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1 EXECUTIVE SUMMARY

The 24,000-acre “Garcia River Forest” is located within the Garcia River watershed, east of the
town of Point Arena in Mendocino County, California. During 2006-07, Pacific Watershed
Associates, Inc. (PWA), under contract to The Conservation Fund (TCF), conducted a sediment
source assessment along a total of 102 mi of private timber access roads within their Garcia
River Forest property, including 64 miles of roads in the Inman Creek and Indian Springs
subwatersheds, and 38 mi of roads in the Signal Creek watershed. The assessment was funded by
a California Department of Fish and Game (CDFG) Fisheries Restoration Grant (Contract
#P0430414). This report summarizes the results of all assessment work undertaken in the Garcia
River Forest Phase 1 Assessment Area, and includes summary reports for the Inman/Indian
Springs and Signal Creek sub-watersheds of the Garcia River.

The assessment utilized upslope assessment methodologies described in the California Salmonid
Stream Habitat Restoration Manual (CDFG, 2002). The goals of the assessment were to develop
erosion control-and-erosion prevention plans which would, when implemented: 1) minimize the
risk of future sediment delivery to streams by improving road surface drainage and upgrading or
decommissioning road drainage structures to accommodate the 100-year storm discharge; and 2)
provide recommendations for upgrading or decommissioning the inventoried roads.

The Garcia River Forest Phase 1 Assessment identified a total of 540 active or potential
sediment delivery sites that could, if left untreated, deliver nearly 70,000 yd® of sediment to
streams in the watershed. The predicted future erosion is associated with stream crossing erosion
and stream diversions, fine sediment production from “hydrologically connected” road reaches,
and road fill failures along the inventoried roads. Each of the 540 sites of potential sediment
delivery was: 1) assigned a treatment immediacy based on the volume of future sediment
delivery, likelihood of the erosion occurring in the near future, and several other factors; 2)
prescribed for corrective measures to prevent or minimize future erosion; and 3) analyzed to
develop estimated costs for implementing the recommended treatments.

We estimate that approximately $1.6 million will be needed to implement the erosion control and
erosion prevention measures at the 419 specific sites recommended for treatment, and to
minimize or eliminate the risk of future sediment delivery along nearly 30 miles of
hydrologically connected roads.

In summer 2007, TCF and PWA commenced implementation of recommended erosion control
and erosion prevention measures in the Inman Creek watershed under a CDFG Fisheries
Restoration Grant (Contract #°0610511). Also in 2007, TCF applied to CDFG for further
funding to begin implementation of erosion control-and-erosion prevention treatments in the
Signal Creek watershed. This request was denied, but TCF plans to resubmit the proposal in May
2008.
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2 CERTIFICATION AND LIMITATIONS

The report entitled Final Report: The Conservation Fund Garcia River Forest Phase 1
Assessment, was prepared under the direction of a licensed geologist at Pacific Watershed
Associates, Inc. (PWA). All information provided in this report is based upon data and
information collected by Pacific Watershed Associates.

The findings of this report are valid as of the report submittal date. However, changes in the
conditions of the property can occur with the passage of time, whether they are due to natural
processes or to the works of man, on this or adjacent properties. In addition, changes in
applicable or appropriate standards occur whether they result from legislation or the broadening
of knowledge. Accordingly, the findings of this report may be invalidated, wholly or partially, by
changes outside our control. Therefore, information contained in the report should be re-
evaluated after a period of five years to be consistent with existing conditions if implemetation
has not been initiated by TCF.

The interpretations and conclusion presented in this report are based on a study of inherently
limited scope. Observations were qualitative, limited to surface expressions and limited natural
and artificial exposures of subsurface materials. Interpretations of problematic hillslopes and
erosion processes are typically based on the nature and distribution of existing features. For this
reason, the conclusions should be considered limited in extent.

This report is issued with the understanding that it is the responsibility of the landowner, to
ensure that the information and recommendations contained herein are reviewed and
implemented according to the conditions at the time of construction. The conclusions and
recommendations contained herein are professional opinions derived in accordance with current
standards of professional practice. No other warranty expressed or implied is made.

Prepared by:

Tom Leroy, Professional Geologist #7751
Pacific Watershed Associates, Inc.

P.O. Box 4433

Arcata, CA 95518-4433
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3 BACKGROUND

The Conservation Fund (TCF) has been an owner and manager of forestlands since 1995.
Currently TCF has approximately 64,000 acres under active management in California, New
York, Vermont and Virginia. In 2004, with the assistance of the State Coastal Conservancy,
Wildlife Conservation Board and The Nature Conservancy, the largest addition to the TCF’s
timberland portfolio occurred with the purchase of the 24,000-acre “Garcia River Forest”
(Figure 1). The goal of the purchase was to provide a demonstration project for sustainable
forestry and watershed-scale erosion control in California’s North Coast region.

The Garcia River Forest (GRF) is a prime example of coastal redwood forestland, located in the
middle portions of the Garcia River watershed, in southern Mendocino County. The GRF
encompasses approximately 90% of the land area of the Signal Creek, Inman Creek, North Fork
Garcia River and Olsen Gulch subwatersheds. In addition, approximately 65% of the Graphite
Creek and Indian Springs Creek subwatersheds and 35% of the Blue Waterhole Creek sub-
watershed, along with numerous small unnamed subwatersheds, are included in the GRF (Figure
1). The highlight of the GRF property is the inclusion of 35 mi of fish-bearing streams that will
provide critical refugia for the recovery of coho and fall chinook salmon, as well as steelhead
trout within the North Coast region.

In 1994, the U.S. Environmental Protection Agency (EPA) listed the Garcia River watershed as
impaired by excessive sediment. In 1997, the North Coast Regional Water Quality Control Board
(NCRWQCB) undertook studies to determine the extent of the sedimentation impacts on aquatic
habitat, the primary sediment production processes, how much sedimentation was caused by
human activities and how much was controllable, and to develop numeric targets for reducing
sediment production from the various land-use practices occurring throughout the watershed. In
1998 and 1999, the NCRWQCB, in cooperation with the Environmental Protection Agency
(EPA), developed a “Total Maximum Daily Load” (TMDL) plan for the Garcia River basin
(EPA, 1998), as well as the “Action Plan for the Garcia River Watershed Sediment TMDL”,
which is the TMDL implementation plan (NCRWQCB, 2001). The 2001 NCRWQCB Action
Plan requires Garcia River landowners to develop either: 1) comprehensive ownership-wide
erosion control plans, or 2) comprehensive site-specific erosion control plans, in order to begin
the process of meeting the numeric targets established for sediment.

In May 2004, Chris Kelly, California Program Director for TCF, requested that PWA submit a
watershed restoration and sediment assessment proposal to the California Department of Fish
and Game (CDFG) Fisheries Restoration Grant Program. PWA proposed to 1) conduct sediment
source investigations and develop prioritized erosion control and erosion prevention plans for the
Signal and Inman/Indian Springs sub-watersheds of the Garcia River basin, and 2) conduct
channel surveys along the lower main stem of both Signal and Inman Creeks to determine
suitable locations for recruting and placing additional LWD in the channel. The proposal was
accepted for funding, and PWA received a CDFG contract (Contract #P0430414) to perform the
assessment in early 2006.



Figure 1. Area map for the Conservation Fund Garcia River Forest Phase 1 Assessment in the Signal, Inman,
and Indian Springs Creek Watersheds, Mendocino County, CA.
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In early 2006, PWA performed a historical aerial photo analysis of the Garcia River Forest Phase
I Assessment area, which encompassed the Inman Creek, Indian Springs and Signal Creek
subwatersheds. Existing and historical roads were identified and mapped, and analysis results
were employed to identify roads to be inventoried in the field to identify existing and potential
sites of erosion and sediment delivery to streams. Between July 2006 and November 2007, PWA
conducted an evaluation of road-related erosion and sediment delivery along approximately 102
miles of road. A total of 64 mi of roads were surveyed within the Inman Creek and Indian
Springs Creek watersheds, and 38 mi were surveyed within the Signal Creek watershed. All
work was performed under the CDFG grant, as part of the Garcia River Forest Phase 1 Road
Erosion Assessment.

Specifically, PWA’s goals were to:

1) conduct a field assessment of potential and ongoing surface runoff patterns and erosion
risk associated with approximately 20 mi of mainline timber haul roads and 82 mi of
secondary haul roads of varying construction dates, maintenance histories and conditions,

2) develop a long-term, prioritized erosion control plan for each sub-watershed area,
including recommended treatment prescriptions, typical construction drawings and cost
estimates for controlling ongoing and future erosion both along the surveyed roads and on
adjacent hillslopes. The cost estimate would include all heavy equipment, labor, material
and technical oversight costs to implement the recommended long-term erosion control
measures, and

3) compile the field data and prepare final reports for submittal to CDFG (as well as
submitting the reports to NCRWQCB to meet TMDL requirements ancillary to CDFG
project requirements).

The erosion assessment protocol developed by PWA and approved by CDFG, NCRWQCB,
Army Corp of Engineers, and the National Marine Fisheries Service, was employed to identify
sites of existing and potential erosion, to develop treatment prescriptions and prepare this report
(Part X, CDFG, 2002). All recommended erosion control measures conform to guidance
provided in the Handbook for Forest and Ranch Roads (PWA, 1994), and were done in
accordance with the techniques and guidance described in the California Salmonid Stream
Habitat Restoration Manual, Chapters 9 and 10 (CDFG, 2002).

This report summarizes the results of all assessment work conducted in the Garcia River Forest
Phase | Assessment. Attached to this cover report are three summary reports in Attachments A,
B and C. Attachments A and B, respectively, are comprehensive site-specific and prioritized
erosion control plans for upland areas within the Signal Creek and Inman/Indian Springs Creek
watersheds, and meet both the requirements of the CDFG grant and NCRWQCB submittal
requirements. Attachment C, prepared by Craig Bell, describes the results of channel surveys and
recommendations for the placement of addition instream structures to improve habitat
complexity.
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4 LOCATION OF THE PROJECT

The Signal and Inman Creek watersheds are accessed from Highway 101 at Cloverdale by
taking Highway 128 west toward Boonville. A few miles west of Yorkville, take a left turn onto
County maintained Fish Rock Road (Figure 1). Travel west 12-13 miles to a right turn at gated,
gravel logging roads (end of paved road) that access the watershed areas. From Highway 1, go
north from Gualala through the town of Anchor Bay (Figure 1). Travel an additional mile up
Highway 1 to a right turn onto Fish Rock Road. Go east up and over the hills for about 20 miles
to a left turn at the same locked gates for access into the assessment area.

All TCF roads in the Phase 1 assessment area are unpaved private logging roads. The sub-basins
inventoried for this project are in the south central portion of the Garcia River watershed, and
consist of 90 to 95% of the land in the Signal Creek and Inman Creek Calwater Planning
Watersheds (111.70020) and 111.70014). Signal Creek is located in T12N, R15W, Mount Diablo
Meridian, Sections 11,12, 13, 14, 23, 24, 25, 26, 27, 34, 35 and 36. Inman Creek is located in
T12N, R14W, Mount Diablo Meridian, Sections 4, 5, 6, 7, 8, 9, 10, 15, 16, 17, 18, 19, 20, 21, 22,
28, 29, 30 and 33. Signal and Inman Creeks are located at latitude: +38.883, and longitude: -
123.454. The Conservation Fund is the legal owner of the Garcia Forest while the The Nature
Conservancy holds a Conservation Easement on the property. The Fund can be reached at: The
Conservation Fund, 14951 "A" Caspar Road, Box 50, Caspar, CA 95420, Attention: Jenny
Griffin.

5 SUMMARY OF UPLAND ASSESSMENT RESULTS

5.1 Road Construction History and Transportation Planning

Prior to conducting the field assessment, an analysis of stereo aerial photographs from 1965,
1988, 1995 and 2004 was performed to determine the locations and extent of roads in the Garcia
River Forest Phase 1 Assessment area. Working closely with TCF Forester Scott Kelly, and
following TCF Draft Road Management Policies (Unpublished TCF, May 2007), preliminary
transportation plans were developed for the Phase 1 Assessment area. The analysis determined
which routes were likely candidates for either road upgrading and road decommissioning.
Decommissioning recommendations were made with the understanding that new road locations
and progressive road construction techniques will be required to access the adjacent hillslopes
for future management activities. Results of the road construction history, as well as specific
recommendations for upgrading and decommissioning, are contained in Attachments 1 and 2.

5.2 Sediment Source Assessment

PWA inventoried a total of 540 sites of ongoing or potential sediment delivery to streams in the
Garcia River Forest Phase 1 Assessment area. Details on site types, potential sediment delivery
volumes and lengths of hydrologically connected road for each sub-watershed area are contained
in the sub-watershed reports (Attachments 1 and 2), and summarized in Tables 1 and 2 of this
cover letter report.
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Inventoried sites included a total of 416 stream crossings, of which 315 were recommended for
treatment (Table 1). Nearly 38,000 yd® of future sediment delivery can be saved over several
decades by implementing the suggested road upgrading or road decommissioning measures at
the stream crossing sites (Table 2). Specifics on the types of stream crossing sites assessed,
including details on stream crossing drainage structures and data summarizing estimated future
sediment delivery volume, erosion potential and diversion potential are also contained in
Attachments 1 and 2.

Of the existing or potential future landslide sites observed in the field, only those sites with a
potential for sediment delivery to a stream channel were inventoried. A total of 32 landslides or
potential fill failures were identified during the assessment. Of these, 23 were recommended for
treatment. Potential fillslope landslides are expected to deliver over 7,300 yd® of sediment to the
Garcia River and its tributaries in the future (Table 2, Attachments 1 and 2).

A total of 92 sites are listed in the “other” section of Table 1, and we recommended treatment at
81 of these sites. We estimate that these sites together will generate over 1,800 yd? of future
sediment delivery if they are not treated (Table 2).

Hydrologically connected road segments deliver fine sediment to streams on a chronic, ongoing
basis. Chronic sediment delivery occurs through a combination of 1) cutbank erosion delivering
sediment to the ditch (triggered by dry ravel, rainfall, freeze-thaw processes, cutbank slides and
brushing practices), 2) inboard ditch erosion and sediment transport, 3) mechanically pulverizing
and wearing down the road surface during dry periods due to vehicular use, and 4) erosion of the
road surface during wet weather periods, when virtually every vehicle pass entrains sediment
that can be transported to inboard ditches and gullies, and thence to nearby streams.

Currently, a total of 33.3 mi of road (33% of the total surveyed road length) is hydrologically
connected and delivers road bed-derived runoff and sediment to streams (Table 1). Of this, we
have recommended road drainage treatments for nearly 30 mi, which potentially could reduce
the delivery of fine sediment to streams within the Garcia River watershed by over 22,000 yd®
over the next ten years. Details on calculations of future sediment delivery volumes from
connected road reaches can be found in the sub-watershed reports in Attachments 1 and 2.

Improving road drainage design and treating potential erosion and sediment delivery sites as
proposed throughout the Garcia River Forest Phase 1 Assessment area could prevent a total of
over 69,000 yd® of future sediment delivery to streams over several decades (Table 2), as well as
lessen future road maintenance requirements along the affected roads.
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Table 1. Inventory results and treatment recommendations for sediment delivery sites and
hydrologically connected road segments, TCF Garcia River Forest Phase 1 Assessment,
Mendocino County, California.

. . . Hydrologically connected
Type of Sediment delivery sites roads Total roads
sediment ) .4 Recommended| . . . [Recommended| surveyed
delivery site for treatment ) for treatment (mi)
Stream crossing 416 315 25.3 22.2 -
Landslide 32 23 1.0 0.8 -
Other? 92 81 7.0 6.7 -
Total 540 419 33.3 29.7 102

40ther sites include ditch relief culverts, point source springs, roadside gullies, and miscellaneous discharge points for road

surface drainage.

Table 2. Estimated future sediment delivery for sites and road surfaces recommended for
treatment, TCF Garcia River Forest Phase 1 Assessment, Mendocino County, California.

Sources of sediment deliver Estimated future Percent
y sediment delivery (yd®) of total
Stream crossings 37,928 55%
Landslides 7,305 11%
Other sites? 1,827 2%
Hydrologlqally connectgd road and cutb_anlﬁ surfaces 22208 3204
adjacent to sediment delivery sites
Total 69,268 100%

#0ther sites include ditch relief culverts, point source springs, roadside gullies, and miscellaneous discharge points for road

surface drainage.

®Decadal sediment delivery for unsurfaced roads, assuming a 25 ft wide road surface and cutbank contributing area, and 0.2 ft
lowering of road and cutbank surfaces per decade on drive roads, and 0.1 ft on all other roads.

6 TREATMENT PRIORITY

This erosion assessment is intended to provide information to guide long-range transportation
planning, as well as identify and prioritize erosion prevention and erosion control activities along
the assessed roads within the Phase 1 Assessment area. As a result, not all of the sites that have
been recommended for treatment have the same priority. Treatment priorities are evaluated on
the basis of several factors and conditions associated with each potential erosion site.
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These include:
(1) the expected volume of sediment to be delivered to a stream;

(2) the potential for future erosion (high, moderate, low);
(3) the urgency of treating the site (treatment immediacy);
(4) the ease and cost of accessing the site for treatment; and
(5) the logistics and costs of recommended treatments.

Sediment delivery sites have been classified by number, type, treatment immediacy, and the total
future erosion volume attributed to each treatment immediacy group (Table 3). The location of
each site, according to treatment immediacy, can be found on maps provided with the sub-
watershed reports (Attachments 1 and 2).

7 TREATMENTS

The general types of corrective measures recommended along the assessed roads in the Garcia
River Forest Assessment area are contained in the sub-watershed reports (Attachments 1 and 2).
Individual data forms for each of the 540 mapped sites of potential sediment delivery have been
compiled in a Microsoft Access database. The detailed treatments at each site are described on
the data forms and in the database. Appendix A of each sub-watershed report (see Attachments
A and B) provides a summary of site conditions and treatment recommendations at each site.
Typical construction diagrams for each type of treatment category are shown in Appendix B of
each sub-watershed report (see Attachments A and B).

8 IMPLEMENTATION COST ESTIMATE

Table 4 summarizes all costs to implement the recommended erosion control treatments along
the surveyed roads within the entire Garcia River Forest Phase 1 Assessment area. The cost
estimate is separated into 4 parts: 1) the total heavy equipment and labor costs, including
equipment move-in and move-out costs, to treat all recommended sites within the Phase 1
assessment area, 2) the costs for materials to complete the project; primarily culverts, riprap and
road rock, 3) the costs for PWA to provide technical guidance and overall project management
of the work, and 4) a determination of the project cost-effectiveness, calculated by dividing the
total estimated project cost by the estimated potential sediment savings. We estimate that
approximately $1.58 million is needed to complete the recommended treatments in the Garcia
River Forest Phase 1 Assessment area. This equates to an estimated cost-effectiveness of $22.87
per cubic yard of sediment saved.

10
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Table 3. Treatment immediacy ratings for all sites recommended for erosion control treatment
in TCF Garcia River Forest Phase 1 Assessment area, Mendocino County, California.

Estimated
Treatment Number of Numbe_r Qf Number of treatment fu.ture Percent
immediac upgrade decommission sites by tvped sediment of total
y sites sites yyp delivery®
3
(yd®)
12 stream crossing,
High 11 5 1 landslide, 7,915 11%
3 other
High- 54 stream crossing,
q 30 33 2 landslide, 15,690 23%
moderate 7 other
Subtotal for high + high-moderate: 23,605 34%
83 stream crossing,
Moderate 63 51 8 landslide, 22,125 32%
23 other
Moderate- 86 stream crossing,
| 60 60 4 landslide, 16,361 24%
ow 30 other
Subtotal for moderate + moderate-low: 38,486 56%
80 stream crossing,
Low 33 73 8 landslide, 7,176 10%
18 other
315 stream crossing,
Total 199 220 23 landslides, 69,268 100%
81 other

40ther sites include ditch relief culverts, point source springs, roadside gullies, and miscellaneous discharge points for road
surface drainage.

PEstimated future sediment delivery includes sediment delivered from treatment sites and any adjacent hydrologically connected
road reaches.

9 ITEMIZED ASSESSMENT BUDGET

Table 5 provides an itemization of how CDFG grant monies and TCF cost share funding was
expended to complete the project. At total of $162,225 was required to complete the project, of
which $145,175 was provided by CDFG and $17,050 was provided by TCF as a cash cost share
(Table 5). Field work to complete the project occurred between July 2006 and November 2007.
Data analysis occurred throughout the project. The Inman Creek and Indian Springs watershed
report was submitted to TCF in February 2007, and the final report for the full Phase 1
Assessment was submitted to CDFG in April 2008.

11
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Table 4. Estimated equipment times and costs to implement erosion control and erosion
prevention treatments, TCF Garcia River Forest Phase 1 Assessment area, Mendocino County,
California.

Estimated Project Times Total
Cost .
c a b g estimated
ost category rate” | Treatment® | Logistics® | Total costs®
®h0 | () (hr) (hr) s
$)
Excavator 100 18 -- 18 1,800
. Bulldozer 100 18 -- 18 1,800
Move In,
move out’ Grader 100 18 -- 18 1,800
Loader 100 12 -- 12 1,200
Water truck 100 18 - 18 1,800
. Excavator? 125/130 50 - 50 6,375
Road opening
Bulldozer 95 80 - 80 7,300
Excavator 125/130 2,065 619 2,684 340,425
H ) Bulldozer 95 1,986 526 2,582 245,290
eavy equipment fry o truck 85 510 153 663 56,355
for site-specific
treatments” Loader 90 60 18 78 7,020
Water truck 85 217 65 282 23,970
Truck/trailer 50 43 13 56 2,800
H ) Excavator 125/130 222 67 289 36,785
eavy equipment rgyoser 95 948 286 1,234 | 117,230
for road drainage
treatments’ Water truck 85 268 81 349 29,665
Grader 125 155 47 202 20,750
Laborers’ 45 1,320 396 1,716 77,220
Rock costs (includes trucking for 584 yd® of road rock and 1,249 yd® of riprap) 46,190
Culvert materials costs (2,500° of 18”, 3,890 of 24”, 1,200 of 30", 260’ of 36, 70" of 42, 230’ 299 559
of 487, 240" of 54”, 90’ of 60", and 150’ of 72", including costs for couplers and elbows) '
Bridge materials (1 flatcar bridge) 25,000
Mulch, seed, and planting materials for 33.5 acres of disturbed ground 18,920
Supervision, coordination, layout, and reporting' 291,510

Total estimated costs: $1,584,064
Potential sediment savings: 69,268 yd®

Overall project cost-effectiveness: $22.87 spent per cubic yard of sediment saved
(Continued on next page.)

12
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Table 4—continued.

#Costs excluded from the list are for (1) tools and miscellaneous materials, (2) variable administration and contracting expenses,
and (3) CEQA and permitting costs.

PHeavy equipment costs include operator and fuel. Costs listed are estimates for favorable local private sector equipment rental
and labor rates.

“Treatment times refer to equipment hours expended explicitly for erosion control and erosion prevention work at all project
sites and roads.

d)_ogistics times for heavy equipment (30%) include all equipment hours expended for opening access to sites on maintained
and abandoned roads, travel time for equipment to move from site to site, conference times with equipment operators to convey
treatment prescriptions and strategies, and an inflation factor. Logistic times for laborers (30%) include estimated daily travel
time to project area.

®Total estimated project costs for equipment rental and labor are based on private sector rates at prevailing wage. Materials
costs are subject to change.

fLowboy hauling costs are based on 3 hauls each (1 to move in and 1 to move out) at 6 hr/trip, for excavator, bulldozer, grader,
and water truck, and 2 hauls for loader.

Y9Excavator costs are based on $125/hr for costs estimated in 2006, and $130/hr for costs estimated in 2007.

"An additional 12 hours of excavator and dump truck time are added for import of clean fill at upgraded stream crossing sites.
An additional 23 hr of truck and trailer time are added for delivering straw to sites. A total of 20 hr of truck and trailer time and
20 hr of loader time are added for delivering culverts.

'An additional 23 hours of bulldozer time have been added for decommission outsloping of 11,315 ft of Lower Signal Creek
Road, and an additional 40 hr of water truck time and 40 hr of grader time are added for final grading and spreading road rock.
JAn additional 117 hr of labor time are added for spreading straw mulch and seeding. This includes 23 hr of labor for initial
delivery of straw to sites.

*Seed costs are based on 35 Ib of native seed per acre at $9.75/Ib. Straw needs are 50 bales per acre at $6.95/bale.

'Supervision time includes detailed layout (flagging, etc) prior to equipment arrival, training of equipment operators,
supervision during equipment operations, supervision of labor work, and post-project documentation and reporting.

10 CONCLUSION

With the completion of the Phase 1 assessment along 102 miles of roads in the Signal, Inman
and Indian Springs watersheds, and with thanks to the CDFG, an important and significant first
step toward protecting and recovering salmonid habitat has been completed within a portion of
The Conservation Fund Garcia River Forest. The systematic sediment source inventory, based on
scientifically sound geomorphic and hydrologic principles, resulted in the identification and
prioritization of virtually all the active and potentially controllable sources of future erosion and
sediment delivery in the assessment area. A total of over 69,000 yd® of predicted future sediment
delivery is likely to occur over the next several decades if the recommended erosion control and
erosion prevention measures are not undertaken in a timely manner. PWA and TCF are
committed to securing in-house and outside funding to implement the Phase 1 upland erosion
control measures, as well as the recommended stream habitat restoration projects outlined in this
plan.

The 100 mi? Garcia River watershed is a unique watershed in northern and central California.
First, it has minimal to non-existent levels of non-forest management activities (i.e., subdivisions
roads, water extraction, dams, septic systems, etc.) compared to most other north coast
watersheds. Secondly, the progressive and sustainable forest practices being applied by TCF and
The Nature Conservancy on The Garcia River Forest property, combined with the moderate
strength of the existing wild fish runs, suggests the watershed offers one of the better
opportunities to protect existing wild salmon and steelhead runs. The combination of

13
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comparatively aggressive upland erosion control work, sustainable forest practices, and
opportunistic improvements to instream habitat and stream channel complexity will both protect
and improve salmonid habitat in this refugia system.

The completion of the Phase 1 Assessment of roads in the newly formed Garcia River Forest
responds directly to several previously identified watershed-wide needs. Specifically, The Garcia
River Watershed Enhancement Plan (Mendocino RCD, 1992) defined sediment problems related
to roads and upland forest management and recommended the implementation of erosion control
projects to reduce sediment yield. Bell (2003) noted progress on sediment abatement in the
Garcia River basin, but also noted that some sub-basins, such as Inman and Signal Creek, had
continuing problems that were not being addressed. Finally, in the Recovery Strategy for
California Coho Salmon the proposed project addresses portions of the following items:

MC-GA-11: Maintain the following tributaries to provide cold water input to the Garcia

River mainstem, and

MC-GA-06: Utilize as a model for erosion reduction and LWD placement the

comprehensive approach applied in the South Fork Garcia River.

MC-GA-21: Place large woody debris in Signal and Inman Creeks [This project element

is the planning stages].

MC-GA-14: Protect and enhance riparian buffers through conservation planning and

acquisition [implementation of recommendations in the upland erosion assessment will

lead to some level of road decommissioning in riparian zones].
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Table 5. Final budget itemizing expenditures to complete the TCF Garcia River Forest Phase 1
Assessment, Mendocino County, CA.

TOTAL BUDGET: CDFG: $145,175, & The Conservation Fund: $17,050 =TOTAL $162,225

Personnel Costs:

PERSONNEL # OF HOURLY | CDFG! THE PROJECT
HOURS RATE CONSERVATOIN | TOTALS
FUND!
Lead Professional 164.75 52.50 7,456 1,194 8,650
Project Geologist 394.75 45.50 15,732 2,230 17,962
Staff Geologist 2,202.50 31.50 62,087 7,292 69,379
GIS Specialist 33.75 315 1,063 0 1,063
Staff Benefits (30% of PWA personnel costs) 25,901 3,215 29,116
Sub-Total Personnel Costs 112,239 13,931 126,170
Operating Expenses:
Subcontractor LWD 89.50 45 4,027 0 4,027
Surveyor
Transportation 9,359 0.34 2,963 219 3,182
Lodging 82 70 5,320 420 5,740
Per Diem 147 40 5,400 480 5,880
gziggil?gs, Duplication, Map Supplies, Photographic 777 0 777
Field Supplies (Flagging, stakes, paint, hand tools) 601 143 744
Quad Rental 38 25 650 300 950
Subtotal Operating Expenses 19,738 1,562 21,300
Administrative Overhead (10%) incl. Worker Comp.,
Business Insurances, Rents, Comm. Contract Admin., 13,198 1,549 14,747
Equip. Rental, & Misc. Expenses
Total Funds Expended 145,174 17,042 162,216
Total Estimated Budget 145,175 17,050 162,225
Budget not spent 1 8 9

Dollar amounts are rounded to the nearest whole dollar.
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1 EXECUTIVE SUMMARY

The 24,000-acre “ Garcia River Forest” islocated within the Garcia River watershed, east of the
town of Point Arenain southwestern Mendocino County, California. During 2006-07, Pacific
Watershed Associates, Inc. (PWA), under contract to The Conservation Fund (TCF), conducted
a sediment source assessment along atotal of 102 mi of private timber access roads within their
GarciaRiver Forest property. The Inman Creek and Indian Springs subwatersheds of the Garcia
River were assessed during 2006, and a summary report on this assessment was delivered to TCF
in February 2007. In late 2007, PWA completed assessment of approximately 38 mi of roadsin
the Signal Creek watershed. This report presents the results of that road assessment.

The assessment utilized California Department of Fish and Game (CDFG)-approved upsiope
assessment methodol ogies, as described in the California Salmonid Stream Habitat Restoration
Manual (CDFG, 2002). The goals of the assessment were to develop an erosion control-and-
prevention plan which would, when implemented: 1) substantially reduce or minimize the risk of
future sediment delivery to nearby streams by improving road surface drainage and upgrading or
decommissioning road drainage structures to accommodate the 24-hour, 100-year storm
discharge (ie., to conform with current NOAA Fisheries, Cal Fire, CRWQCB and CDFG
standards); and 2) provide recommendations for upgrading or decommissioning the inventoried
roads.

The Signal Creek field inventory identified 132 active or potential sediment delivery sites that
could deliver, if left untreated, approximately 25,300 yd® of sediment to nearby streams over
several decades. The predicted future erosion is associated with stream crossing erosion and
stream diversions, fine sediment production from “hydrologically connected” road reaches, and
fill failure landslides aong the inventoried roads. Each of the 132 sites of potential sediment
delivery was: 1) prioritized for treatment based on the volume of future sediment delivery,
likelihood of the erosion occurring in the near future, and several other factors; 2) prescribed
with corrective measures to prevent or minimize future erosion, such asinstalling new, larger
culverts, outsloping roads (with and without inboard ditches), constructing rolling dips,
decommissioning stream crossings, de-watering gullies, etc.; and 3) analyzed to develop
estimated costs for implementing the recommended treatments.

We estimate a total of $655,369 will be needed to implement the erosion control and erosion
prevention plan at the 111 sites recommended for treatment, and to minimize the risk of future
sediment delivery along the 11.5 mi of hydrologically connected roads. In May 2007, TCF and
PWA submitted an application to the CDFG Fisheries Restoration Grant Program to perform the
recommended erosion control and erosion prevention measures at 63 identified sediment
delivery sitesalong 8.9 mi of Signal Creek roads. This request was denied, but TCF plansto
resubmit the proposal in May 2008.
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2 CERTIFICATION AND LIMITATIONS

The report entitied Long-Term Road Drainage and Erosion Conirol Plan for ihe Signal Creek
Watershed, The Conservation Fund Garcia River Forest Assessment, was prepared under the
direction of a licensed geologist at Pacific Watershed Associates, Inc. (PWA. All information
provided in this report is based upon data and information collected by Pacific Watershed
Associates.

The findings of this report are valid as of the report submittal date. However, changes in the
conditions of the property can occur with the passage of time, whether they are due to natural
processes or to the works of man, on this or adjacent properties. In addition, changes in
applicable or appropriate standards occur whether they result from legislation or the broadening
of knowledge. Accordingly, the findings of this report may be invalidated, wholly or partially. by
changes outside our control. Therefore, information contained in the report should be re-
evaluated after a period of five years to be consistent with existing conditions if implemetation
has not been initiated by TCF.

The interpretations and conclusions presented in this report are based on a study of inherently
limited scope. Observations were qualitative, limited to surface expressions and limited natural
and artificial exposures of subsurface materials. Interpretations of problematic hillslopes and
erosion processes are typically based on the nature and distribution of existing features. For this
reason, the conclusions should be considered limited in extent.

This report is issued with the understanding that it is the responsibility of the landowner, to
ensure that the information and recommendations contained herein are reviewed and
implemented according to the conditions at the time of construction. The conclusions and
recommendations contained herein are professional opinions derived in accordance with current
standards of professional practice. No other warranty expressed or implied is made.

Prepared by:

Doy

Tom Leroy, Professional Geologist #7751
Pacific Watershed Associates, Inc.

P.O. Box 4433

Arcata, CA 95518-4433
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3 BACKGROUND

The Conservation Fund (TCF) has been an owner and manager of forestlands since 1995.
Currently TCF has approximately 64,000 acres under active management in California, New
York, Vermont and Virginia. In 2004, with the assistance of the State Coastal Conservancy,
Wildlife Conservation Board and The Nature Conservancy, the largest addition to the TCF's
timberland portfolio occurred with the purchase of the 24,000-acre “ Garcia River Forest”.
The goal of the purchase was to provide a demonstration project for sustainable forestry and
watershed-scale erosion control in California’ s North Coast region.

The Garcia River Forest (GRF) is a prime example of coastal redwood forestland, located in the
middle portions of the Garcia River watershed, in southern Mendocino County. The GRF
encompasses approximately 90% of the land area of the Signal Creek, Inman Creek, North Fork
Garcia River and Olsen Gulch subwatersheds. In addition, approximately 65% of the Graphite
Creek and Indian Springs Creek subwatersheds and 35% of the Blue Waterhole Creek sub-
watershed, along with numerous small unnamed subwatersheds, are included in the GRF (Figure
1). The highlight of the GRF property is the inclusion of 35 mi of fish-bearing streams that will
provide critical refugiafor the recovery of coho and fall chinook salmon, as well as steelhead
trout within the North Coast region.

In 1994, the U.S. Environmental Protection Agency (EPA) listed the Garcia River watershed as
impaired by excessive sediment. In 1997, the North Coast Regional Water Quality Control Board
(NCRWQCB) undertook studies to determine the extent of the sedimentation impacts on aguatic
habitat, the primary sediment production processes, how much sedimentation was caused by
human activities and how much was controllable, and to develop numeric targets for reducing
sediment production from the various land-use practices occurring throughout the watershed. In
1998 and 1999, the NCRWQCB, in cooperation with the Environmental Protection Agency
(EPA), developed a*“ Total Maximum Daily Load” (TMDL) plan for the Garcia River basin
(EPA, 1998), as well asthe “Action Plan for the Garcia River Watershed Sediment TMDL”,
which isthe TMDL implementation plan (NCRWQCB, 2001). The 2001 NCRWQCB Action
Plan requires Garcia River landowners to develop either: 1) comprehensive ownership-wide
erosion control plans, or 2) comprehensive site-specific erosion control plans, in order to begin
the process of meeting the numeric targets established for sediment.

This report summarizes the results of assessment work conducted in the Signal Creek
subwatershed of the Garcia River, and is intended to serve as a comprehensive site-specific and
prioritized erosion control plan for the Signal Creek watershed, intended to meet The
Conservation Fund's TMDL submittal requirements to the NCRWQCB.
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4 SCOPE OF SERVICES

In May 2004, Chris Kelly, California Program Director for TCF, requested that PWA submit a
watershed restoration and sediment assessment proposal to the CDFG Fisheries Restoration
Grant Program. PWA proposed to conduct sediment source investigations and develop
prioritized erosion control and erosion prevention plans for the Signal and Inman Creek sub-
watersheds of the Garcia River basin. The proposal was accepted for funding, and PWA received
a CDFG contract to perform the assessment in early 2006.

Between July, 2006 and November, 2007, PWA conducted an evaluation of site and erosional
conditions along roads within both the Inman Creek and Signal Creek watersheds. The work was
performed under a CDFG grant (Contract #P0430414), as part of the Garcia River Forest Phase 1
Road Erosion Assessment. Approximately 38 mi of road were surveyed within the 8.6 mi2 Signal
Creek watershed. Specifically, PWA’s goals were to:

1) conduct afield assessment of potential and ongoing surface runoff patterns and erosion

risk associated with roughly 12 mi of mainline timber haul roads (including Signal Creek,

Lower Signal Creek and Gate 46 Roads, and approximately 26 mi of secondary haul roads
of varying construction dates, maintenance histories and conditions,

2) develop along-term, prioritized erosion control plan that includes recommended
treatment prescriptions, typical construction drawings and cost estimates for controlling on-
going and future erosion both along the surveyed roads, as well as on the adjacent hillslopes.
The cost estimate would include all heavy equipment, labor, material and technical
oversight costs to implement the recommended |ong-term erosion control measures, and

3) compile the field data and prepare final reports for submittal to CDFG ( as well asthe
NCRWQCB to meet TMDL requirements ancillary to CDFG project requirements).

The erosion assessment protocol developed by PWA and approved by CDFG, NCRWQCB,
Army Corp of Engineers, and the National Marine Fisheries Service, was employed to identify
sites of existing and potential erosion, to develop treatment prescriptions and prepare this report
(Part X, CDFG, 2002). All erosion control measures generally conform to guidance provided in
the "Handbook for Forest and Ranch Roads (PWA, 1994), and were done in accordance with and
followed the techniques and guidance described in the * California Salmonid Stream Habitat
Restoration Manual, Chapters 9 and 10 (CDFG, 2002).
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5 SITE CONDITIONS

The Signal Creek watershed is located within the Garcia River basin, approximately 13 mi east
of the town of Point Arenaand 10 mi northeast of the town of Gualalain Mendocino County
(Figure 1). Signal Creek Road is the main access route through the assessment area, and is
located off Fish Rock Road, which runs between State Highway 1 near Gualala and Highway
128 southeast of Booneville.

Signal Creek Road is amainline timber haul road that traverses the Signal Creek watershed from
its intersection with Fish Rock Road at its eastern end, to the mouth of Signal Creek at its
western end (Figure 1). The PWA assessment began on Signal Creek Road at the drainage divide
between Signal and Inman Creeks, and continued to the mouth of Signal Creek, roughly 0.5 mi
from its intersection with Graphite Road (Map 1). PWA staff then inventoried a short section of
Headwaters Signal Creek Road, and moved on to assess Lower Signal Creek Road from its
upper terminus to its intersection with Signal Creek Road at the mainstem of Signal Creek.
Lower Signal Creek Road liesin close proximity to the Class 1 East Fork and mainstem of

Signal Creek (Map 1). The assessment then continued onto Gate 46 Road, in the southwestern
part of the watershed, and the remaining secondary haul roads throughout the watershed.

Except for Signal Creek, Headwaters Signal Creek, Lower Signal Creek, Gate 46 and Old Mill
Roads, virtually all of the remaining roads in the watershed have been abandoned for various
lengths of time. Many of the ridge roads can be driven or traversed via ATV, while most of the
midslope and lower slope roads in the watershed can only be accessed on foot. Dense whitethorn
and manzanita, young Douglas fir and redwood saplings, as well as “washed out or eroded” and
decommissioned or partially excavated stream crossings prevent vehicle access. Some of these
roads will need to be re-opened with heavy equipment before erosion control work can proceed.

The Signal Creek assessment area contains densely forested hillslopes dominated by Douglas fir,
redwood, tan oak, madrone and true oaks, with a dense understory of shrubs. The assessment
area has been repeatedly logged since the late 1940s. The intense tractor logging through the
1980s has greatly altered the natural surface hydrology of the watershed. Throughout the 1990s,
cable yarding was used more extensively, and large areas of the East Fork Signal Creek
watershed were clearcut. A 600-acre wildfire occurred within the middle portions of the East
Fork in the mid 1990s, resulting in new road construction (i.e., Signal Creek Road) to access the
fire areafor extensive salvage logging (Map 1). Many springs and streams intersect the roads,
and many have been disturbed and filled with sidecast material, slash and debris.

The terrain ranges in steepness from 30% to over 80%. The hillslopes and the roads in the
assessed area are underlain by mixed Franciscan Complex rocks, mostly consisting of
sedimentary rock types and primarily overlain by soils of the Ornbaun-Zeni Complex. These
soils are generally formed from weathered sandstone and shale and have alow clay content in
most locations.
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Most of the driveable roads in the watershed are native-surfaced, and are relatively stable with
generally good driving surfaces. Most road routes have grades between 3% and 16%, but there
are afew road reaches that exceed 20% in gradient. All roads are generally flat in cross-section,
with periodic undul ations that change the surface drainage runoff direction of the road. Several
road segments show signs of surface flow, such as slight rilling, but minor road shaping will
greatly improve surface drainage and stability.

6 ASSESSMENT RESULTS

6.1 Road Construction History and Transportation Planning

Prior to conducting the field assessment, an analysis of stereo aeria photographs from 1965,
1988, 1995 and 2004 was performed to determine the locations and extent of roads in the Signal
Creek watershed. PWA identified atotal of 49.74 mi of “potential road” that has been
constructed in the Signal Creek watershed since the 1940s(Table 1, Map 1). As aresult of the
field assessment, 12.1 mi of these were determined to be prominent skid trails or completely
“washed out” streamside roads. Most were barely visible due to dense vegetation (Table 1).
Consequently, PWA conducted the field assessment on atotal of 37.6 mi of roadsin Signal
Creek. Of thistotal, 24.2 mi of road (64% of the total mileage) had been constructed by 1965,
2.4 mi (6%) was constructed between 1965 and 1988, 10.0 mi (nearly 27%) was constructed
between 1988 and 1995, and an additional 1.0 mile (nearly 3%) was constructed between 1988
and 2004 (Table 1, Map 1).

At the present time, only 18.3 mi (about 49% of the total) of the Signal Creek road network are
driveable by vehicles (Table 1, Map 2). An additional 2.5 mi (about 7%) are abandoned roads
that can be traversed by quad, and 16.8 mi (about 45%) are abandoned, overgrown roads that
must be walked to observe road conditions (Table 1).

Working closely with TCF Forester Scott Kelly, and following TCF Draft Road Management
Policies (Unpublished TCF, May 2007), a preliminary transportation plan was devel oped for the
Signal Creek watershed. The analysisindicated that inner gorge roads in the East Fork and
Middle Fork of Signal Creek, aswell asin the Signal Creek Spur and Quarry Spur Complexes
were not suitable for long-term property management, and were consequently good candidates
for road decommissioning (Map 2). As the field assessment proceeded, these routes were
recommended for road decommissioning with the understanding that future, new road locations
and construction techniques will be required to access the adjacent hillslopes. Table 1 and Map 2
identify sites and adjacent road reaches designated either for upgrade or decommissioning
according to the year of road construction and current road accessibility.
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Table 1. Road construction history, current accessibility and treatment recommendations for
roads in the Signal Creek Watershed, The Conservation Fund Garcia River Forest

Assessment, Mendocino County, California.

. Current Accessibility Total Roads
Airphoto Treatment category _ mileage not Totals
year Drive Quad Walk | qyryeyed| Present
(mi)*
Upgrade 7.73 0.27 336 | 11.36 - | 11.36
1965 Decommission 3.04 -- 3.64 6.68 - | 6.68
No treatment 1.16 0.72 4.27 6.15 7.01 | 13.16
Upgrade - - -- - - --
1988 Decommission -- - - - - -
No treatment 0.57 0.65 1.19 241 2.27 4.68
Upgrade 4.21 -- -- 4.21 -- 4.21
1995 Decommission -- -- 0.77 0.77 -- 0.77
No treatment 1.59 0.90 253 5.02 2.74 7.76
Upgrade -- -- -- -- -- --
2004 Decommission -- -- 0.59 0.59 -- 0.59
No treatment - - 0.44 0.44 0.09 0.53
Total -- 18.3 2.54 16.79 | 37.63 1211 | 49.74

1 Roads thought to be haul roads during air photo analysis that were actually deemed to be large skid trails during
field assessment.

6.2 Sediment Source Assessment

We inventoried atotal of 109 stream crossingsin the Signal Creek watershed assessment area

(Table 2, Map 3), and 92 of these have been recommended for treatment (Map 4, Appendix A).
Nearly 12,300 yd® of future sediment delivery can be saved over several decades by completing
the suggested road upgrading or decommissioning at these stream crossings (Table 3).

Table 4 provides a breakdown of stream crossing sites by the type of stream crossing drainage
structure present and includes data summarizing estimated future sediment delivery volume,
erosion potential and diversion potential. Stream crossings in the Signal Creek watershed can be
divided into 6 types. They are:
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Table 2. Inventory results and treatment recommendations for sediment delivery sites and
hydrologically connected road segments, Signal Creek Watershed, The Conservation Fund
GarciaRiver Forest Assessment, Mendocino County, California.

. . . Hydrologically connected
Type of Sediment delivery sites ’ ° roagi/s Total roads
sediment .. |Recommended . |Recommended| surveyed
delivery site | nven;orled for treatment | | MVENtoried | eatment (mi)
Stream crossing 109 92 10.5 9.7 -
Landdlide 5 3 0.3 0.2 -
Other? 18 16 1.6 1.6 -
Total 132 111 12.4 115 37.9

#0ther sitesinclude ditch relief culverts, point source springs, roadside gullies, and miscellaneous discharge points for road

surface drainage.

Table 3. Estimated future sediment delivery for sites and road surfaces recommended for
treatment, Signal Creek Watershed, The Conservation Fund Garcia River Forest Assessment,
Mendocino County, California

Sour ces of sediment delivery Sedﬁ?\ém%?\f;t;r(; & F;]?rtgfglt
Stream crossings 12,270 48%
Landslides 3,525 14%
Other sites” 200 1%
s sy "= a0
Total 25,275 100%

%0ther sitesinclude ditch relief culverts, point source springs, roadside gullies, and miscellaneous discharge points for road

surface drainage.

PDecadal sediment delivery for unsurfaced roads, assuming a 25 ft wide road surface and cutbank contributing area, and 0.2 ft
lowering of road and cutbank surfaces per decade on drive roads, and 0.1 ft on all other roads.

(1) Decommissioned crossings: partially or completely excavated stream crossings.

(2) Fill crossings: earthen fill crossings generally located at small ephemeral streams where
no drainage structure was installed to convey stream flow across the road.

(3) Culvert crossings: stream crossings with some type of pipe to convey flow.
(4) Bridge crossings.
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(5) Humboldt crossings:. stream crossings consisting of varying amounts of large wood and
logs placed in the stream channel and then buried with fill to accommodate vehicular

passage.

(6) Armored fill crossings: similar to fill crossings, but where there has been an effort to
armor the fill slopes and road bed with coarse riprap to prevent erosion of the underlying
fill material, instead of using a culvert.

Most of the 52 stream crossing culverts in the assessment area are undersized for the projected
100-year storm flow, too short to effectively convey streamflow through the road fill (resulting
in outlet erosion), and installed high in the fill with very flat gradients. The sharp decrease in the
stream channel gradient associated with shallow culvert installations causes the stream channel
to lose its transport capacity for sediment and organic debris, and thus increases the plugging
potential of the culvert. Future sediment delivery from the culverted stream crossingsis
estimated to be over 7,750 yd® , or 63% of the total estimated future stream crossing sediment
production (Table 4).

Table 4. Inventoried stream crossings by type, Signal Creek Watershed, The Conservation Fund
Garcia River Forest Assessment, Mendocino County, California.

Stream crossings recommended for treatment
Stream . Recommended | Future | Erosion potential _ _
crossing nventoried for treatment | sediment # Dlvers_on Cgrrently
type # ) delivery® potential | diverted
@ | PIMe @ #)
VA Hm | ML
Decom- 28 18 1175 | 1 | 12 | 5 6 1
missioned
Fill 21 18 3,010 4 10 4 11 6
Culvert 52 50 7,755 6 28 | 16 31 0
Bridge 3 3 65 1 1 1 1 0
Humbol dt 2 1 270 1 0 0 0 0
ﬁlrlmored 3 2 0 0| o |2 0 0
Total 109 92 12,275 | 13 51 | 28 49 7

*Future sediment delivery does not include persistent surface erosion along hydrologically
connected roads.

Theroad fills at 28 stream crossings along abandoned or decommissioned roads in the Signal
Creek watershed have been at least partially excavated and removed (Table 4). Under the
previous ownership, road fill material was excavated at 18 stream crossings to a depth sufficient
to pull out existing culverts, but some amount of the fill underlying the culvert was left in the
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stream crossing. At many of these partialy excavated stream crossings, PWA field personnel
observed channel incision through the remaining road fill. This has created the potential for
future sediment delivery and created a stream channel through the remaining road fill with steep,
unstable banks that are failing or have the potential to fail into the streams. Future sediment
delivery from the partially decommissioned stream crossings is estimated to be approximately
1,175 yd® , or nearly 10% of the total stream crossing sediment production (Table 4). At the 10
remaining decommissioned stream crossings, virtually all the road fill was properly excavated,
and minimal post-excavation channel adjustments have occurred.

The assessment identified 21 earthen fill stream crossings with no apparent drainage structuresto
convey streamflow through the road prism. These fill crossings are generally constructed across
small, ephemeral class 11 streamsthat only flow in response to heavier rainfall. Future sediment
delivery from earthen fill stream crossings, assuming they eventually wash out, is estimated to be
approximately 3,010 yd® , or nearly 25% of the total stream crossing sediment production (Table
4).

Thirty (30) of the inventoried stream crossing culverts (58% of the total) in the assessment area
are classified as having a high to moderate plug potential rating. A total of 49 stream crossings
have the potentia to divert streamflow down the road and potentially cause significant gully
erosion along the road bed and on the adjacent hillslopes (Table 4), and of these, 7 streams are
currently diverted out of their natural channels (Table 4). Many of these are located where the
roads intersect small ephemeral streams, and many are resulting in ongoing gully erosion and
sediment delivery to adjacent stream channels.

Of the existing or potential future landslide sites observed in the field, only those siteswith a
potential for sediment delivery to a stream channel were inventoried. A total of 5 landslides or
potential fill failures were identified during the assessment. Of these, 3 were recommended for
treatment. Potential fillslope landslides are expected to deliver approximately 3,525 yd® of
sediment to Signal Creek and its tributaries in the future (Table 3). Three (3) of the potential
landslide sites were found along roads where material had been sidecast during earlier road
construction and now shows signs of instability (Sites #557, #603 and #618; Map 3).

At Site #545 (Map 3), Lower Signal Creek Road crosses alarge, actively failing, deep-seated
rotational landslide. Maintaining long-term vehicular access at this location will be very
problematic and expensive, and consequently the site and road have been recommended for
decommissioning. Site #545 accounts for an estimated 3,300 yd® (nearly 94%) of the total
predicted future sediment delivery volume for landslide sites. At Site #631, the abandoned and
overgrown road crosses another slow moving, deep-seated landslide. No treatments have been
recommended at this site.

A total of 18 sitesarelisted in the “ other” section of Table 2. These include 6 gullies resulting
from uncontrolled road drainage, 4 ditch relief culvert sites, 4 road surface erosion sites, 2 spring
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sites, 1 site of ditch erosion, and 1 landing fill site. PWA has recommended treatment at all but 1
of these sites (a gully). We estimate that these sites together will generate approximately 200 yd®
of future sediment delivery if they are not treated (Table 3).

Currently, atotal of 12.4 mi of road (33% of the total surveyed road length) is hydrologically
connected and delivers road bed-derived runoff and sediment to streams (Table 2). Of this, we
have recommended road drainage treatments for 11.5 mi. Applying aroad surface lowering rate
of 0.2 feet/decade to the length of hydrologically connected road on Signal Creek Road,
Headwaters Signal Creek Road, Lower Signal Creek Road, and Gate 46 Road, and 0.1
feet/decade on all other secondary roads (which have much less activity), we estimate that the
roads will deliver approximately 9,280 yd® of sediment to nearby streams over the next decade if
road surface drainage is not improved (Table 3). This chronic sediment delivery will occur
annually through a combination of 1) cutbank erosion delivering sediment to the ditch (triggered
by dry ravel, rainfall, freeze-thaw processes, cutbank slides and brushing practices), 2) inboard
ditch erosion and sediment transport, 3) mechanically pulverizing and wearing down the road
surface during dry periods due to vehicular use, and 4) erosion of the road surface during wet
weather periods, when virtually every vehicle pass entrains sediment that can be transported to
inboard ditches and gullies, and thence to nearby streams.

In summary, improving the road drainage design and treating potential erosion sites as proposed
could prevent atotal of over 25,270 yd® of future sediment delivery to streams over several
decades (Table 3), as well as lessen future road maintenance requirements along the affected
roads.

7 TREATMENT PRIORITY

This erosion assessment is intended to provide information to guide long-range transportation
planning, as well as identify and prioritize erosion prevention and erosion control activities along
the assessed roads within the Signal Creek watershed. Asaresult, not all of the sites that have
been recommended for treatment have the same priority. Treatment priorities are evaluated on
the basis of several factors and conditions associated with each potential erosion site.

These include:
(2) the expected volume of sediment to be delivered to a stream,

(2) the potential for future erosion (high, moderate, low);
(3) the urgency of treating the site (treatment immediacy);
(4) the ease and cost of accessing the site for treatment; and
(5) the logistics and costs of recommended treatments.
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Sediment delivery sites have been classified by number, type, treatment immediacy, and the total
future erosion volume attributed to each treatment immediacy group (Table 5). The location of
each site, according to treatment immediacy, is shown on Map 4.

8 EROSION CONTROL PLAN

The general types of recommended corrective measures along the assessed roadsin Signal Creek
are displayed in Table 6. Individual dataformsfor each of the 132 mapped sites of potential
sediment delivery have been compiled in a Microsoft Access database. The detailed treatments at
each site are described on the data form