Appendix 1. Accident Data

Petty Creek Road Improvement Project MT PFH 71-1(1)












Appendix 2. Wetland Map

Petty Creek Road Improvement Project MT PFH 71-1(1)
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Appendix 3. Biological Opinion

Petty Creek Road Improvement Project MT PFH 71-1(1)










































































































































Appendix 4. Bull Trout Matrix and
Matrix to PCE Crosswalk

Petty Creek Road Improvement Project MT PFH 71-1(1)






Bull Trout Matrix of Diagnostics/Pathways and Indicators for the Petty Creek drainage.

Baseline
Condition Effects of the
Indicators 8 Comments ? Action Comments
Subpopulation
Characteristics
Subpopulation size FAR Subpopulation size is depressed relative to historic | Maintain Implementation of the proposed project is not expected to
levels, but the subpopulation is not at alarmingly negatively affect the subpopulation size in Petty Creek
low numbers. because construction impacts will be temporary, best
management practices (BMPs) will be employed, and
instream work will be restricted to work windows
determined through coordination with the USFWS. In
addition, some indicators such as sediment and substrate
imbeddedness will likely be improved in the long term,
which will likely help to maintain and potentially raise the
subpopulation size.
Growth and survival FAR Population is depressed, but is not in a rapid state | Maintain With application of BMPs and adherence to construction
of decline. windows, the proposed project will not measurably affect
bull trout growth and survival, recruitment or the recovery
rate of the Petty Creek subpopulation.
Life history diversity FAR Migratory fish enter Petty Creek from the Clark Maintain New stream crossing structures will improve fish passage,
and isolation Fork River and some genetic exchange is possible but this is not expected to affect bull trout life history
with subpopulations in Fish Creek and Ninemile diversity or bull trout subpopulation isolation because the
Creek. new structures are not opening up previously inaccessible
portions of Petty Creek or its tributaries, but rather
improving passage to include all life stages of fish.
Persistence and genetic FAR Clark Fork contributes a fair number of fluvial Maintain New stream crossing structures will improve fish passage,
integrity fish to Petty Creek, but populations within Clark which could enhance connectivity between the Petty Creek
Fork River are fragmented. Some genetic bull trout subpopulation and subpopulations in Fish Creek
exchange is possible with subpopulations in Fish and Ninemile Creek, as well as with other trout populations.
Creek and Ninemile Creek. Rainbow and brook However, because the new structures are not opening up
trout present threats to genetic integrity. previously inaccessible portions of Petty Creek or its
tributaries, but rather improving passage to include all life
stages of fish, it is not expected that the proposed project
will change existing genetic exchange.
Water Quality




Baseline

Condition Effects of the
Indicators 8 Comments ? Action Comments
Temperature FAR Actual stream temperatures were not available. Maintain Loss of minor amounts of vegetation including shrubs and
This indicator was based on 5 to 25 percent of the grasses in disturbed areas will not measurably affect water
stream not having tree cover. temperatures in Petty Creek. Additionally, the
establishment of vegetation along the creek in select areas
where vegetation is currently lacking and revegetation of
disturbed areas will help offset temperature changes and
may improve the water temperatures in the long term.
Sediment FUR This indicator was evaluated based on road Degrade in short | The proposed project would contribute to the degradation of
density, presence of mining sites, and number of term this indicator during construction due to expected increases
culverts in the watershed. This watershed has in sedimentation to streams. Implementation of BMPs
greater than 2.7 kilometers / 2.6 square kilometers | Maintain/improve | would reduce but not eliminate this risk.
(1.7 miles/square mile) road density; greater than | in long term A paved road surface with stormwater runoff directed to
30 percent of stream length with roads within 90 drainage ditches would maintain and likely improve this
meters (300 feet), and extensive grazing. indicator in the long term.
Chemical FUR/FAR | Lower Petty Creek functions at an unacceptable Maintain Due to the extent of construction activities planned it is
contamination/nutrients risk because there are one or more reaches with likely that chemicals will enter Petty Creek, however, levels
impaired water quality. Within upper Petty Creek will be minimal with the implementation of BMPs and spill
this indicator is functioning appropriately and control plans.
there are no systems on the state list of streams
with impaired water quality.
Habitat Access
Physical barriers FAR This indicator was evaluated based on known Maintain Implementation of the proposed project will not create any

barriers and culverts on fish bearing streams,
however, the condition of all culverts is not
known. Upper and lower Petty Creek have no
known permanent barriers. Some culverts do not
provide fish passage for all life stages of fish.

permanent barriers to upstream and downstream fish
passage. Temporary barriers to fish movement may be
created during the establishment and removal of diversion
channels.

Habitat Elements




Baseline

Condition Effects of the
Indicators 8 Comments ? Action Comments
Substrate embeddedness FUR This indicator was evaluated the same as for Degrade in short Structure removal, fill removal and construction of a new
sediment. term structure and roadway over upper Petty Creek as well as
work along Petty Creek and in Petty Creek’s tributaries will
Maintain/improve | likely result in delivery of sediment to the stream during
in long term construction. If excess amounts of sediment reach the
channel, increased substrate embeddedness may occur.
However, this will be reduced with BMPs and sediment
control measures in place. Also, a paved road surface with
stormwater runoff directed to drainage ditches would
maintain and likely improve this indicator in the long term.
Large woody debris FUR/FAR | This indicator was evaluated based on tree cover Maintain Because the project is proposing to use the existing road
along stream banks, number of roads within 90 alignment with only slight adjustments, it is expected that
meters (300 feet) of the stream and number of very little forested riparian areas will be disturbed.
crossings in the stream. Based on these criteria, Additionally, any disturbed areas will be revegetated, and
lower Petty Creek is functioning at unacceptable some currently non-vegetated riprap areas will be planted
risk (greater than 25 percent tree cover; greater with native saplings. Therefore, the project is expected to
than 30 percent of roads are within 300 feet of maintain the existing large woody debris element.
streams; greater than 2 crossings). Based on these
criteria, upper Petty Creek is functioning at risk
(less than 10 to 25 percent tree cover; 15 to 30
percent of roads are within 90 meters (300 feet) of
streams; less than 2 crossings).
Pool frequency and FA/FAR | Within lower Petty Creek, this indicator is Maintain Because the project is proposing to use the existing road

quality

functioning appropriately and within upper Petty
Creek, it is functioning at risk.

alignment with only slight adjustments, it is not expected
that habitat features contributing to the formation of pools
(such as large woody debris) will be significantly impacted.




Baseline

Condition Effects of the
Indicators 8 Comments ? Action Comments

Large pools FUR This indicator was based on ratings for sediment, Maintain Because the project is proposing to use the existing road
large woody debris, and stream bank condition. alignment with only slight adjustments, it is not expected
This system is functioning at unacceptable risk for that forested riparian areas or vegetation will be
the following reasons: large woody debris is significantly impacted. Streambank condition is expected to
functioning at risk or unacceptable risk; stream be maintained since the existing road is in close proximity to
bank condition and sediment are functioning at Petty Creek. Sediment will increase during construction,
unacceptable risk. but this will be reduced with BMPs and sediment control

measures in place. Also, a paved road surface with
stormwater runoff directed to drainage ditches would likely
reduce sediment in the long term.

Off-channel habitat FUR/FAR | This indicator was based on the percentage of Maintain/Improve | Because the road is already in close proximity to the stream,
low-gradient streams in the watershed with roads road improvements would likely maintain this indicator.
within 300 feet of the stream. Therefore the lower With slight road realignments away from the creek and
and upper reaches Petty Creek are functioning at providing vegetation where vegetation is currently lacking,
unacceptable risk and at risk, respectively. it is expected there will be a minor improvement in this

indicator.

Refugia FUR There is no habitat refugia within the Maintain Implementation of the proposed project will not affect bull
subpopulation boundary. trout refugia.

Channel Condition and
Dynamics
Wetted width/Maximum | FUR/FAR | This indicator was evaluated the same as for Maintain Because the road is already in close proximity to the stream,
depth ratio sediment unless certain conditions were met. road improvements would likely maintain this indicator. A
paved road surface with stormwater runoff directed to
drainage ditches would maintain and possibly improve this
indicator in the long term.
Stream bank condition FUR/FAR | This indicator was evaluated the same as for Maintain Because the road is already in close proximity to the stream,

width/depth ratios.

road improvements would likely maintain this indicator.
Also, slight shifts in the alignment away from the creek and
providing vegetation where vegetation is currently lacking
may improve the indicator.




Baseline

Condition Effects of the
Indicators 8 Comments ? Action Comments
Floodplain connectivity | FUR/FAR | This indicator was evaluated the same as for Maintain Because the road is already in close proximity to the stream,
width/depth ratios. However, the C type channel road improvements on the existing alignment would likely
in upper Petty Creek would contribute to stream maintain this indicator.
instability and downcutting, so this indicator is at
risk.
Flow Hydrology
Change in peak/base FUR/FAR | This indicator was based on road density in the Maintain Implementation of the proposed project will not result in
flows watershed (described below) and amount of changes to peak/base flows. Regeneration harvest is not
regeneration harvest less than 30 years old. expected to change, and while the project will include road
Lower Petty Creek is functioning at unacceptable widening, no additional miles would be added to existing
risk (road density is at unacceptable risk and road densities.
regeneration harvest is present on greater than 25
percent of the watershed). Upper Petty Creek is at
risk (road density is at risk and regeneration
harvest covers 10 to 25 percent of the watershed).
Drainage network FUR/FAR | Road densities were used to evaluate this indicator | Maintain While the project will include road widening, no additional
increase (see below). miles would be added and implementation of the proposed
project will not result in changes to road densities.
Watershed Conditions
Road density and FUR/FAR | Lower Petty Creek includes road densities greater | Maintain While the project will include road widening, no additional
locations than 2.7 kilometers/2.6 square kilometers (1.7 miles would be added and implementation of the proposed
miles/square mile) and greater than 30 percent of project will not result in changes to road densities. Because
the stream length in the watershed within 300 feet the road is already in close proximity to the stream, road
of the stream and is therefore at unacceptable risk. improvements on the existing alignment would likely
Upper Petty Creek includes road densities maintain this indicator.
between 1.1 and 2.7 kilometers/2.6 square
kilometers (0.7 and 1.7 miles/square mile) and
between 15 and 30 percent of the stream length in
the watershed within 90 meters (300 feet) of the
stream and is therefore at risk.
Disturbance history FUR/FAR | This indicator is based on road density within Maintain Implementation of the proposed project will not alter the

sensitive landtypes and peak/base flow patterns.

existing disturbance history. While the project will include
road widening, no additional miles would be added and
implementation of the proposed project will not result in
changes to road densities.




Baseline

Condition Effects of the
Indicators 8 Comments ? Action Comments

Riparian conservation FUR/FAR | This indicator is based on road density and Maintain Implementation of the proposed project would likely

area location (described above) and tree cover on maintain this indicator. Minor degradation may occur if
stream banks (see Temperature above). forested riparian areas are lost, however, slight shifts in the

alignment away from the creek and providing vegetation
where vegetation is currently lacking may help improve the
indicator.

Disturbance regime FUR/FAR | This indicator is based on road density (described | Maintain It is not expected that implementation of the proposed
above) and amount of sensitive landtypes in the project will alter the current disturbance regime in the
watershed. Based on these criteria, lower Petty project area. While the project will include some road
Creek is functioning at unacceptable risk (greater widening, no additional miles would be added and
than 30 percent of the watershed is composed of implementation of the proposed project will not result in
sensitive landtypes). changes to road densities.

Upper Petty Creek is at risk (15 to 30 percent of
the watershed is sensitive landtypes).
Species and Habitat
Integration of species FUR The subpopulation size is small, habitat is Maintain Implementation of the proposed project would maintain this

and habitat condition

degraded and fragmented.

With no active restoration, habitat conditions will
not improve within two generations (5 to 10
years). Some connectivity remains among
subpopulations.

indicator. Degradation of habitat conditions may occur in
the short term under sediment and substrate imbeddedness,
but conditions may improve in the long term under off-
channel habitat, sediment, and substrate imbeddedness.

a. Analysis of baseline conditions is summarized from USDA Forest Service 2000, and from coordination with USFS, MTFWP, US Corps of Engineers, Environmental Protection

Agency, and USFWS.

FA = indicators are functioning appropriately.
FAR = indicators are functioning at risk.

FUR = indicators are functioning at unacceptable risk.




Primary constituent elements for bull trout critical habitat and associated habitat

indicators.

PCE

No. Description of Primary Constituent Element Associated Habitat Indicators

1 Water temperatures that support bull trout use. Bull trout Temperature; Refugia; Average wetted
have been documented in streams with temperatures from 32 | width/maximum depth ratio in scour pools in a
to 72°F (0 to 22°C), but are found more frequently in reach; Streambank condition; Change in peak/base
temperatures ranging from 36°F to 59°F (2°C to 15°C). These | flows; Riparian conservation areas; Floodplain
temperatures may vary depending on bull trout life history connectivity
stage and form, geography, elevation, diurnal and seasonal
variation, shade, such as that provided by riparian habitat,
and local ground water influence. Stream reaches with
temperatures that preclude any bull trout use are specifically
excluded from designation.

2 Complex stream channels with features such as woody Large woody debris; Pool frequency and quality;
debris, side channels, pools, and undercut banks to provide a | Large pools; Off-channel habitat; Refugia; Average
variety of depths, velocities, and instream structures. wetted width/maximum depth ratio in scour pools in

a reach; Stream bank condition; Floodplain
connectivity; Riparian conservation areas

3 Substrates of sufficient amount, size, and composition to Sediment; Substrate embeddedness; Large woody
ensure success of egg and embryo overwinter survival, fry debris; Pool frequency and quality
emergence, and young-of-the-year and juvenile survival.

This should include a minimal amount of fine substrate less
than 0.25 inch (6.3 millimeters) in diameter.

4 A natural hydrograph, including peak, high, low, and base Change in peak/base flows; Increase in drainage
flows within historic ranges or, if regulated, currently network; Disturbance history; Disturbance regime
operates under a biological opinion that addresses bull trout,
or a hydrograph that demonstrates the ability to support bull
trout populations by minimizing daily and day-to-day
fluctuations and minimizing departures from the natural cycle
of flow levels corresponding with seasonal variation.

5 Springs, seeps, ground water sources, and subsurface water Floodplain connectivity; Change in peak/base flows;
quality and quantity as a cold water source. Increase in drainage network; Riparian conservation

areas; Chemical contamination/nutrients

6 Migratory corridors with minimal physical, biological, or Life history diversity and isolation; Persistence and
water quality impediments between spawning, rearing, genetic integrity; Temperature; Chemical
overwintering, and foraging habitats, including intermittent contamination/nutrients; Physical barriers, Average
or seasonal barriers induced by high water temperatures or wetted width/maximum depth ratio in scour pools in
low flows. a reach; Change in peak/base flows; Refugia

7 An abundant food base including terrestrial organisms of Growth and survival; Life history diversity and
riparian origin, aquatic macroinvertebrates, and forage fish. isolation; Riparian conservation areas; Floodplain

connectivity (importance of aquatic habitat
condition-indirectly covered by previous 6 PCEs)

8 Permanent water of sufficient quantity and quality such that Sediment; Chemical contamination/nutrients;

normal reproduction, growth and survival are not inhibited.

Change in peak/base flows

PCE = primary constituent element. Effect Determination for Bull Trout Critical Habitat
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INTRODUCTION

This report presents the results of a road sediment assessment conducted on Petty Creek Road for
Western Federal Lands Highway Division. The objective of this effort was to assess both the
current and the predicted future sediment load from Petty Creek Road following paving.

METHODS

This assessment was conducted on Petty Creek Road from the location where it crosses the
Montana Rail Link tracks to approximately milepost 11 (no sediment delivery locations were
observed past Bill’s Creek). Two types of locations were evaluated: road segments are those
locations where the road is in close proximity to the stream but does not cross it. Stream
Crossings are those locations (bridges or culverts) where the road crosses a perennial stream.
The assessment method utilized as adapted from the Washington Forest Practice Board Standard
Methodology for Conducting Watershed Analysis. The steps in the method are as follows:

Step 1: Measure Source Area

The source area for sediment load quantification encompasses all areas of road tread, ditches, cut
slope, and fill slope from which water could flow to a stream. As an example in determining
sediment load, suppose water flow over a road tread and cut slope is diverted by a drain-dip 100
feet from a stream crossing, and then passes into a heavily vegetated, flat area that precludes
overland flow from reaching the stream. The area uphill of the drain-dip would not be counted
into the sediment load to the stream, since the drain-dip serves to isolate it from the stream.

The length (longitudinally along the road) and width (across the road prism) of the tread, cut
slope and fill slope are measured to derive the total areal extent (acres) of source area. If the cut
and fill slopes vary significantly in width along a reach of road, the observer must estimate an
average width of those features.

Step 2: Apply Modifying Factors

Several modifying factors which are described below are applied to the measurement of actual
eroding surface area. These are applied as average factors over each individual eroding area.

Cover Factor

The cover factor is the percent of non-erodible cover on each of three road features: tread, cut
slope, and fill slope. Cover percent translates into the modifying factors shown in Table 1
(Burroughs and King 1989).
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Table 1. Factor for Percent Cover Values

Cover Percent Factor
>80% 0.18
50% 0.37
30% 0.53
20% 0.63
10% 0.77
0% 1.00

Gravel Factor

The gravel factor accounts for reduced erosion from roads that have gravel applications. With a
gravel lift of 2 to 6 inches in depth, the factor is 0.50. With a gravel lift of greater than 6 inches,
the factor is 0.20 (WFPB 1997).

Traffic and Snow Factors

The traffic multiplier accounts for the fact that roads receiving heavy truck traffic have higher
erosion rates (Reid and Dunne 1984). This factor ranges from 1 to 50, as shown in Table 2. The
value assigned depends on the use that the road experiences, with heavier traffic volume
resulting in a greater multiplier.

The snow factor is the estimated percent of the year that the road feature being assessed is under
snow and/or ice. The factor works counter to the traffic multiplier. It accounts for the fact that
when a road is covered with snow or ice, the traffic is not dislodging soil particles.

Table 2. Traffic Factors
Annual Precipitation

Traffic Use/Road Category 1200 mm-3000
<1200 mm mm
Heavy Traffic--active mainline 20 50
Moderate Traffic--active secondary 2 4
Light Traffic--not active 1 1

Percent Delivery

The determination of the percent of eroded fine sediment delivered to a stream is perhaps the

most challenging part of this assessment methodology. This factor must take into account the
observer’s sense of sediment delivery over time and, without an accurate way to characterize

historical or potential future sedimentation, it becomes a matter of professional judgment.

Another difficulty in establishing sediment delivery is the potential for “double mitigation”. For
example, the calculated amount of sediment generated at a given location would be overly
reduced if the gravel factor was applied while the percent delivery was simultaneously reduced
due to the lack of sediment generation. This would result in a double mitigation. The amount of
fine sediment generated and the amount of fine sediment delivered are two different factors. To
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avoid this pitfall, “delivery” is considered as the potential for sediment to be carried to a stream
once it is eroded. If there is no sediment being eroded, the lack of erosion is accounted for with
the modifying factors of cover, gravel, etc.

Table 3 describes the general categories of sediment delivery to streams. These can be adjusted
based on the experience and judgment of the observer.

Table 3. Categories of Sediment Delivery to Streams

Percent
Category

100% Chronic direct delivery under most erosional scenarios.

Description

Direct delivery evident but not chronic; effective buffer (provided
75% by distance, gentle topography, or vegetation) during low
intensity erosional events.

50% Direct sediment delivery, but minor amounts or older events.

2504 Direct delivery unlikely except in moderate to major erosional
events.

504 Effective buffer, but proximity of road to stream makes 5%
necessary.

Step 3: Calculate Road Sediment Load

To calculate the volume of sediment contribution from each road location, the following steps
should be applied:

1. Assign a base (natural) erosion rate from roads in tons/acre/year. This can be derived
from a combination of published values and professional knowledge of the soils in the
watershed. Erosion rates from forest roads have been calculated for a number of regions
of the country. For the Intermountain West, commonly used references are Megahan and
Kidd (1972) and Burroughs and King (1989).

2. Calculate the area of erosion (length times width) for the tread, cut and fill slopes, and
convert it to acres.

3. Apply each modifying factor: cover, gravel, traffic, snow (applied to traffic factor
directly), and percent delivery.

4. Multiply all of these together to derive the sediment volume from each of these road
features (road tread, cut slope and fill slope) individually.

5. Sum these three values for the total delivery for that location, which will yield a figure in
tons of sediment per year.

Location totals thus derived can be summed for the entire watershed to arrive at a total fine
sediment contribution from roads.
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ASSUMPTIONS AND POTENTIAL ERROR

The following assumptions have been utilized in the completion of this assessment:

1.

The primary factor that will reduce sediment reduction is the paving of the road surface
as part of the road improvement project.

Grade adjustments may also reduce stormwater flow into water bodies but until final
design is complete, these cannot factor into a sediment assessment effort.

In some locations, the road is near the stream but the graded berm on the outside shoulder
of the road was observed to be stable with mature vegetation growing on it. These
locations were not tallied in the sediment loading spreadsheet.

The sediment loading at each road segment was “modeled” by reducing eroding surface
area to just the shoulder and/or ditch on one side of the road. This was estimated to be
six feet. It is assumed that the inslope shoulder will be adequately buffered by detention
basins, native vegetation, or other mechanisms. It is assumed that the outslope shoulder
will continue to be a sediment source. An example of the calculation is that if the total
width of eroding road surface was 30 feet at a given location today, following paving, it
was assumed to be six feet (just the shoulder). Through the model, this results in a
reduction in road sediment. For permitting purposes, following design, this number can
be easily refined.

There may be substantial error associated with determining drainage patterns on roads
with flat grades, such as are present on Petty Creek Road. Oftentimes, subtle differences
in grading may make major differences in sediment loading.

It is not known if dust control chemicals are utilized on this road or if they are, to what
extent. If these chemicals are used, the impact on erosion and sedimentation is unknown
and is not factored into this assessment.

There may be substantial error associated with the traffic factor. Published studies have
indicated that heavy traffic on forest roads actively dislodges sediment particles, making
them more easily erodible. In the methods used for this study, a multiplier of five was
utilized. This is an estimate based on the fact that, while traffic is somewhat heavy on
this road, it is limited to lighter vehicles. At the present time, log truck traffic is assumed
to be limited due to reduced timber harvest activities. This multiplier is anticipated to be
conservatively low. The Washington Forest Practices Board Manual for Watershed
Analysis suggests a factor of 20 for mainline roads with heavy traffic.

Delivery ratios are challenging to assess and may be subject to substantial error. While
sediment delivery may, in reality, be greater or less than that predicted in this study, the
same ratios are used for both before and after the paving project and therefore, the
percent of sediment load reduction should remain a valid prediction.

No fillslopes were counted in the sediment loading spreadsheet. The rationale was as
follows: fillslopes are not to be paved and with such a flat road grade, the distinction
between fill and natural ground are difficult to determine. In addition, most of the
outslope areas are covered with eroded or side-casted fine sediment which should not be
double counted as erosion (it was already counted as erosion from the tread).
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10. Some gravel is present from past applications but it is very dispersed and ineffective in
reducing erosion. Therefore, the cover and gravel factors were rarely utilized to reduce
sediment loading calculated.

RESULTS

Photos of each road segment and crossing are provided in Appendix A. The spreadsheets
showing sediment loading calculations are provided in Appendix B. Figure 1 is a map showing
the location of each of these segments and crossings. The result of this assessment, using the
stated assumptions, indicates that current sediment loading to the Petty Creek will be reduced

from 433 tons per year to 27 tons per year.
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OBSERVATIONS

The following are general observations related to stormwater and sediment issues that may be
factored into design of this project:

There are numerous locations along Petty Creek Road where, during the design of the road
improvement, wetland detention basins (vegetated swales) could be constructed to manage both
sediment movement from the ditch and stormwater flow from the road surface. This is highly
recommended.

Petty Creek Road has a gentle grade through the study reach. In situations such as this, careful,
site-specific design and construction monitoring can fine-tune stormwater and sediment
management that will greatly reduce impacts.

REFERENCES

Burroughs, E. R., Jr., King, J. G., 1989, Reduction of soil erosion on forest roads, General
Technical Report INT-264. U.S. Department of Agriculture, Forest Service, Intermountain
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Megahan, W.F. and W.J. Kidd. 1972. Effect of Logging Roads on Sediment Production Rates in
the lIdaho Batholith. Intermountain Research Station Research Paper INT-123. USDA Forest
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Reid, L. M., Dunne, T., 1984, Sediment Production from Forest Road Surfaces. Water Resources
Research 20, 1753-1761.

WFPB. 1997. Washington Forest Practices Board — Standard Methodology for Conducting
Watershed Analysis. Washington Department of Natural Resources.
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Petty Creek Road Segment and Crossing Photo Pages
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Photo 1: Road Segment 1

Photo 2: Road Segment 2
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Photo 3: Road Segment 3

Photo 4. Road Segment 4
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Photo 5: Road Segment 5

Photo 6: Road Segment 6



Petty Creek Road
Road Segment and Stream Crossing Photos

Photo 7: Road Segment 7

Photo 8: Road Segment 8
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Photo 9: Road Segment 9

Photo 10: Road Segment 10
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Photo 11: Road Segment 11

Photo 12: Road Segment 12
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Photo 13: Road Segment 13

Photo 14: Road Segment 14



Petty Creek Road
Road Segment and Stream Crossing Photos

Photo 15: Road Segment 15

Photo 16: Road Segment 16
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Photo 17: Stream Crossing 1

Photo 18: Stream Crossing 2
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Photo 19: Stream Crossing 3

Photo 20: Stream Crossing 4
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Photo 21: Stream Crossing 5

Photo 22: Stream Crossing 6
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Photo 23: Stream Crossing 7

Photo 24: Stream Crossing 8
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APPENDIX B

Petty Creek Road Sediment Loading Calculations






Petty Creek Road Sediment Assessment CURRENT SEDIMENT LOADING Data collected 10-17-09
TREAD CUTSLOPE
Base Erosion Tread Avg. Base Erosion Cutslope
Location Tread Tread Acres of Rate Gravel Traffic Percent Cover Percent | Delivery Delivery Cutslope | Cutslope Acres of Rate Percent Cover Percent | Delivery Delivery Location Total
Number length (ft) | Width (ft) Tread (tons/aclyr) Factor Factor Cover Factor Delivery Factor (tonslyr) Length (ft) | Width (ft) | Cutslope (tons/aclyr) Cover Factor Delivery Factor (tons/yr) jSediment (tons/yr)
RS1 600 30| 0.413223 30 1 5 0 1 70 0.7 43.4 300 12| 0.0826446 30 90 0.21 70 0.7 0.4 43.8
RS2 175 30| 0.120523 30 1 5 0 1 80 0.8 14.5 0 30 0.37 0 0.00 14.5
RS3 315 25| 0.180785 30 1 5 0 1 100 1 27.1 100 15| 0.0344353 30 90 0 10 0.1 0.0I 27.1
RS4 1800 20| 0.826446 30 1 5 0 1 70 0.7 86.8 0 30 0.27 0 0.0| 86.8
RS5 1000 25| 0.573921 30 1 5 0 1 25 0.25 21.5 0 30 0 0 0.0I 21.5
RS6 450 25| 0.258264 30 1 5 0 1 25 0.25 9.7 0 30 0 0 0.0l 9.7
RS7 100 10| 0.022957 30 1 5 40 0.45 50 0.5 0.8 0 30 0 0 0.0I 0.8
RS8 150 28| 0.096419 30 1 5 0 1 90 0.9 13.00 0 30 0 0 0.0l 13.0
RS9 300 15| 0.103306 30 1 5 20 0.63 80 0.8 7.8 0 30 0.15 0 0.0l 7.8
RS10 400 20| 0.183655 30 1 5 10 0.77 70 0.7 14.8 0 30 0.41 0 0.0l 14.8
RS11 600 20| 0.275482 30 1 5 0 1 20 0.2 8.3 0 30 0.21 0 0.0l 8.3
RS12 800 20| 0.367309 30 1 5 0 1 80 0.8 44.1 0 30 0 0 0.0l 44.1
RS13 400 25| 0.229568 30 1 5 0 1 80 0.8 27.5 0 30 0 0 0.0l 27.5
RS14 400 30| 0.275482 30 1 5 0 1 30 0.3 12.4 0 30 0 0 0.0l 12.4
RS15 300 25| 0.172176 30 1 5 0 1 100 1 25.8 0 30 0 0 0.0l 25.8
X3 50 25| 0.028696 30 1 5 0 1 100 1 4.3 0 30 0.15 0 0.0l 4.3
X4 225 25| 0.129132 30 1 5 0 1 100 1 19.4 0 30 0 0 0.0I 19.4
X5 150 20| 0.068871 30 1 5 0 1 100 1 10.3 0 30 0 0 0.0l 10.3
X6 200 20| 0.091827 30 1 5 0 1 100 1 13.8 0 30 0.23 0 0.0l 13.8
X7 75 25| 0.043044 30 1 5 0 1 100 1 6.5 0 30 0 0 0.0l 6.5
X8 25 20| 0.011478 30 1 5 0 1 50 0.5 0.91 0 30 0 0 0.0l 0.9
RS16 300 25| 0.172176 30 1 5 0 1 75 0.75 19.4| 200 15| 0.0688705 30 80 0.37 75 0.75 O.6| 19.9
I TOTAL SEDIMENT LOAD (TONS PER YEAR]I 432.9
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Petty Creek Road Sediment Assessmen{PREDICTED POST-PROJECT SEDIMENT LOADING Data collected 10-17-09
TREAD CUTSLOPE
Location
Base Erosion Tread Avg. Base Erosion Cutslope Total
Location Tread Tread Acres of Rate Gravel Traffic Percent Cover Percent | Delivery Delivery Cutslope Cutslope Acres of Rate Percent Cover Percent | Delivery Delivery Sediment
Number length (ft) | Width (ft) [ Tread (tons/aclyr) Factor Factor Cover Factor Delivery Factor (tons/yr) | Length (ft) | Width (ft) | Cutslope (tons/aclyr) Cover Factor Delivery Factor (tonslyr) (tonslyr)
RS1 600 6| 0.082645 30 1 1 0 1 70 0.7 1.7 300 12| 0.0826446 30 90 0.21 70 0.7 0.4 2.1
RS2 175 6] 0.024105 30 1 1 0 1 80 0.8 0.6 0 30 0.37 0 0.0§ 0.6
RS3 315 6| 0.043388 30 1 1 0 1 100 1 1.3 100 15| 0.0344353 30 90 0 10 0.1 0.0l 1.3
RS4 1800 6] 0.247934 30 1 1 0 1 70 0.7 5.2 0 30 0.27 0 0.0I 5.2
RS5 1000 6| 0.137741 30 1 1 0 1 25 0.25 1.00 0 30 0 0 0.0l 1.0
RS6 450 6| 0.061983 30 1 1 0 1 25 0.25 0.5| 0 30 0 0 0.0l 0.5
RS7 100 6| 0.013774 30 1 1 0 1 50 0.5 0.2| 0 30 0 0 0.0| 0.2
RS8 150 6| 0.020661 30 1 1 0 1 90 0.9 O.6| 0 30 0 0 0.0l 0.6
RS9 300 6| 0.041322 30 1 1 0 1 80 0.8 1.0} 0 30 0.15 0 0.0| 1.0
RS10 400 6| 0.055096 30 1 1 0 1 70 0.7 1.2 0 30 0.41 0 0.0l 1.2
RS11 600 6| 0.082645 30 1 1 0 1 20 0.2 0.5 0 30 0.21 0 0.0| 0.5
RS12 800 6| 0.110193 30 1 1 0 1 80 0.8 2.6 0 30 0 0 0.0l 2.6
RS13 400 6| 0.055096 30 1 1 0 1 80 0.8 1.3 0 30 0 0 0.0| 1.3
RS14 400 6| 0.055096 30 1 1 0 1 30 0.3 0.5 0 30 0 0 0.0| 0.5
RS15 300 6| 0.041322 30 1 1 0 1 100 1 1.2 0 30 0 0 0.0l 1.2
X3 50 12| 0.013774 30 1 1 0 1 100 1 0.4 0 30 0.15 0 0.0l 0.4
X4 225 12| 0.061983 30 1 1 0 1 100 1 1.9 0 30 0 0 0.0l 1.9
X5 150 12| 0.041322 30 1 1 0 1 100 1 1.2 0 30 0 0 0.0I 1.2
X6 200 12| 0.055096 30 1 1 0 1 100 1 1.7 0 30 0.23 0 0.0l 1.7
X7 75 12| 0.020661 30 1 1 0 1 100 1 0.6 0 30 0 0 0.0| 0.6
X8 25 12| 0.006887 30 1 1 0 1 50 0.5 0.1 0 30 0 0 0.0l 0.1
RS16 300 6| 0.041322 30 1 1 0 1 75 0.75 0.91 200 15| 0.0688705 30 80 0.37 75 0.75 O.6| 1.5
| TOTAL SEDIMENT LOAD (TONS PER YEAR] 27.2
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