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INTRODUCTION
This report presents the basis for the design of the Lower Canyon Creek Phase 2 Restoration
Project near the town of Glacier, Washington, proposed by Whatcom County Public Works in
conjunction with the Whatcom County Flood Control Zone District (Whatcom County). The
project includes removing most of an existing levee, constructing a setback revetment and
levee structure (hereafter referred to as the setback structure), and constructing multiple
engineered log jam (ELJ) structures within the setback area and the existing active channel.
The project reach is located between river mile (RM) 0.0 and RM 0.7 on the Canyon Creek
alluvial fan. Canyon Creek is a tributary to the North Fork Nooksack River, flowing into the
river just upstream of the State Route (SR) 542 bridge (Warnick Bridge) west of the town of
Glacier (Figure 1). The goals of the project are to improve salmon habitat conditions through
the lower 0.7 mile of Canyon Creek, which has been degraded by historic debris-laden floods
and consequent flood hazard reduction actions, while reducing or causing no increase in the
existing flood risk to the nearby Glacier Springs residential subdivision and SR 542.
This report includes summaries of various technical assessments and analyses completed in
support of the project. More detailed information on most of these topics is presented in
appendices. Specifically, this report includes summaries of the following:
1. An assessment of aquatic habitat and fish passage characteristics in the project reach
2. A geotechnical engineering evaluation of the project reach
3. An assessment of existing geomorphic conditions
4. Project concept alternatives that were developed and evaluated, and selection of the
preferred alternative for design advancement
5. Hydraulic modeling analysis of existing and proposed project conditions
6. Engineering analyses of the setback structure and ELJs
The results of these assessments and analyses informed the project design and enabled
optimization of design components to achieve the project goals.

Background Information
Phase 2 of this project builds upon Phase 1, which was completed by Whatcom County in
2009. Phase 1 substantially increased the available channel migration zone (CMZ). It involved
removing the lower (downstream) 520 feet of the existing levee, site grading to reconnect
a historical floodplain area, blocking abandoned roads and filling swales on an alluvial fan
terrace above the active floodplain, and replanting of the disturbed areas. Prior to the work,
if the levee were breached during a flood event, a constriction in the floodplain would have
encouraged flow to overtop the lower terrace. The grading work completed during Phase 1
March 2013
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will allow flow to spread out in a mature forested floodplain area and reduce potential for
that flow to reach SR 542. The previous constriction in the floodplain forced flow into a
narrow, confined bedrock segment at about RM 0.2 (hereafter referred to as the bedrock
notch), affecting fish passage.
Canyon Creek was assumed to be passable for anadromous fish upstream to approximately
RM 4.1 prior to blasting of the bedrock notch in 1994 when the levee was built. Although
Chinook and pink salmon are documented to have ascended the bedrock notch prior to the
Phase 1 improvements under certain but unknown flow conditions, the number of fish
observed upstream of the notch varied widely and, in some years, very few fish were observed
(J. Thompson, Senior Planner, Whatcom County Public Works, personal communication [email
correspondence], November 13, 2012). On numerous occasions, large numbers of pink salmon
were observed holding below the cascades of the bedrock notch, and fish were manually
transported upstream of the potential barrier. The barrier and habitat conditions in lower
Canyon Creek were identified for priority action in the WRIA 1 Salmonid Recovery Plan (2005).
By removing the levee and several large boulders in the floodplain, the channel could migrate
away from the bedrock notch and realign around it, thus self-correcting the potential fish
passage barrier in a passive manner and restoring channel and floodplain processes.
As part of the Phase 1 improvements, Whatcom County also relocated one large rock to a
position within the plunge pool below the upstream-most chute of the bedrock notch to
increase the pool depth and decrease chute height. This has improved fish passage conditions
as evidenced by spawning surveys completed by the Washington Department of Fish and
Wildlife (WDFW) that have documented pink and Chinook salmon upstream of the bedrock
notch in August, September, and October of 2009, 2010, and 2011 (J. Thompson, Senior
Planner, Whatcom County Public Works, personal communication [email correspondence],
November 7, 2012).
Since levee removal in 2009, the overall channel and floodplain habitat conditions have not
improved throughout the lower 0.7 miles of the creek and the channel remains fixed within
the bedrock notch. The existing levee segment that remains continues to confine the
floodplain and encourage flow towards the left bank (facing downstream) where it is fixed at
the upstream approach to the bedrock notch. Consequently, poor habitat conditions (lack of
habitat diversity and complexity) are still present and additional measures are needed to
improve them. Based on these conditions and recommendations made in an evaluation of
habitat restoration options in lower Canyon Creek (Herrera 2007), Whatcom County decided
to move forward with Phase 2 of the project to more aggressively address the poor habitat
quality and uncertain fish passage conditions, and to expedite salmon recovery to a more
resilient and higher quality state in this part of the county.
Additional background information, including detailed descriptions of significant debris flood
events, previous flood risk reduction studies, watershed conditions, habitat conditions, and
the geomorphic characteristics of the project reach, are provided in a report titled Habitat
Restoration Options, Canyon Creek Alluvial Fan Habitat Restoration (Herrera 2007). The
findings and recommendations from that study provided the basis for the Phase 1 work
completed by Whatcom County in 2009. Outcomes from the Phase 1 work and the assessments
and analyses summarized in this report provided the basis for the Phase 2 project design.
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Project Description and Design Objectives
For Phase 2, Whatcom County proposes to remove most of the remaining 2,000-foot length
of existing levee, construct a 1,800-foot-long continuous setback structure approximately
120 feet west of the existing levee, and construct multiple ELJs within the setback area
and the existing active channel. Material removed from the existing levee will be used
to construct the setback structure, which will consist of a revetment section and a levee
section. Large riprap removed from the waterward face of the existing levee will be placed
on the waterward face of the setback structure, and surplus material from excavation of the
levee that is not used to construct the levee segment of the setback structure will be placed
over the riprap to create an artificial terrace. The ELJs will be designed and located to provide
immediate habitat, add hard points and roughness to deflect and diffuse the energy of flow
within the setback floodplain, and provide additional protection to the bank along the setback
structure.
Specific design objectives that were considered in developing the design of the Phase 2
project were provided by Whatcom County (J. Thompson, Senior Planner, Whatcom County
Public Works, personal communication [email correspondence], January 5, 2011) and include
the following:
1. Ensure long-term fish passage at the bedrock notch
2. Improve riparian habitat conditions and channel and habitat complexity
3. Increase the potential for long-term recruitment of large wood debris
4. Address potential issues concerning the existing levee including stability, risk, safety,
and habitat limitations
5. The design can be developed to meet priority habitat objectives, but cannot transfer
flood risk to Glacier Springs properties or to SR 542. Exceptions to this may apply to
properties held by Whatcom Land Trust, Whatcom County Flood Control Zone District,
or other ownership for which an agreement is or will be in place at the time of
construction that recognizes use of the property for flood hazard management and
salmon habitat restoration work.
6. The design for a partial to full setback of the existing levee will consider, to the
extent practicable, the potential for localized aggradation where channel capacity
increases due to levee removal and whether future flood risk may change as a result.
Because hydraulic modeling and expert geomorphic assessment cannot predict the
extent of future aggradation that may occur in the project reach, the design cannot
completely mitigate this risk. Thus, it is important for the project to include a
monitoring and adaptive management strategy that provides guidance on when an
acceptable level of reach-scale aggradation may be approached and actions that may
be necessary to maintain flood protection.
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GEOLOGICAL AND GEOTECHNICAL CONDITIONS
GeoEngineers completed a geotechnical evaluation in two separate zones within the project
reach, each with distinct technical considerations (GeoEngineers 2012). These zones are
identified as: 1) the north levee area located between the northern half of the existing levee
and Canyon View Drive along the historical right bank of Canyon Creek, and 2) the bedrock
notch area that includes the portion of the channel where chutes 1, 2, and 3 are located and
the adjacent right bank floodplain where the lower 520 feet of existing levee was removed
in 2009. This evaluation was completed before Whatcom County decided Phase 2 restoration
measures will not focus on modifying the bedrock notch (see the Fish Habitat Conditions
section). Therefore, only the results of the geotechnical investigation completed in the
north levee area of the project site are pertinent to the Phase 2 project. Those results are
summarized below following a brief summary of the geologic setting. Detailed results and
discussion of the evaluation for both zones are summarized in the Geotechnical Engineering
Evaluation (GeoEngineers 2012) included in Appendix B. A description of the geomorphology
of the project reach is presented in the following section.
The project reach is mapped as Holocene age alluvium with undifferentiated glacial deposits
and Chuckanut Formation bedrock is mapped near the vicinity, indicating that soil deposits
are the result of both glacial and non-glacial processes (Tabor et al. 2003). The Holocene age
alluvium in Canyon Creek is mapped as well-sorted and stratified gravel, sand, silty sand, silt,
and clay. The fluvial deposits in the project reach that constitute the alluvial fan generally
consist of poorly sorted gravel with cobbles and boulders. Undifferentiated glacial deposits
consist of a mixture of glacial soils including granular outwash, till, ice-contact, and
glaciomarine deposits occurring on the lower slopes of the Cascade foothills. The Chuckanut
Formation that is exposed at the bedrock notch area is a mixture of very strong sandstone and
siltstone (GeoEngineers 2012).
The project reach responds to sediment transported from the entire Canyon Creek watershed.
A major source of sediment that is transported to the project reach is located upstream of
the project reach at RM 3.4 within the Jim Creek and Bald Mountain slide zones. These slide
zones are located opposite of each other in the Canyon Creek valley and provide a continual
supply of sediment to the creek from gravitational creep, fluvial erosion at the toe of the
slides, and occasional mass failure of over-steepened areas of the landslide toe. Material
from mass failures can either be eroded by stream action or form temporary dams that can
subsequently fail and produce landslide-dam break floods. Historic logging and associated
forest roads within the watershed also contribute significantly to the instability of the
hillslopes and subsequent delivery of sediment to the channel (Herrera 2007).
Subsurface and groundwater conditions were evaluated in the north levee area, where the
setback structure and multiple ELJs will be located, by digging five test pits, characterizing
the soils, and completing grain-size analyses of representative samples. In general, the
alluvial fan deposits encountered in all test pits consisted of coarse gravel with sand, cobbles,
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boulders, and varying silt content. The depths of the test pits ranged from 11 to 16 feet, and
all were terminated within alluvial fan deposits. Based on a geophysical survey completed
as part of the geotechnical evaluation within the bedrock notch area, the thickness of the
alluvial fan deposits ranges from 15 to 40 feet. The thickness decreases as one approaches the
exposed bedrock in the channel at the notch.
Groundwater was observed near the bottom of only one of the five test pits, with slight
seepage occurring at about 13.5 feet below ground surface. The groundwater level is expected
to fluctuate as a function of water level in Canyon Creek, the season, and precipitation.
However, significant groundwater seepage could occur within the excavations completed for
the setback structure, and severe caving of the alluvial soils should be expected below the
groundwater level and within the capillary zone above the groundwater level.
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GEOMORPHIC CONDITIONS
The geomorphic conditions of the project reach described herein are based on a risk
assessment of the project reach (KWL 2003), the restoration options assessment of the
project reach (Herrera 2007), and a field assessment of current geomorphic conditions
completed in support of the alternatives analysis for this project.

Geomorphic Setting
The Canyon Creek alluvial fan began forming following deglaciation of the North Fork
Nooksack River valley approximately 11,000 years ago (KWL 2003). The fan currently covers
approximately 220 acres, with an elevation of approximately 865 feet at its apex (where the
creek emerges from the upstream bedrock canyon). The channel migration zone (CMZ) covers
an area of approximately 65 acres and represents the area that has been most active within
the aerial photo record. The fan is composed of fluvial and debris flood deposits (KWL 2003).
The Canyon Creek alluvial fan formed from the repeated deposition of sediment and the
lateral movement of the channel across the fan, followed by incision into the fan deposits,
at the geomorphic transition from the steep and confined canyon of Canyon Creek to the
unconfined and shallower sloped valley of the North Fork Nooksack River. The dynamic
shifting of the channel in response to debris floods and sediment deposition makes the lower
0.7 miles of Canyon Creek prone to large vertical changes in the creek bed elevation and
periodic avulsions. Channel avulsions have occurred relatively frequently within the active
CMZ, and less frequently across the entire fan.
The slope and alignment of the creek within the project reach is strongly influenced by the
position of the North Fork Nooksack River. For example, the lateral movement of the river
away from the mouth of Canyon Creek or an increase in the bed elevation of the river near
the confluence with the creek would trigger aggradation and a reduction in the slope of
Canyon Creek within the project reach. The likelihood of an avulsion within the CMZ, and
perhaps across the fan, would subsequently increase as a result of this aggradation. In
contrast, the lateral movement of the river toward the mouth of Canyon Creek or local
incision of the river near the confluence would allow Canyon Creek to incise into the alluvial
fan within the project reach, thus locally steepening the slope of the creek and thereby
reducing the likelihood of an avulsion to another portion of the fan. However, incision of
Canyon Creek could increase the likelihood of channel widening and associated bank erosion
in the North Fork as debris-flood event sediment was delivered to the North Fork Nooksack
River. This occurred following the 1989 and 1990 events in response to the delivery of eventrelated sediment that initially pushed the North Fork towards its left bank causing bank
erosion and a small landslide upstream of the Warnick Bridge. As the North Fork transported
the debris flood deposits from Canyon Creek and other upstream tributaries and then
migrated back towards its right bank, a new round of incision in the lower reaches of Canyon
Creek was initiated introducing additional sediment to the North Fork.
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The Church Mountain landslide occurred approximately 2,300 years ago and was the most
recent event to have significantly influenced the current alignment of Canyon Creek through
the alluvial fan reach (i.e., the project reach). Remnants of the landslide debris are visible
as hummocky topography in the lidar mapping of the North Fork Nooksack River valley that
extends past the existing mouth of Canyon Creek and at least 800 feet up Canyon Creek.
The south abutment of the Warnick Bridge (on SR 542) rests on ancient landslide deposits. If
Canyon Creek followed roughly its current alignment before the landslide, blockage at the
mouth of the creek due to that ancient landslide would have forced the creek alignment
to the west along a steeper descent to the North Fork Nooksack River. The simultaneous
aggradation of Canyon Creek along this alignment and the incision of the North Fork Nooksack
River into the Church Mountain landslide deposit would have forced Canyon Creek back to the
east and near its current alignment. Further incision into the landslide deposits by the North
Fork and the propagation of this incision up the mouth of Canyon Creek would have further
confined the channel into its current alignment. Research completed by Brummer (2006) on
incision rates into ancient landslide deposits suggests that the North Fork Nooksack River
would have incised through the landslide deposit to attain its current profile within
approximately 200 years.
Appendix G includes a figure of the 2006 lidar mapping of the Canyon Creek alluvial fan that
was developed by Whatcom County. The relict channel traces evident in the lidar mapping
within the alluvial fan to the west of the project reach (Zone C of the Appendix G figure),
which generally run south towards the North Fork Nooksack River, may have been occupied
during this short time period following the Church Mountain landslide. The southern ends of
these channels are perched above the existing bed of the North Fork Nooksack River, which
suggests they were abandoned before the river attained its current profile. The relict terrace
trace visible in the lidar between Canyon View Drive and Glacier Springs Way to the west of
these channels (Zone B of the Appendix G figure) may represent the edge of the CMZ for the
prehistoric Canyon Creek channels.

Site Visit
Two Herrera geomorphologists participated in a one-day site visit of the project reach on
May 10, 2011, to assess current geomorphic conditions and potential hazards in support of the
levee setback and habitat restoration project. This section presents a summary of the
observations and findings from the site visit.

Field Observations
Herrera geomorphologists walked the entire length of the existing levee, investigated the
area of the 2009 levee removal, and walked several of the relict channels between Canyon
Creek and Glacier Springs Way. Remnants of the aggradational surface resulting from the 1989
and 1990 debris floods were verified in the field based on the age of vegetation on floodplain
and terrace surfaces. These surfaces form the basis for potential aggradation simulated in the
hydraulic model (described later in this report) to evaluate existing debris flood hazards and
to help develop the basis for the new setback structure design.

March 2013
8

Basis of Design Report - Lower Canyon Creek Phase 2 Restoration Project

The creek bed was armored with boulders 1 to 2 feet in diameter and occupied the left side
(facing downstream) of the active channel (away from the toe of the existing levee) along the
upper 1,400 feet of the levee. During a large flow event in January 2011, the channel avulsed
to the west across the active channel at about the midpoint of the levee (J. Thompson, Senior
Planner, Whatcom County Public Works, personal communication [email correspondence],
May 10, 2011). The low flow channel was flowing against the toe of the levee for a distance of
about 150 feet at the time of the site visit. About 600 feet upstream of the downstream end
of the levee the low flow channel crossed to the east side of the active channel and flowed
south from there to the bedrock notch. Evidence of recent (2010-2011) overbank flow was
observed on the right bank floodplain from where the low flow channel separated from the
levee downstream to the bedrock notch. Below the notch, the low flow channel alignment
crossed the active channel and flowed along the right bank floodplain in the vicinity of the
former Logs Resort.
The area of the 2009 levee removal consisted of alluvium and woody debris, with a few
small areas of emergent vegetation. Relict channels west of this area were blocked by
berms constructed from native alluvium and heavy loose riprap salvaged from the 2009 levee
removal. The berms are intended to divert and disperse flow into the adjacent forest and
deflect flow away from SR 542.

Geomorphic Hazards and Risks
The northern half of the existing levee was constructed parallel to and approximately
120 feet to the east of the former (post-1990 floods) right bank of Canyon Creek, which is
bordered on the west by Canyon View Drive. The top of this portion of the existing levee was
constructed at roughly the same elevation as the top of the alluvial fan terrace into which
Canyon Creek had eroded along Canyon View Drive. Downstream of the point where the
former right bank diverges from Canyon View Drive, the elevation of the bank begins to drop
below the top of the levee. This location corresponds to approximately station 6+50 along
the setback structure as shown on drawing C-1 of the project final design plans included in
Appendix F (see stationing per the NRB [new right bank] Line). There is a local low point
(or “saddle”) in the bank approximately 200 feet south of this point. Here the top of the
natural bank is approximately 6 feet lower than the top of the levee. Relict channels running
southwest from the saddle occupy a 200-foot-wide swath through the Glacier Springs
subdivision.
The bedrock exposed in the creek bed at the bedrock notch currently limits any additional
longitudinal adjustment of the existing channel alignment that could result from incision
triggered by changes in the position of the North Fork. However, the channel could incise
deeper if it avulses to the west and around the bedrock notch, where bedrock is at a lower
elevation.
The densely vegetated right-bank floodplain, located immediately west of the 2009 levee
removal area and extending south of the southern end of the existing levee, contains multiple
relict channels (swales) running generally to the south towards the North Fork Nooksack River
through the former Logs Resort area and towards SR 542. This area is depicted as Zone C in
the figure of the lidar mapping of the project area included in Appendix G. However, during
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the 2009 Phase 1 work, several of the largest swales oriented towards SR 542 were filled to
discourage concentrated flow towards the highway, and to disperse and deflect flow into the
floodplain and back towards the current active channel to the east.
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FISH HABITAT CONDITIONS
GeoEngineers, Inc. (GeoEngineers) evaluated aquatic habitat conditions in the project
reach (GeoEngineers 2011). Specifically, they completed an on-site habitat survey and a
fish passage barrier assessment of any potential barriers identified during the survey with
specific emphasis on the three chutes within the bedrock notch. The purpose of the barrier
assessment was to determine the extent to which Chinook and pink salmon are able to
pass upstream through the chutes, and the extent to which the chutes (or other barriers)
pose a hindrance to upstream passage for other adult anadromous salmonids known to use
historically accessible upstream habitats, so that specific restoration actions could be
developed for this project to restore complete fish passage conditions (if necessary). The
purpose of the habitat survey was to establish baseline habitat conditions that will be
referenced when completing post-project effectiveness monitoring. GeoEngineers’ report
summarizing their methods and findings is included in Appendix A.
The habitat survey included documenting specific habitat types; their size, depth, and
dominate substrate class; their rearing and spawning quality; their limiting factors; salmonid
species observed and approximate age class; and the general riparian conditions when
applicable. The project reach was divided into eight sub-reaches based on channel gradient,
bedform, and channel size (see Figure 2 in the report in Appendix A). Thirty-one habitat types
were identified that included 13 riffles, 14 pools, 3 cascades, and 1 falls. The three chutes at
the bedrock notch are located in sub-reach 3 and were classified as cascades. Pools and riffles
were generally less than 1.5 feet deep with cobbles, boulders, or bedrock as the dominant
substrate. Rearing and spawning habitat in the riffles was generally considered poor. One-half
of the rearing habitat of the pools was considered fair, and the remainder was considered
either fair to poor or not rated. Less than one-third of the spawning habitat of the pools was
considered to be in fair condition, with the remainder considered poor. Nearly all 31 habitat
types were classified as lacking sufficient instream cover, riparian shade and habitat, large
woody debris, and substrate diversity. No fish species were observed in any of the subreaches during the survey that was completed in October 2010. In addition to the three
chutes/cascades in sub-reach 3, one additional potential fish passage barrier was identified in
sub-reach 5 and was classified as a falls; however, following completion of the survey, the
channel alignment shifted during a large winter flow event and abandoned the falls.
The fish passage barrier assessment was completed for steelhead trout; Chinook, coho,
sockeye, pink, and chum salmon; coastal cutthroat trout; and bull trout. The assessment used
the methodology described in Powers and Orsborn (1985). This approach combines stream
geomorphology with hydrology to define the barrier conditions (e.g., slope, depth, flow
velocity) and compares them to known fish swimming and leaping capabilities based on
various biometrics (e.g., species, length, and fish condition). Swimming speeds for all species
were developed from Bell (1973, 1991), Mesa et al. (2008), and Powers and Orsborn (1985).
Passage for each species was evaluated at each chute in sub-reach 3 and at the falls in subreach 5 for three flow rates: 50 cubic feet per second (cfs), 100 cfs, and 500 cfs. These flow
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rates represent the range of flows that each species could likely encounter during upstream
migration periods in Canyon Creek. Hydraulic data used in the barrier assessment came from
the hydraulic model described later in this report.
Based on the results of the barrier assessment, all species except bull trout are estimated to
be able to ascend chutes 1, 2, and 3, and the (former) falls by either swimming or leaping to
access upstream habitats. Chutes 1 and 3 appear to be potential barriers for bull trout with
Chute 2 being passable for bull trout at all but high flows (500 cfs). As mentioned previously,
based on spawning surveys completed by WDFW in 2009, 2010, and 2011, pink and Chinook
salmon have been observed upstream of the bedrock notch. This substantiates the results
of the barrier assessment. Sockeye, coho, Chinook, and steelhead are considered better
swimmers than pink and chum salmon; therefore, if pink salmon have been observed above
the bedrock notch, one can assume the other species, except cutthroat and bull trout, can
ascend the chutes as well.
Based on the results of the barrier assessment and the available spawning surveys, the design
of the Phase 2 project does not include specific restoration measures to modify the bedrock
notch to improve fish passage conditions. Furthermore, the anticipated difficulty and impacts
associated with modifying the bedrock notch and the high uncertainty that any habitat
enhancements at the notch would persist if subjected to a large flood warrants not modifying
it. Restoration measures proposed for this project have therefore been focused on setting
back the remaining portion of the existing levee to increase the available CMZ area and
available channel and floodplain habitat. This will allow the channel to naturally migrate
away from the bedrock notch area in a passive manner.
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CONCEPT ALTERNATIVES DEVELOPMENT
Herrera developed three concept alternatives for Whatcom County to consider and evaluate
with the goal of selecting a preferred alternative for design advancement and construction.
Selection of the preferred alternative was primarily based on its relative effectiveness (when
compared to the other alternatives) in accomplishing the primary project goal of promoting
the restoration of floodplain and in-channel, habitat-forming processes on a timescale that
is meaningful to salmonid recovery, while recognizing the hazards, risks, and limitations of
working on an active alluvial fan. In addition to improving habitat, the preferred alternative
should not increase risk and ideally will help to mitigate risk. Development of the alternatives,
their descriptions, and the basis for selection of a preferred alternative are summarized
below.

Alternatives Development
Herrera coordinated with Whatcom County to develop three concept alternatives for
restoring habitat-forming processes that maintain or reduce existing flood-related risks
in the project reach. The alternatives developed were based on a list of specific project
objectives, assumptions, and potential project components provided by Whatcom County
(J. Thompson, Senior Planner, Whatcom County Public Works, personal communication [email
correspondence], January 5, 2011). These parameters provided the framework to develop
specific project components and assemble them into alternatives that specifically targeted
the project objectives while working within the constraints and opportunities afforded by the
assumptions provided and site conditions. The project objectives are summarized earlier in
this report. The assumptions and potential individual project components are summarized in
Table 1.

Alternative 1
Alternative 1 would leave the existing levee in place as shown in Figure 2. No restoration
elements would be constructed within the privately owned 5-acre parcel, which was assumed
to not be available for this alternative. All restoration elements would be located within the
current active channel except for five large ELJs that would be located behind the existing
levee along the right bank of the historical Canyon Creek channel adjacent to Canyon View
Drive. These ELJs would provide some bank protection (via flow deflection and added
hydraulic roughness) and immediate habitat if the existing levee was breached and the
channel partially or fully avulsed into the unvegetated swale behind the levee. Large ELJs
would be constructed along the existing levee to provide additional bank protection and
habitat if the channel becomes entrained along the levee toe. Other large ELJs would provide
habitat, some erosion protection for existing forested patches, and hydraulic roughness
to encourage sediment deposition and increase variability in bed substrate. Several small
roughening ELJs would add hydraulic roughness, help maintain flow within the active channel,
limit channel migration, and provide habitat. Three bank deflector structures would be
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Table 1.
Assumptions

Summary of Assumptions and Components Considered for Developing
Restoration Concept Alternatives.

1.

Project alternatives can be developed that will improve habitat-forming processes in the
dynamic physical setting of the project reach (i.e., the alluvial fan).

2.

The community will support the preferred alternative(s).

3.

The Endangered Species Act listing status for salmonids will not change or have new additions,
and the National Marine Fisheries Service, US Fish and Wildlife Service, US Army Corps of
Engineers, and WDFW will issue necessary approvals and permits to implement the preferred
alternative(s).

4.

The project will focus on removal of physical constraints and strategic installation of those
instream and floodplain structures necessary to provide the stream with the tools to “nudge”
physical processes towards recovery of habitat function, and the stream will be allowed to
adjust over time; this is in contrast to an approach that would require a highly engineered
reconstruction of the lower 0.7 – 1.0 mile of stream channel.

5.

The Phase 1 levee removal project constructed in 2009 has not increased and may have
diminished flood risk to SR 542 as water is less likely to be directed to the highway if the
remaining levee segment were to breach.

6.

Further work related to flood risk in the former Logs Resort property will be minimal or not
necessary as a result of this project.

7.

Project alternatives will consider two scenarios for a privately owned, 5-acre parcel near the
downstream end of the existing levee: 1) the landowner is willing to sell or grant a permanent
easement on all or portion of the 5-acre property; or 2) the landowner is unwilling to sell or grant
easement, and work must occur around his property

8.

All other properties needed for the project will be available for each alternative; i.e. they will not
be constrained by land ownership.

9.

The project can be phased, if necessary, to allow for progressive implementation of high priority
components if project costs exceed currently available funding and it is reasonable to expect
that additional funds may be obtained to eventually complete the project.

10. Some interim channel instability will be acceptable within the historically active channel area as
the stream adjusts to post-construction conditions.
11. The project design plans will be consistent with and complementary to the geomorphic
processes (fluvial and debris floods) operating on the alluvial fan.
12. The rock from the 2009 levee removal that is stockpiled on-site is available for the project.
13. The Washington State Department of Transportation is responsible for providing protection for
the highway (SR 542 west Warnick Bridge approach toe slope armor).
Potential
Project
Components

1.

Lower Alluvial Fan: create channel hard points with ELJs, establish mature riparian buffer, and
reduce potential for flow toward SR 542.

2.

Bedrock Notch (if fish passage assessment determines the notch is a potential barrier to most
or all salmonids): modify bedrock reach by filling notch and relocate channel to the west, and
place large boulders or create hard points near entrance to notch to encourage flows to the
west.

3.

Upper Alluvial Fan: partial or full levee removal; partial or full setback structure; construct ELJs
to improve channel complexity, provide immediate habitat, and protect existing levee/new
setback structure; develop riparian buffer; create terrace along waterward side of setback
structure.
March 2013
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Figure 2.
Alternative 1 Concept Layout.
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constructed to encourage the channel to migrate away from the bedrock notch and into
bypass channels during high flows. These deflector structures, in combination with filling
the bedrock notch with rocks and wood, would force the low flow channel to realign into the
bypass channel and would allow only high flows to occupy the notch. The approximate cost to
construct Alternative 1 was estimated to range from $1,300,000 to $2,300,000.

Alternative 2
Alternative 2 would involve partial levee removal and setback as shown in Figure 3. With this
alternative, 950 feet of the northern portion of the existing levee would be removed, but the
northern-most 150 feet would remain. The removal would terminate 100 feet north of the
privately owned 5-acre parcel, which was assumed to be not available for this alternative.
From this point extending downstream to about 50 feet east of the 5-acre parcel (a distance
of about 350 feet), the existing levee would remain to provide flood protection for the
parcel. The remaining 550 feet of the existing levee would be removed. A 1,100-foot-long
setback revetment and levee (setback structure) would be constructed 120 feet to the west
of the existing levee along the right bank of the historical Canyon Creek channel adjacent
to Canyon View Drive (now an artificially sloped embankment created when the existing
levee was constructed in 1994). The setback structure would begin and end at the upstream
and downstream termini (respectively) of the levee removal. The waterward side of the
setback structure would be armored using riprap salvaged from the existing levee. Surplus
embankment material from the levee removal would be placed along the armored face of the
setback structure to create an artificial terrace that would be planted. Large ELJs would be
constructed along the setback structure to provide additional bank protection and habitat.
Other large ELJs would provide habitat and erosion protection for existing forested zones.
Small roughening ELJs located within the setback area and footprint of the former levee
would provide habitat and hydraulic roughness. Several other small roughening ELJs would
provide future bank habitat and flow deflection to limit westward channel migration. Three
bank deflector structures would encourage the channel to migrate away from the unfilled
bedrock notch, if the channel upstream of the notch migrates to a new alignment, while still
allowing some flow to continue downstream into the notch. The approximate cost to
construct Alternative 2 was estimated to range from $1,400,000 to $2,600,000.

Alternative 3
Alternative 3 would involve removal and setback of nearly the entire remaining length of the
existing levee as shown in Figure 4. This alternative assumed the privately-owned, 5-acre
parcel would be available for the project. With this alternative 1,850 feet of the existing
levee would be removed, but the northern-most 150 feet would remain. A 1,500-foot-long
setback structure would be constructed 120 feet to the west of the existing levee along the
right bank of the historical Canyon Creek channel adjacent to Canyon View Drive. The setback
structure would extend downstream roughly parallel to the existing levee. The waterward
side of the setback structure would be armored using riprap salvaged from the existing levee
and imported riprap if necessary. Surplus embankment material from the levee removal
would be placed along the armored face of the setback structure to create an artificial
terrace that would be planted. Large and small ELJs and bank deflector structures would be
located in the same locations as in Alternative 2 with a few additional small ELJs added to
this alternative due to the larger CMZ afforded by the complete removal of the existing levee.
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The approximate cost to construct Alternative 3 was estimated to range from $1,600,000 to
$3,000,000.

Preferred Alternative
Whatcom County selected Alternative 3 as the preferred alternative for design advancement.
Whatcom County acquired the privately owned, 5-acre parcel and several adjacent smaller
parcels during the course of preliminary project development, making this a viable
alternative. Acquisition of these parcels provides the area needed to construct the entire
setback structure allowing for full removal of the existing levee, which provides the greatest
potential for habitat improvement compared to Alternatives 1 and 2. In addition, Alternative 3
best meets Whatcom County’s flood risk reduction objectives by removing the potential for an
unpredictable and catastrophic levee breach and consequent impacts to Glacier Springs and
SR 542 (KWL 2003; Herrera 2007) and by acquiring properties in areas previously identified as
high risk for impacts due to flood-related events and making them available for long-term
conservation and habitat improvements.
Although the estimated cost to construct Alternative 3 is not significantly greater than
Alternatives 1 and 2, the habitat and flood hazard reduction benefits that would result
from Alternative 3 are much greater than with either Alternative 1 or Alternative 2. For
example, the available CMZ is larger for Alternative 3, which provides a larger footprint for
the channel to access. The increase in the available CMZ over existing conditions (i.e., the
no action alternative) with Alternative 3 is approximately 5.4 acres compared to 0 acres for
Alternative 1 and 4.3 acres for Alternative 2. Thus, Alternative 3 provides more potential
channel area during flood events than could be provided with Alternatives 1 and 2. This,
combined with the ELJs that are included in Alternative 3, will reduce stream power and
associated sediment transport, thereby increasing the diversity of bed substrate and the
ability to retain spawning gravels within the project reach. The reduced stream power will
also decrease erosion of existing vegetated zones within the current active channel and will
facilitate maturation of these zones (and creation of others) to provide future sources of
large woody debris to the channel while restoring riparian functions of providing shade,
instream cover, and edge habitat. As a result, the resiliency and overall stability of habitat
and habitat-forming processes in the project reach can be significantly increased without
hindering the natural geomorphic processes within the highly dynamic alluvial fan. This
alternative satisfies a primary objective of this project because it specifically targets several
of the key habitat-limiting factors identified as part of the salmon recovery planning process,
including channel instability, lack of habitat diversity and key habitat quantity, and sediment
load (WRIA 1 Salmon Recovery Board 2005).
With Alternative 3, the radius of the meander bend from the north end of the setback
structure to the south end is much greater than could be accomplished under Alternative 1
or Alternative 2. A greater meander radius, combined with the greater floodplain width
than could be accomplished with Alternative 1 or 2, will reduce the potential scour that
could otherwise develop along the toe of the existing levee or a partial setback structure.
The larger available CMZ resulting from Alternative 3 will also provide a greater flood
conveyance capacity, which should result in lower water surface elevations and flow
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Figure 3.
Alternative 2 Concept Layout.
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Figure 4.
Alternative 3 Concept Layout.
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velocities and increase sediment storage as compared to Alternatives 1 and 2 for the same
flood event. Furthermore, the existing segment of levee that would remain as part of
Alternative 2 would likely have a tendency to direct flows towards the left bank, thereby
decreasing the likelihood for the channel to migrate westward beyond the end of the levee.
By setting back nearly the entire length of remaining levee, the curvature of the downstream
end of the setback structure should not direct the channel towards the left bank, but instead
will allow the channel to migrate freely across the CMZ.
Alternative 3 served as the basis for completing the hydraulic modeling and developing the
final design of the setback structure and ELJs described later in this report. Based on the
results of the hydraulic modeling and design advancement, some refinements were made
to Alternative 3 after it was selected. The south end of the setback structure was extended
300 feet so that the end of the new levee will terminate at approximately the same southern
extent as the existing levee. The lower 500 feet of the setback structure was also moved to
the west so that the setback distance between the centerlines of the existing levee and
the setback structure is approximately 130 feet. The number of small roughening ELJs was
reduced from 22 to 13. Two types of large ELJs were developed: one type that was designed
specifically for placement along the setback structure (Type 1), and one type that was
designed specifically for placement within the current active channel (Type 2). All ELJ types
are described in the Basis of Design section of this report. Finally, the three bank deflector
structures were omitted from the design because of the perception that these structures
could deflect more flow to the right bank, thus increasing risk to the right bank floodplain
downstream of the setback structure. Construction of these structures would likely be
difficult and cost prohibitive because they would likely need to be supported with timber
piles set into sockets drilled through the hard shallow bedrock, and any non-pile-supported
gravity structures built here would not likely withstand the design flows.
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HYDRAULIC MODELING AND ANALYSIS
Model Selection
A two-dimensional hydraulic model of the Canyon Creek alluvial fan was developed for
Whatcom County in 2003 by Kerr Wood Leidel Associates using the FLO2D software program to
assess large debris flood risks (KWL 2003). In order to assess very high flow rates, the model
was developed with 100-foot grid cells. This grid size is much too coarse to assess fish passage
at the bedrock notch or the effects of the proposed ELJs in the Phase 2 design. Reducing the
grid size would require developing a new model, and a 2- to 5-foot grid size would be needed
to assess fish passage at the notch in that model. It would not be feasible to use a model with
that fine spatial resolution for the larger clear-water floods (i.e. no sediment entrainment)
and debris floods (i.e. flows with a volumetric sediment concentration of 15 percent to
35 percent) at the project site due to model instabilities that occur with such a small relative
grid size. Another reason the FLO2D model was not adapted for the Phase 2 project design
effort is that it was developed using an older topographic surface, whereas the objective of
the current modeling effort was to assess the hydraulic characteristics of flow over the preproject (i.e., 2010) channel and floodplain topographic surface and several other theoretical
future surfaces as design alternatives. The extensive effort that would be necessary to make
those revisions to the topographic surface in the FLO2D model, or any other two-dimensional
model, to perform those model runs was considered to be too expensive for purposes of the
Phase 2 design.
A one-dimensional hydraulic model was developed using the Hydrologic Engineering Center River Analysis System (HEC-RAS) software program, version 4.0, at a higher resolution and
smaller scale than the FLO2D model developed by Kerr Wood Leidel Associates to evaluate fish
passage characteristics and project effects on flood elevations, and to establish information
for design of the ELJs and setback structure. The purpose of the HEC-RAS model was to
assess the general hydraulic cause-and-effects related to the project elements over several
topographic scenarios, not to refine or otherwise re-establish hazard zones established in
the Kerr Wood Leidel report (KWL 2003). HEC-RAS was developed by the US Army Corps of
Engineers (USACE) Hydrologic Engineering Center (HEC) as a flood hazard mapping tool and
is endorsed by the Federal Emergency Management Agency (FEMA) for developing Flood
Insurance Rate Maps (FIRMs). It is a one-dimensional water surface profile program that is used
for modeling both steady and unsteady, gradually varied flow. The computational procedure
of a steady-state HEC-RAS model is based on the solution of the energy equation and energy
losses between channel/floodplain cross-sections. Energy losses are evaluated based on
friction (Manning’s equation) and contraction/expansion (a coefficient multiplied by the
change in velocity head). Details of the modeled scenarios, model development, and model
results are provided below.
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Model Scenarios
The channel bed surface has changed dramatically since the existing levee was constructed
in 1994. The project reach is located on a very dynamic portion of an alluvial fan that
experiences large debris flood events due to the steep gradient and confinement of the
channel upstream and high sediment inputs from landslides in the watershed. Several
scenarios were developed to assess design performance under existing bed conditions and
assuming a very high bed elevation using evidence from the 1989 and 1990 debris flood events
as a benchmark. In 1989 and 1990, very large debris floods occurred in Canyon Creek, with
the 1989 event estimated to coincide with approximately a 200-year recurrence interval
flood. The cumulative effects of these events changed the bed elevations in the project reach
drastically, resulting in the bed rising approximately 25 feet at the head of the alluvial fan in
the upstream portion of the project reach. Because it is reasonable to expect debris floods
through the project reach in the future, the hydraulic modeling performed in support of
design development included scenarios projecting potential bed changes due to debris floods.
Hydraulic modeling was performed for the three design alternatives described previously.
These include no levee setback and filling of the bedrock notch (Alternative 1), partial levee
setback (Alternative 2), and a full levee setback (Alternative 3). Alternative 1 was eliminated
from a design perspective when it was determined that the bedrock notch does not present
a fish passage barrier. Alternative 1 was only modeled to assess high flow issues associated
with the no action scenario. As listed below, model Scenarios #1 and #2 were associated with
the no action alternative. Model Scenarios #3 through #6 were run to assess the hydraulic
characteristics for Alternatives 2 and 3 based on current (2010 survey) channel bed conditions
and for fully aggraded channel bed conditions assumed to be similar to those that existed
following the 1989 and 1990 debris flood events. In summary, the following scenarios were
modeled:


Scenario #1: existing conditions (no action)



Scenario #2: existing levee conditions (no action) with 1989/1990 aggraded bed



Scenario #3: existing bed conditions with Alternative 2 (partial levee removal)



Scenario #4: existing bed conditions with Alternative 3 (full levee removal)



Scenario #5: 1989/1990 aggraded bed with Alternative 2 (partial levee removal)



Scenario #6: 1989/1990 aggraded bed with Alternative 3 (full levee removal)

For Scenarios #2, #5, and #6, the fully aggraded bed elevation assuming the 1989/1990 postdebris-flood conditions is a conservative assumption for modeling effects with and without
the Phase 2 project because such debris flooding is expected to be rare in the future, and the
model in those scenarios assumed that the flood hydrograph peak would coincide with the
fully aggraded channel and floodplain surface. The future likelihood of a major debris flood
being followed quickly by another large flood event (such as occurred in 1990) is very low. A
large portion of the aggradation that occurred in the project reach in 1989 likely occurred
just after the peak of that debris flood. As observed in subsequent years following the 1989
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and 1990 debris floods, the active channel incised through the aggraded bed surface relatively
quickly. A similar rate of incision into debris flood deposits can be expected in the project
reach in the future if a debris flood occurs, thereby lowering the channel and floodplain
ground surface before the next major flood event occurs. Further, the volume of material
needed to aggrade the bed is highly dependent on the bed conditions before a large debris
flood event and the time period since the last significant sediment-producing event.

Model Development
The HEC-RAS model requires geometric data (cross-sections of channel bathymetry and
floodplain topography), flow data, definition of downstream boundary conditions to initiate
the step-backwater surface profile calculations, and definition of upstream boundary
conditions with respect to inflow and water surface slope. Geometric data files are combined
with flow data files to produce “flow plans.” The following discussion provides a brief
summary of the various geometric data, flow data files, combined flow plans, and boundary
conditions used to develop the HEC-RAS hydraulic models for the scenarios described above.
Typical hydraulic model development includes some form of calibration to relate the
simulated estimates in the model to actual water surface elevations that occurred during the
time frame coinciding with the hydrologic data input to the model. This type of traditional
calibration was not possible for the lower Canyon Creek model due to the highly variable bed
elevations that affect water surface elevations. Professional judgment was used to define
realistic Manning’s hydraulic roughness values, acknowledging that bed roughness estimates
can vary due to sediment entrainment between large clear-flow floods and debris floods
simulated with the model. It is important to emphasize that the HEC-RAS model was
developed as a tool to assess a wide range of flows including low fish passage flows at the
bedrock notch and the relative effects of the levee setback design alternatives at a very high
flow with a high sediment yield, and a single model cannot be expected to exactly represent
all flow and flood phenomena. The HEC-RAS model provided a good tool to comparatively
assess the relative effects of levee setback alternatives, but is not as well suited as the
FLO-2D model to provide absolute water surface approximations and hazard mapping for the
high sediment 500-year debris flood event.

Computational Domain
The computational domain consists of the topographic surface and hydraulic characteristics
of the surface. In October 2010, Pacific Surveying & Engineering, Inc. (PSE) collected
topographic data within the vicinity of the bedrock notch and the Phase 1 levee removal
area, and along 10 channel/floodplain cross-sections spaced along the length of the project
reach. Whatcom County then merged all the PSE survey data with the 2006 lidar data
(provided by Whatcom County) and other post-2009 levee removal area survey data to
generate a topographic surface of the project reach. This surface was then used to extend
the PSE surveyed cross-sections across the floodplain where survey was not possible, to
generate a high level of detail in the bedrock notch area, and to provide a basis for verifying
topographic assumptions when interpolating between cross-sections in the model. The
resultant surface is herein referred to as the “existing” topographic surface. The HEC-RAS
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model included the 10 surveyed cross-sections, 13 detailed cross-sections around the bedrock
notch, and 21 interpolated cross-sections that enhance model resolution in between the
10 surveyed cross-sections.
Hydraulic roughness coefficients (Manning’s “n” values) were added to the cross-sections to
define the hydraulic flow resistance of the computational domain. Manning’s coefficients
of 0.045 to 0.055 were used to represent the coarse gravel-, cobble-, and boulder-dominated
channel bed. A value of 0.045 was used primarily in the channel, and a value of 0.055 was
used on the cobble bars to account for an irregular and armored cobble surface. Manning’s
coefficients ranging from 0.07 to 0.15 were used to represent the overbank floodplain
depending on vegetative cover and hydraulic roughness associated with topographic
irregularities that create complex flow conditions and flow resistance.
For the aggraded surface scenarios, the KWL (2003) report and photographs provided by the
County were used to estimate the post-1989/1990 debris flood topographic surface elevation,
which was then confirmed during Herrera’s 2011 site visit to document current conditions.
Bed aggradation near banks, residential buildings, and floodplain islands with recognizable
trees and other landmarks were used to approximate the aggraded bed elevations that
existed in 1990. The interpolated elevations resulted in an easily defined wedge of alluvial
material with a relatively consistent gradient that peaked in the upper portion of the project
reach with an average sediment depth 20 feet higher than the 2010 existing conditions
surface and tapered down to a sediment depth of 0 to 5 feet near the confluence with the
North Fork Nooksack River. These sediment wedge dimensions represent approximately
100,000 cubic yards of sediment accretion, which equates to 65 to 70 percent of the
estimated total 500-year recurrence debris flood volume of 150,000 cubic yards (KWL 2003).
Additional volume of sediment and debris transported to the lower reach of the creek in the
1989/1990 debris flood events deposited either upstream of the project reach or downstream
in the North Fork Nooksack River. Therefore, using the1989/1990 surface as the aggraded
surface is likely a conservative assumption to use as the baseline streambed topography to
assess the effects of the project elements for a 500-year debris flood event.
A secondary channel was incorporated into the model to assess overbank flows within the
right bank floodplain downstream of the existing levee. Lateral weirs were used to estimate
overflow from the main channel into the secondary channel in the right bank floodplain.

Downstream Boundary Conditions
The downstream boundary of the HEC-RAS model coincides with the approximate edge of the
100-year floodplain of the North Fork Nooksack River. This location is far enough downstream
of the project area, yet above dynamic fluctuations in water level in the North Fork Nooksack
River, to simplify the downstream boundary condition. A “normal depth” boundary condition
was used at the farthest downstream cross-section, which assumes uniform flow where the
channel bed slope equals the water surface slope. This is the most common and simple type
of downstream boundary condition used for HEC-RAS models where known water surfaces
based upon actual flow or stage data at the downstream boundary are not required. A normal
depth slope of 0.0265 (2.65 percent) was assumed at the downstream boundary based on the
surveyed bed slope in that area.
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Upstream Boundary Conditions
The upstream boundary was established in the HEC-RAS model approximately 600 feet
upstream of the project area in the straightened, incised portion of Canyon Creek, upstream
of the left bank floodplain bench. This left bank floodplain bench is significantly higher than
the current 100-year floodplain. However, it has been activated in the past when the bed
elevations were much higher, so it is important to extend the upstream model boundary
beyond the floodplain bench to assess debris flood events and associated aggradation
scenarios.
The upstream boundary conditions for the HEC-RAS model included steady state inflows (i.e.,
a single flow value as opposed to a continuous hydrograph). Two sets of upstream boundary
input flows were established for the model. The first set of flows included clear-flow and
debris flood flow rates used to assess the performance of the proposed design. These floodrelated flows were obtained from the KWL (2003) report and labeled as “KWL Flow Data” in
the HEC-RAS model flow data files. The second set of input flows included smaller habitat
flows as provided by GeoEngineers (2011) to assess fish passage at the existing bedrock notch.
The steady state flows are summarized in Table 2. It was assumed that a debris flood would
coincide with the extreme 200- and 500-year recurrence flood flows that were modeled.
Table 2.

Steady State Flow Rates at Upstream Boundary.
Event

Flow Rate
(cubic feet per second)

Low Fish Passage Flow (clear-flow)

25

Medium Fish Passage Flow (clear-flow)

100

High Fish Passage Flow (clear-flow)

500

2-year Recurrence (clear-flow)

2,507

5-year Recurrence (clear-flow)

3,555

10-year Recurrence (clear-flow)

4,010

25-year Recurrence (clear-flow)

4,835

50-year Recurrence (clear-flow)

5,340

100-year Recurrence (clear-flow)

5,970

200-year Recurrence (debris flood)

16,100

500-year Recurrence (debris flood)

25,000

A normal depth slope of 0.0204 (2.04 percent) was also established at the upstream boundary
condition, based on streambed survey data, so that a mixed flow regime could be calculated
by the model. A mixed flow regime allows the model to calculate both subcritical (i.e.,
slower and deeper) and supercritical (i.e., shallow and faster) flows. Without a mixed flow
regime, the model assumes a water surface depth equal to the critical flow depth where
the Froude number is equal to one. Even though supercritical flow is questionable for
most natural river systems due to adjustment of the streambed during a high flow event,
supercritical flow is a reality in Canyon Creek due to bedrock control, a high sediment load,
and a very steep slope that encourages fast-moving water in both low flow and high flow
conditions.
March 2013
Basis of Design Report - Lower Canyon Creek Phase 2 Restoration Project

29

Hydraulic Model Results
Results of the hydraulic models of the scenarios presented in the previous section are
provided in Appendices A and C. Appendix A provides the low flow assessment used for fish
passage. Appendix C includes representative cross sections showing 100-year and 500-year
water surface elevations and results of the six modeled scenarios used to assess the effects
associated with the proposed design.

Existing Conditions (Scenario #1)
The results for Scenario #1 suggest that the existing channel bed is currently very incised.
Inundation of the upstream left bank floodplain is not simulated even for the 500-year
recurrence debris flood. The simulated water surface is approximately 15 feet lower than the
top of the existing levee near the upstream portion of the site adjacent to Canyon View Drive.
It is important to note that this assumes no aggradation during the flood event, which is not
realistic. Regardless, it demonstrates the extent of the current channel incision and relatively
high level of discontinuity of the channel with its floodplain in the project reach.
Peak flow velocities predicted by the model for the 100-year flood event range from 15 to
20 feet per second throughout the project area. Average velocities range from 13 to 15 feet
per second. This narrow range between peak and average velocities further demonstrates
the incised nature of the channel, the inherent supercritical flow through the project reach,
and the discontinuity of the channel with its historical floodplain. No overflow into the lower
right bank floodplain downstream of the existing levee (the area of 2009 levee removal)
was simulated in this scenario for the 100-year flood event. In the 500-year flood event,
only 394 cfs of overbank flow was simulated in this area (1.6 percent of total flow). See
Appendix C for representative cross-sections.

Existing Conditions with Aggraded Bed – No Levee Removal (Scenario #2)
The channel bed elevation difference between the existing surface and the assumed
aggraded surface is between 5 feet near the bedrock notch area and 15 to 20 feet in the
upstream portion of the project reach. The simulated water surface elevation increases by
approximately 10 feet through the upper portion of the project area, 5 feet in the middle of
the project area just downstream of the first right bank meander, and less than 1 foot near
the bedrock notch area. Modeling of this scenario indicates that the floodplain is much more
active if or when there is significant aggradation, and the difference in floodplain activation
in the larger flood events is less pronounced than under Scenario #1. No overflow into the
lower right bank floodplain downstream of the existing levee was simulated in this scenario
for the 100-year flood event. In the 500-year flood event, only 590 cfs of overbank flow was
simulated in this area (2.4 percent of total flow)
The peak flow velocities under this scenario are subjective based on the aggraded geometry
assumed. However, an average channel dimension was assumed based on the current channel
geometry (width) and from studying the post-1989/1990 flood photos, so the results are
informative based on the increase in floodplain connectivity that is predicted in this scenario.
As anticipated, the simulated flow velocities dropped approximately 50 percent compared to
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Scenario #1, ranging from 8 to 15 feet per second in the 100-year recurrence event. See
Appendix C for representative cross-sections.

Existing Conditions with Alternative 2 – Partial Levee Removal (Scenario #3)
The modeled 100-year flood water surface elevations for Scenario #3 were essentially the
same as in existing conditions (Scenario #1). This is because the existing channel bed is
currently very incised and disconnected from the floodplain. Some locations in the channel
and floodplain showed localized water surface elevation increases of approximately 1 foot
due to the influence of ELJs on local flow characteristics. In comparison to the model results
for existing conditions, model cross-sections with no logjams showed positive and negative
water surface elevation changes of approximately 0.01 to 0.05 foot.
The model results indicate that the 500-year flood water surface elevations would be
approximately 0.5 to 1.0 foot lower in the upper and middle portions of the project area,
with variable results near the bedrock notch area where the levee was assumed to be
removed for this scenario. Slight increases in water surface elevation compared to the
existing conditions are predicted at cross-section locations containing ELJs. Compared to
the existing conditions model, simulated overflow into the lower right bank floodplain
downstream of the existing levee increased approximately 11 percent, from 394 cfs to
439 cfs.
Average flow velocities predicted by the model for the 100-year flood event decreased
approximately 2 percent (0.2 feet per second) for Scenario #4 compared to the existing
conditions(Scenario #1). Peak flow velocities predicted by the model for the 500-year
flood event were slightly lesser in areas without ELJs and slightly greater in areas with ELJs.
In general, the model for this scenario predicts a decrease in average flow velocities of
approximately 16 percent (1.7 feet per second) in the levee and revetment portion of the
project area for Scenario #4 compared to existing conditions, but still upwards of 13 to
15 feet per second throughout the project area. See Appendix C for representative crosssections.

Existing Conditions with Alternative 3 – Full Levee Removal (Scenario #4)
The simulated 100-year flood water surface elevations for Scenario #4 were very similar
in comparison to both the existing conditions (Scenario #1) and partial levee removal
(Scenario #3) in the upper and lower portions of the project area. The simulated 100-year
flood water surface elevations in the middle portion of the project area were approximately
0.1 foot lower on average compared to the existing conditions and partial levee removal
scenarios, but only 0.005 feet lower on average throughout the setback levee and revetment
portion of the project area.
The simulated 500-year flood water surface elevations were approximately 0.5 foot lower in
the middle portion of the project area compared to the existing conditions (Scenario #1) and
partial levee removal (Scenario #3) scenarios. The model results indicate an average water
surface decrease throughout the setback levee and revetment portion of the project area,
approximately 0.22 feet lower compared to existing conditions. At cross-sections 1624.7
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and 1475.2, slightly higher water surface elevations were predicted at the transition of
the lower levee removal area. This difference is due to the assumptions in the model
regarding the levee setback for Scenario #4 versus the complete removal of the lower levee
for Scenario #3. Simulated overflow into the lower right bank floodplain downstream of the
existing levee did not change in relation to Scenario #3 (439 cfs).
Average flow velocities predicted by the model for the 100-year flood event decreased
approximately 3 percent (0.3 feet per second) for Scenario #4 compared to the existing
conditions (Scenario #1). Peak flow velocities predicted by the model in the 500-year flood
event demonstrated the same patterns as in Scenario #3, with slightly reduced velocities in
areas without ELJs and slightly higher velocities in areas with ELJs. However, the magnitude
of the peak flow velocity changes was slightly higher in Scenario #4. Average flow velocities
predicted by the model for the 100-year flood event decreased approximately 17 percent
(2.0 feet per second)in the setback levee and revetment portion of the project area for
Scenario #4 compared to the existing conditions (Scenario #1). The predicted average
decrease in flow velocity ranged from 1.7 feet per second for Scenario #3 (partial levee
removal) to 2.0 feet per second for Scenario #4 (full levee removal). See Appendix C for
representative cross-sections.

Aggraded Bed with Alternative 2 – Partial Levee Removal (Scenario #5)
The simulated 100-year flood water surface elevations for Scenario #5 were generally 0.2 foot
lower compared to Scenario #2 (aggraded bed with no levee removal) in the main project
area. As described above, model results for Scenarios #3 and #4 (partial and full levee
removal) did not show any notable effect due to levee removal for the 100-year flood due to
the relative incision of the existing channel. The model results for Scenario #5 indicate more
floodplain activation and a distinct lowering of the 100-year flood water depths across the
floodplain. The simulated 500-year flood water surface elevations in Scenario #5 were
generally 0.5 foot lower compared to Scenario #2 in the main levee and revetment setback
portion of the project area and approximately 0.35 feet lower on average for the entire
project area. The predicted changes in flow characteristics in the downstream portion of the
model were minor. Simulated overflow into the lower right bank floodplain downstream of
the existing levee during the 500-year flood increased approximately 9 cfs (from 590 cfs to
599 cfs).
Average flow velocities predicted by the model for Scenario #5 for the 100-year and 500-year
flood events decreased approximately 8 to 11 percent, respectively throughout the model
domain compared to Scenario #2. See Appendix C for representative cross-sections.

Aggraded Bed with Alternative 3 – Full Levee Removal (Scenario #6)
The simulated 100-year flood water surface elevations under Scenario #6 decreased 0.2 feet
as compared to Scenario #2 for most of the setback levee and revetment portion of the
project area, and were up to 1 foot lower in the middle portion of the project site. The
simulated 500-year flood water surface elevations were generally 1.0 foot lower than under
Scenario #5 in the middle portion of the project site and approximately 0.45 feet lower on
average for the entire project area. See Appendix C. Simulated overflow into the lower
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right bank floodplain downstream of the existing levee during the 500-year flood was
approximately 15 cfs higher than predicted for Scenario #5 (614 cfs versus 599 cfs) due
to a slightly higher water surface elevation predicted at the location of the lateral weir
representing the overbank split between the main channel and the floodplain channel in the
HEC-RAS model. The results suggest a significant decrease in the freeboard along the setback
structure for Scenario #6 compared to Scenario #4.
Average flow velocities predicted by the model for Scenario #6 for both the 100-year and
500-year flood events decreased 14 to 17 percent, respectively throughout the model
domain compared to Scenario #2 (aggraded bed, no levee removal). Simulated flow velocity
differences between Scenario #6 and Scenario #5 for all flows modeled were minor, but
generally the velocities for Scenario #6 were approximately 5 percent lower than in
Scenario #5. See Appendix C for representative cross-sections.

Summary
The suite of scenarios modeled ranged from existing conditions (Scenario #1) to full levee
removal with a setback structure and engineered log jams and an aggraded stream channel
(Scenario #6). Scenario #1 reflected the increased channel capacity that has resulted from
channel incision subsequent to installation of the existing levee in 1994; this allows for
conveyance of the 500-year debris flood within the existing levee. Levee freeboard is
approximately 11 to 12 feet along the length of the existing levee under this scenario. The
minimum freeboard under the fully aggraded existing conditions scenario (Scenario #2) was
estimated at 4.96 feet just downstream of the transition between the revetment and setback
levee facilities (HEC-RAS cross section 2375.8). This change in freeboard is more pronounced
at this location because it is located just upstream of the constricted portion of the floodplain
near the bedrock notch with the highest relative change in the assumed aggraded bed. The
model indicates that 394 cfs of overflow would make it onto the lower right bank floodplain in
the area of the 2009 levee removal. The overflow would re-enter Canyon Creek at the
downstream end of the removal area on the east side of ELJ 2-5.
In contrast, Alternative 3/Scenario#6 modeled an aggraded channel using 65 to 70 percent of
the estimated 500 year debris flood sediment volume to reflect channel bed elevations similar
to conditions following the 1989 and 1990 debris flood events. Under this scenario, the new
setback structure was able to convey the 500 year debris flood event while maintaining
freeboard ranging from 17 feet near Canyon View Drive to 11 feet along the downstream
length of the setback levee structure. The lowest freeboard under the fully aggraded scenario
ranges from 6 feet to 7 feet just downstream of the transition between the revetment and
setback levee with a minimum freeboard of 6.05 feet. This is approximately 1.1 feet more
freeboard compared to the aggraded existing conditions scenario (Scenario #2). Velocities are
lower on the average than the other scenarios. Overflow onto the lower right bank floodplain
of 614 cfs was modeled and would follow a flow path similar to that described for Scenario #1
above.
In summary, based on the analysis of the six scenarios, Alternative 3 was selected as the
preferred alternative to be taken to full design for the following reasons:
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The 500-year debris flood is conveyed while maintaining freeboard along the length of
the new setback structure and preventing right bank overflow near Canyon View Drive



The presently incised condition combined with the setback structure provides for
significant sediment storage should a debris flood event or events happen in the future



The location of the setback at or to the west of the historic migration zone maximizes
the floodplain area available to lower flood depths and velocities during clearwater
and debris floods



Lowering of flow depths and velocities over the current condition will reduce lateral
erosion



Modeled overflow onto the lower right bank flood plain (Zone D on the Terrace Map
in Appendix G), re-enters Canyon Creek, and does not overflow the terrace (Zone C,
Appendix G) where it could reach the Mount Baker Highway
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BASIS OF ENGINEERING DESIGN
This section documents the basis of engineering design for the setback revetment and levee
(setback structure), and ELJ structures for the preferred alternative that Whatcom County
intends to construct. The assessments of fish habitat conditions, geological and geotechnical
conditions, geomorphic conditions and hazards, and the hydraulic modeling results described
in previous sections directly inform the design of these structures. Calculations completed
in support of the setback structure and ELJs are included in Appendices B, D, and E. Final
engineering design plans detailing the setback structure and ELJs are included in Appendix F.

Setback Structure
A 1,800-foot-long setback structure will be constructed approximately 120 feet to the west
of the existing levee. The setback structure design consists of two contiguous structures: a
475-foot-long armored revetment aligned along the west side of the historical channel that is
bounded by Canyon View Drive to the west, and a 1,325-foot-long armored levee that extends
downstream roughly parallel to the existing levee. The upstream end of the revetment
portion of the setback structure will tie into a point on the existing levee roughly 150 feet
from the upstream terminus of the existing levee. This will create a seamless transition
between the existing and new structures, thus resulting in a continuous structure. The
setback revetment transitions to a setback levee south and east of Canyon View Drive. The
setback levee will end approximately 100 feet farther northward than the downstream end of
the existing levee (as exists following Phase 1 construction in 2009 that removed a section of
levee extending further downstream). The northernmost 150 feet of the existing levee will
remain in place at the upstream end of the project site.
The primary function of the armored setback structure is to limit the westward extent of
future channel migration while providing the same level of flood containment and resistance
to bank erosion and channel avulsion afforded by the existing levee. The goal of constructing
the setback structure is to substantially increase the CMZ and, thus, the area available for the
channel to create and maintain a diversity of dynamic and complex habitats and geomorphic
conditions, while mitigating the risk to the residential properties and Canyon View Drive to
the west. Allowing the channel to migrate freely across the increased CMZ lifts restrictions on
the channel’s ability to adjust to changes in sediment, wood, and flood flow routing within
the alluvial fan and allows it to maintain fish passage regardless of where the channel is
aligned on the alluvial fan.
The setback structure is designed to contain the same flood water surface elevations as the
existing levee; therefore, the top elevation of the structure matches that of the existing
levee. By doing so the setback structure does not increase flood-related risks to nearby
properties or infrastructure, and provides more capacity for floodwaters and sediment
storage. Based on the hydraulic modeling for proposed conditions (Scenario #6 described in
the previous section), the setback structure will provide several feet of freeboard during a
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500-year recurrence clear-water flood with a significantly aggraded channel as compared to
current conditions.
The setback structure will include a layer of riprap placed directly over a layer of quarry
spalls. These layers will extend from the top of the structure to its bottom. The quarry spall
layer will be 1 foot thick and act as a seepage filter to reduce the potential for piping and
soil loss from the setback structure embankment material that could otherwise occur due to
seepage. The riprap layer will consist of rocks with an average diameter of 5 feet, but it will
include a sufficient volume of smaller rocks to fill voids between the large rocks, and to
create a well-graded and compacted mass. The quarry spalls and riprap will extend from the
top of the setback structure an average vertical distance of 35 feet into the existing swale
landward of the existing levee. At the bottom, the riprap will extend waterward (eastward) a
distance of 10 feet horizontally to create a launchable toe. This will allow for deformation
(“launching”) of the setback structure toe in a major flood event without compromising the
integrity of the structure. The volume of riprap needed to complete construction exceeds
the salvageable volume from the existing levee; therefore, additional riprap will need to be
imported.
Although the setback structure is designed to contain very high water surface elevations
by virtue of matching its top elevation to that of the existing levee, the setback structure
will be subject to highly erosive flows. The average diameter of 5 feet for the large riprap
armoring material is sized to resist erosion during a 100-year flood. Based on a riprap sizing
analysis completed in support of this project, the average diameter of rock needed to resist
erosion during the 500-year flood is approximately 14 feet. Rock this size is not feasible for
constructing a setback structure as discussed in the scour analysis section below and would be
prohibitively expensive.
The waterward slope of the setback structure will be 1.5H:1V (horizontal to vertical). The
landward side of the setback levee will be on a 2H:1V slope for most of its length and will
be on a tapered slope to gradually tie into existing ground in select locations. Quarry spalls
placed below existing grade will be laid directly on top of exposed soils. For the levee portion
of the setback structure, the quarry spalls will be placed directly on top of compacted and
sloped embankment material (structural fill). Structural fill for the levee portion of the
setback structure will consist of spoils produced from removing the existing levee and onsite
alluvial soils excavated to complete construction, which is primarily gravel and cobble.
Surplus levee removal spoils will be placed along the riprap armoring and extend waterward
for a distance of approximately 30 to 40 feet to create a non-structural embankment. This
embankment is intended to avoid hauling and disposing the surplus spoils, is considered
sacrificial, and is not intended to provide erosion protection along the setback structure.

Removal of Existing Levee
The existing levee is approximately 2,000 feet long and 20 feet tall with 1.5H:1V side slopes.
The levee was constructed using onsite alluvium, which consists of compacted gravel, sand,
and cobbles, with some boulders. The waterward side of the levee is armored with a layer of
large riprap. The average diameter of the riprap rocks is approximately 5 feet. The riprap
extends approximately 10 feet below the channel bed at the levee toe at the same slope as
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the levee face (for a total vertical height of 30 feet), then it projects horizontally about
10 feet, creating a launchable toe. The setback structure will be constructed by removing
1,850 feet of the existing levee and reusing its riprap and embankment material. The
northernmost 150 feet of the existing levee will remain in place.
In general, the existing levee will likely be removed using large hydraulic excavators that will
bench the top of the levee to create a work platform from which to remove the riprap. The
existing levee will be progressively benched down by excavating the embankment as riprap
is removed to allow the equipment to reach the lower riprap and eventually the subsurface
riprap. As much subsurface riprap as possible on the waterward side of the levee will be
salvaged with the quantity recovered being dependent on the depth of rock, water table, and
how close it is to flowing water.

Design Calculations
Engineering calculations were completed to ensure that the setback structure is designed
appropriately to meet the project goals and objectives while remaining stable during the
design flow event, and to quantify excavation and fill volumes for preparing contract bidding
and construction documents. These analyses are summarized below. Calculations completed
in support of the setback structure are included in Appendices B and D.

Scour Analysis
A scour analysis was completed for the channel between the upstream and downstream ends
of the existing levee to determine how far the channel could potentially incise below its
current elevation during large flood events. The scour analysis consists of two independent
analyses: a general scour analysis and a bend scour analysis. The general scour analysis
estimated potential channel erosion due to transport of the bed material. The bend scour
analysis estimated the potential scour due to the presence of the meander bend along the
existing levee, and the associated propensity for the force of flow to “hug” the toe of the
levee and induce scour as flow deflects off the armored toe. Each analysis was completed
at four locations along the existing levee using water depths and flow velocities from the
hydraulic modeling results for the existing conditions 100-year recurrence flood. These
locations are approximately 350 to 500 feet apart and coincide with locations where
topographical cross-section surveys were obtained in 2010. At each of these four locations the
results of the general scour and bend scour calculations were added together to arrive at a
total maximum probable scour depth that could occur along the levee toe in a 100-year flood
event. The combined scour depth at each location was then considered when establishing the
design elevation of the launchable subsurface riprap of the setback structure. Results of the
scour analysis are summarized in Table 3 below. Detailed inputs and calculations of the scour
analysis are included in Appendix D.
The recurrence interval associated with flows transitioning from those that are not
transporting sediment (i.e., degradational, erosional or clear-water flows) to those that are
hyperconcentrated with sediment (i.e., sediment-laden flows) is not well defined in Canyon
Creek as the watershed has a history of both types of events occurring for various flood
magnitudes. Therefore, the scour analysis conservatively assumed clear-flow conditions that
March 2013
Basis of Design Report - Lower Canyon Creek Phase 2 Restoration Project

37

are degradational rather than hyperconcentrated flow with sediment, which can induce bed
aggradation that counters scour potential. The analysis also assumed the existing low flow
channel thalweg is fixed along the levee toe.
Table 3.

Results of Scour Analyses for the Channel Adjacent to the Existing Levee in
the 100-year Recurrence Clear Flow Flood.

Station Along
Existing Levee

General Channel Scour
(feet)

Bend Scour
(feet)

Total Scour Depth
(feet)

3+50

3

3

6

8+50

6

0

6

13+00

4

1

5

16+50

4

1

5

As shown in Table 3, total probable scour depths estimated along the existing levee range
from 5 to 6 feet. The top elevation of the launchable subsurface riprap in the setback
structure design is set at this distance below the elevation of the existing low flow channel
thalweg. This will allow the channel to naturally incise and migrate without encountering the
launchable riprap, which can degrade habitat and hinder geomorphic processes that create
and maintain the habitat if it becomes exposed.

Riprap Sizing for the Setback Structure
A riprap sizing analysis was completed to verify the average diameter of riprap from the
existing levee that will be suitable to resist erosion once placed on the setback structure. This
analysis was also completed to determine the average rock diameter that may need to be
imported if the existing levee riprap is too small, and because the volume of riprap needed to
complete the setback structure construction exceeds the salvageable volume available from
the existing levee. Three locations along the channel were selected for this analysis, and the
corresponding hydraulic modeling results for the proposed conditions 100-year and 500-year
recurrence floods were used as input to the calculations. These locations are approximately
450 to 500 feet apart and coincide with locations where topographical cross-section surveys
were obtained in 2010. At each location for each of the two major flood events the analysis
was completed by assessing the rock size needed for the current channel condition (i.e.,
significantly incised) and for a significantly aggraded channel condition. These conditions
represent the range of channel conditions that have occurred at the project site in the past
25 years. Therefore, the results provide upper and lower bounds on the rock size needed to
accommodate the significantly varying hydraulic and geomorphic conditions anticipated to
occur. Detailed inputs and calculations of the riprap sizing analysis are included in
Appendix D.
Results of the riprap sizing analysis are summarized in Table 4. The average rock diameter
corresponding to the 100-year flood for current conditions (5.1 feet) will be used for armoring
the setback structure because this size will provide erosion resistance for floods up to the
100-year recurrence event for current and aggraded channel conditions, and for the 500-year
recurrence flood in the aggraded condition. Average rock diameter of 5.1 feet is close to the
approximate average diameter of riprap armoring the existing levee. The average rock
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diameter corresponding to the 500-year recurrence flood for current channel conditions
(14.6 feet) is too large for construction and would be cost prohibitive to procure and install;
the erosion resistance provided by the armoring in the setback structure design plans has
been sized based on the 100-year flood, as that is consistent with the current riprap
protection and is feasible to construct.
Table 4.

Results of Riprap Sizing Analysis for the Setback Structure.
Average Rock Diameter –
100-year Flood
(feet)

Average Rock Diameter –
500-year Flood
(feet)

3+50 – Current

7.5

21.7

3+50 – Aggraded

1.5

4.3

3+50 – Average

4.5

13.0

8+50 – Current

3.5

7.3

8+50 – Aggraded

1.3

2.9

8+50 – Average

2.4

5.1

13+00 – Current

4.2

14.7

13+00 – Aggraded

1.3

3.0

13+00 – Average

2.7

8.9

Average of Current Conditions (Design Condition)

5.1

14.6

Average of Aggraded Conditions

1.3

3.4

Station Along Existing Levee and Channel
Condition

Earthwork Quantities
Earthwork quantities were calculated to determine the following: the volume of riprap and
alluvial embankment material available from the existing levee, the volume of material
needed for the setback structure, and the volume of excavation needed to remove the
existing levee materials and construct the setback structure. These quantities are
summarized below in Table 5.

Geotechnical Evaluation and Recommendations
GeoEngineers completed a geotechnical evaluation of the setback structure that included a
slope stability analysis and seepage analysis (GeoEngineers 2012). The stability analysis was
completed for four cases including immediately following construction, steady state seepage
at full flood stage, rapid draw down conditions, and during a design earthquake using the
program SLOPEW Version 7.13 and the Spencer Method. The setback structure slopes were
evaluated for the most probable failure mechanisms in accordance with the USACE manual for
the Design and Construction of Levees (USACE 2000). Geotechnical parameters required for the
analysis were evaluated based on the results of the geotechnical site investigation completed
by GeoEngineers (2012) in support of this project, laboratory data, empirical relationships
and professional experience. Results of the setback structure slope stability analysis are
summarized in Table 6. Detailed inputs, results and assumptions made for this analysis are
summarized in the Geotechnical Engineering Evaluation report included Appendix B.
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Table 5.

Construction Quantities for the Setback Structure.
Work Item

Quantity

Unit

23,300

CY

Riprap available from the existing levee

14,300

CY

Riprap import needed to complete the setback structure

9,000

CY

Excavation needed to remove the subsurface riprap along the existing levee

16,200

CY

Excavation needed to remove the existing levee embankment (i.e., material

47,200

CY

Excavation needed to install the riprap and quarry spalls in the setback structure

50,000

CY

Fill material needed for the levee portion of setback structure

16,900

CY

Surplus fill material from the levee removal used to build the alluvium

36,100

CY

6,940

TN

Riprap needed for the setback structure

available for the setback structure and alluvium embankment)

embankment along setback structure riprap
Quarry spalls needed for the setback structure seepage filter

Table 6.

Summary of Slope Stability Analysis.

End of
Construction

Long Term (Steady
State Seepage)

Rapid
Drawdown

Design
Earthquake

Minimum Factor of Safety (FS)

1.3

1.4

1.0 to 1.2

1.0 to 1.1

Revetment Section FS

1.5

1.36

1.3

1.06

Levee Section FS

1.4

1.4

1.4

1.1

The seepage analysis was completed for the levee portion of the setback structure using the
program SEEP/W Version 7.17 for water levels at full flood stage. Coefficients for permeability
(k value) and the soil layers (k ratio) were developed assuming the levee consists of reused
onsite alluvial gravel with sand and silt with a fines content of 5 to 15 percent. The seepage
analysis included calculating the seepage discharge, exit gradient, and resulting factor of
safety against piping. Results of the seepage stability analysis are summarized in Table 7.
Detailed inputs, results, and assumptions made for this analysis are summarized in the
Geotechnical Engineering Evaluation report included Appendix B. The method used to
calculate seepage discharge is conservative such that the estimated seepage rate is likely
overstated.
Table 7.

Summary of Seepage Analysis.

Section

Discharge
(gallons per minute/foot)

Exit Gradient

Factor of Safety Against
Piping

Levee Section

2.0

0.20

5

GeoEngineers provided design and construction recommendations for the setback structure
based on the results of their analysis and site investigation. These recommendations are
summarized below.
1. Structural fill embankment slopes should be no steeper than 1.5H:1V on the
waterward side and 2H:1V on the landward site. Non-structure (i.e., sacrificial) fill
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embankment slopes should be no steeper than 2H:1V. All levee slopes should be
overbuilt and subsequently cut back to expose well-compacted fill to achieve uniform
compaction if the specified compaction cannot be achieved on the slopes by the
contractor’s methods.
2. Excavation slopes should be no steeper than 1.5H:1V. Excavation slopes should be
graded flatter than 1.5H:1V if groundwater is encountered that causes severe caving.
3. The setback structure should include a 1-foot-thick layer of quarry spalls (i.e., a
seepage filter) placed beneath the riprap on the waterward face of the structure to
reduce the potential for piping and soil loss. Quarry spalls should conform to the
Washington State Department of Transportation (WSDOT) 2012 Standard Specification
Section 9-13.6.
4. The subgrade below the levee portion should be compacted to at least 92 percent of
the maximum dry density (MDD) in accordance with the ASTM D 1557 test procedure.
5. Structural fill with less than 30 percent of the material by volume having a particle
size greater than the 3/4-inch sieve should be placed and compacted to at least
92 percent of MDD in accordance with ASTM D 1557.
6. On-site alluvium and existing levee material should be placed in accordance with Rock
Embankment Construction procedures in the 2012 WSDOT Standard Specification
Section 2-03.3(14)A and compacted using a large vibratory roller with a dynamic force
of 40,000 lbs of impact per vibration and at least 1,000 vibrations per minute.
7. Sacrificial alluvium embankment material may be placed in accordance with the 2012
WSDOT Standard Specification Section 2-03.3(14)C, Method A.
8. Riprap imported to supplement riprap from the existing levee should meet the
gradation listed in Table 8, and should be placed to create a well-graded and
compacted mass using smaller rocks to fill voids between the larger rocks.
Table 8.
Riprap Class
Large Riprap

Small Riprap

Gradation Specifications for Imported Riprap.

Weight
(pounds)

Percent of Total Weight
Smaller than Given Size

Approximate Diameter of Riprap
(inches)

15,000

100

67

10,000

50

58

6,000

0

49

6,000

100

49

3,000

80

39

1,000

50

27

200

10

16
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Engineered Logjam Structures
Herrera designed three types of ELJ structures included in the final engineering design plans.
The ELJ designs discussed herein are based on the findings presented in previous sections of
this report and consider the project habitat goals, hydraulic conditions, potential channel
bed changes, structure longevity, and the protection of infrastructure and property. The
engineering calculations completed in support of ELJ design development are included in
Appendix E and are summarized below. The final engineering design plans for this project are
included in Appendix F.

Structure Types and Functions
Three ELJ types (described below) are included in the design to achieve the project goal of
expeditiously restoring natural stream geomorphic and ecological structure, function,
composition, and habitat-forming processes while not increasing or transferring flood-related
risks to adjacent properties and SR 542. Each ELJ type was tailored for this project to perform
specific functions at the location in which it is sited.

Type 1 ELJs
Five Type 1 ELJs are spaced approximately 250 feet apart along the waterward side of the
setback revetment and levee. Each structure extends an average of 50 feet waterward from
the riprap facing on the setback structure and is angled approximately 70 degrees out from
the riprap facing, oriented in the downstream direction. The primary function of the Type 1
ELJs is to provide additional erosion protection for the setback structure by deflecting flows
away from it and back into the middle of the channel. This will minimize the potential for
flow to become fixed along the setback structure for any significant length, thereby buffering
most of the setback structure from erosive flow conditions. Secondary functions of Type 1
ELJs are to provide opportunities to retain and stabilize wood debris that is transported into
the setback area; to provide large-scale hydraulic roughness to reduce flow velocities and
encourage sediment deposition in the setback area; and to enhance habitat by inducing and
maintaining pools, providing substrate for benthic communities, and providing a foundation
for riparian vegetation growth.
The Type 1 ELJs are large, robust, pile-supported, log cribwall type structures. Piles will be
embedded 10 to 11 feet below the elevation of the low flow channel thalweg (where the
thalweg occurs along a transect of the channel and floodplain aligned perpendicular to the
setback structure at the ELJ location). Each Type 1 ELJ is designed to be approximately
16 feet tall so that it will accommodate the variable channel elevations expected to
occur within the setback area. Each Type 1 ELJ incorporates a scour apron that extends
approximately 30 feet waterward along the pile from the toe of the riprap facing on the
setback structure. The scour apron is intended to limit the vertical extent of scour that can
occur at the upstream face of the ELJ, which allows for a much shallower pile embedment
depth than would be necessary without it. It is critical to prevent failure of the piles, so that
they provide long-term anchoring of the entire structure. The scour apron is designed 5 feet
thick, consisting of a 50:50 mix of 24-inch (diameter) and larger native boulders and heavy
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loose riprap (per WSDOT standard specification 9-13.1(1)). The apron will be constructed at
the same elevation as the toe of the riprap along the facing of the setback structure.
The 30- to 40-foot-wide alluvium embankment that will be constructed along the riprap
facing of the setback structure will bury a large portion of each Type 1 ELJ. Immediately
following construction, only 20 feet or so of each structure will protrude from the
embankment and be visible. This condition will persist until the channel migrates across the
setback area (or avulses into it) and begins eroding the embankment material surrounding
the ELJ.

Type 2 ELJs
The design includes seven Type 2 ELJs within the existing active channel. Four of these
structures are located at the upstream end of existing vegetated islands within the active
channel; three of them are located upstream of the bedrock notch, and one is located
downstream of it. Two Type 2 ELJ structures will be constructed along the left bank of the
existing active channel downstream of the bedrock notch. The primary function of these six
structures is to preserve the existing vegetation and facilitate mid-channel island formation
by deflecting flow around one or both sides of the vegetation, thereby buffering the island
from erosive flow conditions. One structure will be constructed at the upstream end of the
setback structure. The primary function of this particular Type 2 ELJ is to provide some flow
deflection at the inlet to the setback area (as compared to substantial deflection provided by
the Type 1 ELJs), thereby limiting the volume of flow into the setback area at the upstream
end and preventing the entire mainstem channel from becoming fixed along the setback
structure before encountering the upstream-most Type 1 ELJ. Secondary functions of the
Type 2 ELJs are the same as those for the Type 1 ELJs.
Type 2 ELJs are designed to be large, robust, pile-supported structures configured to be
placed either mid-channel or along a bank. Piles will be embedded 15 feet below the
elevation of the adjacent low flow channel thalweg to anchor the ELJs. Each Type 2 ELJ is
designed to be approximately 55 feet wide and 14 feet tall so that it will accommodate the
variable channel elevations expected to occur within the existing active channel. Each
structure will also incorporate a large gravel bar constructed in the lee of the logs using
native material that is displaced to construct the ELJ. Each Type 2 ELJ incorporates riprapand-boulder-based scour apron similar to the apron design for the Type 1 ELJs.

Type 3 ELJs
Eleven Type 3 ELJs are included in the design plans, with locations spaced throughout the
project reach. Six of these structures are located within the setback area. The primary
function of these six ELJs is to provide an additional level of floodplain roughening and flow
deflection by creating erosion-resistant hard points in the setback area, which could induce
formation of multiple lower energy channels. By receiving and splitting flow that is deflected
from the Type 1 ELJs and/or intercepted as the channel migrates toward the setback
structure, the amount of flow that may occur between the Type 1 ELJs and become fixed
along the setback structure can be minimized while the diversity and complexity of channel
and island complexes within the setback area is increased. Seven of these structures are
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located downstream of the end of the setback structure along the west side of an elevated
floodplain created in 2009 when the lower 500 feet of the existing levee was removed. The
primary function of these ELJs is to provide a redundant means for minimizing the potential
for the channel to avulse through the right bank floodplain by deflecting the majority of flow
back into the middle of the active channel, and to provide habitat along the right bank of the
existing active channel in the event the channel eventually occupies this area. Secondary
functions of the Type 3 ELJs are the same as those for the Type 1 and Type 2 ELJs.
Type 3 ELJs are designed to be robust, pile-supported structures, yet they are smaller than
the Type 2 ELJs. They are configured to be placed either mid-channel or along a bank. Piles
will be embedded 9 feet below the elevation of the adjacent low flow channel thalweg to
anchor these structures. Each Type 3 ELJ is designed to be approximately 40 feet wide and
13 feet tall so that it will accommodate the variable channel elevations expected to occur
within the existing active channel. Each structure will also incorporate a large gravel bar
constructed in the lee of the logs using native material that is displaced to construct the ELJ.
Each Type 3 ELJ incorporates a riprap-and-boulder-based scour apron similar to that designed
for the Type 1 and Type 2 ELJs.

Structure Materials, Configuration, and Anchoring
The structural stability and resistance of the ELJs to hydraulic loads is achieved with timber
piles, which serve as the structure’s foundation for placing interlocking key logs, racking logs,
slash, and ballast material. For each ELJ, multiple timber piles will be embedded vertically
below the channel bed and will extend above the top of the structure. The piles are designed
to resist lateral and uplift forces, provide an anchored network for securing the key structural
log members, and provide a stable framework around which the structure may settle, while
also maintaining the general architecture of the as-built structure. Horizontal key logs
extending waterward from the structure’s interior core will be placed against piles to transfer
hydraulic loads to the piles and to resist lateral and uplift (buoyancy) forces. The horizontal
key logs will also provide large-scale hydraulic roughness, catch floating woody debris, secure
wood slash and racking material that prevent straining of flow through the structure core, and
serve as a platform matrix for the log ballast and structure backfill material.
Racked wood material comprises the upstream and waterward external faces of the ELJs. This
will give them the appearance of a natural large tangle of densely packed logs. The racking
material is important for minimizing flow piping and straining through the structure, which
could otherwise cause the finer backfill material to “bleed out” from the structure’s interior
core during high flows. It also absorbs the erosive forces of the impinging water before the
water contacts the interior backfill material. Layers of wood slash will be placed around the
outside periphery of each structure at the interface of the interior ballast material and the
piles, key logs, and racking material. Slash will be placed with every layer of key logs and
racking to fill voids between the racking, key logs, and piles. This slash material will act as
a curtain between the interior ballast and the wood members, helping to keep the interior
alluvium intact by significantly limiting water piping into and through the structures until a
vegetated cover and root cohesion is established along the outer surfaces of the structure.
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A key consideration in the design of the ELJs is the type and size of wood members to
incorporate. The longevity of tree trunks and other wood debris depends on the diameter of
the wood piece, the species of wood, and surrounding moisture conditions. Western red cedar
(Thuja plicata) and Douglas-fir (Pseudotsuga menziesii) have relatively high resistance to
decay and, thus, have greater structural longevity in comparison to other Pacific Northwest
tree species. Thus, they are desirable species for inclusion in the ELJs. Western red cedar logs
have the highest resistance to decay. In general, the wood pieces that are inundated most or
all of the time at the base of a logjam structure are much more resistant to decay than wood
members that experience wet and dry cycles at higher elevation (above seasonal flooding) in
the structure. During construction, attempts should be made to preferentially incorporate
Western red cedar logs at and above the low flow waterline with Douglas-fir logs below the
elevation where wetting and drying typically occurs. Other coniferous species including
Western hemlock (Tsuga heterophylla) and Sitka spruce (Picea sitchensis) may also be
incorporated with the Douglas-fir logs.
Some other tree species that are more prone to decay, such as red alder (Alnus rubra), black
cottonwood (Populus balsamifera ssp. trichocarpa), and big leaf maple (Acer macrophyllum),
may be incorporated into the ELJs as racking material. These are strategically allowed as
racking material on the face of the completed structures because it is expected that natural
wood recruitment on the face of the structures will replace the decayed racking material
over time.
Based on the geotechnical evaluation completed in support of the project (GeoEngineers
2012, Appendix B) the subsurface conditions throughout the project reach consist of alluvial
fan deposits of fine to coarse gravel with sand, cobble, and boulders. Cobble and boulders
resist erosion and resist “bleed-out” in an ELJ much better than gravels and sand. Given the
high percentage of cobble and boulders in the native material, the backfill material for the
ELJs will consist of native (and unsorted) alluvium excavated to construct the ELJs placed
over individual key logs to ballast them and counteract log buoyant forces when the structure
is submerged. The existing levee was constructed using onsite alluvium; therefore, surplus
spoils from removing the levee may also be used to complete ELJ backfilling requirements.
Topsoil and mulch will be placed over the top of the log ballast material to create a planting
medium for native trees and shrubs that will provide root cohesion for additional long-term
structure stability. The Type 1 ELJs will also include a 3-foot-thick layer of heavy loose riprap
placed over the alluvial backfill material to prevent the backfill material from being eroded
away. This is intended to retain all backfill behind the piles, which will rely on the passive
earth pressure provided by the backfill against the piles to resist the hydraulic drag forces.
In the Type 1 and Type 3 ELJs, key logs for each layer will be lashed to the piles and adjacent
key logs using high-strength steel cable and fasteners to inhibit movement. In the Type 2 ELJs,
the key logs will be lashed to the piles on the final/top layer. This is intended to prevent them
from mobilizing in the event the structure is nearly or fully buried due to sediment deposition
and subsequent channel down-cutting occurs over the top of a structure. Lashing holds the
structure together, thus maintaining its original architecture without losing key logs or piles
as the structure settles, and it provides additional resistance to structure buoyancy forces.
Lashing key logs to multiple piles also allows hydraulic loads to be transferred from one pile
to another, thereby distributing the load over multiple piles and reducing the quantity of piles
needed in an ELJ to achieve an acceptable level of structural stability.
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Design Calculations
The ELJ architecture and materials described above provide the basis for completing design
calculations, which are important to ensure the structures are stable during the design flow
event. Specifically, the ELJs are designed to be stable against lateral forces from hydraulic
drag when subjected to maximum probable scour and vertical buoyant forces when the
structure is submerged. Design calculations were completed for the ELJs to evaluate the
maximum potential scour, hydraulic drag, and buoyancy. Design calculations were also
completed to evaluate the strength and stability of the timber piles for each ELJ when
subjected to the maximum potential scour and hydraulic drag. These detailed calculations are
included in Appendix E. The results of the calculations and the design assumptions and
criteria considered for each ELJ type are summarized below.

Scour Analysis
Maximum probable scour depth was calculated for each ELJ type when subjected to the
100-year recurrence flow, which is the ELJ design flow. The resulting scour depths were then
considered when determining if scour aprons would be needed to limit scour and the pile
embedment depth necessary for the piles to resist anticipated hydraulic loads. The Type 2
and Type 3 ELJs were evaluated for pier scour because they will function similarly to bridge
piers. The Type 1 ELJ was evaluated for abutment scour because these structures will be
constructed into the side of the setback structure and are similar in geometry to, and will
function as, bridge abutments. For each ELJ type, multiple scour calculations were completed
using industry standard pier and abutment scour equations to develop a range of probable
scour depths. Scour was calculated using the highest flow velocity modeled in the 100-year
flood event (post-project conditions, Scenario #4 as described earlier in this report) within
the setback area near the proposed structure locations.
Results of the scour analysis are summarized in Table 9 below. A detailed summary of
the scour calculations including input parameters is included in Appendix E. Based on the
excessive scour depths estimated, a decision was made to incorporate scour aprons in the
design of each ELJ type to limit the pile depth needed to achieve stability and reduce the
cost of pile installation by using excavators to dig open pits rather than using pile driving
and/or drilling equipment.

Pile Analysis
The ELJ timber piles are engineered to resist failure from bending and shear stresses due to
the lateral loads created by hydrodynamic drag forces applied to the structures during the
100-year design flow. For the Type 2 ELJs, lashing is not included in the design for most of
the piles and keys logs, which allows the piles to bend freely above the top of the scour
apron when they are loaded. Therefore, pile stability for the Type 2 ELJs was evaluated in
accordance with the 2005 National Design Specification (NDS) for Wood Construction Load
and Resistance Factor Design (LRFD) standards for round timber piles (AWC 2005). For the
Type 1 and Type 3 ELJs, lashing is included in the design on most (or all) of the piles and key
logs, which creates a pseudo framed rigid structure that will not allow the piles to bend.
Therefore, pile stability for the Type 1 and Type 3 ELJs was calculated by evaluating the
actual shear stresses on the piles and comparing them to the industry standard allowable
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shear stress. Bending calculations were also completed for the Type 1 and Type 3 ELJs
to ensure the piles would not fail in bending in the event the cable lashing is removed,
damaged, or not installed. All pile calculations were completed assuming scour will be limited
by the scour apron extending outward from the structure core.
Table 9.

Results of Scour Analysis in a 100-year Flood Event for Type 1, 2, and 3 ELJs.
Scour at
Type 1 ELJ a
(feet)

Scour at
Type 2 ELJ a
(feet)

Scour at
Type 3 ELJ a
(feet)

Johnson and Torrico (FHWA 2001)

N/A

38

34

Modified Froehlich (Fischenich and Landers 2000)

N/A

30

27

Simplified Chinese Equation (Chase and Holnbeck 2004)

N/A

12

10

Modified Froehlich (FHWA 2001)

21

N/A

N/A

Gill (1972)

14

N/A

N/A

Liu (Liu et al. 1961)

25

N/A

N/A

Average Maximum Probable Scour (rounded to nearest foot)

20

27

24

Scour Equation

a

Not accounting for any measures to limit or prevent scour.

Hydraulic drag forces applied to the ELJs were calculated using the standard hydraulic drag
equation:
FD= CD*AD*(ρ*V1002/2)
where FD = the force due to hydraulic drag
CD = the coefficient of drag on a log
AD = the combined surface area of the ELJ subject to drag forces
ρ = the density of water
V100 = the flow velocity predicted just upstream of the ELJ during the 100-year recurrence
flood event
Flow velocity and depth values used to evaluate drag forces for the ELJs were taken from the
hydraulic modeling results for proposed conditions (Scenario #4) developed in support of this
project. The detailed calculations of the pile analysis are included in Appendix E. The pile
design criteria and calculated factor of safety (FS) values are summarized in Table 10 below.
Table 10. Results of Pile Analysis for the Type 1, 2, and 3 ELJs.
ELJ Type and Element

Minimum Required FS

Actual FS Calculated

Type 1 – Shear

1.5

1.6

Type 1 – Bending

1.5

2.3

Type 1 – Cable

2.0

2.6

Type 3 – Shear

1.5

2.1

Type 3 – Bending

1.5

3.0

Type 3 – Cable

2.0

3.4

Type 2 – Shear

1.5

2.5

Type 2 - Bending

1.5

2.3
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Buoyancy Analysis
To determine the minimum depth and volume of ballast needed to resist buoyant forces on a
submerged structure (with a targeted FS value of 2.0) a buoyancy analysis was completed for
each ELJ structure type. Structure buoyant forces were calculated by determining a resultant
upward vertical force on all submerged key logs and racking logs, and a resultant downward
vertical force caused by the weight of the key logs and racking logs and the ballast placed
over the key logs within the interior core of the structure. The calculations were performed
assuming all key logs and racking logs in a structure are submerged and that the wood is
unsaturated (dry) and has a specific weight equal to approximately one-half that of water.
This conservatively simulates the condition of the wood when it is initially placed in the
structure. Over time, much of the wood within the structure will become fully and partially
saturated, thereby increasing each log’s specific weight and increasing its overall weight and
resistance to buoyancy. Additionally, vegetation growth atop the structure will add ballast.
Therefore, over time, the FS value against buoyancy should increase above 2.0, assuming no
loss of ballast over the key logs.
Key logs in the ELJs will be lashed to the piles and adjacent key logs using steel cable. The
cable will reliably increase the factor of safety against buoyancy. However, the buoyancy
calculations conservatively assumed cable lashing is not in place (due to damage, removal, or
because it is not installed) to ensure the ELJs are adequately ballasted using only native
alluvium.
Results of the buoyancy analysis are summarized in Table 11 below. A detailed summary of
the buoyancy calculations including input parameters is included in Appendix E. The values
provided in Table 11 are the minimum depth of ballast that needs to be placed over the
exposed portion of the buried key logs in plan view.
Table 11. Results of Alluvium Ballast Calculations to Resist Log Buoyancy for
Type 1, 2, and 3 ELJs.
ELJ Type

Minimum Depth of Alluvium Ballast Needed to Resist Log Buoyancy
for a FS=2.0 (feet)

Type 1

4.5

Type 2

4.0

Type 3

4.0
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CANYON CREEK RESTORATION PHASE II  Glacier, Washington

INTRODUCTION
This fish passage and habitat data report presents results of our services for the proposed Canyon
Creek Restoration-Phase II project for Whatcom County Public Works near Glacier, Washington.
Our fish passage and habitat assessment services were completed in general accordance with the
professional services agreement between Herrera Environmental Consultants Inc. (HEC) and
GeoEngineers dated October 4, 2010. Our services were requested by Jennifer Goldsmith and
authorized by Theresa Wood with HEC. The project location is shown in the Vicinity Map, Figure 1.
The project consists of one site referred to in our report as the Canyon Creek Alluvial Fan (alluvial
fan), comprised of the lower 0.9 miles of Canyon Creek prior to its confluence with the North Fork
Nooksack River (Figure 2). Our services included assessment of fish passage in the Bedrock Notch
Area. The Bedrock Notch Area is within the southern portion of the alluvial fan (Figure 2). Incising of
Canyon Creek has exposed the bedrock and created a number of possible barriers to adult
salmonids migrating into Canyon Creek. The project team is exploring the potential for modifying
the rock notch or relocating the stream channel away from the notch to improve fish passage.
The purpose of our services was twofold. First, we conducted a reconnaissance assessment of
habitat and potential fish passage barriers throughout the alluvial fan. Second, we utilized Powers
and Orsborn (1985) fish passage barrier assessment methods to evaluate potential fish passage
barriers identified. Our scope included fish habitat assessment, survey of potential parries,
analysis of data against fish passage criteria, and preparation of this report.

METHODS AND RESULTS
Fish Habitat Assessment
A habitat reconnaissance was conducted by Leif Embertson and John Monahan on October 28 and
October 29, 2010. The assessment areas was divided into 8 reaches, based on gradient, bed form
and channel size. Within each reach, habitat measurements were taken and documentation was
made of features encountered that could pose challenges for fish passage. The location of reach
breaks and habitat units are illustrated in Figure 3. Habitat attributes and measurements included
the following attributes (summarized in Table 1):

■ Length of habitat unit (feet)

■ Rearing habitat quality

■ Mesohabitat type (pool, riffle, cascade)

■ Spawning habitat quality

■ Wetted width (feet)

■ Magnitude of spring influence

■ Scour width (feet)

■ Water temperature

■ Average depth (feet)

■ Percent of stream shaded by riparian

■ Substrate composition (boulder,
rubble/cobble, gravel, sand/fines)

■ Gradient

canopy

■ Instream cover composition and density
■ Species relative abundance
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TABLE 1: FISH HABITAT ASSESSMENT SUMMARY RESULTS.

REACH

HABITAT UNIT
#-TYPE

LENGTH
(FT.)

WET
WIDTH
(FT.)

SCOUR
WIDTH
(FT.)

AVG.
DEPTH
(FT.)

SUBSTRATE
TYPE

REARING
HABITAT
QUALITY1

SPAWNING
HABITAT
QUALITY1

LIMITING
FACTORS 2

1

1–Riffle

336

35

430

1.5

cobble

poor

poor

1,2,3,5

2–Pool

185

45

82

1

gravel

fair-poor

poor

1,2,3,5

3–Riffle

75

40

80

1

cobble

poor

poor

1,2,3,5

4–Pool

50

50

78

0.5

gravel

fair-poor

poor

1,2,3

5–Riffle

250

30

90

1

gravel

poor

poor

1,2,3

6–Pool

130

25

165

1

lrg. gravel

fair-poor

poor

1,2,3

7–Riffle

85

n/a

n/a

n/a

n/a

n/a

n/a

n/a

8–Pool

50

20

24

2.5

bedrock

fair-poor

poor

1,2,3,5

9–Cascade

20

12

15

.5

bedrock

poor

poor

4, 5

10-Pool

30

25

27

2

bedrock

fair

poor

2,3,4,5

11-Cascade

25

15

18

.75

bedrock

poor

poor

4, 5

12-Pool

31

22

30

2

bedrock

fair

poor

2,3,4,5

13-Cascade

30

18

20

1

bedrock

poor

poor

4,5

14-Pool

240

25

60

1

boulder

fair

fair

1,2,3,5

15-Riffle

10

21

60

1.5

boulder

poor

poor

1,2,3,5

16-Pool

65

25

40

1

boulder

fair

fair

1,2,3,5

17-Riffle

44

20

40

1

boulder

fair

fair

1,2,3,5

18-Pool

52

n/a

n/a

n/a

n/a

n/a

n/a

n/a

19-Riffle

50

n/a

n/a

n/a

n/a

n/a

n/a

n/a

20-Pool

67

42

91

1

rubble

poor

poor

1,2,3,5

21-Riffle

133

25

40

1

cobble

poor

poor

1,2,3,5

22-Pool

124

18

30

1.5

gravel

fair

fair

1,2,3

23-Riffle

44

15

35

1.5

cobble

fair

poor

1,2,3,5

24-Falls

10

n/a

n/a

n/a

n/a

n/a

n/a

n/a

25-Pool

50

n/a

n/a

n/a

n/a

n/a

n/a

n/a

26-Riffle

87

16

60

1.5

cobble

poor

poor

1,2,3,5

27-Pool

112

15

60

2

cobble

fair

poor

1,2,3,5

28-Riffle

400

18

60

1

cobble

poor

poor

1,2,3,5

29-Pool

130

40

100

1.2

gravel

fair

fair

1,2,3,5

30-Riffle

685

45

100

1.1

boulder

poor

poor

1,2,3,5

31-Riffle

870

32

65

1.4

boulder

poor

poor

1,2,3,5

2

3

4

5

6

7

8
1

Habitat quality rating based on Washington Department of Fish and Wildlife (2009).

2

Limiting factors: 1=lack of instream cover, 2=lack of riparian shade/habitat, 3=lack of LWD, 4=excess velocity, 5=substrate
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The following summarizes additional habitat and fish passage information collected for each reach.
Reach 1

Reach 1 is the lowermost 520 feet of Canyon Creek located just upstream from its confluence with
the North Fork Nooksack River (Figure 4). The two habitat units identified were both shallow and of
moderate gradient (approximately 3-5%) with large substrate (gravel-boulder). No spring or
upwelling influence was noted in this reach. However, water temperature was quite cool (9.8 oC),
as was found for all reaches of lower Canyon Creek. A small portion (approximately 10%) of reach
1 was found to benefit from shading by riparian vegetation located along the right bank. The
majority of this reach had no mature riparian vegetation or instream cover present. Large woody
debris is severely lacking in this reach. A large variety of salmonid species, including steelhead
(Oncorhynchus mykiss), Chinook salmon (O. tshawytscha), coho (O. kisutch), sockeye (O. nerka),
chum salmon (O. keta), pink salmon (O. gorbuscha), coastal cutthroat trout (O. clarki) and bull trout
(Salvelinus confluentus) utilize Canyon Creek. However, no fish species were observed at the time
of the assessment. No potential fish barriers or manmade obstructions were identified in this
reach.
Reach 2

Reach 2 is approximately 590 feet in length, upstream from Reach 1 (Figure 5). Five mesohabitat
units were designated in this reach, three riffle and two pools. All units were shallow and of
moderate gradient (approximately 3%) with medium substrate composition, ranging from gravel to
cobble. No spring or upwelling influence was noted in this reach. However, water temperature was
quite cool (10oC), as was found for all reaches of lower Canyon Creek. Some riparian vegetation
located along the right bank of Canyon Creek shades this reach (approximately 30%). However,
the majority of this reach had no mature riparian vegetation or instream cover present. Large
woody debris is severely lacking in this reach. A large variety of salmonid species, including
steelhead (Oncorhynchus mykiss), Chinook salmon (O. tshawytscha), coho (O. kisutch), sockeye (O.
nerka), chum salmon (O. keta), pink salmon (O. gorbuscha), coastal cutthroat trout (O. clarki) and
bull trout (Salvelinus confluentus) utilize Canyon Creek. However, no fish species were observed at
the time of the assessment. No potential fish barriers or manmade obstructions were identified in
this reach.
Reach 3

Reach 3 is approximately 190 feet in length, upstream from Reach 2 (Figure 6). Six mesohabitat
units were designated in this reach, three cascades (chutes) and three pools. All three unit pairs
(cascade-pool) were identified as potential fish passage barriers requiring further assessment (see
Figure 7 for locations). Reach three was observed to have a bedrock controlled substrate and
complex hydraulics. Chute 1 was the lowermost of three potential fish passage barriers identified
in the bedrock notch area of Reach 3 (Figure 8). Approximately 60 feet upstream from Chute 1,
another potential fish barrier was identified (Chute 2, Figure 9). The third potential fish passage
barrier (Chute 3, Figure 10), was approximately 60 feet upstream from Chute 2.
Pools at the base of each Chute (cascade) within Reach 3 were identified as having cover provided
by the entrainment of air by turbulent flows in the creek. Habitat quality was poor due to a lack of
velocity refugia, lack of riparian cover and lack of large woody debris. This section of Canyon Creek
was the steepest with approximately 10% gradient through the reach and even higher gradient
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sections within each cascade. Flows and water temperatures within this reach were influenced by
springs and seeps adjacent to the creek, however water temperature was approximately 10 oC as in
other reaches. A large variety of salmonid species, including steelhead (Oncorhynchus mykiss),
Chinook salmon (O. tshawytscha), coho (O. kisutch), sockeye (O. nerka), chum salmon (O. keta),
pink salmon (O. gorbuscha), coastal cutthroat trout (O. clarki) and bull trout (Salvelinus
confluentus) utilize Canyon Creek. However, no fish species were observed in this or any of the
other reaches at the time of the assessment.
Reach 4

Reach 4 is approximately 460 feet in length, upstream from Reach 3 (Figure 11). Six mesohabitat
units were designated in this reach, including three riffles and three pools. All units were shallow
and of moderate gradient (approximately 1% to 3%) with coarse medium substrate composition,
being predominantly boulder. No spring or upwelling influence was noted in this reach. However,
water temperature was quite cool (10oC), as was found for all reaches of lower Canyon Creek. Very
little riparian vegetation was found along this reach of Canyon Creek (approximately 0-5% shading).
Large woody debris is severely lacking in this reach. A large variety of salmonid species, including
steelhead (Oncorhynchus mykiss), Chinook salmon (O. tshawytscha), coho (O. kisutch), sockeye (O.
nerka), chum salmon (O. keta), pink salmon (O. gorbuscha), coastal cutthroat trout (O. clarki) and
bull trout (Salvelinus confluentus) utilize Canyon Creek. However, no fish species were observed in
this or any of the other reaches at the time of the assessment. No potential fish barriers or
manmade obstructions were identified in this reach. A large levee runs along the right bank of
Canyon Creek beginning at Reach 4 and continuing upstream through Reach 7.
Reach 5

Reach 5 is approximately 430 feet in length, upstream from Reach 4 (Figure 12). Six mesohabitat
units were designated in this reach, including two riffles, three pools and one cascade (falls). All
units were shallow and of moderate gradient (approximately 3% to 5%) with variable substrate
composition, being predominantly cobble/rubble and some gravel. No spring or upwelling
influence was noted in this reach. However, water temperature was quite cool (10ºC), as was
found for all reaches of lower Canyon Creek. Very little riparian vegetation was found along this
reach of Canyon Creek (approximately 0-5% shading). Large woody debris is severely lacking in
this reach. A large variety of salmonid species, including steelhead (Oncorhynchus mykiss),
Chinook salmon (O. tshawytscha), coho (O. kisutch), sockeye (O. nerka), chum salmon (O. keta),
pink salmon (O. gorbuscha), coastal cutthroat trout (O. clarki) and bull trout (Salvelinus
confluentus) utilize Canyon Creek. However, no fish species were observed in this or any of the
other reaches at the time of the assessment. One potential fish barrier was identified in this reach
(Falls 1). However, during the finalization of drafting of this report, the main flow of Canyon Creek
shifted to another channel, rendering potential fish passage barrier issues at Falls 1 moot. A large
levee runs along the right bank of Canyon Creek beginning at Reach 4 and continuing upstream
through Reach 7.
Reach 6

Reach 6 is approximately 600 feet in length, upstream from Reach 5 (Figure 13). Three
mesohabitat units were designated in this reach: two riffles and one pool. All units were shallow
with moderate gradient (approximately 5% to 7%) and coarse substrate (cobble/rubble). No spring
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or upwelling influence was noted. However, water temperature was quite cool (10 oC), as was
found for all reaches of lower Canyon Creek. Some riparian vegetation was found along this reach
of Canyon Creek (approximately 10% shading); however the majority was located along the left
(northwest) bank. Large woody debris was severely lacking. A large variety of salmonid species,
including steelhead (Oncorhynchus mykiss), Chinook salmon (O. tshawytscha), coho (O. kisutch),
sockeye (O. nerka), chum (O. keta) and pink salmon (O. gorbuscha); as well as coastal cutthroat
trout (O. clarki) and bull trout (Salvelinus confluentus) utilize Canyon Creek. However, no fish
species were observed in this reach at the time of the assessment. No potential fish barriers or
manmade obstructions were identified in this reach. A large levee runs along the right bank of
Canyon Creek beginning at Reach 4 and continuing upstream through Reach 7.
Reach 7

Reach 7 is approximately 820 feet in length, upstream from Reach 6 (Figure 14). Two mesohabitat
units were designated in this reach: one riffle and one pool. Both units were shallow with moderate
gradient (approximately 3% to 5% slope) and coarse substrate (cobble or boulder). No spring or
upwelling influence was noted. However, water temperature was quite cool (10 oC). Some riparian
vegetation was found along this reach of Canyon Creek (approximately 10% shading); however the
majority was located along the left (northwest). Large woody debris was severely lacking. A large
variety of salmonid species, including steelhead (Oncorhynchus mykiss), Chinook salmon (O.
tshawytscha), coho (O. kisutch), sockeye (O. nerka), chum (O. keta) and pink salmon (O.
gorbuscha); as well as coastal cutthroat trout (O. clarki) and bull trout (Salvelinus confluentus)
utilize Canyon Creek. However, no fish species were observed in this reach at the time of the
assessment. No potential fish barriers or manmade obstructions were identified in this reach. A
large levee runs along the right bank of Canyon Creek beginning at Reach 4 and continuing
upstream through Reach 7.
Reach 8

Reach 8 is approximately 870 feet in length, upstream from Reach 7 (Figure 15). One mesohabitat
unit was designated in this reach: riffle. This long riffle unit was shallow with moderate gradient
(approximately 3% to 5% slope) and coarse substrate (cobble or boulder). No spring or upwelling
influence was noted. Water temperature was quite cool (10 oC). Some riparian vegetation was
found along this reach of Canyon Creek (approximately 10% shading) on both banks. Large woody
debris is severely lacking in this reach. A large variety of salmonid species, including steelhead
(Oncorhynchus mykiss), Chinook salmon (O. tshawytscha), coho (O. kisutch), sockeye (O. nerka),
chum (O. keta) and pink salmon (O. gorbuscha); as well as coastal cutthroat trout (O. clarki) and
bull trout (Salvelinus confluentus) utilize Canyon Creek. However, no fish species were observed in
this reach at the time of the assessment. No potential fish barriers or manmade obstructions were
identified in this reach. This reach showed significant signs of recent channel incision
(approximately 15 feet) and degradation.

Fish Passage Assessment – Powers and Orsborn (1985)
The Powers and Orsborn (1985) approach to evaluating fish passage is largely based on the
swimming and leaping performance of fish in relation to physical characteristics of the
impediment, including water flow (Powers and Orsborn 1985). Information on the swimming speed,
swimming performance, and leaping ability of salmon and steelhead is briefly described below.
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Burst Swimming Speed

Burst swimming speed of adult salmon and steelhead is essential to their ability to negotiate
impediments. Niche partitioning among salmonid species is determined, in part, by the ability of
each species to negotiate obstacles, as affected by size, strength, leaping ability, and swimming
speed. The ranged of velocities reported in the literature regarding sustained prolonged, and burst
swimming speeds (approximately 6 sec duration), as reported by Bell (1973) and Powers and
Orsborn (1985), is shown in Table 2.
TABLE 2 – SUSTAINED, PROLONGED AND BURST SWIMMING SPEED OF SALMONID SPECIES.

SPECIES1

PROLONGED
(FT./SEC.)

BURST (FT./SEC.)

Steelhead1

0-4.6

4.6-13.7

13.7-26.5

Chinook1

0-3.4

3.4-10.8

10.8-22.4

Coho1

0-3.4

3.4-10.6

10.6-21.5

Sockeye1

0-3.2

3.2-10.2

10.2-20.6

Pink & Chum1

0-2.6

2.6-7.7

7.7-15.0

Cutthroat trout2

0-3

3-5.5

5.5-13.5

Bull trout

n/a

n/a

4.3-7.5

3

1

SUSTAINED
(FT./SEC.)

Swimming speeds reported by Bell (1973, 1991) and Powers and Orsborn (1985). Note only species with burst swimming
speed utilized.

2

Swimming speeds reported by Bell (1991). Note only species with burst swimming speed utilized.

3

Swimming speeds reported by Mesa et al. (2008). Note only species with burst swimming speed utilized.

In order to assess the ability of these salmonids species to negotiate potential fish passage
barriers on Canyon Creek, we utilized hydraulic model (HEC-RAS, Herrera 2011) outputs
representing three flow levels: 50 cubic feet per second (cfs), 100 cfs and 500 cfs. These flows
would be expected to represent low, medium and high flow levels, typically encountered by these
species during the migration periods.
When evaluating passage of salmon in Canyon Creek, the method developed by Powers and
Orsborn (1985) suggests that burst swimming speed of salmonids should be adjusted to reflect
fish condition. As the confluence of Canyon Creek and North Fork Nooksack River is approximately
55 miles from the ocean, as assumption was made that a fish condition (Cfc) was of 75 %
(Cfc=0.75) should be used to reflect good fish condition, but not peak (100%, Cfc=1.0) condition.
Thus, the estimates of swimming speed performance were adjusted to values representing 75% of
the maximum performance of each species.
Adjusting the swimming speeds identified in Table 2 by 75 % (fish condition factor of 0.75) results
in linear relationships identifying the length of stream channel each species of fish could be
expected to traverse across a range of water velocities, with velocities ranging from 0.0 feet per
second (ft./sec.) to the maximum burst speed of each species (Figure 16).
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Hydraulic modeling results produced by Herrera (2011) were compared with the swimming
performance relationships to determine whether or not burst swimming speed would enable the
species to traverse the obstacles observed during the habitat assessment.

Results of the hydraulic analyses of conditions across a range of flows are provided in Appendix A.
The following report sections summarize findings regarding the ability of species to pass each of
the four potential fish passage barriers at 50, 100 and 500 cfs.
Reach 3 – Chute 1

Chute 1 was modeled by Herrera (2011) utilizing two transects located at river stations (RS)
939.21 and RS 951.6, representing a segment of Canyon Creek at is 12.4 feet in length. Criteria
developed by Powers and Orsborn (1985) assume that a minimum depth of 0.8 feet is necessary
for fish passage, and estimated the amount of time for fish to fatigue while swimming at burst
speed to occur at 15 seconds. Table 3 illustrates the maximum burst swimming speed of each
species based on a fish condition factor of 0.75 for salmon and steelhead and a fish condition
factor of1.0 for cutthroat trout and bull trout. Also illustrated is an approximation of the maximum
distance each species can travel at the burst speed, assuming a 15 second time to fatigue. Depth
values of at least 0.8 feet and associated water velocities generated suing the hydraulic model
(Appendix A) were compared with burst swimming speed criteria. Results suggest that all species,
with the exception of bull trout, should be able to traverse Chute 1 at any flow between 50 and 500
cfs.
TABLE 3: HYDRAULIC ANALYSIS OF UPPER CROSS-SECTION CHUTE 1, REACH 3.

SPECIES

MAXIMUM
BURST
SPEED
(FT./SEC.)

APPROXIMATE
MAXIMIM WATER
VELOCITY IF
NEEDING TO
TRAVERSE 12.4 FEET

50 CFS
(LOW FLOW)

100 CFS
(MEDIUM
FLOW)

500 CFS
(HIGH FLOW)

(FT./SEC.)

Steelhead

19.91

19.0

Passable

Passable

Passable

Chinook

16.81

15.9

Passable

Passable

Passable

Coho

16.11

15.2

Passable

Passable

Passable

Sockeye

15.51

14.6

Passable

Passable

Passable

Pink/Chum

11.31

10.4

Passable

Passable

Passable

Cutthroat

13.52

12.6

Passable

Passable

Passable

Bull trout

7.52

6.6

Potential
barrier

Potential
barrier

Potential
barrier

1

Burst swimming speed for fish assumed to be in good condition (Cfc=0.75)

2

Burst swimming speed for fish assumed to be in good condition (Cfc=1.0)
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Reach 3 – Chute 2

Chute 2 was modeled by Herrera (2011) utilizing two transects located at river stations (RS)
1019.28 and RS 1032.59, representing a segment of Canyon Creek at is 13.3 feet in length.
Criteria developed by Powers and Orsborn (1985) assume that a minimum depth of 0.8 feet is
necessary for fish passage, and estimated the amount of time for fish to fatigue while swimming at
burst speed to occur at 15 seconds. Table 4 illustrates the maximum burst swimming speed of
each species based on a fish condition factor of 0.75 for salmon and steelhead and fish condition
factor of 1.0 for cutthroat trout and bull trout. Also illustrated is an approximation of the maximum
distance each species can travel at the burst speed, assuming a 15 second time to fatigue. Depth
values of at least 0.8 feet and associated water velocities generated by the hydraulic model
(Appendix A) were compared with burst swimming speed criteria. Results suggest that all species
should be able to traverse Chute 2 at any flow between 50 and 100 cfs. Bull trout would not be
expected to traverse Chute 2 at flows of 500 cfs, although all other species would be expected to
pass at the full range of flows modeled (Table 4).
TABLE 4: HYDRAULIC ANALYSIS OF UPPER CROSS-SECTION CHUTE 2, REACH 3.

SPECIES

MAXIMUM
BURST
SPEED
(FT./SEC.)

APPROXIMATE
MAXIMIM WATER
VELOCITY IF
NEEDING TO
TRAVERSE 12.4 FEET

50 CFS
(LOW FLOW)

100 CFS
(MEDIUM
FLOW)

500 CFS
(HIGH FLOW)

(FT./SEC.)

Steelhead

19.91

18.9

Passable

Passable

Passable

Chinook

16.81

15.9

Passable

Passable

Passable

Coho

16.11

15.2

Passable

Passable

Passable

Sockeye

15.51

14.5

Passable

Passable

Passable

Pink/Chum

11.31

10.3

Passable

Passable

Passable

Cutthroat

13.52

12.6

Passable

Passable

Passable

Passable

Passable

Bull trout

7.52

6.6

Potential
barrier

1 Burst swimming speed for fish assumed to be in good condition (Cfc=0.75)
2 Burst swimming speed for fish assumed to be in good condition (Cfc=1.0)
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Reach 3 – Chute 3

Chute 3 was modeled by Herrera (2011) utilizing two transects located at river stations (RS)
1075.24 and RS 1092.68, representing a segment of Canyon Creek at is 17.4 feet in length.
Criteria developed by Powers and Orsborn (1985) assume that a minimum depth of 0.8 feet is
necessary for fish passage, and estimated the amount of time for fish to fatigue while swimming at
burst speed to occur at 15 seconds. Table 5 illustrates the maximum burst swimming speed of
each species based on a fish condition factor of 0.75 for salmon and steelhead and fish condition
factor of 1.0 for cutthroat trout and bull trout. Also illustrated is an approximation of the maximum
distance each species can travel at the burst speed, assuming a 15 second time to fatigue. Depth
of at least 0.8 feet and associated water velocity values in the hydraulic model results (Appendix A)
were compared with burst speed criteria. Results suggest that all species except bull trout should
be able to traverse Chute 3 at any flow between 50 and 500 cfs as summarized in Table 5.
TABLE 5: HYDRAULIC ANALYSIS OF UPPER CROSS-SECTION CHUTE 3, REACH 3.

SPECIES

MAXIMUM
BURST
SPEED
(FT./SEC.)

APPROXIMATE
MAXIMIM WATER
VELOCITY IF
NEEDING TO
TRAVERSE 12.4 FEET

50 CFS
(LOW FLOW)

100 CFS
(MEDIUM
FLOW)

500 CFS
(HIGH FLOW)

(FT./SEC.)

Steelhead

19.91

18.7

Passable

Passable

Passable

Chinook

16.81

15.6

Passable

Passable

Passable

Coho

16.11

14.9

Passable

Passable

Passable

Sockeye

15.51

14.2

Passable

Passable

Passable

Pink/Chum

11.31

10

Passable

Passable

Passable

Cutthroat

13.52

12.3

Passable

Passable

Passable

Bull trout

7.52

6.3

Potential
barrier

Potential
barrier

Potential
barrier

1

Burst swimming speed for fish assumed to be in good condition (Cfc=0.75)

2

Burst swimming speed for fish assumed to be in good condition (Cfc=1.0)
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Reach 5 –Falls 1

Falls 1 was modeled by Herrera (2011) utilizing one transect located at RS 2073.8. Field
observations made by GeoEngineers suggest that this hydraulic feature has a very short length. For
the purpose of this analysis, we will make a conservative assumption that the feature is 10 feet in
length (see Table 1). Criteria developed by Powers and Orsborn (1985) assume that a minimum
depth of 0.8 feet is necessary for fish passage, and estimated the amount of time for fish to fatigue
while swimming at burst speed to occur at 15 seconds. Table 6 illustrates the maximum burst
swimming speed of each species based on a fish condition factor of 0.75 for salmon and steelhead
and fish condition factor of 1.0 for cutthroat trout and bull trout. Also illustrated is an
approximation of the maximum distance each species can travel at the burst speed, assuming a
15 second time to fatigue. Depth of at least 0.8 feet and associated water velocity values in the
hydraulic model results (Appendix A) were compared with burst speed criteria. Results suggest that
all species, including bull trout should be able to traverse Falls 1 at any flow between 50 and 500
cfs as summarized in Table 6. Bull trout would need to attempt passage at the channel margins,
but should be able to overcome velocities across the full range of flows modeled (5 0to 500 cfs).
TABLE 6: HYDRAULIC ANALYSIS OF UPPER CROSS-SECTION FALLS 1, REACH 5.

SPECIES

MAXIMUM
BURST
SPEED
(FT./SEC.)

APPROXIMATE
MAXIMIM WATER
VELOCITY IF
NEEDING TO
TRAVERSE 12.4 FEET

50 CFS
(LOW FLOW)

100 CFS
(MEDIUM
FLOW)

500 CFS
(HIGH FLOW)

(FT./SEC.)

Steelhead

19.91

19.2

Passable

Passable

Passable

Chinook

16.81

16.1

Passable

Passable

Passable

Coho

16.11

15.4

Passable

Passable

Passable

Sockeye

15.51

14.7

Passable

Passable

Passable

Pink/Chum

11.31

10.5

Passable

Passable

Passable

Cutthroat

13.52

12.8

Passable

Passable

Passable

Bull trout

7.52

6.8

Passable

Passable

Passable

1

Burst swimming speed for fish assumed to be in good condition (Cfc=0.75)

2

Burst swimming speed for fish assumed to be in good condition (Cfc=1.0)
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Leaping Performance

The ability of salmonids to pass cascade and falls obstacles was evaluated by comparing the
longitudinal profile of each obstacle (and associated water level) with the leaping profile of each
fish species. Fish leaping profiles were developed assuming ideal leaping conditions in the
launching pool and landing site, and assuming “good” fish condition (Cfc=0.75). Three leap angles
were tested for each fish species expected to encounter each obstacle: 80 o, 60 o, and 40o. The
following summarizes the features of each potential fish passage barrier and provides an
illustration comparing fish leaping ability with each feature.
Reach 3 – Chute 1

Chute 1 appears to be a potential, partial
barrier to salmonid migration. Results of Powers
and Orsborn leaping analysis suggest that no
species would successfully navigate Chute 1 in
Reach 3 utilizing an 80 degree leap angle
(Figure 17 a). All species except Pink or Chum
would be expected to successfully navigate
Chute 1 utilizing a 60 or 40 degree leap angle
(Figure 17 b and c). Results suggest that at the
flows observed on October 30, 2010, Pink or
Chum salmon would not successfully navigate
Chute 1 by leaping (Figure 17 a, b, c). Based on
1 is located at the downstream-most portion of Reach 3. The
the fact that bull trout have a lower burst Chute
overhanging wood in this photo is directly above the crest of Chute 1.
velocity than Pink or Chum salmon, it is
reasonable to assume that bull trout would not be expected to traverse Chute 1 by leaping.
Cutthroat trout have a burst swimming speed intermediate to Pink/Chum and sockeye, and may be
able to leap up Chute 1.
Reach 3 – Chute 2

Chute 2 appears to be a potential barrier to
salmonid migration attempting passage by
leaping. Results are not conclusive. Powers and
Orsborn leaping analysis suggest that no
species would successfully navigate Chute 2 in
Reach 3 utilizing an 80 degree (Figure 18 a), 60
degree leap angle (Figure 18 b) or 40 degree
leap angle (Figure 18 c). Results suggest that at
the flows observed on October 30, 2010 would
pose an impediment to salmonid migration, if
species attempted to navigate the Chute 2
obstacle utilizing leaping. However, results of
leaping analyses contrast with burst speed
analysis, which suggest that Chute 2 would be
passable for all species across most flow levels.

Chute 2 is located in the middle of Reach 3. The large pool located
centrally is the plunge pool downstream from Chute 2.
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Reach 3 – Chute 3

Two potential passage paths were analyzed for Chute 3, utilizing Powers and Orsborn leaping
criteria. Path 1 investigated a potential leaping passage corridor along the left bank of Canyon
Creek. Path 2 investigated a corridor along the right bank. Chute 3, path 1 appears to be a
potential barrier to salmonid migration (Figure 19). Results, however, contrast with burst swimming
speed analyses which suggest that all species except bull trout could pass this chute across the full
range of flows modeled. Results of Powers and Orsborn leaping analysis suggest that no species
would successfully navigate Chute 3 in Reach 3 utilizing an 80 degree (Figure 19 a), 60 degree
leap angle (Figure 19 b) or 40 degree leap angle (Figure 19 c). Results suggest that flows observed
on October 30, 2010 would pose an impediment to salmonid migration, if species attempted to
navigate the Chute 3 obstacle utilizing leaping.
Similarly, a second path (path 2) was investigated to determine if there was a potential leaping
angle along the right bank of Canyon Creek at Chute 3. Chute 3, path 2 appears to be a potential
barrier to salmonid migration if passage was attempted utilizing leaping. Again, leaping analysis
results contrast with burst swimming results that suggest all salmonid species, except bull trout,
could pass chute 3 across the full range of flow modeled. Powers and Orsborn leaping analysis
suggest that no species would successfully navigate Chute 3, path 2 utilizing an 80 degree (Figure
20 a), 60 degree leap angle (Figure 20 b) or 40 degree leap angle (Figure 20 c). Results of
analyses suggest that at the flows observed on October 30, 2010 would pose an impediment to
salmonid migration, if species attempted to navigate the Chute 3 obstacle utilizing leaping.

Chute 3 is located at the upstream-most portion of Reach 3. The large boulder located in the middle of the channel was placed by Washington
Department of Fish and Wildlife staff in an attempt to facilitate fish passage.
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Reach5 – Falls 1

Three potential passage paths were analyzed utilizing
Powers and Orsborn leaping criteria. Path 1 (left bank) was
investigated as a potential leaping passage avenue along
the left bank of Canyon Creek, path 2 is centrally located
along the Falls 1 cross-section, and path 3 was identified
along the right bank.
Results of Powers and Orsborn leaping analysis suggest that
all species would successfully navigate Falls 1 in Reach 5
utilizing an 80 degree (Figure 21 a), 60 degree leap angle
(Figure 21 b) and 40 degree leap angle (Figure 21 c), except
for Pink/Chum salmon and bull trout. Results suggest that
at the flows observed on October 30, 2010 may pose an
impediment to Pink and Chum salmon and bull trout
migration, if species attempted to navigate the Falls 1
obstacle utilizing leaping. Again, burst speed analysis
contrasts with leaping analyses. Even bull trout would be
expected to navigate Fall 1 using burst speed swimming
rather than leaping.

Falls1 was identified at the approximate midpoint of
Reach 5. Between the time of conducting field survey and
finalization of this report, the Canyon Creek channel
migrated, abandoning Reach 5 and Falls 1.

Path 2 (mid-channel) was investigated as a potential leaping
passage avenue along the left bank of Canyon Creek. Falls
1, path 2 (mid-channel) may be a potential barrier to migration by some salmonids (Figure 22).
Powers and Orsborn leaping analysis suggest that all species would successfully navigate Falls 1 in
Reach 5 utilizing an 80 degree (Figure 22 a), 60 degree leap angle (Figure 22 b) and 40 degree
leap angle (Figure 22 c) assuming that Pink and Chum could overcome velocities encountered at
the crest of Falls, upon landing (utilizing the 60 or 40 degree leaping trajectories). Pink and Chum
would be expected to fail utilizing an 80 degree leap angle (Figure 22 a). Results suggest that at
the flows observed on October 30, 2010 would not pose an impediment to salmonid migration, if
Pink and Chum salmon attempted to navigate the Falls 1 obstacle utilizing leaping at the midchannel point. Results regarding burst speed analysis corroborate these findings.
Path 3 (right bank) was investigated as a potential leaping passage avenue along the left bank of
Canyon Creek (Figure 23). Falls 1, path 3 (right bank) would not likely be a barrier for most
salmonid species evaluated. Results of Powers and Orsborn leaping analysis suggest that all
species would successfully navigate Falls 1 in Reach 5 utilizing an 80 degree (Figure 23 a), 60
degree leap angle (Figure 23 b) and 40 degree leap angle (Figure 23 c), assuming that pink and
chum could overcome velocities encountered at the crest of Falls 1 utilizing the 60 or 40 degree
leaping trajectories (Figure 23 b and c). Pink and Chum salmon would be expected to fail utilizing
an 80 degree leap angle (Figure 23 a). Results suggest that at the flows observed on October 30,
2010 would not pose an impediment to salmonid migration, if species attempted to navigate the
Falls 1 obstacle utilizing a right-bank pathway. Results regarding burst speed analysis are
discussed later in this report.
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LIMITATIONS
We have prepared this letter report for use by Whatcom County, HEC, and their authorized agents
for use in the Canyon Creek Restoration- Phase II. This report is not intended for use by others,
and the information contained herein is not applicable to other sites.
This fish passage and habitat data report is based on conditions encountered at specific locations
at the time the study was performed. Actual surface water, hydraulic and habitat conditions may
differ, sometimes significantly, from those indicated in this report. Our report, conclusions, and
interpretations should not be construed as a warranty of the hydraulic and habitat conditions. The
findings and conclusions of this report may be affected by the passage of time, by manmade
events such as construction on or adjacent to the site, or by natural events such as floods, slides
and debris-flows, channel migration or avulsion, or hydrologic fluctuations.
Within the limitation of scope, schedule and budget, our services have been executed in
accordance with generally accepted fish passage and habitat assessment practices in the area at
the time the report was prepared. No warranty or other conditions express or implied should be
understood.
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Figure 3

Reach 1- Habitat Assessment

BAM:0\0
0048408200 Figures.ppt JTM 3/2/11

View downstream of the Canyon Creek and North Fork Nooksack River
confluence area.

Reach 1 – Habitat Assessment
View upstream of Canyon Creek within habitat Reach 1. Habitat is bouldercobble dominated with poor riparian habitat and little instream cover.

Reach 1 – Habitat Assessment
Figure 4

Reach 2- Habitat Assessment

BAM:0\0
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View downstream of Canyon Creek within habitat Reach 2.

Reach 2 – Habitat Assessment
View upstream of Canyon Creek within habitat Reach 2. Habitat is gravelpoor riparian
p
habitat and little instream cover.
cobble dominated with p

Reach 2 – Habitat Assessment
Figure 5

Reach 3- Habitat Assessment

BAM:0\0
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View of a typical hydraulic jump within the bedrock notch area that define
Reach 3 of the habitat assessment. Three potential adult migration
barriers were identified in this reach.

Reach 3 – Habitat Assessment
Downstream view of Canyon Creek within habitat Reach 3. Channel is
bedrock controlled with poor riparian habitat. Some instream cover and
h bit t complexity
habitat
l it is
i provided
id d b
by step-pool
t
l sequence through
th
h a series
i off
chutes.

Reach 3 – Habitat Assessment
Figure 6
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Reach 3- Chute 1
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View of Chute 1, looking upstream

Reach 3- Chute 1
View of Chute 1, looking downstream

Reach 3 – Habitat Assessment
Figure 8

Reach 3- Chute 2
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View of Chute 2, looking upstream

Reach 3- Chute 2
View of Chute 2, looking downstream

Reach 3 – Habitat Assessment
Figure 9

Reach 3- Chute 3
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View of Chute 3, looking upstream

Reach 3- Chute 3
Oblique upstream view of Chute 3

Reach 3 – Habitat Assessment
Figure 10

Reach 4- Habitat Assessment

BAM:0\0
0048408200 Figures.ppt JTM 3/2/11

Downstream view of lower potion of Reach 4, illustrating rapid transition in
gradient from moderate to steep within the bedrock-controlled Reach 3.

Reach 4 – Habitat Assessment
Downstream view of Canyon Creek within habitat Reach 4. Channel is of
moderate gradient with good sorting of substrate, producing some potential
salmonid
l
id spawning
i
h
habitat.
bit t Instream
I t
and
d riparian
i i cover as wellll are rearing
i
habitat is very limited.

Reach 4 – Habitat Assessment
Figure 11

Reach 5- Habitat Assessment

BAM:0\0
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Upstream view of the upper potion of Reach 5, illustrating a moderate
gradient, narrow channel with boulder-cobble substrate and minimal
riparian and instream cover.

Reach 5 – Habitat Assessment
Upstream view of Canyon Creek within habitat Reach 5. Channel is of variable
gradient. One potential adult salmonid migration barrier was identified in this reach.

Reach 5 – Habitat Assessment
Figure 12

Reach 6- Habitat Assessment

BAM:0\0
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Upstream view of the upper potion of Reach 6, illustrating a narrow channel with
boulder-cobble substrate. Some riparian and instream cover were observed in
this reach, providing some rearing habitat value.

Reach 6 – Habitat Assessment
Downstream view of Canyon Creek within habitat Reach 6.
6

Reach 6 – Habitat Assessment
Figure 13

Reach 7- Habitat Assessment

BAM:0\0
0048408200 Figures.ppt JTM 3/2/11

Upstream view of the upper potion of Reach 7, illustrating a wide and shallow
channel with a gravel- cobble. Evidence of channel incision, erosion and lateral
channel migration suggests ephemeral habitat availability in this reach.

Reach 7 – Habitat Assessment
Downstream view of Reach 7, illustrating a cobble-boulder substrate adjacent the
levee along the left bank. Very little riparian and instream clover is available in this
reach.

Reach 7 – Habitat Assessment
Figure 14

Reach 8- Habitat Assessment

BAM:0\0
0048408200 Figures.ppt JTM 3/2/11

Upstream view of the upper potion of Reach 8. Evidence of approximately 15
vertical feet of channel incision illustrates and high energy reach with ephemeral
habitat availability for aquatic organisms.

Reach 8 – Habitat Assessment
Downstream view of Reach 8, illustrating a cobble-boulder substrate . The trapezoidal
channel with evidence of channel incision and ephemeral habitat is prevalent
throughout this reach.

Reach 8 – Habitat Assessment
Figure 15

BAM P;\00484-82
2\00\Figure 16.ppt JTM 31011

Notes:
1. Chart is based on findings of Powers and Orsborn (1985),
Bell (1973, 1991), and Mesa et al (2008).
2. Salmon and steelhead results are based on an assumed
fish condition factor of 75% (Cfc=0.75). Results for
cutthroat trout and bull trout are based on an assumed
fish condition factor of 100% (Cfc=1.0).

Burst Swimming Speed of Salmonids
Canyon Creek,
Creek Restoration,
Restoration Phase II
Glacier, Washington
Figure 16
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a.

No species would be
projected to leap over
Chute 1 utilizing an 80
degree leap angle.

b.

Steelhead (blue line),
Chinook (red line), coho
(green
g
line) and sockeye
y
( gray line) would be
expected to leap over
Chute 1 utilizing a 60
degree leap angle. Pink
and chum would not be
expected to clear this
obstacle.

c.

Steelhead (blue line)
may be the only species
expected to leap over
Chute 1 utilizing a leap
angle of 40 degrees. All
other species would be
expected to fail.

Chute 1– Fish Passage Assessment
Figure 17
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a.

No species would be
projected to leap over
Chute 2 utilizing an 80
degree leap angle.

b.

Again, no species would be
expected to navigate
g
Chute 2 via leaping.
Steelhead (blue line),
Chinook (red line), and
coho (green line), sockeye
(gray line) and pink/chum
(purple line) all fail to clear
the crest of Chute 2 and
associated water surface.

c.

All species would be
expect to fail to leap over
Chute 2 with a 40 degree
leap angle as well.

Chute 2– Fish Passage Assessment
Figure 18
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a.

No species would be projected to
leap over Chute 3 utilizing an 80
degree leap angle through path 1
of 2.

b.

Again, no species would be
expected to navigate
g
Chute 3,
path 1 via leaping. Steelhead
(blue line), Chinook (red line), and
coho (green line), sockeye (gray
line) and pink/chum (purple line)
all fail to clear the crest of Chute
3 and associated water surface.

c.

All species would be expect to fail
to leap over Chute 4 with a 40
degree leap angle as well.

Chute 3 Path 1– Fish Passage Assessment
Figure 19
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a.

No species would be projected to
leap over Chute 3 utilizing an 80
degree leap angle through path 2
of 2.

b.

Again, no species would be
expected to navigate
g
Chute 3,
path 2 via leaping. Steelhead
(blue line), Chinook (red line),
coho (green line) , sockeye (gray
line) and pink/chum (purple line)
all fail to clear the crest of Chute
3 and associated water surface.

c.

All species would be expect to fail
to leap over Chute 4 with a 40
degree leap angle as well. In fact,
it appears that a leap angle of 40
degrees is too shallow and fish
will fail to break free of the water
surface at the launch point.

Chute 3 – Path 2– Fish Passage Assessment
Figure 20
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a.

Only steelhead (blue line) would be
expected to clear falls 1, path 1
within Reach 5 (left bank), utilizing
an 80 degree leap angle. All other
species would fall short.

b.

Steelhead (blue line), Chinook (red
line) coho (green line), and sockeye
(gray line) would all be expected to
navigate falls one in Reach 5
following path 1 (left bank). Pink
and chum would be expected to fall
short.

c.

All species would be expect to
successfully leap over falls 1 with a
40 degree leap angle. Pink and
Chum salmon would need to
overcome higher velocities at the
crest, but at least appear to be able
to reach the crest.

Falls 1, Reach 5– Fish Passage Assessment
Figure 21
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a.

All species except Pink/Chum
(purple line) would be expected to
clear falls 1, path 2 (mid-channel)
within Reach 5, utilizing an 80
degree
g
leap angle
g

b.

All species would be expected to
navigate falls 1, path 2 (midchannel) within Reach 5,
5 utilizing a
60 degree leap angle. Steelhead
(blue line), Chinook (red line), coho
(green line), sockeye (gray line) and
Pink/Chum (purple line would all be
expected to succeed.

c.

All species would be expected to
navigate falls 1, path 2 (midchannel) within Reach 5, utilizing a
40 degree leap angle. Steelhead
(blue line), Chinook (red line), coho
(green line) and Pink/Chum (purple
line) would all be expected to
succeed.

Falls 1, Reach 5– Fish Passage Assessment
Figure 22
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a.

All species except Pink/Chum
(purple line) would be expected to
clear falls 1, path 3 (right bank)
within Reach 5, utilizing an 80
degree
g
leap angle.
g

b.

All species would be expected to
navigate falls 1, path 3 (right bank)
within Reach 5,
5 utilizing a 60
degree leap angle. Steelhead (blue
line), Chinook (red line), coho
(green line) and Pink/Chum (purple
line would all be expected to
succeed.

c.

All species except Pink/chum
would be expected to navigate falls
1, path 3 (right bank) within Reach
5, utilizing a 40 degree leap angle.
Steelhead (blue line), Chinook (red
line), coho (green line) and sockeye
(gray line) would all be expected to
succeed.

Falls 1, Reach 5– Fish Passage Assessment
Figure 23
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HEC-RAS Results (Herrera 2011)
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Geotechnical Engineering Evaluation
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INTRODUCTION
This report presents the results of our geotechnical engineering services for the proposed Canyon
Creek Restoration-Phase II project for Whatcom County Public Works near Glacier, Washington.
The site is generally located northwest of the town of Glacier and is shown in the Vicinity Map,
Figure 1. Our geotechnical services were completed in general accordance with the professional
services agreement between Herrera Environmental Consultants Inc. (Herrera) and GeoEngineers
dated October 4, 2010. Our services were authorized by Theresa Wood with Herrera.
The project site is specifically located on the west side of Canyon Creek north of the Mount Baker
Highway and is located entirely within the flood plain of Canyon Creek near the confluence with the
North Fork of the Nooksack River. The project includes two areas with separate technical
considerations. These areas are identified as the North Levee Area and the Bedrock Notch Area as
shown in our Site and Exploration Plans, Figures 2 and 3 and described below.

■ The Bedrock Notch Area is the southern portion of the site, where on-going incision of Canyon
Creek into exposed bedrock created a possible barrier to fish passage. The results of our
assessment of the habitat conditions were presented in our “Fish Passage and Habitat Report”
dated March 9, 2011. Through conversations with Whatcom County and the design team, it
was decided not to pursue project elements within the bedrock notch to improve fish
passability.

■ The North Levee Area is located where Canyon Creek exits a relatively steep sided ravine at the
north end of the study area. This portion of the project includes setting back the existing levee
to be adjacent to Canyon View Drive and is the subject of this report.
We completed a preliminary evaluation of the site for both project elements in November 2010.
The results of our preliminary geotechnical field evaluation were presented previously in our data
report dated March 3, 2011. This same baseline geotechnical information is included in this report
for continuity purposes.
The proposed design concept for the North Levee Area consists of the following elements:

■ An armored revetment along the west side of the historical channel.
■ A setback levee on the west side of Canyon Creek.
■ A series of Engineered Log Jams (ELJs) throughout this particular reach of the river. Herrera is
responsible for the ELJ designs.

SITE CONDITIONS
Surface Conditions
The North Levee Area is located in a low area bounded by an existing levee on the east and Canyon
View Drive, a residential road, on the west. The road is a few feet higher than the top of the levee.
The low area is approximately 10 to 12 feet lower than the road elevation and 100 to 120 feet
wide. The area is vegetated with grass and small brush, and occasional conifer trees. The
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waterward side of the existing levee is armored with large rip rap throughout its entire length.
Along the left bank and channel, occasional rip rap is located throughout the project reach. A
group of boulders is present in the southern portion of the site at the base of the levee and also
scattered along the base of the slope in the northern portion of the site near existing residences.
The Rock Notch Area is located in the southern portion of the site and is bounded by Canyon Creek
to the east and a forested area to the west. It is our understanding that a vacation resort was
previously located in the western portion of this area, however the buildings have been removed
and the area has been allowed to revegetate. The existing dike has been previously removed from
this area. We understand that the left bank of Canyon Creek was blasted to create a notch in
1994 to fix a thalweg away from the Logs Resort and homes. The creek has subsequently incised
further into the rock removing rock possibly shattered during initial blasting work or previously
shattered or weak rock. The bedrock notch area is relatively flat with approximately 20 feet of fall
across a 500 foot reach. The creek has incised as much as 8 to 12 feet and exposed bedrock
along the creek. The area is vegetated with grasses and small deciduous trees line the creek.
Native boulders and cobbles that were exposed during the 2009 partial levee removal project were
scattered randomly across the area disturbed during the project.

Geologic Setting
Our interpretation of the geologic/hydrogeologic conditions at the site vicinity is based on a review
of the “Geologic Map of the Mount Baker 30- by 60- Minute Quadrangle, Washington,” by RW Tabor
et al (2003). The geologic soil deposits are the result of both glacial and nonglacial processes that
have occurred during the last 12,000 years. The site is mapped as Holocene age alluvium.
Undivided glacial deposits and Chuckanut Formation bedrock are mapped in the near vicinity.
The Holocene age alluvium from Canyon Creek, is mapped as well-sorted and stratified gravel,
sand, silty sand, silt and clay.
Undifferentiated glacial deposits consist of a mixture of glacial soils including outwash, till, icecontact, and glaciomarine deposits occurring on the lower slopes of the Cascade foothills.
Outwash deposits are typically granular and have been sorted by moving water. Outwash may or
may not have been overridden by glacial ice. Glacial till is typically a very dense mixture of sand,
gravel, silt and clay. Tills are compressed by glacial ice and typically have high shear strength, low
compressibility and low permeability characteristics. Glaciomarine drift is typically clayey in nature
with variable sand content. The upper portions of the glaciomarine drift can be stiff to hard,
becoming softer with depth where the unit is thick. The upper portions of these soils are typically
weathered and have a moderate permeability, developing perched groundwater conditions over the
relatively impermeable unweathered parent materials.
The Chuckanut Formation is a mixture of sandstone, conglomerate, shale, and coal initially
deposited as relatively horizontal surfaces then heavily folded by tectonic forces. The sandstone
portion of the unit is relatively hard and strong where unweathered. The formation was partially
eroded and weathered prior to the Pleistocene age (about 3 million years ago), where it was
subjected to glacial activity. This unit is exposed at the rock notch. The site is located along the
Canyon Creek alluvial fan. The alluvial fan deposits generally consist of poorly sorted gravel with
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cobbles and boulders. These soils are deposited either as a discrete lobe where steep streams
intersect valley floors or as a broad apron on steep side slopes.
The historical Church Mountain Landslide occurred in the site vicinity. The landslide took place
approximately 2700 years ago according to radiocarbon dating on buried wood. This slide
originated along the steep south face of Church Mountain and extends into the North Fork
Nooksack Channel migration zone near the confluence with Canyon Creek. This influences
depositional environment at the confluence. This event is believed to be the result of a shallow
focus earthquake.
Erosion through the active Jim Creek and Bald Mountain slide zones is a major contributor of
sediment load to the site area. The Jim Creek Slide Zone is located along a high angle fault. Large
slides have occurred along the northwest and southeast facing slopes along Canyon Creek.
Logging in the region has led to increased instability and erosion upstream of the site and is
believed to have increased the rate of movement in this area. This slide zone is located
approximately 4 miles upstream from the confluence of Canyon Creek and the North Fork
Nooksack.

Field Methods
Field Explorations

Subsurface soil and groundwater conditions were evaluated by drilling two rock cores, completing
twelve test pits, and coordinating a geophysical seismic refraction study. Test pits TP-9 through
TP-13 were completed at the North Levee Site. Rock Cores B-1 and B-2, test pits TP-1 through TP-7
and the geophysical study were completed at the Bedrock Notch Site. Test pit TP-8 was not
completed. The approximate locations of the explorations are shown in Figures 2 and 3.
Soil samples obtained from the test pits were transported to our laboratory and examined to
confirm or modify field classifications, as well as to evaluate engineering and index properties of
the soil. Representative samples were selected for laboratory testing consisting of moisture
content determinations and grain size distribution analyses. A description of the laboratory testing
and the test results are presented in Appendix A.

Subsurface Conditions
Soil Conditions

The soil profile encountered at our exploration locations and along the seismic refraction lines
consisted of alluvial fan deposits overlying bedrock. In general, the thickness of the alluvial fan
deposits decreased closer to the current creek channel.
Alluvial fan deposits, consisting of gray to brown fine to coarse gravel with sand,
cobbles, boulders, and varying silt content, were encountered in all of our test pit explorations. A
layer of loose to medium dense silty, fine to coarse sand with gravel, cobbles, boulders, and
pockets of fine sand that we interpret to be fill material was encountered to approximately 5 feet
below the ground surface (bgs) at TP-4. Occasional debris consisting of rope, concrete, and/or
rebar was observed in test pits TP-4, TP-12, and TP-13, interpreted to be buried by natural
processes. All of the test pits terminated in the alluvial fan deposits except TP-1 and possibly TP-7.

ALLUVIAL DEPOSITS:
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The results of the geophysical study suggest that the thickness of the alluvial fan deposits varies
from 15 to 40 feet as shown in the profiles included in the attached geophysical report.
The bedrock underlying the site is of the Chuckanut Formation. Based on our borings, it
consists of massive sandstone and siltstone. Three unconfined compression tests were performed
on rock cores. The results indicate compression strengths in the range of 14,500 to 16,000
pounds per square inch (psi) for the sandstone and 32,000 psi for the siltstone as shown in
Table 1 in Appendix A. The seismic refraction tests indicate that the bedrock has a shear wave
velocity of 11,000 to 12,500 feet per second.
BEDROCK:

Bedrock was encountered approximately 13½ feet below the ground surface at TP-1, however
caving soils prevented a clear observation of the material. Sandstone was encountered in rock
core B-1. The surface of the sandstone was in a stained state extending to a depth of 6 feet before
reaching less weathered, more competent sandstone bedrock. Open fractures with some
sediment infilling and oxidation, typically dipping between about 10 to 75 degrees from horizontal,
were encountered indicating some movement of groundwater through the fractures. At boring B-1
loss of drilling fluid was observed at a depth of about 12 feet bgs. The loss of fluid was interpreted
to be the result of a larger fracture. The rock quality of the local sandstone can be very erratic over
short distances. However, based on our continuous rock core, the rock appears to be relatively
uniform and competent.
Siltstone was encountered in rock core B-2. The siltstone encountered was heavily fractured
compared to the sandstone. Open fractures typically dipping between about 10 and 80 degrees
from horizontal were encountered. Sediment infilling was only encountered in one of the open
fractures. Loss of drilling fluid was experienced off and on from approximately 5 feet and extended
the length of the core. The loss of fluid was not as extensive as observed in B-1. We interpret the
loss of fluid to an increased number of fractures.
Groundwater Conditions

Groundwater was observed in three of our explorations. Rapid groundwater seepage was observed
in TP-2 at approximately 14 feet bgs. Slight seepage was observed at approximately 10 feet bgs in
TP-5. Moderate seepage was observed in TP-12 at approximately 13.5 feet bgs. The groundwater
level should be expected to fluctuate as a function of the water level in Canyon Creek, the season,
precipitation and other factors.

GEOTECHNICAL CONCLUSIONS AND RECOMMENDATIONS
General
The proposed levee designs are shown in the Profile View, Figure 4. The designs are based on
collaboration between GeoEngineers and Herrera. A summary of the significant design and
construction considerations is presented below for introductory purposes only and should be used
in conjunction with the complete recommendations of this report.

■ Riverside and landside embankment slopes should be constructed no steeper than
2H:1V (Horizontal:Vertical).
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■ All riverside slopes should be protected with riprap and a graded filter as designed. The graded
filter consists of a 1-foot layer of quarry spalls.

■ Native gravel, sand and silt soil excavated from the existing levee alignment may be used as
structural fill for the proposed levee. Material greater than 6 inches in diameter should be
removed from the levee fill soil.

■ Groundwater was encountered between 10 and 14 feet bgs at the lower elevation test pits.
We anticipate that the excavation for placing the riprap toe will extend below the water level
and could require dewatering.
Detailed discussion of the analysis, design, and construction of the proposed setback levee are
presented below.

Slope Stability Analyses
General

The proposed design is shown in Figure 4. The proposed levee will be constructed by removing the
existing levee and re-using the riprap and embankment/on-site materials as much as possible.
The new setback levee will be constructed with a quarry spall layer serving as a quarry spall filter, a
riprap layer consisting of the on-site riprap, and then placing a layer of upper terrace alluvium over
the riprap. This material will be considered sacrificial in that it could be eroded away during a
significant storm event.
We performed stability analyses for four cases including end of construction, steady state seepage
at full flood stage, rapid drawdown, and earthquake. Our analysis assumes that the upper terrace
alluvium backfill against the riverside of the levee has been eroded to the riprap armor. The
embankment slopes were evaluated in accordance with the USACE Engineering and Design
manual for the Design and Construction of Levees, EM 1110-2-1913. The selected levee and
revetment sections were evaluated for the most probable failure mechanisms.
Slope stability analyses were completed using the Spencer method and the computer program
SlopeW Version 7.13, developed by Geo-Slope International. Failure mechanisms that were
considered included failures on the embankment slope, toe failures with a back slope intersecting
the levee crest, and a deeper slide surface passing through the foundation soils. The phreatic
surface was evaluated assuming a water elevation of 2 feet below the 2 year high water mark for
the end of construction, rapid drawdown, and design earthquake cases. The phreatic surface
during the steady state seepage case was based on the 500-year design flood event and
groundwater conditions observed in the explorations. The design events and water levels were
provided by Herrera.
Soil Strength Parameters

The parameters required for the analyses were evaluated based on the exploration data, laboratory
data, empirical relationships, and our experience. The shear strength parameters used in our
analyses are presented in Table 1 below. We assumed that the alluvial levee fill would be placed
and compacted in a controlled manner.
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TABLE 1. SOIL STRENGTH PARAMETERS
γ (pcf)

φ (deg)

C (psf)

Alluvium (GP-GM)

120

33

0

Upland Alluvium (SM/ML)

125

34

0

Soil Layer

Seismic Design Parameters

Based on the 2002 USGS geologic hazard maps, the design PGA for the site is equal to 0.38g.
Typically a horizontal seismic coefficient of ½ the PGA is used for pseudostatic slope stability
analyses (Hynes-Griffin and Franklin, 1984). Therefore, a seismic coefficient of 0.19g was selected
for the stability analyses.
Results of Stability Analyses

The results of the slope stability analyses are summarized in Table 2 below.
TABLE 2. SUMMARY OF SLOPE STABILITY ANALYSES
Factor of Safety (FS)
End of
Construction

Long Term (Steady
Seepage)

Rapid
Drawdown

Design
Earthquake1

1.3

1.4

1.0 to 1.2

1.0 to 1.1

New Revetment Section

1.5

1.36

1.3

1.06

New Levee Section

1.4

1.4

1.4

1.1

Section Required FS

Note:
1. The design earthquake does not consider the effects if liquefaction or lateral spreading of the alluvial soils below
groundwater.

The probability that the recommended design seismic event will occur simultaneously with the
100-year design flood event is considered remote. Therefore, the seismic analyses for the
proposed levee riverside slope were performed under normal river flow conditions (assumed to be
2 feet below the 2-year high water elevation). The stability of the levee during a design level
earthquake will likely be lower if the subsurface soils liquefy. The static analysis for the riverside
embankment slope assumed 500-year design flood conditions. The results of the stability
analyses are included in Appendix B. The factor of safety for long term steady seepage for the
revetment case is slightly lower than the desired factor of safety. It is our opinion that due to the
short duration of the flood event that this factor of safety is acceptable. The figures present the
lowest factor of safety, typically observed as a relatively shallow failure. Deeper failures surfaces
exhibit higher factors of safety.

Seepage and Piping Considerations
The coefficient of hydraulic conductivity (permeability), k, for the soil layers, was selected based on
the results of the grain size analyses using correlations and several empirical equations such as
Hazen's Formula, NAVFAC (1982), the USACE levee design manual, and the “Hydrogeologic
Framework of the Puget Sound Aquifer System” (USGS professional paper 1424-D). Coefficients
for the soil layers were assumed to have a horizontal to vertical ratio (kratio) of up to 0.25. We
have assumed that the levee fill will consist mostly of reused on site alluvial gravel with sand and
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silt with a fines content in the range of 5 to 15 percent. A hydraulic coefficient for the proposed
alluvium levee fill was assumed to be in the range of 10-1 to 10-2 cm/sec. Table 3 summarizes the
coefficient of hydraulic conductivity, k, used in our analyses for the varied soil layers.
TABLE 3. COEFFICIENT OF HYDRAULIC CONDUCTIVITY, K
Soil Layer

k (cm/sec)

kratio

Alluvial Levee Fill (GP-GM/SM)

10-1 to 10-2

0.25

50

1

Riprap (GP)

Steady state seepage analyses for water levels at full flood stage were performed for the typical
levee section using SEEP/W Version 7.17, a two-dimensional (2D) finite element code developed
by Geo-Slope International Ltd. Seepage analysis is calculated using a steady-state groundwater
flow calculation module. The distribution of steady-state pore pressures in a groundwater flow
calculation is determined by the boundary conditions, the geometry, and the permeability of the
different soil clusters. The calculation is an iterative procedure of balancing the element
discharges and active groundwater head. Unsaturated permeability functions were selected based
on default values available in the program. Our analyses include calculation of seepage discharge,
exit gradient, and resulting factor of safety against piping. The method used to calculate seepage
discharge is conservative such that the estimated seepage in the table below is likely overstated.
TABLE 4. SUMMARY OF SEEPAGE ANALYSES
Section
New Levee Section

Discharge
(gpm/foot)

Exit Gradient

Factor of Safety
Against Piping1

2.0

0.20

5

Note:
1.Factor of safety of 5 selected based on USACE ETL 1110—2-569, light/no seepage condition
for exit gradients <0.2.

Temporary and Permanent Slopes
General

We recommend that permanent embankment slopes along the levee be constructed no steeper
than 1.5H:1V on the riverside (with riprap) and 2H:1V on the landside. Our stability analyses
indicate that the existing native soils will support a 1.5H:1V levee embankment with adequate
factors of safety provided the riprap section is constructed as planned. We understand that
additional alluvium will be placed over the riprap on the riverside, and we recommend that this
material be placed at 2H:1V. To achieve uniform compaction, we recommend that all levee
embankment slopes be overbuilt and subsequently cut back to expose well-compacted fill if the
specified compaction cannot be achieved on the slopes by the contractor’s methods. Permanent
erosion control should be in accordance with plans and specifications prepared by Herrera.
Excavations

Temporary slopes will be required for excavation of the buried rip rap toe. Excavations to depths of
about 15 feet bgs are envisioned for installation of the riprap toe, based on information provided
by Herrera. Because of the diversity of construction techniques and available shoring systems, the
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design of temporary shoring is most appropriately left up to the contractor. Maintenance of safe
working conditions, including temporary excavation stability, is the responsibility of the contractor.
All temporary cuts in excess of 4 feet in height should be sloped in accordance with Part N of the
Washington Administrative Code (WAC) 296-155 or shored.
The site is underlain to significant depths by rounded native alluvial soils. Excavations in these
soils should be inclined no steeper than 1.5H:1V. Cuts made below the groundwater level will
probably experience severe caving and will need to be graded flatter than 1.5H:1V, if not shored or
dewatered. No traffic, construction equipment, stockpiles or building supplies should be allowed
within a distance of at least 10 feet from the top of excavation slopes.

Seepage Filters
To reduce the potential for piping and soil loss due to seepage forces, granular seepage filters will
be required. A filter layer will be required beneath the riprap protection as shown in Figure 4.
We recommend that the filter material consists of quarry spalls per WSDOT Standard
Specifications 9-13.6.
During construction care should be taken to prevent the contamination of the granular filter
material with foreign materials that will alter the gradation of the filter material. Contamination
may be caused by sediment laden runoff or from mixing with the underlying soils during placement
or hauling. The filter materials should also be handled carefully to prevent the segregation of
particles that may also alter its gradation. Regular monitoring of the gradation of the filter
materials should be carried out during construction. Proper filter thickness and compaction
should also be verified in the field during construction.

Construction Dewatering
Temporary dewatering may be required during construction of the revetment toe. We anticipate
that significant groundwater seepage could occur within the excavations based on our subsurface
explorations. Severe caving of the alluvial soils should be expected below the groundwater level
and within the capillary zone above the groundwater level. Completing the excavations during the
dry summer months will limit the amount of dewatering necessary, because groundwater levels will
be lower at that time of the year depending on snowmelt.
The contractor should be made responsible for designing and installing the appropriate dewatering
system needed to complete the work. We recommend that the contractor be required to submit
the proposed dewatering system designs and plan layouts for review and comment prior to
beginning construction. We further recommend that a separate line item be included for
dewatering in the construction bid documents. We expect that pumping from sumps into the
alluvium will be the preferred contractor method. It should be noted that the river alluvium will
have a high seepage rate. The water should be discharged in accordance with applicable county,
state and federal regulations.
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Earthwork
General

We expect that earthwork to construct the proposed revetment and levee will include limited
clearing and grubbing within excavation areas. Stripping up to 6 inches will likely be required to
remove organic-laden soils. Deeper stripping depths could be expected in areas of thick
vegetation.
The native alluvium consists of gravel with sand and variable silt. Due to the size of material being
excavated, we expect that larger horsepower construction equipment and larger compaction
equipment will be required. Groundwater was encountered at depths ranging from about 10 to
14 feet in the explorations. The excavations could encounter groundwater or wet soil conditions
depending on the season when the excavations occur and where on the site the excavations are
completed.
Clearing, Grubbing and Stripping

In preparing the site for construction, all areas to receive fill should be cleared of vegetation and
stripped of topsoil. Clearing of the project alignment should include removal of all trees, brush and
other vegetation within the designated clearing limits and within all areas to receive fill.
Grubbing should consist of removal and disposal of stumps, roots larger than 1 inch diameter and
matted roots from the designated grubbing areas. Grubbed materials should be completely
removed from the project site. All depressions made during the grubbing activities to remove
stumps and other materials, should be completely backfilled with properly placed and compacted
structural fill. The contractor should be prepared to grub all materials within 1.5 feet of the existing
ground surface.
Subgrade Preparation

We recommend that the subgrade soil be evaluated by a member of our firm. The contractor
should be prepared to level and compact the subgrade below the levee embankment. We
recommend that the levee subgrade be compacted to at least 92 percent of the maximum dry
density (MDD) in accordance with the ASTM D 1557 test procedure. If the existing subgrade is
sloping, we recommend that the contractor use a series of horizontal benches or terraces to key
the new embankment material. The terraces should be a maximum of 3 feet high and 5 feet wide
or as directed the by Field Engineer.
Borrow Source

If imported fill must be brought to the site for levee construction we recommend that the cobble
content be screened to less than about 15 percent of the structural fill by weight and the largest
material be limited to 6 inches. We recommend that imported material consist of either gravel
borrow 9-03.14(1) or select borrow 9-03.14(2) per most current WSDOT Standard Specifications.
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Structural Fill

All fill placed for support or construction of the levees for this project should be placed and
compacted as structural fill. We provide the following recommendations for placing and
compacting materials.

■ If any typical sand and gravel with less than 30 percent greater than the ¾-inch sieve, we
recommend that structural fill be placed and compacted to at least 92 percent of the MDD
determined in accordance with ASTM D 1557.

■ The levee material will be on-site alluvium and levee material which is primarily gravel and
cobble size material. We recommend that this material be placed in accordance with Rock
Embankment Construction procedures in accordance with 2012 WSDOT Standard
Specifications Section 2-03.3(14)A. We suggest that the contractor use a large vibratory roller
having a dynamic force of 40,000 pounds impact per vibration and at least 1,000 vibrations
per minute. This allows placement of a maximum lift up to 18 inches thick and one full pass
with the roller per 6-inch thickness, or partial lift thickness when less than 6 inches; therefore,
three passes with the roller for an 18-inch lift. No testing is required; however, we recommend
construction observation to confirm contractor procedures.

■ The alluvial embankment material to be placed on top of the riprap is not meant to provide
long term erosion protection. This material may be placed in accordance with 2012 WDOT
Standard Specifications 2-03.3(14)C, Method A.
The suitability of soil for use as structural fill will depend on its gradation. In our opinion, the
existing levee soils and the sand and gravel alluvial soils excavated from the project alignment may
be used as structural fill for the setback levee. If the large compaction equipment is used so that
18-inch lifts can be accommodated, we recommend allowing up to a maximum 12-inch dimension
of rock. All larger material should be removed, which can likely be accomplished by the contractor
by hand or small equipment without processing. The existing levee soils should not be moisture
sensitive and will be suitable for use during most wet weather conditions.
We recommend that the appropriate lift thickness, and the adequacy of benching, subgrade
preparation and structural fill compaction be evaluated by a field representative from our firm
during construction.
Structural fill materials needed for the project include:

■ Levee Embankment Fill –existing levee material after screening the plus 12-inch material
■ Riverside Riprap (see discussion below)
■ Riverside Quarry Spalls – per WSDOT Section 9-13.6, “Quarry Spalls”
Rip-rap for river projects is sized based on hydraulic requirements of the project. Based on
conversations with Herrera, we understand that an average diameter of 4½ to 5 feet is required for
the rip-rap portion of the revetment and levee sections. We recommend that the thickness of the
rip-rap layer be 1½ to 2 times the thickness of the average particle size. In this case, the d50 of the
existing material that will be used for riprap is between 4½ and 5 feet. A riprap section 5 feet thick
that includes this larger rock is acceptable.
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The riprap will largely be reused from existing material imported during construction of the existing
levee. We understand that some supplemental riprap will also be required. We recommend that it
conform to similar specifications as previous work for consistency and due to cost restrictions and
availability. We have presented the riprap requirements in Table 5 below.
TABLE 5. RIPRAP SPECIFICATIONS
Material

Large Riprap

Small Riprap

Size (pounds)

Percent of Total Weight
Smaller Than Given
Size

Approximate
Diameter of Riprap
(inches)

15,000

100

60-72

10,000

50

54

6,000

0

48

6,000

100

48

3,000

80

39

1,000

50

27

200

10

16

We recommend that the stones be placed in such a way that the result is a well graded mass. The
stones should be placed such that each stone is stable and not subject to rocking. We recommend
that the small and large stones be placed together to fill voids between the large stones.

LIMITATIONS
We have prepared this report for use by Herrera Environmental Consultants Inc. in support of the
Canyon Creek Restoration Project. Within the limitations of scope, schedule and budget, our
services have been executed in accordance with generally accepted practices in the field of
geotechnical engineering in this area at the time this report was prepared. No warranty or other
conditions, express or implied, should be understood.
Please refer to Appendix D titled “Report Limitations and Guidelines for Use” for additional
information pertaining to use of this report.
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APPENDIX A

Field Explorations and Laboratory Testing
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APPENDIX A
FIE
ELD EXPLORA
ATIONS AND
D LABORATORY TESTING
Fie
eld Exploratio
ons
Sub
bsurface soil and groundw
water conditio
ons were evalluated by drilling two rockk cores, comp
pleting
twe
elve test pits,, and coordin
nating a geop
physical seism
mic refraction
n study. Testt pits TP-9 through
TP-13 were completed at the North Levee Site. Rock C ores B-1 and B-2, test pitss TP-1 through
h TP-7
and
d the geophyysical study were
w
completted at the B
Bedrock Notch Site. Testt pit TP-8 wa
as not
com
mpleted.
The
e rock cores were
w
completted to depthss of 21½ and
d 20 feet bellow the existing ground su
urface
(bg
gs) on October 26 and 27, 2010 using a subcontractted Saitech Viper drill with a 1.65-inch inside
diameter BW44 corer. The test
t
pits were
e completed tto depths ran
nging from 11
1 to 19 feet b
bgs on
Novvember 10 and
a 11, 2010
0 using a sub
bcontracted 2
225 excavatoor. The geop
physical studyy was
don
ne concurrenttly with the ro
ock cores. A summary
s
of th
he results of tthe geophysiccal study as w
well as
a description of the methods is provided in
n the attached
d geophysical report in Appendix C.
of the
The
e approximate
e locations off the explorattions are sho wn in Figuress 2 and 3. Th
he locations o
exp
plorations we
ere determine
ed in the fie
eld using a ffield global p
positioning syystem (GPS). The
loca
ations shown
n in Figures 2 and 3 shou
uld be consid ered accuratte to the deggree implied b
by the
me
ethods used.
Rocck core samp
ples were co
ollected continuously belo w the bedrocck surface. The bedrockk core
sam
mples were placed
p
in a cardboard corre box to ma intain the orientation of tthe core as iit was
rem
moved from th
he ground. Representative
e disturbed sooil samples w
were collected
d from the tesst pits
at select
s
intervals from the sides of the te
est pits or thee bucket of the excavator. The sampless from
the
e test pits werre placed in sealed
s
plasticc bags to ma intain the mooisture conten
nt and transp
ported
bacck to our labo
oratory for ana
alysis and tessting.
The
e geophysical study was pe
erformed conccurrently with
h the rock corres. A summa
ary of the resu
ults of
the
e geophysicall study as well
w
as a description of the methodss is provided
d in the atta
ached
geo
ophysical repo
ort in Appendix C.
The
e explorationss were contiinuously mon
nitored by an
n engineeringg geologist from our firm
m who
exa
amined and classified
c
the
e soils/rock encountered,
e
obtained rep
presentative ssoil/rock sam
mples,
obsserved groundwater conditions and prrepared a deetailed log off each explorration. Soils were
visu
ually classifie
ed in general accordance with Americaan Society forr Testing and
d Materials (A
ASTM)
D 2488-90,
2
which is described in Figure A-1. Rock eencountered in the explora
ations was visually
classsified in ge
eneral accordance with the Unified Rock Classification System (URCS).. An
exp
planation of our exploration
n log symbolss is also show
wn in Figure A--1.
The
e logs of explorations are presented in
n Figures A-2
2 through A-1
15. The logs are based o
on our
inte
erpretation off the field and
d laboratory data
d
and indiicate the various types of soils encounttered.
The
ey also indica
ate the depth
hs at which these
t
soils orr their characcteristics cha
ange, althouggh the
cha
ange might acctually be grad
dual.
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Observations of groundwater conditions were made during exploration. The groundwater
conditions observed are presented on the logs. Groundwater conditions observed during
exploration represent a short term condition and may or may not be representative of the long term
groundwater conditions at the site.

Laboratory Testing
Representative laboratory testing was completed on selected samples from the explorations. The
testing of the soil samples consisted of moisture content determination and grain size analysis.
The moisture content of selected samples was determined in general accordance with ASTM Test
Methods D 2216. The test results are presented on the exploration logs in Appendix A at the
respective sample depths.
Grain size analyses were performed on selected samples in general accordance with ASTM D 422
to determine the sample grain size distribution. The wet sieve analysis method was used to
determine the percentage of soil greater than the U.S. No. 200 mesh sieve. The samples tested
are designated with a “GS” at the respective sample depth in the exploration logs. The results of
the sieve analyses were plotted, classified in general accordance with the Unified Soil Classification
System (USCS), and are presented in Figures A-16 through A-18.
Unconfined compression tests were completed on three of the rock cores samples in general
accordance with ASTM D 7012. A summary of the test results are presented in Table 1.
TABLE 1: UNCONFINED COMPRESSION TEST RESULTS.

BORING

DEPTH

TOTAL LOAD

AREA

UNCONFINED
COMPRESSIVE
STRENGTH

ROCK
ELASTIC
MODULUS

E50

B-1

12.8 to 13.8 ft

38,760 lbs

2.38 in2

16,290 psi

2.8x106 psi

0.005

B-1

13.8 to 14.8 ft

34,700 lbs

2.38 in2

14,580 psi

2.9x106 psi

0.004

3,180 psi

1.4x106

0.0013

B-2

14.4 to 15.1 ft

7,580 lbs
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2.38

in2

psi

SOIL CLASSIFICATION CHART
MAJOR DIVISIONS

GRAVEL
AND
GRAVELLY
SOILS
COARSE
GRAINED
SOILS

MORE THAN 50%
OF COARSE
FRACTION
RETAINED ON NO.
4 SIEVE

SYMBOLS

GRAPH LETTER

CLEAN
GRAVELS
(LITTLE OR NO FINES)

GRAVELS WITH
FINES
(APPRECIABLE AMOUNT
OF FINES)

CLEAN SANDS
MORE THAN 50%
RETAINED ON NO.
200 SIEVE

SAND
AND
SANDY
SOILS

(LITTLE OR NO FINES)

MORE THAN 50%
OF COARSE
FRACTION
PASSING NO. 4
SIEVE

SANDS WITH
FINES
(APPRECIABLE AMOUNT
OF FINES)

SILTS
AND
CLAYS

FINE
GRAINED
SOILS

LIQUID LIMIT
LESS THAN 50

MORE THAN 50%
PASSING NO. 200
SIEVE

SILTS
AND
CLAYS

LIQUID LIMIT
GREATER THAN 50

HIGHLY ORGANIC SOILS

ADDITIONAL MATERIAL SYMBOLS
SYMBOLS
GRAPH LETTER

TYPICAL
DESCRIPTIONS

GW

WELL-GRADED GRAVELS, GRAVEL SAND MIXTURES

GP

POORLY-GRADED GRAVELS,
GRAVEL - SAND MIXTURES

GM

SILTY GRAVELS, GRAVEL - SAND SILT MIXTURES

GC

CLAYEY GRAVELS, GRAVEL - SAND CLAY MIXTURES

SW

WELL-GRADED SANDS, GRAVELLY
SANDS

SP

POORLY-GRADED SANDS,
GRAVELLY SAND

SM

SILTY SANDS, SAND - SILT
MIXTURES

SC

CLAYEY SANDS, SAND - CLAY
MIXTURES

ML

INORGANIC SILTS, ROCK FLOUR,
CLAYEY SILTS WITH SLIGHT
PLASTICITY

CL

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS,
LEAN CLAYS

OL

ORGANIC SILTS AND ORGANIC
SILTY CLAYS OF LOW PLASTICITY

MH

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS SILTY SOILS

CH

INORGANIC CLAYS OF HIGH
PLASTICITY

OH

ORGANIC CLAYS AND SILTS OF
MEDIUM TO HIGH PLASTICITY

PT

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

2.4-inch I.D. split barrel
Standard Penetration Test (SPT)
Shelby tube
Piston
Direct-Push
Bulk or grab
Blowcount is recorded for driven samplers as the number
of blows required to advance sampler 12 inches (or
distance noted). See exploration log for hammer weight
and drop.
A "P" indicates sampler pushed using the weight of the
drill rig.

CC

Cement Concrete

AC

Asphalt Concrete

CR

Crushed Rock/
Quarry Spalls

TS

Topsoil/
Forest Duff/Sod

Measured groundwater level in
exploration, well, or piezometer
Groundwater observed at time of
exploration
Perched water observed at time of
exploration
Measured free product in well or
piezometer

Graphic Log Contact
Distinct contact between soil strata or
geologic units
Approximate location of soil strata
change within a geologic soil unit

Material Description Contact
Distinct contact between soil strata or
geologic units
Approximate location of soil strata
change within a geologic soil unit

NOTE: Multiple symbols are used to indicate borderline or dual soil classifications

Sampler Symbol Descriptions

TYPICAL
DESCRIPTIONS

%F
AL
CA
CP
CS
DS
HA
MC
MD
OC
PM
PP
SA
TX
UC
VS

Laboratory / Field Tests

Percent fines
Atterberg limits
Chemical analysis
Laboratory compaction test
Consolidation test
Direct shear
Hydrometer analysis
Moisture content
Moisture content and dry density
Organic content
Permeability or hydraulic conductivity
Pocket penetrometer
Sieve analysis
Triaxial compression
Unconfined compression
Vane shear

Sheen Classification
NS
SS
MS
HS
NT

No Visible Sheen
Slight Sheen
Moderate Sheen
Heavy Sheen
Not Tested

NOTE: The reader must refer to the discussion in the report text and the logs of explorations for a proper understanding of subsurface conditions.
Descriptions on the logs apply only at the specific exploration locations and at the time the explorations were made; they are not warranted to be
representative of subsurface conditions at other locations or times.

KEY TO EXPLORATION LOGS
FIGURE A-1

Start
End
Drilled 10/26/201010/26/2010
Surface Elevation (ft)
Vertical Datum

Total
Depth (ft)

21.4

Logged By AF2
Checked By AKM
Drilling Fluid
Drill Bit

Undetermined

1.65" ID BW Corer

Drilling
Equipment
Groundwater

System
Datum

Easting (X)
Northing (Y)

Drilling BW-44 Conventional
Method Corer

Driller Salisbury & Assoc., Inc.

Date Measured

Saitech Viper
Depth to
Water (ft)

Elevation (ft)

Notes:

0

CABB

156

CABA

Sandstone, gray; stained state, fine to medium
grained, rebound quality, slow relative
absorption, identified by color and fabric;
sedimentary rock
Sandstone; gray, stained, fine to medium grained,
rebound quality, slow relative absorption,
identified by color and fabric; sedimentary rock
1:20° open fracture with sediment infilling
2:0° open fracture with sediment infilling

0

3:10° fracture with oxidation, sediment infilling

163

1

4-5:0° open fracture with oxidation

64

2

98

2

1

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 ROCK CORE.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_GEOTECH_ROCK

Fluid Pressure
(psi)

Gray fine to coarse gravel with sand (loose, moist)

1

5

REMARKS

GP
0

90

MATERIAL
DESCRIPTION
RPM

Rock
Classification

Graphic Log

Water Level

Fracture
Frequency

RQD %

Recovered (in)

Run Number

Core Run

Depth (feet)

Elevation (feet)

FIELD DATA

Unit Weight (pcf)

1

3

93

BABA

93
0

Sandstone, gray; visually fresh state; fine to medium
grained; rebound quality; slow relative
absorption; identified by color and fabric;
sedimentary rock

163

0

0

0

10

1

4

100

77

1:40° fracture with oxidation
BABA/
BAEA

Sandstone, gray; visually fresh state; fine to medium
grained; rebound quality; slow relative
absorption; identified by color and fabric;
sedimentary rock
1:45° open fracture with sediment infilling and
oxidation

162

Note: See Figure 4 for explanation of symbols.

Log of Rock Core B-1
Canyon Creek Restoration - Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-2
Sheet 1 of 2

2-3: 0° fracture with oxidation and sediment infilling
4

5

97

BABA

97
0

Fluid Pressure
(psi)

MATERIAL
DESCRIPTION
RPM

Rock
Classification

Graphic Log

Water Level

Fracture
Frequency

RQD %

Recovered (in)

Run Number

Core Run

Depth (feet)

Elevation (feet)

FIELD DATA

REMARKS

Unit Weight (pcf)

4:75° open fracture
Sandstone, gray; visually fresh state; fine to medium
grained; rebound quality; slow relative
absorption; identified by color and fabric;
sedimentary rock

0

15

0

1

6

100

1:15° fracture with oxidation
BABB

100
0

1

Sandstone, gray; visually fresh state; fine to medium
grained; rebound quality; slow relative
absorption; identified by color and fabric;
sedimentary rock

155

1:10° fracture with oxidation and sediment infilling

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 ROCK CORE.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_GEOTECH_ROCK

0

20

7

100

100

0

Note: See Figure 4 for explanation of symbols.

Log of Rock Core B-1 (continued)
Canyon Creek Restoration - Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-2
Sheet 2 of 2

Start
End
Drilled 10/26/201010/26/2010
Surface Elevation (ft)
Vertical Datum

Total
Depth (ft)

20

Logged By AF2
Checked By AKM
Drilling Fluid
Drill Bit

Undetermined

1.65" ID BW Corer

Drilling
Equipment
Groundwater

System
Datum

Easting (X)
Northing (Y)

Drilling BW-44 Conventional
Method Corer

Driller Salisbury & Assoc., Inc.

Date Measured

Saitech Viper
Depth to
Water (ft)

Elevation (ft)

Notes:

0

SP

RPM

Fluid Pressure
(psi)

MATERIAL
DESCRIPTION

Rock
Classification

Graphic Log

Water Level

Fracture
Frequency

RQD %

Recovered (in)

Run Number

Core Run

Depth (feet)

Elevation (feet)

FIELD DATA

REMARKS

Gray fine sand with gravel and cobbles (fluvial
sediment)

- roots encountered

- wood in sample
1

1

BABA

2

0

BABA

1

BBBA

3

94

33

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 ROCK CORE.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_GEOTECH_ROCK

5

2

4

5

104

0

3
3

30

6

Siltstone, dark gray; visually fresh state; rebound
quality; identified by color and fabric, slow
relative absorption, sedimentary rock
1:20° fracture
Siltstone, gray; visually fresh state; pit quality, slow
relative absorption; identified by color and fabric,
sedimentary rock
1: 45° fracture

ABBA

2: 70° fracture
3: 10° fracture
Siltstone, gray; micro fresh state; pit quality; slow
relative absorption; identified by color,
sedimentary rock
1 - 3:90° fracture

ABBA/
ABEA

Siltstone, dark gray; micro fresh state; pit quality;
slow relative absorption; identified by color,
sedimentary rock

3

1: 40° fracture
2: 80° fracture with sediment infilling

2

3-6: 0° fracture
7: 30° fracture
8: 20° fracture

10

6

112

0

2

9: 30° fracture
10-11: 20° fracture

3

12: 45° fracture
13: 65° fracture
14: 30° fracture

3

ABBA

Siltstone, dark gray; micro fresh state; pit quality;

Note: See Figure 4 for explanation of symbols.

Log of Rock Core B-2
Canyon Creek Restoration - Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-3
Sheet 1 of 2

2

7

84

50

4

BBBA

2

15

RPM

slow relative absorption; identified by color,
sedimentary rock
1: 30° fracture
2-3:20° fracture
4: 10° fracture
5: 70° fracture
6: 60° fracture
7: 10° fracture
Siltstone, dark gray; fine grained; pit quality; slow
relative absorption; sedimentary rock
1: 50° fracture
2: 40° fracture
3: 20° fracture

Fluid Pressure
(psi)

MATERIAL
DESCRIPTION

Rock
Classification

Graphic Log

Water Level

Fracture
Frequency

RQD %

Recovered (in)

Run Number

Core Run

Depth (feet)

Elevation (feet)

FIELD DATA

REMARKS

Unit Weight (pcf)
178

174

4: 60° fracture

2

5-6: 40° fracture
2

7: 65° fracture
8: 20° fracture
8

123

66

2

BBBA

Siltstone, dark gray; fine grained; pit quality; slow
relative absorption; sedimentary rock
1: 75° fracture
2: 10° fracture

174

2

3-4: 20° fracture
2

5: 30° fracture

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 ROCK CORE.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_GEOTECH_ROCK

6: 70° fracture
20

Note: See Figure 4 for explanation of symbols.

Log of Rock Core B-2 (continued)
Canyon Creek Restoration - Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-3
Sheet 2 of 2

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

14.0

Total Depth (ft)

SOD
GW
1

1

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

4 to 5 inches root zone
Gray fine to coarse gravel with fine to coarse sand, cobbles and boulders (2
ft dia) (loose, moist) (alluvial fan deposits)

2

3

4

2

2

SA; %F=2

5

- increased cobbles
6

- large boulders
7

8

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 TEST PITS.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_TESTPIT_1P_GEOTEC

9

10

11

3

- increased moisture; increased sand grain size

12

13

4

RX

Chuckanut sandstone

14

Test pit completed at 14 feet
No groundwater seepage observed
Moderate to severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-1
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-4
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

14.5

Total Depth (ft)

1

TS
GP

1

2

2

3

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

3 to 4 inches duff/topsoil
Gray fine to coarse gravel with sand, cobbles, boulders (1 to 2 ft dia) and
trace silt (loose, moist) (alluvial fan deposits)

GP

Gray fine to coarse gravel with sand (loose, moist)

GP

Gray fine to coarse gravel with sand, cobbles, boulders and trace silt (loose,
moist)

3

4

5

6
4

7

8

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 TEST PITS.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_TESTPIT_1P_GEOTEC

9

10

11

12

13

14

5

- becomes wet
Test pit completed at 14.5 feet
Rapid groundwater seepage observed at 14 feet
Moderate to severe caving observed below 5 inches

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-2
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-5
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

15.0

Total Depth (ft)

SOD
GP-GM
1

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

3 to 6 inches of rootlets
Gray fine to coarse gravel with sand, cobbles, boulders (1 to 2 ft dia) and
silt (loose to medium dense, moist) (alluvial fan deposits)

1

10

SA; %F=10

2

3

4

GP

Gray fine to coarse gravel with fine to coarse sand (loose, moist)

GP

Gray fine to coarse gravel with cobbles, boulders (2.5 ft dia), sand and
trace silt (medium dense, moist)

5

6

2

7

8

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 TEST PITS.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_TESTPIT_1P_GEOTEC

9

10

3

11

12

13

14
4

15

- large boulder encountered at base of exploration
Test pit completed at 15 feet
No groundwater seepage observed
Severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-3
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-6
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

19.0

Total Depth (ft)

1

MATERIAL
DESCRIPTION

SOD

6 inches of rootlets

SM

Brown silty fine to coarse sand with gravel, cobbles, boulders (3 ft dia),
and pockets of fine sand (loose to medium dense, moist) (fill)

1

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

- rope encountered
2

3

- increased grain size with depth

4

5

6

GP-GM

Brown fine to coarse gravel with cobbles, boulders (3 ft dia), sand and silt
(medium dense, moist) (alluvial fan deposits)

2

7

SA; %F=7

7

8

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 TEST PITS.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_TESTPIT_1P_GEOTEC

9

- increased sand content
10

3

11

12

13

14

15

4

- becomes moist to wet (no visible flow)

16

17

18
5

19

Test pit completed at 19 feet
No groundwater seepage observed. Moderate caving from the surface
Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-4
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-7
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

17.0

Total Depth (ft)

SOD
GP
1

1

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

1 inch sod zone
Gray fine to coarse gravel with sand, trace silt, occasional cobbles and
boulders (2.5 ft dia) (loose to medium dense, moist) (alluvial fan
deposits)

2

3

4

2

- silt content increases with depth

5

6

7

3

8

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 TEST PITS.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_TESTPIT_1P_GEOTEC

9

10

4

GP-GM

Brown fine to coarse gravel with silt, sand, cobbles and boulders (medium
dense, moist to wet)

11

12

13

14

15

16
5

17

Test pit completed at 17 feet
Slow groundwater seepage observed at 10 feet
Severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-5
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-8
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

15.5

Total Depth (ft)

1

MATERIAL
DESCRIPTION

GP

Gray fine to coarse gravel with silt, sand, cobbles and boulders (1.5 to 2 ft
in dia) (loose to medium dense, moist) (alluvial fan deposits)

GP

Gray fine gravel with medium to coarse sand and occasional cobbles and
boulders (loose, moist)

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

1
2

2

3

4

3

5

6

- increased cobble content
7

4

8
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9

10

11

12
5

13

- large boulder encountered (2 ft dia)

14

15

Test pit completed at 15.5 feet
No groundwater seepage observed
Severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-6
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-9
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

15.5

Total Depth (ft)

GP-GM

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

Gray fine to coarse gravel with cobbles, boulders (2 ft dia), sand and silt
(loose to medium dense, moist) (alluvial fan deposits)

1

No samples taken

2

3

4

5

6

7

8
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9

10

11

- increased boulders and cobbles
12

13

14

15

Exploration terminated on large boulder or bedrock
Test pit completed at 15.5 feet
No groundwater seepage observed
Severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-7
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-10
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

16.0

Total Depth (ft)

SOD
GP
1

1

2

GP-GM

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

2 to 5 inches sod
Gray fine to coarse gravel with sand, cobbles, boulders (2 ft dia) and trace
silt (loose to medium dense, moist) (alluvial fan deposits)

Brown fine to coarse gravel with sand, silt, cobbles and boulders and
pockets of clay (medium dense, moist)

3
2

9

SA; %F=9

4

5
3

6

- boulder content increased
7

8
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9

10

11

12

4

13

14
5

- increased moisture, gravel size increases

15

16

Test pit completed at 16 feet
No groundwater seepage observed
Moderate to severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-9
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-11
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

15.5

Total Depth (ft)

SOD
GP-GM
1

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

4 inches of sod
Gray-brown fine to coarse gravel with sand, cobbles, boulders and trace silt
(2 ft dia) (loose, moist) (alluvial fan deposits)

1

2

GP-GM
3

Brown fine to coarse gravel with sand, silt, cobbles and boulders (loose to
medium dense, moist)

2

4

5

6

7

8

Bellingham: Date:12/12/11 Path:C:\USERS\TNASH\DESKTOP\48408200 TEST PITS.GPJ DBTemplate/LibTemplate:GEOENGINEERS8.GDT/GEI8_TESTPIT_1P_GEOTEC

9

3

10

11

12

13

14

15

4

Test pit completed at 15.5 feet
No groundwater seepage observed
Severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-10
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-12
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

11.0

Total Depth (ft)

SOD
1

1

GP

GP-GM
2

3

MATERIAL
DESCRIPTION
2 inches of sod
Gray fine to coarse gravel with sand, cobbles, boulders (2 ft dia), and trace
silt (loose, moist) (alluvial fan deposits)

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

9

Brown fine to coarse gravel with sand, silt, cobbles, boulders, and pockets
of clay (medium dense, moist)

2

SA; %F=10

4

5

6
3

7

8
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9

- grain size increases with depth, clay grades out with depth
10
4

11

Refusal on boulder at 11 feet
No groundwater seepage observed
Moderate to severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-11
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-13
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

15.0

Total Depth (ft)

SOD
GP
1

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

3 inches of sod
Gray fine to coarse gravel with sand, cobbles, boulders (2 feet dia) and
trace silt (loose to medium dense, moist) (alluvial fan deposits)

1

2

- concrete debris encountered from 0.5 to 3 feet on east side of pit

3

4

2

5

6

7

8
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9

10

3

GP-GM

Brown fine to coarse gravel with sand, silt, cobbles and boulders (medium
dense, moist to wet)

10

SA; %F=10

11

12

13

14

4

- becomes wet, grain size grades coarser

15

Test pit completed at 15 feet
Moderate groundwater seepage observed at 13.5 feet
Severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-12
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-14
Sheet 1 of 1

11/10/2010
200 Excavator

Date Excavated:
Equipment:

AF2

Logged By:

14.2

Total Depth (ft)

SOD
GP
1

1

MATERIAL
DESCRIPTION

Moisture
Content, %

Encountered Water

Group
Classification

Graphic Log

Sample Name
Testing

Testing Sample

Depth (feet)

Elevation (feet)

SAMPLE

REMARKS

3 to 5 inches of sod
Gray fine to coarse gravel with sand, cobbles, boulders (2 to 3 ft dia), and
trace silt (medium dense, moist) (alluvial fan deposits)
- concrete debris encountered in upper foot

2

3

2

4

- increased boulder content, up to 2-3 feet in diameter

5

6

3

GP-GM

Brown fine to coarse gravel with sand, silt, cobbles and boulders (3 to 5 ft
dia) (loose to medium dense, moist)

9

SA; %F=5

7

8

4

- becomes gray, increased moisture
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9

10

11

12

5

- sand grain size increases to coarse

13

14

Refusal on large boulder at 14.2 feet
No groundwater seepage observed
Severe caving from the surface

Notes: See Figure 4 for explanation of symbols.
The depths on the test pit logs are based on an average of measurements across the test pit and should be considered accurate to 0.5 foot.

Log of Test Pit TP-13
Canyon Creek Restoration Phase II
Project:
Project Location: Glacier, Washington
Project Number: 00484-082-00

Figure A-15
Sheet 1 of 1
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GRAIN SIZE IN MILLIMETERS
GRAVEL

COBBLES

COARSE

Exploration
Number

Sample Depth
(feet)

TP-1

4

■

TP-3

1½

▲

TP-4

6

Symbol

♦

SAND
FINE

COARSE

MEDIUM

Soil Classification

Gray fine to coarse gravel with sand (GW)
Brown fine to coarse gravel with sand and
silt (GP-GM)
Brown fine to coarse gravel with sand and
silt (GP-GM)

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were
performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

SILT OR CLAY
FINE

Sieve Analysis Results
Canyon Creek Restoration Phase II
Glacier, Washington
Figure A-16
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Symbol

Exploration
Number

COARSE

Sample Depth
(feet)

♦

TP-9

3½

■

TP-11

3

SAND
FINE

COARSE

MEDIUM

Soil Classification

Brown fine to coarse gravel with sand and
silt (GP-GM)
Brown fine to coarse gravel with sand and
silt (GP-GM)

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were
performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

SILT OR CLAY
FINE

Sieve Analysis Results
Canyon Creek Restoration Phase II
Glacier, Washington
Figure A-17
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Symbol

Exploration
Number

COARSE

Sample Depth
(feet)

♦

TP-12

10

■

TP-13

6

SAND
FINE

COARSE

MEDIUM

Soil Classification

Brown fine to coarse gravel with sand and
silt (GP-GM)
Brown fine to coarse gravel with sand and
silt (GP-GM)

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were
performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

SILT OR CLAY
FINE

Sieve Analysis Results
Canyon Creek Restoration Phase II
Glacier, Washington
Figure A-18

APPENDIX B
Slope Stability and Seepage Analyses
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Slope Stability Analyses
Revetment Section
End of Construction
Canyon Creek Restoration Phase II
Glacier, Washington
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Figure B-1
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Slope Stability Analyses
Revetment Section
Steady Seepage
Note: 1. A horizontal seismic coefficient of 0.18g was used in the Pseudostatic Stability Analysis
2. This seismic stability does not consider the effects if liquefaction.
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Canyon Creek Restoration Phase II
Glacier, Washington
Figure B-2
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Slope Stability Analyses
Revetment Section
Rapid Drawdown
Note: 1. A horizontal seismic coefficient of 0.18g was used in the Pseudostatic Stability Analysis
2. This seismic stability does not consider the effects if liquefaction.
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Canyon Creek Restoration Phase II
Glacier, Washington
Figure B-3
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Slope Stability Analyses
Revetment Section
Design Earthquake
Note: 1. A horizontal seismic coefficient of 0.18g was used in the Pseudostatic Stability Analysis
2. This seismic stability does not consider the effects if liquefaction.
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Canyon Creek Restoration Phase II
Glacier, Washington
Figure B-4
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Slope Stability Analyses
Levee Section
End of Construction
Canyon Creek Restoration Phase II
Glacier, Washington
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Figure B-5
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Slope Stability Analyses
Levee Section
Steady Seepage
Canyon Creek Restoration Phase II
Glacier, Washington
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Figure B-6
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Slope Stability Analyses
Levee Section
Rapid Drawdown
Canyon Creek Restoration Phase II
Glacier, Washington
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Figure B-7
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Slope Stability Analyses
Levee Section
Design Earthquake
Note: 1. A horizontal seismic coefficient of 0.18g was used in the Pseudostatic Stability Analysis
2. This seismic stability does not consider the effects if liquefaction.
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Canyon Creek Restoration Phase II
Glacier, Washington
Figure B-8
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Steady State Seepage Analyses
Levee Section
Canyon Creek Restoration Phase II
Glacier, Washington
Reference: GEO-SLOPE International, Ltd., GeoStudio 2007 Version 7.16

Figure B-9
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APPENDIX D
REPORT LIMITA
ATIONS AND
D GUIDELINES
S FOR USE1
Thiss appendix provides
p
inform
mation to help you managge your risks with respectt to the use o
of this
rep
port.

Geo
otechnical Services
S
are Performed for Specific P
Purposes, Pe
ersons and P
Projects
Thiss report has been prepared for use byy Herrera Envvironmental C
Consultants, Inc. and Wha
atcom
Cou
unty. This rep
port is not inttended for usse by others, and the inforrmation conta
ained herein is not
app
plicable to oth
her sites.
Geo
oEngineers sttructures ourr services to meet the speecific needs of our clientss. For example, a
geo
otechnical or geologic stud
dy conducted for a civil en
ngineer or arcchitect may n
not fulfill the n
needs
of a constructio
on contractor or even ano
other civil enggineer or arcchitect that a
are involved iin the
hnical
sam
me project. Because ea
ach geotechnical or geoologic study is unique, e
each geotech
eng
gineering or geologic
g
reporrt is unique, prepared
p
soleely for the speecific client an
nd project site
e. No
one
e except Herrrera or Piercce County an
nd their agen
nts should reely on this report without first
con
nferring with GeoEngineers
G
s. This reportt should not b
be applied foor any purpose
e or project e
except
the
e one originally contemplatted.

A Geotechnica
G
l Engineering
g or Geologic Report is B
Based on a U
Unique Set o
of ProjectSpe
ecific Factorrs
Thiss report hass been prepa
ared for the Canyon Creeek Restoratioon Project lo
ocated at the
e site
desscribed in the
e text of this report.
r
GeoEngineers conssidered a num
mber of uniqu
ue, project-sp
pecific
factors when esstablishing the
e scope of se
ervices for th is project and
d report. Unless GeoEngiineers
spe
ecifically indiccates otherwisse, do not relyy on this repoort if it was:

■ not preparedd for you,
■ not preparedd for your prooject,
■ not preparedd for the speccific site exploored, or
b
importa
ant project ch
hanges were m
■ completed before
made.
Forr example, cha
anges that ca
an affect the applicability
a
oof this report iinclude those
e that affect:

■ the function of the propossed structuree,
l
orien
ntation or we ight of the prooposed structture,
■ elevation, coonfiguration, location,

■ compositionn of the designn team, or
■ project owneership.
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De
eveloped based
d on material pro
ovided by ASFE, Professional FFirms Practicingg in the Geoscien
nces; www.asfe
e.org.

Augusst 13, 2012 | Paage D-1
File No. 048
84-082-00

CANYON CREEK RESTORATION PROJECT  Glacier, Washington

If important changes are made after the date of this report, GeoEngineers should be given the
opportunity to review our interpretations and recommendations and provide written modifications
or confirmation, as appropriate.

Subsurface Conditions Can Change
This geotechnical or geologic report is based on conditions that existed at the time the study was
performed. The findings and conclusions of this report may be affected by the passage of time, by
manmade events such as construction on or adjacent to the site, or by natural events such as
floods, earthquakes, slope instability or groundwater fluctuations. Always contact GeoEngineers
before applying a report to determine if it remains applicable.

Most Geotechnical and Geologic Findings are Professional Opinions
Our interpretations of subsurface conditions are based on field observations from widely spaced
sampling locations at the site. Site exploration identifies subsurface conditions only at those
points where subsurface tests are conducted or samples are taken. GeoEngineers reviewed field
and laboratory data and then applied our professional judgment to render an opinion about
subsurface conditions throughout the site. Actual subsurface conditions may differ, sometimes
significantly, from those indicated in this report. Our report, conclusions and interpretations should
not be construed as a warranty of the subsurface conditions.

Geotechnical Engineering Report Recommendations are Not Final
Do not over-rely on the preliminary construction recommendations included in this report. These
recommendations are not final, because they were developed principally from GeoEngineers’
professional judgment and opinion. GeoEngineers’ recommendations can be finalized only by
observing actual subsurface conditions revealed during construction. GeoEngineers cannot
assume responsibility or liability for this report's recommendations if we do not perform
construction observation.
Sufficient monitoring, testing and consultation by GeoEngineers should be provided during
construction to confirm that the conditions encountered are consistent with those indicated by the
explorations, to provide recommendations for design changes should the conditions revealed
during the work differ from those anticipated, and to evaluate whether or not earthwork activities
are completed in accordance with our recommendations. Retaining GeoEngineers for construction
observation for this project is the most effective method of managing the risks associated with
unanticipated conditions.

A Geotechnical Engineering or Geologic Report Could Be Subject to Misinterpretation
Misinterpretation of this report by other design team members can result in costly problems. You
could lower that risk by having GeoEngineers confer with appropriate members of the design team
after submitting the report. Also retain GeoEngineers to review pertinent elements of the design
team’s plans and specifications. Contractors can also misinterpret a geotechnical engineering or
geologic report.
Reduce that risk by having GeoEngineers participate in pre-bid and
preconstruction conferences, and by providing construction observation.
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CANYYON CREEK RESTOR
RATION PROJECT  Glacier, Washingtonn

Do Not Redraw
w the Explora
ation Logs
Geo
otechnical en
ngineers and geologists prepare
p
final boring and testing logs based upon their
inte
erpretation off field logs and laboratory data.
d
To prevvent errors orr omissions, the logs includ
ded in
a geotechnical
g
engineering
e
or geologic rep
port should neever be redra
awn for inclusion in archite
ectural
or other
o
design drawings.
d
Only photograph
hic or electron
nic reproduction is accepta
able, but reco
ognize
tha
at separating logs from the report can ellevate risk.

Givve Contracto
ors a Comple
ete Report an
nd Guidance
Som
me owners an
nd design pro
ofessionals be
elieve they caan make conttractors liable
e for unanticipated
sub
bsurface cond
ditions by lim
miting what th
hey provide ffor bid prepa
aration. To h
help prevent costly
pro
oblems, give contractors
c
th
he complete geotechnical
g
eengineering oor geologic report, but prefface it
with
h a clearly wrritten letter off transmittal. In that lette r, advise conttractors that the report wa
as not
pre
epared for pu
urposes of bid
d developme
ent and that the report's accuracy is llimited; enco
ourage
the
em to confer with
w GeoEngin
neers and/or to conduct ad
dditional stud
dy to obtain th
he specific typ
pes of
info
ormation theyy need or pre
efer. A pre-bid conferencee can also bee valuable. B
Be sure contra
actors
havve sufficient time
t
to perforrm additional study. Only tthen might an owner be in
n a position to give
con
ntractors the best informa
ation available, while req uiring them to at least sshare the fina
ancial
ns. Further, a contingencyy for unanticipated
responsibilities stemming
s
fro
om unanticipa
ated condition
con
nditions should be included
d in your proje
ect budget an
nd schedule.

Con
ntractors Are
e Responsib
ble For Site Safety
S
on The
eir Own Consstruction Pro
ojects
Ourr geotechnical recommen
ndations are
e not intendeed to directt the contracctor’s proced
dures,
me
ethods, sched
dule or managgement of the work site. The contracttor is solely rresponsible fo
or job
site
e safety and for
f managing construction operations tto minimize riisks to on-site
e personnel a
and to
adjacent propertties.

Rea
ad These Pro
ovisions Clossely
Som
me clients, design
d
professionals and
d contractorss may not rrecognize tha
at the geosccience
pra
actices (geote
echnical engineering or geology)
g
are far less exacct than other engineeringg and
nattural science disciplines. This lack of understandi ng can creatte unrealisticc expectationss that
cou
uld lead to disappointmen
nts, claims and disputes. GeoEngineeers includes these explan
natory
“lim
mitations” pro
ovisions in our reports to help
h
reduce ssuch risks. Pllease confer with GeoEngiineers
if you
y are uncle
ear how these “Report Lim
mitations and
d Guidelines for Use” app
ply to your p
project
or site.
s

Geo
otechnical, Geologic
G
and
d Environme
ental Reportss Should Nott Be Intercha
anged
The
e equipment, techniquess and personnel used tto perform a
an environmental study differ
sign
nificantly from
m those used
d to perform a geotechnicaal or geologicc study and viice versa. Fo
or that
rea
ason, a geote
echnical engin
neering or ge
eologic reportt does not ussually relate a
any environm
mental
find
dings, conclussions or recommendationss; e.g., about the likelihoood of encounttering undergground
storage tanks orr regulated co
ontaminants. Similarly, en
nvironmental reports are not used to ad
ddress
geo
otechnical or geologic conccerns regardin
ng a specific pproject.
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CANYON CREEK RESTORATION PROJECT  Glacier, Washington

Biological Pollutants
GeoEngineers’ Scope of Work specifically excludes the investigation, detection, prevention, or
assessment of the presence of Biological Pollutants in or around any structure. Accordingly, this
report includes no interpretations, recommendations, findings, or conclusions for the purpose of
detecting, preventing, assessing, or abating Biological Pollutants. The term “Biological Pollutants”
includes, but is not limited to, molds, fungi, spores, bacteria, and viruses, and/or any of their
byproducts.
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APPENDIX C
Hydraulic Model Results

The following includes representative cross sections for all six scenarios showing the extent
of inundation and freeboard of the setback facility for the 100-year and 500-year events. The
selected cross sections described below include “real” surveyed cross sections:
1. Surveyed Section H (section 2963.6 in HEC-RAS model) – provides cross section at
setback facility adjacent to canyon View Drive (Figures C-1 through C-6).
2. Surveyed Section G (section 2493.4 in HEC-RAS model) – provides cross section showing
highest elevation difference between new levee and adjacent right bank floodplain
elevations (Figures C-7 through C-12).
3. Surveyed Section E (section 1475.2 in HEC-RAS model) – provides cross section at
setback facility near meander where the floodplain is most constricted for existing
conditions and where the setback facility is not setback all the way to the high point
of the right bank floodplain (Figures C-13 through C-18).
4. Cross Section 1075.24 in HEC-RAS model is extracted from detailed topographic
survey near bedrock constriction. This section provides the water surface elevations
downstream of the old and new levee facilities that shows the inundation and
overbank flows into the relic side channels in the right bank floodplain as described in
the report (Figures C-19 through C-24).
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APPENDIX D
Setback Structure Engineering Design
Calculations

Canyon Creek
Completed by: Brian Scott
Completed on:
Oct-11
Bend Scour - Maynord 1996
all units in feet unless specified otherwise
100-yr flow
XS H/Sta 3+50
Case 1
Case 2
Case 3
Dmnc
5
5
5 average water depth upstream of bend
Rc
300
375
450 centerline bend radius
W
65
65
65 bankfull width
Rc/W
4.62
5.77
6.92
W/Dmnc
13.00
13.00
13.00
Dmxb
Dmax
scour
Avg Scour

Dmnc
Rc
W
Rc/W
W/Dmnc
Dmxb
Dmax
scour
Avg Scour

Dmnc
Rc
W
Rc/W
W/Dmnc
Dmxb
Dmax
scour
Avg Scour
user input
calculated

8.37
6.00
2.37
2

8.07
6.00
2.07

7.78 maximum water depth in the bend after scour
6.00 maximum water depth through the bend before scour
1.78

XS G/Sta 8+50)
Case 1
Case 2
Case 3
3.5
3.5
3.5 average water depth upstream of bend
1600
1800
2000 centerline bend radius
190
190
190 bankfull width
8.42
9.47
10.53
54.29
54.29
54.29
6.39
6.00
0.39
0

6.20
6.00
0.20

6.02 maximum water depth in the bend after scour
6.00 maximum water depth through the bend before scour
0.02

XS E&F/Sta 13+00 & 16+50
Case 1
Case 2
Case 3
4
4
4 average water depth upstream of bend
500
600
700 centerline bend radius
200
200
200 bankfull width
2.50
3.00
3.50
50.00
50.00
50.00
8.37
7.00
1.37
1

8.27
7.00
1.27

8.17 maximum water depth in the bend after scour
7.00 maximum water depth through the bend before scour
1.17

Canyon Creek
Plan
Final Existing (.p06)
Geometry
Existing - w. intrp -notch + all (.g08)
Steady Flow
KWL flow data (.f01)
General scour analysis
Completed by: Chris Brummer
Completed on:
Oct-11

density of water (kg/m^3)
density of substrate (kg/m^3)
g (m / s^2)
Max tau lost to roughness
Min tau lost to roughness
Max Shields coeff
Min Shields coeff

1000
2650
9.81

10%
0%
0.06
0.03

Probable range of maximum mobile grain size (D50)
Reach

River Sta

Profile

Main
Main
Main
Main
Main

3694.7
3625.05*
3555.4*
3485.75*
3416.1

50-yr
50-yr
50-yr
50-yr
50-yr

Main
Main
Main
Main

3302.97*
3189.85*
3076.72*
2963.6

50-yr
50-yr
50-yr
50-yr

Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main

2846.05*
2728.5*
2610.95*
2493.4
2493
2375.8*
2375
2258.2*
2258
2140.6*
2140
2073.8

50-yr
50-yr
50-yr
50-yr

Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main

2073
1924.1*
1924
1774.4*
1774
1624.7
1624
1475.2
1474
1334.16
1300
1200.97
1153.12
1153
1092.68

50-yr
50-yr
50-yr
50-yr

50-yr
50-yr
50-yr
50-yr
50-yr
50-yr
50-yr
50-yr

Min
Mobile
D50
(m)
0.4594

Min
Mobile

D50
Max Chl Dpth
W.S. Elev Thalweg Elev Notes
SHEAR SHEAR
Q Total
Froude # Chl Shear Chan Power Chan Vel Chnl E.G. Slope
(cfs)
(lb/sq ft)
(lb/ft s)
(ft/s)
(ft/ft)
(ft)
(ft)
(ft)
(psf)
(PA)
(mm)
5340
1.09
7.85
0
15.86
0.02041
8.13
858.44
850.31 PSE XS J
10.35424 495.7636
459
5340
1.19
8.72
0
16.47
0.024688
7.64
856.53
848.89
5340
1.13
7.86
0
15.66
0.022178
7.73
855.19
847.46
5340
1.16
8.08
0
15.74
0.023834
7.5
853.54
846.04
5340
1.58
12.06
0
18.32
0.047734
5.86
850.48
844.62 PSE XS I
17.45461 835.731
0.7745
774
New values ---->
0.0251402
5.86
850.48
844.62 PSE XS I
9.192866 440.1568 0.4079
408
5340
0.91
5.28
0
12.64
0.014906
8
849.29
841.29
bed lowered
3 ft
5340
1.28
9.16
0
16.41
0.029735
6.95
844.9
837.95
new EG slope 0.02514
5340
1.36
9.94
0
16.74
0.035205
6.61
841.22
834.61
5340
1.5
10.59
0
16.87
0.044815
5.78
837.06
831.28 PSE XS H 16.16352 773.9133 0.7172
717
New values ----> 0.025934757
5.78
837.06
831.28 PSE XS H 9.353941 447.8691 0.4150
415
5340
0.93
4.48
0
12.04
0.01423
7.8
835.74
827.94
bed lowered
3 ft
5340
1.33
9.48
0
14.27
0.043989
7.34
831.94
824.6
new EG slope 0.025935
5340
0.99
5.38
0
10.03
0.02768
7.58
828.85
821.27
5340
1.45
7.1
0
12.63
0.04957
5.62
823.55
817.93 PSE XS G
17.3836 832.3315 0.7713
771
Lat Struct
New values ----> 0.027015542
5.62
823.55
817.93 PSE XS G 9.474026 453.6188 0.4204
420
5340
1
5.18
0
9.63
0.029049
7.1
820.6
813.5
bed lowered
6 ft
Lat Struct
0
new EG slope 0.027016
5340
1.24
6.3
0
12.5
0.032739
6.82
815.89
809.07
Lat Struct
0
5340
1.42
7.28
0
13.21
0.044245
6.48
811.12
804.64
Lat Struct
0
5340
1.31
6.58
0
13.43
0.033034
6.69
808.81
802.12 PSE XS F 13.79024 660.2803 0.6119
612
New values ----> 0.021950501
6.69
808.81
802.12 PSE XS F 9.163368 438.7445 0.4066
407
Lat Struct
0
bed lowered
3 ft
5340
0.93
4.98
0
11.6
0.016821
8.08
805.77
797.69
new EG slope 0.021951
Lat Struct
0
5340
1.21
8.7
0
14.43
0.032372
7.68
800.94
793.26
Lat Struct
0
5340
1.06
7.33
0
13.6
0.023567
8.2
797.03
788.83
Lat Struct
0
5340
0.26
0.69
0
4.81 0.024437255
8.79
798.2
789.41 PSE XS E 13.40374 641.7744 0.5947
595
Lat Struct
New values ----> 0.010669787
13.8
798.2
784.4 PSE XS E 9.187967 439.9223 0.4077
408
5340
0.92
6.35
0
12.11
0.019593
9.38
789.93
780.55
bed lowered
4 ft
Lat Struct
0
new EG slope 0.01067
5340
1.34
10.14
0
14.34
0.046509
5.88
785.64
779.76
5340
0.97
6.99
0
11.64
0.025386
8.33
784.88
776.55
Lat Struct
0
5340
0.43
1.79
0
6.67
0.004067
11.73
785.36
773.63 upstream end of notch

Max
Mobile
D50
(m)
1.021

Max
Mobile
D50
(mm)
1021

Min
Mobile
D50
inches
18.09

Max
Mobile
D50
inches
40.19

1.721
0.906

1721
906

30.49
16.06

67.76
35.69

between adjacent cross-sections

1.594
0.922

1594
922

28.24
16.34

62.75
36.31

between adjacent cross-sections

1.714
0.934

1714
934

30.37
16.55

67.48
36.78

between adjacent cross-sections

1.360
0.904

1360
904

24.09
16.01

53.53
35.57

between adjacent cross-sections

1.322
0.906

1322
906

23.41
16.05

between adjacent cross-sections

52.03
35.67

APPENDIX E
Engineered Logjam Design
Calculations

LOCAL ABUTMENT SCOUR (Type 1 ELJ)
Canyon Creek Restoration Project

Only input needed

INPUT SUMMARY - ABUTMENT SCOUR
approach flow depth=
y=
length of embankment/protrusion into channel=
L=
velocity upstream of structure=
V=
abutment shape coefficient= K1=
θ=
W1=
W2=
D50=

2.44
6.10
4.88
0.55
90
152.39
146.30
0.025
2.15
0
1
0.85

m
m
m/s

8
20
16

ft
ft
ft/s

degrees
m
m
m

500
480
25

ft
ft
mm

21.0
14.1
24.8
20.0

ft
ft
ft
ft

angle of structure to flow=
unobstructed channel width=
obstructed channel width=
median diameter of bed material=
coefficient for abutment shape=
coefficent for bed protection around abutment=
correction factor for influence of channel bend=
correction factor for influence of shape of structure=

Lp/y=
Kp =
Ks=

correction factor for influence of angle of attack=

Ka=

1

correction factor for influence of porosity=

Kn=

0.9

acceleration of gravity=

g=

9.81

m/s2

6.41
4.29
7.56
6.09

m
m
m
m

KL=

OUTPUT SUMMARY - ABUTMENT SCOUR
Local Abutment Scour (Froehlich)=
Local Abutment Scour (Gill)=
Local Abutment Scour (Liu et al.)=
Average =

m

LOCAL PIER SCOUR (Type 2 ELJ)
Canyon Creek Restoration Project
Only input needed
INPUT
existing depth in contracted section before scour=

y0=

2.44

m

8

ft

average depth in upstream main channel=

y1=

2.44

m

8

ft

pier length=

L=

12.19

m

40

ft

pier width=

a=

16.76

m

55

ft

correction factor for pier nose shape=

K1=

1

angle of attack=

θ=

45

correction factor for bed condition=

K3=

1.1

velocity of approach flow upstream of pier=

V=

4.88

m/s

16

ft/s

median diameter of bed material=

D50=

0.025

m

25

mm

grain size for which 95% of bed material is finer=

D95=

1

m

1000

mm

diameter of smallest nontransportable particle in bed
material=

Dm=

0.03125

m

shape factor=

Ks=

1

acceleration of gravity=

g=

9.81

Chinese Equation shape factor=

Ks(ch)=

0.8

degrees

m/s2

OUTPUT SUMMARY - PIER SCOUR
Johnson and Torrico [FHWA 2001] =

11.42

m

37.5

ft

Modified Froehlich =

9.19

m

30.2

ft

Simplified Chinese Equation =

3.67

m

12.0

ft

Average =

8.09

m

26.6

ft

LOCAL PIER SCOUR (Type 3 ELJ)
Canyon Creek Restoration Project
Only input needed
INPUT
existing depth in contracted section before scour=

y0=

2.44

m

8

ft

average depth in upstream main channel=

y1=

2.44

m

8

ft

pier length=

L=

9.14

m

30

ft

pier width=

a=

12.19

m

40

ft

correction factor for pier nose shape=

K1=

1

angle of attack=

θ=

45

correction factor for bed condition=

K3=

1.1

velocity of approach flow upstream of pier=

V=

4.88

m/s

16

ft/s

median diameter of bed material=

D50=

0.025

m

25

mm

grain size for which 95% of bed material is finer=

D95=

1

m

1000

mm

diameter of smallest nontransportable particle in bed
material=

Dm=

0.03125

m

shape factor=

Ks=

1

acceleration of gravity=

g=

9.81

Chinese Equation shape factor=

Ks(ch)=

0.8

degrees

m/s2

OUTPUT SUMMARY - PIER SCOUR
Johnson and Torrico [FHWA 2001] =

10.44

m

34.2

ft

Modified Froehlich =

8.16

m

26.8

ft

Simplified Chinese Equation =

3.03

m

9.9

ft

Average =

7.21

m

23.7

ft

Lower Canyon Creek
ELJ Type 1 (Large ELJ)
Project No. 10-04669-000
Spreadsheet developed by:
Spreadsheet calculations by:
Date:
Calculations checked by:
Date:

GK
BS
4/11/2012
IBM
4/11/2012
Magnitude

Cable breaking strength =
Cable breaking strength due to splice redcution =

Units
26,600 lbs
21,280 lbs

Assumptions & Notes
Cable (IWRC) 6x19 galvinized IPS 1/2 in dia.
Assumes 20% loss in breaking strength due to splice

Hydraulic drag force =

297,984 lbs

Number of vertical logs =
Minimum diameter of vertical logs =
Cross sectional area of vertical logs =

9
24 inches
452 sq in

Assumes all vertical piles accept load due to
configuration of lashing and transfer of loading axially

Assumptions for Design and Strength and Stability Calculations
1. 100% of hydraulic drag forces are transferred to vertical logs by lashing horizontal logs to vertical logs w/cable
2. No forces are transferred axially down members parralel with flow
3. Forces are evenly distributed to each vertical log
4. Cable is lashed using a "saddle" lash with 4 loaded lengths per lashing
5. Backfill around horizontal and vertical logs does not provide resistance (conservative but possible)

Shear Calcs

Magnitude
Shear stress per vertical log =
Reference design Shear value for PC Doug Fir Pile =

115 lbs/sqin

FS for Shear =

Wire Rope Calcs

Units
73 lbs/sqin/vertical log

Units

max load applied at lashing =

33,109 lbs

Max cable tensile strength at lashing =

85,120 lbs

FS for cable =

Total load applied at each pile log tip =
Then Moment at first cabled log layer =
Then Moment at first cabled log layer (M) =
Max Bending stress at rupture (Mallow) =
Moment of Inertia (I) =
Distiance to outer fiber (y) =
Section Modulus (S) =
Actual bending stress (M/S) =

Table 6A (NDS 2005) with no adjustment factors applied

1.6

Magnitude

Worse Case Scenario Calcs

Assumptions & Notes

Assumptions & Notes
Assumes a min of 1 lashing per vertical log carry drag
load with no transfer to soils (conservative but
depending on soils and angle of attack.. Possible)
Assumes saddle lash so breaking strength (w/splice
reduction) x 4

2.6

Magnitude
33,109
397,312
4,767,744
8,000
16,286
12
1,357
3,513

FS = Mallow/(M/S)
2.3
Worse case scenario for moment is a point load applied at vertical log tips (top end)
Assume total applied drag load as point loads at tips are resisted by total # of vertical logs

Units
lbs
lbs ft
lbs in
psi
(π∗r4)/4 (in^4)
in
in^3 = I/y
psi = M/S

Assumptions & Notes
max of 12' from butt of pile to first cabled log layer

Lower Canyon Creek
Type 2 ELJs (Habitat ELJs)
Spreadsheet calculations by: BS
Calculations checked by: IBM

Date: 4/11/2012
Date: 4/11/2012

Project No. 10-04669-000
This Sheet is used to input variable values and review output. Cells are linked to their corresponding work sheets which require review
prior to the acception of results. Log bouyancy needs to be calculated by updating its spreadsheet individually
Input (Cells requiring Input are this color)
Output (Cells that are automatically updated are this collor)

Input Variable Values
Drag coeffficeint
Specicific weight of water

CD
γw

CALCULATE PILE DEPTH BUTTON

2.5
62.4

lb/ft3

Density of water

ρw

1.94

slugs/ft3

velocity at Q100

V100

16.0

ft/sec

d1

10.0

ft

d1-d2

2

ft

d2

8.0

ft

lELJ
wELJ

60

ft

55

ft
ft
ft3

depth of water at Q100
hydrostatic flux Q100
backwater depth of water Q100
ELJ Length
ELJ Width

Pile Embedment Inputs
Choose Pile Spacing =

6

Choose Embedment depth =

15

ft

19.00

ft

Choose Embedment depth W/ Scour =

ΣMB=
0
lb-ft
If ΣMB Cell is Green then value is ok, if red there are errors or recalculate

ELJ Height

hELJ

14

ELJ Total Volume
Number of vertical piles carring load
From scour calcs, Q100 scour depth

VELJ
n
ds

46200
10
4.00

e
es

0.4
0.4

LRFD Pile Sizing Input Values
Wood pile desing factors
Ct (Temperature Factor) =

Max Void ratio for substrate

emax

0.85

Cf (Size Factor) =

0.94

Min Void ratio for substrate

emin

0.14

CD (Load DurationFactor) =

1.25

See cell comment

φ
γd
Dr

35

1

See cell comment

115
63

Csp (Single Pile Factor) =
λ(Time Effect Pile Factor) =

1
2.54

See cell comment
See cell comment

γsat

133

SGlog
SGfill

0.5

Void ratio for structure fill
Void ratio for substrate

Angle of internal friction for substrate
Dry density of substrate
Relative Density of Substrate
Saturated unit weight of substrate
Specific gravitly of logs
Specific gravity of fill

Pile Embedment Outputs
Minimum Embedment Depth =
Factor of Safety =

14.0
1.09

ft

ft

degrees
lb/ft3

kf (LRFD Factor) =

%
lb/ft3

2.65

1

Choosen Pile Diameter =

24

Number of piles =

10

for temps < 100ºf =1
for diameters> 13.5"

Inches

Fy =

2.45

ksi, See cell comment

Fy' =
φb =
Load Factor=

7.30
0.85
1

ksi
See cell comment

Absolute FS =

2.26

Pile Results

Lower Canyon Creek
ELJ Type 3 (Small Roughening ELJ)
Project No. 10-04669-000
Spreadsheet developed by:
Spreadsheet calculations by:
Date:
Calculations checked by:
Date:

GK
BS
4/11/2012
IBM
4/11/2012
Magnitude

Cable breaking strength =
Cable breaking strength due to splice redcution =

Units
26,600 lbs
21,280 lbs

Assumptions & Notes
Cable (IWRC) 6x19 galvinized IPS 1/2 in dia.
Assumes 20% loss in breaking strength due to splice

Hydraulic drag force =

198,656 lbs

Number of vertical logs =
Minimum diameter of vertical logs =
Cross sectional area of vertical logs =

8
24 inches
452 sq in

Assumes all vertical piles accept load due to
configuration of lashing and transfer of loading axially

Assumptions for Design and Strength and Stability Calculations
1. 100% of hydraulic drag forces are transferred to vertical logs by lashing horizontal logs to vertical logs w/cable
2. No forces are transferred axially down members parralel with flow
3. Forces are evenly distributed to each vertical log
4. Cable is lashed using a "saddle" lash with 4 loaded lengths per lashing
5. Backfill around horizontal and vertical logs does not provide resistance (conservative but possible)

Shear Calcs

Magnitude
Shear stress per vertical log =
Reference design Shear value for PC Doug Fir Pile =

115 lbs/sqin

FS for Shear =

Wire Rope Calcs

Units
55 lbs/sqin/vertical log

Units

max load applied at lashing =

24,832 lbs

Max cable tensile strength at lashing =

85,120 lbs

FS for cable =

Total load applied at each pile log tip =
Then Moment at first cabled log layer =
Then Moment at first cabled log layer (M) =
Max Bending stress at rupture (Mallow) =
Moment of Inertia (I) =
Distiance to outer fiber (y) =
Section Modulus (S) =
Actual bending stress (M/S) =

Table 6A (NDS 2005) with no adjustment factors applied

2.1

Magnitude

Worse Case Scenario Calcs

Assumptions & Notes

Assumptions & Notes
Assumes a min of 1 lashing per vertical log carry drag
load with no transfer to soils (conservative but
depending on soils and angle of attack.. Possible)
Assumes saddle lash so breaking strength (w/splice
reduction) x 4

3.4

Magnitude
24,832
297,984
3,575,808
8,000
16,286
12
1,357
2,635

FS = Mallow/(M/S)
3.0
Worse case scenario for moment is a point load applied at vertical log tips (top end)
Assume total applied drag load as point loads at tips are resisted by total # of vertical logs

Units
lbs
lbs ft
lbs in
psi
(π∗r4)/4 (in^4)
in
in^3 = I/y
psi = M/S

Assumptions & Notes
max of 12' from butt of pile to first cabled log layer

ELJ Type 1 (Large ELJ) Buoyancy Analysis
Project:
Project #:
Completed By:
Completed On:
Check By:
Check On:

Lower Canyon Creek
10-04669-000
BS
3/20/2012
IBM
3/20/2012

Structure Buoyancy Calcs

Log Type
R6
R7
L3
L4
L5
L6
L7
L8
L9
Racking
Totals

Avg
Diameter
in
24
24
24
24
24
24
24
24
18
18
10

Structure Ballast Requirements
Saturated
Alluvium Specific
Weight
lbf/ft3
134

Water
Specific
Weight
lbf/ft3
62.4

Density - Sands and Gravels
ρ(dry)
ρ(sat)
kg/m3
kg/m3
2000
2150

Length
ft
25
20
40
35
30
25
20
15
30
20
20

Rootwad
x
x

Net/Bouyant
Alluvium
Specific
Weight
lbf/ft3
71.8

Factor of
Safety
2

ρ(water)
kg/m3
1000

ρ(buoyant)
kg/m3
1150

Specific Weight - Sands and Gravels
lbf/ft3
lbf/ft3
lbf/ft3
124.9
134.2
62.4

Logs Per
Structure
No.
5
15
1
1
1
15
12
0
1
1
120
52
43

Individual Log
Volume
ft3
86
69
126
110
94
79
63
47
53
35
11
w/piles
w/out piles

Total Log
Volume
ft3
432
1,037
126
110
94
1,178
754
0
53
35
1,309
3,819
5,128
190
142
Submerged
Submerged
Ballast
Submerged Ballast
Ballast
Weight
Volume
Volume
Requirement
Requirement
Requirement
ft3
yd3
lbf
311,782
4,341
161

lbf/ft3
71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad
anti-buoyant force provided by cabling key logs to piles not considered in this calculation

Water
Individual
Net Buoyant
Log Specific
Specific
Individual
Log Buoyant
Force Per
Weight
Weight
Log Weight
Force
Log
lbf/ft3
lbf/ft3
lbf
lbf
lbf
32.0
62.4
2,765
5,391
2,626
32.0
62.4
2,212
4,313
2,101
32.0
62.4
4,021
7,841
3,820
32.0
62.4
3,519
6,861
3,343
32.0
62.4
3,016
5,881
2,865
32.0
62.4
2,513
4,901
2,388
32.0
62.4
2,011
3,921
1,910
32.0
62.4
1,508
2,941
1,433
32.0
62.4
1,696
3,308
1,612
32.0
62.4
1,131
2,205
1,074
32.0
62.4
349
681
332
w/o racking
without racking
w/racking
with racking
cy with racking
% of total buoyant force due to racking
cy with racking within log ballast zone
Min Avg Depth Required
of Ballast
Plan View
Actual Plan
Over Each
Area of
View Area of
Log
Backfill
Backfill
Ok?
ft2
ft2
ft
4.5
965
1,000
Yes

3.4 (ft) min avg depth of ballast over each log assuming an average of 20' of each log is buried

Total Log
Buoyant
Force
lbf
13,132
31,516
3,820
3,343
2,865
35,814
22,921
0
1,612
1,074
39,794
116,098
155,891
25.5%

ELJ Type 2 (Habitat ELJ) Buoyancy Analysis
Project:
Project #:
Completed By:
Completed On:
Check By:
Check On:

Lower Canyon Creek
10-04669-000
BS
3/20/2012
IBM
3/20/2012

Structure Buoyancy Calcs

Log Type
R5
R6
R7
L1
L3
L4
L5
L6
Racking
Totals

Avg
Diameter
in
24
24
24
24
24
24
24
24

Length
ft
30
25
20
50
40
35
30
25

10

20

Structure Ballast Requirements
Saturated
Alluvium Specific
Weight
lbf/ft3
134

Water
Specific
Weight
lbf/ft3
62.4

Density - Sands and Gravels
ρ(dry)
ρ(sat)
kg/m3
kg/m3
2000
2150

Rootwad
x
x
x

Net/Bouyant
Alluvium
Specific
Weight
lbf/ft3
71.8

Factor of
Safety
2

ρ(water)
kg/m3
1000

ρ(buoyant)
kg/m3
1150

Specific Weight - Sands and Gravels
lbf/ft3
lbf/ft3
lbf/ft3
124.9
134.2
62.4

Logs Per
Structure
No.
7
9
1
1
3
1
14
1

Individual Log
Volume
ft3
104
86
69
157
126
110
94
79
0
11
w/piles
w/out piles

Total Log
Volume
ft3
726
778
69
157
377
110
1,319
79
0
100
1,091
37
3,614
24
4,705
174
131
Submerged
Submerged
Ballast
Submerged Ballast
Ballast
Weight
Volume
Volume
Requirement
Requirement
Requirement
ft3
yd3
lbf
286,078
3,983
148

lbf/ft3
71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad
anti-buoyant force provided by cabling key logs to piles not considered in this calculation

Water
Individual
Net Buoyant
Log Specific
Specific
Individual
Log Buoyant
Force Per
Weight
Weight
Log Weight
Force
Log
lbf/ft3
lbf/ft3
lbf
lbf
lbf
32.0
62.4
3,318
6,469
3,152
32.0
62.4
2,765
5,391
2,626
32.0
62.4
2,212
4,313
2,101
32.0
62.4
5,027
9,802
4,775
32.0
62.4
4,021
7,841
3,820
32.0
62.4
3,519
6,861
3,343
32.0
62.4
3,016
5,881
2,865
32.0
62.4
2,513
4,901
2,388
32.0
62.4
0
0
0
32.0
62.4
349
681
332
w/o racking
without racking
w/racking
with racking
cy with racking
% of total buoyant force due to racking
cy with racking within log ballast zone
Min Avg Depth Required
of Ballast
Plan View
Actual Plan
Over Each
Area of
View Area of
Log
Backfill
Backfill
Ok?
ft2
ft2
ft
4.0
996
1,000
Yes

4.1 (ft) min avg depth of ballast over each log assuming an average of 20' of each log is buried

Total Log
Buoyant
Force
lbf
22,062
23,637
2,101
4,775
11,461
3,343
40,112
2,388
0
33,161
109,878
143,039
23.2%

ELJ Type 3 (Small ELJ) Buoyancy Analysis
Project:
Project #:
Completed By:
Completed On:
Check By:
Check On:

Lower Canyon Creek
10-04669-000
BS
3/20/2012
IBM
3/20/2012

Structure Buoyancy Calcs

Log Type
R5
R6
L4
L6

Racking
Totals

Avg
Diameter
in
24
24
24
24

Length
ft
30
25
35
25

10

20

Structure Ballast Requirements
Saturated
Alluvium Specific
Weight
lbf/ft3
134

Water
Specific
Weight
lbf/ft3
62.4

Density - Sands and Gravels
ρ(dry)
ρ(sat)
kg/m3
kg/m3
2000
2150

Rootwad
x
x

Net/Bouyant
Alluvium
Specific
Weight
lbf/ft3
71.8

Factor of
Safety
2

ρ(water)
kg/m3
1000

ρ(buoyant)
kg/m3
1150

Specific Weight - Sands and Gravels
lbf/ft3
lbf/ft3
lbf/ft3
124.9
134.2
62.4

Logs Per
Structure
No.
4
9
1
13

Individual Log
Volume
ft3
104
86
110
79
0
0
0
0
0
11
w/piles
w/out piles

Total Log
Volume
ft3
415
778
110
1,021
0
0
0
0
0
80
873
27
2,323
19
3,196
118
89
Submerged
Submerged
Ballast
Submerged Ballast
Ballast
Weight
Volume
Volume
Requirement
Requirement
Requirement
ft3
yd3
lbf
194,309
2,705
100

lbf/ft3
71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad
anti-buoyant force provided by cabling key logs to piles not considered in this calculation

Water
Individual
Net Buoyant
Log Specific
Specific
Individual
Log Buoyant
Force Per
Weight
Weight
Log Weight
Force
Log
lbf/ft3
lbf/ft3
lbf
lbf
lbf
32.0
62.4
3,318
6,469
3,152
32.0
62.4
2,765
5,391
2,626
32.0
62.4
3,519
6,861
3,343
32.0
62.4
2,513
4,901
2,388
32.0
62.4
0
0
0
32.0
62.4
0
0
0
32.0
62.4
0
0
0
32.0
62.4
0
0
0
32.0
62.4
0
0
0
32.0
62.4
349
681
332
w/o racking
without racking
w/racking
with racking
cy with racking
% of total buoyant force due to racking
cy with racking within log ballast zone
Min Avg Depth Required
of Ballast
Plan View
Actual Plan
Over Each
Area of
View Area of
Log
Backfill
Backfill
Ok?
ft2
ft2
ft
4.0
676
770
Yes

3.6 (ft) min avg depth of ballast over each log assuming an average of 20' of each log is buried

Total Log
Buoyant
Force
lbf
12,607
23,637
3,343
31,039
0
0
0
0
0
26,529
70,626
97,155
27.3%

APPENDIX F
Final Engineering Design Plans

APPENDIX G
2006 Lidar Hill-shade of Canyon Creek
Alluvial Fan from Whatcom County

Lower Canyon Creek Alluvial Fan Terrace
Descriptions
Zone A – This terrace is the highest in elevation
and oldest of the alluvial fan terraces at Canyon
Creek. It is likely an ancient surface that predates
constriction of the North Fork against the Canyon
Creek alluvial fan by the Church Mountain
Landslide. The southeast edge may represent
the edge of the pre-historic Channel Migration
Zone related to the landslide.
Zone B – This terrace is similar in elevation to
the Zone A terrace. It may represent a portion of
Zone A that has been dissected by stream
activity since the Church Mountain landslide.
Zone C – This terrace is lower than, and
adjacent to, Zone B terrace. It includes the swale
between the Zone B and Zone A terraces. It is
isolated above all but the largest clear-water
floods, but is likely to be subject to inundation
during large debris floods. It contains low areas
(swales, roads, and ditches) in the southern
portion of the terrace that carried flow in the 1989
and 1990 flood events. This terrace is younger
than Zone A and Zone B terrace, but contains old
growth stumps indicating infrequent stream
activity for hundreds of years.
Zone D – This is the lowest elevation surface
that reflects the recently (within aerial
photographic record) active channel area on the
Canyon Creek alluvial fan. Zone D is subject
to frequent flood and debris flood inundation.
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