.92% 71.29% 
13 Small 90 - 128 10  10 9.90% 81.19% 
14 Large 128 - 180 6  6 5.94% 87.13% 
15 Large C

O
B

B
LE

 

180 - 256 5  5 4.95% 92.08% 
16 Small 256 - 362 3  3 2.97% 95.05% 
17 Small 362 - 512 1  1 0.99% 96.04% 
18 Medium 512 - 1024 3  3 2.97% 99.01% 
19 Large 1024 - 2048   0 0.00% 99.01% 
20 Bedrock B

O
U

LD
ER

S 

> 2048 1  1 0.99% 100.00% 
21 Total # Samples   0 101 100%  
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SUBSTRATE  DEQ/MDM 

Date:15 Sept.03                                                       Site Visit Code:cross-section #1 
Waterbody:SF Coal Cr.                                         STORET Station ID:0690709 / 5350463 
Personnel:djp, cll  
PEBBLE COUNT 

Row ID Particle Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: 
PEBL-CNT 

    0.00% 0.00% Sum 
% of 
Total Cum. Total

1 Silt / Clay  < 1 4  4 3.48% 3.48% 
2 Sand  1 - 2 9  9 7.83% 11.30% 
3 Very Fine 2 - 4 4  4 3.48% 14.78% 
4 Fine 4 - 6 5  5 4.35% 19.13% 
5 Fine 6 - 8 3  3 2.61% 21.74% 
6 Medium 8 - 12 9  9 7.83% 29.57% 
7 Medium 12 - 16 4  4 3.48% 33.04% 
8 Coarse 16 - 22 8  8 6.96% 40.00% 
9 Coarse 22 - 32 5  5 4.35% 44.35% 

10 Very Coarse 32 - 45 4  4 3.48% 47.83% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 5  5 4.35% 52.17% 
12 Small 64 - 90 11  11 9.57% 61.74% 
13 Small 90 - 128 14  14 12.17% 73.91% 
14 Large 128 - 180 12  12 10.43% 84.35% 
15 Large C

O
B

B
LE

 

180 - 256 4  4 3.48% 87.83% 
16 Small 256 - 362 9  9 7.83% 95.65% 
17 Small 362 - 512 3  3 2.61% 98.26% 
18 Medium 512 - 1024 2  2 1.74% 100.00% 
19 Large 1024 - 2048   0 0.00% 100.00% 
20 Bedrock B

O
U

LD
ER

S 

> 2048   0 0.00% 100.00% 
21 Total # Samples   0 115 100%  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



South Fork Coal Creek Appendix C 

C-160 

 
SUBSTRATE  DEQ/MDM 

Date: 15 Sept.03                                        Site Visit Code:Profile #1 lower limit 
Waterbody: SF Coal Cr.                          STORET Station ID:0690779 / 5394257 
Personnel: djp, cll 

PEBBLE COUNT 

Row ID Particle Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: 
PEBL-CNT 

    0.00% 0.00% Sum 
% of 
Total Cum. Total

1 Silt / Clay  < 1 3  3 2.83% 2.83% 
2 Sand  1 - 2 2  2 1.89% 4.72% 
3 Very Fine 2 - 4 6  6 5.66% 10.38% 
4 Fine 4 - 6 6  6 5.66% 16.04% 
5 Fine 6 - 8 3  3 2.83% 18.87% 
6 Medium 8 - 12 10  10 9.43% 28.30% 
7 Medium 12 - 16 5  5 4.72% 33.02% 
8 Coarse 16 - 22 5  5 4.72% 37.74% 
9 Coarse 22 - 32 12  12 11.32% 49.06% 
10 Very Coarse 32 - 45 10  10 9.43% 58.49% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 8  8 7.55% 66.04% 
12 Small 64 - 90 8  8 7.55% 73.58% 
13 Small 90 - 128 2  2 1.89% 75.47% 
14 Large 128 - 180 15  15 14.15% 89.62% 
15 Large C

O
B

B
LE

S 

180 - 256 6  6 5.66% 95.28% 
16 Small 256 - 362 3  3 2.83% 98.11% 
17 Small 362 - 512 1  1 0.94% 99.06% 
18 Medium 512 - 1024   0 0.00% 99.06% 
19 Large 1024 - 2048   0 0.00% 99.06% 
20 Bedrock B

O
U

LD
ER

S 

> 2048 1  1 0.94% 100.00% 
21 Total # Samples   0 106 100%  
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 South Fork Coal Creek Historic Pfankuch Rating Comparison 

UPPER BANKS Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 0.935-1.035 

30 June 1976 
4.05-4.15 

30 June 1976 
7.13-7.23 

13 July 1976 
4.05-4.15 

28 June 1979 
0.0-0.31 

15 Oct. 1985 
0.31-1.13 

15 Oct. 1985 
Landform slope 4 3 3 6 6 2 
Mass wasting 6 6 3 3 12 6 
Debris jam potential 8 6 6 6 7 5 
Vegetative bank protection 5 6 5 3 9 6 
LOWER BANKS       
Channel capacity 2 1 2 2 3 1 
Bank rock content 5 4 5 8 6 3 
Obstructions/flow 
deflectors/sediment traps 

 
6 

 
3 

 
4 

 
2 

 
8 

 
3 

Cutting 5 6 4 4 14 6 
Deposition 6 4 4 8 12 6 
BOTTOM       
Rock angularity 3 3 2 2 3 2 
Brightness 3 2 2 1 4 2 
Consolid or particle 
packing 

4 4 4 4 6 3 

Bottom size distribution / 
percent stable materials 

 
8 

 
8 

 
8 

 
4 

 
12 

 
6 

Scouring and deposition 12 10 8 6 20 7 
Clinging aquatic 
vegetation 

3 3 2 2 4 3 

TOTALS 80 69 62 61 126 61 
Reach score for Rosgen “C1 and C2” channel  type :  < 38 = Excellent; 39-43 = Good; 44-47 = Fair; >48 = Poor; 
    Rosgen “C3 and C6” channel type: < 59 = Excellent; 60-85 = Good; 86-105 = Fair; > 106 = Poor; 
    Rosgen “C4 and C5” channel type: < 69 = Excellent; 70-90 = Good; 91-110 = Fair; > 111 = Poor; 
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 South Fork Coal Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 1.13-1.53 

16 Oct. 1985 
1.53-2.28 

16 Oct. 1985 
2.28-2.96 

16 Oct. 1985 
2.96-3.23 

16 Oct. 1985 
3.23-4.03 

17 Oct.1985 
4.03-5.15 

17 Oct. 1985 
Landform slope 4 2 6 6 4 8 
Mass wasting 6 7 10 8 9 12 
Debris jam potential 4 5 8 5 5 8 
Vegetative bank protection 6 7 10 8 9 12 
LOWER BANKS       
Channel capacity 2 2 3 2 2 1 
Bank rock content 4 3 4 4 2 4 
Obstructions/flow 
deflectors/sediment traps 

 
3 

 
4 

 
8 

 
4 

 
4 

 
8 

Cutting 8 10 16 9 10 8 
Deposition 7 8 14 8 12 16 
BOTTOM       
Rock angularity 2 2 3 2 2 2 
Brightness 3 3 4 3 3 3 
Consolid or particle 
packing 

3 5 7 4 5 5 

Bottom size distribution / 
percent stable materials 

 
6 

 
10 

 
14 

 
10 

 
9 

 
12 

Scouring and deposition 8 12 19 12 12 14 
Clinging aquatic 
vegetation 

3 4 4 4 3 3 

TOTALS 69 84 130 89 91 116 
Reach score for Rosgen “C1 and C2” channel  type :  < 38 = Excellent; 39-43 = Good; 44-47 = Fair; >48 = Poor; 
    Rosgen “C3 and C6” channel type: < 59 = Excellent; 60-85 = Good; 86-105 = Fair; > 106 = Poor; 
    Rosgen “C4 and C5” channel type: < 69 = Excellent; 70-90 = Good; 91-110 = Fair; > 111 = Poor; 
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 South Fork Coal Creek and Tributary Historic Pfankuch Rating Comparison 

UPPER BANKS Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 5.15-6.81 

18 Oct. 
1985 

Mathias Cr 
2.63-2.73 
12 July 76 

Profile #1 
LL 

15 Sept.03 

Profile #1 
CS 

15 Sept. 03

Profile #1 
UL 

15 Sept. 03

Profile #2 
LL 

1 Oct. 03 

Profile #2 
CS 

1 Oct. 03 

Profile #2 
UL 

1 Oct. 03 
Landform slope 5 2 2 2 2 2 3 4 
Mass wasting 8 3 3 3 3 9 3 6 
Debris jam 
potential 

5 6 6 6 6 6 8 6 

Vegetat bank 
protection 

8 5 3 3 3 6 6 3 

LOWER BANKS         
Channel capacity 2 1 1 2 2 2 2 4 
Bank rock content 3 2 4 4 2 2 4 4 
Obstruction/flow 
deflector/sediment 
traps 

 
3 

 
4 

 
2 

 
2 

 
2 

 
6 

4 2 

Cutting 8 5 8 4 4 12 12 8 
Deposition 6 4 4 4 8 8 8 4 
BOTTOM         
Rock angularity 2 2 2 2 2 2 2 2 
Brightness 2 2 1 1 1 2 4 2 
Consolid or part 
packing 

4 4 2 2 2 4 4 2 

Bottom size 
distribution / % 
stable materials 

 
8 

 
6 

 
8 

 
4 

 
4 

 
8 

8 8 

Scouring and 
deposition 

10 12 6 6 6 12 12 12 

Clinging aquatic 
vegetat 

2 3 3 2 1 3 3 3 
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UPPER BANKS Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 5.15-6.81 

18 Oct. 
1985 

Mathias Cr 
2.63-2.73 
12 July 76 

Profile #1 
LL 

15 Sept.03 

Profile #1 
CS 

15 Sept. 03

Profile #1 
UL 

15 Sept. 03

Profile #2 
LL 

1 Oct. 03 

Profile #2 
CS 

1 Oct. 03 

Profile #2 
UL 

1 Oct. 03 
TOTALS 76 61 55 47 48 84 86 70 

Reach score for Rosgen “C1 and C2” channel  type :  < 38 = Excellent; 39-43 = Good; 44-47 = Fair; >48 = Poor; 
    Rosgen “C3 and C6” channel type: < 59 = Excellent; 60-85 = Good; 86-105 = Fair; > 106 = Poor; 
    Rosgen “C4 and C5” channel type: < 69 = Excellent; 70-90 = Good; 91-110 = Fair; > 111 = Poor; 
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 Cross Section 

Cross Section # 1 South Fork Coal Creek
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EXCEL filename: Upper SF Coal Creek.xls 
Vertical exaggeration = 13.3 
Data recorded looking downstream 
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 Longitudinal Profile 
 

Upper South Fork Coal Creek Longitudinal Profile #1
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EXCEL filename: Upper SF Coal Creek.xls 
Vertical exaggeration = 2.3 
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Lower South Fork Coal Creek 
 
 
 
 
 
 
 





Appendix C South Fork Coal Creek

C-169 

Pebble Counts 

SF Coal Profile #2 upper limit Pebble Count
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SF Coal Cr. Cross-section #2 Pebble Count
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South Fork Coal Creek Appendix C 
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Lower SF Coal Profile #2 Pebble Count
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South Fork Coal Cr. Pebble Count Comparison October 
2001
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Historic pebble count comparison for unknown location on South Fork Coal 
Creek. 
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SF Profiles 1 + 2 Pebble Count Average
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Average pebble counts from both profiles (6 sites) on South Fork Coal Creek. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



South Fork Coal Creek Appendix C 

C-172 

SUBSTRATE  DEQ/MDM 
Date:23 Sept.03                                       Site Visit Code:Profile #2 upper limit 
Waterbody:SF Coal Cr.Profile #2          STORET Station ID:0693790 / 539359 
Personnel:cll, jeg 

PEBBLE COUNT 

Row ID Particle Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: 
PEBL-CNT 

    0.00% 0.00% Sum 
% of 
Total Cum. Total

1 Silt / Clay  < 1 8  8 7.77% 7.77% 
2 Sand  1 - 2 5  5 4.85% 12.62% 
3 Very Fine 2 - 4   0 0.00% 12.62% 
4 Fine 4 - 6 2  2 1.94% 14.56% 
5 Fine 6 - 8   0 0.00% 14.56% 
6 Medium 8 - 12 4  4 3.88% 18.45% 
7 Medium 12 - 16 7  7 6.80% 25.24% 
8 Coarse 16 - 22 17  17 16.50% 41.75% 
9 Coarse 22 - 32 9  9 8.74% 50.49% 
10 Very Coarse 32 - 45 12  12 11.65% 62.14% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 10  10 9.71% 71.84% 
12 Small 64 - 90 6  6 5.83% 77.67% 
13 Small 90 - 128 8  8 7.77% 85.44% 
14 Large 128 - 180 3  3 2.91% 88.35% 
15 Large C

O
B

B
LE

S 

180 - 256 7  7 6.80% 95.15% 
16 Small 256 - 362 3  3 2.91% 98.06% 
17 Small 362 - 512 1  1 0.97% 99.03% 
18 Medium 512 - 1024 1  1 0.97% 100.00% 
19 Large 1024 - 2048   0 0.00% 100.00% 
20 Bedrock B

O
U

LD
ER

S 

> 2048   0 0.00% 100.00% 
21 Total # Samples   0 103 100%  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix C South Fork Coal Creek

C-173 

SUBSTRATE  DEQ/MDM 
Date:1 Ocr. 03                                         Site Visit Code:cross-section #2 
Waterbody:SF Coal Cr. Profile #2        STORET Station ID:0693941 / 5395371 
Personnel:cll,jeg,hh 
PEBBLE COUNT 

Row ID Particle Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: 
PEBL-CNT 

    0.00% 0.00% Sum 
% of 
Total Cum. Total

1 Silt / Clay  < 1 10  10 9.90% 9.90% 
2 Sand  1 - 2   0 0.00% 9.90% 
3 Very Fine 2 - 4   0 0.00% 9.90% 
4 Fine 4 - 6   0 0.00% 9.90% 
5 Fine 6 - 8   0 0.00% 9.90% 
6 Medium 8 - 12   0 0.00% 9.90% 
7 Medium 12 - 16 2  2 1.98% 11.88% 
8 Coarse 16 - 22 2  2 1.98% 13.86% 
9 Coarse 22 - 32 9  9 8.91% 22.77% 
10 Very Coarse 32 - 45 5  5 4.95% 27.72% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 23  23 22.77% 50.50% 
12 Small 64 - 90 4  4 3.96% 54.46% 
13 Small 90 - 128 14  14 13.86% 68.32% 
14 Large 128 - 180 9  9 8.91% 77.23% 
15 Large C

O
B

B
LE

S 

180 - 256 12  12 11.88% 89.11% 
16 Small 256 - 362 3  3 2.97% 92.08% 
17 Small 362 - 512 2  2 1.98% 94.06% 
18 Medium 512 - 1024 4  4 3.96% 98.02% 
19 Large 1024 - 2048 2  2 1.98% 100.00% 
20 Bedrock B

O
U

LD
ER

S 

> 2048   0 0.00% 100.00% 
21 Total # Samples   0 101 100%  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



South Fork Coal Creek Appendix C 

C-174 

SUBSTRATE  DEQ/MDM 
Date:1 Oct. 03                                         Site Visit Code:Profile #2 lower limit 

Waterbody:SF Coal Cr.profile 2           STORET Station ID:0694027 / 5395376 
Personnel:cll, jeg, hh 
PEBBLE COUNT 

Row ID Particle Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: 
PEBL-CNT 

    0.00% 0.00% Sum 
% of 
Total Cum. Total

1 Silt / Clay  < 1 5  5 4.35% 4.35% 
2 Sand  1 - 2 4  4 3.48% 7.83% 
3 Very Fine 2 - 4   0 0.00% 7.83% 
4 Fine 4 - 6 1  1 0.87% 8.70% 
5 Fine 6 - 8   0 0.00% 8.70% 
6 Medium 8 - 12 2  2 1.74% 10.43% 
7 Medium 12 - 16 1  1 0.87% 11.30% 
8 Coarse 16 - 22 3  3 2.61% 13.91% 
9 Coarse 22 - 32 10  10 8.70% 22.61% 
10 Very Coarse 32 - 45 5  5 4.35% 26.96% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 15  15 13.04% 40.00% 
12 Small 64 - 90 11  11 9.57% 49.57% 
13 Small 90 - 128 15  15 13.04% 62.61% 
14 Large 128 - 180 11  11 9.57% 72.17% 
15 Large C

O
B

B
LE

S 

180 - 256 9  9 7.83% 80.00% 
16 Small 256 - 362 10  10 8.70% 88.70% 
17 Small 362 - 512 5  5 4.35% 93.04% 
18 Medium 512 - 1024 8  8 6.96% 100.00% 
19 Large 1024 - 2048   0 0.00% 100.00% 
20 Bedrock B

O
U

LD
ER

S 

> 2048   0 0.00% 100.00% 
21 Total # Samples   0 115 100%  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix C South Fork Coal Creek

C-175 

SUBSTRATE  DEQ/MDM 
Date:3-Oct-01                                          Site Visit Code:stream I.D. = 1030003 
Waterbody:SF Coal Cr.                       STORET Station ID: station I.D. = 2001-1 riffle 
Personnel:Unknown but probably Linda, Roger and Rick 

PEBBLE COUNT 

Row ID Particle Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: 
PEBL-CNT 

    100% 0.00% Sum 
% of 
Total Cum. Total

1 Silt / Clay  < 1   0 0.00% 0.00% 
2 Sand  1 - 2 7  7 5.79% 5.79% 
3 Very Fine 2 - 4   0 0.00% 5.79% 
4 Fine 4 - 6   0 0.00% 5.79% 
5 Fine 6 - 8 7  7 5.79% 11.57% 
6 Medium 8 - 12   0 0.00% 11.57% 
7 Medium 12 - 16   0 0.00% 11.57% 
8 Coarse 16 - 22   0 0.00% 11.57% 
9 Coarse 22 - 32   0 0.00% 11.57% 

10 Very Coarse 32 - 45   0 0.00% 11.57% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 56  56 46.28% 57.85% 
12 Small 64 - 90   0 0.00% 57.85% 
13 Small 90 - 128 21  21 17.36% 75.21% 
14 Large 128 - 180   0 0.00% 75.21% 
15 Large C

O
B

B
LE

S 

180 - 256 15  15 12.40% 87.60% 
16 Small 256 - 362   0 0.00% 87.60% 
17 Small 362 - 512 11  11 9.09% 96.69% 
18 Medium 512 - 1024   0 0.00% 96.69% 
19 Large 1024 - 2048 4  4 3.31% 100.00% 
20 Bedrock B

O
U

LD
ER

S 

> 2048   0 0.00% 100.00% 
21 Total # Samples  121 0 121 100%  
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Cross Section 

Cross Section #2 Lower South Fork Coal Creek 
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EXCEL filename: Lower SF Coal Creek.xls 
Vertical exaggeration = 30.8 
Data recorded looking downstream 
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 Longitudinal Profile #2 

Lower South Fork Coal Creek Longitudinal Profile #2
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EXCEL filename: Lower SF Coal Creek.xls 
Vertical exaggeration = 4.4 
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North Fork Coal 
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Site Visit Form 
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North Fork Coal Creek #1 
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Pebble Counts 

NF Coal Profile #1 Lower Limit Pebble Count
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NF Coal Cross-section #1 Pebble Count
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C-186 

 
NF Coal Profile #1 Upper Limit Pebble Count
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Appendix C North Fork Coal

C-187 

SUBSTRATE  DEQ/MDM 
Date:2 Oct. 2003                                     Site Visit Code:Profile #1 lower limit 

Waterbody: NF Coal #1                       STORET Station ID: 0687043 / 5397684 
Personnel: jg,cl,hh 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: PEBL-
CNT 

    100.00% 0.00% Sum 
% of 
Total Cum. Total 

1 Silt / Clay  < 1 4  4 3.96% 3.96% 

2 Sand  1 - 2 4  4 3.96% 7.92% 

3 Very Fine 2 - 4 6  6 5.94% 13.86% 

4 Fine 4 - 6 4  4 3.96% 17.82% 

5 Fine 6 - 8 2  2 1.98% 19.80% 

6 Medium 8 - 12 4  4 3.96% 23.76% 

7 Medium 12 - 16 3  3 2.97% 26.73% 

8 Coarse 16 - 22 6  6 5.94% 32.67% 

9 Coarse 22 - 32 8  8 7.92% 40.59% 

10 Very Coarse 32 - 45 6  6 5.94% 46.53% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 19  19 18.81% 65.35% 

12 Small 64 - 90 7  7 6.93% 72.28% 

13 Small 90 - 128 18  18 17.82% 90.10% 

14 Large 128 - 180 3  3 2.97% 93.07% 

15 Large 

C
O

B
B

LE
S 

180 - 256 2  2 1.98% 95.05% 

16 Small 256 - 362 3  3 2.97% 98.02% 

17 Small 362 - 512   0 0.00% 98.02% 

18 Medium 512 - 1024 2  2 1.98% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  101 0 101 100.00%  
 
 
 
 
 
 



North Fork Coal Appendix C

C-188 

SUBSTRATE  DEQ/MDM 
Date:2 Oct. 2003                                                Site Visit Code: cross-section#1 

Waterbody:NF Coal #1                                  STORET Station ID:0686952 /5397691 

Personnel:jg,cl,hh 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 6  6 5.13% 5.13% 

2 Sand  1 - 2 5  5 4.27% 9.40% 

3 Very Fine 2 - 4 1  1 0.85% 10.26% 

4 Fine 4 - 6 3  3 2.56% 12.82% 

5 Fine 6 - 8 4  4 3.42% 16.24% 

6 Medium 8 - 12 6  6 5.13% 21.37% 

7 Medium 12 - 16 5  5 4.27% 25.64% 

8 Coarse 16 - 22 4  4 3.42% 29.06% 

9 Coarse 22 - 32 8  8 6.84% 35.90% 

10 Very Coarse 32 - 45 6  6 5.13% 41.03% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 10  10 8.55% 49.57% 

12 Small 64 - 90 13  13 11.11% 60.68% 

13 Small 90 - 128 13  13 11.11% 71.79% 

14 Large 128 - 180 15  15 12.82% 84.62% 

15 Large 

C
O

B
B

LE
S 

180 - 256 5  5 4.27% 88.89% 

16 Small 256 - 362 6  6 5.13% 94.02% 

17 Small 362 - 512 2  2 1.71% 95.73% 

18 Medium 512 - 1024 5  5 4.27% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 
Total # 

Samples  117 0 117 100.00%  
 
 
 
 
 



Appendix C North Fork Coal

C-189 

SUBSTRATE  DEQ/MDM 
Date:2 Oct. 2003                                      Site Visit Code:Profile #1 upper limit 
Waterbody:NF Coal #1                          STORET Station ID: 0686886 / 5397655 
Personnel:jg,cl,hh 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) Riffle Count
(Other) 
Count

Characteristic Group: 
 PEBL-CNT 

    100.00% 0.00% Sum % of Total 
Cum. 
Total 

1 Silt / Clay  < 1 3  3 2.80% 2.80% 

2 Sand  1 - 2   0 0.00% 2.80% 

3 Very Fine 2 - 4   0 0.00% 2.80% 

4 Fine 4 - 6   0 0.00% 2.80% 

5 Fine 6 - 8   0 0.00% 2.80% 

6 Medium 8 - 12   0 0.00% 2.80% 

7 Medium 12 - 16 2  2 1.87% 4.67% 

8 Coarse 16 - 22 2  2 1.87% 6.54% 

9 Coarse 22 - 32 9  9 8.41% 14.95% 

10 
Very 

Coarse 32 - 45 8  8 7.48% 22.43% 

11 
Very 

Coarse 

G
R

A
VE

LS
 

45 - 64 22  22 20.56% 42.99% 

12 Small 64 - 90 7  7 6.54% 49.53% 

13 Small 90 - 128 34  34 31.78% 81.31% 

14 Large 128 - 180 11  11 10.28% 91.59% 

15 Large 

C
O

B
B

LE
S 

180 - 256 6  6 5.61% 97.20% 

16 Small 256 - 362   0 0.00% 97.20% 

17 Small 362 - 512   0 0.00% 97.20% 

18 Medium 512 - 1024 3  3 2.80% 100.00%

19 Large 1024 - 2048   0 0.00% 100.00%

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00%

21 Total # Samples  107 0 107 100.00%  
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 North Fork Coal Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 North Fork 

12.18-12.28 
30 June 1976 

North Fork 
16.19-16.29 
13 July 1976 

North Fork 
18.57-18.67 
13 July 1976 

North Fork 
20.22-20.32 
13 July 1976 

North Fork 
12.18-12.28 
27 June 1979 

North Fork 
16.19-16.29 
27 June 1979 

Landform slope 4 6 3 2 6 4 
Mass wasting 3 7 5 3 3 3 
Debris jam potential 6 6 8 7 6 4 
Vegetative bank 
protection 

5 6 5 4 9 9 

LOWER BANKS       
Channel capacity 1 1 1 2 1 2 
Bank rock content 4 4 2 6 4 0 
Obstructions/flow 
deflectors/sediment traps 

 
2 

 
4 

 
4 

 
6 

 
2 

 
2 

Cutting 6 8 6 8 8 8 
Deposition 4 6 4 6 4 8 
BOTTOM       
Rock angularity 2 2 2 2 2 2 
Brightness 2 2 3 3 1 1 
Consolid or particle 
packing 

2 4 4 4 2 4 

Bottom size distribution / 
percent stable materials 

 
8 

 
8 

 
8 

 
8 

 
4 

 
4 

Scouring and deposition 12 10 12 12 6 12 
Clinging aquatic 
vegetation 

3 3 2 0 2 2 

TOTALS 64 77 69 75 60 65 
Reach score for Rosgen “C1 and C2” channel  type :  < 38 = Excellent; 39-43 = Good; 44-47 = Fair; >48 = Poor; 
    Rosgen “C3 and C6” channel type: < 59 = Excellent; 60-85 = Good; 86-105 = Fair; > 106 = Poor; 
    Rosgen “C4 and C5” channel type: < 69 = Excellent; 70-90 = Good; 91-110 = Fair; > 111 = Poor; 
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 North Fork Coal Creek Historic Pfankuch Rating Comparison 

UPPER BANKS Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 North Fork 

18.57-18.67 
27 June 1979 

North Fork 
20.22-20.32 
29 June 1979 

North Fork 
9.47-9.72 

11 Oct. 1985 

North Fork 
9.72-9.95 

11 Oct. 1985 

North Fork 
9.95-10.26 

11 Oct. 1985 
Landform slope 6 6 2 2 2 
Mass wasting 3 3 6 12 12 
Debris jam potential 2 5 5 6 8 
Vegetative bank protection 3 6 6 8 9 
LOWER BANKS      
Channel capacity 1 1 2 3 4 
Bank rock content 2 6 6 2 6 
Obstructions/flow 
deflectors/sediment traps 

 
2 

 
2 

 
4 

 
6 

 
8 

Cutting 4 8 10 16 16 
Deposition 4 8 8 10 12 
BOTTOM      
Rock angularity 2 2 2 3 2 
Brightness 1 1 3 4 4 
Consolid or particle packing 4 2 6 6 6 
Bottom size distribution / 
percent stable materials 

 
4 

 
4 

 
12 

 
14 

 
14 

Scouring and deposition 6 6 12 18 18 
Clinging aquatic vegetation 2 1 3 3 4 
TOTALS 46 61 89 113 125 

Reach score for Rosgen “C1 and C2” channel  type :  < 38 = Excellent; 39-43 = Good; 44-47 = Fair; >48 = Poor; 
    Rosgen “C3 and C6” channel type: < 59 = Excellent; 60-85 = Good; 86-105 = Fair; > 106 = Poor; 
    Rosgen “C4 and C5” channel type: < 69 = Excellent; 70-90 = Good; 91-110 = Fair; > 111 = Poor; 
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 North Fork Coal Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 
Date 

Stream 
segment 
Date 

Stream 
segment 
Date 

Stream 
segment 
Date 

Stream 
segment 
Date 

 North Fork 
10.26-10.42 
11 Oct. 1985 

North Fork 
10.42-10.91 
12 Oct. 1985 

North Fork 
10.91-11.69 
17 Oct. 1985 

North Fork 
11.69-12.84 
21 Oct. 1985 

North Fork 
12.84-15.11 
23 Oct. 1985 

North Fork 
15.11-16.25 
23 Oct. 1985 

Landform slope 4 2 8 2 4 4 
Mass wasting 12 10 12 12 5 8 
Debris jam potential 8 7 8 6 3 8 
Vegetative bank protection 7 9 12 6 9 12 
LOWER BANKS       
Channel capacity 3 3 1 3 1 4 
Bank rock content 6 6 4 4 4 4 
Obstructions/flow 
deflectors/sediment traps 

 
5 

 
7 

 
8 

 
7 

 
4 

 
8 

Cutting 12 12 8 12 8 14 
Deposition 8 10 16 12 8 12 
BOTTOM       
Rock angularity 3 2 2 2 2 2 
Brightness 3 3 3 3 3 3 
Consolid or particle 
packing 

6 5 5 5 4 4 

Bottom size distribution / 
percent stable materials 

 
8 

 
12 

 
12 

 
12 

 
8 

 
12 

Scouring and deposition 12 20 14 20 12 12 
Clinging aquatic 
vegetation 

4 3 3 3 3 4 

TOTALS 101 111 116 109 78 111 
Reach score for Rosgen “C1 and C2” channel  type :  < 38 = Excellent; 39-43 = Good; 44-47 = Fair; >48 = Poor; 
    Rosgen “C3 and C6” channel type: < 59 = Excellent; 60-85 = Good; 86-105 = Fair; > 106 = Poor; 
    Rosgen “C4 and C5” channel type: < 69 = Excellent; 70-90 = Good; 91-110 = Fair; > 111 = Poor; 
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 North Fork Coal Creek Historic Pfankuch Rating Comparison  
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 NF Profile #1  

UL 
2 Oct. 2003 

NF Profile #1 
CS 

2 Oct. 2003 

NF Profile #1 
LL 

2 Oct. 2003 

NF Profile #2  
UL 

8 Oct. 2003 

NF Profile #2 
CS 

8 Oct. 2003 

NF Profile #2 
LL 

8 Oct. 2003 
Landform slope 4 6 4 6 4 4 
Mass wasting 6 6 3 9 3 6 
Debris jam potential 6 4 6 8 6 6 
Vegetat bank protection 6 3 6 6 3 3 
LOWER BANKS       
Channel capacity 2 1 2 3 2 1 
Bank rock content 4 2 6 6 4 4 
Obstructions/flow 
deflectors/sediment traps 

 
4 

 
4 

 
6 

 
6 

 
4 

 
8 

Cutting 8 8 8 12 4 12 
Deposition 12 8 8 8 4 8 
BOTTOM       
Rock angularity 2 2 2 3 2 3 
Brightness 2 2 3 3 3 3 
Consolid or part packing 4 2 4 6 4 4 
Bottom size distribution / 
percent stable materials 

 
4 

 
8 

 
12 

 
16 

 
8 

 
8 

Scouring and deposition 12 12 12 18 6 18 
Clinging aquatic vegetat 4 3 3 3 3 4 
TOTALS 80 73 85 113 60 92 

Reach score for Rosgen “C1 and C2” channel  type :  < 38 = Excellent; 39-43 = Good; 44-47 = Fair; >48 = Poor; 
    Rosgen “C3 and C6” channel type: < 59 = Excellent; 60-85 = Good; 86-105 = Fair; > 106 = Poor; 
    Rosgen “C4 and C5” channel type: < 69 = Excellent; 70-90 = Good; 91-110 = Fair; > 111 = Poor; 
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 Cross Section 
 

Cross Section NFCoal Creek #1
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Data collected looking downstream. 
EXCEL filename = NFCoal Cr.xls 
Vertical exaggeration = 8.9 
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 Longitudinal Profile 

 

NF Coal Creek Profile #1 
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EXCEL filename = NFCoal Cr.xls 
Vertical exaggeration = 2.7 
 
 
 





Appendix C North Fork Coal

C-197 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

North Fork Coal Creek #2 
 
 
 
 
 
 
 





Appendix C North Fork Coal

C-199 

Pebble Counts 
 

NF Coal #2 Profile Lower Limit Pebble Count
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NF Coal Cross-section #2
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C-200 

 
NF Coal #2 Profile Upper Limit Pebble Count
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NF Coal Profile #2 Pebble Count Comparison
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Appendix C North Fork Coal

C-201 

SUBSTRATE  DEQ/MDM 
Date:7 Oct. 2003                              Site Visit Code: Profile#2 lower limit 
Waterbody:NF Coal #2                           STORET Station ID: 0692052 / 5396223 
Personnel:jg, cl 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: PEBL-
CNT 

    100.00% 0.00% Sum % of Total Cum. Total 
1 Silt / Clay  < 1 6  6 5.77% 5.77% 
2 Sand  1 - 2 9  9 8.65% 14.42% 
3 Very Fine 2 - 4   0 0.00% 14.42% 
4 Fine 4 - 6 5  5 4.81% 19.23% 
5 Fine 6 - 8 1  1 0.96% 20.19% 
6 Medium 8 - 12 5  5 4.81% 25.00% 
7 Medium 12 - 16 3  3 2.88% 27.88% 
8 Coarse 16 - 22 3  3 2.88% 30.77% 
9 Coarse 22 - 32 6  6 5.77% 36.54% 
10 Very Coarse 32 - 45 3  3 2.88% 39.42% 
11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 7  7 6.73% 46.15% 
12 Small 64 - 90 9  9 8.65% 54.81% 
13 Small 90 - 128 11  11 10.58% 65.38% 
14 Large 128 - 180 13  13 12.50% 77.88% 
15 Large C

O
B

B
LE

S 

180 - 256 6  6 5.77% 83.65% 
16 Small 256 - 362 5  5 4.81% 88.46% 
17 Small 362 - 512 5  5 4.81% 93.27% 
18 Medium 512 - 1024 7  7 6.73% 100.00% 
19 Large 1024 - 2048   0 0.00% 100.00% 
20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  104 0 104 100.00%  
 
 
 
 
 
 
 
 
 
 
 
 



North Fork Coal Appendix C 

C-202 

SUBSTRATE  DEQ/MDM 
Date: 7 Oct. 2003                                      Site Visit Code:cross-section #2 

Waterbody: NF Coal #2                          STORET Station ID: 0691960 / 5396224 
Personnel: GRACE, LEWIS 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count

(Other) 
Count Characteristic Group: PEBL-CNT 

    100% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 2  2 1.90% 1.90% 

2 Sand  1 - 2 6  6 5.71% 7.62% 

3 Very Fine 2 - 4   0 0.00% 7.62% 

4 Fine 4 - 6 4  4 3.81% 11.43% 

5 Fine 6 - 8   0 0.00% 11.43% 

6 Medium 8 - 12 3  3 2.86% 14.29% 

7 Medium 12 - 16   0 0.00% 14.29% 

8 Coarse 16 - 22 3  3 2.86% 17.14% 

9 Coarse 22 - 32 6  6 5.71% 22.86% 

10 Very Coarse 32 - 45 6  6 5.71% 28.57% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 6  6 5.71% 34.29% 

12 Small 64 - 90 13  13 12.38% 46.67% 

13 Small 90 - 128 13  13 12.38% 59.05% 

14 Large 128 - 180 15  15 14.29% 73.33% 

15 Large 

C
O

B
B

LE
S 

180 - 256 13  13 12.38% 85.71% 

16 Small 256 - 362 12  12 11.43% 97.14% 

17 Small 362 - 512 1  1 0.95% 98.10% 

18 Medium 512 - 1024 2  2 1.90% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  105 0 105 100.00%  
 
 
 
 
 
 
 



Appendix C North Fork Coal

C-203 

SUBSTRATE  DEQ/MDM 
Date:7 Oct. 2003                                         Site Visit Code:Profile #2upper limit 

Waterbody:NF Coal #2                             STORET Station ID: 0691863 / 53962652 

Personnel: GRACE, LEWIS 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count

(Other) 
Count Characteristic Group: PEBL-CNT 

    
100.00

% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 5  5 4.39% 4.39% 

2 Sand  1 - 2 17  17 14.91% 19.30% 

3 Very Fine 2 - 4 3  3 2.63% 21.93% 

4 Fine 4 - 6 3  3 2.63% 24.56% 

5 Fine 6 - 8 2  2 1.75% 26.32% 

6 Medium 8 - 12 8  8 7.02% 33.33% 

7 Medium 12 - 16 6  6 5.26% 38.60% 

8 Coarse 16 - 22 7  7 6.14% 44.74% 

9 Coarse 22 - 32 13  13 11.40% 56.14% 

10 Very Coarse 32 - 45 9  9 7.89% 64.04% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 9  9 7.89% 71.93% 

12 Small 64 - 90 8  8 7.02% 78.95% 

13 Small 90 - 128 4  4 3.51% 82.46% 

14 Large 128 - 180 5  5 4.39% 86.84% 

15 Large C
O

B
B

LE
S 

180 - 256 10  10 8.77% 95.61% 

16 Small 256 - 362 2  2 1.75% 97.37% 

17 Small 362 - 512 3  3 2.63% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  114 0 114 100.00%  
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Cross Section 
 

Cross Section #2 NF Coal Creek
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EXCEL filename = NFCoal#2.xls 
Vertical exaggeration = 16 
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 Longitudinal Profile 

Longitudinal Profile #2 NF Coal Creek
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EXCEL filename = NFCoal#2.xls 
Vertical exaggeration = 3.3 
Data collected looking downstream. 
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Site Visit Forms 
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Mainstem Coal Creek #1 
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Pebble Counts 

 
Mainstem Coal #1 Profile Upper Limit Pebble Count
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Mainstem Coal #1 Cross-section Pebble Count
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Mainstem Coal #1 Profile Lower Limit Pebble 

Count
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Mainstem Coal #1 Profile Pebble Count Comparison
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Coal Creek Appendix C 

C-216 

SUBSTRATE  DEQ/MDM 
Date:  9 Oct.2003                                                          Site Visit Code: Profile#1 upper limit 

Waterbody:Main-stem Coal #1                                 STORET Station ID: UTM 0690591 
Personnel: LEWIS, GRACE                                                                                     5394174 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count

(Other) 
Count Characteristic Group: PEBL-CNT 

    
100.00

% 0.00% Sum % of Total Cum. Total 
1 Silt / Clay  < 1 12  12 10.62% 10.62% 

2 Sand  1 - 2 13  13 11.50% 22.12% 

3 Very Fine 2 - 4 6  6 5.31% 27.43% 

4 Fine 4 - 6 4  4 3.54% 30.97% 

5 Fine 6 - 8 1  1 0.88% 31.86% 

6 Medium 8 - 12 4  4 3.54% 35.40% 

7 Medium 12 - 16   0 0.00% 35.40% 

8 Coarse 16 - 22 5  5 4.42% 39.82% 

9 Coarse 22 - 32 8  8 7.08% 46.90% 

10 Very Coarse 32 - 45 13  13 11.50% 58.41% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 21  21 18.58% 76.99% 

12 Small 64 - 90 12  12 10.62% 87.61% 

13 Small 90 - 128 9  9 7.96% 95.58% 

14 Large 128 - 180 3  3 2.65% 98.23% 

15 Large C
O

B
B

LE
S 

180 - 256 2  2 1.77% 100.00% 

16 Small 256 - 362   0 0.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  113 0 113 100.00%  
 
 
 
 
 
 
 
 
 



Appendix C Coal Creek

C-217 

SUBSTRATE  DEQ/MDM 

Date:           9 Oct.2003                               Site Visit Code: Profile #1 CROSS-SECTION 

Waterbody: Mainstem Coal#1                      STORET Station ID: UTM 0696987/5394432 
Personnel: LEWIS, GRACE 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count

(Other) 
Count Characteristic Group: PEBL-CNT 

    
100.0
0% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 15  15 13.76% 13.76% 

2 Sand  1 - 2 7  7 6.42% 20.18% 

3 Very Fine 2 - 4 1  1 0.92% 21.10% 

4 Fine 4 - 6 4  4 3.67% 24.77% 

5 Fine 6 - 8 3  3 2.75% 27.52% 

6 Medium 8 - 12 7  7 6.42% 33.94% 

7 Medium 12 - 16 2  2 1.83% 35.78% 

8 Coarse 16 - 22 5  5 4.59% 40.37% 

9 Coarse 22 - 32 12  12 11.01% 51.38% 

10 Very Coarse 32 - 45 13  13 11.93% 63.30% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 11  11 10.09% 73.39% 

12 Small 64 - 90 11  11 10.09% 83.49% 

13 Small 90 - 128 9  9 8.26% 91.74% 

14 Large 128 - 180 4  4 3.67% 95.41% 

15 Large 

C
O

B
B

LE
S 

180 - 256 2  2 1.83% 97.25% 

16 Small 256 - 362 2  2 1.83% 99.08% 

17 Small 362 - 512 1  1 0.92% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  109 0 109 100.00%  
 
 
 
 
 
 
 
 



Coal Creek Appendix C 

C-218 

SUBSTRATE  DEQ/MDM 
Date:   9 Oct. 2003                                      Site Visit Code:Profile #1 lower limit 
Waterbody:  Mainstem Coal #1               STORET Station ID: UTM 0697102/5394524 
Personnel:  LEWIS, GRACE 

PEBBLE COUNT 
Row 

ID 
Particle 

Category  Size (mm) 
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT 

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 12  12 9.16% 9.16% 

2 Sand  1 - 2 18  18 13.74% 22.90% 

3 Very Fine 2 - 4   0 0.00% 22.90% 

4 Fine 4 - 6 4  4 3.05% 25.95% 

5 Fine 6 - 8   0 0.00% 25.95% 

6 Medium 8 - 12 5  5 3.82% 29.77% 

7 Medium 12 - 16 4  4 3.05% 32.82% 

8 Coarse 16 - 22 8  8 6.11% 38.93% 

9 Coarse 22 - 32 17  17 12.98% 51.91% 

10 Very Coarse 32 - 45 19  19 14.50% 66.41% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 20  20 15.27% 81.68% 

12 Small 64 - 90 17  17 12.98% 94.66% 

13 Small 90 - 128 7  7 5.34% 100.00% 

14 Large 128 - 180   0 0.00% 100.00% 

15 Large 

C
O

B
B

LE
S 

180 - 256   0 0.00% 100.00% 

16 Small 256 - 362   0 0.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  131 0 131 100.00%  
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 Coal Creek Main-stem Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Main-stem 

0.294-0.394 
15 July 1976 

Main-stem 
8.492-8.592 
30 June 1976 

Main-stem 
0.294-0.394 
21 June 1979 

Main-stem 
8.49-8.59 

27 June 1979 

Main-stem 
8.44-8.68 

8 Oct. 1985 

Main-stem 
8.68-9.47 

8 Oct. 1985 
Landform slope 6 2 6 4 2 2 
Mass wasting 7 3 3 3 6 6 
Debris jam potential  5 6 2 2 2 7 
Vegetative bank protection 5 3 9 3 7 6 
LOWER BANKS       
Channel capacity 1 2 1 1 2 3 
Bank rock content 6 6 4 6 5 6 
Obstructions/flow 
deflectors/sediment traps 

 
4 

 
2 

 
2 

 
4 

 
3 

 
6 

Cutting 8 4 12 4 8 12 
Deposition 6 4 4 0 6 12 
BOTTOM       
Rock angularity 2 2 2 2 2 3 
Brightness 2 2 1 2 3 3 
Consolid or particle 
packing 

4 3 2 2 5 5 

Bottom size distribution / 
percent stable materials 

 
8 

 
8 

 
4 

 
4 

 
9 

 
12 

Scouring and deposition 12 8 12 12 12 16 
Clinging aquatic 
vegetation 

3 3 2 2 3 3 

TOTALS 79 58 66 51 75 102 
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 Coal Creek Main-stem Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Main-stem 

8.53-8.63 
26 Sept.94

Main-stem 
7.92-8.15 
14 Aug.97 

Profile #1 
UL 

9 Oct.03 

Profile #1 
CS 

9 Oct. 03 

Profile #1 
LL 

9 Oct. 03 

Cross- 
Section #2 
15 Oct.03 

Landform slope 4 6 6 4 2 2 
Mass wasting 6 3 6 3 3 3 
Debris jam potential 2 8 6 8 8 6 
Vegetat bank protection 3 6 6 6 3 6 
LOWER BANKS       
Channel capacity 3 4 4 1 1 2 
Bank rock content 6 6 6 4 8 2 
Obstructions/flow 
deflectors/sediment traps 

 
2 

 
6 

 
6 

 
6 

 
8 

 
2 

Cutting 8 12 12 8 8 12 
Deposition 4 12 16 12 16 8 
BOTTOM       
Rock angularity 2 3 3 3 4 2 
Brightness 4 4 4 3 3 2 
Consolid or part packing 2 6 8 6 8 4 
Bottom size distribution / 
percent stable materials 

 
8 

 
16 

 
12 

 
8 

 
16 

 
4 

Scouring and deposition 12 18 24 6 18 12 
Clinging aquatic vegetat 2 4 2 3 3 3 
TOTALS 68 114 121 81 109 56 
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 Coal Creek Main-stem Tributaries Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Deadhorse Cr. 

1.7-1.8 
12 July 1976 

Deadhorse Cr. 
3.69-3.69 

12 July 1976 

Deadhorse Cr. 
5.19-5.29 

11 July 1976 

Deadhorse Cr. 
1.7-1.8 

29 June 1979 

Deadhorse Cr. 
3.69-3.69 

28 June 1979 

Deadhorse Cr. 
5.19-5.29 

28 June 1979 
Landform slope 2 2 5 4 4 4 
Mass wasting 3 3 8 3 3 3 
Debris jam potential 6 8 8 6 2 6 
Vegetative bank protection 6 4 5 3 6 3 
LOWER BANKS       
Channel capacity 2 2 2 2 1 1 
Bank rock content 6 6 5 8 6 4 
Obstructions/flow 
deflectors/sediment traps 

 
4 

 
4 

 
8 

 
4 

 
2 

 
4 

Cutting 6 8 8 8 8 8 
Deposition 8 6 5 8 4 4 
BOTTOM       
Rock angularity 2 2 2 2 2 2 
Brightness 2 2 2 2 1 1 
Consolid or particle 
packing 

4 4 4 4 2 4 

Bottom size distribution / 
percent stable materials 

 
8 

 
4 

 
8 

 
8 

 
4 

 
4 

Scouring and deposition 10 10 8 12 12 6 
Clinging aquatic 
vegetation 

3 3 3 2 2 2 

TOTALS 72 68 81 76 59 56 
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Coal Creek Main-stem Tributaries Historic Pfankuch Rating Comparison 

UPPER BANKS Stream 
segment 

Date 

Stream 
segment 

Date 
 Cyclone Cr. 

5.63-5.73 
15 July 1976 

Cyclone Cr 
6.92-7.02 

14 July 1976 
Landform slope 2 2 
Mass wasting 3 8 
Debris jam potential 8 5 
Vegetative bank protection 4 4 
LOWER BANKS   
Channel capacity 2 1 
Bank rock content 6 4 
Obstructions/flow 
deflectors/sediment traps 

 
7 

 
2 

Cutting 8 12 
Deposition 7 7 
BOTTOM   
Rock angularity 2 2 
Brightness 2 2 
Consolid or particle packing 4 4 
Bottom size distribution / 
percent stable materials 

 
8 

 
8 

Scouring and deposition 12 12 
Clinging aquatic vegetation 2 2 
TOTALS 77 75 
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 Cross Section 
 

Cross Section Mainstem Coal Creek #1
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Data recorded looking downstream. 
EXCEL filename: Upper Main Coal Creek.xls 
Vertical exaggeration = 15 
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 Longitudinal Profile 

Mainstem Coal Creek Profile #1 
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EXCEL filename: Upper Main Coal Creek.xls 
Vertical exaggeration = 0.9 
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C-225 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mainstem Coal Creek #2 
 
 
 
 





Appendix C Coal Creek

C-227 

Pebble Counts 

Mainstem Coal Creek #2 Cross Section Pebble 
Count
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Coal Creek Appendix C

C-228 

SUBSTRATE  DEQ/MDM 
         
Date: 10/15/2003  Site Visit Code: Cross Section 
Waterbody: Mainstem Coal Creek #2 STORET Station ID: 
Personnel: J. Grace, C Lewis      
                  

PEBBLE COUNT 
          

Row ID 
Particle 
Category   Size (mm) 

Riffle 
Count 

(Other) 
Count  

Characteristic Group: PEBL-
CNT 

        100.00% 0.00%Sum % of Total Cum. Total 
1 Silt / Clay   < 1 4   4 3.28% 3.28%
2 Sand   1 - 2 12   12 9.84% 13.11%
3 Very Fine 2 - 4 0   0 0.00% 13.11%
4 Fine 4 - 6 8   8 6.56% 19.67%
5 Fine 6 - 8 0   0 0.00% 19.67%
6 Medium 8 - 12 5   5 4.10% 23.77%
7 Medium 12 - 16 7   7 5.74% 29.51%
8 Coarse 16 - 22 6   6 4.92% 34.43%
9 Coarse 22 - 32 12   12 9.84% 44.26%

10 
Very 
Coarse 32 - 45 6   6 4.92% 49.18%

11 
Very 
Coarse 

G
R

A
VE

LS
 

45 - 64 5   5 4.10% 53.28%
12 Small 64 - 90 10   10 8.20% 61.48%
13 Small 90 - 128 13   13 10.66% 72.13%
14 Large 128 - 180 11   11 9.02% 81.15%
15 Large C

O
B

B
LE

S 

180 - 256 11   11 9.02% 90.16%
16 Small 256 - 362 7   7 5.74% 95.90%
17 Small 362 - 512 3   3 2.46% 98.36%
18 Medium 512 - 1024 2   2 1.64% 100.00%
19 Large 1024 - 2048 0   0 0.00% 100.00%
20 Bedrock 

B
O

U
LD

ER
S 

> 2048 0   0 0.00% 100.00%

21 
Total # 
Samples     122 0 122 100.00%  

 
 
 

 
 
 



Appendix C Granite Creek

C-229 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Granite Creek 
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Appendix C Granite Creek

C-231 

Site Visit Forms 

 
 



Granite Creek Appendix C

C-232 

Flathead National Forest Documents 

 
 



Appendix C Granite Creek

C-233 

 
 



Granite Creek Appendix C

C-234 

 
 



Appendix C Granite Creek

C-235 

 
 
 



Granite Creek Appendix C

C-236 

Miscellaneous Documents 

 
 



Appendix C Granite Creek

C-237 

 
 



Granite Creek Appendix C

C-238 

 
 



Appendix C Granite Creek

C-239 

 
 



Granite Creek Appendix C

C-240 

 
 



Appendix C Granite Creek

C-241 

 
 



Granite Creek Appendix C

C-242 

 
 



Appendix C Granite Creek

C-243 

 
 



Granite Creek Appendix C

C-244 

 



Appendix C Granite Creek

C-245 
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C-246 

 
 



Appendix C Granite Creek

C-247 

 
 



Granite Creek Appendix C

C-248 

 
 



Appendix C Granite Creek

C-249 

 
 



Granite Creek Appendix C

C-250 

 
 



Appendix C Granite Creek

C-251 

 
 



Granite Creek Appendix C

C-252 

 
 



Appendix C Granite Creek

C-253 
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C-254 

 
 
 
 



Appendix C Granite Creek

C-255 

Pebble Counts 
 

 
Granite Creek Upper Profile Limit
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Granite Creek Cross-section Pebble Count
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Granite Creek Appendix C

C-256 

Granite Creek Upper Profile Limit
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Granite Creek Pebble Count Comparison
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Appendix C Granite Creek

C-257 

 

SUBSTRATE  DEQ/MDM 
Date: 7/16/2003                                        Site Visit Code: Profile Upper Limit (UL) 

Waterbody: Granite Creek                    STORET Station ID: 48.22650 / -113.33358 
Personnel: R. Lindahl, K. Wikel 

PEBBLE COUNT 

Row ID Particle Category  Size (mm) 
Riffle 
Count 

(Other) 
Count

Characteristic Group: 
PEBL-CNT 

    100.00% 0.00% Sum
% of 
Total Cum. Total 

1 Silt / Clay  < 1 22  22 20.95% 20.95% 

2 Sand  1 - 2 4  4 3.81% 24.76% 

3 Very Fine 2 - 4 6  6 5.71% 30.48% 

4 Fine 4 - 6 5  5 4.76% 35.24% 

5 Fine 6 - 8   0 0.00% 35.24% 

6 Medium 8 - 12 1  1 0.95% 36.19% 

7 Medium 12 - 16 4  4 3.81% 40.00% 

8 Coarse 16 - 22 12  12 11.43% 51.43% 

9 Coarse 22 - 32 8  8 7.62% 59.05% 

10 Very Coarse 32 - 45 17  17 16.19% 75.24% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 12  12 11.43% 86.67% 

12 Small 64 - 90 5  5 4.76% 91.43% 

13 Small 90 - 128 4  4 3.81% 95.24% 

14 Large 128 - 180 4  4 3.81% 99.05% 

15 Large 

C
O

B
B

LE
S 

180 - 256 1  1 0.95% 100.00% 

16 Small 256 - 362   0 0.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  105 0 105 100.00%  
 
 
 



Granite Creek Appendix C

C-258 

 
SUBSTRATE  DEQ/MDM 

Date: 7/16/2003                                        Site Visit Code: Cross Section 

Waterbody: Granite Creek                     STORET Station ID: 48.22633 / -113.22633 
Personnel: R. Lindahl, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm)
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 17  17 12.88% 12.88% 

2 Sand  1 - 2 7  7 5.30% 18.18% 

3 Very Fine 2 - 4 11  11 8.33% 26.52% 

4 Fine 4 - 6 5  5 3.79% 30.30% 

5 Fine 6 - 8 5  5 3.79% 34.09% 

6 Medium 8 - 12 10  10 7.58% 41.67% 

7 Medium 12 - 16 8  8 6.06% 47.73% 

8 Coarse 16 - 22 14  14 10.61% 58.33% 

9 Coarse 22 - 32 13  13 9.85% 68.18% 

10 Very Coarse 32 - 45 17  17 12.88% 81.06% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 11  11 8.33% 89.39% 

12 Small 64 - 90 4  4 3.03% 92.42% 

13 Small 90 - 128 2  2 1.52% 93.94% 

14 Large 128 - 180 7  7 5.30% 99.24% 

15 Large 

C
O

B
B

LE
S 

180 - 256 1  1 0.76% 100.00% 

16 Small 256 - 362   0 0.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  132 0 132 100.00%  
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SUBSTRATE  DEQ/MDM 
Date:      7/16/2003                                  Site Visit Code: Lower Limit 

Waterbody: Granite Creek                     STORET Station ID: 48.22698 / -113.33297 

Personnel: R. Lindahl, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 9  9 8.49% 8.49% 

2 Sand  1 - 2 2  2 1.89% 10.38% 

3 Very Fine 2 - 4 5  5 4.72% 15.09% 

4 Fine 4 - 6 7  7 6.60% 21.70% 

5 Fine 6 - 8 6  6 5.66% 27.36% 

6 Medium 8 - 12 11  11 10.38% 37.74% 

7 Medium 12 - 16 7  7 6.60% 44.34% 

8 Coarse 16 - 22 14  14 13.21% 57.55% 

9 Coarse 22 - 32 9  9 8.49% 66.04% 

10 Very Coarse 32 - 45 10  10 9.43% 75.47% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 13  13 12.26% 87.74% 

12 Small 64 - 90 9  9 8.49% 96.23% 

13 Small 90 - 128 3  3 2.83% 99.06% 

14 Large 128 - 180 1  1 0.94% 100.00% 

15 Large 

C
O

B
B

LE
S 

180 - 256   0 0.00% 100.00% 

16 Small 256 - 362   0 0.00% 100.00% 

17 Small 362 - 512   0 0.00% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  106 0 106 100.00%  
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Granite Creek Historic to 2003 Pfankuch Rating Comparison 

UPPER BANKS Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

Str.segment 
Date 

 Unknown 
23 July 1979 

Unknown 
5 Sept.1980 

 Profile 
Upper Limit 
16 July 2003 

Profile 
Cross-section 
16 July 2003 

Profile 
Lower Limit 
16 July 2003 

Landform slope 4 6  2 2 2 
Mass wasting 9 9  9 6 9 
Debris jam potential  6 6  6 6 6 
Vegetative bank protection 5 9  6 6 6 
LOWER BANKS       
Channel capacity 3 4  4 4 4 
Bank rock content 6 4  6 6 6 
Obstructions/flow 
deflectors/sediment traps 

 
8 

 
4 

  
6 

 
6 

 
6 

Cutting 12 16  12 12 12 
Deposition 8 10  12 12 12 
BOTTOM       
Rock angularity 10 2  2 2 2 
Brightness 3 3  4 4 4 
Consolid or particle 
packing 

4 4  4 4 4 

Bottom size distribution / 
percent stable materials 

 
9 

 
10 

  
16 

 
16 

 
16 

Scouring and deposition 12 12  18 18 18 
Clinging aquatic 
vegetation 

3 3  4 4 4 

TOTALS 95 102  111 108 111 
 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Granite Creek Tributary Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Challenge 

Unknown 
15 Aug. 1979 

Challenge 
0.48-2.003 
8 July 1987 

Challenge 
2.013-2.54 
8 July 1987 

Challenge 
2.54-2.74 

8 July 1987 

Challenge 
2.74-3.52 

8 July 1987 

Challenge 
0.48-0.49 

11 July 1988 
Landform slope 2 6 6 8 6 6 
Mass wasting 6 12 9 3 8 9 
Debris jam potential  8 5 8 2 5 6 
Vegetative bank protection 9 6 9 9 9 6 
LOWER BANKS       
Channel capacity 3 3 4 1 2 3 
Bank rock content 4 6 6 2 6 6 
Obstructions/flow 
deflectors/sediment traps 

 
6 

 
5 

 
8 

 
6 

 
3 

 
6 

Cutting 12 12 13 4 10 8 
Deposition 8 10 16 4 12 12 
BOTTOM       
Rock angularity 3 2 2 2 2 4 
Brightness 3 3 4 1 3 3 
Consolid or particle packing 6 6 6 6 4 6 
Bottom size distribution / 
percent stable materials 

 
8 

 
10 

 
14 

 
4 

 
10 

 
10 

Scouring and deposition 12 12 18 6 16 14 
Clinging aquatic vegetation 3 3 3 1 3 3 
TOTALS 93 101 126 59 99 102 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Granite Creek Tributary Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Challenge 

0.95-0.96 
25 July 1990 

Challenge 
2.129-2.139 
5 July 1990 

Challenge 
0.44-0.71 

30 Oct. 1998 

Dodge  
Unknown 

15 Aug. 1979 

Dodge 
0.0-1.47 

6 Oct. 1980 

Dodge 
1.47-2.11 

6 Oct. 1980 
Landform slope 2 2 6 2 2 4 
Mass wasting 9 9 9 3 3 9 
Debris jam potential  6 8 6 8 8 6 
Vegetative bank protection 9 6 3 6 6 6 
LOWER BANKS       
Channel capacity 2 3 3 4 4 3 
Bank rock content 4 4 4 8 8 6 
Obstructions/flow 
deflectors/sediment traps 

 
4 

 
6 

 
4 

 
5 

 
5 

 
6 

Cutting 12 8 12 4 4 6 
Deposition 10 8 12 16 16 8 
BOTTOM       
Rock angularity 2 2 2 3 3 3 
Brightness 2 3 2 3 2 3 
Consolid or particle packing 6 4 4 6 3 2 
Bottom size distribution / 
percent stable materials 

 
12 

 
8 

 
8 

 
12 

 
12 

 
14 

Scouring and deposition 18 18 12 9 9 21 
Clinging aquatic vegetation 3 3 2 2 2 3 
TOTALS 101 82 89 91 87 100 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Granite Creek Tributary Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Dodge 

2.11-3.02 
6 Oct. 1980 

Dodge 
Unknown 

8 Oct. 1980 

Dodge 
Unknown 

9 Oct. 1980 

Dodge 
0.44-1.23 

7 July 1987 

Dodge 
1.51-2.07 

9 July 1987 

Dodge 
2.07-2.26 

9 July 1987 
Landform slope 4 4 4 2 6 4 
Mass wasting 9 6 6 6 5 9 
Debris jam potential  6 6 6 6 5 8 
Vegetative bank protection 6 6 5 4 7 11 

LOWER BANKS       
Channel capacity 3 2 2 1 2 2 
Bank rock content 6 5 5 6 7 4 
Obstructions/flow 
deflectors/sediment traps 

 
6 

 
4 

 
4 

 
3 

 
4 

 
7 

Cutting 6 8 8 8 7 12 
Deposition 8 8 8 8 10 8 
BOTTOM       
Rock angularity 3 2 2 2 2 2 
Brightness 3 1 1 2 2 2 
Consolid or particle packing 2 4 4 4 5 4 
Bottom size distribution / 
percent stable materials 

 
14 

 
8 

 
8 

 
8 

 
12 

 
8 

Scouring and deposition 21 12 9 12 12 12 
Clinging aquatic vegetation 3 2 2 2 2 1 
TOTALS 100 78 74 74 88 94 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Granite Creek Tributary Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 
 Dodge 

0.427-0.604 
30 Oct. 1998 

Dodge 
0.942-1.177 
30 Oct. 1998 

Landform slope 2 2 
Mass wasting 3 3 
Debris jam potential  6 6 
Vegetative bank protection 6 12 
LOWER BANKS   
Channel capacity 3 2 
Bank rock content 6 8 
Obstructions/flow 
deflectors/sediment traps 

 
6 

 
4 

Cutting 12 12 
Deposition 12 21 
BOTTOM   
Rock angularity 2 2 
Brightness 3 3 
Consolid or particle packing 4 6 
Bottom size distribution / 
percent stable materials 

 
12 

 
12 

Scouring and deposition 24 18 
Clinging aquatic vegetation 3 4 
TOTALS 104 106 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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UTM Points on Granite Creek 

 
    UTM Point       Latitude     Longitude                       Description 

4977 48.22303 -113.33252  Water disappears below Dodge Cr. 
4959 48.22650 -113.33358 Profile upper limit  
5052 48.22633 -113.33273 Cross-section 
5056 48.22698 -113.33297 Profile lower limit 
4870 48.22355 -113.33313 Water re-emerges at Tumbler Creek 

MacInv 48.22313 -113.33156 Macroinvertebrate sample site 
4921 48.21352 -113.33313 Water disappears below Sign Creek 
4911 48.20680 -113.33412 End of walking review – Granite Cr. trailhead 
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 Cross Section 
 

Cross Section Upper Granite Creek
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 Longitudinal Profile 

Longitudinal Profile Upper Granite Creek
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Skyland Creek 
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Site Visit Forms 

 
 
 
 
 



Appendix C Skyland Creek

C-273 

 
 



Skyland Creek Appendix C

C-274 

 
 



Appendix C Skyland Creek

C-275 

 
 



Skyland Creek Appendix C

C-276 

 
 



Appendix C Skyland Creek

C-277 

 
 



Skyland Creek Appendix C

C-278 

 
 



Appendix C Skyland Creek

C-279 

 
 



Skyland Creek Appendix C

C-280 

 
 



Appendix C Skyland Creek

C-281 

 
 



Skyland Creek Appendix C

C-282 

 
 



Appendix C Skyland Creek

C-283 

 
 



Skyland Creek Appendix C

C-284 

 
 



Appendix C Skyland Creek

C-285 

 
 



Skyland Creek Appendix C

C-286 

 
 



Appendix C Skyland Creek

C-287 

 
 



Skyland Creek Appendix C

C-288 

 
 



Appendix C Skyland Creek

C-289 

 
 



Skyland Creek Appendix C

C-290 

 
 



Appendix C Skyland Creek

C-291 

 
 



Skyland Creek Appendix C

C-292 

 
 



Appendix C Skyland Creek

C-293 

 
 



Skyland Creek Appendix C

C-294 

 
 



Appendix C Skyland Creek

C-295 

 
 



Skyland Creek Appendix C

C-296 

 
 



Appendix C Skyland Creek

C-297 

 
 



Skyland Creek Appendix C

C-298 

 
 



Appendix C Skyland Creek

C-299 

 
 



Skyland Creek Appendix C

C-300 

Miscellaneous Documents 
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Pebble Counts 

Skyland

0%

20%

40%

60%

80%

100%

120%

< 1 2 - 4 6 - 8 12 - 16 22 - 32 45 - 64 90 - 128 180 - 256 362 - 512 1024 -
2048

Particle Size (mm)

C
um

ul
at

iv
e 

%

 
 

SUBSTRATE DEQ/MDM Skyland 
Particle Category   size (mm) Count % of Total Cum. Total 
Silt / Clay   < 1   0.00% 0.00%
Sand   1 - 2 6 5.71% 5.71%
Very Fine 2 - 4   0.00% 5.71%
Fine 4 - 6   0.00% 5.71%
Fine 6 - 8   0.00% 5.71%
Medium 8 - 12   0.00% 5.71%
Medium 12 - 16 2 1.90% 7.62%
Coarse 16 - 22 6 5.71% 13.33%
Coarse 22 - 32 6 5.71% 19.05%
Very Coarse 32 - 45 8 7.62% 26.67%
Very Coarse 

G
R

A
VE

LS
 

45 - 64 8 7.62% 34.29%
Small 64 - 90 18 17.14% 51.43%
Small 90 - 128 24 22.86% 74.29%
Large 128 - 180 10 9.52% 83.81%
Large C

O
B

B
LE

S 

180 - 256 8 7.62% 91.43%
Small 256 - 362 5 4.76% 96.19%
Small 362 - 512 1 0.95% 97.14%
Medium 512 - 1024 1 0.95% 98.10%
Large 1024 - 2048 1 0.95% 99.05%
Bedrock 

B
O

U
LD

ER
S 

> 2048 1 0.95% 100.00%
Total # Samples   105     
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Skyland Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment

Date 
Str.segment

Date 
Str.segment

Date 
Str.segment 

Date 
Str.segment

Date 
Str.segment

Date 
Str.segment

Date 
 0.0 – 1.95 

6-Oct.1980 
195-2.11 

8-Oct.1980 
2.11-2.39 

8-Oct.1980 
2.39-2.59 

5-Nov.1980 
2.59-2.69 

5-Nov.1980 
2.69-3.03 

5-Nov.1980 
3.03-3.83 

5-Nov.1980 
Landform slope 6 6 8 2 2 2 2 
Mass wasting  9 6 6 3 3 3 9 
Debris jam potential  6 6 4 8 4 8 4 
Vegetat bank 
protection 

9 7 6 3 3 3 3 

LOWER BANKS        
Channel capacity 2 2 1 1 1 3 1 
Bank rock content 4 4 2 6 4 3 4 
Obstructions/flow 
deflectors/sediment 
traps 

 
4 

 
4 

 
2 

 
8 

 
2 

 
6 

 
4 

Cutting 8 10 8 12 12 8 16 
Deposition 10 8 4 12 8 12 8 
BOTTOM        
Rock angularity 2 2 2 2 2 12 2 
Brightness 3 2 2 2 2 2 1 
Consolid or particle 
pack 

4 4 2 4 4 6 4 

Bottom size 
distribution / percent 
stable materials 

 
8 

 
8 

 
4 

 
12 

 
8 

 
12 

 
8 

Scouring and 
deposition 

14 12 8 18 12 18 6 

Clinging aquatic 
vegetat 

2 3 2 2 1 2 1 

TOTALS 91 84 61 95 68 99 73 
 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Skyland Creek Historic Pfankuch Rating Comparison 
UPPER 
BANKS 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 3.81-4.26 

5Nov.80 
Unknown 
25July 81 

1.95-2.13 
10Aug.87 

2.13-2.36 
10Aug.87 

2.36-2.69 
10Aug.87 

2.69-4.15 
10Aug.87 

4.15-4.57 
10Aug.87 

3.89-4.04 
30Oct98 

Landform 
slope 

2 6 4 8 2 4 6 2 

Mass wasting 3 12 7 3 3 8 9 6 
Debris jam 
potential 

4 6 4 2 4 6 4 2 

Veg. bank 
protection 

3 6 6 12 6 6 7 3 

LOWER 
BANKS 

        

Channel 
capacity 

2 2 2 1 3 2 2 2 

Bank rock 
content 

6 6 4 2 6 6 6 6 

Obstructions/f-
low 
deflectors/sed. 
traps 

 
4 

 
6 

 
4 

 
2 

 
3 

 
6 

 
4 

 
4 

Cutting 8 14 10 4 6 9 6 8 
Deposition 8 12 10 4 4 12 7 8 
BOTTOM         
Rock 
angularity 

2 2 2 2 2 2 2 2 

Brightness 2 2 2 2 1 2 1 1 
Consol / 
particle pack 

6 4 4 4 4 4 4 4 
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UPPER 
BANKS 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 3.81-4.26 

5Nov.80 
Unknown 
25July 81 

1.95-2.13 
10Aug.87 

2.13-2.36 
10Aug.87 

2.36-2.69 
10Aug.87 

2.69-4.15 
10Aug.87 

4.15-4.57 
10Aug.87 

3.89-4.04 
30Oct98 

Bottom size 
distribution / 
percent stable 
materials 

 
8 

 
8 

 
8 

 
8 

 
4 

 
8 

 
8 

 
8 

Scouring/dep-
osition 

18 10 12 18 6 12 10 18 

Cling aquatic 
vegetation 

2 2 1 1 1 1 2 2 

TOTALS 78 98 80 73 55 88 78 76 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
 
81.1 Average Pfankuch in main Skyland for 1980.  One unknown reach in 1981 had 98 Pfankuch rating. 74.8 Average Pfankuch for 
1987.  One repeated reach in 1998 had 76 rating compared to 78 in 1980 and 88 in 1987. 
 
 



 

 

A
ppendix C

 
Skyland C

reek

C
-311

 West Fork Skyland Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment

Date 
Str.segment

Date 
Str.segment

Date 
Str.segment

Date 
Str.segment

Date 
Str.segment

Date 
Str.segment

Date 
 0.0-0.55 

9 Oct. 80 
0.55-0.88 
9 Oct. 80 

0.88-1.0 
6 Nov.80 

1.0-1.15 
6 Nov.80 

1.15-1.63 
6 Nov.80 

1.63-2.15 
6 Nov.80 

0.0-0.86 
12 Aug. 87 

Landform slope 4 4 6 8 6 6 2 
Mass wasting  6 4 3 3 12 9 6 
Debris jam potential  4 4 8 6 8 6 2 
Vegetat bank protection 7 6 6 9 6 9 3 
LOWER BANKS        
Channel capacity 3 2 4 1 1 1 2 
Bank rock content 6 6 4 2 4 2 6 
Obstructions/flow 
deflectors/sediment traps 

 
4 

 
3 

 
8 

 
2 

 
6 

 
4 

 
4 

Cutting 12 8 8 4 16 8 8 
Deposition 10 6 16 8 12 8 8 
BOTTOM        
Rock angularity 2 2 2 2 2 2 2 
Brightness 3 2 2 2 2 2 2 
Consolid or particle pack 4 4 6 2 4 2 4 
Bottom size distribution / 
percent stable materials 

 
8 

 
8 

 
12 

 
4 

 
12 

 
4 

 
8 

Scouring and deposition 12 12 18 6 18 6 12 
Clinging aquatic vegetat 2 1 2 1 2 1 1 
TOTALS 87 72 105 60 111 70 70 
 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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West Fork Skyland Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment 

Date 
Str.segment 

Date 
 0.86-1.17 

12 Aug. 87 
1.17-1.58 

12 Aug. 87 
Landform slope 8 6 
Mass wasting  3 9 
Debris jam potential  2 4 
Vegetative bank protection 6 6 
LOWER BANKS   
Channel capacity 1 2 
Bank rock content 2 6 
Obstructions/flow 
deflectors/sediment traps 

 
2 

 
3 

Cutting 4 8 
Deposition 8 8 
BOTTOM   
Rock angularity 1 1 
Brightness 1 1 
Consolidat or particle packing 4 4 
Bottom size distribution / 
percent stable materials 

 
4 

 
8 

Scouring and deposition 6 6 
Clinging aquatic vegetation 1 1 
TOTALS 53 73 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
 
84.2 Average Pfankuch in West Fork Skyland in 1980. 65.3 Average repeat Pfankuch in 1987. 
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Morrison Creek 
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Site Visit Form 
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Flathead National Forest Documents 
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Morrison Creek Above Bridge 
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Pebble Counts 
 
Wolman Pebble counts were also conducted at the Pfankuch reaches at the time of the field visit. 
 

 
Morrison Above Bridge Pebble Counts

 15 July 2003

0%
20%
40%
60%
80%

100%
120%

< 11 -
 2

2 -
 4

4 -
 6

6 -
 8
8 -

 12

12
 - 1

6

16
 - 2

2

22
 - 3

2

32
 - 4

5

45
 - 6

4

64
 - 9

0

90
 - 1

28

12
8 -

 18
0

18
0 -

 25
6

25
6 -

 36
2

36
2 -

 51
2

51
2 -

 10
24

10
24

 - 2
04

8

> 2
04

8

Particle Size (mm)

C
um

ul
at

iv
e 

%

Reach A1 Reach A2
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix C Morrison Creek

C-325 

SUBSTRATE  DEQ/MDM 
Date:    7/15/2003                                                                 Site Visit Code: Above bridge 1 

Waterbody: Morrison Creek                                             STORET Station ID: 
Personnel: L. Fried, R. Lindahl 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count 

(Other) 
Count Characteristic Group: PEBL-CNT

    100.00% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 10  10 9.80% 9.80% 

2 Sand  1 - 2 2  2 1.96% 11.76% 

3 Very Fine 2 - 4 2  2 1.96% 13.73% 

4 Fine 4 - 6 2  2 1.96% 15.69% 

5 Fine 6 - 8 2  2 1.96% 17.65% 

6 Medium 8 - 12 3  3 2.94% 20.59% 

7 Medium 12 - 16 3  3 2.94% 23.53% 

8 Coarse 16 - 22 3  3 2.94% 26.47% 

9 Coarse 22 - 32 7  7 6.86% 33.33% 

10 Very Coarse 32 - 45 6  6 5.88% 39.22% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 7  7 6.86% 46.08% 

12 Small 64 - 90 5  5 4.90% 50.98% 

13 Small 90 - 128 8  8 7.84% 58.82% 

14 Large 128 - 180 14  14 13.73% 72.55% 

15 Large 

C
O

B
B

LE
S 

180 - 256 12  12 11.76% 84.31% 

16 Small 256 - 362 6  6 5.88% 90.20% 

17 Small 362 - 512 5  5 4.90% 95.10% 

18 Medium 512 - 1024 5  5 4.90% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 
 

21 Total # Samples  102 0 102 100.00%  
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SUBSTRATE  DEQ/MDM 
Date:           7/15/2003                                                           Site Visit Code:Above bridge 2 

Waterbody: Morrison Creek                                                        STORET Station ID: 
Personnel: L. Fried, R. Lindahl 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count

(Other) 
Count Characteristic Group: PEBL-CNT 

    100% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 11  11 10.28% 10.28% 

2 Sand  1 - 2 2  2 1.87% 12.15% 

3 Very Fine 2 - 4 1  1 0.93% 13.08% 

4 Fine 4 - 6 1  1 0.93% 14.02% 

5 Fine 6 - 8 2  2 1.87% 15.89% 

6 Medium 8 - 12 4  4 3.74% 19.63% 

7 Medium 12 - 16 4  4 3.74% 23.36% 

8 Coarse 16 - 22 6  6 5.61% 28.97% 

9 Coarse 22 - 32 10  10 9.35% 38.32% 

10 Very Coarse 32 - 45 9  9 8.41% 46.73% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 10  10 9.35% 56.07% 

12 Small 64 - 90 12  12 11.21% 67.29% 

13 Small 90 - 128 8  8 7.48% 74.77% 

14 Large 128 - 180 11  11 10.28% 85.05% 

15 Large 

C
O

B
B

LE
S 

180 - 256 7  7 6.54% 91.59% 

16 Small 256 - 362 7  7 6.54% 98.13% 

17 Small 362 - 512 2  2 1.87% 100.00% 

18 Medium 512 - 1024   0 0.00% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  107 0 107 100.00%  
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Morrison Creek Historic Pfankuch Rating Comparison 
 
UPPER BANKS 

Stream 
SegmentI.D.

Date 

Stream 
SegmentI.D.

Date 

Stream 
SegmentI.D.

Date 

Steam 
SegmentI.D. 

Date 

Stream 
SegmentI.D.

Date 

Stream 
SegmentI.D.

Date 

Stream 
SegmentI.D.

Date 
 Morrison 

1142 
7 Sept.1980 

Morrison 
1143 

7 Sept.1980 

Morrison 
1144 

9 Sept. 1980 

Morrison 
1145 

10 Sept. 80 

Morrison 
1146 

12 Sept. 80 

Morrison 
1147 

12 Sept. 80 

Morrison 
1148 

13 Sept.81 
Landform slope 8 6 6 4 2 2 6 
Mass wasting  9 9 9 9 9 6 6 
Debris jam potential  6 7 8 6 5 6 8 
Vegetat bank 
protection 

6 6 9 9 9 8 9 

LOWER BANKS        
Channel capacity 2 2 2 2 2 2 2 
Bank rock content 7 8 8 6 6 6 6 
Obstructions/flow 
deflectors/sediment 
traps 

 
4 

 
4 

 
6 

 
6 

 
3 

 
7 

 
6 

Cutting 10 8 12 12 10 12 8 
Deposition 8 8 8 8 8 12 10 
BOTTOM        
Rock angularity 2 2 2 2 2 2 2 
Brightness 3 2 2 2 3 3 1 
Consolidat particle 
pack 

5 6 4 2 5 3 5 

Bottom size 
distribution/ percent 
stable materials 

 
10 

 
12 

 
8 

 
8 

 
6 

 
10 

 
10 

Scouring and 
deposition 

10 10 18 12 15 15 12 

Clinging aquatic 
vegetat 

3 3 3 3 3 2 2 

TOTALS 93 93 105 91 88 94 93 



 

 

M
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 Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
 
94 Average Pfankuch for September 1980 ratings. 93 Single Pfankuch rating for 1981. 
 
The next table compares the major tributaries of Morrison. Puzzle Creek is the drainage where historic timber management (clearcuts) 
occurred and Lodgepole is the tributary entirely within wilderness designation. 
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Puzzle and Lodgepole Historic Pfankuch Rating Comparison. 
UPPER BANKS Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
 Lodgepole  

1155 
22 Aug.1980 

Lodgepole  
1156 

20 Aug.1980 

Lodgepole  
1157 

12 Sept.1981 

Puzzle 
1124 

7 Oct. 1980 

Puzzle 
1126 

7 Oct. 1980 

Puzzle 
1127 

7 Oct. 1980 

Puzzle 
956 

7 Oct. 1980 
Landform slope 2 4 2 2 2 4 4 
Mass wasting 8 9 7 3 6 6 11 
Debris jam potential 8 8 6 2 6 4 8 
Vegetat bank protection 5 10 6 3 5 3 9 
LOWER BANKS        
Channel capacity 2 2 2 2 2 2 3 
Bank rock content 7 5 6 2 4 2 6 
Obstructions/flow 
deflectors/sediment traps 

 
4 

 
6 

 
6 

 
4 

 
4 

 
2 

 
6 

Cutting 8 10 10 4 6 8 12 
Deposition 8 8 12 8 12 8 14 
BOTTOM        
Rock angularity 2 3 2 2 2 1 2 
Brightness 2 2 2 1 1 2 2 
Consolidat/ particle packing  

4 
 
5 

 
6 

 
2 

 
2 

 
2 

 
5 

Bottom size distribution/ 
percent stable materials 

 
12 

 
10 

 
12 

 
8 

 
8 

 
4 

 
12 

Scouring and deposition 18 12 9 6 12 12 15 
Clinging aquatic vegeta 2 3 2 2 2 1 4 
TOTALS 92 97 90 51 74 61 113 

Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
 
94.5 Average Pfankuch rating for Lodgepole in August 1980 and 90 rating for one reach in September 1981. 
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 Puzzle Historic Pfankuch Rating Comparison continued with 2003 Morrison results. 
UPPER BANKS Stream 

Segment I.D 
Date 

Stream 
SegmentI.D 

Date 

Stream 
Segment I.D 

Date 

Stream 
Segment I.D 

Date 

Stream 
Segment I.D 

Date 

Stream 
Segment 

Date 

Str.segment 
Date 

 Puzzle 
958 

7 Oct. 1980 

Puzzle 
959 

7 Oct. 1980 

Puzzle 
960 

7 Oct. 1980 

Morrison 
Above #1 

15 July 2003 

Morrison 
Above #2 

15 July 2003 

Morrison 
Below #1 

15 July 2003 

Morrison 
Below #2 

15 July 2003 
Landform slope 2 2 2 6 6 2 4 
Mass wasting  3 9 6 9 9 9 3 
Debris jam potential  2 6 6 4 4 4 6 
Vegetat bank protection 3 9 5 12 12 6 6 
LOWER BANKS        
Channel capacity 2 3 2 3 2 2 2 
Bank rock content 3 5 4 4 5 4 2 
Obstructions/flow 
deflectors/sediment traps 

 
3 

 
5 

 
4 

 
4 

 
6 

 
2 

 
4 

Cutting 4 12 8 12 12 12 4 
Deposition 8 12 12 8 8 8 8 
BOTTOM        
Rock angularity 2 2 2 2 2 2 4 
Brightness 1 3 1 3 4 2 1 
Consolidat/ particle pack 2 5 2 6 6 2 2 
Bottom size distribution/ 
percent stable materials 

 
8 

 
12 

 
8 

 
12 

 
12 

 
8 

 
2 

Scouring and deposition 6 12 12 18 21 12 8 
Clinging aquatic vegetat 2 2 2 3 3 2 2 
TOTALS 51 99 76 106 112 66 60 

Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
75 Average for 7 reaches in Puzzle Cr. in October 1980. 
“Above” in Morrison refers to bridge on Morrison Creek just below confluence with Puzzle Creek. Two Pfankuch surveys on reaches were 
completed above the bridge and two were completed “Below” the bridge. The results of Fair (average 109) above the bridge and Good (average 
63)  below the bridge were as expected by the senior hydrologist (Dean Sirucek) at the Three Forks Zone
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Morrison Creek Below Bridge 
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Morrison Below Bridge Pebble Counts
 15 July 2003
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Morrison Pebble Count Comparison 15 July 2003
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SUBSTRATE  DEQ/MDM 
Date: 7/15/2003                                                                         Site Visit Code:Below Bridge 1 

Waterbody: Morrison Creek STORET Station ID: 
Personnel: C. Lewis, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count

(Other) 
Count Characteristic Group: PEBL-CNT 

    100% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 7  7 6.86% 6.86% 

2 Sand  1 - 2 8  8 7.84% 14.71% 

3 Very Fine 2 - 4 3  3 2.94% 17.65% 

4 Fine 4 - 6 4  4 3.92% 21.57% 

5 Fine 6 - 8   0 0.00% 21.57% 

6 Medium 8 - 12 4  4 3.92% 25.49% 

7 Medium 12 - 16 4  4 3.92% 29.41% 

8 Coarse 16 - 22 6  6 5.88% 35.29% 

9 Coarse 22 - 32 6  6 5.88% 41.18% 

10 Very Coarse 32 - 45 5  5 4.90% 46.08% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 9  9 8.82% 54.90% 

12 Small 64 - 90 7  7 6.86% 61.76% 

13 Small 90 - 128 12  12 11.76% 73.53% 

14 Large 128 - 180 4  4 3.92% 77.45% 

15 Large 

C
O

B
B

LE
S 

180 - 256 8  8 7.84% 85.29% 

16 Small 256 - 362 8  8 7.84% 93.14% 

17 Small 362 - 512 4  4 3.92% 97.06% 

18 Medium 512 - 1024 3  3 2.94% 100.00% 

19 Large 1024 - 2048   0 0.00% 100.00% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048   0 0.00% 100.00% 

21 Total # Samples  102 0 102 100.00%  
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C-334 

SUBSTRATE  DEQ/MDM 
Date: 7/15/2003                                                                        Site Visit Code:  Below Bridge 2 

Waterbody: Morrison Creek                                                                       STORET Station ID: 
Personnel: C. Lewis, K. Wikel 

PEBBLE COUNT 

Row ID 
Particle 

Category  Size (mm) 
Riffle 
Count

(Other) 
Count Characteristic Group: PEBL-CNT 

    100% 0.00% Sum % of Total Cum. Total 

1 Silt / Clay  < 1 8  8 6.50% 6.50% 

2 Sand  1 - 2 4  4 3.25% 9.76% 

3 Very Fine 2 - 4 6  6 4.88% 14.63% 

4 Fine 4 - 6   0 0.00% 14.63% 

5 Fine 6 - 8 2  2 1.63% 16.26% 

6 Medium 8 - 12 3  3 2.44% 18.70% 

7 Medium 12 - 16 5  5 4.07% 22.76% 

8 Coarse 16 - 22 9  9 7.32% 30.08% 

9 Coarse 22 - 32 9  9 7.32% 37.40% 

10 Very Coarse 32 - 45 12  12 9.76% 47.15% 

11 Very Coarse 

G
R

A
VE

LS
 

45 - 64 6  6 4.88% 52.03% 

12 Small 64 - 90 14  14 11.38% 63.41% 

13 Small 90 - 128 10  10 8.13% 71.54% 

14 Large 128 - 180 12  12 9.76% 81.30% 

15 Large 

C
O

B
B

LE
S 

180 - 256 8  8 6.50% 87.80% 

16 Small 256 - 362 3  3 2.44% 90.24% 

17 Small 362 - 512 4  4 3.25% 93.50% 

18 Medium 512 - 1024 2  2 1.63% 95.12% 

19 Large 1024 - 2048   0 0.00% 95.12% 

20 Bedrock 

B
O

U
LD

ER
S 

> 2048 6  6 4.88% 100.00% 

21 Total # Samples  123 0 123 100.00%  
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Sullivan Creek 
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Sullivan Creek above Connor Creek 
Confluence 

 
 
 



Sullivan Creek Appendix C

C-340 

Site Visit Forms 
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C-349 
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C-354 
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C-357 
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C-359 
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C-360 
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C-362 
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Pebble Counts 

Sullivan Creek Particle Size
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SUBSTRATE DEQ/MDM Sullivan Upper 
    Count % of Total Cum. Total 
Silt / Clay  < 1 4 2.92% 2.92% 
Sand  1 - 2 3 2.19% 5.11% 
Very Fine 2 - 4 5 3.65% 8.76% 
Fine 4 - 6 3 2.19% 10.95% 
Fine 6 - 8 3 2.19% 13.14% 
Medium 8 - 12 4 2.92% 16.06% 
Medium 12 - 16 4 2.92% 18.98% 
Coarse 16 - 22 7 5.11% 24.09% 
Coarse 22 - 32 3 2.19% 26.28% 
Very Coarse 32 - 45 6 4.38% 30.66% 
Very Coarse 

G
R

A
VE

LS
 

45 - 64 7 5.11% 35.77% 
Small 64 - 90 14 10.22% 45.99% 
Small 90 - 128 9 6.57% 52.55% 
Large 128 - 180 19 13.87% 66.42% 
Large C

O
B

B
LE

S 

180 - 256 12 8.76% 75.18% 
Small 256 - 362 19 13.87% 89.05% 
Small 362 - 512 8 5.84% 94.89% 
Medium 512 - 1024  0.00% 94.89% 
Large 1024 - 2048  0.00% 94.89% 
Bedrock B

O
U

LD
ER

S 

> 2048 7 5.11% 100.00% 
Total # Samples   137   
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 Sullivan Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
 1.963-1.964 

23 Aug. 74 
3.855-3.856 
23 Aug. 74 

4.688-4.689 
23 Aug. 74 

6.877-6.878 
23 Aug. 74 

9.848-9.849 
23 Aug. 74 

 

Landform slope 6 6 8 2 8  
Mass wasting  3 3 6 6 12  
Debris jam potential  4 4 4 2 2  
Vegetative bank protection 3 3 6 3 9  
LOWER BANKS       
Channel capacity 2 2 2 2 2  
Bank rock content 2 6 2 2 4  
Obstructions/flow 
deflectors/sediment traps 

 
2 

 
4 

 
2 

 
4 

 
2 

 

Cutting 12 12 4 8 16  
Deposition 12 12 4 8 12  
BOTTOM       
Rock angularity 2 2 3 2 2  
Brightness 2 2 1 2 1  
Consolidat or particle pack 2 6 6 2 2  
Bottom size distribution / 
percent stable materials 

 
8 

 
12 

 
12 

 
8 

 
4 

 

Scouring and deposition 12 18 18 12 12  
Clinging aquatic 
vegetation 

3 3 4 3 3  

TOTALS 75 95 82 66 91  
 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Sullivan Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
 3.653-3.961 

28 July 87 
3.961-6.903 
3 Aug. 87 

6.903-9.694 
4 Aug. 87 

9.694-10.249 
4 Aug. 87 

Upper Bridge 
22 Aug. 2002 

Below Quin. 
22 Aug. 2002 

Landform slope 2 2 4 4 4 2 
Mass wasting  12 12 9 9 6 12 
Debris jam potential  5 5 4 4 4 6 
Vegetative bank protection 9 9 6 9 6 9 
LOWER BANKS       
Channel capacity 4 4 2 2 2 3 
Bank rock content 4 4 4 4 2 2 
Obstructions/flow 
deflectors/sediment traps 

 
6 

 
6 

 
6 

 
4 

 
2 

 
4 

Cutting 14 14 12 8 8 12 
Deposition 14 14 14 12 4 12 
BOTTOM       
Rock angularity 4 4 4 2 2 2 
Brightness 4 4 4 2 4 4 
Consolidat or particle pack 8 8 6 4 4 4 
Bottom size distribution / 
percent stable materials 

 
12 

 
12 

 
12 

 
12 

 
4 

 
16 

Scouring and deposition 24 24 18 16 12 24 
Clinging aquatic vegetation 4 4 4 2 3 3 
TOTALS 126 126 109 94 63 115 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
 
81.8 Average Sullivan Cr. Pfankuch for 1974. 
113.0 Average Sullivan Cr. Pfankuch for 1987. 
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 Sullivan Creek Tributaries Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 

Stream 
segment 

Date 
 Slide Creek 

0.003-0.1 
23 Aug. 1974 

Slide Creek 
0.349-0.35 

23 Aug. 1974 

Connor Cr. 
0.0-0.1 

22 Aug. 1974 

Connor Cr. 
0.983-0.984 

22 Aug. 1974 

Connor Cr. 
0.0-0.849 

28 July 1987 
Landform slope 6 6 2 8 4 
Mass wasting  10 6 3 9 7 
Debris jam potential  8 4 2 6 6 
Vegetative bank protection 3 3 3 3 6 
LOWER BANKS      
Channel capacity 1 1 2 1 2 
Bank rock content 2 2 2 2 4 
Obstructions/flow 
deflectors/sediment traps 

 
6 

 
4 

 
4 

 
4 

 
4 

Cutting 12 12 8 12 8 
Deposition 8 8 8 8 12 
BOTTOM      
Rock angularity 2 3 2 2 3 
Brightness 1 3 1 3 3 
Consolidat or particle pack 2 4 2 2 6 
Bottom size distribution / 
percent stable materials 

 
8 

 
8 

 
8 

 
8 

 
10 

Scouring and deposition 12 12 12 18 12 
Clinging aquatic vegetation 3 3 3 3 3 
TOTALS 84 79 62 89 90 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Sullivan Creek Tributaries Historic Pfankuch Rating Comparison 
UPPER BANKS Stream 

segment 
Date 

Stream 
segment 
Date 

Stream 
segment 
Date 

Stream 
segment 
Date 

Stream 
segment 
Date 

 Branch Cr. 
1.711-1.721 
22 Aug.1974 

Branch Cr. 
0.0-0.458 

28 July 1987 

Ball Cr. 
0.0-0.1 

21 Aug. 1974 

Ball Cr. 
1.023-1.024 

21 Aug. 1974 

Ball Cr. 
0.0-0.849 

28 July 1987 
Landform slope 4 5 6 8 6 
Mass wasting  6 6 6 6 6 
Debris jam potential  4 4 6 6 5 
Vegetative bank protection 3 6 3 3 6 
LOWER BANKS      
Channel capacity 2 2 2 2 2 
Bank rock content 4 5 2 2 4 
Obstructions/flow 
deflectors/sediment traps 

 
4 

 
4 

 
4 

 
4 

 
6 

Cutting 12 10 8 12 9 
Deposition 8 12 8 8 8 
BOTTOM      
Rock angularity 2 2 3 2 2 
Brightness 2 3 2 3 4 
Consolidat or particle pack 2 6 4 4 5 
Bottom size distribution / 
percent stable materials 

 
8 

 
8 

 
8 

 
8 

 
12 

Scouring and deposition 12 18 18 18 18 
Clinging aquatic 
vegetation 

3 3 4 3 3 

TOTALS 76 94 84 89 96 
 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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Sullivan Creek Below Quintonkian 
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Site Visit Forms 
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C-390 
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C-393 
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C-394 
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Pebble Counts 
 
 

SUBSTRATE DEQ/MDM Sullivan Lower 
      Count % of Total Cum. Total 
Silt / Clay   < 1 3 2.48% 2.48% 
Sand  1 - 2 2 1.65% 4.13% 
Very Fine 2 - 4  0.00% 4.13% 
Fine 4 - 6  0.00% 4.13% 
Fine 6 - 8 1 0.83% 4.96% 
Medium 8 - 12  0.00% 4.96% 
Medium 12 - 16  0.00% 4.96% 
Coarse 16 - 22 8 6.61% 11.57% 
Coarse 22 - 32 4 3.31% 14.88% 
Very Coarse 32 - 45 7 5.79% 20.66% 
Very Coarse 

G
R

A
VE

LS
 

45 - 64 21 17.36% 38.02% 
Small 64 - 90 37 30.58% 68.60% 
Small 90 - 128 13 10.74% 79.34% 
Large 128 - 180 7 5.79% 85.12% 
Large C

O
B

B
LE

S 

180 - 256 10 8.26% 93.39% 
Small 256 - 362 4 3.31% 96.69% 
Small 362 - 512 1 0.83% 97.52% 
Medium 512 - 1024 3 2.48% 100.00% 
Large 1024 - 2048  0.00% 100.00% 
Bedrock B

O
U

LD
ER

S 

> 2048  0.00% 100.00% 
Total # Samples   121   
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 Quintonkin Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
Str.segment 

Date 
 0.025-0.125 

23 Aug. 74 
3.702-3.703 
23 Aug. 74 

5.388-5.389 
24 Aug. 74 

6.368-6.369 
24 Aug. 74 

6.654-6.655 
24 Aug. 74 

Landform slope 8 6 6 8 6 
Mass wasting  6 10 3 9 10 
Debris jam potential  4 6 6 6 4 
Vegetative bank protection 3 3 3 3 3 
LOWER BANKS      
Channel capacity 1 2 1 1 2 
Bank rock content 2 2 2 2 2 
Obstructions/flow 
deflectors/sediment traps 

 
2 

 
4 

 
2 

 
4 

 
2 

Cutting 4 12 4 12 4 
Deposition 4 8 4 8 8 
BOTTOM      
Rock angularity 3 3 2 2 4 
Brightness 1 3 3 3 3 
Consolidat or particle pack 6 4 2 4 4 
Bottom size distribution / 
percent stable materials 

 
12 

 
8 

 
12 

 
8 

 
8 

Scouring and deposition 18 12 12 12 18 
Clinging aquatic 
vegetation 

3 2 3 4 2 

TOTALS 77 85 65 86 80 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
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 Quintonkin Creek Historic Pfankuch Rating Comparison 
UPPER BANKS Str.segment 

Date 
Str.segment 

Date 
 5.388-5.389 

27 July 1979 
6.368-6.369 
27 July 1979 

Landform slope 6 6 
Mass wasting  3 6 
Debris jam potential  4 2 
Vegetative bank protection 6 6 
LOWER BANKS   
Channel capacity 1 1 
Bank rock content 2 2 
Obstructions/flow 
deflectors/sediment traps 

 
2 

 
2 

Cutting 4 4 
Deposition 8 8 
BOTTOM   
Rock angularity 2 2 
Brightness 1 1 
Consolidat or particle pack 2 4 
Bottom size distribution / 
percent stable materials 

 
4 

 
8 

Scouring and deposition 6 6 
Clinging aquatic vegetation 2 2 
TOTALS 53 60 

 
Reach score of: < 38 = Excellent; 39-76 = Good; 77-114 = Fair; >115 = Poor 
 
78.6 Average for Quintonkin Cr. 1974. 
56.5 Average for Quintonkin Cr. 1979. 
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