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EXECUTIVE SUMMARY
The geology, topography, and history of manipulation of High Creek have resulted in a channel that has
chronic sedimentation problems which, if not managed, lead to flooding problems for local landowners
and the Mount Baker Highway (SR 542). The lower 3,500 feet of High Creek was channelized in the
1920’s, and has required periodic dredging ever since in order to maintain adequate capacity, especially
under the bridge at SR 542.
The Whatcom County Flood Control Zone District (FCZD) sought a long-term management plan to
address sedimentation and related flooding concerns on High Creek. To develop this plan, the FCZD
reviewed stream history and characteristics, and met with local landowners and resource-protection
agencies. The information gathered in that process was used to develop a wide range of long-term
management alternatives. Each alternative was examined to determine if it met the project goals of
providing a long-term reduction in sedimentation and flood hazards in a feasible and cost-effective way,
and could be supported by both the local community and permitting agencies.
The proposed management plan is based on the alternative that best met the project goals. It will lower
the existing channel of High Creek to an elevation generally 2-3 feet below the natural floodplain and,
where feasible, lower and widen the berms on either bank to make them more structurally sound while
generally maintaining the same total channel and berm footprint as today. Two sediment collection
areas will be constructed in the channel; one immediately upstream of the SR 542 bridge to capture
coarser bed material, and one near the mouth at Kendall Creek to capture finer-grained material. These
collection areas will encourage sediment deposition in discrete areas, where it can be removed without
adverse impact to the rest of the channel. Monitoring and adaptive management will be essential parts
of the management plan, allowing maintenance volumes and intervals to be adjusted as needed to
minimize environmental impacts and impacts to local landowners.
Once implemented, this plan will significantly reduce flood hazards associated with High Creek by both
eliminating the perched channel that presently exists in most of the lower 2,500 feet of channel and by
improving flow capacity under the SR 542 bridge. Habitat impacts of this plan have been minimized by 1)
reducing the area of impact to two discreet channel segments, and 2) limiting the potential for fish
stranding when the stream dries out annually. Landowner impacts are limited by keeping the project
footprint generally within the footprint of the existing channel and berm, though a wider footprint will
be necessary adjacent to the collection areas.
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1 INTRODUCTION
Whatcom County Public Works, on behalf of the Whatcom County Flood Control Zone District (FCZD) is
seeking to identify options to reduce the frequency and severity of flood impacts to private property and
associated closures of the Mount Baker Highway (SR 542) due to overbank flooding of High Creek in
northern Whatcom County. The preparation of a management plan is identified in a settlement
agreement between Whatcom County and several private landowners following flood damages in the
1990’s (Williamson & Black Mountain Ranch V. Whatcom County and The State of Washington,
Department of Transportation, 1991). The plan also helps to fulfill conditions stipulated in a hydraulic
project approval (HPA) issued by Washington Department of Fish and Wildlife for the removal of
sediment from High Creek downstream of the SR 542 bridge in 2009 and 2011.
The purpose of the plan is to provide an overview of the local history and the physical and biological
setting and to present management alternatives that could be implemented to more effectively and
predictably address the potentially conflicting objectives of flood hazard management and protection of
aquatic resources in High Creek. Whatcom County has retained WATERSHED Science & Engineering to
assist in the development of this plan.
Implementation of plan recommendations is dependent on a number of factors including landowner
agreement and support for the alternatives and securing financing. A clear lead that is responsible for
implementing the plan will also be key to its success. Experience has shown that a collaborative and
cooperative approach that has the support of the landowners deriving benefit from the plan and local
and state agencies will be essential to achieve the plan’s objectives.

2 BACKGROUND INFORMATION
2.1 WATERSHED DESCRIPTION
High Creek is an intermittent stream with a drainage area of just over 4 square miles, located
approximately 20 miles northeast of Bellingham, Washington in Whatcom County (Figure 1). The
headwaters of High Creek lie in commercial forest land on the south face of Red Mountain, northwest of
the community of Maple Falls. After flowing south down Red Mountain, the creek crosses the Mount
Baker Highway (SR 542) near the entrance to the Glen at Maple Falls (The Glen) and then flows
westward approximately 2.3 miles to its confluence with Kendall Creek. This westward-flowing portion
crosses several large residential lots, and a thin riparian strip on the north end of a gravel mining
operation. The downstream approximately 3,500 feet of High Creek was channelized in the early 1920’s,
and flows in a right of way (ROW) along property lines. The upper portion of the channelized section
flows due west along the northern boundary of the Black Mountain Ranch until it reaches SR 542
approximately 1,500 feet upstream of the confluence with Kendall Creek. Just downstream of SR 542,
the channel and ROW bend to the southwest and continue on a straight path to Kendall Creek.
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Between The Glen and the upper portion of the channelized segment, the channel is entrenched into
the adjoining ground surface. In the channelized segment, the channel transitions from being
entrenched to being perched (i.e. the channel bottom is higher than the adjacent ground surface, and
only contained by constructed berms) and remains perched for the lower 2,300 feet. Sediment
accumulation results in chronic flood conveyance and channel capacity problems at the SR 542 bridge.
As the bed fills with gravel, clearance under the bridge is reduced and flood flows overtop the berms,
spilling onto adjacent properties or SR 542. Woody debris collecting on the bridge further reduces
channel capacity. Past sediment removal by Whatcom County Public Works, the Washington
Department of Transportation, and area landowners has provided temporary improvement to
conveyance at the bridge. However, the benefits from dredging only last for a few years.
Near the mouth of High Creek, sediment deposited in the channel has resulted in a breach of the right
bank (north) berm. The channel now turns to the north through the breach before meandering back to
Kendall Creek. A fan of sediment has deposited north of the breach, covering an area of approximately
an acre with fine gravel and sand to a depth of up to 4 feet.

2.2 GEOLOGY
High Creek originates on Red Mountain in Chilliwack Group metasedimentary rocks, described as
“metamorphosed, variably sorted volcanic sandstone, sandstone, siltstone, argillite and tuff with lesser
conglomerate and chert” (Lapen, 2000). In the upper reach, the channel flows through bedrock for the
first few thousand feet before reaching glacial deposits (Figure 2). A 1999 report (DEA) identified 9
separate “massive” landslides in the upper reach where glacial till is exposed. These landslide deposits
provide an abundant source of sediment to the stream. The middle reach, from approximately the
eastern crossing of SR 542 to the upper end of the channelized reach, flows across undifferentiated
glacial deposits and glacial outwash, consisting of primarily unconsolidated gravel, sand and silt. The
channel in the middle reach is incised 5 to 10 feet into the glacial deposits, with small slumps and
persistent bank erosion prevalent. The lower reach, from the beginning of the channelized reach to the
confluence with Kendall Creek, flows across glacial outwash deposits that are up to 900 feet deep
(Lapen, 2000). At the upstream end of the channelized reach, the channel transitions from an eroding
and downcutting channel to a depositional, aggrading channel.
The Boulder Creek Fault runs near a portion of the southern boundary of the High Creek Basin, and a
scarp (Figure 3) identified by Barnett (2007) records approximately 3 meters of uplift, with the south
block raised relative to the north block. Evidence from trenches across the scarp indicate that the scarp
reached its present height approximately 1,000 years ago.

2.1 HYDROLOGY
No gauge data is available for High Creek. Stream flow characteristics have been estimated using USGS
regression analysis (Sumioka, 1998) via the Streamstats website for Washington State
(http://water.usgs.gov/osw/streamstats/Washington.html). For streams in this area (Region 2, per
Sumioka), the critical variables are drainage basin area and average annual rainfall, and they are related
using the following equation:
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𝑄 = 𝑎𝐴𝑏 𝑃𝑐
Where Q is the flow (cfs), A is the drainage area (miles2), P is the average annual precipitation (inches),
and a, b, and c are the following:
Table 1 - Input values for USGS regression equations

Recurrence
interval
2
10
25
50
100

a

b

c

0.09
0.129
0.148
0.161
0.174

0.877
0.868
0.864
0.862
0.861

1.51
1.57
1.59
1.61
1.62

The drainage area for High Creek is approximately 3.8 square miles, and the average annual
precipitation is 70 inches. Using this method, the following flow peaks were estimated:
Table 2 - Flow calculated for various recurrence
intervals using USGS regression equations

Recurrence
interval
2
10
25
50
100
500

Q (cfs)
178
326
404
478
538
712

Error
(%)
56
53
53
53
54
N/A

Previous flow estimates for High Creek (DEA, 1999), based on the same regression equations, were
between 20% and 25% higher than this estimate. The source of the discrepancy is unclear.
To determine if the flow values in Table 2 are reasonable, WSE searched for stream gage data from
nearby basins with similar characteristics. Data is rather limited, and no basins with gage data matched
High Creek particularly well in terms of rainfall, basin size and elevation. The four most similar basins
are Warm Creek, Maple Creek, Anderson Creek, and Racehorse Creek. Of these, Anderson Creek, with a
basin area just over 2 times as large, and a maximum elevation 800 feet higher than High Creek, had the
best match of size and elevation.
WSE scaled the flow data from Anderson Creek to account for the difference in basin size, using the
following equation, derived from Sumioka (1997):
Q2 = Q1 * (A2/A1).98
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Where Q2 is the scaled flow, Q1 is the flow reported at the gage, and A2/A1 is the ratio of the two
drainage areas being compared.
Table 3 show the peaks from Anderson Creek and the corresponding values when scaled to the High
Creek basin area.
Table 3 - Anderson Creek flows scaled to High Creek basin size. Median flow in bold

ANDERSON CREEK ANNUAL
INSTANTANEOUS PEAK DISCHARGE
Date
Peak (CFS)
1/7/2009
932
11/24/2004
840
11/19/2003
807
11/26/2009
651
12/12/2010
635
11/19/2012
621
12/14/2001
595
2/22/2012
465
12/3/2007
395
12/15/1999
341
1/30/2006
339
6/12/2001
276
3/24/2007
267
12/13/1998
257
1/2/2003
210

DISCHARGE SCALED TO
HIGH CREEK BASIN
Q1=Q2(A1/A2)^.98
404
364
350
282
275
269
258
202
171
148
147
120
116
111
91

For a reasonably long data record, the median peak flow is generally similar to the 2-year recurrence
interval flow. For Anderson Creek, the median scaled flow is 202 CFS (in bold, above). The estimated 2year flow for High Creek is 178 CFS. Given the difference in elevation between the two basins, the
regression equation estimate of the 2-year event on High Creek appears reasonable.
With just 15 years of record, it is difficult to make assumptions on the recurrence interval of flows
beyond the 2-year event. The highest recorded event on Anderson Creek in those 15 years, scaled to
the High Creek basin, is similar to the estimated 25-year event for High Creek. Between the basin
elevation difference and the uncertainty of estimating longer recurrence interval flows from such limited
data, the estimate of the 25-year event on High Creek also appears to be reasonable.

2.2 CHANNEL HISTORY
High Creek has been highly manipulated over the past century or more. Understanding this history of
manipulation is an important step towards understanding the current issues on High Creek and
assessing the feasibility of possible actions.
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2.2.1 Channel Diversion
In the late 1800’s, the Government Land Office (GLO) mapped the area that includes the High Creek
basin. That mapping shows a creek coming off Red Mountain where High Creek currently flows, but
instead of flowing to the west, as it does today, it shows the creek continuing to the south (Figure 4). On
its own, this may not mean much, since while GLO surveyors typically identified where streams crossed
section lines, they did not always map small streams as accurately between section lines. However, the
DEA report (1999) also suggests that High Creek once flowed southward through what is now The Glen
and joined the North Fork of the Nooksack River, but was diverted to the west by a local landowner.
The DEA author described field evidence of what might have been a former channel but noted that this
evidence was not clear due to the intervening years of land modification and development.
The potential channel diversion was explored as part of a site visit On April 3, 2014. John Thompson and
Paula Cooper (Whatcom County Public Works) and Jeff Johnson and Mark Indrebo (WATERSHED Science
& Engineering) met with several of the nearby landowners and investigated the area at The Glen where
the diversion was said to have occurred. Several of the landowners said that early homesteaders, the
Leavitts, had diverted the channel to the west by filling the old channel with car bodies in order to
create a water source for livestock. These landowners may have been the original source for the DEA
discussion of channel relocation. However, none of the landowners knew exactly where the diversion
was said to have taken place, and the field investigation did not find any evidence for an old channel in
the vicinity of The Glen.
The 2006 County LiDAR hill-shade reveals two gullies that bisect the edge of the glacial outwash terrace
within the Glen that might be evidence of a former stream path or paths (Figure 3). The DEA Report
indicates that the eastern gully (Shinn Canyon) was the likely channel of High Creek. Remnant channels
visible on the LiDAR hillshade image connect Shinn Canyon to the Maple Creek terrace, indicating that
Shinn Canyon is more probably the result of flow from Maple Creek rather than High Creek. The
western gully (unnamed) is separated from High Creek by the Boulder Creek fault scarp identified by
Barnett (1997). No channels are observable through the scarp, and the scarp reached its present height
approximately 1,000 years ago. If High Creek did once flow through the unnamed gully, it was before
the scarp reached its present height.
2.2.2 Channelization
As mentioned earlier, the lower reach is channelized. Prior to the ditching in the early 1920’s, there may
not have been a clearly defined channel in this area. Mapping of the area from 1917-1918 (Figure 5)
shows High Creek terminating in what is now the northeast corner of the Black Mountain Ranch pasture.
Given the scale of the mapping (1:62,500) there may be some inaccuracies in the placement of a
channel, but it would be unusual for experienced USGS surveyors to ignore or not see a stream crossing
on what was by then a well-established road. An aerial photograph of the area from 1933 (Figure 6)
shows numerous channel traces originating near the head of the ditch, indicating that before it was
ditched, flow from High Creek may have dispersed broadly at this location via numerous distributary
channels.
What is now SR 542 was established as County Road #375 in 1901, and constructed soon afterward (Van
Zanten, 1987). In 1922 , two landowners granted land to Whatcom County for a drainage ditch ROW, a
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12 ½ feet wide ROW east of the road and a 40 feet wide ROW west of the road, for the purpose of
“constructing, maintaining, and operating said ditch” ([Deed of Trust], 1922). It is not clear from these
documents if the “ditch” was already in existence or if it was to be constructed following the granting of
the land for the ROW. The purpose for the ditch was to provide for the “free flow of water” and,
presumably, to reduce flooding and deposition of gravel onto and damage to adjacent pasture land
during high water events.
Discussions with long-time residents in the area (J. Williamson; D. Williamson; J. Heller) indicate that the
ditch followed the ROW to the south-west until it approached Kendall Creek. At that point, a berm was
constructed parallel to Kendall Creek that routed High Creek to the south. An additional berm was
constructed on the east side of High Creek, creating a 40’ wide corridor to the south, parallel with
Kendall Creek. The corridor was evidently used to trap sediment before it reached Kendall Creek.
2.2.3 Sediment and Sediment Management
Sediment sources in the upper and middle reaches of High Creek are vast. In the steep upper reach, the
channel flows through landslide deposits in glacial till. In the moderately-sloped middle reach, the bed
has downcut into glacial outwash deposits, in places 10 feet or more, with oversteepened and unstable
banks.
The lower reach of High Creek has a relatively low gradient, and as a result, sediment derived from the
upper and middle reaches are deposited here. In a typical stream system, the finer sediment would
deposit on the floodplain. On High Creek, the downcut channel in the middle reach and the berms in
the lower reach contain flood flow and prevent it from reaching the floodplain. Therefore, sediment
cannot deposit on the floodplain, and either deposits on the bed of High Creek or is carried downstream
to deposit in Kendall Creek.
According to local landowners, sediment was removed from the area near the mouth on a regular basis
through the mid-1960s, but since then, dredging has become less frequent, and focused further
upstream near the SR 542 bridge. Landowners indicate that that this change in dredging frequency and
location has led to the perched channel on High Creek. Gravel and coarse sand deposits in the channel
near the SR 542 bridge, while finer sand and silt dominate the area near the mouth.
To develop a successful long-term management plan, it is important to know how much sediment is
deposited by the stream. Coarse sediment and fine sediment deposit in different places, and have been
treated differently in the past. To determine the volume of sediment deposited by High Creek, both
coarse and fine sediment estimates are required.
The best estimates of coarse sediment deposition comes from dredging records and estimates, which
are available from 1998 to the present. These dredging projects were generally aimed at clearing
sediment built up near the bridge. The table below summarizes the dredging projects for which
documentation is available.
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Table 4 - Documented dredging history of High Creek.

Date

Year since
Previous
Dredge

Volume
(CY)

Rate
(CY/Year)

1998

6

4,500

750

Bridge to Kendall Creek
(+/- 1.500 feet)

Mid 2000's
(every 2 years ending in 2008)

2

400

200

Under Bridge

2009

1

840

840

2011

2

925

463

2014

3

1,300

433

Total

14

7,965

569

Location

From bridge downstream
750 feet
From bridge downstream
750 feet
From bridge downstream
+/- 1,400 feet
Average Rate per Year

The average amount of sediment removed is approximately 600 CY per year. Assuming that the
channel, overall, has not aggraded significantly since 1998, this can be used as a reasonable
approximation of the volume of coarse material deposited in High Creek.
There are no dredging records for the finer material deposited near the mouth, so other methods must
be used to estimate fine sediment deposition. Between 2006 and 2009, a fan of sediment was
deposited in the lower floodplain north of the channel, through a breach in the right bank berm. Fence
posts buried in this sediment provide a rough estimate of the maximum depth of deposition, and the
extent of the deposit can be estimated from aerial photography. Based on this, the volume of sediment
deposited in the right bank floodplain is approximately 3,000 CY.
It is unclear exactly when the bulk of the sediment was deposited. A July 2005 aerial shows what
appears to be a small deposit of sediment north of the channel in the vicinity, indicating that the right
bank berm was at least partially breached prior to 2005. The May 2009 aerial (Figure 7) shows a much
larger area of deposited sediment, essentially free of vegetation. By September 2009, vegetation has
colonized the portions farthest from the channel, and by 2011, very little unvegetated sediment is
visible. Based on this progression of vegetation, it is likely that the bulk of the sediment was deposited
during the winter of 2008. Given the current depth of the deposit, and its general extent, we can
estimate that between 400 and 600 CY per year have been deposited on the fan.
Additional fine material is likely deposited in Kendall Creek. Landowners indicated that the bed of
Kendall Creek at their confluence with High Creek has aggraded, causing increased ponding on Kendall
Creek. Historical mapping and photos verify that the pond has expanded. GLO mapping (1891) does not
depict a pond in this area of Kendall Creek, and an oblique aerial photo, identified by its owner as being
from the late 1920’s, shows only minor ponding. Historical aerial photographs show a pond roughly 40
to 50 feet wide from 1938-1966. After 1966, the pond expanded, growing to its present width of about
200 feet wide. Beaver dams upstream of High Creek indicate that beaver are present in the area. The
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aggradation of the bed of Kendall Creek at the High Creek confluence likely results from a combination
of High Creek sediment and beaver activity.
In summary, the best estimate of the coarse load depositing in the vicinity of the bridge is approximately
600 CY per year. The volume of fine sediment deposited near the mouth is also estimated to be in the
range of 600 CY per year, but with additional fine sediment passing downstream to deposit in Kendall
Creek.

2.3 SALMONID RESOURCE AND HABITAT CONDITIONS
From the SR 542 crossing upstream at The Glen downstream to the mouth of Kendall Creek, the channel
of High Creek goes dry annually, from spring to fall. Nevertheless, both the intermittent and perennial
portions of High Creek are utilized by salmonids, at least during part of the year. Table 5 is based on fish
distribution maps found in Appendix C of the WRIA 1 Salmonid Recovery Plan (WRIA 1 SRB, 2005) and
summarizes the known, presumed, and potential fish use on the various reaches (as defined in that
report) of High Creek.
The following definitions are applied in the table below:





Current Known – use has been documented by qualified individual or agency
Current/Presumed – use by one or more lifestage of the identified species is not
documented, but is presumed based on the type of stream and the absence of identified
downstream blockages to fish passage
Potential/Historic –Stream type would be able to support one or more lifestage of the
identified species if downstream access were provided
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Table 5 - Salmonid use of High Creek (WRIA 1 SRB, 2005)

Reach
Reach 1 (Kendall
confluence to 900’ east of
SR 542)

Distribution*
Current Known – coho, cutthroat (anadromous),
Current/Presumed – bull trout
Potential/Historic – chum, rainbow trout, steelhead

Reach 2 – (900’ east of SR
542 to east end of
channelized reach)

Current Known – coho, cutthroat (anadromous)
Current/Presumed – bull trout
Potential/Historic – chum, rainbow trout, steelhead

Reach 3 – East end of
channelized reach to
bridge at gravel pit
Reach 4 - gravel pit bridge
to SR 542

Current Known – coho, cutthroat (resident)
Current/Presumed – bull trout
Potential/Historic – chum, rainbow trout, steelhead
Current Known – coho, cutthroat (resident)
Current/Presumed – bull trout
Potential/Historic – chum, rainbow trout, steelhead
Current Known –
Current/Presumed
Potential/Historic – bull trout, coho, cutthroat
(resident), rainbow trout, steelhead
Current Known
Current/Presumed – coho, cutthroat (resident)
Potential/Historic – coho, rainbow trout, steelhead

Reach 5 SR 542 upstream
to headwaters

North tributaries

Please note that neither Chinook nor pink salmon are documented to use High Creek, but per WRIA 1
(2005) both have Potential/Historic use in Kendall Creek. The weir at the WDFW Hatchery on Kendall
Creek blocks upstream migration, so salmonids migrating to High Creek or the upper portion of Kendall
Creek must be passed manually.

3 INTERIM AND LONG TERM MANAGEMENT ALTERNATIVES
The goal of this project is to develop a cost-effective long-term plan that will reduce flood risk and
impact, reduce problems associated with sedimentation, and minimize adverse impacts to landowners
and the aquatic environment of High Creek, its tributaries, and Kendall Creek. However, at the
inception of this effort, channel capacity at the SR 542 bridge was severely limited, and flooding of both
the highway and nearby properties was likely over the winter of 2014-2015. Therefore, as the long-term
management alternatives were being developed and analyzed, an interim action plan was also
developed to increase channel capacity at the bridge and in the downstream channel. This interim plan
was approved by WDFW and implemented in the late summer of 2014.
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3.1 INTERIM MANAGEMENT PLAN
The interim management plan, presented in Appendix 1, removed approximately 1,300 yards of
sediment from the channel downstream of the bridge, initiating a head-cut under and upstream of the
bridge which will help maintain flood conveyance in the channel until the long-term management plan
can be completed and implemented. Some of the spoils from excavation were used to improve portions
of the left (south) berm, and the remainder was hauled off-site for disposal. The plan drawings show
the excavation in areas that are within the Shoreline jurisdiction area of Kendall Creek. Work in that
area would have required additional permitting that could not be completed in time for the project to
be implemented before fall rains. Therefore, the lower approximately 100 feet of the proposed
excavation was not completed.

3.2 LONG TERM MANAGEMENT ALTERNATIVES
A wide range of alternatives was considered and discussed with the FCZD, local landowners, and various
resource agencies. Each alternative was then evaluated based on relative cost, flood & sedimentation
reduction, habitat benefit, practicality, and longevity/sustainability.
3.2.1 No Action
The No Action alternative is to continue managing sediment at the bridge when it becomes a significant
hazard. This is not a viable option for the project, since the County is under a court order to develop a
long-term management solution. Additionally, the Washington Department of Fish & Wildlife, which
has permitting authority for such projects, has indicated that they are not willing to issue permits for
continued dredging until a long-term plan is adopted. Dredging at the bridge is also complicated by the
fact that the bridge and the highway ROW are owned by WSDOT, not the County
3.2.2 Source Control
Reducing the volume of sediment entering the channel would help reduce the amount of material
depositing in the project area. Preventing excess sediment from reaching the stream is generally
considered to be more beneficial than trying to remove or manage it after it reaches the stream.
However, on High Creek, the source of sediment is simply too vast. The middle reach is dominated by
channel incision, having eroded downward through the underlying glacial outwash deposits by 5 to 10
feet or more. Bank sloughing is prevalent along much of the middle reach, either from being
oversteepend as the stream downcuts or from toe erosion as the channel migrates and establishes a
new floodplain. Stabilizing these banks would be expensive and would require the cooperation of
dozens of individual property owners. Since downcutting processes are likely still occurring in this reach,
bank stabilization is unlikely to be effective long-term.
Even if bank stabilization could be effective in the middle reach, massive landslides in the upper reach
produce large quantities of gravel and sand (DEA 1999). Addressing the landslide contribution would be
difficult and expensive, perhaps more so than addressing the middle reach sediment supply. The
combined sediment sources are simply too vast to be adequately addressed for a feasible cost.

pg. 10

3.2.3 Channel Relocation
Anecdotal evidence and the GLO survey mapping indicate that High Creek may have once flowed
directly to the North Fork Nooksack River through what is now The Glen, but was diverted to its present
course by early homesteaders. If true, returning the channel to its historic location could eliminate the
sedimentation problem at the SR 542 bridge. As discussed previously, two canyons at The Glen may
have carried High Creek flow – Shinn Canyon and an unnamed canyon to the west. Neither field
observations nor LiDAR revealed any obvious abandoned channel between the current High Creek
location and either of the canyons. However, even if the channel did not go through this area
historically, it may still be desirable to relocate the channel to the North Fork, creating a shorter, steeper
channel that would convey sediment more efficiently.
WSE examined several potential routes from High Creek to the North Fork through The Glen. All the
potential routes were problematic, with varying lengths of negative slope (i.e. “flowing uphill”) and area
with overly steep slopes. The best route is shown in Figure 8, and the elevation profile along that path is
shown in Figure 9. The overall gradient is just over 3%, but it has two notable areas of negative slope,
(up to -4% over a 100-foot section), and some areas of excessive slope (up to 20% in portions of the
canyon). Constructing a channel across this topography could be done, but it would take significant
excavation to eliminate the negative slope and decrease the slope in the canyon sufficiently to make it
fish friendly. It would also involve significant impact to local landowners.
WSE examined two other potential alternate routes; through the gravel pits, and through Black
Mountain Ranch. The gravel pit alternative was investigated because it provides a shorter route to the
North Fork and because, as part of the operating license, the gravel pits may have to implement some
form of reclamation once mining operations are completed. A re-routed High Creek could conceivably
be part of that reclamation. The Black Mountain Ranch alternate originates at the location where early
USGS mapping shows High Creek terminating in an alluvial fan, and simulates a route the channel might
have taken from that point to the Nooksack.
Examination of those routes showed similar problems. The gradient at the edge of the terrace above
the north flank of the Nooksack is too steep for fish passage. Creating a route that would be fish
passable would involve a significant amount of excavation. Both routes also involve major impacts to
landowners. Gravel extraction at the pits is expected to continue for at least 10 to 20 years, and would
be significantly hampered by having a stream routed through it. All routes through the Black Mountain
Ranch would involve significant disruption to buildings and other infrastructure. While technically
possible, the expense and landowner impact would be prohibitive.
Another problem with re-routing alternatives is that several landowners along High Creek get their
water from relatively shallow wells. A review of well logs available from the Department of Ecology
Website (https://fortress.wa.gov/ecy/waterresources/map/WCLSWebMap/) indicates that there are a
dozen or more wells in the vicinity of the lower reach that encounter water within 25 feet of the ground
surface. Altering the route of High Creek could reduce the amount of water available to these shallow
wells. The farther upstream the re-route begins, the more wells that could be adversely effected.
Re-routing High Creek could remove the sedimentation problems in the project area, providing an
increased gradient that would continue to move sediment downstream to the Nooksack. However,
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given the topographic constraints and the potential for adverse landowner impacts, the channel
relocation alternative was rejected as a long term management solution.
3.2.4 Naturalistic sedimentation
This alternative involves strategies to create a more naturalistic channel that limits sedimentation
problems. This could involve allowing alluvial fans to develop and/or creating a channel with a broad
floodplain on which sediment could deposit (Figure 10). Early USGS mapping shows an alluvial fan at the
upper end of the project area. At the downstream end of the project area, near Kendall Creek, a breach
of the right bank berm has led to the creation of a fan. Both locations would be suitable for allowing or
encouraging fan development, removing coarser sediment in the upper fan and finer sediment in the
lower fan. The channel between them could be widened and the berms set back, with a large floodplain
bench excavated at a suitable elevation to encourage frequent bank overtopping. Sediment-laden
water that reaches the floodplain would be slowed by vegetation planted on the floodplain, encouraging
deposition.
There are two primary drawbacks of this alternative. First, it would require the acquisition of
considerable space for fans and a floodplain to develop. Assuming that property owners were willing to
sell, the cost of acquiring the properties, constructing set-back berms, and creating a naturalistic system
would be considerable. Second, over time, the sediment load carried by High Creek would fill in the
system. The fan that developed near the mouth filled in nearly an acre of property to a depth of up to
four feet in less than 10 years. A more naturalistic channel might reduce the amount of maintenance
required to provide adequate flood protection for the road and neighbors, but would not eliminate the
need for maintenance. When maintenance does become necessary, it will cause significant disturbance,
and be difficult to permit. Given the expense and lack of long-term viability, this alternative was
rejected.
3.2.5 Sediment Management
This option involves creating specific areas where sediment can be trapped and removed from the
system. To be effective, a collection area would need to be sized appropriately to capture the expected
annual load. Estimates from historic channel dredging indicate that the typical annual load deposited
near the bridge is approximately 600 cubic yards. Near the mouth, estimates of the volume of material
deposited indicate a similar rate of deposition.
Field observations and sediment grain size analysis indicate that the sediment deposited near the bridge
is coarser than the material deposited near the mouth. To capture both the coarser and finer sediment
load, two collection areas are proposed – one near the mouth where the finer material presently
deposits and one higher up where coarser material is still being transported.
Several locations and channel configurations were considered for the proposed collection areas (Figure
11). One option considered for the coarse sediment load is in the middle reach near the existing gravel
pits, where a wide portion of the channel is conveniently located adjacent to an old railroad grade in
close proximity to the gravel extraction operation. Survey data of this site was gathered by County staff
to assess its suitability for a sediment collection area. To trap the expected volume of sediment, the
trap would need to be relatively deep, and the gradient of the reach is higher than in the downstream
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portion of the channel. While a sediment collection area of sufficient size could be constructed at this
location, it would require more effort than at other locations. In addition, there is nearly 3,000 feet of
incised channel downstream of the gravel pits, and the bed and banks are composed of glacial gravels.
Removing sediment at this location would starve the downstream channel of coarse sediment,
increasing the potential for bed and/or bank erosion. The material eroded would deposit in much the
same manner that it does now. As a result, a sediment collection area at this location may not reduce
the volume of sediment transported to the lower reach. This location was ultimately ruled out for
potential lack of effectiveness.
Hydraulic modeling was used to estimate the effectiveness of various other configurations in the lower
reach, including different collection area locations and sizes, different channel widths, different bank
heights and configurations, replacing the undersized bridge with one that does not cause a channel
constriction, and various tailwater conditions (i.e. the elevation of the water in Kendall Creek). Model
results indicated that a sediment collection area near the mouth for fine sediment combined with
another collection areas just upstream of the SR 542 bridge for coarse sediment would both reduce
flood hazards and encourage sedimentation in the collection areas (Figure 11). This alternative is
discussed in Section 4.
According to Stream Habitat Restoration Guidelines (WDFW, 2012), this type of sediment management
is a technique that is generally best used as a temporary measure, and should only be used on a
permanent basis when all other options have been ruled out. The project team explored a wide variety
of options, and presented their findings to the landowners and the various permitting and natural
resource agencies. That process ruled out all other options. Therefore, trapping and removing
sediment is an appropriate option for this system.
3.2.6 Alternative Evaluation
The alternatives are compared in the following table. Most of the alternatives included high cost and
high impacts to landowners, and were, therefore, considered infeasible. Sediment Management, with
moderate cost and moderate landowner impacts, while still achieving flood reduction, longevity and
some habitat benefit, was the only option that feasibly met the project goals.
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Table 6 - Alternative Evaluation Criteria & Scoring

Evaluation Criteria
Alternative

Relative
Cost

Flood
Reduction

Habitat
Benefit

Landowner
Impact

Longevity /
Sustainability

Conclusion

No Action

Low

Low

Low

High

Low

Source Control

High

Moderate

Moderate

Low

High

Moderate
to High

High

Moderate

High

High

Moderate
to High

High

Moderate

High

High

Naturalistic
Sedimentation

Moderate
to High

Low

Moderate

High

Low to
Moderate

Not Recommended
Infeasible due to high
expense
Infeasible due to high
expense and
landowners impact
Infeasible due to high
expense and
landowners impact
Infeasible due to high
expense, landowner’s
impact, and limited
life.

Sediment
Management

Moderate

High

Moderate

Moderate

High

Channel
Relocation:
The Glen
Channel
Relocation:
Gravel Pits

Feasible

4 CONCLUSIONS & RECOMMENDATIONS
After evaluating the various alternatives, the Sediment Management alternative was the only one
determined to feasibly meet the project goal of being a cost-effective, long-term plan to reduce flood
risk and impact, reduce problems associated with sedimentation, and minimize adverse impacts to
landowners and to the aquatic environment of High Creek, its tributaries, and Kendall Creek. Several
variations on this alternative were considered and modeled in HEC-RAS to determine an optimal
configuration that would function properly while minimizing impacts. The resulting information was
presented to FCZD staff and local landowners, along with a preliminary assessment of the impacts of
each alternative. Using this information, a preferred alternative was agreed upon that is likely to be
effective at removing both coarse and fine sediment, improves the overall flooding risk, and generally
has the support of local landowners and resources agencies.

4.1 PROPOSED MANAGEMENT PLAN
4.1.1 Description
The proposed management plan includes re-grading the lower approximately 3,000 of channel to create
a new channel with a 12-foot bottom width, set generally 2 to 3 feet below the natural floodplain. Two
sediment collection areas would be created; one immediately upstream of the SR 542 bridge to collect
coarser sand and gravel, and one near the mouth at Kendall Creek to collect fine sand and silt. See
Figures 12-14 for a depiction of the proposed regrading.
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The lowered channel profile will reduce the water surface elevation during flood events, which will
provide an opportunity for the berms to be lowered in most places while improving flood protection by
providing 3 feet of freeboard above the 100-year event. The existing berms may be modified to provide
a wider top-width, generally working around significant native vegetation as needed. Backslopes will be
re-graded to be no steeper than 2:1 (horizontal:vertical). In most locations a lower, but wider, berm will
fit within the footprint of the existing berm. The exceptions are at the two sediment collection areas,
where the channel is wider and the toe of the berm will need to be moved farther from the channel.
Some property owners have expressed concern over lowering the berm near their homes, even if the
lowered berm in conjunction with the lowered channel profile results in significantly better flood
protection than exists now. Some of the higher berms are thin, and could be structurally improved if
lowered and widened. Agencies have expressed concern about impacting vegetation on the existing
berms as they are modified. While the berms can be lowered in most locations while still providing
improved flood protection over the existing condition, it is not necessary to lower the berms in all
locations. Therefore, during final design, the project team will work with landowners and agencies to
determine which portions of the berm will be lowered and which will be left intact.
The upstream collection area will be approximately 360 feet long and 25 feet wide, with a total capacity
of 850 cubic yards. The downstream collection area will be just over 400 feet long, and about 22 feet
wide, with a total capacity of 1,000 cubic yards. Log grade control structures will be placed at both the
inlet and the outlet of the collection areas to prevent bed erosion. Log and/or rock bank protection will
be included at the inlet of the collection areas to prevent bank erosion.
4.1.2 Hydraulic Impact
Results of hydraulic modeling indicate that the preferred alternative will reduce the water surface
elevation of the 2-year and 100-year events by up to 3 feet (Figure 15).
The model results predict that lowering the channel bed elevation will lower the 2-year water surface to
1.7 feet below the lowest chord of the SR 542 bridge. The 100-year event is predicted to pass under the
bridge, but with no clearance. While the proposed channel is a significant improvement over the
present condition, the bridge will remain both a horizontal and vertical constriction to the channel, and
will be susceptible to clogging from woody debris carried by the stream. Hydraulic modeling of the
proposed channel with a bridge wide enough and high enough to not interfere with the 100-year flow
indicates that the upstream collection area will still be effective even in the absence of the bridge
constriction. It is therefore recommended that the bridge be replaced with a wider span and raised as
needed to provide at least 3 feet of clearance above the 100-year flow event. The bridge is owned and
maintained by the Washington State Department of Transportation, who would ultimately be
responsible for replacing it.
In the present condition, sediment deposits immediately upstream of the bridge and in the downstream
channel near Kendall Creek, where water velocities at the 2-year and 100-year event drop below 2 feet
per second. Modeling of the proposed condition indicates that the sediment collection areas will have
similar or lower velocities, which will encourage sediment deposition in the collection areas.
Immediately upstream of each collection area, water velocity will be increased under the proposed
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condition, reaching up to 9 feet per second. This increased velocity may promote bank erosion, and
bank armoring in the high velocity areas is recommended.
4.1.3 Monitoring & Maintenance
The sediment collection areas are sized to hold approximately the annual sediment load that has been
deposited historically. Therefore, it is expected that both areas will need maintenance on an annual
basis. Sediment transport volume can vary considerably from year to year, so monitoring of the
collection area should occur each spring when the channel dries out to estimate the volume of material
captured in each collection area and determine if maintenance is necessary. Monitoring of the channel
upstream of the upper collection area and between the two collection areas should also be conducted.
Permanent cross-section markers placed and surveyed on the banks can be used to provide quick,
accurate, and reproducible data on collection area volumes as well as changes in bed and bank
elevation.
Records of monitoring and maintenance activities should be kept and reviewed periodically to
determine if the sediment removal volume or frequency can or should be adjusted. For example, if the
collection areas are only partially filling in between scheduled maintenance, and the channel between
the collection areas is downcutting, then either the volume removed annually, or the frequency of
sediment removal, should be reduced to allow the ponds to fill in more completely.
Maintenance should occur when High Creek is no longer flowing and rainfall is not expected. Access to
the upper collection area would be along the left (south) bank at or near the Highway 542 bridge, then
using the channel itself as the equipment pathway, removing sediment from upstream to downstream.
The downstream collection area is expected to be backwatered by Kendall Creek during maintenance
work. Therefore the channel will need to be isolated from Kendall Creek using gravel-filled bags or some
similar temporary structure. Any fish in the isolated area will be removed and relocated to Kendall
Creek. A low bench will be installed and maintained along the left (south) bank in order to allow
maintenance of the collection area using a mid-sized excavator with a reach of approximately 30 feet.
Equipment will access this bench either via the channel from SR 542, or via the property immediately
south of the collection area, if an easement or other accommodation with that landowner can be
arranged.
The FCZD is exploring several options for funding the annual maintenance. Since WSDOT owns and
maintains the bridge and would be a direct beneficiary of maintenance activities, cost-sharing with
WSDOT should be explored.
4.1.4 Habitat Impacts
One of the primary habitat concerns with creating ponded areas in High Creek is fish stranding. When
High Creek is flowing, it is utilized by fish, including coho salmon. As the channel dries out in the spring,
fish can become stranded in pools, where they are subject to predation, high temperatures, or dying
when the pool dries out. While fish stranding is a natural condition for any intermittent stream like High
Creek, the sediment collection areas could exacerbate the fish stranding problem.
To minimize the potential for fish stranding, the downstream collection area is designed to be
backwatered by Kendall Creek throughout the summer. Setting the outlet of the lower collection area

pg. 16

at an elevation lower than the summer water level of Kendall Creek should maintain a surface water
connection between High Creek and Kendall Creek, allowing fish to pass back and forth year round and
eliminating fish stranding in the lower collection area. To minimize fish stranding in the upper collection
area, it has been sized to fill in with approximately the average annual sediment volume, which
theoretically would leave no remnant pool to strand fish. Of course, sediment transport rates can vary
widely from year to year, so in some years a significant pool may remain in the spring, but this approach
will minimize the pool volume. As mentioned above, monitoring and adaptive management of the
collection area should be used to adjust the volume of material excavated during annual maintenance.
High Creek delivers sediment to Kendall Creek, and altering the sediment input to Kendall Creek may
impact Kendall Creek. As described earlier, High Creek is no longer able to deposit sediment on its
floodplain, and as a result delivers excessive fine sediment to the lower channel and Kendall Creek. This
excess fine sediment has likely had an adverse impact on Kendall Creek.
Excessive fine sediment can reduce spawning success in salmonid-bearing streams like Kendall Creek by
covering gravel and suffocating eggs. Removing fine sediment from High Creek may, therefore, benefit
fish habitat in Kendall Creek. In addition, if the coarser material removed from the upstream
sedimentation area is suitable, it might be used to supplement gravel supplies in Kendall Creek.
Large woody debris (LWD) was considered to improve habitat in High Creek. However, one of the
primary benefits of LWD in streams is that the scour caused by the logs creates pools. In High Creek, as
the stream dries out, such pools would strand fish. Therefore LWD in High Creek is not recommended as
part of this project. LWD could be beneficial in Kendall Creek, however, and may be included as a
habitat improvement under this plan.
4.1.5 Groundwater and Water Quality Impacts
A significant change in hydrology on High Creek could negatively impact wells that are in part fed by flow
in High Creek. The proposed management plan would maintain High Creek hydrology in its present
state, without diverting any flow away from its present channel. It is therefore not expected to have any
impact on local groundwater resources.
Water quality impacts from this plan will be minor. The upstream collection area will likely be dry during
maintenance, based on observations made during the 2014 Interim Plan excavation (pers. Comm. John
Thompson, December 5, 2014). Grade control upstream and downstream of collection area will prevent
excess sediment mobilization and channel degradation after maintenance. The downstream collection
area will be backwatered by Kendall Creek, and may potentially create a water quality impact during
maintenance. It is therefore recommended that High Creek be isolated from Kendall Creek using gravelfilled bags or similar means to prevent silt-laden water in High Creek from being transported to Kendall
Creek.
4.1.6 Costs
A preliminary opinion of the cost of constructing the proposed plan and performing annual maintenance
is included in Table. These costs are based on a conceptual plan, and include a 30% contingency. The
final design may vary, and the final cost may also vary.
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Both temporary and permanent easements will be required for this work to proceed. The cost, if any, of
those easements will need to be negotiated between the property owner and the County, and are not
included in this assessment.
Table 7 - Preliminary Opinion of Cost for Initial Construction and Annual Maintenance.

Construction Costs - Preliminary Estimate
Unit
Channel reconstruction
Easements
Final Design & Bid Documents
Permitting
Mobilization
Clearing & Grubbing
Erosion Control & Silt Fence
Traffic Control
Construction Survey
Excavate and re-use on-site
Excavate & haul
Weirs
Light Loose Rip Rap Bank Protection,
Installed
Rip Rap Filter, Installed
Revegetation
County Oversight
Construction Subtotal (rounded)
Contingency
Total Construction
Annual Maintenance
Mobilization
Excavation
Maintenance subtotal
Contingency
Total Annual Maintenance

Quantity

Cost/Unit

Total Cost

LS
LS
LS
AC
LF
HR
LS
CY
CY
EA

1
1
1
5
6,000
120
1
6,000
19,000
12

$50,000
$25,000
$65,000
$2,500
$4
$50
$5,000
$5
$13
$2,000

Unknown
$50,000
$25,000
$65,000
$12,500
$24,000
$6,000
$5,000
$30,000
$247,000
$24,000

TN

900

$50

$45,000

TN
AC
LS

500
5
1

$20
$24,000
$10,000

$10,000
$108,000
$10,000
$662,000
$198,000
$860,000

30%

LS
CY

1
1,850

$2,500
$10
30%

$2,500
$19,000
$21,500
$6,000.0
$27,500

4.2 STAKEHOLDER INVOLVEMENT
Whatcom County FCZD is tasked with developing this management plan, but it cannot succeed without
agreement of and cooperation by the local landowners that are directly affected by it. Similarly, the
plan cannot be implemented without the support and approval of various permitting agencies who are
tasked with ensuring that any work in and around streams and critical areas is done in compliance with
all applicable laws and best management practices. To help ensure that this plan can be implemented,

pg. 18

stakeholders were involved early-on in the process of assessment and alternative evaluation. The
following stakeholder meetings were held during this project:
1) April 3, 2014 - Landowner Meeting – Project Team met with several local landowners to discuss
project and creek history, flooding concerns, flood patterns, and project expectations.
2) September 18, 2014 – Agency Meeting. Project Team met with representatives of WDFW,
WSDOT, Ecology, Whatcom County Planning & Development, and the Lummi Nation. Because
of scheduling conflicts, John Thompson met separately with representatives of the Nooksack
Indian Tribe. This meeting was held to familiarize the agencies with the unique issues facing
High Creek, and discuss the proposed alternatives, their benefits, and their drawbacks.
3) November 4, 2014 - Agency Meeting #2. The Project Team met with WDFW, Whatcom County
Planning & Development, and the Lummi Nation to discuss the analysis of the sediment
management alternative. Scheduling difficulties prevented representatives from the Nooksack
Indian Tribe and Ecology from attending, but separate meetings were held with them over the
following two weeks.
4) November 4, 2014 – Landowner Meeting #2. The Project Team presented the results of the
alternatives analysis to a group of landowners affected by the flooding and the long term
management plan.

4.3 NEXT STEPS
This management plan outlines a framework for a cost-effective, long-term plan to reduce flood risk and
impact, reduce problems associated with sedimentation, and minimize adverse impacts to landowners
and to the aquatic environment of High Creek, its tributaries, and Kendall Creek. The plan has received
preliminary support from the local landowners and from the regulatory agencies that have reviewed it.
In order to implement this plan, several additional steps will be needed.
4.3.1 Final design
In order to implement this plan, the FCZD will need to develop final construction plans for the site work
necessary to regrade the channel and berms and construct the sediment management areas.
4.3.2 Easements
Since the construction will include both short term and long term impacts to neighboring property
owners, it will be vital for the FCZD to work closely and cooperatively with them. Temporary easements
for construction will be needed, and permanent easements may be needed for those areas where the
channel and berm footprint will be expanded.
4.3.3 Permits
The conceptual long-term management plan has been introduced to Whatcom County, WDFW, the
Lummi Nation, and the Nooksack tribe, and their comments have been crucial in developing the plan.
To implement this plan, permits will be required from the County, WDFW and the US Army Corps of
Engineers.

pg. 19

Bull Trout, listed as Threatened under the Endangered Species Act and managed by the US Fish and
Wildlife Service, are presumed to be present based on historically accessible habitat (WRIA 1, 2005,
Figure 3.5). Presence is dependent on bull trout entering Kendall Creek being passed above the Kendall
hatchery rack by WDFW hatchery staff. As such, endangered species act consultation is likely to be
required. Mitigation for riparian vegetation and other impacts will need to be addressed during final
design.
The project area near Kendall Creek is within the Shoreline jurisdiction, and all work in that area will
need to adhere to applicable Shoreline regulations and approvals.
Given both Shoreline and Endangered Species involvement, the permitting process could be time
consuming, and the FCZD should begin the process as early as possible. Permit applications should
include the initial site work and five years of maintenance, monitoring and adaptive management, if
feasible.
4.3.4 Funding
Funding will need to be secured for both initial construction and ongoing annual maintenance. The
initial construction is expected to cost approximately $860,000. This does not include the cost of any
needed easements, nor the cost of replacing the bridge at SR 542, which is recommended, but not
included as part of this plan since the bridge is owned by WSDOT.
To be effective long-term, it is important that the site be maintained properly. If the sediment collection
areas fill in and are not maintained, sediment will begin to deposit in the channel outside of the
collection areas, including under the bridge at SR 542. Annual maintenance costs are expected to be
approximately $30,000.
In order to ensure long-term maintenance requirements, the FCZD should identify a secure funding
source for the work. It is expected that the work will be required annually, so it should be budgeted
accordingly.
WSDOT owns the bridge at SR 542, and has maintained the channel to prevent damage to the bridge
and to prevent flooding over the roadway north and south of the bridge. This long-term management
plan provides an opportunity for partnering or cost-sharing with WSDOT on both initial construction and
long-term maintenance that is mutually beneficial.

5 CONCLUSION
The sedimentation and flooding problems on High Creek are caused by a unique combination of basin
geology, glacial history, and historic manipulation. After examining a variety of alternatives, it is clear
that there is no simple one-time approach to solve these problems. Instead, the most feasible and least
impactful method to address these problems is to actively manage the sediment load in discrete,
defined portions of the channel. Since High Creek is an intermittent stream, with no flow from late
spring to early fall, such management can be done in the active channel with limited impact to fish
habitat. By confining the work to discreet sediment collection areas, and stabilizing the channel
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upstream and downstream of these areas, the remainder of the stream will remain undisturbed,
without the periodic disruption that the current management of the stream produces.
This plan will have both temporary and permanent impacts to some neighboring property owners. At
the same time, the plan will significantly reduce the potential for flooding on nearby properties. The
plan therefore provides a net benefit to neighboring landowners.
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110 Prefontaine Place South, Suite 508
Seattle, WA 98104
206-521-3000

Memorandum
To:

John Thompson, Whatcom County

From: Mark Indrebo, Jeff Johnson
Date: 6/19/2014
Re:

High Creek Interim Management Plan Basis of Design

Introduction
Sedimentation in High Creek has been an ongoing management issue for the County. Glacial
deposits and landslides in the upper basin produce an abundant supply of sediment. The lower
basin has a low gradient, causing sediment to deposit, while berms on both banks prevent the
sediment from depositing anywhere but in the channel itself. As a result, the bed of the lower
channel aggrades to the point where flow under the bridge at SR-542 is severely limited, and
high flow events break out of the channel and cross over the road, forcing road closure and
flooding of several local residences. Historically, when the bridge capacity has been
significantly reduced, sediment has been removed from the channel by the County, WSDOT, or
local landowners. The last such sediment removal occurred in 2011.
Whatcom County has contracted with WATERSHED Science & Engineering to develop a longterm management plan for the lower portion of High Creek. The goal of that plan will be to help
alleviate the problems of sedimentation, reduce road closures and local flooding impacts, while
maintaining or improving fish habitat conditions on the lower channel. As that plan is being
developed and approved by local and regional stakeholders, it is necessary to implement a
short-term management plan. Sediment in the High Creek channel has built up to within less
than a foot of the lower chord of the bridge, reducing channel capacity at the bridge sufficiently
that high flow events in the winters of 2014/2015 will likely overtop the bank and flood both the
highway and local residences.

Goals & Objectives
The primary goal of this Interim Management Plan is to re-establish channel capacity to reduce
the potential for flood damage and stream avulsion over the next two winters (2014-2015 and
2015-2016), without sending excessive sediment downstream to Kendall Creek. The following
three objectives are included in this goal:
1. Restore channel capacity downstream of the SR-542 bridge. This will initiate a headcut
upstream through the bridge which will restore channel capacity at the bridge and it will
prevent bedload sediment from passing downstream to deposit in Kendall Creek.
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2. Re-establish the connection with Kendall Creek along the County-owned right-of-way.
Berm failure on the right (north) bank has allowed the lower portion of the stream to flow
outside of the right-of-way, causing extensive sedimentation on the property to the north.
3. Reduce the potential for avulsion on the left (south) bank of the downstream portion of
the channel. The left berm is low and damaged, and sandbags have been brought in to
supplement it. An avulsion to the south could cause significant property damage to
neighboring properties.

Background Information
Whatcom County staff provided WSE with a number of background documents, including staff
reports (2005, 2007, & 2009), a draft report prepared by David Evans & Associates (1999),
results from channel surveys from 2009, 2010, 2011, excepts from legal proceedings and a
settlement agreement (1991), historic USGS mapping (1917-1918, with cultural update in 1951),
correspondence with Washington Department of Fish and Wildlife (1998), and letters from
landowners, among other things. This information indicated that excess sedimentation is a
long-standing problem in lower High Creek, likely the result of upper basin processes (primarily
mass-wasting of glacial deposits) and historic manipulation of the channel that confined it to an
unnaturally narrow and straight corridor. Sediment has been periodically removed from the
channel for decades, but there is little data available on the timing or quantity of sediment
removed. The following table summarizes the best available information on sediment removal
in High Creek.
Table 1 - Sediment Removal from High Creek. All volumes reported in cubic yards.

Period
Date

(Years)

Est. Volume
Removed
(Cubic Yards (CY))

Rate
(CY/Year)

Data Source

1998

6

4500

750

DEA

1999

1

725

725

DEA

Mid 2000's

2

400

200

WSDOT (County)

2009

1

840

840

County

2011

2

925

462.5

County

Total

11

6550

615
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Assuming that the volume of sediment removed is roughly equivalent to the volume of sediment
that accumulated in the channel between excavations, the average rate of accumulation is
approximately 600 CY per year. The proposed project will remove approximately 2,000 CY of
sediment, or about 3 years of normal sediment accumulation. It should be noted that this
estimate is based on very limited data, and the years following the implementation of this project
may not be normal.
WSE and County staff visited High Creek on March 19, 2014, and met with several local
landowners, who described the flooding history and patterns at the site, and related what they
knew of past channel management and excavation projects. Additionally, sediment samples
were taken at two locations (one near the bridge, and the other near the mouth at Kendall
Creek) for laboratory analysis, and pebble counts were made at the same locations to
characterize the surface material in the channel. The results of the sediment analysis,
presented in Figure 1 below, indicate that the material in the channel is well graded sand and
gravel, generally growing finer in the downstream direction, but noticeably lacking in silt and
finer particles.

High Creek Sediment Size Gradation
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Figure 1. High Creek Sediment Size Gradation Curves.

Project Description
The interim project will be divided into two areas; the upper area and the lower area. The upper
area will extend from the bridge downstream approximately 820 feet, similar to the area of the
2009 and 2011 sediment removal projects. Excavation in the upper area will be to a depth of
approximately 4 feet and with a toe width of approximately 7 feet, similar to the earlier projects.
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Sediment removed from this area will be exported from the site. Total volume removed will be
approximately 1,600 CY (cubic yards).
The lower area will extend approximately 830’ downstream, to within approximately 100’ of
Kendall Creek. This area was not addressed in the 2009 and 2011 projects, and channel
capacity is severely reduced. The excavation prism in the lower area will be significantly
smaller, approximately 4 feet wide and 2 feet deep. This excavation will establish a channel
along the right-of-way and provide a defined path for flow to reach Kendall Creek. The existing
channel to the north will remain. Spoils from the excavation will be used to repair and
supplement both berms, with specific emphasis on the south berm. Remaining material not
used on the berms will be exported from the site. Total volume excavated will be approximately
430 CY, with between 100 CY and 200 CY used on-site to supplement the berms.
All excavation will take place in the late summer and early fall, when no flow is expected in High
Creek.

Construction Sequence
1. Establish site access for equipment by trimming or moving brush, branches and downed
trees in the channel.
2. Beginning at the downstream end of the lower area, excavate a channel approximately 4
feet wide and 2 feet deep, maintaining a constant channel gradient of approximately
0.2%-0.3%.
3. Continue excavation upstream approximately 830’ to transition with upper area.
4. Place spoils in the Primary Berm Repair Area and in other places identified in the field to
raise low portions of both berms and/or on the backslope of berms, avoiding trees and
shrubs; cover fill with mulch or erosion-control fabric.
5. Spoils that are not needed for levee or backslope repair are to be exported off-site for reuse or disposal in approved location.
6. At the transition point, gradually increase the depth of excavation, creating an
approximately 1% adverse slope, to achieve an excavation depth of approximately 4
feet. Similarly, gradually widen base of excavation to achieve a toe width or
approximately 7 feet.
7. Continue excavation upstream to the bridge (approximately 820 feet) at a gradient of
approximately 0.2% to 0.3%. Export all material off-site for re-use or disposal in
approved location.
8. Taper to existing grade at the downstream end of the bridge, creating a slope of
approximately 2H:1V at the upstream end of the excavation to initiate headcut that will
propagate upstream under the bridge.
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Impacts
High Creek typically has no surface flow from late spring to early fall. All work will take place
during this dry period when no flow is present. As a result, there will be no direct impacts to fish
during construction. Once the work is completed, channel material will begin moving with the
first flows in the channel, as the headcut at the upper end of the excavation begins to migrate
upstream. The upper excavation area is designed to create a large pool, which will trap much of
the sediment created as the headcut migrates. Some of the finer material will be transported
downstream to Kendall Creek, and during the initial flush, some excess turbidity (i.e. above
normal conditions) is likely, but will be limited by the general lack of silt and smaller material in
the channel substrate.
Much of the project area is mapped as wetland. However, that mapping was derived from
large-scale wetland mapping and is intended to provide a “rough estimate of wetland locations”,
according to the map metadata. The specific area where work is proposed includes the channel
itself, which lacks the soil and vegetation characteristics necessary to be classified as a
wetland, and the banks and berm where spoils will be placed, which are perched well above the
surrounding land, and as a result lack sufficient hydrology to meet wetland criteria. Despite the
mapping, there will be no wetland impacts. Wetland buffer will be altered by grading, but most
grading will occur in unvegetated areas and buffer impacts will be minimal.
Disturbed areas outside of the stream channel will be revegetated with native species.
However, revegetation will be deferred until implementation of the final Sediment Management
Plan, expected to be completed in the next 2 to 3 years.
Channel excavation will result in the creation of in-stream pools that will, over time, fill in with
sediment. Until the pools are full, they may serve to trap juvenile fish that remain in the pool as
the upstream and downstream channel dries out. Pools should be monitored in the spring for
trapped fish, and any fish trapped should be moved downstream to Kendal Creek.

High Creek Interim Sediment Management Plan
Background

Project Description

Sedimentation in High Creek has been an ongoing management
issue for the County. Glacial deposits and landslides in the upper
basin produce an abundant supply of sediment. The lower basin
has a low gradient, causing sediment to deposit, while berms on
both banks prevent the sediment from depositing anywhere but
in the channel itself. As a result, the bed of the lower channel
aggrades to the point where flow under the bridge at SR-542 is
severely limited, and high flow events break out of the channel
and cross over the road, forcing road closure and flooding
several local residences. Historically, when the bridge capacity
has been significantly reduced, sediment has been removed
from the channel by the County, WSDOT, or local landowners.
The last such sediment removal occurred in 2011.
Whatcom County has contracted with WATERSHED Science &
Engineering to develop a long-term management plan for the
lower portion of High Creek. The goal of that plan will be to help
alleviate the problems of sedimentation, reduce road closures
and local flooding impacts, while maintaining or improving fish
habitat conditions on the lower channel. As that plan is being
developed and approved by local and regional stakeholders, it is
necessary to implement a short-term management plan.
Sediment in the High Creek channel has built up to within less
than a foot of the lower chord of the bridge, reducing channel
capacity at the bridge sufficiently that high flow events in the
winters of 2014/2015 will likely overtop the bank and flood both
the highway and local residences.

The project will be divided into two areas; the upper area and the lower area.
The upper area will extend from the bridge downstream approximately 820',
similar to the area of the 2009 and 2011 sediment removal projects.
Excavation in the upper area will be to a depth of approximately 4 feet, similar
to the earlier projects. Sediment removed from this area will be exported
from the site. Total volume removed will be approximately 1,240 CY (cubic
yards).
The lower area will extend approximately 830' downstream, to within
approximately 100' of Kendall Creek. This area was not addressed in the 2009
and 2011 projects, and channel capacity is severely reduced. The excavation
prism in the lower area will be significantly smaller, approximately 4 feet wide
and 2 feet deep. This excavation will establish a pilot channel along the
right-of-way and provide a defined path for flow to reach Kendall Creek. The
existing channel to the north will remain. Spoils from the excavation will be
used to repair and supplement both berms, with specific emphasis on the
south berm. Remaining material not used on the berms will be exported from
the site. Total volume excavated will be approximately 520 CY, with between
100 CY and 200 CY used on-site to supplement the berms.
All excavation will take place in the late summer and early fall, when no flow is
expected in High Creek.

Goals & Objectives
The primary goal of this Interim Management Plan is to
re-establish channel capacity to reduce the potential for flood
damage and stream avulsion over the next two winters
(2014-2015 and 2015-2016), without sending excessive sediment
downstream to Kendall Creek. The following three objectives
are included in this goal:
1) Restore channel capacity downstream of the SR-542 bridge.
This will initiate a headcut upstream through the bridge
which will restore channel capacity at the bridge and it will
prevent bedload sediment from passing downstream to
deposit in Kendall Creek.
2) Re-establish the connection with Kendall Creek along the
County-owned right-of-way. Berm failure on the right
(north) bank has allowed the lower portion of the stream to
flow outside of the right-of-way, causing extensive
sedimentation on the property to the north.
3) Reduce the potential for avulsion on the left (south) bank of
the downstream portion of the channel. The left berm is
low and damaged, and sandbags have been brought in to
supplement it. An avulsion to the south could cause
significant property damage to neighboring properties.

PROJECT DESCRIPTION & LOCATION

VICINITY MAP

Sequence
1) Establish site access for equipment by trimming or moving brush,
branches and downed trees in the channel.
2) Beginning at the downstream end of the lower area, excavate a channel
approximately 4 feet wide and 2 feet deep, maintaining a constant
channel gradient of approximately 0.2%-0.3%.
3) Continue excavation upstream approximately 830' to transition with
upper area.
4) Place spoils in the Primary Berm Repair Area and in other places
identified in the field to raise low portions of both berms and/or on the
backslope of berms, avoiding trees and shrubs; cover fill with mulch or
erosion-control fabric.
5) Spoils that are not needed for levee or backslope repair are to be
exported off-site for re-use or disposal in approved location.
6) At the transition point, gradually increase the depth of excavation,
creating an approximately 1% adverse slope, to achieve an excavation
depth of approximately 4 feet. Similarly, gradually widen base of
excavation to achieve a toe width or approximately 7 feet.
7) Continue excavation upstream to the bridge (approximately 825') at a
gradient of approximately 0.2% to 0.3%. Export all material off-site for
re-use or disposal in approved location.
8) Match to existing grade at the downstream end of the bridge, creating a
slope of approximately 2H:1V at the upstream end of the excavation to
initiate headcut that will propagate upstream under the bridge.

SITE LOCATION
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