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Cost Summary

The cost of ten years of watershed restoration efforts in Deer Creek on federal land has totaled
about 2.1 million dollars. About 80 percent of these funds were spent on road treatments (storm-
proofing and upgrading). Different types of federal funding were used to include ERFO, KV,
Watershed Restoration, Job’s in the Woods, Emergency Flood Supplemental, and Road
Construction Capitol Improvement.

Lessons Learned
(1) Efforts in Deer Creek have serve as a model for the development of strategies and
techniques necessary to implement a successful multi-year watershed restoration program
in other Pacific Northwest and British Columbia watersheds.
(2) The Forest Service was the initial partner in developing and maintaining working
relationships within the Deer Creek Group. The Deer Creek Group became a model for the
Washington State Timber, Fish, and Wildlife Program.
(3) Since the Forest Service declared a moratorium on timber harvest in 1986, significant re-
vegetation of timber stands has occurred, with a resultant partial recovery of the watershed’s
natural hydrologic function. This is an excellent example of the critical role passive
restoration has in watershed recovery.
(4) Road restoration treatments survived the 1990 and 1995 flood events, some estimated
to be 50-year events. This is an excellent example of the value of flood-proofing the road
system in a flood-prone watershed.
(5) The development and successful application of road — stream-crossing structures known
as hardened crossings (concrete fords, open-box culverts). These are excellent examples of
successful flood-proof road and channel crossing structures.
(6) Based on restoration results in Deer Creek, in similar watersheds (flood-prone and
degree of management), it may take 8-10 consecutive years of restoration treatments before
benefits or desired outcomes to be realized.
(7) Proper sequencing and scheduling of restoration projects ensuring the treatment of the
causes before the symptoms.
(8) The value of identification and protection of high quality fish habitat on Forest land in the
upper watershed; this is an excellent example of fish refugia habitat for summer-run
steelhead, coho salmon, and native char.
(9) Legacy of concentrating clear-cut timber harvesting and road building over short time
periods in a flood-prone watershed (major watershed restoration consequences).
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Hardened Crossing Structure

Example of a Deer Creek concrete box culvert; a hardened road and channel crossing structure.

These road flood-proofing structures are designed to withstand flood flows enabling water and
the associated bedload to be bypass the road prism and reducing the risk of road failure.
These photos were taken at this site after the 1997 flood. The amount and size of the bedload
and woody debris deposited at the outlet of this box culvert would have plugged and over-
topped a conventional circular culvert. This type of road failure was common in Deer Creek
before the application of these flood-proofing structures.
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A road and channel crossing site staged for major failure
(Mt. Baker Snoqualmie National Forest, 10/2002)

L T i T

Before the flood-proofing treatment of installing hardened structures
in Deer Creek, at road and channel crossings such as this, the
flood damage reports documented a long history of failures at these
culvert sites. This is the view of the inlet of an undersized culvert,
that is unable to accommodate the flows and bedload generated

by flood events that frequency occur in the Western Cascades.

Outlet end of the same culvert. Note the amount of large woody
debris that has attempted to pass through this culvert crossing.
This road and channel crossing site is a prime candidate for a
either a concrete ford or an open-box culvert (hardened crossing
structures).
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Region Six Completed Watershed Restoration Information Sheet

Deer Creek — Mt Baker Snoqualmie National Forest

Watershed Description

Deer Creek is a tributary to the North Fork Stillaguamish River located in the North Cascades of
Washington State. The watershed encompasses 67 square miles. Approximately half of the
watershed is National Forest land; the rest is in state and private ownership. The major land use
is forestry. The topography is characterized by glaciated valleys separated by sharp ridges, with
elevations ranging from 1600 to 4900 feet in the headwaters to near 200 feet at the mouth. The
mainstem of Deer Creek has a length of 24 miles while 23 individual tributaries total an
additional 56 miles of stream channel. The effect of glaciation, in particular the deposition of
lacustrine clays and silts, has strongly influenced the morphology and sediment production of
the watershed. These glacial sediments in the steep lower slopes of the valleys of Deer Creek
and its tributaries are prone to mass wasting and erosion. Most of the watershed is classified as
a temperate evergreen forest with a western hemlock and silver fir vegetation series dominating.
Within these two vegetation series the dominant tree species include western hemlock, silver fir,
western red cedar, and Douglas fir. The average annual precipitation ranges from 75 inches in
the lower watershed to 110 inches or more at the higher elevations. Precipitation occurs
throughout the year, 75% falls between October and March. In the Washington Cascades,
elevation influences whether winter precipitation occurs as rain or snow. Middle watershed
elevations (1600-2600 feet) are transitional rain-on-snow zones; snow may build up and melt
several times during a winter. Winter storms, often accompanied by heavy rains and wind, may
melt snow at these elevations, causing high flows and subsequent flood damage.

Deer Creek is a Tier 1 Key Watershed. About two thirds of the Deer Creek stream channel
network is accessible by anadromous fish and has historically supported runs of steelhead trout
(Oncorhynchus mykiss), coho salmon (O. kisutch) and native char (Salvelinus malmo). Based
on historical accounts, Deer Creek fish habitat consisted of a variety of riffles and high quality
pools formed by a multitude of huge boulders with deep, clear cold water. The wild steelhead
run in Deer Creek has evoked strong emotions among past and present generations of anglers
and writers. In 1918, while passing through Seattle on his way to the Campbell River in British
Columbia, the famous western novelist, Zane Gray, fished Deer Creek. During his second day
on the stream, he hooked his first steelhead. It was the beginning of a long association with
steelhead fishing about which Gray wrote extensively later. In 1937 the Washington State Game
Commission closed Deer Creek to all fishing to protect and maintain the natural production of
steelhead within the watershed. In 1943, the N.F. Stillaguamish River, downstream from Deer
Creek, was designated for fly-fishing only. This was probably the first time a western river was
restricted to fly-fishing.

Major timber harvesting began in the watershed in the 1950's. From the late 1960’s to the late
1970’s, there was a major increase in the amount of federal timber harvesting and road building
in this watershed due to the inability of the Forest to spread annual timber harvest allocations
and quotas to other nearby watersheds. These watersheds were unavailable for timber
harvesting because they were under Congressional mandated roadless review studies (RARE |
and ll). By the mid 1980’s the Deer Creek fishery was in decline due to the cumulative effects of
timber harvesting which caused increased landslides, channel sedimentation, and loss of fish
habitat. Timber has been harvested over the entire lower watershed and on one third of the
federal land in the upper watershed.

The declining fish populations, coupled with habitat loss and degradation in Deer Creek, made
protection and restoration of the remaining habitat a high management priority. The Deer Creek
Group was formed in 1984 in response to these concerns. The Group was composed of local
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landowners and managers, state agencies, fishing groups and local Indian tribes. Mixed land
ownership in the watershed and conflicting mandates of resource management agencies made
it imperative that a forum be created where all concerned parties could begin a dialog to
address resource issues. The objective of the Deer Creek Group was to:

e develop understanding and communication among participants

* coordinate, review, and provide recommendations on forest management plans / activities
* identify, prioritize, and implement restoration measures

e collect and exchange technical information and ideas

* educate participants and the public on complexities of natural resource management

« resolve forest road related problems

All these efforts did little to stop or reverse the decline in the adult and juvenile summer-run
steelhead populations in Deer Creek. In the fall of 1993 Washington Trout formally petitioned
the National Marine Fisheries Service to consider Deer Creek summer-run steelhead as a
federally endangered species.

Restoration Strategy

Starting in 1984 the US Forest Service and other resource management agencies began to
address the concerns in Deer Creek through watershed-wide inventory, monitoring, and
identification of restoration opportunities. This major assessment and planning effort led to the
identification of the natural landscape interactions (climate, hydrologic response, erosional
processes) that had been altered by management activities and subsequently led to the
development of the restoration strategy. The scope of this watershed scale assessment was
focused mainly on the aquatic ecosystem and was not as broad in scope as is the present
federal watershed analysis efforts (completed for Deer Creek in 1996).

This assessment documented that the various land management activities throughout the
watershed over time had contributed to a loss of historic aquatic habitat and had become one of
the main factors responsible for the decline of the native fish runs, including the watershed’s
famous summer-run steelhead. In particular, concentrated timber harvest and the associated
road building had modified the hydrologic regime that in turn resulted in an increase of mass
wasting (landslides) and channel degradation. This was most evident in steep gradient, first and
second order channels where these sub-watersheds were usually clear-cut harvested and the
heavy density of roads altered the natural drainage pattern. These channels flushed repeatedly
during storms and became a chronic source of coarse sediment input to the downstream
channel network.

The focus of federal restoration in Deer Creek from 1985 to 1995 was to reduce the impact that .
management activities have had throughout the watershed and to promote the return to the
natural hydrologic and erosional regimes. The ultimate goal has been to restore major portions
of the historic aquatic habitat. The restoration strategy had a dual thrust; first employ long-term
aquatic resource protection, followed by a comprehensive restoration program. Resource
protection, in particular timber harvest and road building prescriptions and standards, was an
early key step of the restoration strategy. Timber harvesting and planning continued during the
early phases of watershed assessment and initial restoration implementation. Recognition of the
cause and effect relationships of management activities and resource conditions led watershed
specialists to identify and study ways to quantify these relationships. The concept of hydrologic
cumulative effects was employed to assess and explain conditions across the watershed that
contributed to stream channel degradation and fish habitat loss. Thresholds were developed
using these cumulative effects models to enhance management decision-making. Based on
such thresholds, the US Forest Service in 1986 and again in 1990 deferred any future timber
harvesting on federal land in the watershed until aquatic habitat conditions were improved. With
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natural watershed recovery possible now through these management decisions, the restoration
component of the strategy could be developed and implemented.

The restoration primary focus was on the erosional processes and sedimentation. The general
objective was to reduce coarse sediment delivery and to mechanically stabilize hill slopes and
stream banks; this would promote stream channel recovery, natural revegetation of riparian and
flood plain areas, and, ultimately, restored fish habitat. The long-term goal was the recovery of
the depressed native fish stocks, with a particular emphasis on summer-run steelhead trout.
The restoration program had 2 elements; (1) implement restoration that involved three
categories of treatment (roads, hill slope, and in-channel), (2) carry out these treatments over a
multi-year period of time. The restoration treatment objectives were:

« reduce coarse sediment input from road and hill slopes to the downstream channel system
« reduce the risk of catastrophic failure (major landslides from roads and hill slopes)

« reduce sediment recruitment from the stream channel banks

« promote a return to the natural stream channel sediment regime (transport and deposition)

Projects were developed from the watershed assessment and coordinated with other agencies
and landowners through the Deer Creek Group. The Forest Service projects were prioritized by
treating the sediment source areas (current and potential) first. Individual sites were prioritized
by an informal risk assessment looking at the probability of failure and the potential resource
impacts if failure occurred. Other site scale factors considered were accessibility to the site,
success potential for the treatment, and project cost. With this prioritization of treatments, road
and hill slope projects were implemented before most of the in-channel work.

Restoration Treatments

Once the processes were identified through watershed assessment and a restoration strategy
was developed, the implementation team designed and implemented specific treatments
throughout the watershed with the intention of meeting the overall restoration goals through
more narrowly defined project site treatment objectives. Factors considered in the design of
road treatments included: size of the drainage area, future use of the road, previous failure
history at the site, adequacy of culvert condition, size, and spacing, drainage ditch condition and
dimensions, evidence of road prism cracking or instability, position of the road prism on the hill
slope, hydrologic regime of the hill slope, and surface water dispersion on the road prism and
road banks.

Road treatments were one of three types (road decommissioning, road storm proofing, and/or

road upgrading) and included:

« installation of larger or additional culverts, or hardened dipped crossings (concrete fords and /
or open box culverts)

« bridges installed to replace ineffective culverts

« removal of culverts from inactive roads and restoration of the natural drainage

« construction of effective drainage ditches and insloping/outsloping of roads to direct water and
reduce road fill saturation that causes road fill failure

« installation of water-bars to intercept water and provide a controlled flow in a drainage ditch

« removal of sidecast or settling road fill materials to reduce the risk of mass wasting

« revegetation of cut banks, fill slopes and/or obliterated roadbeds to reduce surface erosion and
to stabilize the soil and ground cover.

The initial step in stabilizing hill slope sites was to identify the sources of sediment, which were
often road related, and to prescribe treatments toward reducing further sedimentation. Once the
sediment supply was reduced, treatments were designed to demobilize the coarse sediment at
the deposition sites. Factors considered in designing sediment stabilization treatments were: hill
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slope gradient at the site, size of the drainage area, nature of the sediment (coarse or fine),
natural features and vegetation at the site, and the hydrologic regime at the site.

Generally hill slope treatments occurred on bare, eroding slopes with the intent of stabilizing and
revegetating the site. Typical treatments included: installation of retaining structures such as
sediment fences and check dams; revetments, drains and trenches on unstable areas to reduce
the risk of mass wasting; and seeding, muiching, and planting of native trees and shrubs.

In-channel treatments focused on the location and position of woody debris in the stream
channel. The majority of the treatments either featured the repositioning of wood on the lateral
margins of the active channel or efforts to decrease the mobility or rapid transport of this wood
out of the active channel. Large woody debris structure complexes were installed along
designated channel margins to reduce sediment recruitment to the channel from the stream
banks. These treatments were also designed to add structural diversity (roughness) missing
from the channel system and then allow time for the channel to adjust. Little mechanical
reshaping or re-grading of the channel was employed.

Restoration Results

Implementation of watershed restoration in Deer Creek was a major multi-year undertaking. The

following are the results following 10 years of restoration in Deer Creek (1984 — 1994):

« Since 1984, 55 out of 68 miles of federal roads were treated; despite the occurrence of 4
major flood events during 1984-1997, little or no major failure on treated roads were recorded.

« 21 hardened road / channel crossing sites (earliest installed in 1985) survived these 4 major
floods, prior to storm-proofing treatments, all these sites had documented failures from
previous floods prior to 1984.

« Coarse sediment input to the stream system was reduced by these road treatments.

« Hill slope sediment fences were used effectively to control coarse sediment transport to fish
bearing stream channels.

« In-channel structures were effective in storing and transporting coarse sediments in fish-
bearing channels.

« Since 1994, fish habitat conditions have been improved in the upper watershed.

« Relatively high quality fish habitat has been maintained in the upper watershed and is currently
serving as refugia habitat for summer-run steelhead, coho salmon, and native char.

« Fish populations in Deer Creek have increased since 1995. The increase in juvenile fish
densities is a reversal of a decade-long decline. This is, in part, is attributed to an improvement
of the habitat during the past five years.

« Invoking a timber harvest restriction in 1984 has accelerated natural hydrologic recovery on
federal land.

Monitoring Strategy and Results

Prior to 1984 only a few habitat and fish population surveys of a limited nature were conducted
in Deer Creek. When concems were raised in the early 1980’s about the effects of management
activities on fish, it became clear that there was a need to develop an integrated strategy to
monitor key watershed parameters on national forest land and to promote a similar approach by
other downstream landowners and resource managers. The US Forest Service initiated the
development of a watershed scale, interagency, multi-resource monitoring program beginning in
the summer of 1984. The main objective of this monitoring was to determine avenues for
correcting current aquatic resource problems and improving future resource management
decisions. Inventories and surveys were coordinated by the US Forest Service and included
state agency and tribal fishery personnel. These data collection efforts included stream, fish
species abundance surveys, spawning gravel and stream channel morphology assessments,
stream temperature monitoring, road and landslide inventories.
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An initial report was prepared following the first year of monitoring recommending:

« the monitoring effort be continued and expanded to include the whole watershed
» pilot restoration projects be identified
e a hydrologic cumulative effects assessment to be conducted for the watershed.

Every year, since 1985, juvenile fish response
to restoration treatments (active and passive
restoration) has been monitored. The
Washington Department of Fish & Wildlife o
along with Forest personnel has conducted 1
juvenile fish relative abundance evaluations at A

Juvenile Steelhead (1+) Trends Over Time -
Deer Creek (all sites)

14 locations throughout the watershed. H]

Juvenile fish (steelhead, coho, native char)are | g ™ /

sampled during the summer low-flow season g “3j

(early-mid September) at these 14 sites. Fish gn / /\“
densities per area are calculated. Changes in 0.1 1 o

fish densities over time are an indicator of 0+

trend changes in habitat conditions over time. I BT S I

This is especially applicable to Deer Creek
steelhead. This unique native summer-run of steelhead is generally a three-year-old fish with
two years rearing in freshwater and only one year in the ocean. Therefore the overall viability of
this population is closely tied to the condition of the freshwater rearing habitat found in the
watershed. The trend shows a slow but increasing trend in steelhead juvenile densities
throughout the watershed indicating management action on federal lands is moving Deer Creek
to recovery.

Partnership Contributions

The Deer Creek watershed restoration is a success, largely due to cooperative efforts both
within the US Forest Service and with external partners in the Deer Creek Group. The formation
of the Deer Creek Group back in 1984 was one of the first watershed planning and restoration
work groups organized on the West Coast to address watershed health and declining fish
populations due to habitat degradation.

Other Forest & Resource Management Benefits

Because of the successful application of a suite of restoration
treatments, the Forest has conducted numerous field trips into Deer
Creek over the past 10 — 15 years. These trips explain and
demonstrate how a suite of site scale treatments when properly
sequenced, staged and implemented over time, can result in
watershed scale success. The efforts and results of watershed
restoration in Deer Creek has been documented in peer-reviewed
papers and presented in professional publications in both Canada
and the U.S. (e.g.: Watershed Restoration in Deer Creek,
Washington - a Ten Year Review, in Sustainable Fisheries
Management-Pacific Salmon, Lewis Publishers, 2000). Deer Creek
is one of four watersheds the Mt Baker Snoqualmie National Forest
has selected for long-term monitoring of restoration treatments. 2
What is learned from these watersheds hopefully will have cmema o
application to similar Forest watersheds.





