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Executive Summary 

This monitoring report presents data collected on upper Muddy Creek in the Atlantic 
Rim area in 2009. Camp, Dresser, and McKee, Inc., (CDM) is under contract with 
Anadarko to provide annual monitoring for geomorphology, aquatic habitat, and 
water quality on this project.  The Atlantic Rim Coal Bed Methane and Natural Gas 
Project in Carbon County, Wyoming is a coal bed methane and natural gas project 
being developed on public and private land by Anadarko and other operators.  A 
particular concern on upper Muddy Creek is the maintenance of populations of non-
game, native fish species, particularly the roundtail chub, bluehead sucker, and 
flannelmouth sucker (BLM, 2007). The general goal of monitoring on upper Muddy 
Creek is to determine if activities associated with the Atlantic Rim Project have an 
impact on upper Muddy Creek that adversely affects the non-game, native fish 
population. 

Monitoring objectives for upper Muddy Creek have been developed based on the 
performance goals in the Record of Decision (BLM, 2007) for the Atlantic Rim Coal 
Bed Methane and Natural Gas Project. The performance goal for sensitive fish species 
is to “maintain adequate water quality, water quantity, species distribution, and 
aquatic habitat components.” To determine if the Atlantic Rim Project has adverse 
impacts on the sensitive fish populations in the stream, a multi-parameter approach 
that encompasses geomorphology, hydrology, habitat features and water quality has 
been recommended. All of these disciplines relate to sediment transport in the 
system, which is key to the health of the benthic macroinvertebrate populations and 
fish that feed on them. The objectives of this monitoring effort include: 

� Measurement of sediment delivery from eroding streambanks. 

� Measurement of habitat features and stream morphology. 

� Measurement of in-stream sediment concentrations and other water quality 
parameters. 

Monitoring in August 2009 occurred after a relatively high spring runoff.  Water year 
2009 was one of the higher precipitation years on record at the Divide Peak SNOTEL 
gage located south-east of Muddy Creek.  Therefore, flows were certainly higher than 
normal during runoff along Muddy Creek in 2009, and ample evidence of the higher 
flows was seen in the field. Because natural gas related development is very limited 
in the Muddy Creek drainage at this time, the channel changes observed this year are 
attributed to the high precipitation and runoff.  

Field work in August 2009 included a geomorphic and habitat measurements and 
water quality sampling.  The six reference cross-sections (one at each site) were 
remeasured using a total station.  Comparing the cross sections to those obtained in 
2008, four reference cross-sections changed significantly and two remained relatively 
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unchanged.  The patterns of fresh erosion and deposition documented at the reference 
cross-sections were observed at numerous locations along the stream.  It is apparent 
that a large amount of sediment moved during runoff in Muddy Creek this year with 
sediment eroding, moving downstream, and depositing in other areas. 

Bed measurements were taken using Wolman pebble count methods (Wolman, 1954) 
and embeddedness measurements (Sennatt et al, 2006).  Pebble counts were similar to 
those obtained in the same locations as 2008. The condition of the riffles at the three 
upstream sites is similar to that of 2008 presumably because the bed material is coarse.  
However, at the three downstream sites, the bed material in the riffles is much smaller 
and the riffles are deteriorating and sometimes disappearing and reforming.  

The embeddedness measurements are also similar to those collected in 2008.  As in 
2008, the pools are 100% embedded and the riffles are 0% embedded.  To attain 
intermediate numbers areas just upstream or downstream of riffles were sampled, but 
the selection of these areas was targeted to obtaining a reasonable count and did not 
represent the condition of the stream well. 

Erosion pins set in 2008 were remeasured this year.  Although most of the erosion 
pins showed fairly small changes since 2008, the erosion pin at Rocky Crossing (just 
upstream of UMC3) showed significant bank retreat of 0.72 ft.  This is a relatively low 
bank (about 3 ft. high) that is more susceptible to lateral movement than the higher 
banks typical of the monitoring sites. 

Bank stability was evaluated using the Bank Erosion Hazard Index and Near Bank 
Stress metrics developed by Rosgen (1996).  Ratings for 2009 were very similar to 
those obtained in 2008 and range from high to extreme.  This indicates that the 
existing condition on Muddy Creek is highly erosive and produces large amounts of 
sediment. 

Residual pool depths were measured at all sites and compared to 2008 depths.  All 
pools showed some variation in residual depth compared to the previous year with 
depths being sometimes greater and sometimes less.  Variations from the previous 
year were greatest at the downstream stations where riffles are unstable and pools are 
reforming with the changing bed conditions. 

Water quality of upper Muddy Creek in August 2009 was very similar to that 
observed in 2008. Flows were significantly higher this year ranging from 4.64 to 5.66 
cfs presumably due to the relatively wet summer of 2009. Common ions 
concentrations were similar to those of 2008, and total suspended sediment 
concentrations were also similar. Total selenium was less than 0.005 mg/L at all three 
sites, which is below the chronic aquatic life standard.  The water quality does not 
appear to have changed significantly from 2008 in spite of the higher flows. 

ES-2 C 

Document Code 



 
 
 
 

 
 
 

  
  

 
 

  
  

  

 
  

 
 

 

 

 
 

 

 

Contents 


Section 1 In troduction ................................................................................................. 1-1
 
1.1 Background....................................................................................................1-1
 
1.2 Project Organization .....................................................................................1-2
 
1.3 Report Organization .....................................................................................1-2
 

Section 2 Geomorphic and Aquatic Habitat Monitoring ..................................... 2-1
 
2.1 2009 Monitoring Event.................................................................................2-1
 
2.2 Geomorphic Monitoring ..............................................................................2-1
 

2.2.1 Cross-sections..................................................................................2-1
 
2.3 Bed Measurements .......................................................................................2-3
 
2.4 Bank Stability .................................................................................................2-5
 

2.4.1 Erosion Pins .....................................................................................2-5
 
2.4.2 Bank Erosion Hazard Index ..........................................................2-7
 
2.4.3 Near Bank Stress .............................................................................2-7
 

2.5 Residual Pool Depths ...................................................................................2-8
 

Section 3 Water Quality Sampling ........................................................................... 3-1
 
3.1 Measurement Methods ................................................................................3-1
 
3.2 Water Quality Sampling Results ................................................................3-1
 
3.3 Quality Assurance/Quality Control ..........................................................3-3
 

Section 4 References.................................................................................................... 4-1
 

Appendices 
Appendix A  Monitoring Site Maps and Reference Section Photos - 2009
 

Appendix C  Cumulative Sediment Size Dis tribution Charts -2009
 
Appendix D Laboratory Data Sheets -2009
 

Appendix B Cross-sections, BEHI Calculations, and Bank Photos - 2009
 

P:\Anadarko Midwest\Muddy Creek Project\2009 Monitoring Report\Final 2009 Monitoring Report\2009 Monitoring Report.docx 

C i 



 
 
 
 
 
 

 

 
 
 

 

 

 

Contents 

Tables 

Table 2-1 D50 Values at Pebble Count Cross-sections for 2008 and 2009 
Table 2-2 Average Embeddedness Values and Locations 
Table 2-3 Locations and Protruding Lengths of Bank Erosion Pins for 2008 and 2009 
Table 2-4 BEHI Ratings for 2008- 2009 and NBS Ratings 
Table 2-5 Residual Pool Depths 
Table 3-1 Field Parameters from August 2008 and 2009 Water Quality Sampling 

Upper Muddy Creek 
Table 3-2 Common Ions, Selenium and TSS from August 2008 and 2009 Water 

Quality Sampling – Upper Muddy Creek 

Figures 

Figure 1-1 Altantic Rim Project Area 
Figure 1-2 Upper Muddy Creek Roads 
Figure 2-1 Upper Muddy Creek Monitoring Locations 
Figure 2-2 Erosion and deposition features upstream of Cross-section 1 at Site 

UMC4. 

Figure 2-3 Deteriorating riffle at UMC1, XS-1. 


P:\Anadarko Midwest\Muddy Creek Project\2009 Monitoring Report\Final 2009 Monitoring Report\2009 Monitoring Report.docx 

C ii 



 

Section 1 Introduction 

This monitoring report presents data developed or collected on Upper Muddy Cree k 
in the Atlantic Rim area in 2009. Camp, Dresser, and McKee, Inc., (CDM) is under 
contract with Anadarko to provide annual monitoring for geomorphology, aquatic 
habitat, and water quality on this project.  The Atlantic Rim Coal Bed Methane and 
Natural Gas Project in Carbon County, Wyoming is a coal bed methane and natu ral 
gas project being developed on public and private land by Anadarko and other 
operators (Figure 1-1). Development is occurring in a 270,080 acre area and requires 
construction of roads, pipelines, well pads, compressor stations and gas processing 
facilities, drilling up to 2,000 wells, and production of water (BLM, 2007).  The por­
tion of the Upper Muddy Creek drainage where development will take place is 
shown in Figure 1-2.  As can be seen in this figure, there are almost 200 miles of 
existing four-wheel drive roads in the project area, which indicates the disturbed 
condition of the drainage in the baseline condition. At the time of the 2008 monitor­
ing, only 3.4 miles of project related roads had been constructed in the upper Muddy 
Creek drainage, most of which are at some distance from Muddy Creek.  Sedimenta­
tion impacts of oil and gas development at this time in the project area are therefore 
expected to be undetectable. In 2009 there was no new road building or new drilling 
in the Muddy Creek drainage. 

A particular concern on Upper Muddy Creek is the maintenance of populations of 
non-game, native fish species, particularly the roundtail chub, bluehead sucker, and 
flannelmouth sucker (BLM, 2006). The general goal of monitoring on Upper Mudd y 
Creek is to determine if activities associated with the Atlantic Rim Project have an 
impact on upper Muddy Creek that adversely affect the non-game, native fish pop u­
lation. The potential adverse effects caused by development will need to be com ­
pared to potential impacts due to other factors such as recreation and livestock 
grazing. 

1.1  Background 
The Atlantic Rim Coal Bed Methane and Natural Gas Project was proposed by Ana­
darko and other operators in 2001.  The responsible agency for permitting the deve l­
opment is the Bureau of Land Management (BLM), which initiated scoping for an 
Environmental Impact Statement (EIS) in 2001.   The Record of Decision (BLM, 200 6) 
for the project was signed in 2007 and includes specific performance goals for the 
project. The performance goal for Muddy Creek sensitive fish is to “maintain ade­
quate water quality, water quantity, species distribution, and aquatic habitat com ­
ponents.” This is to be accomplished through use of Best Management Practices 
(BMPs), performance-based monitoring, and adaptive management.  The monitoring 
program currently in place addresses activities that will take place on Upper Mudd y 
Creek. The Muddy Creek Monitoring Plan (CDM, 2008a) describes the monitoring 
objectives developed by CDM for the Muddy Creek Workin g Group in 2008 to guide 
annual monitoring activities on the Upper Muddy Creek.  
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This monitoring report presents data collected on upper Muddy Creek in the Atlantic 
Rim area in 2009. Camp, Dresser, and McKee, Inc., (CDM) is under contract with 
Anadarko to provide annual monitoring for geomorphology, aquatic habitat, and 
water quality on this project.  The Atlantic Rim Coal Bed Methane and Natural Gas 
Project in Carbon County, Wyoming is a coal bed methane and natural gas project 
being developed on public and private land by Anadarko and other operators.  A 
particular concern on upper Muddy Creek is the maintenance of populations of non-
game, native fish species, particularly the roundtail chub, bluehead sucker, and 
flannelmouth sucker (BLM, 2007). The general goal of monitoring on upper Muddy 
Creek is to determine if activities associated with the Atlantic Rim Project have an 
impact on upper Muddy Creek that adversely affects the non-game, native fish 
population. 

Monitoring objectives for upper Muddy Creek have been developed based on the 
performance goals in the Record of Decision (BLM, 2007) for the Atlantic Rim Coal 
Bed Methane and Natural Gas Project. The performance goal for sensitive fish species 
is to “maintain adequate water quality, water quantity, species distribution, and 
aquatic habitat components.” To determine if the Atlantic Rim Project has adverse 
impacts on the sensitive fish populations in the stream, a multi-parameter approach 
that encompasses geomorphology, hydrology, habitat features and water quality has 
been recommended. All of these disciplines relate to sediment transport in the 
system, which is key to the health of the benthic macroinvertebrate populations and 
fish that feed on them. The objectives of this monitoring effort include: 

� Measurement of sediment delivery from eroding streambanks. 

� Measurement of habitat features and stream morphology. 

� Measurement of in-stream sediment concentrations and other water quality 
parameters. 

Monitoring in August 2009 occurred after a relatively high spring runoff.  Water year 
2009 was one of the higher precipitation years on record at the Divide Peak SNOTEL 
gage located south-east of Muddy Creek.  Therefore, flows were certainly higher than 
normal during runoff along Muddy Creek in 2009, and ample evidence of the higher 
flows was seen in the field. Because natural gas related development is very limited 
in the Muddy Creek drainage at this time, the channel changes observed this year are 
attributed to the high precipitation and runoff.  

Field work in August 2009 included a geomorphic and habitat measurements and 
water quality sampling.  The six reference cross-sections (one at each site) were 
remeasured using a total station.  Comparing the cross sections to those obtained in 
2008, four reference cross-sections changed significantly and two remained relatively 
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unchanged.  The patterns of fresh erosion and deposition documented at the reference 
cross-sections were observed at numerous locations along the stream.  It is apparent 
that a large amount of sediment moved during runoff in Muddy Creek this year with 
sediment eroding, moving downstream, and depositing in other areas. 

Bed measurements were taken using Wolman pebble count methods (Wolman, 1954) 
and embeddedness measurements (Sennatt et al, 2006).  Pebble counts were similar to 
those obtained in the same locations as 2008. The condition of the riffles at the three 
upstream sites is similar to that of 2008 presumably because the bed material is coarse.  
However, at the three downstream sites, the bed material in the riffles is much smaller 
and the riffles are deteriorating and sometimes disappearing and reforming.  

The embeddedness measurements are also similar to those collected in 2008.  As in 
2008, the pools are 100% embedded and the riffles are 0% embedded.  To attain 
intermediate numbers areas just upstream or downstream of riffles were sampled, but 
the selection of these areas was targeted to obtaining a reasonable count and did not 
represent the condition of the stream well. 

Erosion pins set in 2008 were remeasured this year.  Although most of the erosion 
pins showed fairly small changes since 2008, the erosion pin at Rocky Crossing (just 
upstream of UMC3) showed significant bank retreat of 0.72 ft.  This is a relatively low 
bank (about 3 ft. high) that is more susceptible to lateral movement than the higher 
banks typical of the monitoring sites. 

Bank stability was evaluated using the Bank Erosion Hazard Index and Near Bank 
Stress metrics developed by Rosgen (1996).  Ratings for 2009 were very similar to 
those obtained in 2008 and range from high to extreme.  This indicates that the 
existing condition on Muddy Creek is highly erosive and produces large amounts of 
sediment. 

Residual pool depths were measured at all sites and compared to 2008 depths.  All 
pools showed some variation in residual depth compared to the previous year with 
depths being sometimes greater and sometimes less.  Variations from the previous 
year were greatest at the downstream stations where riffles are unstable and pools are 
reforming with the changing bed conditions. 

Water quality of upper Muddy Creek in August 2009 was very similar to that 
observed in 2008. Flows were significantly higher this year ranging from 4.64 to 5.66 
cfs presumably due to the relatively wet summer of 2009. Common ions 
concentrations were similar to those of 2008, and total suspended sediment 
concentrations were also similar. Total selenium was less than 0.005 mg/L at all three 
sites, which is below the chronic aquatic life standard.  The water quality does not 
appear to have changed significantly from 2008 in spite of the higher flows. 
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Section 1 
Introduction 

Initial monitoring activities for geomorphology, aquatic habitat and water quality 
were conducted by CDM between August 18 and 23, 2008. The results are summa­
rized in the 2008 Muddy Creek Monitoring Report (CDM, 2008b).  

Monitoring in August 2009 occurred after a relatively high spring runoff. Water 
year 2009 was one of the higher precipitation years on record at the Divide Creek 
SNOTEL site, which is a nearby precipitation gage with 28 years of record 
(http://www.wcc.nrcs.usda.gov/snotel/Wyoming/wyoming.html). The 2009 
precipitation at this site was 42.2 inches and the mean for the period of record is 33.6 
inches. April 2009 was the second wettest month in the entire period of record.  
Therefore, flows were certainly higher than normal during runoff along Muddy 
Creek in 2009, and ample evidence of the higher flows was seen in the field.  Because 
natural gas related development is very limited in the Muddy Creek drainage at this 
time, the changes observed in the channel this year are attributed to the high precipi­
tation and runoff that occurred in 2009. 

1.2 Project Organization 
Monitoring of Upper Muddy Creek is the responsibility of Anadarko and its consul­
tant.  Additional monitoring tasks are being conducted on the Upper Muddy Creek 
as well as on the Lower Muddy Creek and the Muddy Creek tributaries by various 
agencies. Water quality data is collected throughout the Muddy Creek drainage by 
the Little Snake River Conservation District (LSRCD) as it has been in the past. The 
LSRCD also measures flows at these stations. The Wyoming Game and Fish De­
partment (WGFD) is continuing fish distribution and population studies in the 
drainage as well.  The BLM as the lead agency for the Atlantic Rim Coal Bed Me­
thane and Natural Gas Development Project coordinates the various monitoring 
efforts through the Muddy Creek Working Group. 

1.3 Report Organization 
This is the second annual report of monitoring activities conducted by Anadarko on 
the Atlantic Rim Coal Bed Methane and Natural Gas Project. Section 2 of this report 
presents the results of the geomorphic and aquatic habitat monitoring, and Section 3 
presents the water quality monitoring results.  Appendices A through D present the 
data developed or collected in 2009 as part of this assessment and monitoring effort. 

The watershed assessment can be found in the 2008 Muddy Creek Monitoring Re­
port (CDM, 2008b). Evaluation of most monitoring data will be conducted in future 
years after sufficient data have been collected to provide meaningful comparison. 
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Section 2 Geomorphic and Aquatic Habitat 
Monitoring 

2.1 2009 Monitoring Event 
 Monitoring activities were conducted in Upper Muddy Creek during the period of 
August 4 through 6, 2009. The same six sites monitored during the 2008 monitoring 
activities were monitored during the 2009 event and work included geomorphic and 
aquatic habitat monitoring as well as water quality monitoring. The locations of the 
monitored sites are shown on Figure 2-1.  Maps of each individual site are found in 
Appendix A. 

Monitoring activities performed at each site are described in the Muddy Creek Mon­
itoring Plan (CDM, 2008a). In summary, the following activities for geomorphic and 
aquatic habitat monitoring were performed: 

� The monumented, reference cross-sections located during the 2008 monitoring 
activities were re-surveyed. Cross-section inform ation was collected to allow mea­
surement of channel changes over time. 

� Banks selected for evaluation using the Bank Er osion Hazard Index (BEHI) (Ros­
gen, 1996) were evaluated and photographed. 

� Wolman pebble counts and embeddedness measurements were pe rformed at 
riffles and other areas with appropriate bed material conditions. 

� The bank erosion pins were measured and compared to the previous year.  

� Residual depths of pools were measured. 

2.2 Geomorphic Monitoring 
2.2.1 Cross-sections 
The reference cross-section at each site was surveyed and compared to the previous 
year’s survey. The remaining cross-sections were not surveyed during the 2009 field 
activities. The cross-sections surveyed during the 2008 field season are compared t o 
the 2009 cross-sec tions in Appendix B.  The significant changes in the sections are 
described here. 

Section 4 at site UMC1 basically unchanged from the previous year.  This may be 
due to coarse riffle at this section which remained stable during the high flow o f 
2009. At site UMC2, cross-section 5 shows significant change in the right bank 
where sloughing and/or deposition occurred in mid-bank and erosion occurred on 
the lower bank. There was no apparent vertical change in the bed.  Cross-section 3 
at site UMC3 shows considerable erosion occurred on the lower left bank. 
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Figure 2-1 
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Cross-section 3 at UMC4 shows a small amount of erosion in the lower left bank and 
soume sloughing in the upper right bank but the changes are relatively small.  The 
thalweg elevation remains the same.  At UMC5, cross-section 2 shows significant 
deposition on the lower left bank and an increase in the bed elevation by almost one 
foot. UMC6 cross-section 6 is essentially identical to its 2008 cross section.  In sum­
mary, four reference cross-sections changed significantly from 2008 and two re­
mained relatively unchanged. 

The patterns of fresh erosion and deposition documented at the reference cross-
sections were observed at numerous locations along the stream.  It is apparent that a 
large amount of sediment moved during runoff in Muddy Creek this year with 
sediment eroding, moving downstream, and depositing in other areas. Figure 2-2 is 
an example of an area that shows fresh deposition on the left bank, erosion on the 
right bank as well as a presumed high water indicator on the far bank. 

Figure 2-2. Erosion and deposition features upstream of Cross-section 1 at Site UMC4. 
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2.3 Bed Measurements 
Wolman pebble counts (Wolman, 1954) and embeddedness measurements were 
performed at the same three locations measured during the 2008 field activities.  
Pebble counts were performed by measuring approximately 100 individual pebbles 
at each location with a gravelometer. At three locations (UMC1, XS-4; UMC4, XS-5;  

and UMC5, XS-1), fewer pebbles were counted because the riffles were very small 
and the locations were not performing as riffles anymore. The pebbles were sorted 
into standard size classes and then a cumulative size distribution was plotted (Ap­
pendix C). Pebble counts were only performed at riffles because pool materials were 
generally sand and silt and not amenable to this measurement.  Three pebble counts 
were performed at UMC1 at the same locations to the 2008 locations. Only two 
pebble counts were performed at UMC4 and UMC6 because the reaches only con­
tained two riffles.  One pebble count was performed at UMC5; although at this 
location, the riffle was limited in extent and clay was observed under the pebbles-
sand mixture. Plots of the cumulative size distributions can be found in Appendix C.  
In Table 2-1, D50 (median diameter) values for all measured 2009 cross-sections are 
displayed and compared to the 2008 results. 

Table 2-1: D50 Values at Pebble Count Cross-sections for 2008 and 2009. 

Site 
Cross-section and D50 range (mm) 

(2008/2009) 

UMC1 
XS-1 XS-4 XS-6 

22.6-32/22.6-32 90-128/90-128 64-90/45-64 

UMC2 
XS-1 XS-3 XS-6 

32-45/32 22.6-32/11-16 8-11/8-11 

UMC3 
XS-1 XS-4 XS-6 

45-64/45 45-64/32 45-64/45 

UMC4 
XS-1 XS-5 

22.6-32/11-16 11-16/11-16 

UMC5 
XS-1 

5.6-8/8 

UMC6 
XS-1 XS-4 

11-16/16-22.6 16-22.6/16-22.6 

At most sections, the 2009 median sizes are close to the 2008 median sizes.  This 
suggests that there has been little change in riffle materials although the deteriora­
tion of riffles comprised of smaller materials was noted. The riffles in the upper 
three sites appeared to have maintained stability since last measured in 2008.  This is 
attributed to the larger sizes of the riffle stone.  However, at the downstream three 
stations, where bed materials are much smaller in the riffles, riffles were partially or 
wholly destroyed in the high flow. Thus, these downstream riffles appear to be 
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naturally unstable under high flow conditions.  Figure 2-3 shows a deteriorating 
riffle at Site UMC6. 

Figure 2-3. Deteriorating riffle at UMC1, XS-1. 

The embeddedness measurement method followed the U.S. Geological Survey’s 
National Water-Quality Assessment Program as described in Sennatt et al (2006). 
Embeddedness was measured by collecting 15 pebbles at each transect. The percent 
of the clast’s height that was buried in silt was estimated.  These percentages were 
then averaged to estimate embeddedness at that transect.  At UMC2, UMC5, and 
UMC6, all areas were either clean gravel or larger clasts with no siltation or the bed 
was entirely silt. Therefore, embeddedness measurements were not taken at these 
sites. The results of embeddedness measurements are shown in Table 2-2.  It is 
important to note that these measurements were largely taken in transitional zones 
between riffles and pools. Almost all of the pools throughout the study reach were 
100% embedded and, likewise, almost all of the riffles were 0% embedded. 

2.4 Bank Stability 
2.4.1 Erosion Pins 
Erosion Pins were installed near the monumented cross-section at each site during 
the 2008 field investigation. An erosion pin is a four-foot steel bar driven horizontal­
ly into the bank until a few inches protrude.  Pins were placed in vertical sections of 
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Table 2-2: Average Embeddedness Values and Locations for 2008/2009. 

UMC1 
30’ below XS-1 Riffle 50' downstream of XS-2 Immediately below XS-5 

32.0%/58.0% 52.7%/61% 52.7%/40.7% 

UMC3 
Downstream of  XS-1 

Riffle Upstream of XS-6 
38%/51.3% 31%/42% 

UMC4 
Upstream of XS-4 (1) 

44% 
(1)  No measurement in 2008. 

bank that are likely to erode (for example, outside of bends), and which are difficult 
to monitor using surveyed cross-sections. 

The visible pins were measured during the 2009 field activities and were compared 
to the measurements taken in 2008.  The measurements and differences are shown in 
Table 2-3 below. The measurements indicate that erosion is generally occurring at 
all compared locations ranging from 0.01 feet (Webber Drop right bank) to 0.72 feet 
(Rocky Crossing).  At one location (UMC5, XS-3) there was a slight decrease in the 
measurement because of bank slumping. At two locations, UMC1 and UMC2, the 
pins were measured on the top and bottom of the pin because the pin was partially 
covered. The larger value was used in the interpretation. Two new pins (UMC5 and 
UMC6) were measured during this investigation and they will be re-measured dur­
ing future monitoring activities. 

Table 2-3: Locations and Protruding Lengths of Bank Erosion Pins for 2008 and 2009. 

Site Location 
Length (ft)-
Apr 2008 

Length (ft)-
Aug 2008 

Length (ft)-
Aug 2009 Difference 

UMC1 XS-4, Right bank 0.33 
0.30 top 

0.42 bottom 0.09 

UMC2 XS-5, Right bank 0.24 
0.30 top 

0.25 bottom 0.06 
UMC3 XS-3, Right bank  0.22 0.27 0.35 0.13 
UMC4 XS-3, Right bank 0.37 0.42 0.05 
UMC5 XS-3, Right bank 0.38 0.35 -0.03 
UMC5 XS-2, Right bank ? 0.33 
UMC6 XS-3, Right bank ? 0.33 
Webber drop Left bank 0.44 Not visible Not visible 
Webber drop Right bank 0.31 0.24 0.25 0.01 
Rocky Crossing Left bank 0.43 0.51 1.23 0.72 

Although most of the erosion pins showed fairly small changes since 2008, the ero­
sion pin at Rocky Crossing (just upstream of UMC3) showed significant bank retreat. 
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This is a relatively low bank (about 3 ft. high) that is more susceptible to lateral 
movement than the higher banks typical of the monitoring sites. 

2.4.2 Bank Erosion Hazard Index 
Bank Erosion Hazard Index (BEHI) and Near-Bank Stress (NBS) methods are pre­
sented in Applied River Morphology (Rosgen, 1996). BEHI looks at five indices of bank 
stability and assigns numeric values to the observed conditions.  The index values 
are summed and subjected to adjustment for bank material type and stratification to 
arrive at a qualitative descriptor of bank stability. At each site, BEHI evaluations 
were performed on the more susceptible bank at each cross-section unless neither 
bank was applicable.  

Many of the evaluated banks displayed characteristics not accounted for in the BEHI 
method. For instance, many banks displayed two or more distinct bank angles. 
Often, the bank would have a low angle near the water and then have a slope near 
vertical at the top. In these cases, an average bank angle weighted by the height of 
each section was used. 

Appendix B contains the evaluation of BEHI at each evaluated bank and the corres­
ponding photos. Table 2-4 shows BEHI and Near Bank Stress ratings for all the 
evaluated banks. The 2009 BEHI ratings range from “high” to “extreme”, with most 
banks rating as “high” or “very high”.  These ratings indicate that most of the meas­
ured banks had a high potential for erosion.  When compared to the 2008 ratings, the 
rating decreased in the following sites UMC1, XS-6; UMC2, XS1; UMC3, XS-3; 
UMC5, XS-3;  and UMC6, XS-1 and XS-6 while the rating increased at sites UMC1, 
XS-4; UMC3, XS-5; and UMC5, XS-6. 

2.4.3 Near Bank Stress 
NBS evaluates the rate at which a bank is expected to supply sediment to a stream 
based on the local hydraulic conditions.  Several options are available for estimating 
the effects of bank stress in the Watershed Assessment of River Stability and Sediment 
Supply website of EPA (http://www.epa.gov/WARSSS/monitor/method.htm). 
The method chosen in 2008 was the width to radius of curvature ratio.  Because the 
planform of the stream did not change significantly in 2009, no change in the NBS 
ratings occurred. Therefore, the NBS evaluations calculated for the 2008 monitoring 
activities and are included in Table 2-4. 

The comparison of 2009 to 2008 data reveal no trend in bank erosion changes with 
some banks changing to a more severe rating and some changing to a less severe 
rating but none changing more than one rating step. BEHI ratings are generally in 
the high to extreme range with only one moderate rating.  This suggests that the 
baseline condition of this stream is one of considerable bank erosion. 
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Section 2 
Geomorphic and Aquatic Habitat Monitoring 

Table 2-4: BEHI Rating for 2008 and 2009 and NBS Ratings 

Site Location 
BEHI Rating 

(2008) 

BEHI 
Rating 
(2009) NBS Rating 

Photo No. in 
Appendix B 

UMC1 

XS1, Left bank High High Straight Reach 1 

XS1, Right bank High Straight Reach NA 

XS2, Right bank High High Extreme 2 

XS4, Right bank High Very high Straight Reach 3 

XS6, Left bank Moderate Extreme NA 

XS6, Right bank Very High High Inside of bend 4 

UMC2 

XS1, Left bank Very high High Extreme 5 

XS2, Right bank High High Very high 6 

XS4, Left bank High High Extreme 7 

XS5, Right bank Very high Very high Moderate 8 

XS6, Right bank Very high Very high Extreme 9 

UMC3 

XS1, Left bank Very high Very high Moderate 10 

XS2, Right bank High High Extreme 11 

XS3, Right bank Very high High Straight Reach 12 

XS5, Left bank High Very high Extreme 13 

XS6, Right bank High High Very high 14 

UMC4 
XS1, Left bank High High Low 15 

XS3, Right bank High High Very low 16 

XS6, Right bank Very high Very high Moderate 17 

UMC5 

XS1, Right bank High High Straight Reach 18 

XS2, Right bank High High Straight Reach 19 

Below XS3, Right bank Very high High Low 20 

XS4, Left bank High High Straight Reach NA 

XS5, Right bank High High Straight Reach 21 

XS6, Right bank High Very high Very low 22 

UMC6 

XS1, Left bank Extreme Very high NA 24 

XS3, Right bank High High NA 23 

XS4, Right bank Extreme Extreme Straight reach 25 

XS6, Left bank Extreme Very High N/A 26 
NA – Not available
 
Shading indicates reference section.
 

2.5 Residual Pool Depths  
Residual pool depth refers to the depth of the pools remaining when water stops 
flowing, leaving water only in the pools. The depth was obtained by subtracting the 
elevation at the deepest point in a pool from the elevation of the riffle crest down­
stream of the pool. Measured depths may not always be maximum pool depths 
because turbid water prevented visual identification of the deepest pool location.  
Residual pool depths are shown in Table 2-5. New pools formed were observed 
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Geomorphic and Aquatic Habitat Monitoring 

during the 2009 field activities and included in Table 2-5. All pools showed some 
variation in residual depth compared to the previous year with depths being some­
times greater and sometimes less.  Variations from the previous year were greatest at 
the downstream stations where riffles are unstable and pools are reforming with the 
changing bed conditions. 

Table 2-5. Summary of Residual Pool Depth Measurements for 2008 and 2009. 

Site Downstream Riffle Section 

2008 
Residual 

Pool Depth 
(ft) 

2009 
Residual 

Pool 
Depth (ft) 

UMC-1 XS-3 1.9 2.2 
UMC-1 XS-6 1.7 1.2 
UMC-2 XS-3 0.9 0.7 
UMC-2 XS-5 2.0 
UMC-2 55' downstream of XS-6 1.4 
UMC3 XS-2 2.2 
UMC-3 XS-3 1.3 0.6 
UMC-3 XS-6 2.4 1.9 
UMC-4 XS-3 0.5 1.6 
UMC-4 XS-5 1.7 2.4 
UMC-5 XS-3 0.3 Not visible 
UMC-5 XS-6 2.0 0.9 
UMC6 XS-3 2.1 
UMC6 XS-4 1.6 
UMC6 XS-5 1.4 
UMC6 XS-6 1.5 
Average 1.5 1.6 
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Section 3 Water Quality Sampling 

3.1 Measurement Methods 
During the 2008 and 2009 site monitoring events, water quality samples were co l­
lected along with field measurements at three sites, UMC1, UMC3 and UMC6.  
These sites represent the upstream, middle and downstream portions of the projec t 
area on Upper Muddy Creek.  As described in the Muddy Creek Monitoring Plan 
(CDM, 2008a), measurements were taken for discharge, pH, electrical conductiv ity, 
dissolved oxygen, temperature and turbidity.  Discharge was measured with a 
Marsh-McBirney flow meter and field parameters were measured with a Hydrolab 
system. 

Water quality samples were collected for common ions, total suspended solid (TSS), 
and dissolved selenium. Common ions and the metals sample were grab samples. 
The Muddy Creek Monitoring Plan (CDM, 2008a) called for depth integrated TSS 
sampling; however, the water depths were too shallow to permit sampling with the 
DH-48 sediment sampler.  As an alternative, grab samples were collected at the 
center of the quartile flow sections and composited for the TSS sample.  The field 
filtering apparatus used during the 2008 field activities proved to be inadequate t o 
filter the metals sample; therefore, the selenium analysis was a total metals mea­
surement. During the 2009 field activities, the analysis was performed for dissolve d 
selenium as specified in the Muddy Creek Monitoring Plan (CDM, 2008a).  There 
was also some uncertainty in the field measurements for electrical conductivity and 
turbidity; the refore, samples were collected for a laboratory measurement of these 
parameters. 

Samples were delivered to Energy Laboratories in Helena, Montana in a chilled 
shipping container following chain-of-custody procedures on August 7, 2009 . 

3.2 Water Quality Sampling Results 
Field measurements measured during the August 2008 and 2009 sampling event are 
summarized in Table 3-1. 

Table 3-1.   Field Param eters from August 2008 and 2009 Water Quality Sampling – Upper Muddy Creek. 

Sample 
Site 

arge 

( 

Disch 
(cfs) 
2008/2009) ( 

pH 
2008/2009) 

Temp. (°C) 
(2008/2009) 

EC (mS) –
Field 
(2008/2009) 

EC (mS) ­
Lab ( 

DO (mg/L) 
2008/2009) ( 

Turbidity* 
2008/2009) 

dity* 

(20 

Turbi 
Lab 

09) 
UMC1 2.29/5.66 7.77/8.23 14.4/20.85 0.548/0.740 0.556/0.664 7.32/8.74 14.9/121 16.0 
UMC3 1.68/5.74 8.02/8.43 14.8/22.54 0.570/0.738 0.578/0.660 7.81/8.66 13.5/56 6.15 
UMC6 1.46/4.64 8.02/8.05 22.6/18.03 0.607/0.763 0.616/0.688 7.5/7.92 14.8/36.6 6.88 

* Nepholometric Turbidity Units (NTU) 

Flow in the Upper Muddy Creek project area appeared to be continuous although 
the discharge decreased in the downstream direction.  Flows in August were sign ifi-
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cantly higher in 2009 than 2008 presumably due to the relatively wet summer of 
2009. Field and laboratory electrical conductivities differed with the lab measure­
ments preferred. Turbidity measurements collected in the field compared to labora­
tory measurements were considerably higher, which could be attributed to the diff i­
culty calibrating the instrument in the field.  Therefore, the lab measurements are 
considered more accurate.  Dissolved oxygen values and pH values were similar 
between stations but slightly higher than measurements collected in 2008.  The 2009 
temperature readings were higher than the 2008 readings. The higher water temper ­
ature at UMC1 and UMC3 compared to UMC6 were probably due to the sampling 
days’ weather conditions. The ambient temperatures on August 4 and 5 were consi­
derably higher compared to August 6, 2009 ambient temperatures.  The variation in 
water temperature with the previous year’s data is also explained by daily air tem­
peratures. 

Table 3-2 presents the laboratory analytical data for 2008 and 2009, and Appendix D 
contains the laboratory data sheets for 2009.  The 2008 laborat ory data can be found 
in the 2008 Muddy Creek Monitoring Report (CDM, 2008b). 

Table 3-2. Common Ion s, Selenium and TSS from August 2008 Water Quality Sampling – 
Upper Muddy Creek. 
Sample Site CUM 1 UMC3 UMC3-Dup UMC6 

2008 2009 2008 2009 2008 2009 2008 2009 

Ca 61 76 60 71 61 72 58 73 

Mg 17 25 19 26 19 26 19 27 

K 3 4 3 4 3 4 4 4 

Na 20 29 25 32 25 30 31 34 

Alkalini ty 150 170 150 160 150 160 150 160 

Cl  5  6  6  6  6  6  7  7  

SO4 140 180 150 180 150 180 180 200 

Dissolved Se 0.0021 <0.005 0.0021 <0.005 0.0021 <0.005 0.0011 <0.005 

TSS 10 23 11 <10 <10 10 12 11 
Notes:
 
1 Samples were analyzed for total selenium. 


Concentrations are in mg/L. 

Common ions collected during the 2009 sampling activities were generally consis­
tent between the three sampling sites.  Common ion concentrations were insignifi­
cantly higher during the 2009 sampling event than during the 2008 sampling event . 
The dissolved selenium concentrations were less than 5 μg/L, which is below the 
chronic aquatic life standard of 5 μg/L. Total suspended solids (TSS) concentration s 
were in the range of 10 to 23 mg/L at the three sites and were somewhat higher at 
UMC1during the 2009 event than the 2008 sampling event.   This may be attributed 
to the presence of cows in the stream during the 2009 sampling event at UMC1. In 
general, the water quality do es not appear to have changed significantly from 2008 
in spite of the higher flows. 
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3.3 Quality Assurance/Quality Control 
Laboratory quality assurance/quality control (QA/QC) reports are included in 
Appendix D.  All method blanks were below detection limits and all percent recove­
ries were within 20% of the control value. 

A field duplicate sample was collected at site UMC3 and analysis results for this 
sample are presented in Table 3-2.  All parameters had zero relative percent differ­
ence between the duplicate and natural sample except for calcium, sodium, and TSS. 
The natural sample for calcium was 71 mg/L while the duplicate was 72 mg/L with 
a percent difference of 1.4. The natural sample for sodium was 32 mg/L and the 
duplicate sample was 30 mg/L with a percent difference of 6.5. Percent difference 
between +/- 20 percent area considered acceptable.  The natural TSS sample meas­
ured <10 mg/L and the duplicate was 10 mg/L.  Because the measurements are near 
the detection limit, this relative percent difference is acceptable. 
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REFERENCE CROSS-SECTION PHOTOS-2009 


UMC1, XS-4, View Upstream UMC1, XS-4, View Downstream 

UMC1 XS-4 UMC2, XS-5, Right Bank 

UMC2, XS-5, View Upstream  UMC2, XS-5, View Downstream 



REFERENCE CROSS-SECTION PHOTOS-2009 


UMC3, XS-3, View Upstream UMC3, XS-3, View Downstream 

UMC3, XS-3 Right Bank UMC4, XS-3 Right Bank 

UMC4, XS-3, View Upstream UMC4, XS-3, View Downstream 



REFERENCE CROSS-SECTION PHOTOS-2009 


UMC5, XS-3, View Upstream UMC5, XS-3, View Downstream 

UMC5, XS-3, Right Bank UMC6, XS-3, Right Bank 
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Note: Cross section was surveyed during the 2008 field activites. 

UMC1, Cross-section 1, Left bank 

Category Value Index 
Bank ht/Bankfull Depth 2.5 8.6 
Root Depth/Bank ht 0.2 7 
Root Density <5% 10 
Bank Angle 58 3.8 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 39.4 
BEHI Rating -­ High 
Radius of Curvature Straight --
Bankfull Width -­ -­
NBS Rating -­ N/A 

Photo 1. UMC1, XS-1, Left Bank
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC1, Cross-section 2, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 1.7 6.2 
Root Depth/Bank ht 0.2 6.5 
Root Density <5% 10 
Bank Angle 64 4.3 
Surface Protection 26% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 37.0 
BEHI Rating -­ High 
Radius of Curvature 23 --
Bankfull Width 90.3 -­
Rc/W 0.255 -­
NBS Rating -­ Extreme 

Photo 2. UMC1, XS-2, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites.
 



UMC1, Cross-section 4, Right bank
 

Category Value Index 
Bank ht/Bankfull Depth 2.8 9 
Root Depth/Bank ht 0.2 7 
Root Density <5% 10 
Bank Angle 72 5.1 
Surface Protection 3.6% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 41.1 

BEHI Rating -­
Very 
High 

Radius of Curvature Straight --
Bankfull Width -­ -­
NBS Rating -­ N/A 

Photo 3. UMC1, XS-4, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites.
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC1, Cross-section 6, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 4 1.6 
Root Depth/Bank ht 0.4 5 
Root Density <5% 10 
Bank Angle 80 5.9 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 32.5 
BEHI Rating -­ High 

Radius of Curvature 
Inside of 

bank --
Bankfull Width -­ -­
NBS Rating -­ N/A 

Photo 4: UMC1, XS-6, Right Bank
 



 

Note: Cross section was surveyed during the 2008 field activites. 

UMC2, Cross-section 1, Left bank 

Category Value Index 
Bank ht/Bankfull 
Depth 2 7.9 
Root Depth/Bank 
ht 0.1 8.5 
Root Density <5% 10 
Bank Angle 73 5.2 
Surface Protection 18.75% 6.5 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 32.9 
BEHI Rating -­ High 
Radius of 
Curvature 47 --
Bankfull Width 32 -­
Rc/W 1.5 -­
NBS Rating -­ Extreme 

Photo 5: UMC2, XS-1, Left Bank
 



 

Note: Cross section was surveyed during the 2008 field activites. 

UMC2, Cross-section 2, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 2.14 8 
Root Depth/Bank ht 0.3 5.9 
Root Density <5% 10 
Bank Angle 70 4.9 
Surface Protection 10% 9 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 37.8 
BEHI Rating -­ High 
Radius of 
Curvature 37 --
Bankfull Width 24 -­
Rc/W 1.5 -­
NBS Rating -­ Very High 

Photo 6. UMC2, XS-2, Right Bank.
 



Note: Cross section was surveyed during the 2008 field activites.
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC2, Cross-section 4, Left bank 

Category Value Index 
Bank ht/Bankfull Depth 2.1 8 
Root Depth/Bank ht 0.2 7 
Root Density <5% 10 
Bank Angle 53 3.7 
Surface Protection 5% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 38.7 
BEHI Rating -­ High 
Radius of Curvature 32 --
Bankfull Width 23 -­
Rc/W 1.4 -­
NBS Rating -­ Extreme 

Photo 7. UMC, XS-4, Left Bank.
 



UMC2, Cross-section 5, Right bank
 

Category Value Index 
Bank ht/Bankfull 
Depth 2.56 8.65 
Root Depth/Bank ht 0.1 8.5 
Root Density <5% 10 
Bank Angle 75 5.4 
Surface Protection <5% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 42.6 

BEHI Rating -­
Very 
High 

Radius of Curvature 73 --
Bankfull Width 33 -­
Rc/W 2.2 -­
NBS Rating -­ Moderate 

Photo 8: UMC2, XS-5, Right Bank
 



 

Note: Cross section was surveyed during the 2008 field activites. 

UMC2, Cross-section 6, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 5.7 10 
Root Depth/Bank ht 0.1 8.5 
Root Density <5% 10 
Bank Angle 60 3.9 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 42.4 
BEHI Rating -­ Very High 
Radius of 
Curvature 45 --
Bankfull Width 37 -­
Rc/W 1.2 -­
NBS Rating -­ Extreme 

Photo 9: UMC2, XS-6, Right Bank
 



 

Note: Cross section was surveyed during the 2008 field activites. 

UMC3, Cross-section 1, Left bank 

Category Value Index 
Bank ht/Bankfull 
Depth 2.8 9 
Root Depth/Bank 
ht 0.3 9.5 
Root Density <5% 10 
Bank Angle 76 5.5 
Surface Protection 0% 10 
Bank Material Silt 0 

Stratification 
1 ft Weak 

Layer 0 
Index sum -­ 44 
BEHI Rating -­ Very High 
Radius of 
Curvature 86 --
Bankfull Width 42 -­
Rc/W 2.1 -­
NBS Rating -­ Moderate 

Photo 10: UMC3, XS-1, Left Bank
 



 

Photo 12: UM3, XS-2, Right Bank 

Note: Cross section was surveyed during the 2008 field activites. 

UMC3, Cross-section 2, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 2.1 8. 
Root Depth/Bank 
ht 0.7 3 
Root Density <5% 10 
Bank Angle 70 4.9 
Surface Protection 21.4% 7 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 32.9 
BEHI Rating -­ High 
Radius of 
Curvature 53 --
Bankfull Width 50 -­
Rc/W 1.1 -­
NBS Rating -­ Extreme 

Photo 11: UMC3, XS-2, Right Bank
 



UMC3, Cross-section 3, Right bank
 

Category Value Index 
Bank ht/Bankfull 
Depth 1.9 7.4 
Root Depth/Bank ht 0.2 7 
Root Density <5% 10 
Bank Angle 67.5 4.65 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 39.05 
BEHI Rating -­ High 
Radius of Curvature Straight --
Bankfull Width -­ -­
NBS Rating -­ N/A 

Photo 12: UMC3, XS-3, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites.
 



 

Note: Cross section was surveyed during the 2008 field activites. 

UMC3, Cross-section 5, Left bank 

Category Value Index 
Bank ht/Bankfull 
Depth 2.3 8.33 
Root 
Depth/Bank ht 0.2 7 
Root Density <5% 10 
Bank Angle 70 4.9 
Surface 
Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 40.23 

BEHI Rating -­
Very 
High 

Radius of 
Curvature 48 --
Bankfull Width 41 -­
Rc/W 1.2 -­
NBS Rating -­ Extreme 

Photo 13: UMC3, XS-5, Left Bank
 



 

Note: Cross section was surveyed during the 2008 field activites. 

UMC3, Cross-section 6, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 2.83 10 
Root Depth/Bank 
ht 0.2 7 
Root Density <5% 10 
Bank Angle 46 3.2 
Surface Protection 44% 4.79 
Bank Material Silt 0 

Stratification 
Weak Layer 

present 0 
Index sum -­ 38 
BEHI Rating -­ High 
Radius of 
Curvature 96 --
Bankfull Width 56 -­
Rc/W 1.7 -­
NBS Rating -­ Very High 

Photo 14: UMC3, XS-6, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC4, Cross-section 1, Left bank 

Category Value Index 
Bank ht/Bankfull 
Depth 3.0 10 
Root Depth/Bank ht 0.3 5.9 
Root Density <5% 10 
Bank Angle 53 3.55 
Surface Protection 43% 4.87 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 34.32 
BEHI Rating -­ High 
Radius of Curvature 57 --
Bankfull Width 22 -­
Rc/W 2.6 -­
NBS Rating -­ Low 

Photo 15: UMC4, XS-1, Left Bank
 



Note: Cross section was surveyed during the 2008 field activites.
 



UMC4, Cross-section 3, Right bank
 

Category Value Index 
Bank ht/Bankfull 
Depth 2.4 8.43 
Root Depth/Bank ht 0.3 5.9 
Root Density <5% 10 
Bank Angle 74 5.3 
Surface Protection 17.5% 7.56 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 37.2 
BEHI Rating -­ High 
Radius of Curvature 121 --
Bankfull Width 26 -­
Rc/W 4.7 -­
NBS Rating -­ Very Low 

Photo 16: UMC4, XS-3, Right bank
 



Note: Cross section was surveyed during the 2008 field activites.
 



Note: Cross section was surveyed during the 2008 field activites.
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC4, Cross-section 6, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 2.1 8.0 
Root Depth/Bank ht 0.2 7 
Root Density <5% 10 
Bank Angle 71.25 4.67 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 40.17 
BEHI Rating -­ Very High 
Radius of Curvature 43 --
Bankfull Width 21 -­
Rc/W 2.1 -­
NBS Rating -­ Moderate 

Photo 17: UMC4, XS-6, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC5, Cross-section 1, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 3.0 10 
Root Depth/Bank ht 0.3 5.9 

Root Density <5% 10 
Bank Angle 42 3.0 
Surface Protection 30% 5.9 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 34.8 
BEHI Rating -­ High 
Radius of Curvature Straight --
Bankfull Width -­ -­
NBS Rating -­ N/A 

Photo 18: UMC5, XS-1, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC5, Cross-section 2, Right bank 

Category Value Index 
Bank ht/Bankfull 
Depth 4.2 10 
Root Depth/Bank ht 0.1 8.5 
Root Density <5% 10 
Bank Angle 52 3.5 
Surface Protection 20% 7.2 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 39.2 
BEHI Rating -­ High 
Radius of Curvature Straight --
Bankfull Width -­ -­
NBS Rating -­ N/A 

Photo 19: UMC5, XS-2, Right Bank
 



UMC5, Cross-section 3, Right bank
 

Category Value Index 
Bank ht/Bankfull Depth 2.7 8.85 
Root Depth/Bank ht 0.2 7.4 
Root Density <5% 10 
Bank Angle 66 4.5 
Surface Protection 20% 7.2 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 37.95 
BEHI Rating -­ High 
Radius of Curvature 43 --
Bankfull Width 16 -­
Rc/W 2.8 -­
NBS Rating -­ Low 

Photo 20: UMC5, XS-3, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC5, Cross-section 4, Left bank
 

Category Value Index 
Bank ht/Bankfull Depth 2.3 8.33 
Root Depth/Bank ht 0.3 5.9 
Root Density <5% 10 
Bank Angle 60 3.9 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 38.13 
BEHI Rating -­ High 
Radius of Curvature Straight --
Bankfull Width -­ -­
NBS Rating -­ N/A 



Note: Cross section was surveyed during the 2008 field activites. 

UMC5, Cross-section 5, Right bank 

Category Value Index 
Bank ht/Bankfull Depth 2.36 8.23 
Root Depth/Bank ht 0.2 7.5 
Root Density <5% 10 
Bank Angle 41 2.97 
Surface Protection 45% 4.7 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 33.4 
BEHI Rating -­ High 
Radius of Curvature Straight --
Bankfull Width -­ -­
NBS Rating -­ N/A 

Photo 21: UMC5, XS-5, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC5, Cross-section 6, Right bank 

Category Value Index 
Bank ht/Bankfull Depth 3.14 10 
Root Depth/Bank ht 0.1 8.5 
Root Density <5% 10 
Bank Angle 60 3.9 
Surface Protection 16% 7.76 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 40.16 
BEHI Rating -­ Very High 
Radius of Curvature 91 --
Bankfull Width 21 -­
Rc/W 4.4 -­
NBS Rating -­ Very Low 

Photo 22: UMC5, XS-6, Right Bank
 



Note: Cross section was surveyed during the 2008 field activites. 

UMC6, Cross-section 3, Right bank 

Category Value Index 
Bank ht/Bankfull Depth 4.2 10 
Root Depth/Bank ht 0.1 8.5 
Root Density <5% 10 
Bank Angle 62 4.1 
Surface Protection 19% 6.1 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 38.7 
BEHI Rating -­ High 

Photo 23 UMC6, XS-3, Right Bank
 



UMC6, Cross-section 1, Left bank
 

Category Value Index 
Bank ht/Bankfull Depth 3.9 10 
Root Depth/Bank ht 0.1 8.5 
Root Density <5% 10 
Bank Angle 85 6.84 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 45.34 

BEHI Rating -­
Very 
High 

Photo 24: UMC6, XS-1, Left Bank 

UMC6, Cross-section 4, Right bank 

Category Value Index 
Bank ht/Bankfull Depth 3.1 10 
Root Depth/Bank ht 0.05 10 
Root Density <5% 10 
Bank Angle 77 5.6 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 45.6 
BEHI Rating -­ Extreme 

Photo 25: UMC6, XS-4, Right Bank
 



UMC6, Cross-section 6, Left bank
 

Category Value Index 
Bank ht/Bankfull Depth 4.0 10 
Root Depth/Bank ht 0.17 7.7 
Root Density <5% 10 
Bank Angle 83.5 6.25 
Surface Protection 0% 10 
Bank Material Silt 0 
Stratification None 0 
Index sum -­ 43.95 
BEHI Rating -­ Very High 

Photo 26: UMC6, XS-6, Left Bank
 



 Appendix C
 















 Appendix D
 
































