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Summary for Management

The Pine Creek watershed assessment project was undertaken to develop a practical,
action-oriented plan for proactive erosion prevention and erosion control on Hoopa
Tribal lands in the Pine Creek basin. Implementation of recommended projects over
the next several years is aimed at accelerating the long-term, permanent recovery of
anadromous, fish-bearing stream channels in the Pine Creek basin.

Selected stream channels, slopes and over 100 miles of active and abandoned roads
in the watershed were mapped and/or inventoried for existing and potential erosion
problems that threaten to damage fisheries resources, including spawning and rearing
habitat. A database of 445 sites was developed, with each site identified and
described in detail. Over 113,000 yds® of measured erosion (and over 102,000 yds®
of sediment vield to stream channels) was documented to have originated from the
hillslopes of Pine Creek. Most of this erosion was closely associated with past
landuse.

Detailed watershed assessment work at each site has lead to the development of
recommended projects at 150 different work locations on nine large treatment areas.
Recommendations for these work sites include descriptions of appropriate erosion
prevention techniques and cost estimates for performing the treatments.

in the next logical step, skilled equipment operators and erosion control specialists can
immediately implement those projects that have been identified as the most cost-
effective and most beneficial to long term watershed stabilization and recovery. A
prioritized list and description of these treatment areas is included at the end of this
report.

Treatment of all 150 sites is expected to prevent at least 45,000 yds® of sediment
from entering streams and being delivered to Pine Creek. Total cost is expected to
be approximately $200,000, or $4.45/yds®. Erosion prevention and erosion control
work at the highest priority of the nine treatment areas will be accomplished for
approximately $3.50 per yds®.

Physical treatment of high priority work sites that would otherwise directly threaten
fisheries resources is a useful and necessary step in watershed stabilization. itis one
of two complimentary methods for "erosion-proofing” a watershed. The second, and
perhaps the most cost-effective tooi for reducing future sediment contributions to fish-
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bearing streams in these highiy erodibie, steepland drainage basins, is the utilization
of preventive landuse practices.

Based on observations at hundreds of sites throughout the basin, this report also
includes suggestions for altering some landuse practices to help protect fisheries
resources (especially from damage which occurs during infrequent floods), while still
encouraging forestry operations. These recommendations (some of which may
already be in practice) inciude general suggestions for 1) road location and planning,
2) road construction, 3) road maintenance, repair and upgrading practices and 4)
road abandonment technigues.

Generally, suggestions for road location inciude the avoidance of steep inner gorge
locations; steep, wet headwater swale areas and the steep stream-side slopes of high
order, incised tributary streams. These are all sites where tremendous volumes of
sediment have been released to the stream system following road building in the past.

For road construction practices, recommendations have been made to 1) encourage
endhauling and limit sidecasting on steep inner gorge and stream-side siopes, 2)
reduce sidecasting during construction and reconstruction of Stream crossings of
incised stream channels, and 3) encourage the practice of constructing stream
crossings with no diversion potential. Empioying this latter technique can assist in
preventing the development of large gully systems and the delivery of thousands of
cubic yards of sediment to Pine Creek and its tributaries.

In road maintenance practices, recommendations have been made 10 encourage the
increased use of trash barriers to prevent culvert plugging and downspouts to reduce
erosion at culvert outfalis. These are especially important during infrequent, targe
magnitude floods. in addition, it is suggested that cuiverts throughout the watershed
be "sensitivity” coded and marked in the field to allow for rapid assessment and
identification of annual and storm-period maintenance needs. Probiem culverts can
then be quickly checked.

Finally, and perhaps most importantly, specific provisions for the proactive
abandonment of unneeded logging roads are speiled out in detail to both protect the
physical resource of the roadbed, as well as to eliminate unnecessary inputs of
sediment to the local streams. The large volume of eroded sediment which is
contributed from stream crossings and unstable fill slopes aiong abandoned roads
could be aimost entirely prevented through the implementation of straight forward,
inexpensive road closure techniques when old roads are no longer needed for near-
term forest management.
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WATERSHED A Plan of Action for Erosion Prevention and Erosion Control

in the Pine Creek Watershed, Hoopa, California

Summary for Management

The Pine Creek watershed assessment project was undertaken to develop a practical,
action-oriented plan for proactive erosion prevention and erosion control on Hoopa
Tribal lands in the Pine Creek basin. Implementation of recommended projects over
the next several years is aimed at accelerating the long-term, permanent recovery of
anadromous, fish-bearing stream channeals in the Pine Creek basin.

Selected stream channels, slopes and over 100 miles of active and abandoned roads
in the watershed were mapped and/or inventoried for existing and potential erosion
problems that threaten to damage fisheries resources, including spawning and rearing
habitat. A database of 445 sites was developed, with each site identified and
described in detail. Over 113,000 yds® of measured erosion (and over 102,000 yds?
of sediment yield to stream channels) was documented to have originated from the
hillslopes of Pine Creek. Most of this erosion was closely associated with past
landuse. '

Detailed watershed assessment work at each site has lead to the development of
recommended projects at 150 different work locations on nine large treatment areas.
Recommendations for these work sites include descriptions of appropriate erosion
prevention techniques and cost estimates for performing the treatments.

In the next logical step, skilled equipment operators and erosion control specialists can
immediately impiement those projects that have been identified as the most cost-
effective and most beneficial 10 long term watershed stabilization and recovery. A
prioritized list and description of these treatment areas is included at the end of this
report.

Treatment of all 150 sites is expected to prevent at least 45,000 yds® of sediment
from entering streams and being delivered to Pine Creek. Total cost is expected to
be approximately $200,000, or $4.45/yds®. Erosion prevention and erosion control
work at the highest priority of the nine treatment areas will be accomplished for
approximately $3.50 per yds®.

Physical treatment of high priority work sites that would otherwise directly threaten
fisheries resources is a useful and necessary step in watershed stabilization. It is one
of two complimentary methods for "erosion-proofing” a watershed. The second, and
perhaps the most cost-effective tool for reducing future sediment contributions to fish-
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bearing streamns in these highly erodible, steepland drainage basins, is the utilization
of preventive landuse practices.

Based on observations at hundreds of sites throughout the basin, this report alsg
includes suggestions for altering some landuse practices to help protect fisheries
resources (especially from damage which occurs during infrequent floods), while still
encouraging forestry operations.  These recommendations (some of which may
already be in practice) include general suggestions for 1) road location and planning,
2) road construction, 3) road maintenance, repair and upgrading practices and 4)
road abandonment techniques,

Generally, suggestions for road location include the avoidance of steep inner gorge
locations; steep, wet headwater swale areas and the steep stream-side slopes of high
order, incised tributary streams. These are ail sites where tremendous volumes of
sediment have been released to the stream system following road building in the past.

For road construction practices, recommendations have been made to 1) encourage
endhauling and limit sidecasting on steep inner gorge and stream-side siopes, 2)
reduce sidecasting during construction and reconstruction of stream crossings of
incised strearn channels, and 3) encourage the practice of constructing stream
crossings with no diversion potential. Employing this latter technique can assist in
preventing the development of large guily systems and the delivery of thousands of
cubic yards of sediment to Pine Creek and its tributaries.

In road maintenance practices, recommendations have been made 1o encourage the
increased use of trash barriers to prevent culvert plugging and downspouts to reduce
erosion at culvert outfalls. These are especially important during infrequent, large
magnitude floods. In addition, it is suggested that culverts throughout the watershed
be "sensitivity” coded and marked in the field to allow for rapid assessment and
identification of annual and storm-period maintenance needs. Problem culverts can
then be quickly checked. :

Finally, and perhaps most importantly, specific provisions for the proactive
abandonment of unneaded logging roads are spelled out in detail to both protect the
physical resource of the roadbed, as well as to eliminate unnecessary inputs of
sediment to the local streams. The large volume of eroded sediment which is
contributed from stream crossings and unstable fill slopes along abandoned roads
could be almost entirely prevented through the implementation of straight forward,
inexpensive read closure techniques when old roads are no longer needed for near-
term forest management.

Pacific ‘Watershed Agacciates - P.O. Box 4433 - Arcata - CA - §5521 — (707) 838-5130



PINE CREEK WATERSHED ASSESSMENT REPORT

Page

Summary for Management i
Table of Contents iii
List of Appendices ‘ iv
List of Figures, Tables, Maps and Plates iv

I, Introduction to Watershed Assessments 1
ll. Objectives of Pine Creek Watershed Assessment 2
A. Pine Creek Assessment Project 4

B. Study Area 4

C. Private Lands Tributary to Study Area 6

ill, Background 6
iV. Procedure 8
A. Sequence of Work Tasks and Data Collection 8

B. Assessing Treatment Priorities 15

V. Resulis 17

A. Air Photo Analysis 17

1. Road Construction History 17

B. Road Survey Data 20

1. Erosion and Sediment Delivery 20

2. Road Abandonment 22

3. Erosion and Saediment Delivery 25

V1. Recommendations for Erosion Prevention and Control 33

A. Treatment immediacy ' - 33

B. Prescribed Erosion Control and Prevention Treatments 36

C. Treatment Areas 41

1. Upper Snow Camp Creek Treatment Area 43

2. Lower Snow Camp Creek Treatment Area - -~ 46

3. Little Pine Creek Treatment Area 51

4, Lower Pine Creek Treatment Area 55

5. Bald Hill/Snow Camp Roads Treatment Area 59

6. Pine "G™ Treatment Area 65

7. No. 2 Road Treatment Area 69

8. No. 2 Road Spurs Treatment Area 75

9. Low Priority Miscellaneous Sites 80

VIl. Evaluation of Past and Present Landuse Practices ' 83

A. Introduction 83

B. Road Location ‘ 83

C. Road Construction Practices : 85

D. Road Maintenance, Repair and Upgrading Practices - 87

E. Road Abandonment Procedures 88

Vil Selected References 93

Pacific Watershed Azsocistes - P.O. Box 4433 - Arcaste - CA - 86821 — {707} 838-5130



Appendices

A. Technical specifications for erosion prevention
and erosion control

B. Explanation of Field Data Sheet
C. Computer data sheets for 445 sites

D. Sites which are Recommended for Treatrment

1. RBoad construction by time period, Pine Creek in
Hoopa Square.

2. Listing of ldentified Sites According to Past or

Future Sediment Delivery to Streams, Pine Creek Study Area.

3. Inventoried sites in relation to roading history and
sediment delivery to streams, Pine Cregk study area.

4. Past and Future Sediment Delivery from Sites on
Abandoned Roads, Pine Creek Study Area.

5. Past and Future Sediment Delivery from Sites on
Maintained Roads, Pine Creek Study Area.

6. Past erosion and sediment delivery from all sites that

have yielded sediment to channels (Sheet 1 sites), Pine Creek.

7. Landslides Erosion and Sediment Delivery from all
Sheet 1 sites, Pine Creek.

8. Future Sediment Delivery from Potential Debris Slide Sites
as a Function of individua! Debris Slide Volume, Pine Creek.

9. Stream Crossing Erosion and Sediment Qeiivery from
all Sheet 1 sites, Pine Creek.

10. Treatment Immediacy and Future Sediment Delivery of
Inventoried Sites in the Pine Creek Study Area.

Pacific Watsrshaed Associates - P.O. Box 4433 - Arcsta - CA - 85521 - {707} 8385130

Page

A1 - A5
B1 -B17
C1-C1335

D1-D5

18

21

21

23

24

27

29

29

31

34



11. Future Sediment Delivery of Sites with a High or
Moderate Treatment Immediacy, Pine Creek. 35

12. Breakdown of sites with a high or moderate

treatment immediacy, Pine Creek inventory area. 36
13. Treatment Areas in the Pine Creek Study Area. 41
14. Upper Snow Camp Creek Treatment Area, Pine Creek 45
15. Estimated logistic requirements and costs for

the Upper Snow Camp Creek Treatinent Arsa, Pine Creek. 46
16. Lower Snow Camp Creek Treatment Area, Pine Creek 49

17. Estimated logistic requirements and costs for
the Lower Snow Camp Creek Treatment Area, Pine Creek 50

18. Erosion prevention and erosion control site data,
Little Pine Creek Treatment Area, Pine Creek. 52

19. Estimated logistic requirements and costs for the
Little Pine Creek Treatment Area, Pine Creek 54

20. Erosion prevention and erasion control site data,
Lower Pine Creek Treatment Area, Pine Creek. 57

21. Estimated logistic requirements and costs for the
Lower Pine Creek Treatment Area, Pine Creek ' ‘58

22. Erosion prevention and erosion control site data,
Bald Hills/Snow Camp Roads Treatment Area, Pine Creek. 62-63

23. Estirated logistic requireménts and costs for the :
Bald Hills/Snow Camp Roads Treatrnent Area, Pine Creek. 64

24. Erosion prevention and erosion control site data,
Pine "G" Treatment Area, Pine Creek. , 66

2%. Estirnated logistic requirements and costs for the
Pine "G" Treatment Area, Pine Creek. 68

Pucific Watershed Associstes - P.O. Box 4433 - Avauta - CA - 85521 - {7071 932-5130



26.
No.

27.
Mo,

28.
No.

29.
No,

30.

Erosion prevention and erosion control site data,
2 Road Treatment Area, Pine Cresk.

Estirnated logistic requirements and costs for the
2 Road Treatment Area, Pine Creek.

Erosion prevention and erosion control site data,
2 Road Spurs Treatment Area, Pine Creek.

Estimated logistic requirements and costs for the
2 Road Spurs Treatment Area, Pine Creek.

Erosion prevention and erosion control site data,

Lower priority miscellaneous sites, Pine Creek.

31. Techniques for successful erosion proofing in
planned road abandonment.

1. Location map of the Pine Creek watershed
and Hoopa Square

2. Upper Snow Camp Creek Treatment Area.

3, Lower Snow Camp Creek Treatment Area

4. Little Pine Creek Treatment Area.

5. Lower Pine Creek Treatment Area.

6. Bald Hill/Snow Camp Roads Treatment Area

7. Pine "G" Treatment Area

8A. No. 2 Read and Spurs Treatrment Area

aB.

No. 2 Road and Spurs Treatment Area

8C. No. 2 Road and Spurs Treatment Area

8D. No. 2 Road and Spurs Treatment Area

Page

70-71
74
76
79
82

91

Following Page 92
Following Page 92
Following Page 82 -
Following Page 92
Following Page 92
Following Page 92
Following FPage 92
Following Page 92
Following Page 92

Following Page 92

Pacific Watershed Associstes - P.O. Box 4433 - Arcata - CA - 95521 - (707) 838-5130



1. Road construction history, based on air photo analysis FPlate 1, Folded
2. Map showing level of road maintenance Plate 2, Folded

3. Map of 1990 aerial photos {1:12,000) used for locating

and inventorying sites Plate 3, Folded
4, Map of all 445 inventoried feature# Plate 4, Folded
5. Map of all stream crossings Plate 5, Folded
6. Map of all future road-related landslide erosion Flate 6, Folded

7. Map of all sites with high or moderate treatment immediacy FPlate 7, Folded

NOTE: These plates are available for review at the U.5. Fish & Wildlife Service
Kilamath River Fishery Resource 0ffice, Yreka, California.

Pacific Watershed Associztas - P.O, Box 4433 - Arcsta - CA - 35821 - (707) 833-5130



PINE CREEK WATERSHED ASSESSMENT REPORT

PAC HC A Plan of Action for Erosion Prevention and Erosion Control
V\JATERSHED in the Pine Creek Watershed, Hoopa, California

A watershed analysis and erosion control planning project entails the delineation of
treatable, persistent sources of eroded sediment which contribute or threaten to deliver
large quantities of sediment to fish bearing streams. The focus of such an inventory
must necessarily be limited to the identification and prioritization of potential sources of
erosion and sediment yield that are amenable to treatment. Sources of past
sedimentation are of interest only in what they tell us about similar areas that may vyield
sediment in the future.

Because fish-bearing watersheds are often many square miles in size, comprehensive
field inventories of all possible sources of sediment may not always be feasible within
existing fiscal constraints. Yet, because of a basin’s existing or potential value as an
anadromous fish resource area, it may be important to identify and treat those significant
sources of sediment that threaten to further impact fish spawning and rearing habitat.
Assessment projects are implemented to identify and prioritize the major, cost-effectively
treatable sources of sediment that are most likely to directly impact fish bearing streams
if left unattended.

In this analysis, wildland roads are initially singled out in the analysis both because the
road network provides ready access for heavy equipment to reach potential work sites,
and because roads often represent serious sediment sources themselves. Studies
throughout steeplands of northern California and the Pacific Northwest have found roads .
to be the primary, landuse-related contributor to on-site erosion and downstream
sediment yield that impact fish bearing streams.

Stream crossings and log landings on abandoned (unmaintained) roads located low on
the hillslope are prime locations where preventable, cost-effective erosion prevention
projects can keep large quantities of sediment from entering perennial streams and being
transported to important spawning and rearing areas. An accurate, prioritized list of
such treatable areas is, therefore, important in determining potential work sites for
watershed stabilization.

As the first step in the assessment process, an air photo analysis of the watershed is
conducted to help reveal the location of sensitive roads and other high priority areas for
further field mapping, analysis and potential treatment. Major, potentially treatable or
preventable sources of erosion and sediment yield are then identified and prioritized for
treatment during detailed field mapping and analysis of each road and each site.
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Once sites are identified and prioritized, general prescriptions for grosion control and
erosion prevention are developed for each major source of treatable erosion that, if left
untreated, would likely result in sediment yield to fish-bearing streams. Generalized
prescriptions, such as those listed at the end of this report, describe the types of heavy
equipment needed, general labor intensive treatments required and rough costs for each
work site.

In the final step of the assessment, a report is developed which outlines
recommendations and pinpoints areas within each watershed which would benefit most
from cost-effective arosion control and erosion prevention work. To accomplish this,
criteria are developed to prioritize possible work sites based on their potential for future,
preventable sediment yield, their proximity to important fish habitat areas, and the cost-
effectiveness of the proposed treatments. Finally, and of equal importance to physical
treatments of existing problems, recommendations are made on how on-going landuse
practices in the watershed might be modified to reduce the threat of future erosion and
sediment yield from continued management activities.

the Ping Cresk Watershed A

The general objective of the Pine Creek watershed assessment project is 1o develop a
practical, fact-based, prioritized listing of cost-effective erosion control and erosion
prevention projects. These projects are aimed at accelerating the long-term, permanent
recovery of anadromous, fish-bearing stream channels in the Pine Creek basin.

Over the last four decades, severe aggradation in the main channel of Pine Creek {(and
the loss of important fisheries resources) has been a consequence of 1) tributary debris
torrenting, which delivered excess quantities of debris to lower gradient reaches, 2) the
sudden influx and accumulation of large quantities of sediment from diffuse hilislope
sources, and 3) localized but numerous streamside landslides. As of 1880, main channel

conditions appear to be improving as large accumulations of stered sediment in the

channel are flushed downstream and out of the system.

Preventing substantial, additional influxes of coarse sediment to the main channel and
its tributaries during future flood events will allow for continued or accelerated channel
recovery during the next several decades. The premise is that if the supply of newly
eroded sediment from the hillslopes is diminished, available stream power in the main
channel and its tributaries will continue or accelerate the process of channel scouring and
recovery.

Erosion control and erosion prevention works prescribed in this assessment report are
focused on treating potential sites located in accessible hilislope locations, along low
order streamn channels and in steep headwater swales. They are designed to significantly
dirninish watershed sediment inputs to the channel system during the next major flood
event.
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For Pine Creek, watershed assessment work has lead 1o the development of generalized
recommendations, techniques and costs needed to perform erosion pravention
treatments on permanent, seasonal and abandoned roads throughout each of nine
watershed treatment areas. Provisions for the proactive abandonment of unneeded
logging roads are spelled out in detail to both protect the physical resource of the
roadbed as well as eliminating unnecessary inputs of sediment 1o the local streams.
Treated, abandoned, road prisms are stabilized until they are again needed to provide
access 1o second growth timber resources. ‘

A variety of simple, straight forward, procadures described in this report provide the
basis for stabilizing and actively promoting long term reductions in accelerated erosion
and sediment yisld and a permanent improvement in fisheries habitat. This repont
outlines appropriate treatments designed to remedy existing and potential erosion
problems in the most cost-effective manner possible. Only those sites expecied to daliver
significant quantities of sediment to Pine Creek or its tributaries are singled out for
possible treatment,

in the next logical step, skilled equipment operators and erosion control specialists can
immediately implement those projects deemed most cost-effective and most beneficial
to tong term watershed stabilization and recovery. A list of these treatment areas is
included at the end of this report.

Results described in this watershed assessment report are categorized under the
following basic components: ‘

a. construction history and current maintenance ‘status of roads in the
watershed, as identified in the field and on sequential aerial photographs,

b. erosion history of mass movement and fluvial erosion features identified
during the air photo analysis of the basin,

c. tabulation and discussion of existing and potential erosion problems, including
estimated erosion potential, estimated sediment yield and causes of erosion,
along all roads in the basin,

d. a listing of prioritized sites recommended for erosion control or erosion
prevention treatment, including generalized prascriptions and cost estimates for
sites judged to be of highest priority,

e. generalized prescriptions, techniques and costs to perform erosion prevention
treatments on both maintained, abandoned and unmaintained (but driveable)
roads, including general equipment and labor needs and estimated costs, and

f. recommendations regarding on-going and future landuse practices, including
road construction, road maintenance and road sbandonment practices, which
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might be altered or improved to lessen watershed impacts from future landuse
activities. "

A. Pine Creek Watershed Assessmaent Project

The Pine Craek watershed assassment project, funded by the Trinity River Task Force,
administered by the Hoopa Tribal Council, and supervised through the Hoopa Tribal
Fisheries Department, was undertaken with the uitimate goal of fisheries improvement
and protection. This watershed assassment represents the first of two phases of
drainage basin work that will logically conclude with the application of specific, cost-
effective watershed improvement projects aimed at reducing or preventing additional
sedimentation and damage to Pine Creek and its fish bearing tributaries.

The Pine Creck assessmeant work focused on that portion of the Pine Cresk watershed
located within the Hoopa Reservation. Field surveys were conducted to quantitatively
inventory sites which displayed past or future potential for sediment production and
yield, and to assess and prioritize each candidate site for cost-effective erosion
prevention and control.

The uftimate goal of the Pine Creek watershed assessment, and of subsequent
watershed improvement projects on the ground, is the restoration, enhancement and
protection of the basin’s fisheries.

The immediate purpose of the inventory was to identify sites where ongoing and
future watershed improvement projects could cost-effectively reduce sediment
production and sediment yield to anadromous fish bearing streams, including Pine
Creek and its tributaries.

B. Study Area

The Pine Creek watershed is a 49 mi? basin that drains the Coast Ranges of Northern
Califarnia and discharges into the Klamath River 2.9 miles downstream from the town
of Weitchpec {the confluence of the Klamath and Trinity Rivers}{(Map 1). The sastern
portion of the basin, east of and including the main stem of Pine Creek, lies within the
Hoopa Reservation. Much of the western side of the basin, as well as the lower basin
near its confluence with the Klamath River, lies outside the reservation boundaries and
is privately owned and managed by industrial timber cornpanies.

Approximately 21 mi? (43%) of the basin is included within the reservation and fefms
the land base for this watershed assessment and analysis. The remaining 28 mi?

{57 %) lies outside the reservation but drains sastward and into the main stem of Pine
Creek, thereby affecting Tribal fisheries and riparian resources wrthsr; the channel
corridor.
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MAP 1. LOCATION OF PINE CREEK DRAINAGE
BASIN (stippled area) AND
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C. Private Lands Tributary to the Study Area

Private lands, tributary to Pine Creek but located outside the study area, were
harvested largely between 1960 and 1880 using

clearcutting and tractor logging techniques common to that era. As is evident on
historic aerial photographs, ground disturbance from tractor yarding was severe and
lower order streams were heavily impacted. Virtually all logging roads were
abandoned immediately following the cessation of timber operations and subsequent
stream crossing washouts and fillslope failures are ubiquitous.

The largest storms and floods of the period (1964, 1872, 1975) triggered substantial
erosion along poorly constructed and unmaintained logging roads. Numerous debris
slides and debris torrents originated from the failure of unstable fill slopes, landings
and poorly built stream crossings constructed on steep slopes. These torrents and
sediment laden flows travelled great distances down first, second and third order
channel systems stripping them of their remaining riparian vegetation, organic debris
and channel structure.

Thus, immense quantities of sediment have been delivered to the main channel of Pine
Creek from erosion and sediment production originating on private forest lands
tributary to the reservation. These private lands will continue to contribute sediment
to Pine Creek in the future, albeit at rates diminished from past levels when unstable
fillslopes and stream crossings were still intact.

IV. Background

Watershed management in northern California has not historically been sensitive to
fisheries values. Yet logging-and road construction need not be at adds with the
restoration and maintenance of highly productive anadromous fish-bearing streams.
tmproved landuse practices, conducted in concert with directed erosion control and
erosion prevention work on existing disturbed areas, can lead to long term watershed
stabilization and the coexistence of both landuse and native fisheries resources.
Recomimendations aimed to this dual purpose, and specifically directed to land areas
in the Pine Creek watershed, is the essence of this watershed assessment project.

There is recent, growing recognition that effective fisheries restoration and long term
recovery of gravel-bedded anadromous fish streams is directly dependent on the
recovery and healing of eroding hillslopes and tributary streams in the upland
watershed areas of a drainage basin. Until those sources of aggravated erosion and
sediment production are treated and effectively eliminated, there is little that can be
done in the channel to provide for long term improvements in spawning and rearmg
gnvironments.
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A concentrated effort of watershed restoration [erosion prevention and erosion
control} in the upper portion of watersheds will be of greater long-term benefit to the
aquatic environment than in-stream or channel structure work. Structures constructed
or placed in once productive spawning channels have been found to be highly subject
to storm damage and only locally effective in providing temporary improvement in
habitat. It is now generally recognized that if upper watershed areas are managed
properly, streams and creeks will recover to a self sustaining, productive condition.

Once ercsion prevention work has been selected as a means of promoting drainage
basin recovery, it is imperative that a helter-skelter approach to watershed stabilization
and the treatment of existing erosion problems be strictly avoided. To be both
effective and cost-effective, problems within a proposed treatrment area (a drainage
basin with an impacted anadromous resource) must first be identified and then listed
and categorized according to magnitude and treatability of each erosion source,

Lastly, a cost-effectiveness analysis must be employed to accurately prioritize each
proposed treatment site relative to the others. The erosion potential {likelihood of
erosion) of each feature is determined through field analysis. Then, the volume of
sediment expected to be eroded or delivered to the channel system is determined.
Finally, the predicted cost of treating the feature is closely estimated. With these
three factors (likelihood of erosion, delivery volume and treatment cost), all sites can
be compared and evaluated against each other.

The sites with the greatest probability of delivering farge quantities of sediment to fish
bearing streams, will rank high on the list of potential work sites if they can be treated
at a low cost-effectiveness value. The cost-effectiveness of treating a work site is
defined as the average amount of money spent to prevent one cubic yard of sediment
from entering or being delivered to the stream system.

Without first following each of these steps, it is unlikely that erosion control work will”
treat those sources of sediment that could most effectively be controlled for the least
amount of money. '

Effective watershed stabilization entails both erosion control and erosion prevention.
Erosion control practices for steep forested lands impacted by logging and road
building have been thoroughly tested and evaluated and are applicable for most areas
in northern California (Weaver and Sonnevil, 1984; Weaver and others, 1887). The
application of these techniques to controlling erosion from selected, disturbed lands
in tributary watersheds would be straight forward. Only the most cost-effectively
treatable sources of erosion need be attacked with aggressive erosion control.

Projects which provide for erosion preventionare by far the most cost-effective means
of ensuring suitable habitat for anadromous fish production. Erosion prevention entails

Pacific Watershed Associstes - P.O, Box 4433 - Arcata - CA - 55521 ~ (707} 838-5130

7



the recognition and treatment of potential erosion sources before they become
contributors to sediment yield. This is accomplished through field inventories which
identify both existing potential sites of erasion, as weil as on-going landuse practices
that continue to develop new sites of potential erosion.

Finally, simple and inexpensive changes in common fanduse practices (such as road
canstruction or road maintenance techniques) employed by landowners in a watershed
can often go a long way to preventing unnecessary, accelerated erosion in the future.
Likewise, for example, inexpensive, preventive treatments to existing roads can often
be performed to "erosion proof” therm bafore the next major storm.

A. Sequence of Work Tasks and Data Collsction

The analysis of watershed conditions in Pine Creek involved several discrete steps or
stages. These steps were a necessary precursor to on-the-ground watershed
rehabilitation work which is to be undertaken in the future. They ensure that only the
most cost-effective of fisheries-related projects in the basin are undertaken.

1. Phase 1

The first step was to assemble historic aerial photographs and relevant literature
available for the drainage basin, in order to construct accurate road maps, a road
construction history and an erosion history. Climatological data and flow records for
nearby watersheds were also investigated to determine the information on historical
floods.

For Pine Creek, a 1977, rectified, USGS orthophoto quad was used as the small scale -
base map for general mapping of the location of all roads in the study area. This has
served as the base for several maps contained in this report, The main photographs
used for field mapping were 1:12,000 scale, true color, 9"x8" vertical aerial
photographs flown in May, 1880. They were comrmissioned by and flown for the
Hoopa Valley Business Council.

Frosted mylar overlays were attached to each photo and used to record site
information as it was collected in the field. Information recorded on these overlays
includes road location, site number and location, type or classification of site,
erosional features (stream-side landslides, debris torrents, gullies and gullied stream
channels, washed out stream crossings, etc), stream channels, stream crossings and
culvert locations. The location and area of coverage for relevant 1990 mapping
photographs in the Pine Creek study area is shown on Plate 3.
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Aerial photographs for the years 1944, 1862, 1965, 1872, 1977 and 1980 were
analyzed to determine the location and timing of erosional events, and road
construction and harvesting histories for areas within the basin. These years were
chosen to bracket, as closely as possible, known north coastal California regional
floods which occurred in 1955, 1864, 1972, and 1975. In this way, the effects of
extreme hydrologic events can be asscociated with the resultant erosional processes
in areas with and without the added, complicating influence of landuse.

2. Phase 2
In the second stage, an extensive analysis of aerial photos was conducted to detail
the following information:
a. road locations and road construction history,
b. landslide locations and mass moveament history,
c. "road-reiated” erosion (stream crossing washouts, gullies and landslides,
where visible) and
d. expected locations of all stream crossings.

Air photo analysis was used to delineate the worst existing erosion sources, and to
provide evidence of how landuse, road construction and road maintenance history,
and storms (floods) have each influenced erosion processes in Pine Creek and its
tributaries. The photo analysis was also used to directly point to those areas of the
watershed where more detail field inventories of erosion problems were judged to be
useful in delineating existing and potential, treatable erosion sources.

Not all areas in the basin were expected to contain potentially significant sediment
sources, For example, roadless areas, remote (inaccessible) streamside zones and low
gradient upland areas were far less likely to display serious, treatable, erosion
problems. Such areas were sarnpled for problems and investigated in greater detail
only where photographic analysis suggested the presence of significant, potentially
treatable erosion problems. As a safeguard, and regardiess of their location, all roads
crossing upland areas were field inventoried for stream crossings and instabilities
because of their likely association with landuse-related erosion.

Substantially more field time was eventually allocated to middle and lower hillsiope
areas where steep, dissected slopes are crossed by active or abandoned rcads. This
is the location where most active and potentially active, treatable, erosion problems
were found.

3. Phase 3

Phase three of the Pine Creek project involved the conduct of field inventories and site
analyses. This was the most time consuming element of the project. Significant
gxisting and potential erosion problems were identified and described along virtually
every existing road in the watershed assessment area. All active roads, as well as all
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abandoned glignments were mapped and surveyed on the ground. These analyses
covered sensitive roads (those where sites are common and often have a high
likelihood of contributing sediment directly into perennial streams or fish bearing
watercourses), as well as road alignmeants farther removed from fish-bearing streams
where potentiaily important work sites are less common.

A variety of data was collected for each field site. Appendix B shows a copy of the
3 page, computer data sheet that was filled-in for each of the 445 sites identified
during the field inventory. Appendix B also contains a complete listing of the
definitions of the 192 separate questions contained on this data sheet. Depending on
the classification of a site {stream crossing, debris slide, gully, etc), different portions
of the form were filled in with the relevant information.

Site nurmbers ware logically ordered 1o go with road systems in the basin, The road
system and site number ordering is as follows:

Location of Sites

0- 100 Pine "J™ & 100-Acre Prairie Roads {(East of Pine Ck)
100’s, 200's No. 2 Road {east and west side of Pine Ck)

300's No. 2 Road Spurs

500°s No. 201 Road (west side Pine Ck; Little Pine Ck)
600's Bald Hilt West {waest from Pine Creek bridge)

700’s Bald Hill East {east from Pine Creek bridge)

800's Snow Camp, Pine "G", and Bloody Camp Roads

Basic information was collected for every site, including an assigned site number, date
of mapping, site location, air photo identification, access information and a brief
descriptive summary of the site’s characteristics. In addition, one of the last of the
general questions (#20) on this first page of the data sheet requested information on
how the site was classified; Sheet 7 and 4, or Sheet 1 (alone), or Sheet 2 or Sheet
3.
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Pigure 1: EROBION PREVENTION AND EROSION CONTROL DATA BHEET
PINE CREEK WATERSHED ASSESSHENT AREA

1.
3.
5.
7.

8,
10
iz.
14.
i6.
is.

20.
22.

ity No.:
Major?:

Data Mapped:
Photos takan:

HWatarshed:

¥ap Shset:
Alr Photo Datea:
Boad Hame:
Driveable (Y,N):
Kajor Rebuild (Y,N):

Sheat (1,2,3): 20.5 Treab?{Y,H):

Summary Coowentas:

Z. Bllsage:
4. Hinor?:
6. Mappad by:

T 9.
11,
13.
18.
17,
19.

Owunarahip: .
Alr Photo:

Aiy photo scale:

Abandoned (Y, N):

Hinor rebuild (Y,N}):

Built by (yrj):

21. Sketch pressnt (Y, N):

zxdwnax 1, EROSTON WITH PROBABLE SEDIMENT DELIVERY TO STRERME #rftawx

23. Existing debris alide (Y,N}: 24. Potantial debris slide (Y,N):
25. Depep ssated slide (Y,H): 25A. Landslide site (Y, N):
26Lnd: 278ws ZBRAF: 29Ckn: I08cae 1iRange: I2AvgFT:
33Evac: 34Wvg: 38H20: 38:LnTrge: 370thar:
3B, Gully (Y.R): 39. Rilling/surface (Y,N): 40, Stream/channel (Y,N):
41. Stream crossing (¥Y,N):
42, CMP, Bridge, Humboldt, Pill (C,B,H,P):
43, CMP dia (in}): .
44. Bigh dp? (¥Y,N}: 45.<50 or >50: 46. Rd slope (%):
47. High fp? (Y, N): 48. Check cmp size? (¥,N):
49. Xing history (D,W,R,U):
50. Plug potential (H,M,L}: 51. % Plugged:
52. Sed Transpoert (H,M,L): 3. Ch Gradisnt (%):
54, CHMP Plug causa (W,5,V):
85. Now diverted (¥Y,N): 56. Pct. Washed cut (%):
87. Comment:
58. Hatural {Y,N): 59, cutblock {Y,N}: 60. Reoad related (Y,N):
81. Other:
62. Active (Y,N): 63, Waiting (Y,N): €4. Inactive (Y, ,N):
65, % veged: £66. Dascribe slide surface:
67. Slopa asbove (%): 68. Slopa below (%): 63, Springs (Y,N):
70. Badrock:
71, Soill{ft): 72.FewRx: 73.Coh: 74.Dgs 75 .Hot: 78.DpColls
77.1G: 78.81IS: 79.8BwS: 80.(U.,M,L,8): 81. {Conv,Pl,Divaryg):
82. Othar:
B3. Comments:
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Pigure 1 (coatinsued}

84. Paat srosion (ydse): ‘85. Daliveary (%):

B6. (WxLxD):

£7. Ercsion potential (H,M,L): 88. Erode in normal winter (Y ,M,N):
89. Hove in blg storm (Y,H4,L}): 30. St. Divers.yd3d (<100,<500,»500):
91. Future srosion {yds}): 92. {(¥xLxD):

93. Comment:

94. Puture delivery {(Y,N}: 9%. Delivery percent {%):
96, Can control srosion? (Y,N): 97. How?{E,H,B):

98. Correct diversion potantial? (Y,N): 99. How? (E,H,.B):

Past vol (yds): Futura Vol (yds):

100, Trszatsent Immediacy (H,M,L):

101. None: 102. Replace CMP: 103. Larger CMP:
104, Add CHP: 108, Clesan ditch/CMP: 106, Relling dip:
107. add TR/DS: 108. Pull Xing: 109, Pull fill:
110. Gthar:

111. Pot sxtrome sroda.(Y.H)}: 112.Vol({yd}: 113, Comment:

1i4. STEEP COLLUVIAL 3SWALE, POTENTIAL DEBRIS SLIDE LOCATION? (Y,N):
wrawkwakar® TT, NHO PROBLEM RX, HO DP RX, & ALL DITCH RELIEF CMP'S #asddsihttn
118, bitch (¥Y,N): 118b. Stream (Y ,N): 115¢. Spring (Y, N):

116, CHMP,Bumboldt , Fill (C,H,F): 117, ¢MP Dia.{in): 118, T.R.? (¥, ,N):

119, Fp? (Y, ,N}: 120. Check CHMP size? (Y,N}: 121. Fill vol (¥DS):

122. Plug potantial (H,M,L}: 123. How? (8,W,V):

124.Past erocs: 125.Vol (yds): 126.Typa:

127.Fut. sros: 1z8.Vel {yds): 129.Typa:

130. repalr/replace (¥, N): 131. install cmp/larger cmp (Y,N):
132. install TR (Y,N}: 133. install ED or DS (Y.N):

134. claan CHMP (Y,N): 135. clean ditch (Y,N):

136. install rolling dip (Y,N): 137. none {Y,N):
138. Other tmt:
139. Comment:

Sheet #3
*xwanaxesyens [TY, SLIDES AND EROSION WITH NO DELIVERY *#*o#aausatanvans
140. Existing debris elide (Y,N}: 141. Potential debris slide (¥,N):
142. Deep seated slide (Y,N): : 143. Other {¥Y,N):
144. Landing (¥Y,N): 145. Road £ill (Y,N): 146. Other (Y,N):
147. RActive (Y,N): 148, Walting (Y,N): 149. Inactive (Y,N):
150, Slopa (%): 151. sSprings (Y,N}:

152. Bedrock:

153. Inner gorge (Y,N): 154. BIS (Y,N): 155. Steep swale (Y,N):
156. Cther: : :

157. Past ercsion {(yds): 158, (¥WxLxD}:

159. Erosion potential (E,¥,L):

180. Storm dependent (Y, N):

161. Future sroasicon {yds): 162. (HxLxD):

163. Ho tmt: 164. Pull £ill: 188, Cther:

1668, Cromment:
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FPigure 1 {continuved)

VOL SAVED: wamamwAvEer TREATHENTS *owwwwuxwsak TREAT THIS SITE?Z:
167. TREATHENT TYPE IPOS: BEOS: IPRX: ERX: LRD: RD: CTHER:
168. COMMENT:

YT R RS SRR SR L R B AL FILLS&Q?QS XSRS EES R A SRR R R EREELRERES]

VOLUME GENERATED PER FOOT OF ROAD (YDS): TOTAL EXCAVATED VOL (YD8):
AVAILARLE STORAGE VOLUME (¥YDS8):

COMMENT :

AR RARRE LT AFRASLARAT AR AT ST A F R €R§§$E§Gg FETEETEEEEEE-FEELEEEEEEEEEEEE RS ]
ESTIMATED VOLUME OF FILL CROSBING {(YD8): 18 LOCAL STCORAGE AVAILABLEZ:
COMMENT:

AAREIAERRRATARAII RN RIAR AT dh LQQISQICS EERAEREIXAXRA TS AN LA AEAAARARNTR RN
POST THT ZEXPOSED ARER (FIZ): LAROR THT HEEDED...STRAW?: GRASS?:
COMMENT s

BOPT WEEDED EXC?: CAT?: FTHER? : TIME EST (HRS) EXC: CAT:
COMMENT 1
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Sheet 1 sites include all those that have delivered, or threaten to
deliver, over 50 yds’ of eroded sediment to stream channels. Within
this category are those sites that delivered sediment to streams in
the past, usually in response to a large storm or flood. Also
included as Sheet 1 sites are those sites that are expected to
erocde and deliver over 50 yds® of sediment to streams in the future,
For sites where there is a potential for cost-effective erosion
control or erosion prevention work in the future, Sheet 4 (the
treatment sheet) was also prepared.

sheet 2 sites and Sheet 3 sites describe locations where there is
potential for erosion (or where there was past erosion), but there
will be (or was) little or no significant sediment delivery to
streams. Sheet 2 sites consist of stresam crossings that are
unlikely to ever fail (washout) and where there is no potential for
stream diversion. Also included in Sheet 2 sites are ditch relief
culverts that display no significant potential for future erosion.
Many Sheet 2 (and Sheet 3) sites are characterized by past or
future erosion with little or no sediment delivery to local strean
channels.

Sheet 3 sites include all past (existing) and potential (predicted)
landslides (debris slides, fill failures, deep seated landslides),
as well as gullies and surface erosion sites, where there 1s no
significant sediment delivered, or to be delivered, to stream
channels. Ercsion at these sites caused, or could cause, local
hillslope damage, but will not significantly impact fish-bearing
streams.

Special attention was paid to all major stream crossings, all
stream crossings with a high diversion potential (DP) and stream
crossings with a high failure potential (FP) [all represented as
Sheet 1 sites], particularly on roads that are abandoned and no
longer maintained. Erosion and failure of every stream crossing on
abandoned roads is almeost certain to eventually occur. Most wash
out during large storms. Once initiated, sediment eroded at these
locations will be delivered directly into low order stream channels
and Dbegin its irreversible journey  toward fish~bearing
watercourses.

Visibly unstable fillslopes, unstable log landings and unstable
hillslopes crossed by either abandoned or maintained logging roads
were also closely described, especially if they threatened to
deliver sediment to a downslope stream channel (Sheet 1 sites). To
be visibly unstable, the site must have contained cracks or scarps
or other visible evidence of past or pending slope failure.

The erosion potential and potential for sediment delivery was
estimated for each major problem site or potential problem site.
Importantly, the past and future expected volume of sediment to be
eroded, and the volume to be delivered to streams, was estimated
for each site. The data tells not only how much has been eroded
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and delivered from existing sites, it also provides estimates on
how much will be eroded and delivered in the future, if no erosion
control or erosion prevention work is performed.

4. Phase 4

During the field inventory of existing and potential erosion
sources, a more detailed analysis of each significant site was
performed. This step included an analysis of the most effective
and cost~effective erosion prevention and/or erosion control work
that could be applied to each of the highest priority sites. This
analysis included generalized heavy equipment and labor-intensive
prescriptions, as well as procedures, cost estimates and eguipment
times neaded for effective treatment. The sites selected for
eventual treaitment are the ones that are expacted to generate the
nost cost-effective reduction in sediment delivery to the drainage
network and the mainstem channel,

B. 2Assessing Treatment Priorities

Basic treatment priorities and prescriptions were formulated
concurrent with the identification, description and mapping of past
and potential sources of road~related erosion and sediment yield.
Treatment priorities were evaluated on the basis of several factors
and conditions associated with and noted for each potential site.

1. Sheet 1, 2 or 3 (Question #20) ~ Sheet 1 sites involved either
past or potential future delivery of sediment to stream channels
and, eventually, to the main stem of Pine Creek. While all sites
recommended for treatment come from the Sheet 1 category of
sites, not all the Sheet 1 sites merit expenditures for erosion
prevention or erosion control.

Erosion at Sheet 2 and Sheet 3 sites, by definition, did not (and
will not) result in the contribution of ercded sediment to local:
streams. Although neither of these two categories of sites are
expected to contribute significant volumes of sediment to fish-
bearing streams, a number of them still represent large erosion
sources. To prevent damage to regeneration or failure of
sections of existing roads, general treatment recommendations
have been included to control or prevent erosion on several Sheet
2 and Sheet 3 sites.

2. Future Erosion and Delivery (Questions #91 & 85) - The volune
of sediment expected to enter stream channels from future erosion
at the site played a significant role in determining the
treatment priority. Most of the sites mapped in the fileld were
limited to those where past or future erosion (or sediment
delivery) was determined to be greater than 50 cubic yards. The
larger the potential future contribution of sediment to streams,
the more important it became to closely evaluate its potential
for cost~effective treatment.
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3. Erosion Potential (Question 87) - The erosion potential of a
site is a subjective evaluation of the likeliheod that future
ercsion will occur. Erosion potential is evaluated as high,
moderate or low. This is an estimated potential for additicnal
erosion, based on local site conditions and observations. Thus,
it is a probability estimate, and not an estimate of how much
erosion is likely to cccur. A 50 yd® feature can have a high
erosion potential while a nearby 500 yd® potential debris slide
may be classified as having a low erosion potential if it is
unlikely it will ever fail and move downslope.

4. Treatment Immediacy (Question 100) - Treatment immediacy is a
subjective evaluation of how important it is to guickly perform
erosion control or erocsion prevention work. It is defined as
High, Moderate or Low. An evaluation of treatment immediacy
considers erosion potential, future ercsion and delivery volunmes,
and treatability. If failure or sediment delivery is imminent,
even in an average winter, then treatment may need to be
performed as soon as possible and treatment immediacy might be
judged “high." On the other hand, an erosion feature that
threatens to delivery large gquantities of sediment to a stream in
the near future might have a "low" treatment immediacy if it is
judged impossible to control or prevent the expected erosion.
Treatment immediacy 1is a summary, subjective mneasure or
assessment of a site’s nsed for rapid treatment.

5. Access (Questions 15, 16, 17 & 18) - One factor influencing a
site’s treatment priority is the difficulty (cost and
envircnmental impact) of reaching the site with the necessary

equipment to effectively treat the potential erosion. - Many
identified sites were found on abandoned roads which would
require brushing and tree removal to access the site(s). Other

abandoned roads would require minor or major rebuilding of washed
out stream crossings and/or existing landslides in order to reach
potential work sites further out the alignment. Road
reconstruction adds to the overall cost of erosion control work
and reduces project cost-effectiveness. Potential work sites
with lower cost-effectiveness, in turn, will be of relatively
lower priority.

6. Recommended Treatment Prescriptions, Logistics and Costs
(Questions 101-110 and Sheet 4) - General treatments are
cataloged in questions 101-110, and the specifics of the
recommended treatments, as well as costs and logistics (eq.,
equipment types, excavation volumes, equipment hours, etc) are
outlined on Sheet 4. Sheet four information has been filled out
for all 220 sites having a high, moderate or low rating for
Treatment Immediacy.

Treatment priorities were developed in consideration of these
factors, as well as an evaluation of the estimated cost-
effectiveness of the ercsion control or erosion prevention
treatment. Cost-effectiveness was determined by dividing the cost
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($) of accessing and treating a site by the volume of sediment
prevented from being delivered to local stream channels. For
example, if it would cost $2000 to access and treat an eroding
stream crossing that would have delivered 500 yds’ (had it been left
to erode), the predicted cost-effectiveness would be $4/vyad’.

To be considered for priority treatment, a site must 1) have
potential for significant sediment delivery to a stream channel
(with the potential for transport to a fish-bearing stream), 2)
have been cataloged with a high or moderate treatment immediacy and
3) have a predicted cost-effectiveness value averaging less than
$6/yd’. Sites meeting these criteria and having a high or moderate
erosion potential are more likely to assume a higher priority. 1In
addition, sites that are grouped in relatively close proximity are
more likely to be treated because of the lowered costs of opening
equipment access and travelling between work sites.

Sites that have a very high estimated cost-effectiveness value
(>$7/yd’), or are judged to have a lower erosion potential or
treatment immediacy, are less likely to be treated as a part of the
primary fisheries improvement program. However, these sites would
logically be addressed during future road reconstruction (when
access is reopened into areas for future timber harvests), or when
heavy equipment is performing work on nearby, higher priority
sites.

1. Road Construction History

Road construction history for the Pine Creek study area was
determined from aerial photographic analysis. Roads vwere
categorized as being constructed during periods bracketed by dates
of aerial photography of 1944, 1962, 1965, 1972, 1977 and 1990
(Table 1).

Initially, at the beginning of the inventory project, the Tribal
Forestry Department estimated the Hoopa road network in the Pine
Creek basin to be about %35 to 40 miles"™ in length. Subsequent
field inventories and aerial photo analysis showed there to be a
vast network of abandoned roads throughout Tribal lands in Pine
Creek. In addition, the road network on private lands west of the
reservation, but still within the Pine Creek watershed, appears
even more densa. As wWill become evident, these roads have played
an important part in erosion and sedimentation processes in the
watershed.

Plate 1 shows the entire road network that has been constructed in
the Pine Creek study area. The roads are depicted using symbols to
show their date of initial construction. By the time of this
survey (1990), much of the road system had been abandoned {Plate
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2). A number of older, once abandoned roads in Pine Creek have
been reconstructed in the last year as renewed harvesting in the
area occurs. Likewise, several miles of new road construction has
occurred during 18%0,

Table 1. Road construction by time period, Pine Creek in Hoopa
Sguare.

Date of Length Built cumulative Rate
construction (miles) Length (mi {mi/vxr)
pefore 1944 18.1 18.1 e
18544 - 1962 30.0 49.1 1.6
1963 - 1965 14.3 63.4 4.8
1866 -~ 1972 15.6 79.0 2.2
1973 -~ 1977 8.8 87.8 1.8
1978 - 18%0 16.0 103.8 1.2

Many roads in the study area have been abandoned, and then reconstructed, several
times, in order to access new timber sale units. However, when all the timber
resources along a particular road systemn have finally been harvested, the roads are
usually abandoned for good.

Many roads that had been abandoned for up to two decades still display considerable
potential for future erosion and sediment yield. Others that had weathered the large
storm of 1964, and those in the 1970’s, appeared to have far less potential for future
contribution to channel aggradation and habitat degradation. Finally, a number of
roads constructed in the last 15 years (since 1975} have not yet experienced a large
runoff event and were found to still be highly susceptible to future erosion.

a. Landslides and Debris Torrents

The occurrence of new slope failures and the enlargement of existing landslides visible
on 1:12,000 scale photos were noted during aerial photographic analysis. Landslides
and debris torrents contributed tremendous volumes of sediment to tributaries and the
main channel of Pine Creek, especially in response to the floods of 1864, 1872 and
1975. These periods also corresponded to times of intense timber harvesting and
road building in the basin.

Most slope failures in the study area were associated with logged areas and logging
roads. The inner gorge area along incised stream channels was by far the most
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common iocation for debris sliding. These stream-side debris slides contributed large
quantities of material directly to perennial streams. In response to logging and large
floods in 1964, 1872 and 1875, stream-side zones locally experienced continuous
shallow debris sliding for several thousand linear feet of the channel on one or both
channel banks.

Original landslide mapping is shown on the mylar overlays to the 1890 color serial
photographs. Slope failures are color caialoged according to the year movement was
first detected on the historic aerial photos. If additional movement at a site was
detected in subsequent years, the enlarged area was also shown by that year’'s color
code,

b. Impacts to Stream Channels and the Effects of Floods

Bedload sediment tends to accumulate behind organic debris in small, steep gradient
tributaries during low or moderate flow years. During these periods, continued
influxes of coarse sadiment, from diffuse hillslope sources and from erosion in lower
order watersheds and channaels, fills irregularities in the rough bed and accumulates
behind these organic debris dams.

During the same time, the resultant diminished sediment influx from small, lower order
tributaries (where material is being temporarily stored) causes channel bed and bank
deposits in the larger tributaries and in low gradient main stem channels to be
removed and slowly flushed downstream. This is a period of recovery for channel
morphology, riparian vegetation and anadromous habitat.

in contrast, during years of major floods, stored sediment and organic debris in the
steep, small tributaries is flushed into the lower gradient reaches of the main
tributaries and the main channel where excessive sediment loads are deposited as
thick, long lived fill terraces, overbank deposits and channel bed deposits. The
process of main stemn aggradation brought about during floods is rapid and its removal
is correspondingly slow.

Physical impacts to stream channels in Pine Creek fall into two main categories: 1}
scouring and widening of steep tributary channels by debris torrents during major
flood events and 2) aggradation in lower gradient, higher order channels during the
same floods. Channel recovery from these two processes, in both the tributaries and
the main channel of Pine Creek, has been substantial in the period from 1975 to
1990.

Channel scouring processes severely impacted a number of steep tributary channels
where debris torrents, which originated in headwater regions, travelled up 10 0.5 mile
down incised stream channels. Channel banks and beds were typically scoured down
to bedrock in these heavily impacted channels. Organic debris and sediment was
carried downstream and deposited in lower gradient reaches or at main channel
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junctions where stream power diminished. Since the last major episodes of basin-
wide debris sliding and torrenting in 1964, 1972 and 1975, the steeper segments of
impacted (scoured) tributary channels have largsly revegetated and recovered. Little
additional sediment is originating from these past sources, yet in some locations debris
slide and torrent deposits still reside in low gradient reaches downstream,

Stream channel aggradation during historical flood events was common throughout
most of the larger tributaries and in the main channel of Pine Creek at locations where
channels widened and gradients diminished. Large fill terraces were deposited in wide
channel reaches, and sediment and organic debris accumulated behind nurmerous log
jams. The remnants of this stored sediment are still visible as isolated, but common,
terraces in the lower tributaries wheare much of the material originally deposited has
now been rermoved and flushed downstream to the main stem and beyond.

Since the last major flood in 1975, the main stem of Pine Creek has been in a period
of recovery. Currently, sediment stored in main stem fill terraces, in the aggraded
streambed and in local accurulations behind log jams, still plays an important role in
Pine Creek channel processes. Re-erosion and transport of this material continues
each winter. Until the accumulations of stored material are naturally removed, they
represent a readily available, largely uncontrolled source of sediment which will
continue to impact the main stem. As material is continually removed, former channel
structural elements emerge, bed material particle size coarsens, and channel habitat
and spawning conditions improve.

1. Erosion, Sediment Delivery and Site Identiification

A total of 445 sites were identified and inventoried in the Pine Creek study area (Table
2). Sites were dispersed along roads of various age and maintenance status
(maintained or abandoned). Sites included 201 culverted and non-culverted stream
crossings, 123 ditch relief culverts, 59 existing and 93 potential debris slides
{channelized debris torrents, fill failures and landing failures), 10 deep seated
landslides, and a number of gullies, sites of rapid surface erosion {rilling and ravelling),
and reaches of channel bank erosion,

In addition, all 445 mapped and inventoried sites are shown on a planimetric map of
the Pine Creek study area (Plate 4). Depicted on the fold-out map are symbols for
landslides, stream crossings, ditch relief culverts, and other features.

For the purposes of this report, the most important sites are those that show the
potential for future sediment delivery to stream channels (Table 3). These are the
ones that will continue to impact fisheries habitat in the future. Similarly, only where
there is potential for future sediment delivery is there also a potential for controlling
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or preventing the loss of that eroded sediment, and averting the resultant impacts to
anadromous fisheries.

Table 2. Listing of Identified Sites According to Past or Future Sediment Delivery to
Streams, Pine Creek Study Area,

Existing Potantial Exiasting

# of Debris Daebris Deap-Seated Stream
Site Type Sites Slide slide slide Crossing Other
Shaet 1 220 54 60 6 138 22
{With Delivery)
Sheet 2 is8 - - - 63 12%
{Ro Delivery)
Sheet 3 22 -] -3 -4 — —
{No Delivery)
TOTALS! 445 59 93 10 201 150

! Sesvss sites contin more then ohe wrosion type.

However, analysis of sites of past ergsion and sediment yield is also important.
Observations and measurements of past erosion and sediment yield (Table 3) are
useful in that they allow for a more meaningful analysis of the expected location and
probability of erosion occurring in similar settings on sites that have not yet failed.
In addition, only through the analysis of past landuse practices and their resuitant
impacts can meaningful changes in future landuse practices be justified and lead to
reduced soil loss and lessened impacts to streams.

TABLE 3. Inventoried sites in relation to roading history and sediment delivery to
strearms, Pine Creek study area.

Year of # of Sites with past Sites with future
Censtruction Sites Sediment Balivary Sediment Delivery
£_(%) Vol(yds’) £_(%) Vol{vds’)
pre-1944 24 6 (25%) 1,820 12 (50%) 506
1945~1962 142 69 (49%) 67,906 &7 {47%) 22,543
~1385 floodw
1963~1968 71 11 ({15%) 2,878 21 (30%) 4,088
~1864 flood-
1266-1972 35 32 (34%) 13,456 _ 38 (40%) 8,040
-1872 flood-
1973-1977 40 17 (43%) 16,199 28 (70%) 18,558
~1975 flood-
1978-1390 23 10 (14%) 352 25 {324%) 11.3086
TOTALS 445 145 (33%) 102,351 151 (43%) 65,441
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At first glance, sites that have weathered a number of regionally significant storms
and floods in the past might be thought to be reasonable stable under the same
conditions today. Indeed, the most unstable sites will have already failed. However,
field analysis suggests that a number of other factors are also important in
determining erosion potential, as some sites may become increasingly unstable or
prone to erosion with time. These factors include slope gradient, hillslope hydrologic
conditions, decomposition of buried organic material, subsequent landuse around or
upslope from the site, and other factors which modify the hillsiope and increase the
risk of sediment production. During this study, clder roads were still found to contain
a number of sites with a high potential for future failure.

2. Road Abandonment

in many cases, the year of road abandonment may be nearly as important as the year
of road construction in influencing future sediment yield from sites within the basin,
This is especially true for fluvial erosion derived from stream crossing failures and
stream diversions along the abandoned, unmaintained roads. Over time, culverts plug
or fail, Humboldt (log) crossings begin to deteriorate and undrained fills saturate and
begin to show signs of failure over time.

Some common factors leading to erosion and sediment yield along abandoned roads
include 1) the prasence of buried, rotting wood in stream crossing fills, landings and
road fills on steep slopes; 2} settling and the development of slip surfaces in unstable,
uncompacted fill slopes; 3) diverted or unculverted surface water flows saturate
uncompacted fills; and 4) plugging of unmaintained culverts. In some cases,
revegetation acts to partially counter some of these destabilizing factors.

Roads that were passable and in use for timber management just prior to the
occurrence of major floods were often quickly rebuilt after crossings washed out and
fillslopes failed. In the past, these rebuilt road sections were frequently no better
constructed than the original road, and they were just as likely to fail in the next major
runoff event. Thus, sections of road which failed in a storm, and then were rebuilt
or reconstructed, often became the sites for future failure.

Of all inventoried sites in Pine Creek, 45% (199/445) were found along abandoned
logging roads, with over half of these located along old (pre-1965), abandoned roads
(Table 4). Of the 138 inventoried sites on abandoned roads, 51% (102} show past
sediment delivery to stream channels (totalling 82,390 yds®} and 58% (115) show
potential for future delivery (totalling 52,530 yds®, and averaging 460 yds® per site).

A total of 74 'poterstial work sites with high or moderate treatment immediacy were
identified and described along abandoned logging roads in Pine Creek. Work at these
74 sites (47 stream crossings, 26 potential debris slides, one eroding stream bank)
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would prevent up to 27,800 yds® of sediment from entering the stream channel
system.

TABLE 4. Past and Future Sediment Delivery from Sites on Abandoned Roads, Pine
Creek Study Area.

Year of Sites on vVolume of past

ronstruction Abandoned Rds Deliver vds?

pre-~1944 Q o m e e

1945~1962 93 65,081 20,898

1963~1965 i3 2,598 1,568
~1964 flood~

1966~1972 16 3,485 1,278
-1972 flood~

1973-1977 28 10,974 18,380
~-1%75 flood-

1978-1990 - 3] 1Y 10,4086

TOTALS 199 82,390 52,530

Four times as much past delivery and 4.1 times as much future sediment yield is
expected to come from sites on abandoned roads as compared to sites on maintained
roads (Tables 4 and B). The reasons for excessive erosion and sedimentation from
abandoned roads are several:

1. abandoned roads are generally dead-end spurs built with lower construction
standards than main-line, permanent roads;

2. abandoned roads were typically buiit when construction practices were less
stringent than at present {as is evident from the widespread past use of
unculverted fills and Humboldt log crossings);

3. drainage structures along abandoned roads are not maintained and eventually
plug or fail; '

4. when erosion begins 10 occur on an abandoned road, it is not observed or
repaired, but is allowed to continue unabated and uncorrected;

5. Once erosion processes have begun, numerous secondary erosional processes
are initiated as hillslopes adjust to changing surface or subsurface hydrologic
conditions.
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6. erosion along maintained logging roads is often harder to detect (and probably
under reported), since subsequent maintenance and reconstruction mask signs
of past erosion; and,

7. since many abandoned roads are older than maintained roads, they have often
heen exposed to more storms and flood events than the younger, maintained
roads.

Although 246 sites were identified, described and mapped along maintained roads,
far fewer sites account for the past and expected future erosion and sediment
delivery. Forty-two sites yielded the observed 13,961 yds® of past sediment delivery
while future sources of sediment (12,911 yds®) are confined to 75 sites (Table 5).
Thus, each identified, potential source of sediment along a maintained road is
expected to yield an average of just over 170 yds® to the stream system.

Only 40 sites identified along maintained roads were judged to have a high or
moderate treatment immediacy. Work at these 40 sites (31 stream crossings and 9
potential debris slides) could prevent approximately 9,650 yds® of sediment delivery
to Pine Creek and its tributaries.

TABLE 8. Past and Future Sediment Delivery from Sites on Maintained Roads, Pine
Creek Study Area.

Year of
pre-1944 24 1,520 906
1945-1962 49 2,825 1,645
~1%585 flood-
1963-1965 58 280 2,520
-18464 flood-
1966~1972 80 10,011 6,762
-1972 flood- )
1973-1977 12 5,225 178
-1%75 flood-
1678-1990 _23 100 300
TOTALS 246 19,961 12,911

Some abandoned roads in the basin are still driveable, even though they are beginning
to be sealed off by vegetation regrowth. Access to sites along these roads is still
good and, together with maintained roads, these abandoned, driveabla roads account
for 58 high or moderate immediacy sites with a potential future yield of 13,600 yds®
of sediment. Other roads will require only minor rebuilding and vegetation removal to
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access potential work sites. Inciuding these sites, where minor rebuilding is required,
raises the number of sites with high or moderate treatment immediacy 10 93, with a
potential sediment yield of 27,200 yds®. Seventy percent of these sites call for
erosion prevention work at stream crossings.

On the other hand, 37 sites, with a potential future sediment yield of 25,300 yds?,
are found on abandoned roads where major read reconstruction would be required to
access the site. Of these 37 sites, 21 were judged to have a high or moderate
treatment immediacy with a potential yield of 10,300 yds®. These are sites that need
preventive treatment, yet work costs are likely to be somewhat higher because of the
armount of road reconstruction needed to access the work sites, and because of
logistic difficulties in correcting erosion problems.

Plate 2 depicts the current maintenance status of all roads on Tribal lands in the Pine
Creek basin. Roads have been classified as either maintained, abandoned but
driveahle, or abandoned but not driveable.

3. Erosion and Sediment Delivery

a. Classification of Sites based on Sediment Delivery

For the field survey and analysis, data were collected and sites were cataloged inone
of three categories, termed Sheet 1, Sheet 2, or Sheet 3 (the details of these
categories have been previously described). One of three separate computerized data-
base sheets was filled out for each of the 445 sites identified in the Pine Creek study
area (Figure 1, and Appendix B). <

Sheet 1 sites are those that have either dalivered sediment to stream channels or have
potential for sediment delivery in the future. Sheet 2 sites consist of stream crossings
with no significant erosion potential, stream crossings with no diversion potential and
ditch relief culverts. Finally, Sheet 3 sites consist of landslides and other sources of
erosion (eg gullies) that have no past history or future potential for saediment delivery
to stream channels.

Thus, Sheet 2 and Sheet 3 sites have not contributed to channel sedimentation in the
past, and they are not expected to add to channel impacts in the future. From a
fisheries perspective, there is little direct benefit to be gained by pursuing erosion
control or erosion prevention at these sites. On the other hand, Sheet 7 sites have
gither contributed to past channel aggradation, or they are expected to dslivery
sediment to streams in the future. These are the sites where treatment can play a
part in reducing sedimentation and improving channel conditions.

inventoried sites can be further divided into the following general categories, based
on sediment delivery:
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1. sites exhibiting past erosion with no sediment delivery to stream channels;

2. sites exhibiting past erasion, with some percentage of the eroded sediment
having been delivered to streams;

3. sites showing potential for future erosion without delivery of sediment; and
4. sites showing potential for future erosion with expected sediment delivery to
streams. '

These. four categories of sites are not always exclusive. For example, a number of
sites that displayed past erosion and sediment yield still have a potential for continued
or renewed sediment loss in the future., Scometimes, as with many potential
landslides, this erosion will only be triggered by a large storm. In other circumstances,
normal winter precipitation may be enough to initiate substantial erosion and sediment

delivery.

Stream crossings are @ good example of an erosional feature that may deliver
sediment over a long period of time, as they slowly fail and wash material
downstream. Normal winter storm runoff is enough to cause some continuing erosion
while larger storms can trigger rapid soil loss and sediment yield to the stream system.

1. Sites Displaying Past Erosion with No Sedirnent Delivery

Sites displaying past erosion without sediment yield fall into two categories; 1) those
sites where erosional products did not reach a stream channel and 2) those sites
where not all the eroded sediment was delivered to the channel system. In general,
all sites displaying erosion over 50 yds® in volume were inventoried for this analysis,
except cutbank failures which deposited their load on a road bench.

In the first category of sites, seven {7) landslides (Sheet 3 sites), totalling 3,095 yds?,
were identified in the study area which had failed and not delivered any sediment to
a stream. Another 767 yds® of erosion (Sheet 2 sites) from other sources (surface
erosion, gullies, etc) produced sediment without any delivery to the channel system.
In the second category, 11,484 yds® of sediment (Sheet 7 sites) was stored on the
hillslope when landslides and other erosional processes delivered the greater part of
their loads to local streams in the study area, but left portions of the failed mass as
hillsiope deposits.

In total, from these sources, 15,346 yds® of sediment was identified as having been
eroded along roads and not delivered to streams where it could impact aquatic
resources. This volume is small compared to the amount of sediment which was
eroded and delivered to the stream network.

2. Sites Displaying Past Erosion with Sediment Delivery to Streams
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Sites displaying past erosion along roads typically yielded sediment to stream channels
at a very efficient rate. When volumetrically large erosional events {usually > 50 yds®)
occurred at a site, on average 90% of the sediment was delivered to a nearby stream
channel {Table 6).

Thus, of over 113,000 yds® of erosion measured at 145 sites throughout the study
area, over 102,000 yds® was delivered directly to channels and into, or towards, fish
bearing strearns. This is sediment that is already in the channel system today, and,
for all intents and purposes, is no longer amenable to cost-effective treatment.

TABLE 6. Past erosion and sediment delivery from all sites that have yielded sediment
to channels (Sheet 1 sites), Pine Creek.

Total # of Fast Past Percent
Year of Sites with Erosion Yield Delivered
construction Past Delivery (yds’) (yds?) to Streams

pre-1944 6 3,680 1,520 41

1845~1962 &9 75,335 67,806 90
~1955 flood~

18963~1965 11 3,415 2,878 84
~1964 flood-

1966~1972 32 14,620 13,496 92
~1872 Flood—

1973~1977 17 16,425 16,199 99
-1875 flood-

19781990 10 360 s _88

TOTALS 145 113,835 102,351 890 avdg.

! (Note: flood dates shown for reference only; erosion not necessarily associated with first flood following
road consteuction) :

Many sites displaying past sediment delivery are often good candidates for future
erosion and sediment yield. Over 50% of the sites in the study area that delivered
sediment in the past also have potential 10 yield eroded sediment to streams in the
future (Table 7). However, many of these sites cannot be cost-effectively treated
because future sediment delivery do not warrant the extensive site disturbance that
would be needed to gain access and retrieve unstable material,

3. Sites Showing Potential for Future Erosion without Delivery

Not all sites that were identified as future sources of erosion are expected to delivery
sediment to local streams. For example, 100 sites show no significant potential for
sediment delivery to streams; consisting of 37 potential landslide sites and 63 stream
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crossings (Table 2). Another 125 sites consist of ditch relief culverts, inactive gullies,
and other potential sources of fluvial erosion that are not expected 10 yield significant
volumes of sediment to streams or impact fisheries resources.

These 225 sites (50% of the total number of sites for the entire watershed) show
little potential for future sedirment yield to stream channels, even though the expected
future volume of erosion from these sites is estimated to be 32,400 yds® (60% of this
volume comas from six large midslope landslides). These 225 sites do not merit
further analysis for potential erosion prevention or erosion control projects whose aim
is the protection or enhancement of fisheries habitat. However, if the roads that
these sites are located on are abandoned in the future, the probability for erosion and
sediment yield will increase dramatically.

4. Sites Showing Erosion Potential with Expected Sediment Delivery

This is the only class of sites where the opportunity exists for meaningful erosion
control and erosion prevention work. Table 3 identifies 191 sites in this category
(43% of the 445 total) with the potential for 65,441 yds® of sediment to be delivered
10 the stream system. Some of these sites are more likely than others to fail, or
erode, and deliver their sediment load.

Although they may eventually yield sediment to streams, not all of these sites
represent potential sources of erosion that are a high priority to treat. Thatis, some
of these sites contain potential sediment sources that are not likely to fail or ercde,
except in the largest of storms. These are of lower priority to treat than those sites
where erosion is more likely to occur during the next normal winter, Other sites might
be sources where substantial erosion is likely to occur soon, but only a smail amount
is expected to be delivered to the stream channel {the rest being stored on the
hilislope before reaching the stream system).

in spite of having weathered storms, more sites {n=191) still show a potential for
future sediment yield to streams than those that show evidence of past sediment
delivery (n=1485) (Table 3). In addition, roads that have been constructed or
reconstructed since 1975 have not experienced a significant storm or flood. These
roads contain features that may be more highly susceptible to significant erosion than
on older roads. In addition, some of the sites which have failed and delivered
sediment in the past continue to threaten streams with additional, future erosion and
sediment yield.

b. Landslides

Landslides represent the single largest source of past and future erosion and sediment
delivery in Pine Creek (Table 7). Qver twice as much sediment has been delivered
from landslides along roads as compared to sediment delivered from documented,
washed out streamn crossings and gullies cause by stream diversions.
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TABLE 7. Landsiides Erosion and Sediment Delivery from all Sheet 1 sites, Pine Creek.

Total # of mmee PAGE ProcCesses —--- e Future Processeg -
Year of Slide sites Ercsgion Yield Delivery Ercosion Yield Delivery
pngtructi w/belivery  {yds’) {vds’) %Y {yda’) (yds” (%)
pre~1944 2 2,100 940 45 10 o Q
1945~1962 40 61,030 54,226 89 35,118 18,080 51
~1885 flood-
15863-1968 7 2,788 2,248 81 1,688 1,323 80
~1964 flood-
1966-1972 3 6,520 5,580 85 1,218 283 73
~1%72 flood-
1973~1977 17 13,928 13,708 98 17,908 16,4983 22
~1975 flood-
1978-1990 B 40 40 100 14,5630 8,438 58

TOTALS a3 86,400 76,723 89 70,530 45,277 64

Plate 8 shows all existing and potential read-related landslides in the Pine Creek study
area. Each landslide site is further characterized as delivering, or not dslivering,
sediment to stream channels.

Measurements from existing road-related landslides in the study area show 54 sites
yielding over 76,700 yds® of sediment to stream channels. Another 45,300 yds® is
expected to be delivered from 60 sites in the future. Thirty six (36} sites show
evidence of both past sediment yield and future potential for additional delivery.

Landslides were categorized as either existing debris slides, existing deep seated
landslides or potential debris slides. Fifty-four (54) existing debris slides accounted
for over 71,500 yds?® of past sediment delivery to streams. Thirty of these sites are
expected to yield an additional 27,000 yds® of sediment in the future if they are left
untreated and if they fail.

Potential debris slides, including those from sites that have already partially failed (see
preceding paragraph) are expected to yield a total of over 39,600 yds® of sediment
from 56 separate sites. The expected vyield from each of these sites is summarized
according to the potential size {volume) of each debris slide in Table 8. '

The data reveals the volumetric importance of the large debris slides in their total
contribution to sediment yield, as compared to the smaller slides. For example, 29%
of the potential debris slides identified in the field survey are expected to account for
82% of the future sediment yield from this sourcs.

Table 8. Future Sediment Delivery from Potential Debris Slide Sites as a Function of
Individual Debris Slide Volume, Pine Creek.
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Volume of Potential Debris Volume of

Potential Slide Sites Sediment Delivery
ebris Slides (#£) (% total #) (vas’) (% total)
>0 yds® 56 100 39,621 100
»>100 yds’ 44 79 38,980 98
>500 yds’ 16 29 32,540 82
>1000 yds’ 10 18 28,440 72

if they are judged to be controllable, these larger slides will be prime candidates for cost-
effective erosion prevention treatment. Of the 56 identified potential debris slides
threatening future sediment delivery, 35 were judged to be of high or moderate immediacy
for treatment. The nine largest of these potential debris slides (26% of the total number),
all over 500 yds® each, are expected to contribute 16,650 yds® (76%) of the predicted
future volume. The remaining 26 sites will deliver an estirated 5,279 yds®.

¢. Fluvial Erosion: Stream Crossings and Gullies

1. Causes of Erosion

Stream crossings cause sediment to be delivered to stream channels in a number of different
ways. The fill in the crossing may be "washed out” when the culvert plugs or the logs in
a Humboldt crossing decay and collapse. This type of failure was found to be common along
abandoned roads located in tributaries to Pine Creek. Crossings that may have failed during
a large flood were often rebuilt to the same inadequate standards. These sites either failed
again, or can be expected to fail in the next significant flood event.

A number of first order streams were never fitted with drainage facilities, and fill material
was simply pushed into the channel. These fill crossings™ wash out as soon as severe
winter storms generate enough flow to scour the fill in the crossing. Many of the fill
crossings built since 1975, the last severe flood, are still largely intact. Older fill crossings
are generally in some state of failure.

Finally, stream crossings may cause erosion and sediment delivery by diverting flow out of
the natural watercourse channel, and onto and down the adjacent road or hillslope. The
diversion typically occurs during a large storm, when the culvert plugs with sediment or
woody debris, or the culvert’s capacity is exceeded by large discharges. A gully system then
develops rapidly in the unprotected ditch and/or on the adjacent hillslope.

The largest gullies develop where discharges are large, soils are fine grained and non-
cohesive, slopes are steep, and soils have been exposed by road construction or harvesting
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activities. Steep gradient reaches are often gullied deeply and on gentler pitches the gully’s
widths and depths may decrease markedly. Rates of sediment delivery for gully systems
from diverted streams are typically very high, often exceeding 80 to 90% of the eroded
material.

Plate 5 shows all stream crossings in the Pine Creek study area. Site numbers are labelled,
as are symbols designating the type of crossing (culvert, Humboldt, fill, bridge or ford),
Stream crossings with a high diversion potential or a high failure potential are also mappéed.

2. Erosion and Sediment Delivery from Stream Crossings

In each case, because stream crossings are located directly in the stream channel, the rate
of sediment delivery to the channel system is extremely high. That is, sediment eroded from
the crossing site is virtually assured of eventually entering the stream channel, being
transported through the channel system and being delivered to fish-bearing streams.
Sediment delivery may range from an average of 80 to 90% for gully systems caused by
stream diversions, to nearly 100% for sediment eroded and washed into and down the
channel as a crossing is eroded, or "washed-out.”

Erosion and sediment delivery from stream crossings and stream diversions is depicted in
Table 9. These figures include only very conservative estimatas for erosion associated with
potential stream diversions, since predicting gully locations and volumes is an overly complex
and time-consuming task for this analysis.

TABLE 9. Stream Crossing Erosion and Sediment Delivery from all Sheet 1 sites, Pine Creek.

Total # of - Pagt Procesgsesg -—--— - PRLUre Procesgeg ——-—
Year of Xing sites Erceion Yield Delivery Erosion Yield Delivery
Congtruction w/Delivery  (yds’) 1ydse®y {%) {ydsg?y (yda? (%13
pra-1944 11 1,580 580 38 885 876 38
1945~1962 48 231,055 18,963 90 9,985 7,208 72
~-19585 flood-
1563-1965 18 1,830 1,830 100 3,930 3,653 93
~1964 floocd-
1566-1972 29 7,595 7,45% 98 6,955 6,800 98
-1%72 flood-
1973~1977 16 6,850 6,840 100 3,800 3,578 99
~1975 flood-
1878-19%0 15 285 rFi-¥ 37 3,168 2,658 81
TOTALS 138 39,178 35,925 92 28,530 24,771 a7

Significantly, of the 138 identified and mapped stream crossing sites, only 73 were
culverted. The remaining 65 included Humboldt crossings (33), fills with no visible
drainage facilities {286), bridges (including collapsed bridges) (4), fords {1} and
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excavated crossings (1).  All fill crossings, Humboldt {log) crossings and all culverts
on abandoned roads are prime candidates for eventual failure.

Of the unculverted stream crossings, 43 (86%) have partially or completely washed
out at least once, 7 {11%) have diverted in the past and fifteen {(23%] are still intact.
Of the 10 unculverted crossings with 3 high diversion potential, seven have diverted
at least once. Currently, 8 of the strearms at these crossings are still diverted. Thirty-
eight (38) of the 65 unculverted stream crossings are in some stage of deterioration
teading to ¢complete wash-out.

Because of their small drainage areas, gullying from the currently diverted streams at
unculverted crossings is expected to deliver less than 500 yds? to the stream system.
However, delivery volumes for the eventual wash-out of unculverted crossings is
expected to total over 11,600 yds>.

Culverted stream crossings have fared somewhat better than those without adequate
drainage facilities, but future erosion from the 73 culverted crossings could still be
substantial. Currently, 51 (70%) of the 73 culvarted crossings have a high diversion
potential, yet anly two small streams are now diverted, Over 13,500 yds? have been
delivered from past washouts, partial washouts and past diversions at 34 of these
sites. In the most severe case, a past stream diversion from one crossing delivered
nearly 4,000 yds® of sediment directly to the main stem of Pine Creek. Ancther
12,000 yds® is estimated as the potential for future sediment delivery from washouts
and diversions at these crossings.

In Pine Creek, 60 streamn crossings were identified as currently having a high potential
for stream diversion. That is, if the culvert {or other drainage structure} plugged,
water that then flowed onto the road surface would be diverted down the road or
ditch and away from the crossing. If a stream crossing has no diversion potential,
streamflow which flows onto the road surface merely flows over the fill and back into
the channel. The fill may be washed out, but no gully network develops on the
adjacent road or hillslope,

Of the 60 crossings with a high diversion potential (DP), 51 are currently culverted
and the remainder are either unculverted fills or Humboldt log crossings. Although
some streams {8) are so smalil that no treatment is recommended, suggestions for
constructing rolling dips (40) or excavating the fills (7) are included in a later section.
It is very conservatively estimated that over 8,200 yds® of sediment could be
delivered to Pine Creek and its tributaries during a large storm if the preventive
treatments are not performead at these sites. Twenty-eight of the sites (47%) have
been given a high or moderate priority for such preventive treatment, saving well over
5,600 yds® of sediment from being delivered to the streams.
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in addition to stream diversions, stream crossing washouts have been a substantial
source of sediment delivered to Pine Creek. They continue to represent a real threat
for additional sedimentation, if they are not treated before the next major storm. The
field survey revealed 80 stream crossings with a high failure potential. In the past,
48 of these crossings delivered 25,000 yds® of sediment to the stream system,
Estimates of future yield suggest 59 sites will generate and yield over 14,000 yds®
of additional material. Failure of the eight culverted crossings in this group alone (52
[87%] of the crossings are unculverted) i3 expected to yield 4,250 vds? of sediment
to Pine Creek and its tributaries.

Sites judged to have a high or moderate treatment immaediacy include seven culverted
crassings, 12 fill crossings, 21 Humboldt log crossings and 2 failing bridges. If left
untreated, these washouts are expected to generate and deliver 9,800 yds? of
sediment to the Pine Creek stream system.

ns for Erosion Prevention ai

A. Traatmant lnmediacy

Not all sites that display potential for sediment delivery to stream channels have the
same need, or urgency, for treatment. This fact led to the development of criteria for
prioritizing all the potential work sites in the basin,

For example, many sites may show potential for substantial future srosion and
sediment delivery, but the likelihood of the erosion occurring is low. In some cases,
such erosion may be dependent on the occurrence of an extremely large storm. In
other cases, the erosion may be imminent, but the site may be a long distance away
from a stream channel that could be damaged. In contrast, sites which have a high
potential for significant erosion and sediment yield in the near future, or are already
contributing erosional products to a stream, would be classified as having a relatively
higher need for immediate treatment.

These factors suggest the necessity of having a rational system for determining the
relative priority for treatment of sites with future delivery potential. Recognition of
site differences, and differences in erosion and sediment delivery potential, led to the
development of a rating system based on "treatment immediacy.”

In the field, sites were designated as having a high, moderate or low immediacy of
needed treatment. Table 10 outlines the immediacy of needed treatment for sites in
the Pine Creek study area that threaten to deliver sediment to stream channels in the
future. Of the 445 inventoried sites, 225 exhibit little or no threat to deliver sediment
1o streams in the Pine Cresk planning area. Approximately half {106) of the remaining
220 sites were classified as having a low treatment immediacy. Only 114 sites were
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designated as having a high (50} or moderate {64} treatment immediacy, for a total
delivered yield of 37,428 yds>. '

TABLE 10. Treatrment Immediacy and Future Sediment Delivery of Inventoried Sites
in the Pine Creek Study Area.

wwww T rgatmaent Immediacy—
Year of High Hodarate Low
Ceonstruction ? (£)  {vds’) (£} {vdg’)
pra-1344 Q ¢ 7 636 7 210
1945-19862 14 4,475 27 4,147 45 13,921
~1%55 fleood-
1963-1865 & 1,898 3 1,310 14 483
~1564 flood-
1966-1972 9 3,380 12 2,687 20 1,973
~1572 flood-
1873~1977 12 13,848 8 1,2%4 11 3,416
~1975 flood-
1978~1990 —d 2.328 1 1.368 ] 7.610
TOTALS 50 25,926 64 11,502 106 28,013

The ergsion or failure potential of landslides is a difficult and somewhat subjective
determination to make in a field reconnaissance evaluation. Many potential debris
slides that were mapped and described in the field have scarps and cracks clearly
visible on the ground. Scarps may range from 6" to &', or more, in haight. These
scarps were often located along the outside edge of a road’s fill prism, butin a
number of locations extended across the entire road and invoived both the
uncompacted road fill as well as a large volume of native hillslope.

On abandoned roads, some scarps appear fresh while others probably formed shortly
after the road was abandoned and have not enlarged since then. In some locations,
potential debris slides are situated on steep slopes and in wet swales. Other potential
instabilities are located on planar, dry slopes that are less conducive to landsliding.
All these factors influence the possibility of future slope failure and sediment delivery.

Unlike sediment deslivery from potential debris slides, fluvial erosion from stream
crossings is predictable and almost entirely preventable. Culverted and non-culveried
strearn crossing fills can be excavated along roads that cannot be maintained or are
to ba abandoned for a number of years. Along actively maintained roads, culverts can
be sized for the 50-year return period runoff event, Humboldt crossings can be rebuilt
with properly sized culverts and stream crossing fills can be "dipped” to sliminate the
potential for stream diversion. Trash racks can be installed where culvert plugging by
organic debris is likely, and downspouts can be added where culvert outfall flows onto
unprotected fill slopes. -
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Failure to provide proper drainage structures (such as culverts) and 1o regularly
maintain stream crossing facilities will almost assuredly result in eventual crossing
failure and washout, Where these factors are found {typically on abandoned roads)
the need to perform immediate treatment is high. That is, if the erosion prevention
work is not completed, erosion and sediment delivery is assured. Similarly, where
culverts are likely to plug and the stream crossing displays a high diversion potential,
treatment immediacy is typically judged to be high.

Table 11 outlines, by age of road construction, those 114 sites judged to have high
or moderate treatment immediacy. Plate 7 depicts these same sites on a large scale
planimetric map of the Pine Creek basin study area. These are the sites that are in
greatest need of treatment. Further analysis of treatment costs and effectiveness
have been used to place these in final priority order for eventual treatment. The
prescriptions and details of costs and accass for these sites is included in the next
section of this report.

Field measurements suggest that over 41,800 yds® of material may erode from these
114 sites and dsliver over 37,400 yds® to streams if they are left untreated. Forty-
one (41) of thase sites {15,500 yds®) represent newly developed or developing erosion
sources that have never delivered sediment to streamns in the past. The remaining 73
sites have already yielded 27,700 yds® of sediment to streams during past erosional
events, and threaten to deliver another 21,900 yds® in the future unless preventive
action is undertaken.

Table 11. Future Sediment Delivery of Sites with a High or Moderate Treatment
Immediacy, Pine Creek.

Year of Number Sites with High/ Volume of future
Construction of Sites Mod.Tmt.Immediacy Delivery (yds®)

pre-~1%44 24 7 696

1945-1862 142 41 8,622

1963~1965 71 ) 3,205
-1964 flood-

1966-1972 95 21 6,067
-1972 flood- :

19731977 40 : 20 15,142
~1875 flood-

1978-1990 73 i4 3.696

TOTALS 445 114 (26%) 37,428 yds?
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The 114 high and moderate treatment immmediacy sites consist of 31 potential debris
slides, 74 stream crossings, 4 combinad stream crossing/potential debris slide sites
and 5 miscellansous sites {gullies, surface srosion and channel erosion) (Table 12).

Table 12. Breakdown of sites with a high or moderate treatment immediacy, Fine
Creek inventory area.

1. Potential Debris Slides 31 20,129 yds’
2. Stream Crossings 74 14,767 yds?
3. Combined Slides/Crossings 4 1,800 yds?
4, Other Sites 5 732 vds?

TOTAL. ... 114 37,428 yds’

Most of the potential debris slides are located along abandoned roads and the typical
treatrment calls for excavation of the unstable fill material that is reachable using
excavating equipment operating on the road prism. Typical treatments for the stream
crossings include adding rolling dips 1o crossings with a high diversion potential that
are found along maintained logging roads, and excavating unstable, poorly built or
poorly drained crossings found along abandcned roads. For example, 42 of the 77
crossings on abandoned roads do not contain culverts and should be excavated if they
are not rebuilt with culverts, and properly maintained.

escribed grosion control and erosion prevention treatrments

1. Types of Prescribed Treatments

Appendix "A" gives generic specifications for the general treatments that have been
prescribed for roads in the Pine Creek study area. Recommended treatments range
from no treatment or simple waterbarring, to full excavation of unstable sidecast or
stream crossing material which has direct access to Pine Creek or its tributaries. Each
of the treatments prescribed for roads or hilislopes have been fully tested and
evaluated in erosion control and erosion prevention projects in nearby north-coastal
watersheds.

a. Heavy squipmaeant operations
The general heavy equipment treatments prescribed for this site, from least intensive
to most intensive, include the following:

1. refling dip installation/construction (dipping the roadbed at stream crossings on
maintained roads where the diversion potential is high,
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2. Installing or cleaning culverts ladding new or larger culverts whereg they are
needed, or cleaning the inlets or outlets of partially plugged cuiverts on maintained
roads).

3. waterbar and cross-road drain construction (installed at 25, 50, or 75 foot
intervals to disperse road surface runoff),

4. ripping |surface disaggregation of the rcadbed to promote infiltration and
reduce runoff},

5. deep dish excavations {partial excavation of road fill that was placed in steep
swales; used to reduce the potential for mass failure in channels where erosive
storm runoff is unlikely),

6. in-place stream crossing excavations (IPRX) (excavation of fill from stream
crossings where erosive runoff is likely during a design size storm; spoil is stored
in nearby stable locations where it will not erode, sometimes being pushed up to
300 feet from the crossing by crawler tractor(s),

7. exported stream crossing excavations (ERX]) (spoil is moved up to 2000 feet
up or down-road from the crossing, due to the limited amount of stable storage
locations at the excavation site},

8. in-place outsloping (IPOS} (excavation of unstable or potentially unstable
sidecast material along the outside edge of the road prism or landing, and
replacement of the spoil on the roadbed against the corresponding, adjacent
cutbank, or within several hundred feet of the site),

9. exported outsloping (EQS) {outsloping, as above, where spoil material is moved
up to 2000 feet down the road bench to a stable location where there is sufficient
room to permanently and safely store the excavated material},

10. filter windrow construction {placing and compacting cut brush, limbs and
small logs on contour into bare soil slopes to create local sediment storage sites,
disperse surface runoff and reduce rill and gully erosion on the newly treated
{excavated) areas.

Each of these prescriptive treatments are described in greater detail in Appendix A,
pages A-1 through A-15.

b. Labor intensive srosion control and revegetation treatments Labor intensive erosion
control treatments are often needed on sites where heavy equipment has been used
to perform preventive excavations. Their use is primarily confined to those measures
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required to stabilize and revegetate soils exposed by heavy equipment operations.
Qnly the most effective and cost-effective techniques have been prescribed (Appendix
A).

Mulching with straw at selected locations, {2 tons per acre application rate, on
average) will be especially useful for controlling surface erosion on the bare banks of
excavated stream crossings, and whers outsloping has exposed bare soil areas near
channels. However, large quantities of straw mulch will not be used over widespread
areas’ straw is prescribed only at locations where bare soil could otherwise be
expected to erode and be transported into a nearby stream.

Locally derived mulch materials may also be used 1o provide protection to soils
exposed during heavy equipment operations. Laborers will be expected to use brush
and limbs scavenged or thinned from native vegetation at each immediate treatment
site for application to the surface. Occasional small logs and tree trunks will be
secured to the surface to retard erosion and sediment transport. This work will be
accomplished in concert with the heavy equipment operations to minimize costs and
improve erosion control gffectiveness.

Most bare soil areas near stream channels will be seaded with a mixture of native
grasses. Seed from shrubs that are native 10 the area may be included in the mixture,
but local, natural seed sources are probably sufficient to ensure rapid invasion of
native woody vegetation at most sites.

2. Logistics and Timing of Project Implemsniation

a. Project Dursation

The duration of each erosion prevention and erosion control "project™ will be largely
determined by the rate of heavy eguipment excavations within each treatment area.
Heavy equipment used for excavating crossings and for removing unstable spoil
material will last from roughly one to 3.5 weeks, depending upon the treatment area.

This "core™ work period will be preceded by up to cne week of labor work to import
and distribute needed straw mulch and other materials to the treatment area, as well
as to open and improve the access roads for the duration of the project. The core
work period will, in turn, be followed by up to three to five days t0 move equipment
out, install erosion control structures along the access roads and to make final repairs
to the road surface. : '
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b. Project Timing

The 220 sites with high, moderate or low treatment immediacy have been broken into
nine treatment areas that contain from 13 to 41 individual sites each (these nine
treatment areas are described in greater detail in text, in tables and on maps, below).
Each treatment area is designed to stand on its own, but more than one treatment
area could esasily be completed in a single work season. The number of treatment
areas that can be completed in a summer work season will largely be determined by
funding levels and equipment availability.

Most of the project areas which contain abandoned roads are designed 1o be
undertaken in the Summer and early Fall months. Access to these sites typically
involves stream crossing excavations which are best performed in dry conditions. The
two sites involving work on maintained roads (No. 2 Road Treatment Area and Snow
Camp/Bald Hills Road Treatment Area) could be worked on during extended dry
periods during the winter months, as long as water quality is not impaired.

Typically, work undertaken during extended dry periods during the winter should be
subject to winter period operating rules. These might include the following:

1. erasion control measures should be kept up to date, and complated for all newly
exposed bare soil areas on a daily basis when the chance of rain is 30% or greater
for the following day,

2. labor intensive erosion control work should never lag more than two days behind
heavy equipment operations,

3. erosion control measures on roads (eg, waterbarring) should be kept up to the
equipment prior to each weekend,

4. if it rains, work will not re-commence until the soils have dried sufficiently to
prevent damaging erosion.

c. Heavy Equipment Neads

The following pieces of heavy equipment constitute the most efficient and cost-
effective combination for erosion prevention work on treatment areas in Pine Creek.
In general the largest sized machines that can logistically operate on the various road
surfaces will be the most efficient pieces of equipment for performing the erosion
prevention excavation work. The following general categories of heavy equipment will
be needed to perform work at most sites. :

1. hydraulic excavator, track driven, minimum 35 foot surface reach, minimum 2.0
- 2.5 cubic yard bucket, maximum 12-13 foot outside track width,
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2. track driven dozer; D-7, D-8, or equivalent, late model, preferable power
« angle/tilt U-blade with 6-way motion, hydraulic winch or hydraulic ripping
attachment,

3. dump trucks, locking differential {all wheel drive), 10 yds® capacity.

4. backhoe, wheeled with extendable boom.

d. Material MNeads
A wide variety of material will be utilized in the conduct of these projects. Materials

and supplies will include:
1. Eighty pound bales of straw for mulching,
2. Native or other suitable annual grass seed,

3. If desired, Simplot 16-20-0 dry, homogenized, pelletized fertilizer,

4. flat bed 1 ton {or greater) long bed 4x4 truck 1o transport straw, laborers and
other materials _

5. Commercial belly grinders to spread seed and fertilizer
6. Brush cutting tools and equipment
7. Shovels and other hand tools for erosion control work

8. Miscellaneous tools, equipment and supplies needed to provide final layout of
equipment prescriptions and to ¢onduct project supervision (flagging, spray paint,
measuring tapes, film (for documaentation), mylar film and other drafting supplies,
water bottles, packs, safety and emergency first aid supplies, etc.)

e. Personnel Meads

Personnel are ngaded to operate the heavy equipment, perform the hand labor erosion
control work and to coordinate and supervise both the heavy equipment and labor
activities. Basic personnel needs for the conduct of this project are as follows:

1. Excavator and dozer operators, preferably experienced in similar erosion control
projects involving sidecast and stream crossing excavations along narrow,
mountainous roads,
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2. Laborers {2 to 4 per excavator/tractor pair) 1o transport and spread straw, cut
, and place brush mulch, spread seed and fertilizer, punch straw and perform manual
excavations and clean-up,

3. Project coordinators/supervisors 10 lay out and coordinate specific heavy
equipment and tabor intensive tasks at each work site; arrange for logistics {seed,
fertilizer, mulch, heavy squipment, etc); monitor, track and supervise project and
work progress; and issue final completion report.

Potential work sites in the Pine Creek basin have been divided into nine (9} logical
treatment areas, incorporating all 220 work sites displaying either high, moderate or
low treatment immediacy (priority)(Table 13}, The nine treatment areas contain sites
that, when combined, are limited in scope (to accommodate annual funding levels),
and are in relatively close, or interconnected, proximity {for logistic purposes and to
minimize transportation costs).

Table 13. Treatment Areas in the Pine Creek Study Area.

Treatment Total No. Ho. of Sites Volume of Sediment
Area of Sites e Treated saved (yds?
1. Upper Snow
Camp Creaek 13 11 2,140
2. Lower Snow
Canmp Creek 14 4 _ 1,075
3. Little Pine
Creek 27 22 ’ 8,995
4. Lower Pine
Creek 20 10 _ 10,782
5. Bald Hill/Snow
Camp Roads 35 24 2,633
6. Pine ®"G" 17 16 4,521
7. Ho. 2 Road 41 _31 9,000
8. No. 2 Road
Spurs - 33 26 4,779
9. Hisc. Sites 20 6 _ 1,485
Summary 220 150 45,410
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Each of the treatment areas contain sites that are of high, moderate and low
tseatment immediacy. The minimum volume of sediment that will be prevented from
entering Pine Creek and its tributaries, as a resuit of the erosion prevention and
erosion control work on all nine treatment areas, will be in excess of 45,000 yds®

(Table 13).

The detailed locations of treatment sites are outlined on maps of each of the nine
treatment areas (Maps 2 - 7 and Maps BA - 8D). In addition, each treatment area is
described by a summary table of information which outlines the following data for
each site within the arega:

Road nare (location of, or access to, the site),
Maintenance status of road up to that site (abandoned = Yes or No),
Site number,
Aerial photograph (1990) containing original mapping on mylar overiay,
Treatment recommendation (Yes, Yes?, No?, Noj,
The judged potential for future erosion at the site (High, Moderate, Low),
The relative urgency of treating the site (immediacy = High, Mod., Low),
Treatment type

IPOS - in-place outsloping (excavation)

EOS - exported outsloping {excavation and endhauling)

IPRX - in-place stream crossing excavation

ERX - exported stream crossing excavation {and endhauling)

XRD - construct cross-road drain or deep dish drain

RD - construct rolling dip on maintained road

OTHER- other treatment, as detailed in text of data base
9. Base hydraulic excavator time (hrs} to treat the site,
10. Base crawler tractor time (hrs) to treat the site,
11. Other notes on equipment needs, as outlined in the text,
12. Future volume of erosion (yds®) expected if site is left untreated,
13. Future volume of sediment delivered (yds®) to streams, if these sites are left
untreated, and
14, Expected volume of sediment prevented from entering streams as a result of
completing this work.

©NO O WN

Additional descriptive and quantitative information related to site treatments and site
characteristics are included on the treatment page of the database form for each of
the 220 sites whare treatments have been recommended. Much more data was also
collected for each site, and this information is included in the computerized database
and on the printed database forms for each of the 445 sites inventoried in Pine Creek
{see Appendix C).

It should be noted that virtually all abandoned roads within the nine treatment areas
access regions of the basin where little or no commercially viable timber exists.
Excavation of failing stream crossings on these abandoned roads will help protect
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these routes from severe darnage during major storms and floods. If these roads are
needed for future management when second growth timber is ready for cornmercial
thinning or harvest, strearn crossings can be temporarily or permanently rebuilt to
current standards.

1. Upper Snow Camp Creak Treatment Area

Location

The Upper Snow Camp Creek Treatment Area (Map 2; see end of treatment section
for large scale treatment area maps) consists of 13 identified sites in watersheds
tributary to Snow Camp Creek (Table 14). Most sites are located along spurs to
Snow Camp Road. Two sites, located on a tributary to Snow Camp Creek, are
accessed from Bloody Camp Road near the watershed divide. Sites within this
treatment area were mappad on 1990 aerial photographs 4-19, 4-21 and 5-21. Four
of the sites are found on abandoned roads.

Treatments _

Fleven of the 13 sites within this treatment area are recommended for physical
grosion prevention or erosion control treatment (Table 14). The two sites that are not
recommended for treatment include a small {170 yds® potential debris slide that
would be difficult and very costly to access and has a moderate-to-low failure
potential {Site 845). In addition, a pre-existing debris slide along the same remote,
abandoned, spur road (Site 848) has no future potential for sediment delivery and will
not be treated. :

Table 14 lists the basic treatments prescribed for the remaining eleven sites. Some
of the treatments are simple and inexpensive. These include checking on the stability
of an existing log bridge (#815), installing rolling dips to prevent stream diversions
during future flood events (#823, #835), or repairing or replacing failing culverts
(#820, #836, #839). Other treatments involve more substantial work including the
excavation of stream crossings on abandoned roads (#842, #864) and the excavation
of unstable fill material along maintained {#840, #841) and abandoned (#865) roads.

By effectively treating these eleven sites, a total of 2,140 yds® will be prevented from
entering the Pine Creek stream system.

Equipment Naeeds

Equipment needs are expressed in the database as direct excavation times, in hours.
These hourly estimates include only the time needed to treat each of the sites, and
do not include travel time between work sites, the time needed to reconstruct or clear
roads which have been abandoned for years, or the time needed for work conferences
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at each site. These additional times are accumulated and added to the work times 1o
datarmine total equipment costs as shown in Table 15,

Completion of eleven work sites in the Upper Pine Creek Treatment Area will require
approximately 37 hours of hydraulic excavator time and 30 hours of crawler tractor
time. A standard backhoe may be needed for 2 hours to assist in the installation of
a culvert downspout at Site #836.

Estimated Costs

At $100/hr and $80/hr for the excavator and cat, respactively, treatment costs would
be $6100. In addition, approximately $100 may be required for backhos work at site
#836. Total project treatment costs of $11,100 will yield a cost-effectiveness value
of approximately $5.18 per cubic yard of saedimant kept from eniering tha stream
system. All peripheral costs including layout, equipment move-in and move-out,
supervision, hand labor, road rebuilding, travel times between work sites, conference
timas, and final reporting are included in the final costs. Only materials for mulching
and seeding have been omitted from the caleulations. These items are not expected
to add significantly to project costs. ‘
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Table 15. Estimated logistic requirements and costs for the Upper Snow Camp Creek
Treatiment Area.

Cost ~==Bgbisatad Froject Timesg-—-— Total
Rate Treatsent’™ Logistics’ = Total  Estisatasd
Cost Catasgory! ($/bx) ibours) (hours) ¢(hours) _Cost {$)
1. Hove~in; Hova-out 50 - 18 18 900
{Low Boy sxXpenges)
2. Haavy Equipsent
b-7 Tractor 80 23 7 30 2400
Bxcavator 100 28 9 37 3700
Dump Trucks 50 -— - - oo
Backhoe 50 e e - o
3. Laborer(s) 15 40 — 40 &00
4. Layout, Coordination
Supervision, Reporting’ 50 70 e 70 3500
TOTAL COST $11,100

' Costs for culvert msterials have not been included in thase estimates, Costs for mglehing and refated
mpterials {grass sesd, fartilizer and straw) are not includad, but are expectad to be fairly small components
of each project {estimated 3500 - $1000].

2 Treatment times include all equipmant hours expended on excavations and work directly associated with
erosion pravantion and srosion control a7 all the sites.

3 Logistic times include all equipment houwrs axpended for ocpening access 10 sites on abandonsad roads,
travel time for aquigment to move from site-to-site, and conference times with squipment operators st aach
site 1o convey trsatment prescriptions and stratagies.

4 Supervision tima includes 1 person-days for detailed layout {flagging, etc) prior to squipment arrival,
supervision during equipmaent operations, and 2 person-days for post-project documentation and reporting.

2. Lower Snow Camp Creek Treatment Area

Location

The lower Snow Camp Creek treatment area consists of 14 potential work sites in the
lower Snow Camp Creek basin (Map 3). The work sites are located along an
abandoned logging road constructed on inner gorge slopes above Snow Camp Creek
between 1955 and 1962. Most of the fandsliding that occurred along the road was
triggered during the 1964 flood. Numerous slopes along the inner gorge failed and
a minimum 23,000 yds® of sediment was delivered from landsliding at these same
sites.
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It is estimated that another 12,000 yds® will be delivered sometime in the future,
probably in response 1o a large winter storm, Unfortunately, the largest potential
contributors to future erosion and sediment yield are several very large, deep seated
iandslides that cannot be cost-effectively controlled. They appear to have been largely
stable since their last movement approximately 20-30 years ago (as evidenced by
undisturbed conifer regrowth on their surfaces). However, the existence of large,
continuous scarps on both their lateral margins and in the head region still portends
potential failure and sediment delivery.

The logging road which was constructad into this inner gorge area was abandoned
shortly after logging along the steep slopes was completed. Since then, numerous
hillslope failures and streamside landslides have removed many segments of the road.
Future access to most of the identified sites would require extensive road
reconstruction.

Therefore, because of 1) difficult access, 2) high costs of road reconstruction, 3) low-
to-moderate erosion potential (many of the slides have been "stable” since 1964), and
4) the existence of deep seated, difficult-to-control landslides, this treatment area has
been designated of lower overall immediacy than many of the other areas. Treatment
at this location will be deferred until other, higher priority treatrent areas have been
addressed.

Treatments

Only four of the 14 identified sites in the Lower Snow Camp Creek Treatrnent Area
have been suggested for tentative treatment (Table 18). These include excavation of
two stream crossings {#850, #851) near the beginning or the road, excavation of a
500 foot length of road fill that still threatens to fail into Snow Camp Creek (#8586},
and outsloping of approximately 200 feet of vertical channel bank near the confluence
of Snow Camp Creek with its major tributary at the end of the road {see Map 2).

The first two sites are very small, and the later two sites would require considerable
road reconstruction to access and therefore are of lower overall priority. The total
volume of sedirnent to be prevented from entering Snow Camp Creek from these four
erosion prevention projects is approximately 1,000 - 1,500 yds?.

Equipment Needs

Approximately 38 hours hydraulic excavator and 46 hours crawler tractor time would
be needed for direct excavation at the four identified work sites (Table 17). The
excess tractor time would be needed to open access and reconstruct the road past
the existing landslides. If the large, quasi-stable landslides were to be gxcavated near
their headscarps, considerable dump truck tims would also be needed for endhauling
800 feet to the nearest stable landing.

Pucific Wetershed Associstea - P.O. Box 4433 - Arcata - CA - 86521 ~ {707) 838-5130
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Logistics :

Treatment of sites #850 and #851 would require only minimal road reconstruction to
access. Site #853 is the first of a number of deep seated landslides with scarps up
to 7 ft high crossing and disrupting the road bench for up to 100 lineal feet. Access
beyond this point would require major road reconstruction.

Estimated Costs

At $100/hr and $80/hr for the excavator and cat, respectively, treatment costs would
approach $11,900, for a miserable cost-effectiveness value of $8.00 per cubic yard
kept from entering the stream system. Road rebuilding and access costs drive up the
unit costs for this site. This site will not be undertaken until other, more cost-
gffactive projects are undertaken.

Pacific Watershad Associetar - P.O. Bex 4433 - Ascats - CA - 58521 ~ (707} 338-5130 ’

48



:1e0]
i HAF LY

avod dW¥D MONS "Z6°1 8ndS

S0t gasil ov2'ez 2t §°1g
0 68 + % 0 2 ¥l
] 0 TN N 6L-§ $99 A
£ 521 A TR ¥ N 61-€ 299 A
g ¢ 1T K 6L-f 198 A
o ooL 11 K 61-% 098 A
o o 11 N 61-f 659 A
00} oot A W'y H N 6L-F B5E A
i a0y ooy g ooz A A ' W'H LA GL-% 458 A
0% 174 006° 4 ol oo A 1 1 LA 61§ 958 A
9 0 1 1 K 6i-f G A
ons’g 00021 7 W i 61§ ¥58 A
09L7L oo’y T N 61§ 48 A
vy ool 11 N 6l-% 250 A
(119 0e 6% b 50 i M K LA 61-E 158 A
9 ) &l 3 81 A W H th 6L-€ 0489 A
G3AVE TOR TBE Ih4 THo0J3 Ind [@3AI0 I¥J  OX3d  UIR10 O 05X X§3 Xud1 503 5047 Tpown] g3 IIVEE] O704d 3TT% POV

¥IJUD NI CYIHY INTWLVISL NITUD JWYD MONS Y¥INOT
ViVa 3115 I0ULNOD HOISOH3 ORY NOIINIAIXd NOISOWI “Qf @|qel

peoy

Pacific Watershed Associstes - P.O. Box 4433 - Arcata - CA - 85821 - {707] 838-5130

49



Table 17. Estimatad logistic requiremants and costs for the Lower Snow Camp Croek
traatment area.

Cost mwofatizated Project Timsé-~-- Total
Rats Treatsmsat’s Logistics’ = Total Eatimsted
Cost Catsgory {8/br)  {(hours) fhours) . (hours) _Cost (§)
1. Hove-in; Hove-out 50 e 16 16 800
{Low Boy expenses)
2. Heavy Equipment
D=7 Tractor 80 32 14 46 3700
Excavator 100 32 6 i8 31800
Dump Trucks 50 - o — e
Backhoe 50 - - = e
3. Laborer(s) is 40 —— 40 800
4. Layout, Coordination
Supervision, Reporting 50 50 e &0 3400
POTAL COBT $11,8%00

T posts for culvert materials have not been includad in thess sstimates. Costs for mulching and rslated
materials |grass seed, fertilizer and straw) are not included, but are expectad to be fairly small components
of sach project lestimated 3500 - $1000),

2 vraatrment times include all squipment hours sxpended on excavations and work directly associated with
srosion pravention and erosion control #t all the sites. .

3 Logistic times include all equipment hours expanded for opening access 10 sites on abandoned roads,
travel time for equipment to move from site-to-site, and conferance times with equipment operators at sach
site to convey treatment prascriptions and strategies.

4 Supervision time includes 1 person-days for detsiled layout (flagging, etc) prior to eqéiament arrival,
supervision during squipment operations, and 1 paerson-days for post-project documentation and reporting.

Pacific Watershad Associstes - P.O. Box 4433 - Arcsts - CA - 38821 - {707] 839-5130
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2. Little Pine Cresk Treaiment Area

Location

The Little Pine Creek Treatment Area consists of 27 sites located on lower hillslopes
along Little Pine Creek near the northwest corner of the Hoopa Square (Map 4). The
ariginal mapping for the treatment area is found on mylar overlays of aerial
photographs #1-5 and #2-11.

Mast of the Little Pine Creek watershed is on private land outside and upstream from
the Hoopa Square. Private lands in the watershed have been heavily impacted by past
timber harvesting and road construction during the 1960’s and early 1970's.
Numerous road-related debris slides, washed out stream crossings, stream diversions
{and resultant gullies}, and large stream-side debris slides can be seen on aerial
photographs of the basin. The main channel passing through the square has been
heavily impacted by large influxes of sediment from adjacent and upstream lands.

In addition, a number of stream-side landsiides occurred along lower portions of Little
Pine Creek, in the Hoopa Square, during the 1964 storm and storms in 1872 and
1975%. These sources were a consequence of heavy aggradation in the main channel
at the base of the slope, together with timber removal from the stream-side zones.
Sediment delivered to the stream system from past road-related erosion sources in the
lower basin totalled 5,000 yds®. This was probably only a fraction of the input from
stream-side landslides in the same reach. Over half of the inventoried volume of
sediment came from two landslides that no longer represent potential sediment
sources. By treating 22 of the potential work sites identified for this treatment area,
it is estimated that at least 9,000 yds? of sediment will be prevented from entering
Little Pine Creek in the future (Table 18).

Treatments

The site treatments are evenly split between stream crossing excavations and
excavations of unstable fill at potential landslide locations (Table 18). However, over
half of the predicted future yield volume {5,400 yds®) will be addressed by landslide
treatments at two locations (site #533 and #630). Both these sites were identified
as having a high erosion potential and a high treatment immediacy during field
inventory and mapping.

In spite of the large volumes of material to be moved from several of the treatment
sites, only one site {#630) will require endhauling a portion of the spoil material. A
local terrace 800 feet down the road will provide adequate storage space for this
potential landslide debris.

Pacific Watsrshed Associztes - P.O. Box 4433 - Azcata - CA - 858521 - (707) 838-5130
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Twelve stream crossings are recommended for excavation on roads which are
currently abandoned and are not expected to be used for timber operations in the near
future. Work at these sites will prevent approximately 1,850 yds® of sediment from
being delivered to Little Pine Creek and its tributaries, through the physical excavation
of 1,620 yds® of rmaterial.

In addition, nine excavations are recommended for unstable fill material that threatens
1o fail and deliver sediment to Little Pine Cresk. Work at these nine sites will require
the excavation of approximately 7,800 yds?® of matsrial to prevent that sediment from
entering the stream system,

Equipment Needs

The Little Pine Creek Treatment Area will require approximately 143 hours of
excavator time and 155 hours of crawler tractor time to complete work at the 22
recommended treatment sites (Table 19). In addition, approximately 113 hours of
dump truck time (Site #630) will be needed to endhaul material to stable storage
locations. Site #543 may also need a small amount of dump truck time (10 hours)
if local storage becomes limiting.

Logistics

Only five of the sites are located on maintained, drivable roads. However, the
remaining 22 sites are found on abandoned roads that will require only brushing or
minor reconstruction 1o provide access the work sites. Site #6830, the only work
location on a short, abandoned spur road near the mouth of Little Pine Creek, is
logistically separated from the rest of the work sites. This will simplify (eliminate) the
task of having to coordinate timing of dump truck endhauling with equipment work
at other sites in the treatment area.

The old stream crossing of Little Pine creek should not be reopened for this erosion
prevention project. Sites to the north of Little Pine Creek {#621 - #612; see map 4)
should be treated in that order, progressing from the end of the spur road to its
intersection with the Bald Hills Road. Sites to the south of Little Pine Creek (#8521 -
#544) should be treated from access roads found on that side of the basin. As
always, dead end, abandoned, spur roads should be treated from the end to their
junction with maintained roads.

Estimated Costs

At $100/hr and $80/hr for the excavator and cat, respectively, treatment costs would
be $26,700. In addition, approximately $5,850 will be required for endhauling (dump
trucks) on the spur road at site #630. Complete treatment costs of $48,200 yields
a cost-effectiveness value of $5.10 per cubic yard kept from entering the stream
system. Road rebuilding and accass costs are included in this cost estimate. Total
cost-effectiveness values should remain at or below $5.00/yds® for the Little Pine
Creek Treatment Area.

Pacific Watershed Associstes - P.O. Box 4433 - Arcsta - CA - 85521 - {707} 830-5130
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Table 19. Estimated logistic requirements and costs for the Little Pine Creek
Treatment Area.

Cost =w=Bgtisated Projsct Tizeg-~- Total
, Zate Trestmant™ Logistics® = Total Estimstad
Cost Category £§/hr)  (heurs)  _(hours)  (hours) _Cost ($)
1. Hove-in; Move-out 50 - 33 iz 1600
{Low Boy expenses)
2. Esmavy Eguipment
D=7 Tractor 80 120 a5 155 12,400
Excavator 160 113 30 143 14,300
Dump Truocks 50 S0 23 113 5,650
Backhoe 50 e - e e
3. Laborer(s) 1% 180 o 150 2,250
4. Layout, Coordination
Supervision, Reporting’ 50 200 - 200 10,000
TOIAL COST 546,200

V costs for culvert materials have not been included in these estimates. Costs for mulching and related
materials (grass seed, fertilizer and straw) are not included, but are expected to be fairly smail components
of aach project lestimated $1000 - $1500).

2 rraatrment times include all squipment hours sxpended on axcavations and work dirsctly assuczataﬁ with
erosion pravention and erosion control 3t all the sites.

3 Logistic times include all squipment hours expended for opening access to sites on abandoned roads,
travel time for equipment to move from site-te-site, and conferance times with equipment operators at each
site 10 convey treatment prescriptions and strategies.

4 Supervision time includes 2 person-days for detailed layout {flagging, etc) prior to squipment arrival,
supervision during equipment operations, and 2 person-days for post-project docurmentation and raporting.

Pacific Watershed Associutes - P.O. Box 4433 - Arcats - CA - 58521 ~ (707) 839-5130
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4& Lower Pine Cragk Treatment Area

Location

The Lower Pine Creek Treatment Area is a large unit that encompasses 20 sites
located on three abandoned spur roads off the Bald Hills Road (Map 5). These spur
roads approach a steep, deeply incised perennial tributary to Pine Creek that has
received huge volumes of sediment in the past. The original mapping for all the units
is contained on the mylar overlay of 1990 agerial photograph #2-13.

The lowest of the spur roads (lower spur, Spur @ 0.34), built prior to 1862, crossed
the channel and continued parallel on the lower hillslopes along Pine Creek for 0.5
mile. The Upper spur (Spur @ 1.26) was also built to access a tractor clearcut prior
to 1962.

The middle spur road (upper spur off Spur @ 0.34) was constructed prior to 1877
{see Map 5) and thus escaped the 1264 flood.

The sites which show the greatest past ercsion and sediment delivery, as well as
those which still display the greatest potential for future ercsion and sediment
delivery, are underlain by deeply waathered, sheared black schist. The soil materials
are very unstable and are saturated for much of the year. 5oil mottling, active
springs, hydrophytic vegetation and other signs of abundant moisture, combined with
steep slopes, attest to the potential instability of the soil materials.

Treatments

Over 37,000 yds? of sediment has been delivered to the stream system, and to Pine
Creek, as a result of erosion along the roads in this treatment area. Another 14,650
yds? are expected to be delivered if preventive treatments are not employed (Table
20).

Of the 20 sites identified in this treatrment area, ten (10} are targeted for future
treatment. Addressing these ten will prevent the introduction of up to 10,800 yds®
of sediment to Pine Creek and its tributaries. Virtually all the identified work sites in
this treatment area involve the excavation of unstable fill and hillslope materials that
threaten to deliver sediment to the streams. Stream crossings along these abandoned
roads are typically a small subset of larger existing or potential hillslope failures which
will require excavation to stabilize.

Because of the extremely wet siopes and road materials along the later portion of the
middle spur road, all excavated material from four work sites (#651, #6562, #653,
#655) will have to be endhauled approximately 1000 feet to be deposited along dry
sections of the rocadbed. Use of two to four dump trucks to transport approximately
5000 yds® will increase work site costs for this section of the hillslope. This particular
site, because of high soil moisture, will need to be treated near the end of the dry

Pacific Watershed Assccistes - PO, Bax 4433 - Arcata - CA - 35521 —~ (707) 838-5130
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summer months. It should be field checked before equipment is commitied 10 the
sie.

Eaquipment Needs

The Lower Pine Creek Treatment Area will require approximately 162 hours of
excavator time and 156 hours of crawler tractor time to complete work at the ten
treatrment sites. In addition, approxirmately 240 hours of dump truck time will be
needed to endhaul material away from wet sites where local disposal is not possible.

Logistics

All three spur roads in this treatment area have been abandoned since at least 1977.
All three of the spur roads would require "major road reconstruction” to access the
most remote of the treatment sites.

Major reconstruction implies that the road is washed out at one or more stream
crossings, or there are large scarps crossing the road alignment which would have to
be regraded to provide access to trucks and equipment. The reconstruction work
needed to pass each of the sites in this treatment area is fairly straight forward and
should not require significant additional time to accomplish.

Endhauling on the middle roads will require close coordination to ensure that trucks
are as efficient as possible in their runs to the disposal sits. Reconstruction will entail
developing several wide spots along the road for passing and pull-out lanes.-

Estimated Costs

At $100/hr and $80/hr for the excavator and cat, respectively, and $50/hr for the
dump trucks, direct equipment costs exceed $40,000. Total treatment costs of
54,280 will yield a cost-effectiveness value of $5.00 per cubic yard kept from
entering the stream system. Road rebuilding and access costs are included, as are
supervision, manual labor and move-in and move-out costs.

Pacific Wetarshad Associztes - P.O. Bax 4433 - Arcats - CA - 85521 ~ {707} 833-5130

56



2RO 459°%L 52979l 66 §T221 1m0}
0 00 t L % @ 02 £ 13uno)
e et e e et m e Mmoo e e e e em m a2 A 1t n o m e e g m— o —————
0wy oLt oog'e O+ A A ] A W HH L EL-2 559 A
%42 sz 522 I 3 1 A PO b L OEL-2 %59 A
Goo’s poe's oeo’s Ao 0752 A W'HooH A EL-2 €59 A
g5¢ geg 0%y A O 4 0l A HoH A fL-2 259 A
o0z g0 002 it 62 A A N AofL-2 159 A
gog't 008'Y 1 M K £1-2 059 A
00%°L 008" TR N S1-2 699 A M OCH QRS ON B ¥NdS/UNdS
141 0%l 101 K EL-2 199 A
0ot a0 101 N £L-2 099 A
202 002 T N §L-2 659 &
ool 001 101 N £L-2 959 A CHOCH @WE 927 LdW & dnds
005 804 00% 9 0°9 A K H LA £3-20 499 A
8 ¢ 11 N £L-20 9%9 A
8 ] 101 K £L-20 ¥99 A
! 00% 1 M N £L-20 0%9 A
0Lz 012 0o% Y g4 A N W A £1-20 959 A
&4 & §22 z 0% A K HA A £1-20 459 A
029"y 174 poR't 2 0o A WH K A £4-20 959 A
52 52 s I N £L-20 659 A
a08 008 00074 ¥ 02t A u H 4 £1-20 959 A M TIIH Q1VE 440 ¥NdS 950
GIAVETIOR T8PVIRT TO79 IR TWENI0 TIVI T W3 WINIO OF gu¥ X¥3 Xudi 503 s5047 Tpeww] TJ3 LIVIEIL Fio4d 3318 1PNV pEGY

XITUD INID CVIUY ININLVINL NIJWD 3INID HIMOT
YiVQ 3L1S J0HINOD NOISOMI (MY HOTINIAJY¥D NOISO¥Z Qg elqel

Pacific Watarshed Associstes - P.O. Box 4433 - Arcata - CA - 95521 - {707} 838-5130

57



Table 21. Estimated logistic requirements and costs for the Lower Pine Creek
Traatment Area.

Cost =weBgtimated Project Timag——~ Total
: Rate  Traatment’+ Logistics’ = Total Estimatad
Cost Catagory {$/hr} {bours) {hours) {hours) Cost ($)
1. Hove-in; HMove-out 50 e 18 16 8c0
{Low Boy expenses)
2. Heavy EBquipment
D=7 Tractor 80 120 K1 156 12,480
Excavator 100 12% 37 162 16,200
pump Trucks 50 200 40 240 11,800
Backhoe 50 - - —— e
3. Laborer(s) 15 180 —— 180 2,700
4., Layout, Coordination
Supervision, Reporting 50 210 — 210 10,500
TOTAL COST $54,280

T Costs for cuivert materials have nat been included in thase estimates. Costs for muiching and relatad
matarials (grass seed, fertilizer and strawl ars not included, but are sxpected 1o be fairly small componeants
of sach project lastimated $1000 - $1500).

2 Treatment times include all equipment hours expended on excavations and work diractly associated with
erosion pravention and erosion control at all the sites. .

3 Logistic times inchude afl squipment hours expended for opening access to sites on abandoned roads,
travel time for squipment to move from site-to-site, and conference times with eguipment operators at each
site to convey treatment prascriptions and strategies.

4 Suparvision time includes 2 person-days for detailed layout {flagging, stc) prior to equipment arrival,
supervision during squiprnent cperations, and 3 person-days for post-project documentation and reporting.

Pacific Watershad Aseocistes - P.O. Box 4433 - Arcata - CA - 86621 .- (707} 839-5130
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5, Bald Hill/Snow Camp Roads Treatment Area

Location

The Bald Hill/Snow Camp Roads Treatment Area contains 35 sites stretching across
the lower Pine Creek watershed (Map 6). All sites are located either on the Bald Hills
Road or on the Snow Camp Creek Road. Both routes are maintained as permanent
through-going logging roads, and the all-weather Bald Hills Road is surfaced with rock.
Snow Camp Creek Road is a lower standard surface, often being single lane and
displaying numerous sections that are muddy and soft during the winter months.

For the purposes of this regport, both these road systems are classified as permanent,
maintained roads that will rernain a part of the permanent road network. Both roads
are active and maintained. For this reason, our ergsion control and erosion prevention
recommendations call for local upgrading of drainage facilities and other improvements
that will help erosion-proof the roads for future storms.

The Bald Hills Road, east of the Pine Creek Bridge, was constructed prior to 1844,
Most of the remaining roads in the treatment area were built by 1862. Only a short
section of the western portion of the Bald Hills Road was constructed since 1975.
Thus, the bulk of the stream crossings and fill-slopes on these roads have endured the
largest storms and floods of the last three decades. Those features that were
unstable after construction likely failed, and have since been rebuilt. The road-bed
and drainage structures along these routes are now largely stable. Future erosion and
sediment yield to be expected from these roads might, therefore, be less than from
comparable lengths of newer road.

At a minimum, past delivery from road-related ergsion sources in the Bald Hill/Snow
Camp Roads Treatment Area total 8,800 yds®. One stream diversion (Site #719;
3,950 yds®) and one past debris slide (Site #627; 1600 yds?® account for 63% of the
measured yield from this treatrment area. Future erosion predicted from this treatment
area is expected to be approximately 3,300 yds® of sediment.

Treatments

Qur recommendations for this treatrent area involve upgrading and erosion proofing
the permanent road system to prevent future erosion and sediment delivery to Pine
Creek. If left unattended and untreated through one or more large floods in the future,
an estimated 3,300 yds® of sediment would be eroded. Nearly 3,100 yds® of
sediment could be directly delivered 10 the channel system of Pine Creek. Treatment
of the 24 treatable sites on the Bald Hills Road, Snow Camp Creek Road and four spur
rcads will prevent the introduction of over 2,600 yds? of sediment to Pine Creek
{Table 22).

Pacific Watershed Assccistes - P.O. Box 4433 - Arcata - CA - 85521 ~ {707} 833-5130
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Eight stream crossings on abandoned roads are recommended for excavation, until
such time as these dead-end spurs are again neaded for access to timber (Table 22;
Map 6). All of the stream crossings are small and each will require less than 3 hours
of excavator time to complete. Similarly, the resultant valume of sediment prevented
from entering the stream system from these crossings barely exceeds 700 yds?.

Relatively small excavations of unstable road fill will be accomplished at five sites and
prevent the discharge of nearly 750 yds® of sediment to channels. Two of these sites
(#507 and #811) will require endhauling to dispose of the spoil materials.

The remaining work prescriptions involve the construction of cross road drains on
abandoned roads, building rolling dips at selected locations on maintained roads, and
installing drainage improvement structures at existing culverts. Recommendations
which call for installing rolling dips in the road bed are aimed at preventing future
streamn diversions in the event of culvert plugging. Typically, at these same sites,
recormnmendations are included for culvert installation, cleaning culvert inlets, adding
downspouts, or other maintenance/improvement items.

Equipmant Naads

The Bald Hills/Snow Carmnp Creek Treatrment Area will require approximately 61 hours
of excavator time and 56 hours of crawler tractor time to compiete work at the 24
recommended treatment sites (Table 23). Little endhauling {perhaps 8-10 total hours
of dump truck time} will be necessary. Hand labor will be required to assist in culvert
cleaning, culvert installation and culvert improvement work at sites on maintained
roads. ’

Logistics

This a very large and sprawling treatment area. As a result, travel times between
work sites will be higher than in other treatment areas. Sixtsen of the 24 treatment
sites are located on maintained roads and spur roads, thereby providing easy access
to work locations. Installation of rolling dips on the Bald Hills Road will, in many
cases, require an extra 15 minutes at each site because of the extra road width. Most
treatments on maintained roads can be performed without closing the roads to
through-traffic. A few new culverts will have to be installed to prepare the road for
large storms. '

The other eight sites (#605-#609, #625, #719-#720), located on abandoned spur
roads, will require brush clearing or minor reconstruction for equipment to reach and
treat the potential erosion problems. In general, stream crossings on those abandoned
roads that have no near-term timber reservas are recommended for excavation. If the
roads are ever needed again, the crossing sites can be easily rebuilt.

Pacifie Watarshed Azsociztes - P.O. Box 4433 - Arcata - CA - 35821 - (7071 828-5130
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Estimatad Costs

At $100/hr and $80/hr for the excavator and cat, respectively, treatment costs would
be $11,100 (Table 23}). Costs for limited dump truck and backhoe use {total
approximately 10 hrs each @ $50/hr) will add approximately $500 to project costs.
Additional costs will be incurred for hand labor and materials associated with culvert
and drainage improvements on maintained roads.

Full project costs of $17,300 will yield a cost-effectiveness value of $6.60 per cubic
vard kept from entering the Pine Creek stream system, Road rebuilding and travel
time between sites increased costs somewhat since the roads are long and the sites
are sometimes far between. Total cost-effectiveness values should remain well below
$7.00/yds® for the Bald Hill/Snow Camp Creek Treatment Area.

Pacific Watershed Aseocistes - P.O. Box 4433 - Asceta - CA - 86621 - {707} 828-5130
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Table 23. Estimated logistic requirements and costs for the Bald Hills/Snow Camp
Roads Treatment Area.

Cost ~==Zgtimated Project Timag--- Total
Rsta Traatssot’+ Logistics’ = Total  Estismatsd
Cost Catagory’ {8/hr) {hours) {hours) (hours) _Cost ($)
1. Move-in; Move-out 50 — 1& 16 800
{Low Boy sxpenses)
2. Heavy Equipment
p~7 Tractor 80 32 24 56 4580
Excavator 100 37 24 61 6100
Dump Trucks 50 10 o 10 500
Backhoe 50 — — e o o
3. Laborer(s) 15 60 - &0 300
4., Layout, Coordination
Ssupervision, Reporting’ 50 .30 - 50 4500
TOTAL COST $17,.300

' Costs for culvert materials have not been included in these estimates. Costs for mulching and related
materiais {grass seed, fertilizer and straw) are not included, but are expacted 10 be fairly small components
of each project [estimated $500 - $1000),

? Treatment times include all equipment hours expended on excavations and work directly associated with
arosion prevention and srosion control at all the sites.

3 Logistic times include all equipmaent hours expended for opening access 1o sites on abandoned roads,
travel time for squiprnent to move from site-to-site, and conference times with equipment operators at each
site to convey treatment prescriptions and strategies.

4 Supervision tirne includes 1 person-days for detsiled layout (flagging, etc) prior to squiprnent arrival,
supervision during equiprment operations, and 2 person-days for post-project decumentation and ragorting.
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G Ping "G™ Treatmeaent Area

Location

The Pine "G" Treatment Area consists of 17 sites located on upper and middie
hillsiopes directly tributary 1o the main channe! of Pine Creek {Map 7). This treatment
area is physically isolated from the other areas in that it is accessed from the 100-
Acre Prairie Road along the eastern divide of Pine Creek. The original mapping for the
Pine "G" Treatment Area is found on mylar overlays of aerial photographs #3-11, #3-
13 and #3-15.

The Pine "G" Road and its spurs were constructed in 1980-1981 for timber
harvesting. All four of the roads are now technically abandoned and have not had
significant maintenance or clearing since they were constructed. In several locations,
brush has now covered the roadway and a few stream crossings are beginning to
wash out. Although the Pine "G" Road is still passable to 4-wheel! drive vehicles, its
three spur roads are typically overgrown and not drivable. The spur at MP 2.55 is
abandoned and completely overgrown (Map 7). It displays several potential and
existing landslides and should be put to bed (Sites #28, #31, #34).

For the purposes of this report, we have classified the main road system as active and
maintained. This is the status it should have, based on the abundant timber resources
still to be harvested and accessed over these roads in the near future. Qur
recommendations call for upgrading, rnaintaining and erosion proofing this road
system.

Past delivery from road-related erosion sources in the Pine "G" Treatment Area total
just 202 yds®. Clearly, since the road systern was constructed, there have been no
significant winter storms or runoff events which would trigger significant erosion and
sediment vield. In contrast, field mapping has identified nearly 10,000 yds® of
potential sediment yield ready to enter the channel system during future storms (Table
24).

Treatments

Our recommendations for this treatment area involve upgrading and erosion proofing
of the road system to prevent future erosion and sediment delivery to Pine Creek. If
left unattended and untreated through one or more large floods in the future, 16,500
yds® of sediment could be eroded and nearly 10,000 yds® of sediment could be
directly delivered to the channel system of Pine Creek {Table 24). Treatment of the
16 treatable sites on Pine "G" and its spurs will prevent the introduction of over
4,500 yds® of sediment to Pine Creek.
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At ten of the treatment sites, recommendations call for installing rolling dips in the
road bed to prevent future stream diversions in the event of cuilvert plugging.
Typically, at these same sites, recommendations are also included for culvert
installation, cleaning culvert inlets, adding downspouts, or other
rmaintenance/improvement items.

Excavation of unstable fill material is called for at five sites, two of which are on the
abandoned Spur @ 2.55 (see map) that is scheduled for temporary closure. Work
on these five sites will pravent the delivery of up to 1,300 yds® of sediment to the
channel system. None of the sites is large enough to requirg endhauling.

Equipment Neads

The Pine "G" Treatment Area is a fairly small unit and will require approximately 52
hours of excavator time and 54 hours of crawler tractor time to complete work at the
186 recommended treatment sites. Little or no endhauling should be necessary. Hand
labor will be required to assist in culvert cleaning, culvert installation and culvert
improvement work.

Logistics

All 16 work sites are located on abandoned roads. However, only one (#34) will
require road rebuilding {in one spot) in order {o access the site. To reach the site, the
scarp systern at Site #3171 have to be regraded to permit equipment passage. The
remaining 15 sites require minar road brushing to reach the work areas.

Treatment of the one abandoned spur road (Spur @ 2.55) should progress from the
end of the road, back to its junction with the Pine "G" Road.

Estimated Costs

At $100/hr and $80/hr for the excavator and cat, respectively, direct equipment costs
for the Pine "G" Unit wouid be $9,500. The only additional costs would be for hand
labor and materials associated with culvert improvements, move-in and move-out
costs and supervision. Total project costs of $15,000 will yield a cost-effectiveness
value of $3.30 per cubic yard kept from entering the Pine Creek stream system. Little
more than brushing is required to reach the majority of work sites. Total cost-
effectiveness values should remain below $3.50/yds® for the Little Pine Creek
Treatment Area.
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Table 25. Estimated logistic requirgments and costs for the Pine "G”™ Treatmeant Area.

Cost =Bt insted Project Timegz--~ Total
Rate Treatment™ Logistics’® = Total Eatimatad
Cost Category’ {$/br)  (hours _thours)  (hours) _Cost (%)

1. Howve—-in; Hove-out 50 o e 12 12 &£00
{Low Boy sxpenses)

2. Heavy Bquipment

p~7 Tractorx 80 37 17 54 4300
Excavator 160 40 12 52 8200
Dump Trucks 50 - e o S
Backhoa 50 o e - ot e
3. Laborsr(s) 15 &0 o &0 200
4. Layout, Coordination
Supervision, Reporting’ 50 80 - a0 4000
TOTAL COsT $15,000

' Costs for culvert materials hava not been included in these estimates. Costs for rulching and related
materials Igrass sead, tertilizer and straw} are not inchuded, but ara expected 10 be fairly small components
of sach projsct (estimated 1000 - $1500.

? Treatment times include all equipment hours expended on axcavations and work dirsctly associated with
grosion prevention and erosion control at all the sites.

3 Logistic times include all equipment howrs expended for opening sccess to sites on abandoned roads,
travel time for equipment to move from site-to-site, and confarence times with equipment operators at each
site 10 convey treatrment prescriptions and strategies.

4 Supervision time includes 2 parson-days for detalled layout (flagging, etc) prior to equiprnent arrivai,
supervision during equipment operations, and 2 person-days for post-project documentation and reporting.

Pacific Watorshed Associates - P.O. Box 4433 - Arcata - CA - 85621 — (707) B33-8130

68



7. No. 2 Road Treatment Area

Location

The No. 2 Road Treatment Area contains 41 sites stretching from near the
headwaters of the Pine Creek basin, downstream 1o its intersection with the No. 201
Road to Ranger Mountain (near the Bald Hills Road){(Maps BA-8D). All sites are
located on the No. 2 Road, which is maintained as permanent logging road.

Much of the No. 2 Road was reconstructed in 1930, having experienced a number of
fill failures and stream crossing washouts since it was last used a decade ago. In
1990, failed stream crossings were rebuilt to current standards and new culverts were
installed at many locations where drainage was previously inadequate. In addition,
several long reaches of the No. 2 Road were surfaced with at least one layer of rock
to make portions of the route useable for winter hauling.

The No. 2 Road can be divided into a northern and a southern segment, logically
separated at the ford crossing of Pine Creek (see Map 8C}. South of the ford
crossing, the No. 2 Road is largely unsurfaced and occasionally may be impassable
during the wettest conditions. It is not an all-weather haul road. North of the ford
crossing, the road is only locally surfaced for winter hauling, but many new culverts
have been installed to bring the drainage facilities up to higher standards.

For the purposes of this report, both the northern and the southern segments of the
No. 2 Road are classified and treated as a permanent, maintained road that will remain
a part of the permanent road network. As with other currently maintained, permanent
roads, we have assumed that the No. 2 Road will never again be abandoned. For this
reason, our ergsion control and ercsion prevention recommendations call for local
upgrading of drainage facilities and other improvements that will help erosion-proof
the road to withstand future storms.

The No. 2 Road was constructed in the 1960’s and early 1970's. The road was
entirely in-place by 1872, Numerous road failures and stream crossing washouts
occurred during the floods of 1964, 1972 and 1975. At a minimum, past delivery
from road-related erosion sources in the No. 2 Road Treatment Area totals 15,500
yds®. Six sites of past erosion and sediment delivery each vielded over 1000 yds® of
sediment to Pine Creek. Future erosion predicted from this treatment area is expected
to be approximately 8,450 yds?® of sediment (Table 26).

Importantly, any sediment eroded from fillslopes and stream crossings along the No.
2 Road is rapidly carried down the steep inner gorge slopes to the main channel of
Pine Creek. Erosion along the road is often quickly transiated into sediment delivery
to this important fish-bearing stream. Past sediment contributions from this road
systemn have been significant. Future sediment delivery from this treatrnent area can
be largely avoided by straight forward erosion prevention treatments (Table 26).
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Teggtmants

Recommendations for the No. 2 Road Treatment Area involve upgrading and erosion
proofing the permanent road system (o prevent future srosion and sediment delivery
1o Pine Creek. Treatment of the 31 treatable sites on the road will prevent the direct
introduction of up to 8,000 yds® of sediment to Pine Creek.

No stream crossing excavations have been recommended, because of the permanent
status of the road. However, 14 rolling dips nged to be constructed to prevent future
stream diversions, and a number of the existing stream crossings (15) require
improvements (such as the addition of downspouts, trash racks, culvert extansions,
etc) to help protect them from failure during large storms.

Recommendations which call for installing rolling dips in the road bed are aimed at
preventing future stream diversions in the event of culvert plugging. Typically, at
thesa same sites, additional recormnmendations are also included for culvertinstallation,
cleaning culvert inlets, adding downspouts, or other maintenance/improvement iteéms
designed to prevent future erosion.

At five locations, unstable fill materials are recommended for excavation. Sites are
typically located along the outside of the road prism, or in the immediate vicinity of
newly installed stream crossings. Treating these five sites will prevent the eventual
delivery of approxirmately 730 yds3 of sediment to the main channel of Pine Creek.

Equipment Needs

The No. 2 Road Treatment Area will require approximately 65 hours of excavator time
and 72 hours of crawler tractor time to complete work at the 31 recommended
treatment sites. One high priority site (#128) will require approximately 15-20 hours
of dump truck time for endhauling unstable spoil material. In addition, dump trucks
will be required to import rock surfacing materials to two short stretches of road that
are currently soft and potentially unstable.

Finally, a backhoe will be needed for 11-15 hours of work at four sites for culvert
installation and culvert improvement work. Hand labor will be required to assist in
culvert cleaning, culvert installation and culvert improvement work at a number of
sites and for most of the project duration. These costs are alt incorporated in Table
27.

Logistics :

All of the work sites in this treatment area are on the No. 2 Road, thereby providing
easy access to work locations. Endhauling storage sites are all locally available.
Installation of rolling dips will, in many cases, require an extra 15 minutes beyond the
normally required time because of the extra road width.
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Estimated Costs

At $100/hr and $8O/hr for the excavator and cat, respectively, equipment costs
would total $12,200. Costs for limited dump truck and backhoe use {total
approximately 20 hrs and 15 hrs, respectively, (@ $50/hr) will add approximately
$1,750 to project costs. Additional costs for hand labor and supervision are shown
in Table 27. The cost of materials needed for culvert and drainage improvermnents are
not included,

Total treatment costs of $20,350 will yield a cost-effectiveness value of $2.25
expended for every cubic yard of sedimeant kept from entering the Pine Creek stream
system. Road resurfacing and materials costs could increase costs for the project.
Total cost-effectiveness values should remain below $4.00/yds® for preventive
treatments along the No. 2 Road.
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Table 27. Estimated logistic requirermnents and costs for the No. 2 Road Treatment
Area.

Cost ~=-Egtimated Projact Tismss--- Total
Rate  Treatmast’+ Logistics’ = Total Bstimsted
Cost Catsgory! {8/hr)  (hours)  _{(hours)  (hours) _Cost ($)
1. Hove—~ing Move-out 20 e 24 24 1260
{Low Boy sxpanses)
2. Heavy Egquipment
D7 Tractor 80 49 23 72 5700
Bxcavator 100 42 23 &85 6500
Dump Trucks 50 20 4] 20 1000
Backhoe 50 15 o i5 750
3. Laborer{s) 18 80 e 80 1200
4. Layout, Coordination
Supervision, Raporting’ 50 80 —-— 80 4000
TFTAY, COST $20,350

' Costs for culvert materials have not besn includad in these sstimates. Costs for mulching and related
materials {grass seed, fertilizer and straw] are not included, but ara sxpacted to be fairly small components
of sach project {estimated $500 - $1000.

2 Treatment times include all equipment hours expended on excavations and work directly associated with
erosion prevention and erosion control at all ths sites.

3 Logistic times inciude all equipmant hours expended for opening access to sites on abandoned roads,
travel time for equipment to move from site-to-site, and conference times with equipment operators at each
site to convey treatment prescriptions and stratsgiss.

4 Supervision time includes 1 person-days for detailed layout (flagging, etc) prior to equiprment arrival,
supervision during equipment operations, and 2 person-days for post-project documentation and reporting.
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8.-No. 2 Road Spurs Treatment Area

Location

The No. 2 Road Spurs Treatment Area contains 33 sites located on six abandonad
spurs to the No. 2 Road {Maps 8A-8D). Relative 1o the beginning of the No. 2 Road,
at the divide entering the Pine Creek basin at its southern end, the spurs roads are
found at the following mileposts: 0.37 miles (Map 8D}, 3.45 miles (Map 8C), 4.26
miles (Map 8C), 5.86 miles (Map 8B), 10.87 miles {Map 8A), and 12.12 miles {Map
8A). The original mapping for this spur road is found on mylar overlays of aerial
photographs #4-6 and #3-5.

The first spur in this treatment area takes off the No. 2 Road at 0.37 miles {Map 8D).
It contains 14 sites, 11 of which are recommended for treatment (Table 28). At one
point, the spur appears to cross onto private land before it re-enters Tribal lands. For
most of its length, this abandoned spur road parallels Pine Creek and is located from
100 to 200 feet up the inner gorge hillslope. Erosion of stream crossings and failure
of unstable fill material often has an excellent chance of reaching the channel.

The second spur takes off the No. 2 Road at 3.45 miles from the southern end of the
road, several hundred feet north of the ford crossing over Pine Creek {Map 8C). Only
two sites on this spur are tentatively scheduled for treatment. Both sites are partially
washed out stream crossings. The original mapping is found on a mylar overlay of
aerial photograph #3-7.

The third spur takes off the No. 2 Road at 4.26 miles and has only a single site of low
1o moderate treatment immediacy (Map 8C). The spur takes off the No. 2 Road and
extends downslope about 0.25 mile where it ends at a terminal landing. The road
was built between 1365 and 1972.

Spur 5.88, the third spur with recormmended treatment sites, extends upslope from
the No. 2 Road to three potential work sites; one partially washed out stream crossing
at the end of the road and two potential slope failures (Map 8B). Together, the three
sites threaten to deliver over 600 yds® of sediment to a steep tributary of Pine Creek.
Built prior to 1977, the road has been abandoned and overgrown for a number of
years.

The fourth spur with recommended treatment sites takes off the No. 2 Road at
milepost 10.87 {(Map 8A). It is a relatively long, abandoned spur road that has five
viable work sites identified on it. The road was constructed prior to 1972 and each
of the sites is marked by a high potential for future erosion and sediment vyield.
Original mapping of the site is contained on the mylar overlay of aerial photograph #2-
7.
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The final spur, at milepost 12.12, contains eight recommended work sites. It extends
below the No. 2 Road and approachaes the inner gorge slope along the channel (Map
8A). In the past, erosion from this abandoned spur road delivered over 2000 yds® of
sediment directly to Pine Creek. Mearly 1500 yds® of future sediment delivery can be
prevented by completing the recommended treatments before the next major flood
gvent.

At a minimum, past delivery from road-related erosion sources in the No, 2 Road
Spurs Treatment Area totalled nearly 5,800 yds®. Future sediment delivery predicted
from this treatment area is expected to be approximately 4,800 yds® of sediment if
treatments are not undertaken (Table 28). Because of their close proximity to Pine
Creek, erosion and sediment delivery to the main channel system is typically rapid.
Slopes and tributary stream channel gradients are stesp.

Treatments

Each prescription in this treatment area calls for either the excavation of a stream
crossing or the removai of unstable fill material which threatens to deliver sediment
to a stream channel. Since the spur roads were mostly built prior to 1975, sach has
been through at least one major flood event. For this reason, many of the stream
crossings recommended for excavation are already partially washed out. Many others
have already completely eroded, and require no further work.

Table 28 outlines the general treatments for each of the spur road sites. Sixteen {16)
sites call for the excavation of stream crossings and another 12 sites call for the
excavation and removal of unstable filt material along roads and landings. In each
case, the treatments are straight forward. No endhauling will be needed at any of the
work sites.

Recommendations for each of the six spurs acknowledge the fact that these dead-end
roads will not be upgraded or maintained in the near future. There is little or no timber
to access along any of these routes. Treatments recommended here will erosion proof
the most seriously threatening sites that could deliver sediment to the Pine Creek
channel, if a large storm and flood were to hit the basin. However, the roads will be
addressed and put-to-bed so that they could be reopened and reused in the future if
they were needed. '

Equipment Naeds ,

The No. 2 Road Spur Treatment Area will require an estimated 95 hours of excavator
time and 100 hours of crawler tractor time to complete work at the 26 recommended
treatment sites. No sites are expected to require the use of dump trucks for
endhauling spoil material. Sufficient local storage sites appear to be available. Some
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hand labor will be needed on sites involving bridge removal to assist the tractor
operator in setting chokers,

Logistics

All the spur roads have been abandoned for a number of years. Four of the spur roads
will require little more than brushing and minor blade work 10 reopen the routes for
equipment access to the work sites. Two of the spurs will require major rebuilding
to access work sites.

The Spur @ 0.37 milepost crosses Pine Creek near its beginning and the log stringer
bridge at that location has already partially failed (site #308}. This major crossing will
have to be fully removed and a ford {or flat car) crossing rebuilt before access to the
remaining sites can be gained. There are also a large number of partially washed out
stream crossings along this route that will have to be "bladed through™ in order to
provide access to sites further out the road.

 Most of the sites along the 12.12 Spur can also be reached only by "major” road
reconstruction. One road/slope failure near the road’s beginning (see site #374)
would need to be heavily graded in order for equipment to pass. Instead, it appears
that a major skid trail extending directly from the No. 2 Road down to site #375 could
be opened to provide equipment access to the remainder of the work sites. This
optional route will be further investigatad in the field before equipment is committed
to treating sites along this spur road.

Estimated Costs

At $100/hr and $80/hr for the excavator and cat, respectively, equipment treatment
costs would total $17,500. Overall treatment costs of $26,000 will yield a cost-
effectiveness value of $5.44 per cubic yard of sediment kept from entering the Pine
Creek stream system. Total cost-effectiveness values should remain below
$6.00/yds® for preventive treatments along the No. 2 Road Spurs,
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Table 29. Estimaied logistic requiraments and costs for the No. 2 Road Spurs
Traatment Area.

Cost —=wBatinstad Project Timag-~- Total
Rate Treatment’+ Logistice’ = Total Estinatad

Cost Category {8/bx)  (houxrs) {(hours) _Cost ($)

1. Hove-in; Hove-out 50 e — o o o
{Low Boy sxpensss)

5

2. Heavy Equipment

D=7 Tractor 80 68 32 100 2000
Excavator 100 78 17 35 3500
Dump Trucks 50 - - e e
Backhoe 50 o - ——— ————
3. Laborer{s) 18 100 - 100 1500
4. Layout, Coordination
Supervision, Reporting® 50 140 - 140 7000
FTOTAL COBT $26,000

! Costs for culvert materials have not been included in these estimates. Costs for mulching and related
matsrials (grass seed, fertilizer and straw} are not included, but are sxpectad 1o be fairly small components
of sach project lestimated $1000 - $1500).

? Treatment times include all squipmant hours expended on excavations and work dirgctly associated with
grogion pravention and erosion control at al the sites.

3 Logistic times include all equipment hours expended for opening access to sites on abandoned reads,
travel time for equipment to move from site-to-site, and conferenca times with squipment ogerators at sach
site 10 convey treatment prescriptions and strategiss.

4 Supervision time includes 2 parson-days for detailed layout {flagging, etc) prior 1o agquipment arrival,
supervision during equipment operations, and 2 person-days for post-preject docurmnentation and reporting.

® Treatment of the saven {7} abandoned roads in this treatment area will ha done in conjunction with work
on sites in the No. 2 Road. For this rsason, move-in and move-out costs are itemized on the trestment cost
table for the No. 2 Road Treatment Area.
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8. Low Priority Miscellanecus Sites and No. 2 Road Spurs

Location

The 20 miscellaneous sites included in this treatment area are generally of lower
prigrity than most of the sites included in the other treatment areas. These sites
include small or relatively low priority work areas that may be isolated or located
among other sites where no treatrnent has been recommended (Maps 8A-8D).

Eight of the roads (containing 19 of the identified sites) are spurs to the No. 2 Road.
The mileposts, and number of sites on each spur, are as follows: 0.00 {1}, 0.01 (5},
0.26 (3), 1.39 (1), 3.29 (2), 5.36 (3}, 7.11 (3) and 8.2 {1). Aside from Spur 8.2
{which is a newly constructed road) and Spur 7.11, the other six spur roads are
abandoned. Spur 7.11 was reopened and rebuilt in 1890, The location of the sites
are depicted on Map 8B.

The remaining treatment site is located on one of the southern-most spurs to the 100
Acre Prairie Road (at milepost 8.52). This is a drivable spur road.

At a minirnum, past delivery from road-related erosion sources in these miscellaneous
sites totalled nearly just over 5,400 yds®. Future erosion predicted from this
treatment area is expected to be significantly less, approaching 1,500 yds® of
sediment if treatments are not undertaken (Table 30).

Treatments

Because of their low potential yield, or their low probability of failure, only six of the
20 sites are recommended for treatment in this area. Most of the sediment to be
"controlled™ will come from treatment of two sites on the 0.01 spur to the No. 2
Road. Site #308 simply calls for preventive road reconstruction measures to be
undertaken if this abandoned spur road is ever reconstructed {as recent flagging and
abundant local timber suggests). The other important site (#304) is a Humboldt
crossing of a small, steep stream that couild torrent to Pine Creek if it is not
excavated.

The other four sites targeted for eventual treatment cumulatively account for only 180
yds? of sediment. They will be scheduled for treatment only if equipment is in close
proximity, in order to keep total equipment costs to a minimum.

Equipment Neads

The Miscellaneous Sites Treatment Area will require an estimated 4 hours of
excavator time and 9 hours of crawler tractor time to complete work at the 6
recommended treatment sites. No sites are expected 1o require the use of dump
trucks for endhauling spoil material. Sufficient local storage sites appsar to be
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available. Howaever, transportation times between sites could t}e large, since many
of.the sites a isolated and far removed from sach other.

Logistics

Most of the spur roads have been abandoned for a number of years., Spur 0.01,
where the two largest sites are located, will require "major” rebuilding of the ford
crossing of Pine Creek in order to access the work areas. The remaining sites will
require minor rebuilding, or just brushing, to open access.

Estimated Costs

At $100/hr and $80/hr for the excavator and cat, respeactively, direct treatment costs
would be $1,120, not including transportation, conferencing or other normal costs.
Recause of the low priority of hits work site, no additional cost breakdown has been
made for this site. it is unlikely sites would be treated unless equiprnent was passing
the site for another job. For this reason, treatment area costs would not be
particularly meaningful.
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VIl Evaluation of Past and Present Landuse Practices
A Introduction

Throughout field mapping of active and abandoned roads in the Pine Creek study area,
observations were kept on the effect of certain past and current landuse practices on
erosion and sediment delivery to stream channels. Some of the practices are no
longer widely carried out, others are still in widespread use. Still other practices
appear to be the result of careless operations by individual equipment operators and
do not represent the concerted practice of local forestry. Regardless, a number of
these past and present operations continue 1o result in erosion and sedimentation
impacts to Pine Creek and its tributaries.

Perhaps the most cost-effective tool for reducing future sediment contributions to fish-
bearing streams in these highly erodible, steepland drainage basins is the utilization
of preventive landuse practices. The greatest majority of documented erosion and
sediment yield from managed lands in the study area could have been avoided by
more prudent land management. Qver time, as practices continue to improve, iMpacts
to fisheries resources will continue to diminish.

Sorme of the practices described in this section are no longer commonly used in
forestry or road building operations, but an analysis of their impacts can continue to
assist in lessening the impacts of related, future operations. In other cases, some
practices that may seem inconsequential or unintentional continue to affect aquatic
resources in the main channel and its tributaries. Drawing attention to these practices
will help keep planners, supervisors and operators alert to potentially damaging
practices in the field.

Four main categories of landuse practices, and their potential impacts, are briefly
described below. These inciude 1) road location, 2) road construction practices, 3)
road maintenance activities, and 4} road abandonment practices.

B. Road Location

Three common locations where landuse activities are especially prone to causing
tandsliding and the direct delivery of large volumes of sediment to Pine Creek and its
tributaries include: 1) steep inner gorge slopes, 2) steep headwater swales and 3)
lower hillslope positions along deeply incised tributary streams. Harvesting, tractor
varding and, especially, road construction in these areas dramatically increase the
likelihood of large scale slope failure and sediment delivery during large storms.

Perhaps the largest single source of sediment delivered to the main channel of Pine
Creek over the last four decades has been ubiquitous stream-side landslides and debris
slides. Air photo analysis suggests these landslides were triggered by major flood
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events of 1964, 1972 and 1975. They were cormmonly located in clearcut areas and
in areas where roads had been built and tractor logging had occurred on steep, inner
gorge slopes above the stream channel. In the 1960’s and the 1970°s, a number of
logging roads had been built on these steep, stream-side slopes. Most, except the No.
2 Road, have since failed and been abandoned.

Another common source of large quantities of sediment to Pine Creek, especially
during fiood periods, has been debris torrents that originate in small headwater
channels on steep slopes. As typical forest roads cross a hillslope, the fill/cut ratio
is usually the greatast in swales (topographic depressions). These relatively deep,
wide fill wedges appear to impede subsurface groundwater flows. This results in
elevated pore pressures and leads to hillslope failure in areas of steep slopes.

According to the aerial photo analysis, headwater torrents aimost always originate
where landings or roads have been built across these steep, wet swale areas.

Subsequent failure of these "crossings” often leads to scouring of the downslope
channel and the delivery of up to 3000 yds® of sediment to the stream channel
thousands of feet below. Improved road and skid-trail location and design could have
prevented most of the headwater debris torrents that were associated with road
construction.

" Although more geographically confined, the inner gorge slopes along deeply incised
tributaries to Pine Creek represent another likely site for fillslope failures, native
hillslope failures and stream crossing failures, with resultant sediment delivery to the
channel system. These channel sideslopes often display widespread zones of
emerging groundwater, as well as either mottled, deeply weathered, highly unstable
soils, or deep colluvium. Roads built across these lower hilislopes typically fail shortly
after construction and are abandoned or remain as extremely high maintenance areas.
Failures of stream crossings and fillslopes built on the approaching hilislopes deliver
large quantities of sediment to the tributaries.

Once roads have been built on these hillslopes, there is little that can be done to
retroactively stabilize the hillside. Individual sites of potential debris slides (such as
those in steep, headwater swales) and stream crossings can be treated through
excavation, but larger scale features cannot effectively or economically be treated
once instabilities have begun.

it is, therefore, a far more cost-effective procedure to avoid sites of potential
instability when the units are logged or roads are constructed. When possible, the
following sites or practices should be generailly avoided in order to minimize the
potential for landuse-caused hillslope failure and sediment delivery to Pine Creek and
its tributaries.

1. Avoid constructing roads on steep inner gorge slopes along Pine Creek and its
rajor tributaries. Instead, build roads above the slope-break and cable yard logs
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up to gentler, more stable ground. For slopes steeper than 60%, there should
be detailed geotechnical planning and design of any proposed road.

2. Encourage cable yarding, rather than tractor yarding, on inner gorge slope
areas that are to be logged.

3. Consider leaving old-growth buffer strips along the main fish-bearing stream
channels, both to enhance slope stability and for organic recruitment to the
channel.

4. Known unstable areas, areas of abundant emergent groundwater and zones
of unstable or sheared, mottied soil materials (especially in inner gorge areas)
should be considered for exclusion from logging plans.

5. Where it is necessary for roads to cross steep ephemeral drainages, two road
design practices could lessen the incidence or magnitude of failures: 1)
minimizing the amount of fill placed in swale areas by reducing the width of the
road and following the hillslope contours more closely, and 2) providing adequate
drainage through and/or under road prisms, using french drains, gravel blankets,
or synthetic drainage blankets.

Ideally, such potentially unstable sites should be identified during the planning
process and avoided during the construction phase.

6. Where roads must be constructed across inner gorge slopes or other high risk
areas, the alignments should be considered temporary. Stream crossings should
be sxcavated, landings should be kept to the minimum size possible, and
uncompacted fills should be physically removed before the first winter following
operations.

C. Road Construction Practices

Road construction practices have an important impact on erosion and sedimentation
processes on managed lands. Operations on steep, stream-side slopes are the most
likely type of practices to have direct impacts on stream resources. Field observations
in Pine Creek confirm this general conclusion.

Two impaortant practices in the Pine Creek study area include 1) the construction of
stream crossings and 2) read construction on steep, streamside or inner gorge slopes.
Practices in these sensitive areas have an important bearing on the potential for future
sedimentation in Pine Creek and its tributaries.

From field surveys, erosion at stream crossings has come from two main practices.
First, crossings of deeply incised stream channels have been characterized by
excessive sidecasting on the approaches to the channel. In addition to direct
sidecasting into the channel, oversteepenad fillslopes soon fail at many of these
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crossings. Uncompacted sliver-fills on the approaches to the crossing collapse into
the channels once the loose material becomes saturated or undercut by stream bank
erosion at the toe of the slope. Sidecasting, rather than endhauling, is still 38 common
practice and a ubiguitous source of sediment.

Secondly, many stream crossings have been, and continue to be, built with a high
potential for stream diversion {diversion potential {(DP}}. If the culvert on a high DP
stream crossing were 10 plug with debris during a flood event, water dammed behind
the fill would eventually spill out on the road surface and flow down the road {rather
than over the fill and back into the stream). At a number of sites, these diverted
flows have caused extensive gully networks and individual gullies have delivered
thousands of cubic yards of sediment to Pine Creek. There are many existing and
newly constructed stream crossings with a high diversion potential in the Pine Creek
planning area.

In steep inner gorge areas, excessive sidecasting, building large log landings, and
filling of incised stream channels leads to slope failures, dabris slides and debris
torrenting. Often, these steep slopes are near their stability threshold and additional
loading can initiate deep seated instabilities.  Shallow debris sliding from
unconsolidated landing and road fills was a common source of existing and potential
sediment to local stream channels.

Several road construction practices can be used to ensure that erosion from stream
crossings during floods is kept to a minimum.

1. All newly constructed stream crossings should be built with no diversion
potential. Thatis, the road should dip into and out of each crossing. if a culvert
plugs, the crossing should be designed to direct water over the top of the fill and
back into the stream channel as soon as is possible.

2. All roads that are reconstructed, and all crossings on existing roads that have
a high diversion potential, should have rolling dips installed. Constructing
{excavating) rolling dips on or immediately down-road from the crossing will
eliminate the potential for stream diversion. ‘

3. When constructing roads across incised stream channels, the approaches
should be excavated and the spoil material should be pushed or endhauled to a
stable site. Sidacasting shouid be avoided, or strictly minimized.

4. When reconstructing and reopening abandoned roads, all Humboldt log
crossings and unculverted fills should be excavated and fitted with properly sized
culverts.

5. Benching, endhauling and fill construction (placement and compaction, as
opposed 1o uncontrolied sidecasting) are all techniques that may be used on a
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regular basis where roads have to be built across steep inner gorge siopes.
Sidecasting on siopes over 50% should be strictly minimized or avoided.

D. Road Maintenance, Repair and Upgrading Practices

Road maintenance, by definition, is designed to improve the condition of a road
systemn and to prepare it for winter storm periods. At the same time, many road
maintenance practices can directly impact stream resources if they are not carefully
undertaken.

Road maintenance practices include tasks which improve road drainage and tasks
which improve road stability. Work may include culvert cleaning, repairing culverts
and drainage structures, improving road surface drainage, and repairing road
instabilities.

Observations in Pine Creek suggest that some techniques could employed to increase
the effectiveness of road maintenance practices and improve the protection of stream
resources. These observations, not listad in order of impertance, include the following
general suggestions:

1. Avoid sidecasting at crossings which are being rebuilt, replaced or widened.
Endhaul spoil, instead of sidecasting.

2. Avoid widening roads at or near stream crossings by sidecasting on the
approaches, unlass the main channel culvert is extended to carry streamﬁcw
beyond the base of the newly sidecast fill matar;al

3. Many older and newly installed culverts are about 3 feet too short, so
subsequent road grading and sidecasting often plugs or covers the inlet or outlet.
This material is then easily eroded during storms and discharges sediment
directly to streams. Culverts should be installed or extended so that sidecasting
from normal road grading operations is not carried into the flow-course.

4. Downspouts could be more effectively used on a number of existing and
newly installed culverts to carry flow across erodible fill material.

5. On several newly installed culverts, a bed for the pipe was built by bulidozing
and flattening the bottom of the channel. In one case, this "bed™ of exposed soil
extended over 40 fest downstream from the eventual end of the culvert outlet,
exposing some 40 yds® of loose fill to subsequent channel erosion. Soil
disturbance in stream channels should not extend below the outlet of the culvert.

6. Several newly installed culverts are oriented at angles that are slightly oblique
to their channels, thereby forcing flows to impinge on and undercut adjacent

Pucific Watershed Azoccietes - PO, Box 4433 - Arcata - CA - 58521 - {707) 838-5130

87



channel banks. Culverts should be installed on the bed and at the same
-orientation 8s the stream.

7. When rebuilding roads and failed stream crossings, sidecasting should be
avoided on approaches to incised streams, especially in rocky slope areas or
where soils are composed of highly erodible unstable, sheared schist or
decomposed ultrarmafics.

8. Restrict winter traffic on wet fills composed of unstable material. If these
areas are to be rock surfaced, geotechnical materials and cloths should be used
to keep fine material from pumping through the newly placed rock surfacing.

9, Increase the use of trash barriers on large or active streams which transport
debris. They should be placed somewhat upstream from culvert inlets, to
protect the inlet against plugging with organic debris.

10. Continue the practice of using 18-inch culverts as the minimum sized pipe
utilized in new road construction and culvert replacement projects.

11. Classify and field-code existing culverts to indicats relative need for winter
storm maintenance, based on channel characteristics and past history of
plugging. Place a marker at each culvert in the field to indicate the pipe’s
location (milepost), its size (diameter), and its maintenance needs (high,
moderate, low). Locating all culverts with road markers will also help grader
operators make sure they do not sidecast cver culvert outlets.

E. Road Abandonment Procedures

In steepland areas of northwestern California, many harvested watersheds contain
extensive road networks that have been progressively constructed over a number of
decades. Pine Creek is no exception. Many sections of these roads are abandoned
and unmaintained, and exhibit serious and persistent erosion problems. Other roads
remain largely intact but display the potential for substantial erosion during future -
winter storms. .

The degree of erosion and off-site sedimentation caused by abandoning roads is
dependent upon a number of factors, including:

1) the date of road abandonment (in relation to the occurrence of past and future
winter storms and flood events),

2) terrain characteristics (slope steepness, the number and size of stream channels
crossed, natural slope and soil stability, and soil erodibility),
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3) road characteristics (adequate culvert size, proper culvert location and
installation, adequate debris "filters™ to prevent culvert plugging, and the grade of
the roadbed over the stream crossing) and

4) the extent of sidecasting conducted during road construction and maintenance
activities.

On mountainous slopes managed for timber production, such as in Pine Creek, road
construction and abandonment practices must address and anticipate the occurrence
of extreme storms which frequently trigger widespread fluvial erosion and landsliding.
This can be effectively accomplished by employing preventive land management
techniques and preventive, proactive road abandonment techniques.

Stream diversions at logging road and skid trail stream crossings have been found to
be the overwhelming, leading cause of sediment production from abandoned,
unmaintained roads in the neighboring 280 mi® Redwood Creek basin. Diverted
waters often create large, complex gully systems which are responsible for
documented increases in hillslope drainage density, sediment production and yield, and
enlarged stream channels. Sediment derived from these gullying processes is quickly
and efficiently delivered to fish-bearing streams.

Sirnilarly, mass soil movement of unstable sidecast rmaterials may not occur for years
following their placement, as organic debris decomposes and subsurface hydrology
interacts with newly loaded slopes. However, because the roads are not maintained,
these unstable sites are not recognized or treated as they develop. Existing failures,
as well as signs of pending or potential road-related landslides, are common on many
abandoned roads in the Pine Creek basin,

Once roads are constructed, the ability to define specific, existing road fills and
sidecast sites as areas with high failure potential is essential to optimize cost-gffective
erosion prevention and road stabilization or removal practices. Field identification of
important conditions enables the prediction of potential failure locations. Once
identified, treatment can prevent most debris flows that originate directly from the
failure of logging road fills. The limited number of road segments that are identified
as potentially unstable can be assigned a high priority for treatment. Preventive,
proactive treatment of susceptible sites will not only lessen eventual sedimentation
and impacts to downstream resources, but will reduce reconstruction costs when
access to the area is again needed.

Steps in successful, proactive, cost-effective road closure and abandonment include:
1) determine specific road treatment objectives (controlling current erosion for

short term closure, preventing future erosion for longer term closure, or complete
road removal (erosion proofing alignment with no intention of reopening))
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2) map the road alignment to identify existing and potential erosion problem
areas which could affect the roadbed or could damage downstream resources
if left untreated (unstable cut banks or fill material, seeps or spring areas, and
stream crossingsl,

3} develop road treatment prescriptions {including excavation locations and
specifications, cut and fill requirements, and fill storage sites),

4) contract and/or supervise heavy equipment operations,

5) prescribe and apply the most cost-effective erosion control and revegetation
treatments to "critical™ sections of the disturbed corridor, and

6} fully document and evaluate the work effort (costs and hours) and results
{effectiveness).

The first three planning and mapping steps have been accomplished for all abandoned
Pine Creek roads as a part of this watershed assessment. During mapping, the
location of all existing and potential erosion problems along the road alignment were
clearly identified, described and quantified. The erosion problems were differentiated
according to whether or not they: 1) threaten the future integrity of the roadbed, 2}
threaten to damage downstream resources through increased sedimentation, or 3)

both.

The volume of potential, future erosion and subsequent sediment yield from each
potential work site was then quantified to finally determine the cost-effectiveness of
treating each areas along the road alignment. Those possible treatments that are not
cost-effective, or otherwise required, become lower priority elements of the road
closure plan. Erosion problem areas and work sites that would, if left untreated,
severely damage the road or cause downstrearn sedimentation in important streams
become higher priority treatment sites.

The third step in developing a cost-effective road closure plan is to develop specific
heavy equipment prescriptions and then {fourth} to implement the erosion control and
arosion prevention work at the selected work sites. Typically, most abandoned road
segments require intensive treatment at only a few locations. The remainder of the
alignment may require very little work to prevent future erosion and maintain the
integrity of the roadbed for future access. -

There are seven basic heavy squipment techniques commonly used for road closure
or road remaval. Typical road surface treatments include (from least intensive to most
intensive) surface decompaction {ripping), ripping and cross read drain construction,
partial outsloping and complete cutsioping. As a part of each surface treatment,
stream crossings are treated (excavated) to reduce the potential for future erosion and
sediment delivery. Successfully erosion-proofing most roads will cost a fraction of

Pacific Watershod Associates - P.O. Box 4433 - Arcata - CA - 38521 ~ {707) 838-6130
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complete road removal and will leave most of the roadbed intact for later
reconstruction,

Table 14. Technigues for successful erosion proofing in planned road abandonment.

Treatment

Ripping or decompaction improve infiltration; decraase §500~1600/mi
runoff; essist revegetatlon

construction of croas- drain springs; drain inslopad 81/£t (520 sa)

road drains roads; drain landings

partial outsloping remova minor unstable fills; $1.50 /P (52500

{local aspoil site) disperse cutbank sseps and runoff to £9500/mi

complete outsloping uged for unstable fills whare s1~53/yd’or

{local spoil sita) cuthank is dry and stable $E000~ 10000+ fmi.

gxported outsloping gsed for unstable filla where $2-86 /7y hanal-
cuthanks have seeps and springs . znt coet

Landing excavation uzed for unstable landing fills; $1-52.50/yd®
spoll depositsd locally weoixd controls

Stream crossing complete removal of fill $2-$2.50/yd;

axcavations whare roads Cross gtreams (2x if erchaul)

* Heavy equipment treatments performed using D-8 size tractors and hydraulic
excavators. Radwood National Park data.

The fourth, and next-to-last, step in road closure is to control erosion on the areas
disturbed during heavy equipment excavations, and then to revegetate the alignment.
in most areas of Pine Creek, natural revegetation will be sufficiently rapid to stabilize
the roadbed. However, even on the most favorable sites, immediate (short-term)
erosion control may be needed at sensitive locations. These include 1} in the
streambed of excavated stream crossings (to protect against downcutting or channel
widening), 2) on the sideslopes of excavated stream crossings (to control surface
rilting and gullying where sediment could enter a live stream) and 3) on large expanses
of steep, bare soil which have access to a watercourse {to control surface rilling and

gullying).

Most of these erosion control practices are performed using hand labor, perhaps with
some equipment assistance. The costs and general effectiveness of these techniques
have been documented for steeplands in the nearby Redwood Creek basin. and
elsewhere (Weaver and Sonnevil, 1984). A limited number of specifications have
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been described and specified in Appendix ___. These include straw mulching, grass
seading, the use of erosion control blankets and jute netting, planting stem cuttings
and transplants, rock armoring for excavated stream crossings, and filter windrow
construction,

Although included for reference, not all these Ilabor-intensive erosion control
technigues will be needed when erosion control and erosion prevention work is
actually undertaken. Aside from some notes on the treatment sheets regarding the
suggested use of straw muich and grass seeding (see page four of the data sheets),
most post-equipment surface treatments will be developed as detailed planning work
is accomplished for sach proposed site.

The fifth and final step in the road closure process consists of post-project
‘docurmnentation of work {rates and volumes) and costs (labor and equipment hours for
each job element). Quantitative documentation is critical to derive cost estimates for
future work, to improve the cost-effectiveness of work prescriptions and to justify
future projects based on a comparison with typical costs of road reconstruction where
road closure has not been performed.

It is no longer enough to close roads by simply closing the gate or constructing a
barrier. Specific techniques listed and recommended in this report will successfully
prevent many road- and landing-related debris flows, prevent or correct all stream
diversions (the leading cause of serious gullying in many areas), prevent stream
crossing washouts, prevent most fill failures and dewater guilies and landsiides fed by
road runoff.

Planned, systematic road closure can be an inexpensive and successful technique for
minimizing long term resource damage caused by roads built in steepland areas. This
strategy provides the Tribe with the opportunity and plan to permanently prevent or
control the majority of post-construction road-related erosion, and its associated on-
site and downstream impacts. Implementing technically sound road closure practices
also minirmizes structural damage to widespread, expensive forest road networks that
cannot {and need-not) be economically maintained for the long time period between
harvest rotations. '

In addition to retroactively treating roads which are now abandoned (as outlined in this
plan}, we strongly suggest the Tribe undertake a proactive road abandonment program
for active forest roads that no longer access timber resources and will not be needed
for a number of years. When the need for roads in an area has diminished, they
should be actively abandoned. Alternately, if roads are not actively abandoned
according to the procedures listed here, we recommend they be aggressively upgraded
and maintained to currently accepted standards.

Pegific Watsrshed Assouiates - P.O. Box 4433 . Arcsts - CA - 38821 - (707) 838-5130

92



—— {UMOUS JOU J5RI0F) IS804 ULMDIG BID + rr e vy Jenwhy ous Jusunery [J 101
VoS GTEL '

s afprg o O
BAMSEENT son mer = v [IRBML QU] #40T O {1E82 SU) A0 &
SpEtY HINRBALG-UCH ‘PRUDDURGY {18843 0T » (1B843) MO &
SpE0Y BIGBBALC ‘PIUOHUBLY T meapow O speepon O
L SDEQY DOURIVIEN mm—— ubisi » ubiH e
f [ELE -0 T R— FIRIESOI UREAS EEpIEpUTY
N IR Uy TSI iy L . P
(]
&
a pusbaT gary jueuness] . T
5 w
B .
e 0 Al
/%
o F .
Ay
o~ W

\
wy
.
o
avos

VIHV INJWLVIHL xm._.mmo dWVD MONS H3ddN ¢ dVW




TrY A

15910 UIMOIG DID Y Y v ¥ F ¥ AqunN BUS ueunessr s 78
sbpiy o I S0
GUIBEIIE *rw me > v [JESI] DU} MO O f1eaa; Ou) MO O
SPEOY SOEBALC-UCN DeUchUBgY ZTITIIT (3ea0l) MO ® {3884 MO W
SREDL BIGEAAI] "DSUIDURLY NI giempon O ayesapowy O i
SLEOH POURIVIENT e, ybiH ® ybi m 1964 OYOZ o8l 089 o
AEDUNGE BN L wwmmmnts SBUNETIT WEeNs SBpIEPUE

1] z]

. T Y e,
SAANS AT
L MONS, 4y
LR AR EEERER
ENRRARARE SR RN
B e AR EEEREE’
st TN BRARAA
YYY Y ¥y LRI I A ]
. YRV LYY e
: IR P
I "t
%1 ﬁ FNp . =
. . FYY Y mmu M s 7
. YT Y RYEY Ly 164
IR EEEEREE RN . . - -
REEREEEEE . )
FERET P T VY b Y . | =
. CETYTFTYEYY Y s
’ SARAARRAREEEEE AR AR =
Lt Lt rTr ey et vty tty %2
) AR ERBARAN a®
I SR R R R A N Ve
. - S b ty y;

Sy, GV0Y
/

£~
S

vIHV INIWLVIHL ¥IFHO dWVO MONS HIMOT '€ dVIN



YT Y

IR0 UBAAOIE PED T Y Ty b JBGWnN BUS JuBwiesl] 04 ———
-~

afipy o O o

1884 O5¥L STL ¢
. . . f1eEsl DU MO O {1ealy ou} mo7 O
BULIBEIE mo e e * # e Il
. ¢ fean) mo » treau) .y
SERGY BEEBAN{I-UGN TPRUGDUETNY sveIapOR O siesapony O - e oy .
SPROY BIIRSALT TPRUCDHUENY T ubi m TR YTy T Ty TYIY X v yyy
DEANE LTI —r ubiz » e AR AR RARRAN ARAR RTINS
spEoY OESoy wWEsig SBpIspiey *:4:::444:4 Trrt vy
AIEDUNDE [BALL snummoessams : yrow 444«444244«44 LI AAAR S SN
Yy . Ty
U 1 PepEsH ipeuI mh.ﬁ‘:ﬁfﬁuﬁ&f AR
EOIIET] galy TsUnYel ] 4.4444q+44444<444 YETY q@».«f f..ﬂ.q Y ¥
TYTTTYREY s T Y Y
] LA 20 2
,ﬁm&mwmqu paly jusunpalj crrr vy gy TN Ty
Frvy b yry vy s YRTL R L1
EEYT Y Y YR Yooy Tt owy A ER DA
TrYT R Y EFTY Y Y YOy Y e T Yoo s L )
S P T T Y F Y YN OYOTOEY Ve vy, e IREARS ARRAREY .
' & vyrrryrrrevtyegy s T NERdS \ vy v r i frey oy
L LS ryrr ryryy vy ¥y vevy 3 { : S | ‘;qaa\.\‘ yre?
TE ok trr oy \ % Y YT Y P Y yrr v vty vy S 1 24 IR
TYEF NN vy oy g rrrr TRy vy )wr f . j
*aa«ﬁniq*qd.‘«a« .,...44«~w«444<4*i.w .
AT T vy Ny - g 3Nld Y * gl
T Y YNy gy 4 w33d . - 2
TN Y r vy vy gy, ¢ o
ARSI I L I A . £
*mmqqunqq«qmn .
4&_*«4«*“4.:«.4 #GES
PYTEE vy oy y . A
LTI R A \ ril...“... i~
* LR L IR \v i g4 ) N
FT Y r vy y gy

rroe oy oy N
qﬂ«aaqﬂq.m /
» ¥
SANLS' |
et " \WITWO  ING FTLLIT N
re " yryv vy L
v i

-

(18 18 YRS ﬁ/_/_/.,.ﬂa.%ff

Tyt \ R

- .y
I TAREEEENERELRAY 43.‘44
Y wey gt AT T Y YL ¥ v o

d W« B0l sy v i " .444¢44<44a44
m e f MNdSY nqqﬁaﬁ.ﬂf,. * 4444«&4444
o .,“.un“w. Yoty e ¥ ‘4444444%4
> il LRI I ey -4_1%4««444

.y RERER v PRI AN

L - .4444“««‘/ . /*444

| |

Y

TEYY YOV [
* waquq/
PR A O A 3% 'Y

'YIHY INIWLYIHE M33E0 2NId 3TLLIT Y VI



Ry O9EL

,...
e
falieed 53 E -3
o x
N
X3 L -~
N e i 7..W.¢<
F iy v o¥i IR
¥ PR
Ty
ot yy vy
AR REALE A
¥ ¢ ¥y oyt ¥ ¥ LN
FE Y ¥ t ‘.‘a4,‘4uu¢=mm*
f Cat
IESICS WAMIDI PG v v e g qafﬁ,q $EO 14444444424__ ‘
afiniyg S o e ] Frrer tihoy
P LT OO 44«44.w¢«ﬁm«m‘4-.44 'K
BLIBEILE * n w i ¥ % o A AR AR AR AN
AL R RN
kv oy vy v vy rYE Loy
vr v IXEREARAERN LER!
d o e vttt b v e e vy
AN R EALRERARN TN
_:4,“/4.;4~‘44444_..
ﬁw.‘_ﬂ.4444¢<4*‘

SEECY BIRERALUON PRUOIURGY Imee
SEROY SEREANT PEUORURTY D
SPEOY DEMEILIRI memeem—

ARPUNGE 18 ] wawmmonsns

FEIRTRE Y ¥Ry JUBUIIONTY

samungy 21ig wewaeasy I
figaul ou} Mo B

PRI UL} MO O
IR} M0 # {3881 MO W
aymspow O aiepow I3
ubi M

ufitp: @
SHUBSYIN WEEHE ENBTEPUTY
(UBIIDET] DADEEIT 10 ROUIrei]

puabe] geiy jusuiesi]

VIHVY INJWIVIHL
MIAHD INId HIMOT'S dVIN



MAP 6. BALD HILL / SNOW CAMP ROADS TREATMENT AREA.
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MAP 8B. NO. 2 ROAD & SPURS TREATMENT AREA, SHEET 2 OF 4.
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MAP 8D. NO. 2 ROAD & SPURS TREATMENT

AREA, SHEET 4 OF 4.
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PINE CREEK WATERSHED ASSESSMENT REPORT:

A PLAN FOR EROSION PREVENTION AND EROSION CONTROL

A - General Technical Specificatioas A1 - A1b
B - Explanation of Categories on Field Data Sheet B1-B17
C - Completed Field Data Sheets C1-C1335

D - Sites Which are Recommended for Treatment D1 -D5
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Appendix A

SPRLECTED TECHNICAL SPECIFICATIONS
: for
FROSION PREVENTION AND EROCHION CONTROL PRACTICES!

Treatment Page

A. Heavy Egulsument Pt MENE S s sseonnssassersasraacsvorasnsacrcrssorsrnssnncd
1. Road and landing ripping (decompaction)............ carrvensrsnansd
2, Crons Road Draing (XRD)..ccsvirnrnanenvsvonnusn
3, Rolling Dips (BD)..csrrrrnevssnsnssvuannsranans
4. Deep Draing (DD)uescsrrrorsavasnnrascnsssoavans
5. Road Strmam-Crossing Excavations (IPRX & ERX)......

fr i s esaaseansressed
P
e |
-
6. Skid Trail Stream-Crossing BExcavationa (5X)...
7. Outsloping (IPOS)....cvusrnrssevsscannnasnecns
8. Zxported cutsloping (EOS)...r-sscarcnnensannnn
Q. FiLllwBite Troatmentd. . veerescesossnnstnassasrsaneavncasssasnnnnesh

.
.

teeerearuesanranes
vrarenasnosnned
.

cearrenerenra D

7

8. Surface Erogion: Mulched.....c..vvuiermeoaiarisrisiriivivuraranrrnrasnan
1, GE L BWo e oceiuasossenonesessusarnnsnsssnsreannransnnessanasssaseasssd
2. Jute-58CUrad BEIBW..oeerceesarssosaverstcasasnrearraanaraasnasnved
3. Erosion control BlanketS...eenrecesvorsassaransnrsarnnsanasesssons?
4. Grass seeding and fertilizer ...cicveierinrnnsncescnsnonnaseenaasB
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'SPECIFICATIONS FOR EROSION PREVENTION AND EROSION CONTROL: The following
erosion control and erosion prevention specifications provide basic guidelines
for rehabilitating roads and stabilizing bare soil areas exposed during road
abandonment or during the heavy equipment phasze of ercsicn control activities.
These specifications are subject to revision and modification to fit
individual site conditions. Descriptive specifications prepared by Bill
Weaver, Pacific Watershed Associates, and Greg Bundros, Redwood National Park.



SECTION A: HEAVY EQUIPHENT OPERATIONS

1 SPECIPICATIONS FOR MECHANICAL EROSION CONTROL

Ripping is employed to thoroughly decompact and disaggrsgate a road or landing
surface in order to improve infiltration and spesd revegetation. On a road,
it is employed from the outboard sdge to and including the inbecard ditch,
Typical equipment used for ripping compacted road and landing surfaces
includes D-7 and D-B size tractors with two or three hydraulically cperated
ripping or chisel shanks mounted on the rear. On roads which are less well
compacted and not heavily surfaced with rock, graderxs or smaller tractors with
chisel teeth mounted on their scraping blades can alsoc be used for
decompacting.

Ripping is parformed at all fillsites (including where outsloping occurs)
prior to the application of fill, and to all road and landing surfaces whether
they are to be cross road dralned or outsloped. Road and landing surfaces
should be ripped before any other treatment is applied (eg., outsloping or
storage of spoil materials}. The ripping depth and the maximum spacing
between adjacent ripper shank passes shall average 1.3 feet and spacling shall
not axcesd 2.0 feat.

tnhoard ditches are not ripped where croes road drains ars prsscribed, nor are
the remaining benches ripped along reachss whaere Exported Cutsloping (EOS) is
to be performed. In addition, tha surface of stream crosgsing fills and other
road fills which are to be completely sxcavated (eg., in EOS prescribad areas)
need not be ripped if the f£ill is to be removed as a part of the
rehabilitation treatment. In some casaes, decompaction of these surfaces may
make later excavations easier to accomplish.

2. Crogs~-Road Drains {({RD}

A cross-road drain is a deeply cout ditch, excavated across a rcad gurface,
which drains the rcad bed and inboard ditch. Cross-road drains are more
substantial and deeper than conventional waterbars used to drain forest and
ranch roads. Well constructed cross-road draing will often be deep encugh to
prevent vehicular access to an area. Cross-road drains are typically
constructed (excavated) using a tractor, an hydraulic excavator, or a backhoe.

Spacing of cross-road drains is highly dependent on the permeablility and
erodibility of the soil which is exposed on the road surface. Drains in
stable, forested areas may be spaced approximately 200 feet apart when road
grades are less than 6%, and roughly 100 feet apart when road grades exceed
6%. In areas of erodible, decomposed granitie goils, road surfaces shall be
drained at intervals not exceeding 50 feet, and more frequently if local soil
conditions and road gradients dictate. Spacing and placement of cross road
drains is usually established on a site specific basis that ias determined by
road gradient and road width, soil conditiong and the location of seeps and
springs that may contribute flow to the drain.

Each cross-road drain shall be free draining for its entire length, and have a
uniform grade approximately equivalent to the gradient of the ditch or
adjacent road surface which flows into the cross-road drain. The depth of the
drain at its inlet side should equal the sxisting inbcard ditch level, but
shall naver be lsss than 18 inches. In all cases, cress-read drains on
ditched roads shall be desp snough to intercept all ditch flow.



sSpoil is placed, compacted and smoothed on the downhill side of the axcavated
drain as a berm. Compacted fill and spoil is also used to completely fill the
ditch at the draln inlet {where the drain intercepts the inbcard ditch) to
prevent ditch flow from bypassing the structure’s inlet. Side~bank stsepnaas
slong the drain should not exceed 50%. Existing inboard ditches are laft
undisturbed and free flowing to each drain.

¥No more than 15% of the total excavated volume of sach cross-road drain may be
sidecast at the drain outlet (there is a tendency to sidecast more matarial
when the drain is built by a tractor). In areas underlaln by decomposed
granitic soils or other highly erodible soil, or where the drain is to
discharge in close proximity to a stream channel, sidecasting shall be
entiraly avoided. This largely dictates the use of axcavators and backhoss.

¢rosa-~road drains shall not discharge onto the aideslopes of freshly excavated
stream croesings, or onto long rsaches of bara, unprotected slopes. On a site
specific basis, energy dissipation (rock armor, sacured slash or octher
suitable materials) will be required to control erosion at the outlet of the
cross—-road drain.

rRolling Dip {RD Rolling dips are broad swales excavated into the bed of
maintained roads in order to eliminate the potantial for stream diversion of
the culvert plugs during a storm and flood. At stream crossings with a high
diversion potantial, floodwaters back up behind a plugged culvert, flow onto
the road surface (or into tha ditch), and flow down the road. 1In a crosaing
with NO diversion potential, flocdwaters that emerged onto the road surface
travel acrosa the road prism and back into the channel on the lower side of
the creossing. In the worst case, the fill washesa out,

The rolling dip should be broad and shallow snough to permit low-boys, log
rrucks and other equipment to pase without slowing traffic excessively or
causing them to scrape bottom. The depth of the rolling dip will depend on
the slope of the road as it crogses the atream crossing site. On a gently
sloping road (<5%), the rolling dip may not be deeper than 0.5 fzet cover a 30
to S0 ft reach of road. :

Rolling dips may be excavated ovar the top of the crossing, provided the
culvert is deeper than the proposed excavation. If the culvert is located
shallow in the crossing fill, the excavation for the rolling dip may be made
immediately down-road from the crossing site. The excavation work can
typically be performed exclusively with a crawler tractor in 1 to 1.5 hours
time. If the road is surface with rock, addition rock may be neaded at the
Bite to resurface the rolling dip after the dip is installed.

4. Degep Drain (DD)

This is simply a miniature version of a stream crossing excavation (see item
#5, below) that is constructed along roads or adjacent to streams. It is
often constructed (excavated) to drain copious springs and small sphemeral
streams that are expected to carry little or infrequent flow, even during
design-size discharge events. Like a stream crossing excavation, the upper
and lower limita to the excavation are marked in the field by the placement of
*TOP* and *BOTTOM™ flags. The drain’s finished grade is typically a straight
line profile.

The bottom of the Deep Drain shall be constructad at least four feet wide to
minimize ercsive power of the flow during design-size (25-year or 50-year)
discharges . Side-bank steepness should be lass than 50%, or the maximum
stable slope for soils found at the site. Sidecasting at the end of the drain
is not permitted. Dapending on site specific conditions, the bed of the newly
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axcavatad channel may have to be protsctad with energy abscrbing materials
{high velocity erosion mats or rock armor).

¥

4. Road Stresm~Cromsing Exc:

Specified at points where roads c¢ross stream channels this treatment gpacifies
the removal of road fill, culverts, and organic debris from a stream channel
and its valley. 1In most cases, the finished excavation will closely mimic the
original (pre-road) stream channel and valley morphology, as identified in
undisturbed reached both above and below the crossing site.

nesign considsrations for an RX treatment include: 1) base lavels, 2) channel
grades, 3) channel widths, and 4) sidse~bank stespneéss. Stream channel
excavations must begin at their lower ends at stable base levels. Stable base
levels include gentle strsam gradients, large, closely spaced and stable
organics and/or exposed bedrock. S$Stable base lavels can be "built” uging
imported rock armor.

Along the RX centerline (the centerline of the newly excavated stream
channel), the upper and lower limits of a channel excavation are marked by the
location of the “TOP* and "BOTIOM" flags, respectively. Bstween these two
points, the finished channal grade ia commonly a concave upward curve or, leas
commonly, a straight line. Concave profiles are much more stable and less
prone to subsaquent channel sroszion.

Initially (at the downslope end), tha channel excavation assumes a very low
grade (essentially flat) to intercept the original stream channel. The grade
then gradually sweeps upward, following the original stream gradient and tying
inteo the undisturbed channel at the top of the cressing.

The complsted channel width is based upon the anticipated runoff generated by
a 25-year {or 50-year) recurrence interval storm. The influence that upstraam
drainage syastems, urban development or landuse will have on the natural
hydrologic response of these streams must also be considered when astimating
future storm discharges and designing for channel capacity. Side-bank
steepness - measured in cross section - is generally less than 50%, but should
be tailored to the stability and erodibility of local soil materials found in
the excavation.

During an RX treatment, the excavation must be closely monitored to identify
and preserve the latent boundary conditions which control channel forming
processes and promote stability. Boundary conditions which shall be preservad
include original channel armor (organics and/or rock), bedrock cutcrops and
naturally introduced, large organics that are unccvered during excavation and
which mark the original, pre-road location of the bed and banks of the
channel.

Stream crossing excavations are performed most efficiently using a combinatien
of tractors and excavators. Backhoes are generally too small to be effective.
On most crossings, tractors can perform the bulk of the excavation, moving
back and forth across the surface of the £ill, lowering the surface and
pushing matarial to stable sections of the road prism on either side of the
crossing. This material can eventusally be used to outslops these portions of
the road. An appropriately-sized hydraulic excavator can then be used to
finish the excavation work and lower the sxcavation down to the final channel
grade. It is also used to form the channel bed and place any needed armor in
the channasl to prevent subseguent channel erosion.

"On selected crossings, whers the adjacent resaches of road cannot be used to
store the excavataed spoil material, dump trucks may have to be employed to

A—-4



remove the fill to a stable, permanent storage location. This type of
treatment is callad an "Exported Stream Crossing Excavation®” (ERX). If there
is-sufficlient local storage space for all the excavated material, the
rpasatment L% termed an "In-Place Stream Crossing Excavation® (IPRX).

This treatment is specified at points where bulldozer constructed trails cross
gtream channels. The intent of this treatment is identical to full stream
crossing excavation, but the scale of the fill croesing is typically much
emaller since the road was never used for vehiclae traffic.

Depending on the terrain and remoteness of the work gites, either tractors or
hydraulic excavators are the most efficient machines for excavating skid trail
stream crossings. Because of their limited size it is often too costly to use
both machines for excavating sach crossing. On gentle and moderate terrain,
tractors may ba all that is nseded to complete the excavatlion.

This treatment calla for the removal of unstable or excess sidecast material
from tha outer edge of a road prism and replacing this spoll locally on the
adijacent, remaining road bench, or at another stable storage site {In-Place
outslope, IPOS). Where deposited agalnst the adjacent cutbank, the fill is
shaped into the cut to blend with the surrcunding topography. A variety of
different outslopes may be developed. These include complete recontouring,
partial outsloping, bench ocutsloping, trail outsloping and exported outsloping
(see below). Finished grades on the cut slopes rarely exceed 50%, but may be
as low as esight to 10 percent. Individual points or reaches of cutbank which
exhibit emerging groundwater {seeps or springs) are not covered with spoil
material to avoid saturating the loose fill and initiating mass soil movement.

Outsloping is most frequently performed using a cembination of crawler -
rractors and excavating machinery. Roads crossing moderate or gentle terrain
can be outsloped with tractors alone. On steeper sites or where there are
numerous trees along the alignment, hydraulic excavators are often the best
tocl for performing the outsloping work.

Through this treatment, elther all or some portion of the outbeard road bench
and fill is removed, leaving an inboard bench. The excavated fill is exportad
{endhauled by dump truck or loader, or pushed by crawler tractor) some
distance away to a stable fill-site, Exported outsloping is typically
amployed only in areas where fillslopes are composed of highly erodible or
ungtable material, or where the entire cutbank shows signs of springs and is
judged an unsuitable site for storing spoil generated during ocutsloping
operations.

Exported outsloping requires the use of dump trucks and excavating/leoading

equipment such as an hydraulic sxcavator, drag-line crane and/or front-end
loader.

8. Treatment of Fiilsiteg

In most cazes, stable fillsites with adequate capacity are within a
bulldozer’s push distance from a worksite. Wwhere local fillsitss are not
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ayailable for any particular worksite (rsach of cutslioped road or stream
crussing excavstion site), that worksite ashould be identified in the planning
and presgcription stage of the project and on the applicable prescription map.
The fill from those worksites must be endhauled to a stable fill-site that is
capable of holding the volume of axported fill. Rock pits, wide, stablae
sections of road, ridges and landings are typical locations whare Fill can be
stored.

All fillsites shall be thoroughly ripped prior to importing and placing spoil
material ({see descriptive specifications for ripping above). The fill shall
be placed first along the inside of the arsa (against the cutbank) and then
exteanded outward from the cutbanks to approximstaly eight feet from the
outhboard edge of the road or landing. PFill thicknass should grade down to not
mozre than three faet along the cutboard sdge of the road to minimize the
potential for mass movement (specific site conditions and circumstances may
warrant modifications to these gensral specifications). The £ill ghall be
shaped conformably into the existing cutbanks, not to sxceed the helight of the
cuthank. 7The stsepnsss of any finished fill-site shall not exceed 50%. The
finished surface shall not trap or pond surface watsr and must sncourage
surface flow in the same direction as adjacent lands.

Az the fill material is depoasited by dump trucks, a crawler tractor can be
uyzed to intarmittently shape and work the spoil material into place. On large
fillsites, tractor work may be nsaded only intermittesntly.



SECTION B: SURFACE EROBION

T SPECIFICATIONS FOR HMULCHING AND SEEDING

1.+ SBTRAW MULCH

k. Definition of dobh. Straw from bales ls spread svenly over a pradesignated
area at an application rate of 4,000 to 8,000 lbs/acre, as specified in the
field. The straw will protect the soil surface from rainfall impact and help
to retain scoil molsture on biologically harsh sites.

B. Specifications,

1. Straw shall be spread svenly at the designated rate and within the
designated bare and/or dlisturbed arsas.

2. Baling wire shall be removed from the site and disposed of properly.

3. Straw shall be as free as possible from sxotic seeds. Hay shall not
be used.

4. Mulching shall be the last task performed on the work arsa, following
any heavy squipment operations, contour terracing, silt fence
construction, wattling, wooded terraces, transplants or grass ssed and
fertilizer application.

2. JUTE~SECURED STRAW

A. Definition of iobh. The bare =zoil ig first covered with straw mulch
{approximately 6000 lbs/acre) and then jute netting is secured on top. This
procedure combinea the effective surface protection afforded by straw mulch
with the stability of the sscured jute netting. Installation instruction
provided by the manufacturer may also be used.

B. Specificationa.

1. Smooth ground surface where the treatment is to be applied, ramoving
lumps, clods and surface irregularities.

2. Apply uniform cover of straw mulch at 6,000 lbs/acre.

3. For ease of installation, roll jute down the fall-line of the
hillslope.

4. Staple or gecure jute on top of the straw with staples or stakes, on
2 to 3 foot centers, or as recommended by the manufacturer.

5. Staple all low points s0 jute is in continuous contact with ground.

6. Roll down second strip of jute netting, overlapping adjacent strip by
approximately six inches. Staple ovarlapping aresas.

7. Staple second roll to ground.

8. Repsat until ground is covered.



3. ERGSION CONTROL BLANKETS

def i }  Erosion control blankets, typlcally purchased in
four- to ﬁi?@“fﬂct wlée rella, is spread and "stapled” over bare soll arsas to
hold soil in place and prevent surface srosion and rilling. ~High velocity”
eresion control blankets can also be used 38 a lining to control erosion in
small channels. Erocsion control blanksets are available from a number of
manufacturars. Host are composed of an organie muleh bound by a photo-
dagradable natting. Different thicknssses and fibers types are avallable to
control arpsion on slopes and in channels subject to different amounts of
runcff. Host ars very resistant to overland flow and act to disperses surface
runoff and improve micro~site conditions needed for seed germination and
seedling growth.

1. Smooth ground surface whare the blankst is to be used.

2. For esase of installation, roll hlanket down the fall~line of the
hillslope or down the flow-line of the channel.

3. Staple or sscure blanket with stakes, on 2 to 3 foot centers, or as
recommnended by the manufacturer.

4. Staple all low points so the erosion control blanket i3 in continuous
contact with the ground.

5. Roll down sscond strip of blanket, overlapping adjacent strip by
approximataly six inches. Staple overlapping areas.

6. Staple second roll to ground.

7. Repsat until ground or the channel is coversd.

4. GRASS SEED AND FERTILIZER APPLICATION

A. Definition of iob. Grass seed and fertilizer are hand spread with "belly
grinders” within flagged areas. BApplication rates are predesignated and seed
and fertilizer may be provided. Grass will serve as an immediate, temporary
ground cover to decrease surface erosion. Grasg sseding can be an effective
erosion control techaigue provided a thick, consistently uniform cover of
grass is obtained prior to the advent of ercosive rains. Its esrcsion control
effectiveness is dirsctly related to cover density.

B. Specificationa.

1. When stored on-site, fertilizer shall be completely protscted from
dew and rain by plastic tarps. Grass ssed must be stored under dry,
cool conditions and protected from animals.

2. Application ratss are listed as pounds of seed and pounds of
fertilizer to be used in a specified area or, alternately, as pounds-
per~acre of each.

3. Cccasionally, no fertilizer is to be applied. This will be noted in
the sits-specific instructions.

4. Scales for weighing, buckets, "belly grinders,” rakes and all other
application eguipment is to be provided by the contractor.



5. When a mixture of seeds with very different sizes and weights is to
ba applied cars must be taken to ensure that sesds are avenly
distributad in the mix, to obtain an even distribution on the ground.
Since smaller seeds will settle to the bottom it may be neceassary to
periodically shake the belly grinder to redistribute the sseds or to
mix the sseds with a dispersing medium.

&, Zeed and fertilizer are to be spplied as scon as possible after slope
work (heavy squipment operations, contour tarraces, wattling, wooded
terraces, etc.) is completed in order to take advantage of warm
temperatures accoonpanying the first fall rains. Seed and fertilizer

are to be applied before mulching.

7. Seed and feartilizer {applied separately) must be spread uniformly
over entire area.

8. Unless otherwise specified, sesd and fertilizer are to be raked into
the soil immediately after application, covering them with 1/8 to 1/4
inch of soil.



BBECTION C:  BURFACE EROBION
- BPECIFICATIONS FOR WATERBARS AND CONTOUR STRUCTURES
lf WATERBARS
$~ Dafinition of job., Watsrbars serve to divert surface runoff from bars
soil areas (typlcally trails, skid trails and roads) onto vegetatsd areas or

other sreas whers the flowing water is less apt to cause soil srosion. To
gatisfactorily acvomplish this purpose, waterbars shall:

1. Be of sufficient dimensions to accommodate the surface runoff they
divert without being overtopped or otharwise failing.

2. Be located properly to successfully divert all the water they are
intended to intercapt (i.e., when used on a skid trail, they shall
extend from the inside edge of the trail to slightly beyond the cutside
edge of the bare soll area).

3. Ba anglsd down the slope sufficiently to allow water to drain through
the trough of the waterbar and freely discharge at the correct end of
the structure. Thus, tha slope of the waterbar shall be sufficlent to
drain the intercaepted surface runoff without allowing ponding, yet not
g0 gteap as to cause erocgion or gullying of the bottom of the trough.

4. Be constructed so the lower or discharging end of the waterbar ia
clear and free from debris and allows for the free discharge of runoff.

5. Be constructed 8o the point of discharge is onto slash {organic
debris), rock, or some other form of energy dissipation. Runoff through
the downalope end of the waterbar trough shall not be allowed to ercde
the soil in that location or within at least three feet immediately
downslope. Sufficient eneryy diszeipation shall be provided to prevent
future erosion resulting from diversion of flow by the waterbar.
Waterbars which discharge on stasep bare slopes may cause ercsicnal
problems if not installed with energy dissipation at their discharge
ends.

 _New Waterbarg

1. Waterbar trough shall be excavated at least 8 inches into firm
substrate (D=8").

2. Trough shall be at least 12 inches wide (W=12"), with a gentle uphill
approach to the trough.

3. Trough shall be free and clear of debris or other cobhstructions so as
to drain freely without ponding water.

4. Trough shall have a gentle slope toward the discharging end (there
shall be a total drop of § inches to 18 inches along the run of a
typical 10-foot long trough).

5. Trough shall abut inside bank of road or trail or otherwige be
congtzucted O assure total diversion of runoff.

6. Berm shall be at least 8 inchaes high (H=8") and 12 inches wide
(W=12"}. .

7. Berm shall be composad of on-site inorganic sediment (zrock and
subscil; preferably that material excavated from the trough) and shall
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be tamped with shovel, faet or otherwise hand-compacted. HNo organic
debris shall be incorporated in the herm.

8. Point of discharge shall be fres and clear of debris s0 as to allow
4ll water to drain freely from the trough.

S. Baerm shall be constructed 80 as not to allow surface runcff to flow
over or around it.

10. From point of discharge for a distance of 3 fset (slope distance)
downslope, snergy dissipation shall be placed in the path of the
diverted surface runoff. This shall primarily consist of rocks 5 to 12
inches in diameter and secondarily (if sufficient numbers of

rocks cannot be found within 100 fset of aite) of slash or other woody
debris no larger than 12 inches in diameter and 24 inches in length.

1. Opening or unblocking point of discharge (Open end of waterbar): The
digcharging end of the waterbar shall be cleared of organic debris,

soil and rock which 18 preventing or hindering the free flow of water
from the trough. Energy dissipator shall be placed below the point of
discharge if there axists a gully over 8 inches deep and wide at that
point which extends at least 3 feet downalope.

2. Clegan out trough of waterbar: The trough shall be clsaned of organic
debrias, solil and rocks so as to allow free drainage through the trough
and across the point of discharge. If the bare slope below the point

of discharge displayes a gully greater than 8 inches in width

and depth and 36 inches in length, energy dissipation shall be
installed.

3. Extend end(s) of waterbar: Additlions to an existing waterbar shall
ke built at one or both ends of the waterbar so as to prevent water from
flowing arocund the waterbar striucture rather than being diverted by it.
Typically, the lower end is not extended far encugh downslope, so the
aurface runoff entering the trough flows around the downslope end of

the watsrbar rather than through the point of discharge (Figure B-4b}).
If not prssent, an energy dissipator shall be provided at the outlet.
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; SECTION Dt REVEGETATION

ls STEM CUTTINGS

A. Definition 40 A stem cutting is a shoot, or cane, cut from a live
tree or shrub. Cutt;ags from sprouting plant species will grow if planted in
the ground under certain conditions.

1. Prgpared cuttings shall have the following characteriastica:

#. From healthy wood of a sprouting plant species native to the
planting sitae.

b. Rsasonable stralghtness.

c. Clean cuts with unsplit ends.

d. Length: 12-inch minimum length.

e. Diamster: 1/4 - inch minimum diamster; the thicker the cutting,
the greater the resarves. Therefore, cuttings greater than } inch
are desirable, though their numbers may be limited by the supply.
f. Stam cuttings shall not be from the tipa of branches, but
rather farther back on the stems. The top of each cutting shall
be just above a lsaf bud, the bottom cut just below one (sese
aketch balow).

g. Trim branches from cuttings as close as possible.

h. At least 2 lateral buda shall ba above the ground aftsr
planting.

2. Preparing non-dormant cuttinga:Leaves shall be stripped from
cuttings which are to be used before normal leaf fall cccours. It
is prefsrablea to cut dormant stems.

3. Handling of cuttinge betwsen cutting and vlanting: Cuttings must not
e allowed to dry ocut. Cuttings may be planted the sams day, and at all
timea must be kept coversad and solist during transport and storage bafore
planting. Under certain dry conditions of sither the cutting site or
the planting site, the County Agent or his/her representative may
require that cuttings be spaked st least 1 day prior to planting, though
mandatory soaking will be uncommon. At no time shall a cutting be left
exposed to the air to dry ocut prior to planting.

4. Planting of cuttings: Cuttings sust be planted right-side-up. At
least S0% of the cuttings length should be planted in the ground. It is
preferable if 75% of the cutting length is in the ground, but at lsast
two budding nodes shall be laft sxpossd above ground. Deep planting
minimizes loss of water due to transplration and evaporation. Soil
shall be firmly pressed arcund cutting to reduce molsture loss and
improve soil contact.

5. Time of planting: Basically, planting time is between September and
April. The sarliest possible planting time for wet sites is after first
major storm in fall (greater than 1 inch rain). For dry sites, the
earliest planting time ls after the sacond major storm. The latsst
posaible date is dependent on the particular year, but will be
approximately March lst. Additional soaking prior to planting may be
required for late plantings. Optimum planting time is October through
February, when ground is wet and plant material is dormant.

6. Cutting willow and other brushy specise for nting: Cutting of
plant material for use as wattles or cuttxnga wxll be done to minimize
disturbance of vegatation and soil adiacent to the willow stands.
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Conifers must not be damaged. Ground cover nmust be pressrved as

much as possible, Willows should ba used as efficiently as possible
{1.e., when stakea) for wattles are cut, a@xcess branches should be used
ag cuttings or wattle bundle material). Willow shoots must be cut by
either pruning shears, hand gaw or chain saw. Branches from willow
must be cut diagonally to expose more surface area to water and to
provide a pointed end for staks driving and planting the cuttings. The
bagal ends of the shoots must be marksd clsarly in some manner 8o
workers can determine which end to plant. Correct specles
identification is essential, particularly in the willows and alders
which often look similar but have different habitat requirsments which
in turn may result in different survival success. 3Species
identification should be confirmed by qualified personnel before
eollaction.

2rne ate I8 o #: The required planting
distance betwean txanaplaﬂts &nd/er stam ¢uttings will be daterminad by
the CCR as "2~foot spacing” or “3-foot spacing™ etc. The rows must be
staggered rather than bae in columns, as depicted in the sketch below:

2f
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2-foot aspacing 2-foot spacing
Wrong Way Correct Way

Where the plan speciflies planting in a zigzag pattern, x foot spacing,
¥ foot offset, a double row is desired with x pumber of feet bstween
each cutting or transplant in that row and the second row y number of
feet to the side. FPor example, a zigzag pattern with 3-foot spacing
and 2-foot offset would be planted as follows:

e’ 3 o 3’ o o o
2:
o o o c o

2. TRANSPLANTS

A. Definition of 4ob., Transplanting is the intact removal of an individual
plant from one place and replanting it in another.

B. Specif ti

1. Although determining the size of an adeguate root ball is necessarily
a judgmantal decision best made on a plant-by-plant basis in the fleld,
all plants must be dug with a ball of soil containing at least 60% of
their rootes. If the soil is dry, the soll arcund the plant shall be
scaked prior to digging so that the root ball will hold together.

Plants must be transported to the site in such a way that the root ball
dces not shatter, exposing the roots (size of transplant and root ball
varies with species; sse species gpecific spescification below).

2. All species shall be replanted within a maximum of 24 houra of bsing

dug up. The root ball must be kept moist at all times to keep the roots
from drying out.
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3. The planting hole shall be large encugh to acoommodats the root ball
easily, without cramping, bending or cutting roots. Adjust planting

depth 80 that the old soil line {usually visible near the base of trunk
or stem) is at the surface level of soil surrounding the planting hele.

4. The hols shall then be refilled about 3/4 full with sopil, firmed
around the roota and thoroughly watered. If settling occurs, the plant
shall be rsadiusted and the remaining soil added, again firming the soil
to sliminate any ailr pockets.

5. Transplants shall be obtained in such a way that at lsast one half of
the original plants of the spscies remaln scattered within the
collsction arsa. The source area pugt not be denuded of plants.

£. Holes crzated by removal of plants shall be filled with soll to the
original soil surface.

7. Placement of transplants: Ses “Placsment of stem cuttings and
transplants® above.
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SECTION %

Bl EROBION

efini n of 4ol Rock armor ls placed in small stream channels,
gull;as or other axgeatad flow courses to increase turbulence and energy
gxpenditures, slow velocities and eliminate scour of channel bankas and beds.
Rock armor to be used in stabilizing excavated stream creossings must meet
approval of the County Agent.

1. Paak design period discharges (25~year recurrence interval) for the
channel rsach shall be calculated uaing an accaptable method or formula
{(Rational mathod, S5CS, ete.). Estimates must be available for review
and must be substantiated by fleld svidasnce.

2. For newly constructed channels, the channel bottom shall be made wide
anough to handle peak flows. Wide, shallow channels are preferable to
deep, narrow cross sections.

3. ¥hen channel excavation and rocking channel bed is called for, the
channel shall be excavated in such a way that the bed ia slightly
concave. Rock armor will be placed far enough up the channel banks to
contain anticipated heavy flow from the design discharge event. This
will prevent fajilures due to flat-bottomed, rocked channels, whers bank
cutting can occur during high water.

4. In plan view, the upstream entrance to the rocked channel shall be U~
ghaped so that flow cannot be diverted aleng-side or around the rock
AFMOL.

5. Sufficient quantities of rock shall be used to adequately protect and
armor the bed of the channel.

6. Rock sizes and/or securing techniques shall be emploved to assure
that peak flows do not remove the protective material. A heterogensous
mixture of rock sizes shall be uzed which contains enough large rocks
{rocks which cannot be moved during peak flows) to keep smaller rocks
in place. Where only small rocks are available, securing techniques
such as staking or wire reinforcing must be approved in advance.

7. Rocks shall not be so large as to deflect streamflow into the banks.
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APPENDIX B

Explanation for Watershed Inventory Datat Sheet  B1 - B17

Pecific Walershed Associates - P.O. Box 4433 - Arcam - CA - (707) 2323130



Purpoge: This work-sheet was daveloped for use in the field inventory of
existing and potential ervasion problems in the Pine Creek basin., It was used
to identify and classaify srosion problems, to prioritize potential work sites
and to prescribe specific watershed treatments aimed at protecting and
raestoring fisheries resources.

Use of this work sheet was intended to provide a standardized and comparable
analysis of obssrved fsatures throughout the basin., Using the form, fleld
personnel could measure, describe and interpret landforms and erocsional
problems in a consistent and uniform manner. In addition, data was collected
in a computerized database format that should allow for inventory information
to be reanalyzed in the future, or be included in cther rescurce inventories.

Baged on field observations and interpretive remarks provided on this form,
land managers have been provided with a prioritized listing of the most
critical, on~going and potential sediment scurces within the basin. The
database can be expanded or modified at any time, to accomplish other
purpeses. In addition, sites can be revisited in the future, LIf neaded, to
collect more specific data concerning related site characteristics, the level
of current eroslonal activity or other data needed for planned land use
operations.

The following text is provided to help explain the meaning of sach guestion,
and associated answer, contained on the database form. The form containas over
200 guestiona. Hot all guestions were applicable to each site identified in
the field. Therefors, portions of sach database form have been left blank.
The instructions and comments below are directly keyed to the categories and
gquestions listed on the data sheet.



a9t or future sediment delivery

1+ Site Number: The identification name or numbar given this specific site.
Each of the 445 aites has a unigue ID or number for future reference which is
shown on a base map or aerial photo, and which ls used in databasge saarchas.

2. Mileage: For each site that could be reached by vehicle. a milsage is
given from the starting point of that road or spur road., If the road was not
driveable, the word "WALK" haa been used instead of a mileage. The length of
walking~roads hag then besen dstermined from digitizing maps cor aerial
photographa.

3. Major? (Y or N). The answaer is Yaos or No. A major site lg one that has
begen subjectively characterized as having potential for significant sediment
delivery to stresams. The answer implies only that a subjective evaluation
suggests that the site could yleld a large volume of assdiment. It says
nothing about the likelihood that erosion would actually occur.

4. Hinor? (Y or N). 7The angwer is Yes or NHo. Minor sites have little
potential for significant sediment yield. Good sxamples of Minor Sites
include ditch relief culverts, inactive gulliss, small stream crogaings with
no diversion potential, and landslides that would not deliver sedimant to
stygam channaels.

5. Date Mapped: The date the field mapping for this site was carried out.

6. Mapped Bv: The name# or initiala of those who did the field mapping for
thia particular site.

7. Photos Taken: A listing of any 35 mm ground photographs taken of this
site, This will include a brief description of the subject whether or not
they were taken in stereo.

8. Watershed: Always answered Pine Cresk, for this assessment project.

9. Qwnership: For the Pine Creek project, only lands under Hoopa Tribal
cwnership were inventoried. Private lands outside the Square wera not
evaluated as a part of this project.

10. Map Sheet: The USGS topographic quadrangle that contains this aspecific
site.

11. Alr Photo: The 1990 (scale = 1:12,000) color aerial photograph that was
used in the field mapping of this site. Original field mapping information is
contained on a frosted mylar overlay for each of the aerial photos covering
the Pine Creek assessment area. The photographs used for this project are
shown and listed on a large map (plate) of the study area.

12. Air Photo Date: The date the aerial photograph was taken, in 1990.

13. Air Photo Scale: For this project, air photo scale was always 1:12,000 (1
inch = 1000 fzet).

14. Road Name: The name of the road which the site is located on, or nearest
to. §$ince many of the spur roads do not hava names, we often assigned names

based on the mileage of the intersection with the main road it branches from.
Main roads are given their common name (eg, No.2 Road).

15. aAkandoned (Y, N): Answered "Yes," if the rcad is abandoned
{unmaintained). The road may atill bes driveable, but it is classified if
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there i8 no obvious maintenance to the culverts, the ditches are not clesanasd,
and vegetation is overgrowing the roadbed. If the road is not "abandoned,”
then it is considered "maintained.”

D gable (Y,N): If the road is still driveasble, this is answered “Yes,6 "
even thaugh the roadbed may be largely overgrown and the road is not
maintained. If the road is impassablas due to vegetation growth, ercaion or
aslope movement, then the road is not driveable.

17. Minor Rebuild (Y ,N);:; This cquestion, and the next, indicate how much work

it will be to open the road for squipment and vehicles to access identified
gites for srosion control work. "Minor rebuild" includes work such as
rebulilding emall strsam crossings that have partially washed put or regrading
small failure scarps that cross the roadbed, Clearing extramely dense
vegetation off the roadbed of old, asbandoned roads is typically not considered
a "rebuild,”

10 i {] If a large stream crossing is washed out, or the
antire rcadbsd has failed and must be rsconstructad at a point, that locatlon
will reguire a "Major Rebuild® before egulpment can pass to other sites
farther out the road. All sites past that point will be classified as
requiring a "Major Rebuild” in order to reach it. The site where the first
major rebuild is required is not classified as needing major rebuilding, since
access to that point is unrestricted.

B - {¥ri: The first year the road showed up on aerial photographs.
Thia may not ke the yaar of construction. For example, many roads which first
showad up on tha 1990 sarial photos, but were not visikle on the 1377 photes,
were actually built in 1980.

20. Sheet (1,2,3): For the field survey and analysis, data were collsctaed and
sites were cataloged in one of thrze categories, termed Sheet 1, Sheet 2, or
Sheet 3. Sheet 1 sites are those that have sither delivered ssdiment to
stream channels or have potential for sediment delivery in the future. Shaeet
2 sites consist of stream crossings with no significant erosion potsntial,
stream crossings with no diversion potential and ditch relief culverts. Sheet
3 sites coneist of landslides and other socurces of erocsion {eg gullies) that
have no past history or future potential for sediment delivery to stream
channels.

20.5 Treat {¥,N): The answer to thig guestion represents our final
recommendation as to whether on not this site should be treated. "Y": Site
should be treated. "Y?": Site should be tresated if equipment is at or near
the s#ite doing other work. “N7?": Consider treating this site only if -
squipment passes over the site and adequate funding is available. ~N": This
site is not recommended for treatment.

Was a separate sketch of the site made during the

f191d=mapping work? If a drawing was made, it can be found with the field
notes.

Y. GO ntg: The summary comments for each site generally dsacribe
the nature of ths arosion problem, important site characteristice and
suggestions for poesible treatments. The suwwmary comments section is hers to
help the readsr guickly gain a feel for the site without having to read all
the detailed guestions that follow.

Existing Debris Slide (Y . N): If the site contains an existing debris
alxde, one that has already fallaed (ie, more than just scarps are prasent; the
failure hae already occurred) then this should be classified as an sxistling
slide. Existing debris slides can still have pctential for additional
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landsliding. Most exiasting debris slides are fairly shallow, and leave tear-
drop shaped scarse. :

24. Potepntial Debris Slide (Y,N): This is a newly developing debris slide
that has not yet failed and moved off the site. By far mast trsatable or
préventable of the potentlial debris alides are asacciated with roads or
landings located on steep slopes. Debris slides typically fail as rapid,
catastrophic slidss during heavy rainfall periods. Ground indications and
site characteristics of potential dabris slides may include unstable,
oversteepened fills and debris on landings and roads built on staep slopes,
locations in inner gorge areas or stesp headwater swales, visible scarps or
cracks in the road or on original ground, lsaning trees, and/or emergent
groundwater on steep slopses.

25. Deep Seated Slide (Y. N): These features usually cover fairly large arsas
with multiple scarp gystems running through natural slopes and/or across roads
and skid trails. Arcuate crown scarp reglons diasplay desp zeated rotating
slump features at the head and sore translational movemant in the middle
gections. Along estesp streamaids sreag, the lowar saction iz often a site of
shallow debris sliding. Charactsrized by sserging groundwater, lsaning trees,
active and inactive scarp systeme, and spleodic, seasonal movemant from
geveral feet to several hundrad feet annually. Some may not move annually.
Hoat deep seatsd landslides are difficult and sxpensive to control.

Land le Site? (Y,N) If any one of the landslide features (existing
daebria slide, potential debris slide, or desp seated slide) exists on this
site, this guestion is answered "Yes.” If this gquestion is answered "Yes,"
thia site contains some type of landslida.

26-37. Landslide indicators: Check those that apply with a "Y" for Yes.
26. Landing: Is the aite located on a log landing?
27. Swale: Is the zita located in a topographic swale?
28. Road Fill: Is the sita located on a road fillaslope?
29. Cracks: Are there cracks in the ground, suggesting slope movement?
30. Scarps: Are there scarps in the ground with distinct displacsment?
31. Range: What la the range of scarp heighta? (ft) ;
32. Average (ft):; What ia the average scarp height? (ft)
33. Evacuated: Is the slide area completely evacuated? {all gone?)
34. Wet Vegetation: Is there wet veqg & shallow ground water at site?
35. Standing Water: Ia there standing or ponded water at the site?
36. Leaning Trees: Does the unstable area have leaning conifer trees?
37. gther; Are there other indicators of slope inastability?

38. Gully (Y,N}: Answerad "Yas™ if this site contains a large gully as one of
the major ercsional features. Gulliea are new channsels that have a cross
sectional area over 1 ft? (1'x1’). Gullies are caused by concentrated surface
runoff (often below culvert outfalls, on skid trails or on large bare areas
such as landslide scars) or by stream diversions. Anything smaller is
considerad a rill and lumped with surface erosion processes.

39. Rilling/Surface {Y.N}: Answerad "Yes" if this site is characterized by
serious past or present surface ercsion problems. Rilling and surface erosion

occurs on bare soil areas that are not revegetating and typically show
evidence of ravelling, sheet srosion and rilling. Most of the soil loss
occurs by dry ravel during the summer and by raindrop ercsion and rilling
during high rainfall pericds,

Answered "Yes* if this site is characterized by
banks or gullied stream channels. Gullied stream
channels are those natural channels that have had additional water or
increased sediment added to them and they have responded by widening and/or
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daepening. Streambank erosion occurs where streams impinge on thelr confining
banks during periods of high flow and cause scouring of the banks. Streambank
erceion ia often natural and unavoidable but can be accelerated by the build-
up of bed deposits in the channel or by increases in discharge. Whare
necessary to reduce sediment delivery to the channel, banks can be physically
protected, or excavated.

- When the strsam flows through native ground the hillalope is often undercut
and landsliding is initlatad. In these areas both stream bank srosion and
landsliding should be indicated on the check sheet since both processes have
been active. The presence of bare, unvegetated, near-vertical stream banks
often signals active channel ercsion.

«~ Whan the strsam flows through alluvial daposita (29 on a flood plain} it
cuts away at the deposits as it migrates across the valley.

41. Stream Crossaing {Y,N): Stream crossings are locations where sphemeral,
intermittent or perennial streams cross a road. The crossing may be a
culverted crossing, a Humboldt log crossing, or a fill crossing that has no
drainage structure installed. This question 18 answered "Yes" if this site
contains a stream crossing.

42-57: Stream Crossing data: Those that apply are ansgswered.

42, la there a Culvert? Bridge? Humboldt Log crossing or is it just Fill?z
43. ¥What is tha culvert diameter, in inches?

44. Does the crossing have a high diversion potential? (¥ or N) That is, if
the culvert plugged, would flood waters splll over the road and back into
the stream channel (No D.P.) or would the water flow down the road or ditch
(High D.P.}. BAll strzam crossings (where roads cross over stream channels)
have either no DF or a high DP. There are no other choicea. If the
crosaing has No D.P., overflow might cause the fill to be washed out, but
the streamflow would not be diverted out of its channel. If the crossing
has a High D.P., the fill crossing at the point of diversion would not wash
out but a gully would form down the road, in the ditch and/or where the
water left the road and crossed the slope.

45. For High D.P. crossings, would the diversion go <50’ or more than S0
down the road?

46. For High D.P. crossings, give the alope of the road as it falls away
from the stream crossing, in the direction the diversion would occur?
This is determined by atanding over the culvert and shooting the gradient
in the downslope or down-road direction.

Even “flat~looking" roads often have a gradient. Only a minimal gradient
is necessary to create the diversion once the water is on the roadbed.

47. Dces the crossing have a high failure potential? <That is, is the
culvert or other drainage structure {if there is one) have encugh
capacity to pass the 50 year storm flow? It has a high failure potential
if the capacity is too small, or if the culvert could be easily plugged.
This is where you astimate how likely the culvert is to plug in tha next
big storm. Consider the amount of mobile organic debris and sediment
being transported in the channel and whather ¢r not an adeguate trash
rack is in place {zome crossings work fine without a trash rack because
little debris moves in the channel during storms), and consider the
condition and size of the culvert in relation to the expected flow from a
50-year runoff event.
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48. Check CMP Size (Y N}: Should the flood discharge for this crossing be
calculated to see {f the culvert is large encugh? This is typically done
whére it is not obviocus whether or not the culvert is large snough.

49. Xing History (D.¥,N,7}: What has been the history of this crosaing? Has
it -ever Washed ocut (W)}, has the strsam ever Diverted (D), has it been
functioning OK since it was installed (N=no problems), or ia it Unknown if
thare has sver baen a problem {(U).

80. Plug Potential (H,M L}: What is the potential for this culvert (or
Humboldt log crossing) to plug with ssdiment or woody debria? (High, Moderate
or Low)

% Plugged: At the time of the inspection, how much of the inlet was
plugged (%}7?

$2. Sed Transport {(H,M,L}:; What is the relative capability of the stream to
transport sediment {and thersby move sediment and debris down to the culvert
inlet) (High, Moderate or Low)?

£3. Ch Gradient {(%): What is the gradlient (%) of the channel above the
crogsing? (This gives another indication of the ability of the channel to move
debris into the crossing, and perhaps plug the drainage structure inlet.

4. CMP Plug Cause (W,S5,V): If the structure {usually a culvert) is plugged
or could plug, what would plug it (Woody debris or Sediment)}?

55, Now Riverted (¥ ,N): I8 the stream now diverted at this crossing site?
(Yas or Ho)

56. Pot Washed Out (%): If the crossing fill is partly or completely washed
out, give the estimated volume which has been eroded, as a percent of the
total fill that could erode {(eg, the creossing is 50% waghed cut).

57. Comment: List any comment, especially as it relates to the astresam ¢roﬁszng
guestions that were answered in the section.

58~83: Landglide Data: if this site is an existing or potential landslide, the
following guestiona that apply are answered.

58. Natural (Y,N): Is the landslide on a "natural" glope {(one not affected
by timber harvest or road building). “Natural™ implies that tha erosion
has no obvious landuse associations and/or it is occurring in undisturbaed
or old growth arsas.

59, Cutblock (Y ,N): Is the landslide feature in a cut unit? “"Cutblock”
implies that the ercsion is occurring within a harvested areas or is
associated with a past timber harvesting activity.

50. Road Related (Y ,N}: Is the landslide associated with a road? "Road
related™ erosion ig that which appeara to be caused or directly linked with
road construction, landing construction or maintsnance activities. Road
related ercsion could, for example, be a gully on a cutblock that was
caused by runoff from a road culvert or stream diversion on a logging road.
In this case the original cause was road related (not cutblock related}.

61. Qther: List any other location or association of the landslide,

2. Active (Y,Ni: Is the landslide active (moving within the last several
yeara}? TActive” means the erosion is gtill occurring, sven if it is not
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.at the same level as it once was. Gullies will have vertical, raw banks
and/or active headcuts. Landslides will show recent, mostly bare scarps,
recently tilted trees and perched blocks which have just started to move.

63. Waiting (¥, N}: Features which are asasigned the "waiting™ classification
-are thought to be currently inactive {(no signs of movement in the last
several years), but the scarps and other indicators suggest that during an
gapacially large storm the instablility could become active and fail or move
downalope.

64. Inactive (Y ,N}: 1Inactive features have partially or largely
revegetated and show no significant signs of pending erosion or sediment
delivery. Gullies will often have armor lag deposits in the channel bed.
Landslides may be lnactive even though vegetation is still sparse and it
gtill looks bad.

etated: This is a subjective evaluation of the amount of
veget&tion on the surface of the inatability.

66, Describe 1 jde = A general descripticn of the surface of
the aiide, inciudinq vegetaﬁion, scarp systems, signs of moisture, etc.

67. Slope above (%): List the average slope gradient immediately upslope
from the site.

68. Slope below (%): List the average slope gradient immediately downslope
from the alte.

69. Springs {¥,N}: Answered "Yes™ if the site displays obvious signs of
smergent groundwater (springs).

0. Bedrock: Descrlbe the general bedrock type underlying the site, as
identified in the field (not necessarily on maps}.

71-82: Eleven important soil a lope ¢ : 2 have been listed
to indicate their presence at the site. Th&sa characteristics suggest a
potentially high susceptibility for either gullying or landsliding, given
the right combination of factors.

1. Spil (ft): List the soil, or colluvium, depth, in feet.

ewRx: Few course rock fra nte in the soil suggest that
concentrated runcff could result in big gullies (with no lag daposits to
limit their size),

73. Coh: Very cohesive (clayey) soils would limit the amount of expected
gullying but might suggest a susceptibility to mass movement,

74. Dg: Low cohesion soils, such as those developed on decomposed
granitic bedrock, are very susceptible to both qully erosion and debris
sliding on ateep slopes,

75. Mot: Mottled or gleyed soils indicate high water contents for much of
the year and are likely sites for slope falilure,

76. PpColl: Deep colluvial or landslide deposits also suggest a possaible
gsusceptibility to both slope failure and gullying.

77. IG: Inner Gorge hillslope position, located within the steep side
slopes of the inner gorge of a stream channel.

78, BIS: Break—in—élope, located at or immediately below a distinct
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change in hillslcope gradient {BIS) which leads from moderate slopss above
the feature to stesper slopes below

79. Hw8; Headwater Swale, locatsd in a steep topographic swale.

80. U, M¥,L,8: Hillelope positions located in upper hillslope areas,
middle hillslope areas, lower hillslope areas, or located in stream-side
hillaslope areas.

81. Conv, Pl, Diverg: Sites located opn slopes which converge (are howl-
shapad}, Diverge, or are Planar

82. Other: A listing of other important hillslope or soil
characteristics which affect procssses at the site.

83. Comments: This section is used to slaborate or clarify any other
important elements related to information collected in the "site
information” section.

£4~-113: Questions about past ercsion and future srosion potential of the asite.
In this important section estimates are given of how much erosion occurred at
the site in the past, how much of that was delivered to a stream channel where
it might eventually impact fisheries resources, how much future erosion is %o
be sxpected from this site and whether or not it appears that the on-going or
potential problem can be corrected. The details of actual treatments and
prescriptions are then addresssed on Sheet #4.

Past asion g8): The volume of past srosion (yd#') at the site is
recorded. The volume ig typically derived form field measursments.

85. Delivery {(%): This is an estimate of the percent of the past eroded
material that was actually delivered to the stream channels system.

B6. (¥WxLxD): Measurements of the existing ercsion feature, expressed as
average Width X Length x Depth. If the festure is complex, several different
meagurements may be glven to account for the entire feature,

87. Erosion Potential (H,M,L): The estimated potential for additional erosion
is a judgement call, based on obssrvations already taken, as to the potential
for additicnal, significant ercseion at this site. This is a probability
estimate, not an esstimate of how much erosion is likely to ocour. The answer
is either High, Hoderate or Low.

BErode ig a Normal Winter (Y M,N}: The angwer is "Yes" if it appears that

the feature is "ready to go"; that is, will ercsion, landsliding or stream
diversion likely take place very socon, or within a few moderate storms during
a normal winter. The answer is "Maybe"™ if it is less certain, but it could
erode or move in a normal winter. The answer is "No" is the feature appears
stable to normal rainfall.

. Move in a Big Storm (Y ,M.N): This is answered "Yes" if it appears that it

would move or erode in a relatively large return interval runoff event (10-
year). Answer "No" if even a big storm would have trouble triggering ercsion,
sliding or diversion at this site.

D On % 1 0, >80 This is answered with the approximate
expected volume of futura erosion (yds? that would occur if this High D.P.
straam ware to divert down the recad. Estimating how much erosion would occur
from a possible gtream diversion can also be fairly complicated. If an
estimate can be made as to the possible final location of a newly formed
diversion gully, it is possible to make an estimate of its eventual langth and
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cgoss sectional dimenmions and to caloulate a final volume. It often helps to
see the size of gqullies formed by similar stream diversions in the arsa to get
a ball-park idea of a reasconable setimate. If there are rocky soils and
shallow depths to badrock, large gullies are unlikely to form. Conversely,
streamflow diverted across areas of incompetent bedrock and deep, friable
soils containing few rock fragments could cause the formation of extremely
large gullies and a very high sstimate for future erosion.

91. Future Ercsjon {vda”™ This is the sstimated volume of future ercosion,
determined using the same technigues described in #84 and #86, above. It is
determined by taking quantitative planimetric measurements in the field and
valculating the size and volume of potantial erosion that would be generated.
This guestion calls for an estimate, but tha estimate is hased on field
chgervations and measurements. For existing gullies, potential and existing
landslides and potential strsam crossing washouts it is possible to estimate
the volume of erosion that ia likely to occur in the future.

- Volumes are sasiest to estimate for potential stream crogssing washo
because the fills placed in the channels when roads are bullt are fairly
regular in shape and you can assume most of the fill would eventually be
lost if the culvert plugged and the crﬁss;ng washed out by fluvial
erosion. - Next, VBY S - 1a ga generate limited volumes of
sedimaent when they fail by dabr;s al;d;ng, and these guantities can be
estimated fairly sasily.

- Existing, enlarging Lies lengthen, widen and deepen until they
become stable and the final dimensions (hence volumes of future erosion)
may be estimated. Indeed, many existing gullies that were formed during
major storm events and still look raw may already be largely stable.
Moat sediment to be eroded from these features may waell be limited to
gradual bank retreat and collapse.

- Debris alides generated from giteep headw 74 areas (usually where
they are crossed by roads) are limited in size at tha point of
origination. However, debris slides generated at thsse sites often grow
much larger aga they move down the steep channels and scour debris from
the channel bed. This makes their final volumes sometimes much larger
than that estimated at the initiation site itself. Use your best
judgement and base your volume predictions for such features on
occurrences that have been documented or observed in your area. If your
estimate includes additions of material scoured from channels and
downslope areas, via these debris torvent mechanisme, make sure you
differentiate the two sources on the check sheet.

~ The future of volumetric yield of large translational landalides can be

difficult to estimate largely because they move episodically, they move
at unpradictabla rates and they occasionally become self-stabilized after
moving for a period of time. Such slides are typically bounded by scarps
or other natural features that place an upper bound on the amount of
material that is likely to move downslope and into a stream channel, but
you must estimate what portion of that mass is likely to move downslope
before the feature eventually stabilizes. Potential volumstric
contributions from debris slides and other "fast™ mass movements can be
predicted much more =asily than yields from episodically active
translational landslides.

2. (WxLxD): Measurements of the potential ercsion feature, expresssed as
average Width X Length x Depth. If the feature is complex, sevaral differsnt
measurements may be given to account for the entire feature. These
measurements describe the planimetric assumption used by field personnel to
determine future erovsion volumes.
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$3. Comment: Included here are any comments by field personnel ragarding past
or future ercsion at the aite.

94, Future Dellvery (Y, Ny: Will future sroded sediment enter a stream
channel? If any of the future sroded sediment will enter a stream channel and
could eventually be washed to downstream areas, this question is answered
*¥gp.," This is answered "NHo" only if all the erodad sediment will be stored
on the slope and never wove into the stream systam.

95, Delivery Percent {%): This is an estimate of how much sediment (expresses
as a % of the volume of expected ercsion) that is likely to be deliversd to
the stream channel.

96. Can control srosion? (Y, Hl: Answered Yes 1f the srosion could bae
reasonably controlled or prevented.

. How {(E,H,B): Thia is a brief notation of how the srosion could be
controlled or prevented. E, by the use of hsavy earth moving equipment; H, by
hand labor methods; and B, using both hand lsbor and eguipment.

Lorreck. 3 2% 14 {¥,N1: If there is a diversion potential
{(DP} at the straeam ¢rassing s;te, could it be corrected {note: almost all of
them can bel}. Answered Yes or No.

99, How (E,H,B}: This is a brief notation of how the diversion could be
preventad. B, by the use of heavy earth moving equipment; H, by hand labor
methods; and B, using both hand labor and sguipment. Most work will be done
by heavy equipment, unless the aites are vary inaccessible.

_ naent _ ; ¥,L): The subjsctive answer to this question lets
you decide if the work needs to get done right now! or later. Is the feature
falling apart and going to change dramatically this coming winter? Does
ercsion at this site serioualy threaten important downslope or downgtream
resources (g spawning or rearing arsas)? Answer "High", "Hoderate" or "Low"
{no big rush, but ercsional problesms or potential erosion source should be
corrected in the future). This is question that field personnel summarized
how critirval it is to perform ercsion control work at this site. This answer
iz based on the severity of the potential erosion, its veolume, its predicted
activity level and the sensitivity of the reaources at risk.

101-110: Possible Treatments, "Y" is placed next to recommended treatments.
101. No treatment suggested at this site.
102. Replace the culvert.
103, Install a larger culvert.
104. Add a culvert to this stream crossing,

105, Clean the ditch or the culvert inlet or the culvert ocutlet.

106. 3 | ~1117 iip over the crossing fill or immediately down-road
from the crossing (if the culvert is too shallow to dig the dip over the
top}. This crossing has a high diversion potential.

107. Add a trash rack at the culvert inlet, or slightly upstream, or add a
downspout to the culvert outlet.

108. Pull (excavate}) this stream crogsing £ill. The road is abandoned and
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Jif the fill is not removed it will wash out in the future.

k.. ~avate) this road fill and ramove the material to a stable
location. Tha fill on the ocutsida of this road or landing ils unstable and
if it is not removed it will likely fail and move into a stream channel.

110. Qther: List any other treatment not mentioned above.

111, P« o Erog Does this site display the potential for a great
amount of srosion and sadiment delivery during an extremely severe storm? For
example, some small landalides can davelop into very large slope failurew if
the conditions are just right. Uoces that situation exist here? The
subjactive anewer is listed as Yes or HNo.

112. Vol {yde’}: This is the largest possible volume to erode or fail from
this site, as estimated in the field.

113. Comment: Included are comments regarding the possibility of extreme

srosion at this site, as well as any other infarmatian ralated to ssdiment
delivery or erosion prevention treatments.
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SHEET #2 ~ Stream crossings and ditch relief culverts
with NO sionificant poten Lor sediment delivery

114. Steep Swale, Potential Debris Slide Location (Y ,Ni: If this site ls
located where a read crosses a steep, wet, colluvial swale, it may be the slte
for a future debris slide. The is answarsd Yes only if this condition existas.
It is typically left blank if the answer is No.

i15. Diteh (Y, H): Answered Yes for ditch relief culwvertsa.

115b. Siream (Y, N): Answered Yes for stream crossings,

118¢. Spring (¥,N): Answered Yes for culvertes draining springs and seeps.
116. CM} lumboldt or ¥ BBl Answered to dencte the preszence (or

abﬁance)'andmtygé'of'dxainage facilities at the crossing.

117. CHP Dia (in): The culvert diameter, in inches.

118. IR (¥,N): Is a trash rack presant to xeep corganic debris from plugging
the culvsrt inlet? BAnswered Yes or No.

115. FP2_(Y,H}: Does this crossing have a high failure potential? See the
discusaion for Item #47 for the definition of failure potential.

120. Check CMP size (Y. Nj: Dos the size of the culvert need to be checked
relative Lo the expscted flood discharge of the channel (ie, might the culvert
be too small?). Sse the discussion for Item #48, described sarlier.

121, Fill VYol, (vds’®): This is an estimate of the volume of the fill material
in the stream crossing.

122. Plug Potential (H, M, L): This is a subjective evaluation of the potential
for the culvert (or Humboldt log crossing) to plug with sediment or orgadnic
debris. See alsc the discussion for Item #5350, above.

123. How? (5,W,Vi: How would the culvert plug, with sediment ({S), or with
woody debris (W). See also the discussion under Item #54.

124. Pasgt Erosion (Y,N}: Has there been past erosion at this site (answered
gither Yes or No)?

125. Vol {yds’}: What was the volume of past ercsion at this sita.

126. Type: This is a brief deascription of the nature of the past ercsion
(gullying, rilling, ravelling, streambank erosion, etc).

127. Future Ercosion (Y,N): Will there be future ercsion at this site
{answered either Yes or No)?

128. Vol (yde’): What is the expected volume of future ercsion.

129. Type: Thie is a brief description of the nature of the expected future
erosion {(gullying, rilling, ravelling, streambank erosion, etc).

130-138: Possible treatments to be applied to thias Sheet #2 site, answered
Yas if needad or suggested.
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. 130,

ice the exisring culvert.

131, pdd a culvert or install a larcer culvert,

132. Add a trash rack at the culvert inlet, or slightly upstraam.

133, add a downspout or enerqgy dissipator to the culvert outlet.

134. srt inlet or the culvert outlet.

133,

136, avs clling dip over the crossing f£fill or immediately down-road
from the crossxng {if th& culvert is too shallow to dig the dip over the
top). This crossing has a high diversion potential.

137. Ho treatment suggested at this gite.
138. Qther: List any other treatment not mentioned above.
139. gomment: Listed are any other comments associated with the Sheet 2 gite.

By definition, there should be no significant past or future potential for
gsediment delivery from this site.
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SHEET #3 - Landalides and Other Ervsion with
NQ significant potential for sediment delivery

140. E i - 3 : , Sae discusgsien under Item #23. There should
be no past or future d@l;v%ry from thia site.

141, Potential Debris Slide (Y N): Sse discussion under Item #24. There should
he no past or future delivery from thia aite.

142. Deep Seated Slide (Y, N): See discussion under Item #25. There should be
no past or future delivery from this site.

143, Cther {Y,N): 1f othsr types of srosion ocourred but did not result in
sediment delivery (such as gullying, rilling, etc.)} this guestion is angwered
Yes. It is generally left blank if thes answer ils no.

144. Landing (¥Y,N}: See discussion under Item #26. There should be no past or
future delivery from this site.

145. Road ¥ill (Y, ,N)}: See discussion under Item #28. There should be no past
or future delivery from this site.

l46. Otheyr (¥,H)}: This is answered Yes if the instability ia located at a site
other than the road or landing fill.

147. Actlive (Y,N}: This describes the current activity level of the featurse.
Sege discussgion under Item #F62.

148. wWaiting {¥.N}: This describes the current activity level of the feature.
See discussion under Item #63.

149. Inactive (Y ,N}: This describes the current activity level of the feature.
See discugsion under Item F64.

150, Slope (%): This is a measure of the hillslope gradient immediatelf
kensath or downslope from the instability.

151. Springs (Y,N): See the digcussion of this under Item #69.
152, Bedrock: See instruction for Item #70.

153. Inner Gorge (Y,N): See instructions for Item #77.

154._BIS (Break-~in-Slope): See instructions for Item #78.

155. Steep Swale (Y. N): See instructions for Item #79.

156. Other: If the landslide is located in socme other hillslope location,
that location is described here.

157. Past Erosion (vds’): See instructions for Itesm #84.

158, (WxDxL): Physical measurements of the past erosion. See algo discussion
under Item #86.

159. Ercsion Potential {H, M,.L): See instructions and description for Item #87.

160. Storm Dependent (Y,N}: Is this potential instability dependent on a
large storm to move? This is a subjective evaluation made in the field.
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141. S@e instructions and discussion for Tiem #91.

162, (WxDxlL): The expected measurements of the future landslide. See also
discussion under Item #86.

163~165: for this aite are listed here.

163. HNo Treatmen Host of the Sheet 3 sites will reguire No treatment,
since there is not sxpected to be any sediment delivery to stream channels.
This question ls answered either Yes or No.

164, Pull Fill: In a few circumstances, recommendations may have called
for the excavation of unstable fill material. This gquestion is answered
either Yes or No.

165, Qther: Listed are any other racommended trsatmsnts for tha site.

166. Comment: Included here are any other comments regarding this Shaet 23
site.
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VYol Saved (vde'): This is an sstimate of the volume of sediment that will
sventually enter the stream system if trasatments on Sheet #4 are not
performed. This is often the same volume as listed as the “"Future Volume™ on
Sheet #1, but may be slightly larger if stream diversion volumes are included
with the site.

167. Treatment Tvpe, answered with a “y" {Yes)} for all recommended treatments:
IPOS: In-Place Outslope
EQS;: Exported Cutslope
IFRX; In-Place Stresam Crogsing Excavation
ERX: Exported Stregam Crogsing Excavation
ZRDy Conatruct ¢ross-recad drains or waterbars
BD; Construct {excavate) rolling dip over crossing
Qther; if answerad "Yea”, the description is included under the comment
section of the next Item ([#168).

168, Comment: Included are any comments on the suggeated tresatments for this
site.

Fillslopes - Questiong related to the excavation of unstable fillslopes,

- Yolume Generated per Foot of Road (vds’): This value typically ranges
from 0.5 to 3.5 yds’ per foot of road for most fillslope excavations. This
value is used to help determine the amount of material which needs to be
removed.

- Total Excavated Volume (vyds’): This is the total volume of material which
must be excavated from the unstable fillslopes at this site. This volume
is used to help predict costs and squipment times ne=ded to perform the
excavation work. 1In addition, it is used to help determine whether
endhauling will be necessary to dispcse of spoil from the site.

~ Available Storage Volume {(vydg’): From measurements in the field, the

available storage volume is calculated and compared to the total excavated
volume to determine the need for endhauling equipment. If local storage is
insufficient, additional storage sites will have to be found in nearby
areas along the road.

- Comment: This space is used to comment on possible storage locations,
endhauling needs, and fillslope excavation requirementa.

- Estimated Volume of Fill Grossing (yds’}: This is actually the sestimated
volume of material that will have to be excavated from the stream crossing
site to prevent future erocsion and sediment delivery. In many cases,
because the stream banks must be sloped back to a stable gradient, slightly
more sediment will have to be excavated from the crossing than would
eventually fail or be washed away by fluvial erosion.

~ I8 Local Storage Available (Y, N): From field measurements, the amount of
local storage space is compared to the expected volume of the excavation to
determine if endhauling of excess spoil will be necessary.
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-~ &omment: This space is used to comment on possible storage locations,
andhauling needs, and stream crossing excavation requiremaents,

Logistics - Labor ngive and Heavy Boui

pnent Neads at the Work Site,

- Post Treatment Exposed Area (ft’): This is the expected area that will be
bared by heavy equipment operationa. This arsa may nead mulching and
sgeding to control ercosion after oparations are complete. Many sites
located away from stream channels will not need these treatments.

=~ Labor Treatment Needed: Answersd Yes (Y) if straw mulch or grass geading
is suggested for this site. Further evaluation in the field, when site
layout is being performed and juat prior to heavy equipment operations, the
need for mulching and seeding should be re-evaluated.

- Comment: Included are comments related to mulching, seeding and other
hand labor work that might ba needad.

- Excavator ~ (¥ or N} for the usa of a hydraulic excavator.

=~ Gat -~ (Y or R) for the use of a crawler tractor for earth moving work.

« Qther - (Y or N) for the use of other equipment, including backhoes,
dump trucks or loaders.

ivator (hra) - estimated hours of excavator time needed for direct
excavation at the work site. This sstimate does not include tima

for travelling or other miscellaneous tasks.

—icrawler tractor) (hrs) -~ estimated hours of tractor time needed
for direct excavation at the work site. This estimate does not
include time for travelling or other miscellanecus tasks.

=~ Comment - Included in this comment section are estimated equipment hours
needed for backhoes, dump trucks, etec. In addition, details for equipwment
treatments may be outlined in this comment, .
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APPENDIX C

Completed Watershed Inventory Data Sheets (455) C1 - C1335

Direct inquiries for this raw data to Hoopa Valley Fisheries Department,

Pacific Watershed Associates - F.0. Box 4433 - Arcats - CA - (T07) 339-5130



APPENDIX D

Tabulated Computer Listing of Sites to Treat | D1 - D5

Pacific Watershed Associstes - P.O. Box 4433 - Arcata - CA - (707) 3395130
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