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Appendix D Introduction

1.0 INTRODUCTION

Twenty stream segments in the Lake Helena Watershed have been placed on Montana’s 303(d) list for
suspected water quality impairments due to sediment. Data analyzed for the VVolume I report indicated
that sediment TMDL development was necessary for 17 of the 20 listed segments (Table 1-1). The
Generalized Watershed Loading Function (GWLF) model was chosen to simulate sediment and nutrient
loads from large-scale land uses in the Lake Helena watershed. Additional and/or complimentary
sediment assessment methodologies were implemented to account for site-specific and in-stream
sediment sources that GWLF was unable to account for during the modeling process. These included:

Remote sensing using GIS and air photos. These assessments were complimentary to the GWLF
analysis, which was conducted at a sub-watershed scale. The results from the remote sensing
analysis allowed for the identification and delineation of specific source areas to facilitate future
restoration efforts, and were also used as a means to validate the GWLF generated results.

Stream bank erosion assessments. GWLF did not account for sediment loading from stream bank
erosion. Therefore, the results of this assessment were added to the sediment loads generated by
GWLF to develop the total sediment loading for each assessment unit.

Analysis of sediment loading from abandoned mines. GWLF did not account for sediment
loading from abandoned mines. Therefore, the results of this assessment were added to the
sediment loads generated by GWLF to develop the total sediment loading for each assessment
unit where abandoned mines constituted a potential sediment source.

Culvert failure analysis. The results from this analysis have not been incorporated into the total
sediment loads estimated for each assessment unit. Potential culvert failures represent a potential
future source of sediment. These results have been incorporated into the allocation component of
the TMDL process presented in Appendix A of Volume II.

WEPP:Road modeling analysis. The decision to implement this modeling exercise was related to
scale issues associated with the GWLF model. GWLF functions at a watershed or sub watershed
scale, but the input parameters lack the detail to model site-specific road related sediment loading.
In order to assist in the identification of road sediment source areas, site specific road data was
collected and modeled using WEPP:Road. The results will be used to guide future restoration
activities and have been compared to the results generated by GWLF for validation purposes and
as one means to assess potential uncertainty.

This report summarizes the additional sediment assessment methodologies, assumptions and results for
the sediment-listed watersheds.
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Table 1-1. Water Quality Status of Suspected Sediment Impaired Water Bodies and Required

TMDLs in the Lake Helena Watershed.

Water Body Name
and Number

Suspected
Impairment Causes

Conclusions

Proposed Action

Clancy Creek, MT411006_120 Sediment Impaired A TMDL will be written.
Corbin Creek, MT411006_090 Sediment Impaired A TMDL will be written.
Golconda Creek, MT411006_070 | Sediment Not impaired A TMDL will not be written.
Jackson Creek, MT411006_190 Sediment Not impaired A TMDL will not be written.
Jennie’s Fork, MT411006_210 Sediment Impaired A TMDL will be written.
Lump Gulch, MT411006_130 Sediment Impaired A TMDL will be written.
Middle Fork Warm Springs . . . .

Creek, MT411006_100 Sediment Impaired A TMDL will be written.
North Fork Warm Springs Creek, . . . .
MT411006_180 Sediment Impaired A TMDL will be written.
Prickly Pear Creek, . . . .
MT411006_060 Sediment Impaired A TMDL will be written.
Prickly Pear Creek, . . . .
MT411006_050 Sediment Impaired A TMDL will be written.
Prickly Pear Creek, . . . .
MT411006_040 Sediment Impaired A TMDL will be written.
Prickly Pear Creek, . . . .
MT411006_030 Sediment Impaired A TMDL will be written.
Prickly Pear Creek, . . . .
MT411006_020 Sediment Impaired A TMDL will be written.
Sevenmile Creek, . . . .
MT411006_160 Sediment Impaired A TMDL will be written.
Skelly Gulch, MT411006_220 Sediment Impaired A TMDL will be written.
Spring Creek, MT411006_080 Sediment Impaired A TMDL will be written.
Tenmile Creek, MT411006_141 Sediment Not impaired A TMDL will not be written.
Tenmile Creek, MT411006_142 Sediment Impaired A TMDL will be written.
Tenmile Creek, MT411006_143 Sediment Impaired A TMDL will be written.
Warm Springs Creek, Sediment Impaired A TMDL will be written.

MT411006_110
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Appendix D Remote Quantification

2.0 SEDIMENT SOURCES - REMOTE QUANTIFICATION

Remote sediment source quantification for the 303(d) sediment impaired streams was conducted with a
GIS using digital orthophotos and topographic maps. Source assessment of streams within the Helena
area was conducted on 1-foot resolution, true color orthophotos taken in 2004. Many of the headwater
streams were assessed on 1-meter resolution, black and white orthophotos taken between 1995 and 1998.
GIS layers for roads, railways, mines, and the GPS positions of the 2003 and 2005 field source
assessments were also incorporated to aid the analysis.

The 303(d) sediment impaired streams were broken into reaches on the basis of land ownership,
topography, and land use. The 17 sediment impaired stream segments were broken into a total of 93
reaches (Figure 2-1). For each stream reach, observations were recorded for the following variables:
reach length, length of reach with road encroachment (left and right banks), valley length, length of reach
with rip-rap (left and right banks), valley slope, jetties, channel sinuosity, dikes, channel slope, percent of
reach affected by mining, bankfull width, and land use.

Qualitative information was also recorded for observations such as degree of channelization, number of
road crossings, and overall channel condition. Measurements were made in a GIS using the measure tool.
Stream length was measured along the center of the channel, while stream sinuosity was derived from the
center channel length divided by the valley length. Channel slope was derived from the valley slope
divided by the stream sinuosity. Elevation ranges for slope measures were taken from the USGS
1:24,000 digital topographic maps. Road encroachment measured the length of stream reach where a
road or railway was located adjacent to the stream (within 100 feet), and was either altering the natural
stream course and/or restricting access to the floodplain. A GIS calculation was performed that tabulated
the length of roads and railways within 100 feet of each reach. Percent of each reach affected by mining,
so0 as to disrupt the channel course, was either directly measured or estimated based on field knowledge of
the streams and the location of mines. Other characteristics, such as rip-rap, jetties, dikes, and land use
were inferred from the photos, and are representative of features that were visible at the scale of the
photo. GPS positions from the 2003 and 2005 field source assessments were used to help tabulate rip-rap,
jetties, and dikes.

An historical analysis of channel alterations was conducted for a portion of Prickly Pear Creek, from just
above the confluence with Beavertown Creek to Montana City. This area corresponded with portions of
segments MT411006_060 and MT411006_040, and all of segment MT411006_050. Stereo-pair, black
and white aerial photos taken in 1956 at a scale of 1:12,000 were obtained from the Montana Department
of Transportation. The photographs represented channel condition before the construction of Interstate
15. The historical photographs were analyzed and compared to metrics from recent photographs. Photo
measurements were made using a digitizing planimeter. In order to compare channel metrics to those
measured from the orthophotos, the historical measurements were normalized using the ratio between the
valley lengths of the 1956 photos and the recent orthophotos.
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Appendix D Remote Quantification

2.1 Sediment from Streambank Instability

Streambank erosion is an inherent part of channel evolution and can contribute significant quantities of
sediment to stream system sediment loads based on a combination of climatic and physiographic features.
However, anthropogenic impacts, such as grazing, mining, timber harvest, road encroachment, riparian
vegetation removal, and/or channel alterations can result in elevated rates of streambank erosion. The
intent of this analysis was to provide an estimate of sediment loads from streambank erosion within the
listed watersheds. Modeled sediment load was allocated into two source categories: anthropogenic or
natural.

Due to the size of the Lake Helena TPA and the large number of listed stream miles, a coarse filter
approach was used to estimate the sediment load related to stream bank instability. Bank Erosion Hazard
Index (BEHI) assessments were conducted on eroding streambanks within representative intra-segment
reaches. Eroding streambanks were surveyed by Land & Water/PBS&J personnel during the preliminary
source assessment in August, 2003, and March, 2005 during the sediment source assessment. Results
from sampled reaches were averaged and extrapolated to the full perennial stream length within a listed
stream segment’s watershed. The BEHI assessments were based on a slightly modified version of the
Rosgen (1996) method to characterize stream bank conditions into numerical indices of bank erosion
potential.

The modified BEHI methodology evaluated a stream bank’s inherent susceptibility to erosion as a
function of six factors, including:

The ratio of stream bank height to bankfull stage.

The ratio of riparian vegetation rooting depth to stream bank height.
The degree of rooting density.

The composition of stream bank materials.

Stream bank angle (i.e., slope).

Bank surface protection afforded by debris and vegetation.

ocouprLNOE

To determine annual sediment load from eroding stream banks in each BEHI category, bank retreat rates
developed by Rosgen (2001) were utilized (Table 2-1). The rate of erosion was then multiplied by the
area of eroding bank (square feet) to obtain a volume of sediment per year, and then multiplied by the
sediment density (average bulk densities were 1.41 g/cm?® within granitic parent material, and 1.31 g/cm®
outside of the batholith, USDA, 1998) to obtain a mass of sediment per year.

Table 2-1. Bank Retreat Rates Used for Banks of Varying Severity of Erosion

Retreat Rate from Rosgen 2001
Bank Erosion Hazard (ft/yr) — used for A and B Retreat Rate from Rosgen 2001
Condition channels (ft/yr) — used for C channels
Low 0.045 0.09
Moderate 0.17 0.34
High 0.46 0.7
Severe 0.82 1.2
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Total sediment load from eroding streambanks of each sediment-listed stream was generated by averaging
intra-segment (reach) sediment loads (on a percentage stream length basis), and applying this value to the
entire perennial stream length within the segment. For this purpose, each listed segment was divided into
approximately 5 assessment reaches (actual number reaches varied from 2 to 10) based on homogeneity
of land use, vegetation and geomorphic character. Each listed reach outside the Helena National Forest
boundary was visited, and BEHI measurements were conducted where eroding streambanks were
observed. Representative eroding streambanks were surveyed using the BEHI methodology. The survey
results were extrapolated to an identified percentage of the reach (or segment) length. Total extrapolated
eroding, and non-eroding, streambank lengths were calculated through direct observation during the
source assessment, and/or through the aerial photo assessment.

For example, if the BEHI analysis resulted in an average segment sediment load of 0.02 tons/foot/year
from a segment’s surveyed eroding streambank; the total channel length is 3 miles, and the condition of
the surveyed eroding streambank represented 20% of the total channel length. (This 20% example relates
to total eroding streambanks from river right and river left.) The 0.02 tons/foot/year is extrapolated to the
entire eroding perennial streambank length of the segment; i.e., 20% of 3 miles (15,840 ft.) of streambank
is 3168 feet; applying the unit based sediment load of 0.02 tons (0.02 x 3168 ft) results in a total sediment
load from eroding streambanks from this theorized segment of 63.4 tons/yr.

Additionally, the total sediment load related to eroding streambanks was divided between naturally
occurring erosion, and that which appeared to be anthropogenically induced. This allocation was
determined through observations made during field reconnaissance and by aerial photo assessments.
Land uses adjacent to, or in some cases upstream from, eroding streambanks were surveyed. The
majority of land uses found to contribute to eroding streambanks included channel encroachment or
sinuosity reductions related to transportation infrastructure, which includes interstate highways,
city/county roads, forest roads, and rail-roads; riparian vegetation reduction caused by grazing in or near
the riparian zones; and historic mining activities. Based on these assessment results, percentages of
eroding bank lengths were generated and allocated to natural or anthropogenic sources within each
segment.

The watershed scale estimates of streambank erosion are based on extrapolation from field surveys
conducted on representative listed stream segment reaches. The extrapolation methodology likely
overestimates the total amount of streambank erosion. Additionally, due to constraints posed by physical
infrastructure, and access conflicts, it may not be practical or possible to restore all areas of human-caused
streambank erosion to reference levels. Therefore, this load reduction is likely an overestimate.

2.2 Reference Streambank Erosion

Reference level sediment loads were developed as target values for anthropogenically related streambank
erosion sediment loads. Reference BEHI values, stratified by Rosgen (1996) stream type were developed
from the Beaverhead-Deerlodge National Forest field measurement database, which is composed of
survey data collected across the Beaverhead-Deerlodge National Forest.

The Beaverhead-Deerlodge has systematically conducted stream reach surveys of representative reaches
throughout southwest Montana since 1991. This survey data has been synthesized in a single database.
Numerous habitat, hydraulic and morphometric parameters (including BEHI) were collected at each
survey site. Data collection is based on the Rosgen (1996) stream classification system. Though the
majority of surveyed stream reaches were impacted by a variety of anthropogenic influences, a database
of reference conditions, stratified by Rosgen stream type, was distilled from the overall database. These
reference database values were used to establish the reference BEHI conditions for the Lake Helena
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TMDL analysis area. Reference BEHI scores are as follows: A channels = 21.06, B channels = 20.49, C
channels = 20.32, and E channels = 18.77 (Bengeyfield, 1999).

Modeled reference sediment loads used the same BEHI sediment load model that was used to model the
existing condition scenario (section 1.2.1 above). Reference BEHI values were incorporated into the
model with a reduced length of eroding streambank in order to calculate reference sediment yield.
Reference BEHI values for segments composed of multiple stream types were generated by averaging the
BEHI values of the relevant stream types. Based on the construction of the model, changing these two
parameters resulted in the generation of the reference sediment load from eroding streambanks.

Reference values and the portion of the total load considered “natural” are not analogous and therefore the
values of the two sediment load categories vary. Calculated reference sediment load values will be used
as targets for sediment load reduction from anthropogenically related eroding streambanks. Reference is
defined as conditions that would be found in the absence of any anthropogenic activity within the
watershed. Natural is defined as existing streambank erosion with no directly attributable source land-
use. Due to the nature of the channel alteration/modification assessment, an inherent margin of error is
introduced into this survey. Additionally, using reference values as reduction targets may overestimate
sediment load reduction due potential lack of access, or constraints posed by physical infrastructure.
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Appendix D Abandoned Mines

3.0 ABANDONED MINE RELATED SEDIMENT

Sediment loads associated with abandoned mining were calculated for sites throughout the Lake Helena
watershed. Potential sediment source locations were delineated from the High Priority Abandoned
Hardrock Mine Sites, and Abandoned and Inactive Mines of Montana, as well as the National
Hydrography Dataset GIS data layers. Potential sediment source delineation criteria were as follows:
mine sites within 300 feet of stream, or mines within 1000 feet of stream in areas where slopes are greater
than 30 percent.

This GIS exercise generated 223 mines deemed to be potential sediment sources. These mines were
cross-referenced with Montana Bureau of Mines and Geology (MBMG) reports, and the Montana State
Bureau of Abandoned Mines. Available MBMG documents reported that 12 of the Abandoned-Inactive
mines were probable sediment sources. Additionally, records of High Priority Abandoned Hardrock
Mine Sites from the Montana State Bureau of Abandoned Mines indicated that eighteen (18) additional
mine sites were probable sediment sources. The MBMG and Bureau of Abandoned Mine reports
contained CAD drawings of the mine sites with areas and volumes of tailings and waste rock piles.

Area based sediment loads for waste rock piles were obtained from a report produced by CDM, for
USEPA, for use in the Upper Tenmile Creek Mining Area Superfund site. CDM used RUSLE version
1.06 to generate sediment yield of 27 tons/acre/year from nose slopes, and 16 tons/acre/year from side
slopes of waste rock piles in loamy-sand textured soil. Sediment delivery ratios were generated based on
methodology described in Guidelines for the Use of the Revised Universal Soil Loss Equation (RUSLE)
Version 1.06 on Mined Lands, Construction Sites, and Reclaimed Lands (Toy and Galetovic, 1999).

Five of the High Priority Abandoned Mine sites were reported to be reclaimed. The level of reclamation,
and associated reduction in sediment production was field-assessed in the summer of 2005 at each of the
five sites. Of the five mine sites, only one (Alta) was not fully vegetated and continued to generate
sediment. Pre- and post-reclamation sediment loads were calculated for reclaimed mine scenarios.
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Appendix D Culverts

4.0 POTENTIAL SEDIMENT LOADING RISK FROM CULVERT FAILURE

Culvert failure is typically a result of run-off or stream flow ponding behind the culvert inlet. Ponding
may result from debris obstructing run-off/stream flow conveyance, or the installation of an undersized
culvert. Historically, most culverts were sized to convey a twenty-five (25) year discharge event (B.
Stuart, personal communication). This return interval has been determined to be inadequately short, and
has resulted in numerous undersized culverts on the landscape. Culverts currently being installed are
typically sized to convey at least a 100-year discharge event. The large numbers of undersized culverts
on the landscape have resulted in an increased probability of sediment loading from culvert fill material
during catastrophic culvert failure. Surveys indicate that many of the culverts within the Lake Helena
TPA are undersized (B. Stuart, personal communication) and at increased risk of failure.

A culvert hazard analysis was conducted by the Helena National Forest in the Poorman Creek watershed
in 1996. Poorman Creek is not within the Lake Helena TPA; however, the similarity in age of the forest
road infrastructure justifies the extrapolation of analysis results to forest roads within the Lake Helena
TPA (B. Stuart, personal communication). Culverts dimensions were surveyed and risk of failure was
qualitatively rated as high, moderate, or low. On a percentage basis, the Poorman Creek culvert hazard
analysis reported: high risk of culvert failure = 45%, moderate risk of culvert failure = 30%, low risk of
culvert failure = 25%. The corresponding percentages were extrapolated and applied to the Lake Helena
TPA.

4.1 Additional Roads Assessment Using WEPP:Road

An alternative road sediment analysis was conducted in addition to the GWLF modeling. This secondary
modeling effort utilized the WEPP:Road module developed by the Rocky Mountain Research Station,
USFS. The decision to implement this modeling exercise was related to scale issues associated with the
GWLF model. GWLF is well-suited for estimating sediment loads at the watershed scale, but the input
parameters lack the detail to model site specific road related sediment loading. In order to assist in the
identification of road sediment source areas, site specific road data was collected and modeled using
WEPP:Road.

A stratified random sample was conducted in each sediment listed watershed. All stream-road crossings
within each listed watershed were identified, and assigned a unique numeric identifier through GIS.

(Only roads available on the most recent GIS roads layer were used, it is likely that roads are present on
the landscape that were not captured by the GIS roads layer.) Random numbers were assigned to each
road crossing, and then ranked in ascending order. The sampling protocol required that 10% of all road
crossings within each sediment listed watershed would be visited and surveyed. The requisite number of
crossings were surveyed in each watershed by Land & Water/PBS&J personnel during the spring of 2005.

WEPP uses the RockClime climate generator to model weather events over a thirty year period. A single
RockClime climate station was developed and used for the entire sampling area. This station was
“located” at 5415 feet and “received” 14.3 inches of precipitation annually. The analysis area was
divided into two soil types, sandy loam and loam. The soil type used to model an individual watershed
was based on that watershed’s underlying geology. Sandy loam soils were used for watersheds in granitic
geologies, and loam soils were used in watersheds in the northern Lake Helena watershed, outside of the
batholith.
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5.0 SEDIMENT MODELING RESULTS

This section summarizes the results of the additional sediment source assessment modules.
5.1 Remote sediment source quantification

The remote sediment source quantification of current stream conditions for the sediment impaired streams
represents a refinement to the measurements and observations assembled for the original Preliminary
Source Assessment (Appendix C), of the Volume | — Watershed Characterization and Water Quality
Status Review (2004). The results of this current remote survey were used in conjunction with field work
conducted in the summer of 2003 and the spring of 2005 to generate sediment loads and to estimate the
degree of channel alterations. In many instances channel alterations, such as length of rip-rap, are
underestimated due to lack of visibility on the orthophotos. See Tables 5-1 to 5-3 for the results of the
aerial sediment source assessment.

The historical analysis of channel alterations along Upper Prickly Pear Creek was conducted to
differentiate the effects of channel alterations due to historical placer mining from the construction of
Interstate 15. The most notable channel change for this portion of Prickly Pear Creek was the
replacement of channel encroachment from placer tailing piles to encroachment from the interstate and
secondary roads (Table 5-4). On average, segments MT411006_060 and MT411006_050 had a loss of
sinuosity at 9% and 8% respectively. This loss of sinuosity coincided with an average increase in channel
slope of 8% and 4% for the corresponding reaches. The surveyed portions of segments MT411006_060,
MT411006_050, and MT411006_040 had an average gain in bankfull width of 59%, 34%, and 13%,
respectively. The portion of segment MT411006_060 surveyed had an overall loss of encroachment for
both the left and right banks due to the removal of tailings piles and relocation of the channel. But both
segment MT411006_050 and the portion of MT411006_040 surveyed had an overall increase in left and
right bank encroachment due to the interstate and secondary road development. As an example, one reach
of segment MT411006_050 went from 4 road crossings in 1956 to 12 in 1995. Although channel pattern
may never recover to undisturbed conditions, the riparian vegetation appears to have rebounded in many
of the reaches surveyed. See Tables 5-5 to 5-7 for the results of the historical aerial assessment.
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Table 5-1. Summary of Channel Changes on Upper Prickly Pear Creek since 1956

Left Bank Right Bank
Sinuosity | Channel Bankfull Encroachment Encroachment

303(d) Segment Reach_ID A Slope A | Width A A* A*

MT411006 060 60 R5 -9% NC 64% 0% -100%
MT411006 060 60 R6 -9% 8% 53% -83% -85%
MT411006_060 Average 9% 8% 59% -42% -92%
MT411006_050 50 R1 -9% 10% 96% -100% -2%
MT411006 050 50 R2 -25% 22% 3% -26% -57%
MT411006_050 50 R3 NC NC 43% 75% 21%
MT411006_050 50 R4 -8% 0% 30% 1080% 67%
MT411006 050 50 R5 10% -17% 25% 217% 43%
MT411006 050 50 R6 NC NC 9% -72% -42%
MT411006_050 Average -8% 4% 34% 195% 5%

MT411006_040 40 R1 NC NC 49% -50% -48%
MT411006 040 40 R2 NC NC -22% 34% 131%
MT411006_040 40 R3 NC NC 12% 100% 100%
MT411006_040 Average NC NC 13% 28% 61%

NC = No Change

*Measures for the specified reaches on recent photos were made for all forms of encroachment, not just roads (i.e. placer tailings

piles)
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Figure 5-1.

Locations of the 2003 and 2005 Field Survey Source Assessment Sites
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Table 5-2. Aerial Sediment Source Assessment: 303(d) Channel Form

303(d) Reach Elevation A Valley Valley Channel Bankfull
| Segment Photo Year & Source Reach ID | Length (ft) (ft) Length Slope Sinuosity Slope Width (ft)

MT411006_060 [ 1998 - BW Ortho 60_R1 12880 1235 12570 9.8% 1.0 9.6% ~5
MT411006 060 | 1998 - BW Ortho 60 R2 12157 665 11203 5.9% 1.1 5.5% ~10
MT411006 060 | 1998 - BW Ortho 60 R3 9611 485 9172 5.3% 1.0 5.0% ~10
MT411006_060 | 1995 - BW Ortho 60_R4 6014 155 5651 2.7% 1.1 2.6% ~10
MT411006_060 [ 1995 - BW Ortho 60_R5 1645 30 1583 1.9% 1.0 1.8% 25.0
MT411006 060 | 1995 - BW Ortho 60 R6 4706 65 4489 1.4% 1.0 1.4% 26.8
MT411006_090 | 1995 - BW Ortho CRB_R1 8996 1040 8488 12.3% 1.1 11.6% ~5
MT411006_090 | 1995 - BW Ortho CRB_R2 873 45 837 5.4% 1.0 5.2% ~10
MT411006 090 | 1995 - BW Ortho CRB_R3 5056 188 4852 3.9% 1.0 3.7% ~10
MT411006 080 | 1995 - BW Ortho SPR R1 7764 142 7372 1.9% 1.1 1.8% ~10
MT411006_080 | 1995 - BW Ortho SPR_R2 1315 35 1296 2.7% 1.0 2.7% ~10
MT411006_050 [ 1995 - BW Ortho 50_R1 3996 42 3829 1.1% 1.0 1.1% 23.5
MT411006 050 | 1995 - BW Ortho 50 R2 16577 183 17728 1.0% 0.9 1.1% 18.5
MT411006_050 [ 1997 - BW Ortho 50_R3 5456 45 5364 0.8% 1.0 0.8% 18.3
MT411006_050 | 1997 - BW Ortho 50 R4 4082 40 3573 1.1% 1.1 1.0% 23.2
MT411006 050 | 1997 - BW Ortho 50 R5 3225 17 2998 0.6% 1.1 0.5% 19.0
MT411006 050 | 1997 - BW Ortho 50 R6 3853 23 3516 0.7% 1.1 0.6% 22.3
MT411006_100 | 1997 - BW Ortho MFWS_R1 7300 690 7221 9.6% 1.0 9.5% ~10
MT411006 100 | 1997 - BW Ortho MFWS R2 7599 477 7447 6.4% 1.0 6.3% ~10
MTA411006 180 | 1997 - BW Ortho NFWS R1 3653 495 3483 14.2% 1.0 13.6% ~5
MT411006_180 | 1997 - BW Ortho NFWS_R2 2814 185 2725 6.8% 1.0 6.6% ~5
MT411006_180 | 1997 - BW Ortho NFWS R3 7953 567 7564 7.5% 1.1 7.1% ~10
MT411006 180 | 1997 - BW Ortho NFWS R4 5155 200 4828 4.1% 1.1 3.9% ~15
MT411006 110 | 1997 - BW Ortho WS R1 5704 90 4491 2.0% 1.3 1.6% ~20
MT411006_110 | 1997 - BW Ortho WS _R2 5543 88 4263 2.1% 1.3 1.6% ~20
MT411006 110 | 1997 - BW Ortho WS R3 6572 90 5053 1.8% 1.3 1.4% ~25
MT411006 110 | 1997 - BW Ortho WS R4 1361 10 1335 0.7% 1.0 0.7% ~15
MT411006_120 | 1995 - BW Ortho CL R1 8671 1220 8317 14.7% 1.0 14.1% ~10
MT411006_120 | 1995 - BW Ortho CL_R2 9388 335 8519 3.9% 1.1 3.6% ~15
MT411006 120 | 1995 - BW Ortho CL_R3 4873 235 4680 5.0% 1.0 4.8% ~10
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Table 5-2. Aerial Sediment Source Assessment: 303(d) Channel Form

303(d) Reach Elevation A Valley Valley Channel Bankfull
| Segment Photo Year & Source Reach ID | Length (ft) (ft) Length Slope Sinuosity Slope Width (ft)

MT411006_120 | 1995 - BW Ortho CL R4 10634 350 9514 3.7% 1.1 3.3% ~15
MT411006 120 | 1995 - BW Ortho CL_R5 13552 235 12854 1.8% 1.1 1.7% ~20
MT411006 120 | 1995 - BW Ortho CL_R6 7154 95 6509 1.5% 1.1 1.3% ~20
MT411006_120 | 1995 - BW Ortho CL_R7 13000 195 12332 1.6% 1.1 1.5% ~20
MT411006_120 [ 1997 - BW Ortho CL_RS8 3522 40 2702 1.5% 1.3 1.1% ~20
MT411006 120 | 1997 - BW Ortho CL_R9 473 10 473 2.1% 1.0 2.1% ~15
MT411006_130 | 1995 - BW Ortho LG_R1 6537 540 6425 8.4% 1.0 8.3% ~5
MT411006_130 | 1995 - BW Ortho LG _R2 15415 900 13941 6.5% 1.1 5.8% ~10
MT411006 130 | 1995 - BW Ortho LG R3 10411 410 9785 4.2% 1.1 3.9% ~10
MT411006 130 | 1995 - BW Ortho LG R4 3824 90 3096 2.9% 1.2 2.4% ~15
MT411006_130 | 1995 - BW Ortho LG_R5 4809 205 4430 4.6% 1.1 4.3% ~15
MT411006_130 | 1995 - BW Ortho LG_R6 15931 585 14313 4.1% 1.1 3.7% ~15
MT411006 130 | 1995 - BW Ortho LG R7 3507 80 3060 2.6% 1.1 2.3% ~20
MT411006_130 | 1995 - BW Ortho LG_R8 4485 70 4173 1.7% 1.1 1.6% ~15
MT411006_130 [ 1995 - BW Ortho LG_R9 17057 130 14534 0.9% 1.2 0.8% ~20
MT411006 040 | 1995 - BW Ortho/2004 C Ortho 40 R1 9307 65 8346 0.8% 1.1 0.7% 31.5
MT411006 040 | 2004 C Ortho 40 R2 12238 55 11370 0.5% 1.1 0.4% 20.6
MT411006_040 | 2004 C Ortho 40 R3 9908 40 8082 0.5% 1.2 0.4% 27.7
MT411006 040 | 2004 C Ortho 40 R4 7641 60 7279 0.8% 1.0 0.8% 24.8
MT411006 040 | 2004 C Ortho 40 R5 9220 55 7107 0.8% 1.3 0.6% 32.2
MT411006_040 [ 2004 C Ortho 40_R6 5667 40 5407 0.7% 1.0 0.7% 38.0
MT411006_040 [ 2004 C Ortho 40 _R7 5371 42 4748 0.9% 1.1 0.8% 28.0
MT411006 030 | 2004 C Ortho 30 R1 2235 3 1817 0.2% 1.2 0.1% 16.2
MT411006 030 | 2004 C Ortho 30 R2 9244 65 8434 0.8% 1.1 0.7% 28.4
MT411006_030 [ 2004 C Ortho 30_R3 16236 62 10956 0.6% 1.5 0.4% 24.9
MT411006 020 | 2004 C Ortho 20 R1 10860 21 5500 0.4% 2.0 0.2% 28.4
MT411006 020 | 2004 C Ortho 20 R2 13928 27 7786 0.3% 1.8 0.2% 27.5
MT411006_020 | 2004 C Ortho 20_R3 11297 10 8241 0.1% 1.4 0.1% 35.4
MT411006_142 | 1995 - BW Ortho/2004 C Ortho 142 _R1 6878 175 6395 2.7% 1.1 2.5% ~20
MT411006 142 | 1995 - BW Ortho 142 R2 4774 125 4431 2.8% 1.1 2.6% ~20
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Table 5-2. Aerial Sediment Source Assessment: 303(d) Channel Form

303(d) Reach Elevation A Valley Valley Channel Bankfull
| Segment Photo Year & Source Reach ID | Length (ft) (ft) Length Slope Sinuosity Slope Width (ft)
MT411006_142 | 1995 - BW Ortho/2004 C Ortho 142_R3 6567 130 5734 2.3% 1.1 2.0% ~25
MT411006 142 | 2004 C Ortho 142 R4 3815 75 3608 2.1% 1.1 2.0% ~25
MT411006 142 | 2004 C Ortho 142 R5 7773 140 7175 2.0% 1.1 1.8% ~25
MT411006_142 | 2004 C Ortho 142 R6 10915 175 9718 1.8% 1.1 1.6% ~25
MT411006 143 | 2004 C Ortho 143 R1 17580 245 15874 1.5% 1.1 1.4% ~25
MT411006 143 | 2004 C Ortho 143 R2 2576 35 2447 1.4% 1.1 1.4% ~25
MT411006_143 | 2004 C Ortho 143 R3 9062 90 7623 1.2% 1.2 1.0% ~30
MT411006_143 [ 2004 C Ortho 143 R4 3813 32 3733 0.9% 1.0 0.8% ~25
MT411006 143 | 2004 C Ortho 143 R5 5199 58 4569 1.3% 1.1 1.1% ~25
MT411006 143 | 2004 C Ortho 143 R6 13572 109 11646 0.9% 1.2 0.8% ~25
MT411006_143 | 2004 C Ortho 143 R7 12471 71 8384 0.8% 1.5 0.6% ~25
MT411006 143 | 2004 C Ortho 143 R8 10850 55 7812 0.7% 1.4 0.5% ~25
MT411006 143 | 2004 C Ortho 143 R9 6351 40 5131 0.8% 1.2 0.6% ~25
MT411006_143 | 2004 C Ortho 143 R10 11162 35 7655 0.5% 1.5 0.3% ~25
MT411006 220 | 1995 - BW Ortho SG_R1 7719 800 7100 11.3% 1.1 10.4% ~10
MT411006 220 | 1995 - BW Ortho SG R2 5084 380 4676 8.1% 1.1 7.5% ~10
MT411006 220 | 1995 - BW Ortho SG R3 8445 450 7739 5.8% 1.1 5.3% ~10
MT411006_220 | 2004 C Ortho SG_R4 7980 395 7310 5.4% 1.1 4.9% ~10
MT411006 220 | 2004 C Ortho SG R5 5745 58 4875 1.2% 1.2 1.0% ~10
MT411006 220 | 2004 C Ortho SG_R6 4234 119 3931 3.0% 1.1 2.8% ~10
MT411006_220 | 2004 C Ortho SG_R7 4546 103 4225 2.4% 1.1 2.3% ~10
MT411006_160 [ 2004 C Ortho SVM_R1 5385 88 4484 2.0% 1.2 1.6% ~15
MT411006 160 | 2004 C Ortho SVM_R2 6591 87 5347 1.6% 1.2 1.3% ~20
MT411006 160 | 2004 C Ortho SVM_R3 3235 40 2661 1.5% 1.2 1.2% ~20
MT411006_160 [ 2004 C Ortho SVM_R4 12624 125 8344 1.5% 1.5 1.0% ~20
MT411006 160 | 2004 C Ortho SVM_R5 8697 93 5487 1.7% 1.6 1.1% ~20
MT411006 160 | 2004 C Ortho SVM_R6 9513 84 6489 1.3% 1.5 0.9% ~20
MT411006_160 | 2004 C Ortho SVM_R7 4449 40 3861 1.0% 1.2 0.9% ~15
MT411006_160 [ 2004 C Ortho SVM_RS8 1958 20 1539 1.3% 1.3 1.0% ~15
MT411006 210 | 1995 - BW Ortho JF R1 2579 335 2481 13.5% 1.0 13.0% ~5
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Table 5-2. Aerial Sediment Source Assessment: 303(d) Channel Form
303(d) Reach Elevation A Valley Valley Channel Bankfull
| Segment Photo Year & Source Reach ID | Length (ft) (ft) Length Slope Sinuosity Slope Width (ft)
MT411006 210 | 1995 - BW Ortho JF _R2 1612 225 1561 14.4% 1.0 14.0% ~10
MT411006 210 | 1995 - BW Ortho JF R3 1284 85 1146 7.4% 1.1 6.6% ~10
MT411006 210 | 1995 - BW Ortho JF R4 1956 43 1872 2.3% 1.0 2.2% ~10
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Table 5-3. Aerial Sediment Source Assessment: 303(d) Channel Alterations

Left
Bank
Length Right Bank Right
Length of Length of of Reach Length of Bank
Road w/in Railway w/in | w/ Road Reach w/ Length Percent
100 ft of 100 ft of Encroac Road of affected
303(d) Photo Year & Reach Reach Reach (GIS, hment Encroach Left Bank Length RipRap by
| Segment Source 1D (GIS, ft) ft) (ft) ment (ft) of RipRap (ft) (ft) Jetties Dikes | Mining
MT411006_060 | 1998 - BW Ortho 60_R1 2742.3 4520
MT411006_060 | 1998 - BW Ortho 60_R2 0.0 837 ~10%
MT411006_060 | 1998 - BW Ortho 60_R3 3325.7 368 4626
MT411006_060 | 1995 - BW Ortho 60_R4 2896.1 3163 60
MT411006_060 | 1995 - BW Ortho 60_R5 186.3 45%
MT411006_060 | 1995 - BW Ortho 60_R6 769.7 596 579 12%
MT411006_090 | 1995 - BW Ortho CRB_R1 504.4 5%
MT411006_090 | 1995 - BW Ortho CRB_R2 681.0 873 100%
MT411006_090 | 1995 - BW Ortho CRB_R3 2731.9 199 - too high 1276
MT411006_080 | 1995 - BW Ortho SPR_R1 579.8 659 100%
MT411006_080 | 1995 - BW Ortho SPR_R2 1328.8 976 505 41%
MT411006_050 | 1995 - BW Ortho 50 _R1 840.3 823 120 1 100%
MT411006_050 | 1995 - BW Ortho 50_R2 12660.4 9559 1486 405 78%
4931 hand
MT411006_050 | 1997 - BW Ortho 50_R3 6083.4 calc 5456 3449 500 500
MT411006_050 | 1997 - BW Ortho 50 R4 2776.6 1193 1396 378 351
MT411006_050 | 1997 - BW Ortho 50_R5 3564.9 428.7 1227 3225 2900 2900
MT411006_050 | 1997 - BW Ortho 50 _R6 305.5 49.9 145 343 100%
MT411006_100 | 1997 - BW Ortho MFWS_R1 3228.6 1178 2952 23%
MT411006_100 | 1997 - BW Ortho MFWS R2 5042.4 4519
MT411006_180 | 1997 - BW Ortho NFWS R1 1058.1 road probably far enough away to not impact stream except for about 550'
MT411006_180 | 1997 - BW Ortho NFWS_ R2 810.7 1367
MT411006_180 | 1997 - BW Ortho NFWS_R3 2994.0 3782
MT411006_180 | 1997 - BW Ortho NFWS R4 2134.4 1210 ~40%
MT411006_110 | 1997 - BW Ortho WS _R1 560.2 ~40%
MT411006_110 | 1997 - BW Ortho WS_R2 1918.4 686
MT411006_110 | 1997 - BW Ortho WS_R3 1215.0
MT411006_110 | 1997 - BW Ortho WS_R4 1424.2 215 1186 135 135 ~50%
MT411006_120 | 1995 - BW Ortho CL_R1 4944.6 4499 13%
MT411006_120 | 1995 - BW Ortho CL_R2 2178.1 360 1109 105 105 ~20%
MT411006_120 | 1995 - BW Ortho CL_R3 3539.4 1542 ~90%
MT411006_120 | 1995 - BW Ortho CL_R4 2974.3 386 13%
MT411006_120 | 1995 - BW Ortho CL_R5 2066.8 ~90%
MT411006_120 | 1995 - BW Ortho CL_R6 801.9 ~10%
MT411006_120 | 1995 - BW Ortho CL_R7 306.2 1009 ~95%
MT411006_120 | 1997 - BW Ortho CL_RS8 312.0 52.7
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Table 5-3. Aerial Sediment Source Assessment: 303(d) Channel Alterations

Left
Bank
Length Right Bank Right
Length of Length of of Reach Length of Bank
Road w/in Railway w/in | w/ Road Reach w/ Length Percent
100 ft of 100 ft of Encroac Road of affected
303(d) Photo Year & Reach Reach Reach (GIS, hment Encroach Left Bank Length RipRap by
| Segment Source 1D (GIS, ft) ft) (ft) ment (ft) of RipRap (ft) (ft) Jetties Dikes | Mining |
MT411006_120 | 1997 - BW Ortho CL_R9 527.6 492.4 473
MT411006 130 | 1995 - BW Ortho LG R1 0.0
MT411006 130 | 1995 - BW Ortho LG _R2 1357.4 436 ~25%
MT411006 130 | 1995 - BW Ortho LG R3 1249.1 ~35%
MT411006 130 | 1995 - BW Ortho LG R4 1035.6 ~30%
MT411006 130 | 1995 - BW Ortho LG R5 1443.5 537 1003 78 ~10%
MT411006 130 | 1995 - BW Ortho LG_R6 8545.9 7763 ~5%
MT411006 130 | 1995 - BW Ortho LG R7 199.7
MT411006 130 | 1995 - BW Ortho LG_R8 2130.1 664 469 40 100
MT411006 130 | 1995 - BW Ortho LG _R9 1704.9 90 90
1995 - BW
Ortho/2004 C
MT411006_040 | Ortho 40 R1 1912.8 2345.4 3223 1829 525 901 ~35%
MT411006 040 | 2004 C Ortho 40 R2 5677.2 5445.4 4863 6021 4958 5392
MT411006_040 | 2004 C Ortho 40_R3 1017.9 941.8 785 350 1427 430 ~45%
MT411006 040 | 2004 C Ortho 40 R4 1740.6 955.4 1226 1829 581 581 ~80%
MT411006_040 | 2004 C Ortho 40_R5 0.0 1610.9 363 998 193 317 ~40%
MT411006 040 | 2004 C Ortho 40 R6 160.6 430.9 100 825 939 284 2 100%
MT411006 040 | 2004 C Ortho 40 R7 1257.1 97.8 625 625 172 178 1
MT411006 030 | 2004 C Ortho 30 R1 483.4 141 111
MT411006_030 | 2004 C Ortho 30_R2 203.3 100 100 1
MT411006 030 | 2004 C Ortho 30 R3 1691.0 718 100 401 75 1
MT411006 020 | 2004 C Ortho 20 R1 248.1 247 210
MT411006 020 | 2004 C Ortho 20 R2 1325.7 653 888 800 1024
MT411006_020 | 2004 C Ortho 20 _R3 0.0
1995 - BW
Ortho/2004 C
MT411006 142 | Ortho 142 R1 1962.1 559 2265 12%
MT411006 142 | 1995 - BW Ortho 142 R2 1325.9 1184 1738 ~30%
1995 - BW
Ortho/2004 C
MT411006 142 | Ortho 142 _R3 750.4 841 367 ~10%
MT411006 142 | 2004 C Ortho 142 R4 2210.2 80 1571
MT411006 142 | 2004 C Ortho 142 R5 4950.2 1481 1824 ~5%
MT411006 142 | 2004 C Ortho 142 R6 3231.8 527 2290
MT411006 143 | 2004 C Ortho 143 R1 862.5
MT411006 143 | 2004 C Ortho 143 R2 475.7 158 2254 1
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Table 5-3. Aerial Sediment Source Assessment: 303(d) Channel Alterations
Left
Bank
Length Right Bank Right
Length of Length of of Reach Length of Bank
Road w/in Railway w/in | w/ Road Reach w/ Length Percent
100 ft of 100 ft of Encroac Road of affected
303(d) Photo Year & Reach Reach Reach (GIS, hment Encroach Left Bank Length RipRap by
| Segment Source 1D (GIS, ft) ft) (ft) ment (ft) of RipRap (ft) (ft) Jetties Dikes | Mining |

MT411006 143 | 2004 C Ortho 143 R3 816.6 308 962
MT411006_143 | 2004 C Ortho 143 R4 303.2 3813
MT411006 143 | 2004 C Ortho 143 R5 1313.3 252 450
MT411006_143 | 2004 C Ortho 143 R6 1153.5 529.2
MT411006 143 | 2004 C Ortho 143 R7 219.7 380 260 1
MT411006_143 | 2004 C Ortho 143 R8 1642.0 670 1704 225 (surveyed)
MT411006 143 | 2004 C Ortho 143 R9 0.0
MT411006_143 | 2004 C Ortho 143 R10 235.1
MT411006 220 | 1995 - BW Ortho SG _R1 3568.7 854 879
MT411006_220 | 1995 - BW Ortho SG_R2 0.0 20%
MT411006 220 | 1995 - BW Ortho SG_R3 1139.4 1042
MT411006_220 | 2004 C Ortho SG_R4 2441.9 150 ~3%
MT411006 220 | 2004 C Ortho SG_R5 1032.6 216 133 ~3%
MT411006_220 | 2004 C Ortho SG_R6 4028.3 1081 101
MT411006 220 | 2004 C Ortho SG_R7 3340.9 102.3 1083 118
MT411006_160 [ 2004 C Ortho SVM_R1 0.0 422.1 392 131 14%
MT411006 160 | 2004 C Ortho SVM_R2 0.0 766.0 1426 71
MT411006_160 | 2004 C Ortho SVM_R3 0.0 915.7 313
MT411006 160 | 2004 C Ortho SVM_R4 373.9 2586.8 105 1045
MT411006_160 | 2004 C Ortho SVM_R5 994.9 360.6 190
MT411006 160 | 2004 C Ortho SVM_R6 188.0 119 58 1 ~10%
MT411006_160 [ 2004 C Ortho SVM_R7 0.0
MT411006 160 | 2004 C Ortho SVM_R8 0.0 215.8 125 125
MT411006_210 | 1995 - BW Ortho JF R1 3224.5 2216 832 6%
MT411006 210 | 1995 - BW Ortho JF R2 944.8 72 342
MT411006_210 | 1995 - BW Ortho JF _R3 693.8
MT411006 210 | 1995 - BW Ortho JF R4 208.1 150 150

sjinsay Buljapo

a xipuaddy



leuld

€c-a

Table 5-4. Aerial Sediment Source Assessment: 303(d) Channel Observations
Photo Year & | Reach MRLC
303(d) Segment Source ID Land Use Classification Notes
1998 - BW forest - dense conifer forest, forest road is probably the only man caused
MT411006_060 Ortho 60_R1 recreation/habitat Evergreen Forest sediment source - more ATV trails visible than in GIS layer
forest " . mostly Evergreen dense conifer forest with some wetland areas in stream bottom, forest
recreation/habitat, . .
1998 - BW . Forest with some road and possibly development near end of reach man caused
MT411006_060 60_R2 some private - L o
Ortho Grassland area sediment sources, HNF documented some incision from historic
houses near end of L -
near stream mining, 1 road crossing
reach
MT411006_060 1998 - BW 60_R3 forest/private Evergreen Forest conlff_sr forest with Ian(_:i ownership change to _prlvate, dispersed _
Ortho houses housing, 3 road crossings, road encroaches in narrow valley opening
. Evergreen Forest . . . .
MT411006_060 1995 - BW 60_R4 forest/private transitioning to dlspgrsed housing, 3 road crossings, road encroaches in narrow valley
Ortho houses opening
Grassland
- i i I 0,
MT411006 060 1995 - BW 60 R5 pasture Grassland major alterqtlons for dredge boat operation (40% of rgach),
- Ortho - braiding/split channel near end of reach, 1 road crossing
. channel has been moved from 1956 location towards LB, beaver
MT411006_060 1995 - BW 60_R6 transportation Grassland/Wetland ponds/wetland area surround stream, dense riparian vegetation, Road
Ortho corridor / Evergreen Forest - )
crossings 2 (115 and Jefferson City entry)
intermittent stream, not much for man-caused sediment sources,
1995 - BW CRB_R . some small mine spoil piles proximal to stream (Monte Christo,
MT411006_090 Ortho 1 occasional pasture | Grassland Horseshoe Claim, Chalcopyrite Mine) , 2 road crossings (private low
use road)
mine reclamation from Bertha mine has left riparian area barren,
- i 0,
MT411006_090 1995 - BW CRB_R mine reclamation Grassland straightened channgl, and armored_banks (100% of reach e_lltered),
Ortho 2 numerous road sediment delivery sites to upstream tributaries, H.P.
mine: Alta in tributary HW
1995 - BW CRB R occasional pasture riparian area continues to be barren, some road encroachment,
MT411006_090 Ortho 3 with small town at Grassland channelization in town of Corbin (15% of reach), 4 road crossings (2
end of stream driveways)
1995 - BW SPR_R | pasture, some mine reclamation from Corbin Flats mine has left riparian area barren
MT411006_080 Ortho 1 dispersed housing Grassland and straightened channel into virtually a ditch (90% of reach)
townsite, some . o . .
MT411006_080 1995 - BW SPR_R pasture at Grassland reach. is 100% channelized for flow through Jefferson City, 3 road
Ortho 2 S crossings
beginning of reach
mostly Grassland, reach is staring to gain some sinuosity, bermed at end of reach for
MT411006 050 1995 - BW 50 R1 transportation some Evergreen flow through culvert under 115, dense riparian vegetation near end of
- Ortho - corridor Forest and reach, about 80% of reach still straight from channelization associated
Wetland with placer mining/highway development
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Table 5-4. Aerial Sediment Source Assessment: 303(d) Channel Observations
Photo Year & | Reach MRLC
303(d) Segment Source ID Land Use Classification Notes
mostly Grassland, wrtslally e_ntlre reach is channfellzed, (rjlp rsp r()jroba_l?]ly an "
1995 - BW transportation some Evergreen underestimate, some areas of meander bends with gravel bar
MT411006_050 50_R2 ; deposits/split channel, 12 roads crossings (1- 115, others mostly
Ortho corridor Forest and . : .
driveways), reach confined between highway/frontage road and
Shrubland : -
terrace (RB), minor road encroachment on RB, end of reach sinuous
Com/Ind/Trans entire reach confined between RR bed and 115, 100% channelized,
MTA411006 050 1997 - BW 50 R3 transportation Everareen Forést lots of riprap documented in the field (amount calculated probably
- Ortho - corridor 9 ’ underestimate), 2 road crossings (115), road encroachment for LB is
Grassland .
mainly from old RR bed
transportation Com/Ind/Trans, stream flowing between 115 and frontage road, "relatively unconfined"
1997 - BW : Evergreen Forest, . . .
MT411006_050 50 R4 corridor/campgroun - 35% channelized -allowed to meander in sections, but campground
Ortho Grassland/Shrubla o
d nd developed on banks with riprap
. stream is virtually a straight line, 100% channelized, between 115 and
MT411006_050 1997 - BW 50 R5 transportation. mostly Grassland, frontage/RR in town of Clancy, Clancy Creek enters here, only bends
Ortho corridor/townsite some Shrubland .
are for road crossings (3)
mostly Grassland, beginning and end of reach have been straightened (placer tailings a