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EXECUTIVE SUMMARY
L ower Dungeness River Study

For the last five years, a study team from the Bureau of Reclamation has worked
cooperatively with the Jamestown S Klallam Tribe and the Dungeness River Management
Team to develop an understanding of the natural processes and human impacts in the lower
10.5 miles of Dungeness River. The following text and photographic log provides a brief
summary of the analysis and conclusions from this study, along with potential restoration
options that could be considered.

What was the objective of this study?

The Dungeness River is a gravel- and cobble-bed stream located on the north end of the
Olympic Peninsula of northwestern Washington State. Theriver is steep, falling about 3,300
feet (1005 m) from the headwaters to the mouth. Human activities along the lower 10.5 mi
of the Dungeness River have been identified as a major cause of altering natural river
processes in ways that have caused or contributed to a decline in fish populations. Levees,
bank protection, bridges, and removal of woody debris and vegetation are all examples of
human impacts that have been considered. In 1996, the Jamestown S Klallam Tribe
requested technical assistance from the Bureau of Reclamation to undertake a
geomorphological investigation of the lower 10.5 mi of the Dungeness River. The goal of
the cooperative effort was to describe the existing physical river processes, determine how
the natural processes have been affected by human activity, and develop potential restoration
options that could be considered. The study focuses on physical river processes and human
impacts that result in channel changes such as bank erosion, aggradation of the riverbed, loss
of flood plain, or cutting off access to important fish habitat in side channels.

What natural processes are present in the lower Dungeness River?

The Dungeness River has always been a complex and dynamic system that naturally
migrated across the flood plain throughout the lower 10.5 miles. The mgjority of sediment
transport and subsequent channel change occur during flood flows, which occur during late
fall and winter. Theriver iswide, shallow, and has a straight alignment with active
(unvegetated) river channel sinuosity (ratio of river length to valley length) ranging between
1 and 1.3. However, the alignment of the low-flow river channel does have meandering or
sinuous characteristics. River bank erosion naturally tends to occur along the outside of
meander bends while sand, gravel, and cobbles are deposited along the inside of meander
bends. Riparian vegetation and the resulting woody debris tend to limit the rates of bank
erosion, but ultimately the river bends can and do migrate across the flood plain and
downstream over time. If the meander bends migrate too far and become elongated, then
meander cut off channels will form during floods and the low flow channel will become
straighter. After this change, the channel meandering and migration processes begin again.

Riparian vegetation and woody debris are important components of the river that maintain
scour pools, side channels, and diverse habitats utilized by fish and other species. During the
summer-low flow period, the deeper depths associated with scour pools provide slower
velocities and cooler water temperatures. During floods in the winter or spring snowmelt
periods, riparian vegetation, log jams, and side channels provide refuge areas where fish can
escape turbulent, high velocity areas of theriver.



How have human impacts affected the natural processes the most?

Five reaches were identified in the lower Dungeness River based on significant changesin
physical characteristics (e.g., width, depth, slope, alignment, and geology). In each of these
reaches, the magnitude of impact on natural processes varies by the type and duration of
human activity. The construction of levees has had the greatest impact on the river because
of the number of natural processes affected and the length of the river impacted. The levees
cause the main river channel to have coarser sediments on the bed, elevated gravel bars, less
woody debris, and fewer stable pools. The levees also cut off side channels and result in
higher velocities and depths during floods. Finally, the levees at the mouth force the river
and sediment into one location in Dungeness Bay preventing a natural delta that would
otherwise be present. All of these effects alter fish habitat conditions including water depth,
velocity, sediment substrate, and vegetative cover.

In other areas, bridges and clearing of woody debris and the riparian vegetation have
impacted natural processes. Bridges can often impact ariver by both constricting the river
channel and cutting off floodplain and side channels important for fish habitat. Since
Burlingame Bridge was replaced, Woodcock Bridge now poses the largest constriction on
the river and, in combination with Ward Road, cuts off a portion of the flood plain. The east
embankment of the Railroad Bridge also cuts off a portion of the floodplain, but the bridge
opening does not cause a constriction or resulting backwater effect upstream.

While bank erosion is part of the natural river migration process, clearing of the riparian zone
has accelerated this process and resulted in significant amounts of bank erosion such as on
the west bank downstream of the Railroad Bridge and on the east bank downstream of the
Highway 101 Bridge.

What restoration options could be considered to restore natural processes on the lower
Dungeness River?

Restoration options are discussed in this report that would help restore natural processes
where they have been impacted the greatest from human activity. Each of these restoration
options have several management implications which need to be evaluated before actions are
taken.

Setting back or removing the levees present on the lower Dungeness River restores awhole
chain of natural processes. Where possible, levee setback or removal may be one of the most
powerful management tools available for restoring fish habitat. The natural processes or
linkages include allowing room for natural channel migration to occur, restored access to
side channels and flood plains which reduce velocities and water depths in the main river
channel. The lower depths and velocities will alow gravel-sized sediments to accumulate
over coarser bed material increasing potential spawning areas. The lower depths and
velocities will also alow for more recruitment of large woody debris. Thiswill, in turn,
increase the number of local scour holes which can become pools during periods of low
flow. High elevation bars and, in some places, the aggraded channel bed would have to be
removed or lowered in order to prevent channel avulsionsinto areas the river would not
naturally flow. Finaly, encouraging the growth of riparian vegetation would provide habitat
cover for fish. The riparian vegetation would also create a buffer zone along the river to
prevent unnatural bank erosion.



Currently residents of River’'s End and Kinkade Island are subject to frequent flooding.
Relocating these residents would eliminate a safety hazard and help restore floodplain
processes. |In areas where bank protection is needed, restoration of riparian vegetation could
be incorporated into the bank protection design.

Large woody debris could aso be used as arestoration tool to limit erosion of old river banks
while at the same time providing scour pool and cover habitat for fish. In this case, the
engineered log jams would simulate the natural roughness and cover of trees falling into the
river channel from naturally eroding banks. Engineered log jams could be constructed to
simulate natural log jams that create scour holes during floods and stable pools during low
flows. If thesetypes of jams are to be effective, they must be constructed in the low flow
channel. A system of engineered log jams may be needed to accommodate lateral migration
of the low-flow channel over time. Engineered log jams could be constructed to better align
flows under bridges and provide a means of collecting woody debris and limiting the amount
of wood being captured on bridge piers. Engineered log jams could be effective along
eroding river banks where riparian vegetation has been cleared. Engineered log jams could
also be used as mitigation for the effects of existing riprap (high velocity, coarse substrate,
and no vegetation cover). Log jams constructed as part of ariprap bank would create gravel
bars downstream of the log jam and provide a substrate for vegetation.

Woodcock Bridge could be modified to lengthen its span across the Dungeness River and
flood plain to reduce or eliminate the impacts of the bridge. Ward Road could aso be
setback farther to the west to eliminate impacts to the flood plain. The east embankment of
the Railroad Bridge could also be removed to eliminate its impact on the east flood plain.
Even though these bridges do locally cut off portions of the flood plain, levee setback and
removal activities would restore a whole chain of natural processes over alarger reach of
river.



Dungeness River Natural Processes

Photo 1:

The headwaters of the Dungeness
River begin in the steep alpine wa-
tershed of Olympic National Park.
The total drainage area for the Dun-
geness River watershed is 200
square miles.

- Dungeness:. -~
" ‘Headwate

Photo taken 9-10-98.

Photo 2: The Dungeness River flows north for about 32 miles from the
mountains into Dungeness Bay. The Dungeness Spit separates Dungeness
Bay from the Strait of Juan de Fuca. The spit is formed by long shore drift
currents in the Strait. Photo taken 9-10-98.



Dungeness River Natural Processes

Photo 3: In the upper Dungeness River
watershed, the channel slope becomes
steeper with elevation. At lower eleva-
tions where the channel is less steep, a
narrow floodplain is evident. The major-
ity of the upper watershed is heavily for-
ested.

Photo taken 9-10-98.

Gray Wolf
Headwaters

Photo 4: The Gray Wolf is the largest tributary to the Dungeness River.
The high elevations of the Gray Wolf drainage are above timberline.
Photo taken 9-10-98.



Dungeness River Natural Processes

Photo 5: Large quantities of sediment were observed to be stored along the
high alpine slopes above timberline in the Gray Wolf watershed.
Photo taken 9-10-98.
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Photos 6A and 6B: Landslides are part of the natural process in the Dungeness
watershed. However, in many areas of the watershed logging practices may ini-
tiate or reactivate landslides that would otherwise not occur. The landslides
contribute fine sediment (silt and clay) to the river channel, but the percentage
of coarse sediment (sand and gravel) is likely small. Photos taken 9-10-98.



Dungeness River Natural Processes

Photo 7: In the lower 10.5 miles of the Dungeness River, the main river channel
passes through a forested floodplain. The forested floodplain often contains
smaller side and overflow channels which are not readily visible from the air. The
river is dynamic and can migrate over time throughout the forested floodplain.
Photo taken 9-10-98.
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Photo 8: Side channels in the forested floodplain such as this one can pro-
vide important fish habitat. Log jams often exist at the upstream entrance to
these side channels. The log jams limit the flow velocity and coarse sedi-
ment entering the side channel which in turn leads to stability of the side
channel and fish habitat. Photo taken 5-18-99.




Dungeness River Natural Processes
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Photo 9: Where log jams do exist in the main channel, they form stable scour
pools as flow accelerates around the wood. These scour pools provide excellent
fish habitat and are a natural part of physical processes on the Dungeness River.
Removal of log jams from the channel has reduced the number of log jams and
pools present in the river today. The construction of levees increases water
depth and velocity and the river’s capacity to transport wood through the sys-
tem. Photo taken 6-28-01.

Photo 10: As the river migrates, sediment from the bank is eroded and added to
the total sediment load. The majority of bank materials are formed of river sedi-

ment deposits (sand and gravel) with a layer of silt on the surface. Photo taken 9-
10-98.



Dungeness River Data Collection

Photo 11: Bed-material samples in gravel bars were taken in 3-ft (1-m) squares
to determine the sizes of sediment present in the river channel. Analysis of the
samples showed that the channel bed of the Dungeness River is typically com-
posed of sand, gravel, and cobble-sized material. The sand-sized particles are
typically present beneath a pavement layer of cobbles. In general, the size of
the bed-material decreases in the downstream direction. Photo taken 9-9-98.
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Photo 12: A permanent network of 60 cross sections was established in 1997 to
monitor channel change over time. Past survey work was also used for compari-
son where possible. For example, between 1997 and 1999 the channel upstream
from the Railroad Bridge (RM 5.5) straightened its course and eroded 5 ft of the
channel bed. Deposition of a similar amount was observed downstream of the
Railroad Bridge. Photo taken 10-98.



Dungeness River Data Collection

Photo 13: Natural exposures were excavated and used describe soil develop-
ment. Where present, charcoal was collected and analyzed by radiocarbon dat-
ing. These dates along with soil development and geologic mapping helped
identify the ages of terraces along the Dungeness River and establish the natural
boundaries of the active river channel over the last several thousand years.
Photo taken 9-13-98.



Dungeness River Data Collection
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Photo 14A and 14B: At this location near RM 8.5, time-lapse photography dur-
ing the 1998-99 winter revealed a strong interaction between large woody de-
bris and the formation of gravel bars. In Photo 14A the channel is relatively free
of large woody debris of mid-channel gravel bars. In Photo 14B after the winter
flood season, several winter floods deposited large woody debris and mid-
channel gravel bars. Gravel bar deposition accelerated following the initial de-
posit of woody debris.




Dungeness River Human Impacts
and Management Issues
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Photo 15: Numerous human impacts have affected the Dungeness River
throughout the watershed. Several logging roads have been constructed in the
upper watershed. Rainfall runoff can concentrate where a drainage crosses
these logging roads. This concentrated flow can accelerate erosion processes
including landslides such as shown here. These types of landslides can be a sig-
nificant source of fine (silt and clay) sediment to the river channel. While these
sizes of sediment do not cause channel change, they can increase turbidity in the
river channel affecting fish feeding and spawning. Photo taken 5-17-00.

Photos 16: Five bridges cross the lower Dungeness River. The Railroad Bridge (RM
5.7) is heavily used for recreation and a newly developed River Center was built on the
east side. A dike (builtin 1961) and recently added cabled logs (visible at right) have
been built to protect the new River Center. While the bridge does not constrict the ac-
tive river channel, the dike does cut off the east floodplain.



Dungeness River Human Impacts
and Management Issues
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Old Burlingame Bridge > - i 1:'*

Photo 17: The Burlingame Bridge on Old Olympic Highway (RM 4) was re-
placed in 1998-99. The old bridge had a span of 130 ft which constricted the ac-
tive river channel and cut off access to side channels and floodplain. Photo taken

5-21-98.

New Burlingame Bridge

Photo 18B taken 6-27-01

Photos 18A and 18B: The new Burlingame Bridge was built with an increased
opening of 430 ft and no longer cuts off access to the wooded floodplain. During
a recent site visit, woody debris and gravel bar deposition was observed under
the bridge. Future changes in channel bed elevation and woody debris accumu-
lation should be monitored to ensure the safety of the bridge.
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Dungeness River Human Impacts
and Management Issues
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Photo 19: Woodcock Bridge, located at RM 3.3, has a span of 405 ft. This bridge
cuts off access to the historic floodplain, constricts the channel migration zone,
and causes sediment deposition upstream of the bridge.

Photo taken 5-20-98.

Photo 20: The fish hatchery is near the upstream end of the study reach (RM
10.5). Just upstream of the hatchery is the confluence with Canyon Creek, and
just downstream of the hatchery is Kinkade Island & Creek. Photo taken 9-10-98.
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Dungeness River Human Impacts
and Management Issues

Photo 21: On the west side of Kinkade Island, the main channel has migrated to
and eroded a portion of a high glacial deposit. This erosion forced Clallam
County to setback the road. Further erosion was prevented by the placement of
large angular boulders at the base of the slope. Photo taken 9-10-98.

N, Photo 22B: Looking from main chan-
nel at side channel entrance on

Photo 22A: Looking upstream at .
Kinkade Island.

new entrance to Kinkade Creek.

Photos 22A and B: At the location of Kinkade Island (RM 10), many side channels have
developed that pass around and through the island. Kinkade Creek (shown in Photo
22A) is the largest side channel in this area and flows to the east creating the island.
Currently, there are three entrances to Kinkade Creek from the main channel. Each of
these entrances have log jams that limit the amount of flow and coarse sediment enter-
ing the channel. However, recent flooding has widened the upstream-most entrance
and the amount of flow entering this path is increasing. As the main channel continues
to migrate towards the outside of a bend (shown in Photo 22B), the river has the poten-
tial to remove these log jams and the side channels would capture an even larger por-
tion of the total flow (currently estimated at about 50% of the main channel flow). If the
log jams were enlarged, the rate at which the main channel may overtake the side
channel would be slowed. However, the risk of flooding would still exist on the island
because of the numerous side channels throughout the island. Photos taken 10-2000.

12



Dungeness River Human Impacts
and Management Issues
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Photo 23: Levees have a large impact in the lower Dungeness River. The Dun-
geness Meadows levee (shown above) cuts off not only historic floodplain but
also historic active channel (RM 7.5 to 8.5). The levees also increase flow depth,
velocity, slope, and sediment transport capacity. This also results in the removal
of large woody debris that could otherwise form stable log jams and scour pools.
Bars are elevated in this reach due to the higher river stage caused by the levee.
The Dungeness Meadows levee was extended downstream to block the entrance
to a side channel and prevent flooding in the subdivision. To increase fish utiliza-
tion while still protecting homes from flooding, the lower portion of the levee
could be setback to the east side of Spring Creek. Another option would be to
create a small opening in the levee that would limit flows but allow fish passage.
Photo taken 9-10-98.

Photo 24: Downstream of
RM 2.7, the ACOE and
Olympic Game Farm Levees
constrict the river channel
and cut off portions of the
floodplain. At several loca-
tions the levee constriction
Is enough to create a back-
water upstream. Sediment
deposits have raised the
channel bed in these back-
water areas as much as 8
feet. Presently, some of
these backwater areas are
higher in elevation than the
surrounding floodplain.
Photo taken 9-10-98.
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Dungeness River Human Impacts
and Management Issues
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Photo 25: Schoolhouse Bridge (RM 0.8) is located at a natural constriction
formed by glacial knobs. The river has likely flowed through these knobs for
thousands of years. Prior to levee construction upstream of the bridge, flood
flows would spill over river banks onto the floodplain. A portion of these flows
would enter Meadowbrook Creek which flows into Dungeness Bay. Today, lev-
ees force all the water to pass under Schoolhouse Bridge. Photo taken 9-10-98.

Photo 26: Levees on either side of the river downstream of Schoolhouse Bridge
force the river into a fixed alignment all the way to the mouth. Presently, the up-
stream extent of tidal influence from Dungeness Bay is estimated to be just down-
stream of Schoolhouse Bridge. The levees have caused an additional backwater
effect that has resulted in flooding on the upstream side of Schoolhouse Bridge.
Removal of either levee would significantly reduce the backwater effect. Re-
moval of both levees would completely eliminate any upstream impacts. Photo
taken 9-10-98.
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Dungeness River Human Impacts

Photo 27: Historically, the Dungeness River formed a delta at its mouth and mi-
grated back and forth over time. Historical levee development in the 1800’s may
have contributed to aggradation in the bay which resulted in moving the town of
Dungeness to the east. The present levee development downstream of School-
house Bridge has forced the river to flow into Dungeness Bay at one location. This
also forces all of the sediment transported by the river to deposit in one location in
the bay. Photo taken 9-10-98.
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Photo 28: In addition to bridges and levees, irrigation diversions and bank pro-
tection as shown above are common features along the study reach. Bank pro-
tection does impact natural processes by preventing natural channel migration
and recruitment of large woody debris. In some areas, rock has been placed on
the banks of river terraces that are hundreds to thousands of years old. Although
erosion of river terraces can be a natural process, the erosion can be accelerated
by human impacts to the river. In some cases, protection of terraces can be con-
sidered a mitigation for one or more human impacts. Photo taken 6-28-01.
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Dungeness River Human Impacts
and Management Issues

Photo 29: Clearing of riparian vegetation can reduce the strength of river bank
materials and lead to accelerated channel migration and bank erosion. In this lo-
cation just downstream of the Railroad Bridge, the vegetation on the west terrace
was cleared sometime prior to the 1942-43 aerial photograph. Between 1942-43
and 2000, a maximum width of 760 feet of the left bank was eroded by the river.
Photo taken 9-10-98.

Photo 30: While development in the floodplain can impact natural processes,
the river can also impact development in the flood plain (such as at RM 9.2 in
photo 30). Management decisions to implement river restoration have the tough
task of balancing natural river processes with the protection of existing infra-
structure. Photo taken 9-10-98.
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