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EXECUTIVE SUMMARY

The Redwood Creek watershed, in north coastal California, has unique characteristics that
significantly increase the likelihood for successful watershed restoration and recovery. Redwood
Creek is a moderate sized watershed that supports anadromous salmonid species. It has a National
and State Park in the lower third of the watershed and the upper two-thirds is 90 percent owned by
just eight landowners who manage lands for timber and ranching. Cooperative partnerships have
formed to improve conditions throughout the watershed.

Cooperative efforts to control and prevent erosion from logging roads in the upper Redwood Creek
watershed (areas upstream of the park) started in earnest in 1996. Detailed road assessments
identified potential erosion sites, estimated sediment yields and recommended treatments.
Subsequent road treatments have been completed through cooperative erosion control projects,
separate landowner projects and timber harvest plan road work. About 120 miles have been
upgraded and about 61 miles have been decommissioned. Total funding for all cooperative erosion
control projects in the upper watershed through 2009 was about $5.8 million. Landowners have
contributed about 33% of the funds.

Analysis of detailed volumetric data shows road treatments have reduced the potential sediment
yield from logging roads in the upper watershed by about 531,000 cubic yards. This is about 30
percent of the potential sediment yield estimated at assessed sites or about 19 percent of the
estimated total for the upper watershed.

Completed work has reduced potential sediment loading by about 36 percent of the TMDL’s
required 60 percent load reduction. However, 71 percent of the total reduction occurred in the
lower watershed, on park lands, compared to a 29 percent reduction in the upper watershed,
mostly private lands. While both represent significant reductions, more work is needed in the
upper watershed to more fully distribute load reduction throughout the watershed. For watershed
recovery, the work is necessary and achievable.

The analyses presented in this report prioritize erosion control and prevention treatments based
on work completed through 2009. Each analysis works at a different scale and provides
prioritizations that can be used individually or in combination appropriate to the scale and
objective of the erosion prevention project.

A Watershed Improvement Plan is presented that identifies road management practices that can
protect aquatic and riparian habitats, and move the watershed closer to recovery and meeting the
objectives of the Redwood Creek TMDL.
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INTRODUCTION

The Redwood Creek watershed is unique from other north coastal California watersheds. Itis
relatively small (180,000 acres) and a national and state park occupies the lower-third of the
watershed. Most of the land upstream of the park is used for forest products and ranching, and is
owned by a relatively small number of large landowners which makes watershed-scale planning
feasible. The Redwood Creek Watershed Group whose membership represents about 90 percent of
the ownership and/or management of land in the watershed formed to improve water quality
conditions throughout the watershed (RCWG, 2006). There are no major water diversions in the
watershed, and the only developed municipality is the town of Orick, located along the lowermost
reach of Redwood Creek. These attributes significantly increase the likelihood that recovery and
restoration efforts in Redwood Creek can succeed.

Studies performed in Redwood Creek have documented that erosion and sedimentation from past
floods impact the channel for decades (Madej and Ozaki, 2009) and affect many life cycles of
anadromous salmonids. Erosion from logging roads has been identified as the largest controllable
source of sediment in the watershed (RNSP, 1997; USEPA, 1998). The sediment TMDL for
Redwood Creek (USEPA, 1998), the Recovery Strategy for California Coho Salmon (CDFG, 2004), the
Redwood Creek Watershed Assessment Report (Cannata et al.,, 2006), the Redwood National and
State Parks (RNSP) General Management Plan/General Plan (NPS-CDPR, 1999), and the Integrated
Watershed Strategy for Redwood Creek (RCWG, 2006) all encourage completion of road
assessments, and implementation of road decommission and upgrade projects to protect and
restore aquatic and riparian habitat and water quality. In Redwood Creek, cooperative efforts to
control and prevent erosion from logging roads on private lands started in 1996.

This report is an update to previous reports that summarized road assessment data collected in the
upper Redwood Creek watershed and described treatment priorities based on analysis of the data.
In this update, we: 1) describe the accomplishments of the erosion control work since cooperative
efforts began and place the accomplishments in the context of the Redwood Creek sediment TMDL;
2) summarize the conditions of the remaining assessed roads in the upper watershed, and; 3)
present updated treatment priorities for areas in the upper watershed based on work that has been
completed through 2009. Similar to previous reports, a watershed improvement plan is also
presented. The erosion control work described in this report includes projects completed through
cooperative efforts, completed timber harvest plans and individual landowner projects for which
we have data.
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BACKGROUND

WATERSHED DESCRIPTION

Redwood Creek drains a 285 square mile watershed located in the Coast Range of northern
California (Figure 1). The upstream two-thirds of the watershed is mostly private lands managed
for timber production and ranching. Redwood National and State Parks occupies the lower-third of
the watershed.

The watershed is steep and mountainous, and located within a tectonically active area with
relatively rapid uplift. Weak, pervasively sheared rocks underlie the watershed. Mean annual
watershed-wide precipitation averages about 80 inches. The combination of steep terrain, weak
underlying geology and soils, and moderately high precipitation contribute to naturally high
erosion rates and susceptibility to accelerated erosion.

The watershed is unusually long and narrow, and has a very large number of small tributary sub-
watersheds. There are no major tributaries to Redwood Creek above Prairie Creek. Most
tributaries are low-order and high gradient streams. Their channels are generally deeply incised,
and steep hillslopes adjacent to channels are particularly landslide prone (Pitlick, 1982).

LAND USE

The primary land use in the watershed during the past 80 years has been timber production and
ranching. Historically, roughly 82 percent of the Redwood Creek watershed supported old-growth
coniferous forests. Harvesting of the coastal redwood forests in portions of the lower Redwood
Creek watershed began in the latter half of the 1800s. Mechanized timber harvesting was
established throughout the watershed by the late 1930s. Timber harvesting and associated road
construction accelerated in the watershed in the late 1940s to 1950s in the Douglas-fir dominated
upper watershed. During the 1960s timber harvest was concentrated more in the lower watershed,
and logging continued steadily until expansion of Redwood National Park in 1978. By 1978, about
81 percent of the original forest in the watershed had been logged (Best, 1984).

ROADS

The earliest roads in the Redwood Creek watershed coincided with settlement in the mid-1800s.
New roads were built as settlement and ranching expanded. A rapid rise in road construction
occurred along with increased timber harvest in the mid-1900s. The road construction history for
the Redwood Creek watershed was researched by RNSP and is described by Bundros et al. (2003).

The history of forest practice rules partly explains the legacy road conditions in the watershed
today. State regulation of timber harvest activities began in 1945, but was not fully implemented
until the passage of the Z'berg-Nejedly Forest Practice Act of 1973. The first substantive erosion

Redwood Creek - Progress Report on Erosion Control Work and Sediment TMDL 2
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control rules for logging roads appeared in 1983. By then, more than 1,000 miles of roads in the
upper watershed had been built to inadequate standards. More than 88 percent of the roads in
existence today were built before forest practice rules had been fully implemented. Today, there
are about 1,040 miles of roads in the upper watershed of which about 907 miles are privately
owned and managed. Road density averages 6.4 miles/milez and ranges from 3.6 to 10.7
miles/mile? in tributary watersheds. The road density for all sub-watersheds is shown in
Appendix A.

COOPERATIVE EROSION CONTROL AND PREVENTION EFFORTS

Cooperative efforts to control and prevent erosion from logging roads in upper Redwood Creek
(areas upstream of the park) started in earnestin 1996. These efforts were built on trust. A small
pilot project in 1995 was completed by RNSP and Green Diamond Resource Company (GDRCo -
formerly Simpson Timber Company) in Coyote Creek. In 1996 and in cooperation with the Stover
family, RNSP completed the first large assessment and implementation project in Garrett Creek.
This was followed by a larger assessment completed by RNSP and multiple implementation
projects on Sierra Pacific Industries lands. The success of these earlier projects led to a partnership
between numerous landowners, RNSP and Pacific Coast Fish, Wildlife and Wetland Restoration
Association (PCFWWRA) to advance cooperative erosion control efforts in the upper watershed.

The cooperative erosion control efforts in Redwood Creek would not have been possible without
agency grants and landowner funding. The U.S. Fish and Wildlife Service, Jobs-in-the-Woods
program, provided grant funds during the development of this cooperative program. The California
Department of Fish and Game’s (CDFG) Fisheries Restoration Grant program provided funding for
subsequent assessments and implementation projects. Landowners have provided access, funding
and support for all of the efforts described in this report.

Data from the initial road assessments completed in Redwood Creek were summarized in previous
reports (Bundros et al.,, 2003; Bundros et al., 2004; Bundros and Short, 2009). Bundros et al.

(2003) also contains detailed discussions on road construction history, road density, timber harvest
in the inner gorges along Redwood Creek and landslide history, channel erosion and riparian
conditions and restoration opportunities.

ACCOMPLISHMENTS OF THE COOPERATIVE EROSION
CONTROL PROGRAM 1996-2009

ROAD ASSESSMENTS

Road assessment projects were developed with willing landowners and implemented as funding
became available. Eleven distinct assessment projects, shaped by watershed boundaries, willing
landowners and grant opportunities have been implemented by four different investigators - RNSP,
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PCFWWRA, Natural Resources Management Corporation (NRM) and Five Counties Salmonid
Conservation Program (SCP). Quality control for road assessments completed by PCFWWRA was
provided by Pacific Watershed Associates and RNSP. Of the 1,100 miles of road existing in the
upper watershed at the beginning of the program, about 773 miles (70 percent) have been
assessed. The remaining 328 miles of roads are owned by landowners who have not participated in
the cooperative erosion control efforts.

All road assessments included field work that identified potential erosion sites, estimated the
volume of sediment that could deliver to a stream if erosion occurred, and prescribed corrective
treatments. All sites assessed by PCFWWRA also included cost estimates for equipment and labor
needs. Data were compiled on field forms (Appendix B) and sites located on airphoto mylar
overlays. All field data were entered into a database and the location of each site was entered into
GIS as a point coverage (Appendix C). Both database and GIS coverages are maintained by RNSP.
Table 1 describes the road assessments in upper Redwood Creek.

Table 1. Road assessments in the upper Redwood Creek watershed.

Road Assessments % of Beginning
(miles) Length
PCFWWRA Assessed 567 51%
RNSP Assessed 93 8%
NRM Assessed 88 8%
Five Counties SCP Assessed 25 2%
Total Assessed 773 70%
Not Assessed 328 30%
Total Miles 1,101 100%

! Mileages shown differ from those reported in previous reports due to: Reassessment of Minor Creek by

PCFWWRA ‘replacing’ the roads assessed by NRM, new road construction associated with THPs, assessment of
roads subsequent to previous assessments and, to a lesser extent, clean-up/editing of minor GIS errors.
2 Totals may differ slightly from those shown in other tables in this report due to rounding.

In all road assessments, investigators followed generally similar methods to collect and record
information. However, subsequent data analysis revealed inconsistencies between some
investigators which prevented the use of data collected by NRM and Five Counties SCP in most of
the analyses in this report.

COMPLETED ROAD TREATMENTS

Projects to control and prevent potential erosion identified by road assessments in the upper
watershed have been implemented since 1996. As assessments were completed in specific areas,
projects were implemented soon afterward to treat the obvious high priority roads and sites.
Projects were implemented where assessments were completed while further assessments were
occurring in other areas. After most of the assessments had been completed, treatment priorities
for areas in the upper watershed were based on results from analyses reported by Bundros et al.
(2003 and 2004).

Redwood Creek - Progress Report on Erosion Control Work and Sediment TMDL 5



Roads have been treated through cooperative erosion control projects, separate landowner projects
and timber harvest plan (THP) road work. RNSP has reviewed all reports of cooperative projects
completed from 1996 through 2009 and all CDF approved THPs within assessment areas through
2007. Most treated roads have been field reviewed by RNSP geologists to evaluate completed
treatments. Some decommissioned roads were not field reviewed by RNSP, but were described in
project completion reports prepared by Pacific Watershed Associates. BLM geologists provided
similar reports and data for work completed in Lacks Creek.

Of the approximately 660 miles of roads assessed by PCFWWRA and RNSP, about 181 miles have
been treated since 1996. About 120 miles have been upgraded and about 61 miles have been
decommissioned. Total funding for all cooperative erosion control projects in the upper watershed
through 2009 was about $5.8 million. Landowners provided about $1.9 million (33%) in funding
with the remainder provided by various grant sources totaling about $3.8 million (67%). Costs
associated with work completed independently by landowners and in association with THPs are
not included. A list of projects and funding is included in Appendix D.

Table 2 shows selected statistics for sites that have been treated. Of the 4,955 sites assessed
between 1996 and 2009, 1,090 sites (22 percent) have been treated. More than 13 percent of all
assessed sites were decommissioned and about 9 percent of all assessed sites were upgraded.
Combined, the sediment “saved” (the potential sediment yield prevented from entering a stream)
by all treatments was over 531,000 yds3. Figure 2 shows these data graphically.

Table 2. Sites treated and sediment saved for projects assessed by RNSP and PCFWWRA.

Potential % % of
No. of | Sediment | Number | Potential
Sites Yield ofall | Sediment
(yds®) Sites Yield
Sites in Initial Assessments (1996 — 2009) 4,955 | 1,765,000 | 100% 100%
Sediment Saved from Delivery
Decommissioned Sites 660 414,000 13% 23%
Upgraded Sites 423 117,000 9% 7%
Maintained Sites 7 0 0% 0%
Totals 1,090 [ 531,000 22% 30%
Sites Treated under THPs 177 39,000 4% 2%
Sites Treated under Cooperative Erosion Control Program | 913 492,000 18% 28%
New Sites Treated, Not in Initial Road Assessments 146 Not avail. | 3% Not applic.
Totals 1,236 | 531,000 25% 30%

' All THPs filed through 2007, all cooperative projects through 2009.
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Figure 2. Reduction of potential sediment yield by decommission and upgrade treatments in upper

Redwood Creek.

Further breakdown of the 1,090 treated sites show that about 76 percent of the sites were fluvial
and about 24 percent were landslide sites. The fluvial sites accounted for about 48 percent of the
volume ‘saved’ (prevented from delivery to a stream), while landslide sites accounted for 52

percent. Table 3 shows the sediment saved from fluvial and landslide sites that were in the initial

road assessments.

Table 3: Sediment ‘saved’ from delivery from fluvial and landslide sites.

(Includes decommission and upgrade treatments.)

Sediment % of Count of % of Potential
Site type Count ‘Saved’ from all of Sites Sediment Yield
Delivery Treated ‘Saved’
All Sites Treated and in Initial Road 1,090 531,000 100% 100%
Assessments
Fluvial Sites 833 257,000 76% 48%
Stream Crossings 542 237,000 50% 45%
Other Fluvial Sites 291 20,000 27% 4%
Landslide Sites 257 274,000 24% 52%

The initial assessments by RNSP and PCFWWRA included 2,540 stream crossing. Of those, 1,590
(63%) had a diversion potential. Of all stream crossings, 464 (18%) were ‘critical’ crossings
(stream crossings with an undersized culvert, diversion potential and at least a medium plug
potential). Treatments, either decommission or upgrade, have corrected 340 diversion potentials
and 110 critical crossings. These statistics are summarized in Table 4.

Redwood Creek - Progress Report on Erosion Control Work and Sediment TMDL




Table 4. Summary of stream crossings, crossings with diversion potential and critical crossings.

. Number of Sites in % of all Number of % of Type
Type of Stream Crossing Initial Assessments Sites Sites Treated Treated
Stream Crossings 2,540 100% 540 21%
w/ Diversion Potential 1,590 63% 340 21%
Critical Crossings 464 18% 110 24%

Another way to look at treatment accomplishments is spatially. Figure 3 shows the treatment
priorities reported by Bundros et al. in 2004 that assigned treatment priorities to the sub-
watersheds in upper Redwood Creek. Priorities were based on a risk analysis that considered
sediment, as the resource threat, and salmonids, as the resource at risk. Figure 4 shows that the
greatest reduction of potential sediment yield has occurred in the areas where the treatment
priorities were the highest in that analysis.

ACCOMPLISHMENTS AND THE TOTAL MAXIMUM DAILY LOAD FOR REDWOOD CREEK

This section places the erosion control and prevention work completed between 1998 and 2009 in
the Redwood Creek watershed in context with the Total Maximum Daily Load (TMDL) for Redwood
Creek. We attempt to answer the question, “To what extent has the road work completed
throughout the watershed in the past 12 years met the objectives identified by the TMDL?” RNSP
started decommissioning roads in the lower watershed in 1978 and cooperative erosion control
and prevention work in the upper watershed (areas upstream of the park) started in 1996, before
TMDL discussions began.

TMDL FOR REDW0OD CREEK

The sediment TMDL for the Redwood Creek watershed was developed primarily to promote
activities that protect aquatic and riparian habitats and water quality from sedimentation
associated with land use. Accelerated erosion from the combined effects of past land use practices
and large storms impacted the migration, spawning, reproduction, and early development of
anadromous fish such as coho salmon, Chinook salmon, and steelhead trout (EPA, 1998). The
TMDL identified logging roads as the major source of controllable sediment.

Based on long-term annual sediment load records for Redwood Creek, the TMDL estimated the
total annual sediment loading at about 4,750 tons per square mile per year. The total allowable
sediment load, or TMDL, was estimated at 1,900 tons per square mile per year, a 60 percent
reduction in total sediment loading. To allow for temporal variation, the allowable load was
expressed as a 10-year rolling annual average.

The TMDL identifies both instream and hillslope numeric targets. Instream targets are meant to
provide a measure of the quality of aquatic habitat and whether or not streams are recovering from
sediment impacts associated with management activities. The TMDL envisions a monitoring
program that would evaluate the instream targets through time. To our knowledge, such a
monitoring program does not exist. In contrast, hillslope targets describe the desired condition for
the watershed with respect to management activities that can affect sedimentation and water
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quality. Hillslope targets address the disconnect between the timing of improved hillslope
conditions and channel recovery, and separate legacy channel effects from current hillslope
conditions. Hillslope targets are also measureable and their improvements are immediate. The
EPA believed that meeting hillslope targets would allow watershed recovery and attainment of
instream targets through time.

The following discussion focuses on the hillslope numeric targets because they relate directly to the
erosion control and prevention work performed in the Redwood Creek watershed. Because many
of the roads in the lower watershed, on park lands, had already been treated by 1998, the primary
focus of the discussion will be on the work completed in the upper watershed, mostly private lands
and for which we have data. Additional information about the Redwood Creek TMDL can be found
in Appendix E.

HILLSLOPE NUMERIC TARGETS AND PROGRESS MADE ATTAINING THE TARGETS

The hillslope numeric targets in the TMDL describe the desired conditions with respect to road
design, location, inspection and maintenance, and timber harvest practices in sensitive streamside
areas. The following describes to what extent the hillslope targets have been met in the upper
watershed through cooperative erosion control and prevention work, independent landowner
projects or through completed timber harvest plans. The hillslope targets are listed individually,
followed by a description of the accomplishments and a brief discussion that i