Whatcom County Flood Control Zone District

Swift Creek Background and
Management Alternatives
Final Report
January 2008

Whatcom County Flood Control Zone District

Swift Creek Background and
Management Alternatives

Final Report
January 2008

KWL File No. 2039.005

WHATCOM COUNTY
FLOOD CONTROL ZONE DISTRICT

SWIFT CREEK BACKGROUND AND M ANAGEMENT ALTERNATIVES
FINAL REPORT
JANUARY 2008

STATEMENT OF LIMITATIONS
This document has been prepared by Kerr Wood Leidal Associates Ltd. (KWL) for the exclusive use and benefit of Whatcom
County Flood Control Zone District. No other party is entitled to rely on any of the conclusions, data, opinions, or any other
information contained in this document.
This document represents KWL's best professional judgement based on the information available at the time of its completion
and as appropriate for the project scope of work. Services performed in developing the content of this document have been
conducted in a manner consistent with that level and skill ordinarily exercised by members of the engineering profession
currently practising under similar conditions. No warranty, expressed or implied, is made.

KERR WOOD LEIDAL ASSOCIATES LTD.
Consulting Engineers
2039.005

WHATCOM COUNTY
FLOOD CONTROL ZONE DISTRICT

SWIFT CREEK BACKGROUND AND M ANAGEMENT ALTERNATIVES
FINAL REPORT
JANUARY 2008

CONTENTS
EXECUTIVE SUMMARY...................................................................................................i
1.

INTRODUCTION

1.1
1.2
1.3

BACKGROUND .................................................................................................................................1-1
WORK PROGRAM ............................................................................................................................1-3
PROJECT TEAM ...............................................................................................................................1-5

1-1

2.

STUDY AREA

2.1
2.2
2.3
2.4
2.5

SWIFT CREEK WATERSHED .............................................................................................................2-1
SWIFT CREEK FAN ..........................................................................................................................2-4
PREVIOUS CHANNEL M AINTENANCE.................................................................................................2-6
HISTORY OF CREEK EVENTS ............................................................................................................2-8
PREVIOUS STUDIES .........................................................................................................................2-8

2-1

3.

IMPLEMENTATION OF 1998 MANAGEMENT PLAN

3.1
3.2
3.3

PLAN IMPLEMENTATION ...................................................................................................................3-1
SEDIMENT REMOVAL COST ..............................................................................................................3-7
SHORTCOMINGS OF THE 1998 M ANAGEMENT PLAN ..........................................................................3-8

3-1

4.

HYDRAULIC AND GEOMORPHIC ASSESSMENT

4.1
4.2
4.3
4.4

FLOODS ..........................................................................................................................................4-1
SWIFT CREEK LANDSLIDE................................................................................................................4-2
DEBRIS FLOODS AND DEBRIS FLOWS...............................................................................................4-6
SEDIMENT TRANSPORT ....................................................................................................................4-8

4-1

5.

SEDIMENT QUALITY

5.1
5.2
5.3
5.4
5.5

GRAIN SIZE DISTRIBUTION ...............................................................................................................5-1
SEDIMENT MINERALOGY ..................................................................................................................5-1
HEALTH AND ENVIRONMENTAL CONCERNS.......................................................................................5-2
PREVIOUS RESEARCH .....................................................................................................................5-3
SOIL AND AIR QUALITY TESTING ......................................................................................................5-6

5-1

6.

POTENTIAL MITIGATIVE MEASURES

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9

WATERSHED M ANAGEMENT ACTIONS ..............................................................................................6-1
LANDSLIDE STABILIZATION ..............................................................................................................6-2
LANDSLIDE MONITORING .................................................................................................................6-5
MITIGATION STRUCTURES ON UPPER CREEK FAN ............................................................................6-5
CHANNEL M AINTENANCE .................................................................................................................6-7
FLOOD CONTROL WORKS................................................................................................................6-9
LAND USE PLANNING ......................................................................................................................6-9
NO ACTION ...................................................................................................................................6-11
PUBLIC INFORMATION AND HEALTH RISK AWARENESS ...................................................................6-11

6-1

7.

SWIFT CREEK MANAGEMENT ALTERNATIVES

7.1
7.2

PROPOSED CREEK M ANAGEMENT ALTERNATIVES ............................................................................7-1
DATA G APS ....................................................................................................................................7-5

KERR WOOD LEIDAL ASSOCIATES LTD.
Consulting Engineers
2039.005

7-1

SWIFT CREEK BACKGROUND AND M ANAGEMENT ALTERNATIVES
FINAL REPORT
JANUARY 2008

WHATCOM COUNTY
FLOOD CONTROL ZONE DISTRICT

8.

SUMMARY AND RECOMMENDATIONS

8.1
8.2
8.3

SUMMARY .......................................................................................................................................8-1
RECOMMENDATIONS........................................................................................................................8-3
REPORT SUBMISSION ......................................................................................................................8-4

8-1

BIBLIOGRAPHY

FIGURES
1-1
2-1
2-2
2-3
2-4
2-5
2-6
2-7
3-1
6-1

Location Map
Swift Creek Watershed
Swift Creek Profile
Orthophoto of Upper Swift Creek Watershed
Orthophoto of Swift Creek Fan
Swift Creek Fan Topography
1972 Air Photograph of Swift Creek Fan
Proposed Sedimentation Basins of Converse et al. (1976)
Cross-section Locations on Swift Creek Fan
Assessed Land Values at Swift Creek

TABLES
Table 1-1: Work Program for Swift Creek ..............................................................................................1-4
Table 2-1: Summary of Sediment Removal Volumes by GWL Upstream of Goodwin Road............2-7
Table 2-2: Summary of SCS Sediment Load Estimate .........................................................................2-9
Table 2-3: Characteristics of Sedimentation Basins A and B (Converse et al., 1976) ....................2-11
Table 3-1: Chronology of Swift Creek Cross-section Surveys............................................................3-2
Table 3-2: Summary of Swift Creek Cross-Section Monitoring...........................................................3-5
Table 3-3: Swift Creek Turbidity Monitoring..........................................................................................3-7
Table 3-4: Public Costs Associated with Swift Creek Management Activities ..................................3-8
Table 4-1: Peak Instantaneous Flow Estimates for Swift Creek..........................................................4-2
Table 4-2: Composite Landslide Grain-Size Analysis ........................................................................4-10
Table 5-1: Grain Size Distributions of Swift Creek Channel Sediments.............................................5-1
Table 5-2: Landau (1990) Sediment Sampling Locations and Results...............................................5-7
Table 5-3: Sample Locations and Grain Size Distributions (1995)......................................................5-9
Table 5-4: Swift Creek Metals Concentrations ....................................................................................5-11
Table 6-1: Whatcom County Cost Estimates for Sediment Basins (1978) .........................................6-6
Table 6-2: Land Use Regulations for Existing and New Developments in Switzerland .................6-10
Table 7-1: Land Use..................................................................................................................................7-1
Table 7-2: Landslide Risk ........................................................................................................................7-2
Table 7-3: Floods and Sediment Management – Short Term ..............................................................7-2
Table 7-4: Floods and Sediment Management – Long Term ...............................................................7-4

APPENDICES
A
B
C

Photographs
Swift Creek Landslide Study (BGC Engineering)
Hydrologic and Hydraulic Analysis

KERR WOOD LEIDAL ASSOCIATES LTD.
Consulting Engineers
2039.005

Executive Summary

WHATCOM COUNTY
FLOOD CONTROL ZONE DISTRICT

SWIFT CREEK BACKGROUND AND M ANAGEMENT ALTERNATIVES
FINAL REPORT
JANUARY 2008

EXECUTIVE SUMMARY
Swift Creek is a 2.7 mi2 watershed located in northern Whatcom County, Washington State.
Swift Creek flows from steep headwater terrain on Sumas Mountain across an alluvial fan, down
through agricultural areas, and ultimately discharges to the Sumas River. The Sumas River runs
through the towns of Nooksack and Sumas, and the city of Abbotsford, British Columbia, on its
way to the Fraser River. A large (68 million cubic yard), active landslide dominates the upper
watershed. The landslide appears to be a post-glacial dormant landform that was reactivated
shortly before 1940 and was recently observed to move downhill at a rate ranging between 13
and 121 feet per year. A substantially faster landslide movement rate is possible, as well as
associated hazards including debris flows and outbreak floods.
The complex landslide represents a functionally unlimited sediment supply: in recent years an
average of 30,000 cubic yards of bedload per year has deposited in the lower creek channel. A
debris flow in 1971 contributed an estimated 150,000 cubic yards of sediment in a single event.
The excessive channel sedimentation increases flood hazards affecting development and
infrastructure on the Swift Creek alluvial fan, and potentially in the Sumas River valley. In
addition to bedload sediment, an unknown quantity of suspended sediment is transported through
Swift Creek and into the Sumas River.
As well as landslide-related risks and sediment management concerns, environmental and health
issues arise from the mineralogy of the Swift Creek landslide. Landslide sediments contain
natural chrysotile asbestos. A 2007 investigation by the EPA concluded that Swift Creek
sediments contain >1% asbestos, and that there is a health risk associated with activities that
disturb the dredged sediments. As a result, the EPA recommends that dredged material no
longer be removed from the site, as movement and use of the material may lead to health and
legal liabilities.
A further concern is the rapid weathering of asbestos and associated minerals. Natural
weathering releases high concentrations of magnesium, nickel and other metals, and negatively
impacts aquatic and terrestrial biota and vegetation. Due to these high concentrations, the
Washington Department of Ecology and the Washington Department of Fish and Wildlife have
also expressed concerns about the end use of sediment excavated from Swift Creek.
Sediment management activities have been ongoing at Swift Creek since the 1950s. In 2004,
Whatcom County decided that the nature of the geomorphic hazards associated with the creek
required a comprehensive management plan. A technical team comprising Kerr Wood Leidal
Associates and BGC Engineering was retained to identify management alternatives to address
sediment management and assess the stability of the Swift Creek landslide and its potential
impact on sediment management. Based on new information provided in 2006 and 2007, the
initial draft planning document was updated to provide background and management alternatives
to inform and guide future planning efforts.
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Management of Swift Creek is extremely challenging for a number of reasons:









the immense scale of the landslide;
unknown future conditions regarding changes in landslide activity, rates of downslope
movement and sediment delivery;
ongoing annual bedload deposition;
high concentrations of suspended sediment, which can be transported beyond the Swift Creek
watershed;
relatively long timescales over which management of sediment will be required;
potential health risks;
regulatory concerns regarding the natural asbestos and metals content of the sediment; and
regulatory and authority “gaps” relating to naturally-occurring asbestos.

A number of management alternatives are identified and reviewed in this report. A detailed
alternatives analysis is required to determine if a cost-effective and environmentally acceptable
approach is possible. A major source of uncertainty that must be addressed is the total sediment
load of the creek, of which a large part is fine sediment travelling in suspension.
In order to conduct additional studies and analyses of the management alternatives discussed in
this report, adequate sources of funding will need to be identified. Already between 1998 and
2007, Whatcom County has spent approximately $1.24 million managing sediment and flood
issues on Swift Creek. Given the complex regulatory environment surrounding the natural
asbestos as well as potential issues relating to the metals content, technical and financial input
from multiple local, state and federal agencies may be necessary to fully determine the most
appropriate alternative.

ii
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STUDY AREA AND HISTORY OF SEDIMENTATION PROBLEMS
Swift Creek is located east of the town of Everson on Sumas Mountain in northern
Whatcom County (Figure 1-1). Swift Creek flows into the Sumas River, which in turn
flows north to the Fraser River in British Columbia.
Swift Creek has a recent history of landslide and debris movement and a very high level
of sediment transport. This has resulted in excessive channel sedimentation and an
increased flood hazard affecting development and infrastructure on the creek fan and
other downstream areas.
SWIFT CREEK LANDSLIDE
The primary cause of the sedimentation problem in Swift Creek is a large, active,
complex landslide in the upper watershed. The landslide mass is estimated at
68 million yd3 in volume, and it delivers an estimated 120,000 yd3 of sediment per year to
the creek system. On average, approximately 20% or 30,000 yd3 per year of this
sediment deposits on the fan as bedload. Periodic debris flows and dam outbreak floods
result in much larger volumes of sediment deposition on the fan.
If the landslide continues to move at the rate observed over the last several years (and the
landslide does not enlarge by extending laterally or upslope), transport of the landslide
materials could continue for the next four to six centuries until most landslide debris is
depleted and landslide mass is displaced.
PRESENCE OF ASBESTOS
The sedimentation problems in Swift Creek are exacerbated by the mineralogy of the
creek sediment. The sediment contains an elevated level of naturally occurring asbestos,
and above-normal concentrations of magnesium, cobalt, and nickel. The mineral
composition inhibits the growth of vegetation and is potentially detrimental to fish habitat
in Swift Creek and further downstream.
INITIAL SEDIMENT MANAGEMENT EFFORTS
Sediment management on the Swift Creek fan has been an ongoing issue since the 1950s.
Since that time, flood conveyance on the lower reaches of Swift Creek has been
maintained through channel excavation conducted by private individuals, as well as local
and federal agencies.
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1998 MANAGEMENT PLAN
Whatcom County assumed the primary role of sediment management in the 1980s when
the Public Works Department began dredging the creek channel to maintain flow
capacity at two bridge crossings. The River and Flood Division took the lead on creek
management in 1998 when GeoEngineers was retained to evaluate alternatives to
minimize aggradation on the fan and thereby reduce the potential for overbank flooding.
A subsequent report by GeoEngineers (1998) outlined three alternatives to address the
sedimentation issues on the Swift Creek fan. Whatcom County selected the third
alternative as the most feasible management plan. Components of this alternative
included channel dredging, construction of sediment traps on the upper fan, and
relocating the confluence of the North and South Forks of Swift Creek. The cost for
implementing the plan was estimated to be approximately $0.6 to $1.6 million depending
on the marketability of the sediment.
The Sumas/Nooksack/Everson Subzone of the Whatcom County Flood Control Zone
District also endorsed Alternative 3. The Subzone proposed to implement the
components of Alternative 3 over several years to offset the financial costs and to allow
for some minor refinements of the plan. Three phases were proposed for implementation,
including a rigorous monitoring program to estimate the aggradation rate.
Whatcom County initiated the first phase in the summer of 1998 with the dredging of the
channel between Goodwin Road and Oat Coles Road.
NEED FOR FURTHER CONSIDERATION OF MANAGEMENT ALTERNATIVES
After several years of creek management using the recommended strategy, the
monitoring program indicated that the phased efforts of implementing the 1998 plan were
not successful in managing the sediment deposition. The lack of success was due to a
number of factors, such as implementation logistics and the inability of the community to
fund the expensive subsequent phases of the plan. The Subzone subsequently
recommended that alternative actions be explored. The permitting process for sediment
removal also became more onerous.
Whatcom County initiated the development of a comprehensive management plan in
2003, and retained a technical team comprising Kerr Wood Leidal Associates (KWL) and
BGC Engineering (BGC) to conduct technical investigations and assist with identification
and preliminary evaluation of management alternatives.
The sedimentation problem in Swift Creek is significant on a regional scale, particularly
when coupled with the mineralogy of the sediment. Swift Creek is a significant and
complex management problem.

1-2
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WORK PROGRAM
OBJECTIVES
This report documents the technical work performed by KWL/BGC, and outlines the
resultant identification of management alternatives that are put forward for consideration
of the Whatcom County Flood Control District or any other managing agencies. The
purpose of this report is to identify management alternatives for Swift Creek that are costeffective, tailored to the current regulatory environment, and that consider the link
between sediment management and potential health risks associated with the sediment.
In light of recent developments regarding naturally-occurring asbestos in Swift Creek
sediments, creek management activities have as an overarching goal to minimize
potential health risks. Associated with this goal are a number of management issues,
including:






management of the significant quantity of bedload being transported and deposited;
minimization of changes to the Swift Creek channel alignment;
minimization of flood and avulsion hazards;
minimization of degradation of water quality in the Sumas River; and
minimization of public expenditure.

The report also considers the stability of the Swift Creek landslide and its potential
impact on bedload management. Specific objectives related to the landslide are:






to understand the likely causes, initiation and failure mechanisms of the landslide;
to hypothesize on future movement of the landslide;
to determine if the landslide could accelerate and surge through an existing flow
constriction (the “Narrows”) causing widespread inundation on the fan of Swift Creek
and the Sumas River floodplain;
to estimate the magnitude of potential debris flows and downstream consequences;
and
to consider management alternatives that could reduce slide movement.

A draft version of the report was initially prepared in 2005 and has since been updated to
reflect work done by the US Environmental Protection Agency (EPA) and others between
2005 and 2007.
Most of the technical analysis in this document is based on 2004 channel conditions.
Subsequent floods as well as sediment management activities by Whatcom County Public
Works have modified the river channel conditions.
The report is considered to be a living document with the understanding that revisions or
amendments to certain management strategies may be needed to adapt to new scientific
knowledge, changes in the regulatory environment, and changes within the watershed.
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WORK PROGRAM
The work program for this study is summarized in Table 1-1.
Table 1-1: Work Program for Swift Creek
Work Task
1.

Data Review

2.

Field Visit

3.

Preliminary
Geoscience
Analysis

4.

Draft Report

5.

Review and
Update

6.

Final Report

Description
 Project initiation meeting.
 Review air photographs, previous reports, maps and other
available data.
 Prepare a base map and channel profile.
 Conduct two site visits:
− helicopter overflight followed by inspection of fan area; and
− creek traverse and inspection of complex landslide.
 Obtain soil samples and tree cores.
 Obtain photographs and other field data.
 Preliminary analysis of landslide stability and runout.
 Map landslide features on air photographs and base map.
 Identify appropriate analytical and monitoring tools for future
consideration.
 Perform sediment transport analysis.
 Document technical analyses for inclusion in report.
 Update Swift Creek report.
 Incorporate results of preliminary geoscience analysis.
 Review and update management alternatives.
 Update construction and maintenance cost estimates for
alternatives.
 Comment on the need for more detailed geoscientific analysis.
 Submit draft report for review.
 Present draft report to Whatcom County.
 Obtain Whatcom County comments on draft report.
 Revise draft report.
 Submit revised report for review.
 Obtain final review comments.
 Perform in-house technical review.
 Prepare final report.
 Submit final report to Whatcom County.

REPORT FORMAT
Appendix A includes photographs of the Swift Creek watershed. Appendix B includes
BGC’s geotechnical analysis of the landslide. Appendix C includes a hydrologic and
hydraulic analysis.
Inclusion of most of the detailed technical content in the appendices allows the main
report body to focus on sediment management strategies.
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PROJECT TEAM
This report was written by Mike Currie, M.Eng., P.Eng. (BC), and Erica Ellis, M.Sc., of
KWL, and Hamish Weatherly, M.Sc., LG of BGC. The report was reviewed by Laurel
Morgan, M.Sc., P.E. (MO, WA) of KWL. The geotechnical appendix was written by
Matthias Jakob, Ph.D., LG and Mike Porter, P.Eng. (BC), of BGC. Mr. Jakob also
provided input to the main report text.
On behalf of Whatcom County, Paul Pittman, LG, provided substantial input to this
report, with additional input provided by Paula Cooper, PE. The report was presented in
draft to the Sumas/Nooksack/Everson Subzone in October 2004. Feedback received from
the presentation has been incorporated into the report.
A draft version of the report was presented to Whatcom County in March 2005. The
draft was subsequently updated in January 2008 to reflect work conducted by regulatory
agencies between 2005 and 2008. John Hutchings and Frank Abart of Whatcom County
provided additional input for the report revisions.
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STUDY AREA
This section provides a detailed description of the Swift Creek watershed and fan area,
including a description of the complex landslide in the upper watershed. A synopsis of
recorded creek events and past studies is also provided.

2.1

SWIFT CREEK WATERSHED
GENERAL CHARACTERISTICS
Swift Creek has a total watershed area of approximately 2.7 mi2 (7.1 km2). Swift Creek
is a tributary to the Sumas River, which flows north to the Fraser River in British
Columbia. Figure 2-1 shows the Swift Creek watershed.
The upper Swift Creek drainage system includes two forks that originate on the steep
slopes of Sumas Mountain. The South Fork has a watershed area of 1 mi2 (2.6 km2),
while the North Fork is slightly larger at 1.1 mi2 (2.9 km2). The North Fork is also
locally known as Goldmine Creek. A third smaller tributary of 0.6 mi2 (1.6 km2)
discharges to Swift Creek from the south below the fan apex.
The elevation in the watershed ranges from approximately 3400 ft (1040 m) at the top of
Sumas Mountain down to 80 ft (25 m) at the confluence with Sumas River. The South
Fork originates at an elevation of approximately 2700 ft (825 m) and drops at an average
gradient of 23% down to the fan apex at 400 ft (120 m), a distance of approximately 1.9
mi (3 km). The North Fork originates at an elevation of 3,350 ft (1,020 m) and has an
average gradient of 25% over a distance of 2.25 mi (3.6 km) down to the confluence with
the South Fork (Figure 2-2).
A composite fan has developed below 400 ft (120 m) elevation where Swift Creek exits a
narrow, steep canyon and approaches the broad Nooksack – Sumas valley. The
composite fan has developed primarily due to sediment input from the South Fork where
the complex landslide is situated The North Fork is a well vegetated, stable channel.
Below the fan apex, Swift Creek flows for about 2.8 mi (4.5 km) to the Sumas River.
The watershed has been subject to forestry activity in the past. Forestry activity is
currently confined to areas on the upper fan and along the ridge top of Sumas Mountain.
WATERSHED GEOLOGY
The geology of the study area has been described in detail by Converse et al. (1976) and
is also summarized by BGC in Appendix B. A brief description of the watershed geology
is provided below.
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Bedrock units in the area of the Swift Creek landslide include meta-sedimentary
graywacke1 (Mz) that has been thrust over younger serpentinite (Jki). The serpentinite is
in turn overlain by massive Tertiary continental conglomerates (Tc) that dip to the west.
Alluvium, glacial deposits and slide debris mantle the conglomerates.
Tertiary Continental Sediment Rock (Tc)

The sedimentary rock is locally known as the Huntington Formation and consists
predominantly of thickly bedded to massive conglomerate (small pebble to small cobble
gravel). This well to poorly cemented conglomerate is interbedded with coarse to
medium-grained sandstone lenses up to 3 ft thick. The attitude of the formation strikes
north-south and has an average westerly inclination of 25o. The conglomerate has a
depositional contact with the serpentinite in the lower half of the landslide.
Sumas Mountain Serpentinite (Jki)

The metamorphic serpentinite originates from basic intrusive rocks: fine-grained, dark
green peridotite and dunite. South of the landslide mass, the rock forms prominent
blocky outcrops with minor serpentine and chlorite coating joint surfaces. In the
periphery and the landslide mass itself, the bedrock is strongly serpentinized2, which
implies the rock is highly weathered with complete alteration to serpentine, chlorite and
clay.
The contact between the conglomerate and serpentinite is highly weathered and intensely
oxidized, containing hematite and lateritic clay. Field mapping by Converse et al. (1976)
indicates that the lateritic clay contact is at least 5 to 8 ft thick (1.5 m to 2.4 m).
The serpentinite contains natural chrysotile asbestos and trace metals (Ni, Cr, Mn, Mg,
Co) in relatively high levels (Schreier and Taylor, 1981; Schreier, 1987; Landau, 1990).
Asbestos is a documented carcinogen and its inhalation poses a potential health hazard
(Selikoff, 1982).
Meta-Sedimentary Rock (Mz)

The meta-sedimentary rock consists primarily of graywacke and small pebble, graywacke
conglomerate. This rock is poorly bedded to massive and has widely spaced joints. The
meta-sedimentary rock is exposed near the crest of Sumas Mountain and on steep slopes.

1

A graywacke is a metamorphosed coarse-grained sandstone embedded in a clayey matrix having the general composition of
slate. Graywackes are believed to have been deposited by submarine turbidity currents (i.e. landslides).

2

Serpentinization is the process by which mafic rocks are transformed into serpentinites by the addition of water. Mafic denotes
minerals typically dark in color, low in silica, and rich in magnesium and ferric iron.
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SWIFT CREEK LANDSLIDE
The Swift Creek landslide is a large, active deep-seated landslide approximately 1,300 ft
(400 m) wide by 4600 ft (1,400 m) long. It is located within the South Fork portion of
the upper watershed (Figure 2-3). The landslide likely was a post-glacial, dormant
landslide that resumed active sliding before 1940 (Converse et al., 1976). Based on
geologic observations and topographic configurations, Converse et al. interpreted that the
middle portion of the landslide may be relatively thin (150 ft) compared to the head (250
ft) and toe (300 ft) of the landslide.
The overall slide movement is a combination of mechanisms including earthflow (plastic
deformation), deep-seated rotational slumps, block glide, debris flows and smaller
surficial creep and slumps. Overall the landslide is characterized by alternating areas of
compression and extension. Zones of compression are characterized by thrusting and
faulting while zones of extension are characterized by tension cracks and longitudinal
ridges.
The tension cracks provide easy access for water to infiltrate into the landslide mass. The
infiltration increases pore water pressure along shear surfaces, which in turn reduces
shear strength and accelerates landslide movement. Alternatively, tension cracks tend to
close in areas of compression, which likely causes a decrease in pore water pressure, an
increase in shear strength and a local slowing of landslide movement. Zones of
compression are commonly observed along the slide path in the form of upthrusted
blocks that cause local ponding of surface water.
Landslide Toe

The landslide toe is at an elevation of approximately 880 ft (270 m), is inclined at 30o,
and is devoid of vegetation (Figure 2-3) (Photos 14 and 15, Appendix A). The exposed
toe soil is generally saturated even during relatively dry weather, and has a high
percentage of fines (predominantly sand and silt with some clay). Large conglomerate
blocks overlie the highly weathered serpentinite at this location. The remainder of the
landslide is largely vegetated although most of the mature trees are jack-strawed
(leaning). The material exposed in the slide scarps and toe includes fractured fault gouge,
serpentinite, lateritic clay (montomorillonite), conglomerate bedrock blocks, and glacial
till.
Two component channels of the South Fork join at the landslide toe after flowing along
the margins of the landslide. Further downstream, movement of the slide is restricted by
an abrupt valley constriction where the landslide width narrows from approximately
900 ft (275 m) to less than 35 ft (10 m) over 650 ft (200 m). The constriction is bedrock
controlled (conglomerate) and the opening is known locally as the “Narrows”.
A significant portion of the Narrows is currently blocked by slide material. This material
probably represents remnant landslide activity off the landslide toe that temporarily
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blocked the South Fork. This area has a high potential to cause a future natural dam with
subsequent overtopping and failure resulting in outbreak floods and debris flows.
Below the Narrows, the active channel of the South Fork is approximately 35 to 80 ft (10
to 25 m) wide for about 1,400 ft (425 m). During large geomorphic events, however, the
zone of inundation could be up to 200 ft (60 m) wide. The average channel gradient
through this reach is approximately 17%. Further downstream, the South Fork becomes
significantly more confined within a bedrock canyon that is less than 35 ft (10 m) wide
(Figure 2-3). This bedrock canyon extends downstream for another 1,400 ft (425 m)
before discharging onto the fan at an elevation of 400 ft (120 m).
FISHERIES RESOURCE
The Whatcom County fish and wildlife habitat map folio (1994) lists the occurrence of
coho salmon, steelhead trout, and cutthroat trout along 3.3 mi (5.3 km) of habitat on the
fan reaches of Swift Creek and the North Fork. As a result of the landslide, the South
Fork no longer contains habitat suitable for the long-term survival of fish. At present,
only ¼ to ½ mile of stream habitat in the North Fork is believed to support fish.
Cutthroat trout have been observed in this reach by Washington State Department of Fish
and Wildlife (WDFW) staff.

2.2

SWIFT CREEK FAN
GEOMORPHOLOGY
Swift Creek is an example of a composite fan having formed as a result of floods,
outbreak floods and debris flows. Fans constructed predominantly by fluvial processes
(floods and debris floods) are referred to as alluvial fans. Where debris flows are the
dominant mechanism, the fans are termed colluvial or debris flow fans. Fans constructed
by a combination of alluvial and debris flow processes are known as composite fans. The
geomorphic processes are primarily attributed to sediment supply from the toe of the
Swift Creek landslide.
PHYSICAL DESCRIPTION
The Swift Creek fan has an area of approximately 495 acres (200 ha). The upper reaches
of the fan are confined by valley sidewalls. Further downstream the creek leaves the
foothills and extends out radially for about 1 mi (1.6 km) before coalescing with the
floodplain of the Nooksack - Sumas valley3.

3

The Sumas River is subject to periodic overflows from the Nooksack River and has been the main flow path of the Nooksack
several times since deglaciation.
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The fan is sparsely populated. Land use on the fan consists primarily of agriculture,
single-family residences, and several businesses. There are approximately 100 buildings
on the fan with most properties consisting of small farms with several buildings (Figures
2-4 and 2-5). Businesses include the Ostrom Mushroom Farm and a sawmill owned by
Great Western Lumber. None of the buildings are located in the vicinity of the fan apex,
which is the most hazardous location on the fan.
Most of the lower fan was cleared of trees by the late 1800s for agriculture. The upper
fan was also probably cleared at this time for the timber, although a large wooded area of
mixed second growth deciduous and coniferous trees has re-established (Figure 2-4,
Photo 16). The second growth forest covers approximately 175 acres (71 ha).
Four public county roads (Oat Coles Road, Goodwin Road, Massey Road, and South Pass
Road) cross the fan with the first two crossing Swift Creek. A major gas pipeline also
crosses Swift Creek upstream of Goodwin Road (Figure 2-5).
CHANNEL DESCRIPTION
Between the fan apex and the Sumas River, Swift Creek is broken into 3 reaches for
discussion purposes.
Reach 1

Reach 1 extends from fan apex to 2,300 ft (700 m) downstream. Through this reach, the
fan is confined by valley sidewalls to the north and south that limit the channel width.
The active channel width varies between 100 ft and 300 ft (30 m to 90 m). The average
channel gradient decreases from approximately 8% at the apex to 5% downstream. The
North Fork enters on the right side of the South Fork approximately 900 ft (275 m) below
the fan apex. The channel substrate is composed of cobbles and gravel with occasional
boulders.
The wide, unstable channel of Reach 1 suggests that Swift Creek is prone to debris flows
and debris floods (Photos 1 to 3). Buried soil horizons exposed along the channel banks
are further evidence of such geomorphic events (Photo 4).
Reach 2

Reach 2 extends from Reach 1 to Goodwin Road, a distance of approximately 1 mi
(1.6 km). Swift Creek loses confinement at the upstream end of this reach and the fan
extends out radially from this point (Photo 5). The active channel width of Reach 2 is
variable ranging between 30 ft (10 m) and 200 ft (60 m). A logging access road crosses
Swift Creek within this reach. The bridge is composed of log stringers and is very
susceptible to damage during a large flood or geomorphic event (Photo 6).
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Sediment has historically been excavated from this reach and Great Western Lumber was
observed removing gravel downstream of the logging bridge during a site visit in May
2004 (Photo 7 and 17).
The channel gradient decreases rapidly through this reach, varying from 5% at the upper
end to 1% at Goodwin Road. The reduced channel gradient results in a loss of sediment
transport capability, and the channel substrate changes from cobble gravel to
predominantly gravel at Goodwin Road (Photo 8).
The bridge at Goodwin Road is approximately 40 ft (12 m) wide and consists of a
concrete deck on concrete abutments, with mid channel piles (Photo 9).
Reach 3

Reach 3 extends from Goodwin Road to the confluence with the Sumas River, a distance
of approximately 1.4 mi (2.25 km). The active channel varies in width from 30 ft (9 m)
to 100 ft (30 m). The channel is at its narrowest immediately below Goodwin Road
(Photo 10) and at Oat Coles Road. Oat Coles Road is situated 1,900 ft (580 m) upstream
of the Sumas River.
The channel gradient varies between 1.3% and 0.2% in this reach. The substrate is
predominantly sand at Oat Coles Road, indicating that the gravel component of the
bedload (> 2 mm) is deposited upstream of the Sumas River (Photos 12 and 13). The
River & Flood Division of Whatcom County completed grain size analyses of the
channel substrate in 2002 between 650 ft and 1,000 ft (200 m to 300 m) downstream of
Goodwin Road. The samples were very similar consisting predominantly of gravel-sized
sediment (D50 of 6 mm to 7 mm and D95 of 32 mm to 64 mm) with interstitial sand
accounting for about 30% of the sample weight.
Because of a very high sediment transport rate, this lower channel reach is prone to
severe aggradation. If left unchecked, the creek bed can rapidly rise to above the
adjacent floodplain elevation. Channel stability is a significant concern, as is the
associated flood risk to development on the floodplain. Past channel works have resulted
in the creek being partially contained within stockpiles and haphazard levees (Photo 18).
There is almost no riparian vegetation along either bank of Reach 3 (Figure 2-4).
The bridge at Oat Coles Road is approximately 35 ft (10 m) wide and consists of a
concrete deck on concrete abutments (Photo 11).

2.3

PREVIOUS CHANNEL MAINTENANCE
Sedimentation along the lower reaches of the Swift Creek fan has been a significant
management problem since the 1950s. Whatcom County records indicate that drainage
surveys were conducted in 1950 and 1955. The records also include a 1955 letter from
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Boone Hardin, a local resident, to Whatcom County. Mr. Hardin notes that “lower
stretches of the proposed district appear to have suffered from siltation and overflow of
the waters of this creek”. Mr. Hardin attributed the sedimentation to the landslide in the
upper watershed and urged that the problem be considered at a watershed scale:
“The overall problem here is much bigger than a few acres of land in the lower
part of the valley. Unless the sliding wall of earth becomes stabilized soon,
which from all appearances is a remote possibility, the siltation of this stream but
the whole of Sumas River is likely. And I cannot see how the digging of a ditch
will cure the trouble. In fact, my opinion is such ditch will only serve to aggravate
the situation. I believe that the State has a vital interest in this matter and the
proper agencies should be called in to consider ways and means of reaching the
root of the problem.”

While sediment removals have been ongoing since the 1950s, systematic records of
removal volumes have not been kept. Existing records indicate the following removals:











1971 – 70,000 yd3 following a significant debris flow event (see Section 2.4);
1978 – unknown volume;
1980 – 30,000 yd3;
1985 – 37,500 yd3;
1990 – 37,500 yd3;
1995 – 16,700 yd3;
1998 – 50,000 yd3;
1999 to 2002 – 58,430 yd3 (see Table 3-2);
2005 – 75,000 yd3 to 100,000 yd3;
2006 – 20,000 yd3.

For the removals prior to 1998, most of the material was removed from below Goodwin
Road and undoubtedly represents less than half the actual amount of sediment removed
from Swift Creek. Above Goodwin Road, Great Western Lumber has kept records of
removal volumes since 1994 (Table 2-1).
Table 2-1: Summary of Sediment Removal Volumes by GWL Upstream of Goodwin Road
Annual volume (yd )

1994

6,230

1995

3,450

1996

1,764

1997

9,702

1998

8,731

1999

13,097
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3

Year

Annual volume (yd )

2000

10,000

2001

15,600

2002

4,000

2003

564

2004

17,967

Total

91,105

Average

8,282

Note: GWL removal records for the 2005 to 2007 period are incomplete.

Since 1998, routine channel excavation between Oat Coles Road and the fan apex has
occurred as part of a creek management plan. These removals have been documented
and are discussed further in Section 3. It should be noted that removals by GWL
upstream of Goodwin Road have ceased as of 2007.

2.4

HISTORY OF CREEK EVENTS
The most notable recorded creek event on Swift Creek occurred in January 1971. The
event consisted of a rain-on-snow storm in combination with a dam outbreak flood at the
Narrows that delivered approximately 100,000 yd3 to 150,000 yd3 of sediment to the fan.
Approximately 70,000 yd3 of this material was removed from the channel by the US
Army Corps of Engineers (USACE) following the event. Significant aggradation below
Goodwin Road also resulted in Swift Creek being temporarily re-routed to the north into
Breckenridge Creek.
Figure 2-6 is a 1975 air photograph of the Swift Creek fan that shows the extent of the
debris flow deposition. Much of the material excavated below Goodwin Road was
placed along the creek banks to form unarmoured levees. Recent excavations by Great
Western Lumber at the fan apex uncovered what was interpreted to be the base of the
1971 event. The deposit was over 10 ft thick (3 m) and included boulders up to 6 ft (1.8
m) in diameter (P. Pittman, pers comm). Because of the low gradient of the fan, debris
flows from the upper watershed typically attenuate into debris floods before reaching the
lower fan.

2.5

PREVIOUS STUDIES
Studies, analyses, and management of sedimentation at Swift Creek began in the 1960s
and have continued to date. Whatcom County has been unable to locate copies of reports
by the Soil Conservation Service (1964, 1965) and the US Army Corps of Engineers
(1971). These agencies have been contacted by Whatcom County, but with no success to
date. However, Converse et al. (1976) provide a short summary of the above studies in
their report. Relevant studies are noted below.
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Soil Conservation Service, 1964.

The initial study was completed in June 1964 and consisted of an overview
reconnaissance by SCS personnel. The study included an analysis of historic air
photographs, grain-size analyses, and settling velocities of fine-grained sediment from the
landslide. It was concluded that stabilization of the landslide was not practical and that
priority should be given to the construction of levees to keep Swift Creek within its
channel. Deposition areas and possible settling pond locations were also identified.
Additional studies were recommended.
Soil Conservation Service, 1965.

A second study was completed in August 1965 to estimate average sediment loads
transported from the landslide to the fan, and to the Sumas River. Cross-sections were
completed at three locations along Swift Creek and Sumas River, and compared with
previous surveys to estimate the sedimentation rate. The SCS estimated that about
230,000 yd3 of fine sediment had been deposited in the Sumas River alone from Swift
Creek in a 30-year period (7,700 yd3/yr). The average annual sediment load of Swift
Creek was estimated at approximately 123,000 yd3.
Internal Whatcom County files provide additional details on how the average sediment
load of 123,000 yd3 was derived. J.A. Wilson was investigating sediment storage
requirements for a debris basin on the Swift Creek fan. As part of that work, there is a
one-page hand-written summary of the SCS calculations dated September 1973
(Table 2-2).
Table 2-2: Summary of SCS Sediment Load Estimate
3

Comparison of 1906 and 1952 topographic maps of Swift Creek fan

151,123 yd /yr

Comparison of 1952 topography with SCS survey *

112,746 yd /yr

3
3

Comparative Sumas River cross-sections as indicated from Flaxman’s
report dated October 11, 1965 *

8,000 yd /yr

Channel valley deposition above alluvial fan (as field measured) *

2,000 yd /yr

Valley deposition below alluvial fan *
Total sediment load 1952 – 1965 (* sum of above)

3

3

300 yd /yr
3

123,000 yd /yr

There is very little confidence in the sediment load estimate for the 1906 to 1952 period,
which exceeds the comparison for the 1952 to 1965 period. The landslide only became
active in about 1940 and the 1950 air photographs show that the fan was not subject to
chronic aggradation at that point. The 1906 topographic map was probably of limited
precision or of too large a scale to provide a useful comparison to the 1952 data. The
estimate for the 1952 to 1965 period is discussed in more detail in Section 4.4.
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US Army Corps of Engineers, 1971.

The 1971 report by the US Army Corps of Engineers investigated possible management
alternatives for sedimentation on the Swift Creek fan. The alternatives consisted of:




construct a debris dam at the toe of the slide in the vicinity of the Narrows;
construct a large debris basin on the upper fan; and
attempt to stabilize the slide by improving and detouring surface drainage and
installing subsurface drains.

The debris basin was selected as the most feasible option in that: (i) the groundwater or
rainfall could not be realistically intercepted; (ii) the cost of slide stabilization was
expected to be far greater than either the debris dam or debris basin; and (iii) backwater
behind a debris dam could lubricate and further destabilize the slide.
It was determined that the preferred option, a debris basin, should have a maximum
capacity of 1,000,000 yd3. A cost analysis for the debris basin (construction, annual
operation and maintenance) versus the estimated average flood damage concluded that
the construction of a debris basin was not economically justified.
Converse Davis Dixon Associates Inc., 1976. Final Geotechnical Report for Swift Creek
Tributaries, Sumas River Watershed. Report prepared for Soil Conservation Service

Converse et al. (1976) was retained by the Soil Conservation Service to complete a
geotechnical assessment of the landslide. The study consisted of two parts: Phase I –
Geological Investigation and Phase II – Geologic and Engineering Analyses.
Phase I includes:






a description of the regional and site geology;
a detailed analysis of the landslide including its geometry and causes, mechanisms
and rates of movement;
a seismic survey in the vicinity of the slide toe to evaluate subsurface characteristics
and determine depths to bedrock;
test pit explorations (16 pits to a maximum depth of 21.5 ft or 6.5 m) on the upper fan
to determine subsurface conditions in the potential debris basin area; and
laboratory testing of representative samples from the test pits.

Phase II provides a preliminary evaluation of the feasibility of stabilizing the landslide,
along with an analysis of potential sedimentation basin sites on the upper fan.
The identified alternative for landslide stabilization was an earth buttress constructed at
the toe of the landslide above the Narrows. A preliminary design indicated that the
buttress would have to be 1,075 ft (330 m) in length and would require excavating about
14,000,000 yd3 of landslide material and placing most of that amount as compacted fill
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for the buttress. Concerns with this option include the high percentage of silt and clay in
the landslide deposit and the excavation of material from an active landslide. A
construction cost estimate was not provided for this option, as it was obvious that the cost
of a buttress of this size would be on the order of several times more than the cost of a
debris basin on the upper fan.
Alternative debris basin works included either one or a combination of two sedimentation
basins on the upper fan. The proposed locations of Basins A and B are shown on Figure
2-7. Table 2-3 provides a summary of the basin characteristics.
Table 2-3: Characteristics of Sedimentation Basins A and B (Converse et al., 1976)
Parameter
Embankment height

Basin A

Basin B

35 ft (10.7 m)

Flood detention storage volume

510,000 yd

3

Sediment storage volume

280,000 yd

3

25 ft (7.6 m)
365,000 yd

3

310,000 yd

3

Cleanout frequency (both basins operational)

3 years

27 years

Cleanout frequency (one basin only)

3 years

3 years

Embankment length

2,550 ft (775 m)
3

3,425 ft (1,045 m)

336,000 yd

Total project cost

$2,000,000

$1,850,000

$303,000

$303,000

Annual operation and maintenance
Project cost for Basins A and B*

317,000 yd

3

Excavation in basin

$3,637,000

* If both basins are constructed simultaneously, rather than as individual projects. Reduction in cost is
assumed to be related to improved efficiency.

Converse et al. concluded that the construction of a single sedimentation basin at site B
was the most desirable solution. It was further noted that disposal of the trapped
sediment was a significant portion of the annual operation and maintenance, and that
appropriate disposal sites of sufficient volume were not apparent within the immediate
vicinity.
GeoEngineers Inc., 1998. Geotechnical Engineering Services, Stream Management Plan
for Swift Creek, Whatcom County, Washington. Report prepared for Whatcom County
Public Works Department. 15 p + figs + app.

This study investigated alternatives to minimize aggradation on the fan and thereby
reduce the potential for overbank flooding. Three alternatives were proposed for
consideration.
Alternative 1 would consist of an annual program to remove gravel near the bridges at
Goodwin Road and Oat Coles Road. The excavated sediment would be hauled off-site or
used to build additional levees where necessary. Existing levees would be left in place to
provide some containment of flood flows. Assuming a removal cost of $3/yd3, the annual
cost was estimated at $22,500 plus hauling costs.
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Alternative 2 included dredging the channel several feet below the surrounding ground
surface from the fan apex to the Sumas River (200,000 yd3), removing the levees
downstream of Goodwin Road (160,000 yd3), and widening the channel in Reach 3 to act
as a sediment trap (40,000 yd3). The initial cost of Alternative 2 was estimated at $1.2
million (plus hauling costs), if the removed material had no market value. Even if all the
excess excavated material was marketable, the minimum initial cost of the project was
estimated at $500,000. The annual maintenance cost would be $60,000 plus hauling
costs for 20,000 yd3.
The components of Alternative 3 included:




dredging the channel and removing the stockpiled material between Goodwin and Oat
Coles Road;
constructing four sediment traps on the upper fan; and
relocating the confluence of the North and South Forks of Swift Creek approximately
1300 ft (400 m) downstream to reduce the amount of water moving across the fan and
ultimately through the sediment trap.

The construction cost estimate for Alternative 3 was $1.5 million (plus haul costs)
assuming none of the material was of market value.
GeoEngineers did not select any of the identified alternatives as a preferred option.
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3.

IMPLEMENTATION OF 1998 MANAGEMENT PLAN
As noted in Section 2.5, the 1998 GeoEngineers report evaluated three alternatives for
managing aggradation on the Swift Creek fan. Whatcom County recommended the third
alternative as the most feasible management plan, a decision that was endorsed by the
Sumas/Nooksack/Everson Subzone. However, the Subzone proposed that Alternative 3
be implemented in three phases:


Phase I included channel dredging and the removal of stockpiled material below
Goodwin Road;



Phase II included channel dredging upstream of Goodwin Road, relocating the
confluence of the North and South Forks, and constructing sedimentation traps; and



Phase III involved the annual removal of accumulated material in the sediment traps
and channel maintenance.

All three phases included the implementation of a rigorous monitoring program to
estimate deposition rates on the fan. The Project Review Subcommittee of the Flood
Control Zone District Advisory Committee approved a channel maintenance project in
the summer of 1998 to initiate the implementation of Phase I. Because of the prohibitive
costs of the overall project and a lack of funds, the Subzone prepared a preliminary
budget4 to complete Phase I in a number of stages:





1998
1998
1999
2000

$2,000
$150,000
$60,000
$60,000

rock access road above and below Oat Coles Bridge
dredge 50,000 yd3 (at $3 per yd3)
dredge 20,000 yd3
dredge 20,000 yd3

The excavated material was not to be hauled off site, as the Subzone hoped to develop an
arrangement with local contractors to remove the stockpiled material.

3.1

PLAN IMPLEMENTATION
Whatcom County began implementation of Phase I in the fall of 1998 with channel
excavation between Goodwin Road and 200 ft (60 m) downstream of Oat Coles Road
(Reach 3). Much of the excavated sediment became fill for the approaches to the new
Nugent’s Corner Bridge. While the removal volume was never officially recorded, it is
estimated that approximately 50,000 yd3 was excavated from the channel. Routine
channel excavation between Oat Coles Road and the fan apex has occurred since that

4

Sumas/Nooksack/Everson Subzone.
Engineering Services Report.

June 29, 1998.
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time, including removals in 2005 and 2006 (conducted by Whatcom County Public
Works).
Historically, sediment has been removed from stockpiles by local construction firms on
an as-needed basis, for use as fill. This practice has been discontinued as of May 2005,
following input from regulatory agencies.
MONITORING
Monitoring of Swift Creek began in October 1998 with the survey of 30 cross-sections in
Reach 3 by Mike Hutchinson of Western Washington University. The monitoring was
conducted after the 1998 channel excavation to capture the post-construction channel
elevations. Whatcom County continued the cross-section monitoring initiated by
Hutchinson and added Reaches 1 and 2 in 1999. Cross-section monitoring was used to:




estimate the volume of sediment being deposited on the fan;
note areas of channel migration; and
identify responses to sediment removal.

Additional cross-sections were measured in Reach 3 after construction to determine
sediment removal volumes. Figure 3-1 delineates the locations of the established survey
stations (since 2001, only odd station numbers have been surveyed in Reach 3). A
chronology of cross-section surveys is provided in Table 3-1.
Table 3-1: Chronology of Swift Creek Cross-section Surveys
Date

Reach

October 1998

3

July 1999

post 1998 dredging

Surveyor
M. Hutchinson (WWU)

st

Whatcom County Engineering Section

st

1 annual survey

August 1999

3

1 annual survey

River & Flood Division Staff

October 1999

3

post-removal survey

River & Flood Division Staff

May 2000
June 2000
July 2001
June 2002
June 2003
2005
2006

3-2

1, 2

Description

3
1, 2
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3

nd

River & Flood Division Staff

nd

Whatcom County Engineering Section

rd

Pacific Survey and Engineering

th

Pacific Survey and Engineering

th

Pacific Survey and Engineering

th

Pacific Survey and Engineering

th

Pacific Survey and Engineering

2 annual survey
2 annual survey
3 annual survey
4 annual survey
5 annual survey
6 annual survey
7 annual survey
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MONITORING RESULTS
Monitoring methods and results collected between 1999 and 2002 are outlined in two
Whatcom County reports: Swift Creek Monitoring 1999 – 2000 and Summary of Swift
Creek Monitoring 1999 – 2002. Volumes are summarized in Table 3-2.
The key results of channel monitoring from 1999 to 2002 are noted below.


A total of 114,000 yd3 of sediment was deposited on the fan over the three-year
monitoring period (38,000 yd3/yr). Approximately 20,800 yd3 of this material was
derived from internal bank erosion.



A total of 58,500 yd3 of sediment was removed from the channel during the same
period (19,500 yd3/yr).



Reach 3 accounted for the greatest portion of sediment deposition with an average
annual net deposition of 11,700 yd3. Sediment removal from this reach averaged
7,100 yd3/yr, while deposition from upstream and internal bank erosion averaged
23,300 yd3/yr.



Discounting internal bank erosion, annual bedload deposition on the fan is estimated
at approximately 31,000 yd3/yr.



Aggradation increases the occurrence of lateral erosion. Approximately 20% of the
annual deposition in Reach 3 originated from the erosion of sediment pile levees
within the reach (annual lateral erosion rates exceeded 15 ft in several areas).



Several areas deposit greater quantities of sediment because of a break in slope or a
lack of confinement.



Overall, net sediment deposition of 34,750 yd3 (11,600 yd3/yr) has occurred on the
fan despite the sediment management efforts (neglecting internal bank erosion).

The monitoring data indicates that efforts to remove sediment within Reaches 1 and 2
have, on average, almost kept up with the deposition. Over the three-year period,
44,000 yd3 of sediment was deposited in Reaches 1 and 2 (14,650 yd3/yr) while
37,200 yd3 was removed (12,400 yd3/yr). Surveys in 2005 and 2006 indicated
comparable volumes of deposition to previous years.
More recently, in Reach 3 a large sediment removal was carried out in 2005 (75,000 yd3
to 100,000 yd3) and a smaller removal was conducted in 2006 (20,000 yd3). There have
been no removals since this time, and monitoring was not conducted in 2007.
Prior to implementation of the management plan, concerns were raised that excessive
removals in Reach 1 could result in channel degradation in the area of the gas pipeline
crossing. However, a 26 in gas pipeline that was buried about 1.6 ft (0.5 m) below the
creek bed was ultimately exposed as a result of removals in Reach 2, as a headcut
migrated upstream. This pipeline is not currently active, but two other larger lines cross
the creek. This experience emphasizes the need to carefully consider channel form and
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processes when designing and implementing sediment removals, and to consider
mitigative structures, if required, for sensitive areas.
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Table 3-2: Summary of Swift Creek Cross-Section Monitoring from October 2000 to September 2002
Reach 3
Removal
(yd3)

Bank Erosion
(yd3)

16,140

-8,000

-2,380

-180

31,515

-11,700

-2,369

-5,512

22,373

-1,560

-8,760

Deposition
(yd3)

Reach 1
Removal
(yd3)

Bank Erosion
(yd3)

Deposition
(yd3)

Reach 2
Removal
(yd3)

Bank Erosion
(yd3)

Deposition
(yd3)

Aug. 1999 - May 2000

7,500

-10,000

-

7,500

-5,000

-1,600

Oct. 2000 - July 2001

7,500

-15,600

-

4,480

0

Aug. 2001 - June 2002

6,500

-4,000

-

10,470

-2,570

Period

Oct. 1998 - July 1999

15,000

Sept. 2002

-6,050

Aug. 1999 - June 2002

21,500

-29,600

22,450

-7,570

-7,292

70,028

-21,260

-13,509

Average (yd3/yr)

7,170

-9,870

7,480

-2,520

-2,430

23,340

-7,090

-4,500

Period

Reaches 1 to 3
Total Deposition Total Removal Total Erosion
(yd3)
(yd3)
(yd3)

Aug. 1999 - May 2000

31,140

-23,000

Oct. 2000 - July 2001

43,495

Aug. 2001 - June 2002

39,343

Aug. 1999 - June 2002

Net Gain
(yd3)

-3,980

4,160

-27,300

-2,549

13,650

-8,130

-14,272

16,940

113,980

-58,430

-20,800

34,750

37,990

-19,480

-6,930

11,580

3

Average (yd /yr)
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REACH 3 SEDIMENTATION
The greatest sedimentation problem is in Reach 3 where the deposition volume of
70,000 yd3 greatly exceeded the removal volume of 21,250 yd3. Deposition in Reach 3
consists primarily of gravel at the upstream end, transitioning to sand and silt-sized
sediment near Oat Coles Road. These fractions are probably transported as bedload in
greater volumes than coarser sediment during late fall and winter storms. A higher
percentage of gravel-sized and finer sediment is consistent with the fine-grained texture
of exposed soils at the toe of the deep-seated landslide.
The high deposition rate in Reach 3 can result in annual aggradation of 2 to 3 ft. Crosssections surveyed in 2004 indicate that the base elevation of the creek is higher than the
surrounding floodplain in some sections. It is not known how this may have changed in
subsequent years.
While the gravel at the upper end of Reach 3 has been a desired commodity by local
construction companies, the fine-grained sediment further downstream is not as
marketable. The fine sediment is generally not suitable for aggregate or pit run
applications. Furthermore, elevated concentrations of asbestos and other metals pose
constraints on placement of the material (see Section 5).
FLUCTUATIONS IN SEDIMENT DEPOSITION
Annual sediment deposition on the fan was observed to fluctuate slightly during the 1999
to 2002 monitoring period (Table 3-2). This fluctuation is a function of late fall and
winter rainfall intensity, rainfall duration, slide activity at the toe of the Swift Creek
landslide, and management efforts on the fan. Of note is that the 1998 to 2002 period
was relatively dry with no major storm events beyond a 2-year return period. A higher
rate of deposition can therefore be expected in wet years, or during geomorphic events.
The largest documented event was the 1971 debris flow that deposited an estimated
100,000 to 150,000 yd3 on the fan (USACE, 1971).
Lateral bank erosion also varied through the monitoring period, with particularly high
rates in Reaches 2 and 3 between 2001 and 2002. Lateral bank erosion is related to
sediment deposition in that infilled channels tend to be laterally unstable.
SUSPENDED LOAD
The amount of sediment that is transported through Swift Creek and into the Sumas River
(predominantly the suspended load) has not been measured to date. However, based on
observations of the large amount of fine sediment being recruited from the source area
and the relatively small quantity of fine sediment being deposited, it is likely that most of
the sediment mobilized from the slide is fine sediment and is transported as suspended
load into the Sumas River. The SCS (1965) estimated that the annual sediment load of
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Swift Creek was in the order of 120,000 yd3, which is four times as great as the estimated
deposition rate on the fan.
In October 2001, Whatcom County initiated monthly turbidity monitoring at Swift Creek
in accordance with the conditions of the Hydraulic Project Approval (HPA) issued for
channel excavation. Sampling was performed at two locations: Goodwin Bridge
(upstream of the Reach 3 excavation) and approximately 500 ft (150 m) downstream of
Oat Coles Road. A Hach 2100P Turbidimeter was used for the turbidity measurements.
Three vials were filled at each sampling location. Each vial was then measured four
times and the results averaged. The turbidity of all three vials was then averaged and the
resulting average recorded as the turbidity for that sampling location.
The first sampling session occurred approximately one month after the sediment
excavation in Reach 3. The turbidity upstream of the sediment removal was 308 NTU
compared to 18 NTU downstream. The removal area obviously acted as a sediment trap
and improved the quality of water entering the Sumas River. Bedload excavation can
promote the deposition fine sediment (and hence reduce turbidity) by creating an abrupt
drop in channel velocity, due to the increased channel cross-section. Subsequent
measurements showed no downstream decrease in turbidity, as the removal area infilled
with sediment with the onset of the rainy season. During the last monitoring session in
February 2002, the water was too turbid for the turbidimeter to function. The results of
the monthly monitoring are summarized in Table 3-3.
Table 3-3: Swift Creek Turbidity Monitoring
Turbidity at Goodwin
Road (NTU)

Turbidity below Oat
Coles Road (NTU)

October 17, 2001

308

18

November 1, 2001

120

164

December 28, 2001

271

250

February 1, 2002

607

509

Date

February 21, 2002

too turbid for measurement by turbidimeter

Further monitoring of the sediment load passing through Reach 3 and into the Sumas
River would provide useful data for future applications.

3.2

SEDIMENT REMOVAL COST
Under the 1998 management plan, Whatcom County has funded sediment excavation.
However, until recent years there has been no cost for off-site hauling of the sediment,
due to the high demand for fill material at construction sites from Sumas to Nugent’s
Corner. Costs associated with sediment management activities at Swift Creek between
1998 and 2007 are summarized in Table 3-4.
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Table 3-4: Public Costs Associated with Swift Creek Management Activities
Activity

Years

Cost
(2007 $)

Construction

1998 – 2007

$640,166

Monitoring

1998 – 2007

$167,009

Engineering (reports and services)

1998 – 2007

$143,051

Staff Time

1998 – 2007

Total

1998 – 2007

$448,198
$1,398,424

Average Annual Cost

1998 – 2007

$139,842

Note: Documented costs adjusted to 2007 dollars based on Consumer Price Index.

Over the 10-year period between 1998 and 2007, the annual cost to Whatcom County
associated with Swift Creek sediment management (including staff time) has averaged
about $140,000/year (2007 dollars). The cost for sediment management activities in the
future is likely to increase, given new regulatory concerns for handling and treatment of
the excavated sediment. As an example, work conducted by the US Environmental
Protection Agency in 2007 (spraying dust suppressant, stockpile grading and bank
armouring5) totalled approximately $250,000 without doing any excavation of sediment
from the channel.
A preliminary cost estimate commissioned by the US EPA to remove 100,000 yd3/year
for 5 years and transport it to a repository within 10 mi of the creek yielded annual
estimated costs ranging from $1.5 million to $1.9 million depending on the distance of
travel (Ecology and Environment, 2007b). Transportation was estimated to be between
20% and 30% of the total cost.

3.3

SHORTCOMINGS OF THE 1998 MANAGEMENT PLAN
The monitoring revealed that Phase I of the 1998 management plan was not completely
successful in its objectives. The primary shortcoming was the immense cost to remove
large quantities of sediment from the site. This cost is a product of the low quality of the
gravel resource and the distance from markets compared to alternative gravel sources. It
should be noted that sediment handling costs have greatly increased since 1998 as a result
of regulatory concerns related to the asbestos content. Other issues included the design
of the sediment traps in Reach 1, the removal of stockpiled levees, sediment disposal
problems resulting from the elevated asbestos and heavy metal concentrations, and the
possible relocation of the North Fork of Swift Creek.

5

10 working days for a crew of 5 people with one bulldozer, one excavator and other miscellaneous equipment.
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SEDIMENT TRAPS
The design of the sediment traps in Reach 1 was based on the premise of moving the
confluence between the North and South Forks approximately 1,300 ft (400 m)
downstream of its present location (GeoEngineers, 1998). A separation levee would then
be constructed to keep the two forks apart, in conjunction with the construction of a series
of sediment traps on the South Fork above the new confluence.
The recommended sediment traps had four segments. The first sediment trap, located
just downstream of the fan apex, consisted of a widened channel that was expected to
intercept much of the sediment associated with geomorphic events. The second section
was a series of concrete dolos aligned perpendicular to the channel and extending across
to the separation levee. The dolos would be intended to slow the flow of water and
encourage deposition. Most of the deposition would be expected to occur within the first
two segments of the trap.
The third segment would include rows of trees planted in the trap perpendicular to the
channel to further enhance sedimentation. The trees would be spaced such that sediment
could easily be excavated without removing the trees. The final stage of the trap would
have rows of brush and grass planted to remove finer sediment prior to the confluence
with the North Fork.
DESIGN CONCERNS
Monitoring of aggradation on the fan has raised some concerns with the sediment trap
design concept proposed in the 1998 management plan for Reach 1. First, the design
quantities of sediment typically transported as bedload and deposited on the fan are much
less than expected quantities if the traps capture the bedload plus a portion of the
suspended load that normally passes through the fan and into the Sumas River. If the
traps efficiently capture the bedload and a portion of the suspended load, they would
require increased maintenance and would probably require a larger storage capacity than
designed for. Even without current regulatory concerns on the use of excavated
sediments, there is no market demand for fine sediment and therefore the removal of the
fine sediment load would not be offset by market demand. A large component of
sediment entering the fan appears to consist of the suspended load.
Finally, the 1998 management plan suggests using vegetation to capture fine sediment.
Sediment being mobilized from the Swift Creek landslide contains high concentrations of
magnesium and nickel and other minerals that inhibit vegetation growth. This would
likely hamper the effectiveness of this technique.
The issue of removal of stockpile levees in Reach 3 was also thought to be premature as
the management of trap efficiency and control of channel bed elevations could take years
to calibrate. Furthermore, the existing levees do provide some level of flood protection
and access to the site.
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The proposed relocation of the North Fork has not proceeded due to high cost and
uncertain benefit.
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HYDRAULIC AND GEOMORPHIC ASSESSMENT
This section provides a summary of the detailed geomorphic analysis completed by BGC
(Appendix B) and a summary of a hydrologic and hydraulic analysis completed for Swift
Creek (Appendix C). Appendix B includes an assessment of the potential for the Swift
Creek landslide to accelerate and surge through the Narrows, and a magnitude estimate
for debris flows initiating from the toe of the landslide.
Most of the technical analysis is based on 2004 channel conditions, including estimates of
the available freeboard. Channel conditions have subsequently changed as a result of a
large flood event in January 2005 associated with significant infilling, and sediment
removals conducted in 2005 and 2006 by Whatcom County Public Works.

4.1

FLOODS
Swift Creek is located in the foothills of the Cascade Mountains and is characterized by a
temperate marine climate. Peak flows in the area generally occur during the fall and
winter when Pacific cyclones cause prolonged, orographically enhanced precipitation.
These storms can last for several days and are often the cause of flooding in the Pacific
Northwest. The associated flooding can be exacerbated by rapid rises in freezing level
associated with warm fronts from the central Pacific. Rain-on-snow conditions are
considered to be the primary cause of peak flows throughout much of the western
Washington Cascades (Acme Watershed Analysis, 1999).
PEAK FLOW ESTIMATES
Because there are no discharge records for Swift Creek, indirect measures have to be
used to estimate peak flows for various return periods. A common method of estimating
peak flows for ungauged watershed is regional regression equations developed by the
USGS. Application of these equations to Swift Creek results in the peak instantaneous
flow estimates shown in Table 4-1.
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Table 4-1: Peak Instantaneous Flow Estimates for Swift Creek
Peak Discharge

Return Period
(years)

(cfs)

(m /s)

2

130

3.7

56

10

240

6.8

53

25

300

8.5

53

50

355

10.0

53

100

400

11.3

Standard Error of Estimate (%)

3

54
2

Note: The analysis uses a watershed area of 2.7 mi and a mean annual precipitation of 70 in.

HYDRAULIC ANALYSIS
A hydraulic analysis was completed for Reach 3 of Swift Creek using the 100-year return
period peak flow estimate of 400 cfs, using the 2004 surveyed creek topography. The
analysis was completed to establish design flood levels and flow velocities for potential
structures (such as sediment traps) being considered for construction in the reach.
The results of the hydraulic analysis are summarized in Table C-3 of Appendix C. In the
wider reaches, the flow depth is generally less than 2 ft (0.6 m) with an average channel
velocity of 3 to 5 ft/s (0.9 to 1.5 m/s). The flow depth and velocity are higher in the more
confined reaches in the vicinity of the road crossings (up to 3.3 ft and 8.4 ft/s
respectively). The available freeboard ranges from 1.6 ft at R3-28 to 12.9 ft at R3-20. It
should be noted that the modelled flow depth, velocity and available freeboard may not
reflect current creek conditions.
The analysis also draws attention to the adjacent floodplain in Reach 3, which was at or
near the bed level at several cross-sections in 2004 (Table C-3). Without the levees in
place, Swift Creek would be more susceptible to flooding and channel avulsions.
However, the levees are also sources of sediment due to erosion of the unarmoured
banks.

4.2

SWIFT CREEK LANDSLIDE
LANDSLIDE INITIATION
Based on the highly disturbed condition of the landslide and its topographic expression,
the Swift Creek landslide is likely a post-glacial dormant landform (Converse et al.,
1976). The landslide precedes the oldest air photographs of the area taken in 1940 and is
therefore at least 67 years old. Active movement, however, seems to have commenced
shortly before 1940, as judged from air photograph interpretation.
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Landslides are usually triggered by a single event such as an earthquake, a particularly
heavy rainstorm, stream erosion or an artificial trigger such as excavation or blasting.
Artificial triggers are unlikely at Swift Creek, leaving seismic activity or hydrological
events as the most likely triggering mechanisms.
Seismic Activity

The study area lies in a region of intense seismic activity. The most notable documented
event is the 1872 earthquake with a magnitude of about 7.2. While the epicentre of the
earthquake has never been located precisely, the event was likely within 100 km of Swift
Creek. The 1872 earthquake does not appear to have directly triggered movement of the
Swift Creek landslide, but it may have created conditions favourable for long-term
destabilization such as water ingress and head loading.
Hydrological Conditions

A more likely triggering mechanism for the Swift Creek landslide is excessive
precipitation. Shallow landslides, such as debris avalanches and debris flows, are usually
caused by heavy precipitation over a period of weeks with the final trigger provided by
high intensity cells embedded in a significant storm. However, deep-seated landslides
such as Swift Creek have a longer hydrologic memory. Such landforms generally require
an extended period (months to years) of above normal precipitation to raise the pore
water pressure to an extent that the factor of safety of the landslide mass is significantly
lowered to allow or accelerate movement.
An analysis of the long-term precipitation record from Blaine and Bellingham indicates
that the three-year period of 1930 to 1932 was characterized by significantly higher than
average precipitation. This long-term influx of surface water could have triggered
reactivation of the Swift Creek landslide. A limited dendrochronological analysis carried
out by McKenzie-Johnson (2004) suggests the development of compression wood by
1932/1933, indicating that the landslide movement may indeed have been associated with
the above-average precipitation from 1931 to 1933.
LANDSLIDE MOVEMENT
The 1940 air photographs show the upper portion of the landslide to be densely vegetated
with no visible signs of recent activity. In subsequent years, the zone of active
movements extended rapidly upslope and laterally. Converse et al. (1976) interpreted air
photographs from 1940, 1955, 1966 and 1975, which indicated a progressive eastward
activation of the landslide into the formerly stable upper landslide limits. Rough
calculations based on movement from 1966 to 1975 indicated that the upper half of the
landslide moved downslope at approximately 30 ft (9 m) per year.
More recent estimates of movement were established by McKenzie-Johnson (2003), a
Master’s student at the Western Washington University. McKenzie-Johnson used a high
resolution GPS to map the Swift Creek landslide and determine the movement rate
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through six repeated measurements at 42 benchmarks between July 2002 and June 2003.
The movement rate varies drastically between 1 ft/yr (0.3 m/yr) and 121 ft/yr (36.9 m/yr),
which is an average of about 13 to 16 ft/yr (4 to 5 m/yr). The movement rate increases
downslope, from close to no movement in the headscarp areas to over 100 ft/yr at the toe.
McKenzie-Johnson also determined volume changes using a digital elevation model
generated by the USGS in 1972 and compared those to GPS surface measurements
carried out in 2003 and 2004. The results from this analysis showed that the landslide
thickness has increased by approximately 20 ft (6 m) since 1972, or an annual average of
0.6 ft/yr (0.2 m/yr). This observation leads to the conclusion that more material is
presently accumulating in the lower landslide areas than is being removed by erosion.
Paul Pittman, a geologist with Whatcom County, has also made qualitative observations
of rapid movement at the toe of the slide in the last several years. Mr. Pittman has noted
drastic topographic changes at the toe of the slide and along its lower flanks since 2001.
Overall, independent landslide blocks at Swift Creek are being moved west at a variable
rate. Movement of blocks appears to be sporadic with the rate of movement potentially
dependent on increases in annual precipitation, ground saturation in response to disturbed
terrain, and/or the time for progressive or delayed failure to manifest itself.
Ongoing Movement

At the top of the Swift Creek landslide, the zone of active movement is extending
upslope. The slide headscarp is in an active mode of extension with a series of large
tension cracks extending across the slope. As the landslide retrogresses, failed blocks
tend to move from a zone of tension to a zone of compression, thereby transmitting
additional loads down slope. Removal of toe and lateral support by fluvial erosion also
promotes ongoing slope movements.
Surface and sub-surface drainage may also enhance continued movement of the landslide.
Continued regression of the landslide creates zones of compression within the complex.
The compression creates upthrusted blocks that interrupt surface drainage and create
ponds, as observed in numerous locations on the Swift Creek landslide. Landslide
displacement could also cause a loss of continuity through more permeable materials,
such as uncemented sedimentary rock strata, thereby impeding subsurface flow.
An increase in the moisture content of the clay-rich soils causes the landslide material to
lose strength and become more fluid. As the pore pressure increases, the frictional shear
strength along slide surfaces also decreases. Thus, once disturbance to the slide mass has
initiated, additional movement can be self-perpetuating.
Based on an analysis of historic air photographs and surface observations, BGC estimates
the Swift Creek landslide will continue to move downslope in the coming decades at a
rate ranging between 30 ft and 90 ft (9 m to 27 m) per year. If stream erosion at the toe
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of the landslide does not keep pace with slide advancement, the landslide toe will
advance down the channel of the South Fork and could eventually pass through the
bedrock constriction at the Narrows.
LANDSLIDE STABILITY
One of the main objectives of the BGC analysis was to evaluate the possibility that a
large portion of the landslide (up to 68 million yd3) could rapidly accelerate and develop
sufficient mobility to impact a large area of the Swift Creek fan and adjacent areas. This
step included a preliminary slope stability analysis, a literature review of similar
landslides, and a qualitative assessment of the potential for landslide liquefaction leading
to a rapid earthflow or mega debris flow.
BGC concludes that catastrophic6 acceleration of the entire landslide mass and
transformation into an extremely large debris flow is not likely. Test trenching conducted
by BGC on the Swift Creek fan provides further support for this assessment, as no
evidence of extremely large post glacial debris flows was observed in the test pits (see
below).
BGC subjectively estimates that rapid acceleration of the landslide and transformation
into an extremely large debris flow has an annual probability of 1:10,000. However, they
state that the probability could range from 1:1,000 to 1:100,000. Further investigations
would be required to refine this estimate.
The best value may be gained through evaluation (air photograph interpretation, field
observation and test pitting) of other active and historical landslides of this nature within
the region. If fans below other old landslides where the source material appears to have
been exhausted also show no evidence of catastrophic debris flows, this would improve
confidence that the Swift Creek landslide is not prone to this type of phenomenon. In
contrast, a program of detailed geotechnical drilling and instrumentation on the slide may
not be capable of gathering sufficient information to significantly improve on the
subjective estimate of the potential for rapid slide acceleration.
Thistle Creek Landslide Comparison

BGC estimates that rapid acceleration of the Swift Creek landslide is not likely.
However, slower movements are considered possible based on a comparison with the
Thistle Creek landslide that occurred in Utah in 1983. The Thistle Creek slide has a
number of apparent similarities with Swift Creek, including the composition of the
landslide material and the average slope angle.
On April 13, 1983 a 29 million yd3 landslide near the town of Thistle, Utah began to
move and blocked Spanish Fork Canyon creating an extremely large lake. The landslide
consisted of moderately plastic, gravely clay that moved 500 ft (150 m) over a couple of
6

Catastrophic acceleration is defined as very rapid to extremely rapid movements that exceed 10 ft/min (3 m/min).
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weeks. The Thistle Creek landslide became the most expensive landslide to mitigate in
US history ($200 million, 1983 dollars) when tunnels were excavated into the bedrock to
dewater the impounded lake.
Based on a comparison of the two landslides, BGC is of the opinion that the Swift Creek
landslide may be susceptible to a similar acceleration of movement as witnessed at the
Thistle Creek landslide. Movement rates on the order of several yards per hour are
possible under certain climatic conditions (extreme rainfall persisting over several
months) and perhaps associated with seismic loading.
Further geotechnical investigation would be required to make a final comparison between
the two landslide types. However, it is important to note that while the Thistle landslide
produced a large earth flow with moderate velocity (0.3 yd/hr to 1.6 yd/hr), it did not
transform into a very rapid to extremely rapid failure.

4.3

DEBRIS FLOODS AND DEBRIS FLOWS
DEFINITION
A debris flow is a form of channelized landslide that usually occurs during a period of
wet weather on a steep mountain creek with abundant debris sources. Debris flows can
reach up to 50 times the peak discharge of a 200-year return period flood (Jakob and
Jordan, 2001). Because debris flows have a greater portion of sediment than water, they
can have the consistency of wet concrete. Outburst floods that transform into debris
flows are not uncommon events due to the bulking of floodwaters with sediment and
organic debris as the flood moves downstream.
In contrast, a debris flood is a type of flood that carries an unusually high amount of
sediment and/or organic debris, but not to the extent that the event character is
transformed from a flood to a debris flow. Debris floods are typically triggered by
temporary channel blockages and the peak discharge can be 2 to 5 times as high as a
water flood (Jakob and Jordan, 2001).
Debris flows can be distinguished from debris floods by water content. Debris floods
may be visualized as an extension of the flood process with largely turbulent flow,
whereas debris flows exhibit laminar flow due to a higher percentage of solids. Debris
floods typically have a volumetric sediment concentration of 15% to 35%, whereas debris
flows may have a sediment concentration of 45% to 75%. However, the water content of
debris flows is highly variable due to the heterogeneity of debris flow surges and the
transition from the dense and coarse-grained surge front to more fluid afterflow. Debris
flows and debris floods can transition downstream due to the bulking or debulking of
channel sediment.
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DEBRIS FLOW & DEBRIS FLOOD INITIATION
The Swift Creek landslide toe is presently squeezing through the upper portion of the
Narrows, creating a bulge and an increase in thickness at the toe of the slide. This
deformation is likely associated with local steepening at the toe of the slide, increasing
the potential for debris avalanches or debris flows when the surface becomes
oversaturated.
Debris avalanches off the toe of the slide have the potential to mix with the water running
off the landslide to create a sediment-water mixture favourable for debris flow
movement. BGC has noted, however, that the clay-rich material does not easily mix with
water, and that water tends to slowly erode the plastic clay.
A more likely scenario is that debris avalanches or small debris flows off the landslide
toe may dam the creek at the Narrows, where a significant constriction exists. A dam
forming at this location would impound a significant amount of water before
spontaneously or rapidly breaching. The resulting outbreak flood would have sufficient
stream power to entrain enough sediment and organic debris to transform into a debris
flood or debris flow. Due to the confined nature of the South Fork, a flood surge from an
outbreak flood would remain in the channel until reaching the fan apex.
Multiple Surges

Outbreak floods that form by this process would likely occur as multiple surges due to
further undercutting of the landslide mass with a repetition of the sliding and damming
process. This process may continue until the slope angle of the landslide mass has
retreated to a point where further movement is unlikely.
Debris flows initiated by this process would result in multiple surges and a long duration
as opposed to a single surge with a very high discharge and short duration. Cross-section
measurements near the fan apex suggest that the 1971 debris flow had a low peak
discharge of 3,500 cfs to 5,300 cfs (100 m3/s to 150 m3/s). Given a total volume of
150,000 yd3, this would imply a debris flow duration in excess of 20 minutes. Both the
relatively low peak discharge and the long duration of the event support the hypothesis of
multiple landslide margin failures and repeated creek damming at the Narrows.
FUTURE OCCURRENCE
On May 21, 2004, five test pits were dug using an excavator at different locations on the
upper and middle sections of the Swift Creek fan (above Goodwin Road). The objective
of this work was threefold:


to look for fan deposits that would indicate whether a mega debris flow had occurred
in the past;
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to determine if debris flow activity is a recent phenomenon at Swift Creek or has
persisted over a long time period; and



to estimate debris flow intensity (as defined by particle size and flow depth) based on
particle size and depth of debris flow layers encountered in the test pits.

The test pits indicated that several large debris flows (> 100,000 yd3) have occurred since
deglaciation, but there was no evidence of a mega (>106 yd3) debris flow. Because no
radiocarbon dating was attempted it is unclear if the frequency of such events has
increased over the past 70 years, which is believed to be the period of landslide activity.
The potential for large debris flows is expected to persist in future decades.
Based on expected clay-rich sediments and an understanding of the debris-flow behavior
of the 1971 event, future debris flows will likely have low peak discharges but long
durations and large total volumes. Avulsions on the Swift Creek fan are very likely
during such events.
Debris floods are also expected to be common events at Swift Creek. Instability at the
toe of the landslide is more likely to generate debris floods than debris flows given that
higher sediment concentrations are required for debris flow initiation. It should also be
noted that debris flows that travel to the fan apex will transition to debris floods before
reaching Goodwin Road due to a rapidly declining gradient.
DEBRIS FLOW MAGNITUDE ESTIMATE
Based on a number of assumptions, BGC estimates that a debris flow with a several
hundred year return period could reach up to 300,000 yd3 in total volume (Appendix B).
A more detailed analysis would best include a more complete test trenching program with
radiocarbon dating of organic samples.
While the trenching program was exploratory in nature, the results indicate that the debris
flow depth in the inhabited parts of the fan likely decreases to less than 2 ft (0.6 m) and
sediment size is unlikely to exceed 8 in (200 mm) in diameter. Before reaching Goodwin
Road, a large debris flow is also likely to transform into a debris flood due to a rapidly
declining channel gradient.

4.4

SEDIMENT TRANSPORT
Sediment transport in Swift Creek can be divided into two components: bedload and
suspended load. Particles larger than sand are commonly transported as part of the
bedload in essentially continuous contact with the bed by rolling, sliding of grains over or
past each other, and saltation. Saltation is a type of bedload movement in which grains,
particularly sand-sized, move in a series of hops maintaining intermittent contact with the
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bed. The suspended load consists of fine sediment that is carried in the water column due
to low settling velocity.
The bedload component at Swift Creek progresses from cobble and gravel with some
boulders at the fan apex to predominantly sand and some silt at Oat Coles Road. The
declining channel gradient causes the coarsest grain sizes (> gravel-sized) to be deposited
upstream of the Sumas River.
The suspended component likely consists of fine sand, silt and clay in varying
proportions. Coarse sand is probably transported in suspension near the fan apex where
channel gradients are steeper (and hence stream power is greater).
SOURCE
The primary source of sediment to the Swift Creek fan is the toe of the landslide
complex. A high rate of erosion is presently occurring on the exposed, unvegetated toe
of the slide where gullies form in response to surface runoff scouring into the loose
sediments. The fluvial processes in combination with the geomorphic processes at Swift
Creek allow for a large amount of sediment being transported downstream and deposited
on the fan and into the Sumas River.
Most of the fan sediment is delivered from bedload transport during moderate or greater
discharge events, which typically occur in the late fall and winter. The deposition on the
fan causes aggradation, and increased potential for flooding and channel avulsion.
SEDIMENT TRANSPORT RATE
The annual sediment load of Swift Creek has been estimated at 123,000 yd3 by the SCS
(1965). Recent comparative cross-sections indicate that the bedload component has
averaged about 30,000 yd3 over the past several years (Section 3-1).
The SCS sediment load estimate and methodology has not been verified. Internal records
of Whatcom County indicate that a large portion of that estimate (113,000 yd3) was based
on a comparison of a 1952 topographic map with an SCS survey. Such a comparison
may be a crude estimate depending on the precision and scale of both surveys.
Alternate Estimate

An alternate methodology is to consider the grain size distribution of the slide material.
Internal records of Whatcom County include a composite grain size analysis of four
sediment samples taken from the slide in March 1976 (Table 4-2: Composite Landslide
Grain-Size Analysis)
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Table 4-2: Composite Landslide Grain-Size Analysis
% Silt/Clay

% Sand

% Gravel

% Cobble

Boulder

(< 0.0625 mm)

(< 2 mm)

(> 2 mm)

(64 – 256 mm)

(> 256 mm)

22

34

14

18

12

The sample indicates that 56% of the slide material consists of fine sediment (< sandsized) with 44% gravel-sized and larger. Most of the fine sediment is expected to be
transported in suspension, eventually reaching the Sumas River. An exception is sand
that is deposited in the interstices of the coarse sediment (gravel deposits typically
average 30% interstitial sand), sand and silt that is deposited in the channel in the vicinity
of Oat Coles Road, and overbank sedimentation that occurs during flood events.
Taking the average bedload component measured from 1998 to 2002 (30,000 yd3),
approximately 9,000 yd3 is expected to consist of interstitial sand (ignoring the fact that
predominantly sand and silt is deposited in the lower half of Reach 3). That is,
21,000 yd3 consists of coarse size fractions (44%). Assuming that the size distribution of
material in transport is approximately equal to what is being supplied by the landslide,
the volume of fine sediment would be approximately 27,000 yd3 with a total sediment
load of 48,000 yd3.
This volume estimate is subject to uncertainty, as it is unclear whether the composite
sediment sample taken from the slide area is representative. Representative sampling of
landslides can be very difficult, particularly for the coarse fraction where a few large
cobbles and boulders can significantly alter the grain size distribution. In addition, it is
expected that the rate of transport of fine sediment would be greater than that of coarse
sediment (suggesting that the load estimate above may be too low).
Nonetheless, the above calculations provide a useful comparison. Of note is that the
1998 to 2002 period was relatively dry with no major storm events beyond a 2-year
return period. Thus, a total sediment load estimate of 48,000 yd3 may be representative
of a low flow period, with a higher long-term average closer to the SCS estimate of
123,000 yd3.
Clearly, uncertainty remains in the sediment load calculations, particularly for the fine
fraction that is transported primarily in suspension.
Refining the Sediment Load Estimates

Based on observations of the slide material being eroded and the level of turbidity in
Swift Creek, it is obvious that a significant portion of the total sediment yield is finegrained material being transported in suspension. Uncertainty remains as to how much
fine sediment is transported through to the Sumas River.
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Suspended sediment concentrations in Swift Creek were measured between February
2005 and February 2006 as part of a graduate research project (Bayer, 2006). Measured
suspended sediment concentrations ranged from 0.003 oz/gal (0.02 g/L) to 5.55 oz/gal
(41.6 g/L) and discharge ranged from 0 ft3/s to 18 ft3/s (0.51 m3/s). Based on these
measurements, the modelled estimate of suspended sediment yield is 2143 ton/mi2/yr
(910 tonne/km2/yr), about 5% of the total estimated sediment yield. This estimate is
likely to be low because the model significantly underpredicted high-sediment yield
events. Higher sampling density and/or multiple years of data would be required to
improve the model’s performance (Bayer, 2006).
An accurate estimate of the annual suspended sediment load remains a significant data
gap, which affects the accurate determination of total sediment yield. This data gap is
significant when attempting to plan for storage and/or disposal of transported sediments,
and also when considering sediment yield to the Sumas River.
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5.

SEDIMENT QUALITY
This section summarizes the quality aspects of the Swift Creek sediment based on grain
size distribution and chemical composition.

5.1

GRAIN SIZE DISTRIBUTION
Whatcom County records include previous grain size analyses of channel sediments. The
results of some of these analyses are summarized in Table 5-1.
Table 5-1: Grain Size Distributions of Swift Creek Channel Sediments
Location

Date

% Silt/Clay
(< 0.0625 mm)

% Sand
(< 2 mm)

% Gravel
(> 2 mm)

% Cobble
(64 – 256 mm)

Swift Creek at
Sumas River

1976

86

14

Oat Coles Rd.

1976

42

56

500 ft east of
Oat Coles Rd.

1976

10

1000 ft below
Goodwin Rd.

2002

650 ft below
Goodwin Rd.

2002

Boulder
(> 256 mm)

69

15

6

2

31

67

0

0

2

28

65

5

0

Of note is that the percentage of fine sediment increases toward Oat Coles Road so that
about half of Reach 3 consists of gravel transitioning to sand and silt downstream.
Sediment removed from the lower part of Reach 3 has proven difficult to dispose of in
the past because the finer size fractions are less marketable, evidenced by stockpiles of
sediment on the right bank that were dredged from the river following the 1971 debris
flow.
Gravel removed from Swift Creek upstream of Goodwin Road has typically been
disposed of by Great Western Lumber. Anecdotal evidence suggests that the excavated
sediment has been primarily used for pit run applications, due to impurities in the gravel
that make it generally unsuitable as concrete aggregate (i.e. wood and percentage of
serpentinite, which is a soft rock).

5.2

SEDIMENT MINERALOGY
The bedrock geology of the Swift Creek landslide has raised a number of health and
environmental concerns due to the minerology of the serpentinite. Serpentinite originates
from hydrothermal alteration of ultramafic igneous rocks, and at Swift Creek contains a
significant proportion of asbestos. Two types of asbestos have been identified: serpentine
asbestos (chrysotile) and amphibole asbestos. Chrysotile is the dominant form of
asbestos at Swift Creek (Schreier and Taylor, 1981).
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Chrysotile asbestos is a magnesium (Mg) silicate mineral with a fibrous structure. The
mineral is only stable in alkaline pH and weathers rapidly in an acidic environment
(Schreier et al., 1987). Once exposed to a pH below 8, Mg is released in high
concentrations along with trace metals such as nickel (Ni), cobalt (Co), chromium (Cr)
and manganese (Mn). These trace metals are present in high concentrations in almost all
materials rich in chrysotile asbestos (Morgan et al., 1973).
Asbestos fibres have unique physical and chemical properties that make them useful in
commercial and industrial applications (Schreier and Nguyen, 1984). The mineral is heat
resistant, possesses very high tensile strength, and mixes well with cement. Some of the
primary uses are in automobile brakes, textile manufacturing, and fire proofing of
materials used in the construction industry.

5.3

HEALTH AND ENVIRONMENTAL CONCERNS
The presence of asbestos minerals raises concern because they are documented
carcinogens that cause health hazards when inhaled (Selikoff, 1982). Lung cancer and
mesothelioma (cancer of the thin membrane that surrounds the lung) are potential lethal
effects of asbestos exposure (Landau, 1990). The risk of cancer from asbestos exposure
is correlated to both the duration and intensity of exposure. There is weak evidence that
ingestion of asbestos through food or water can cause cancer in other parts of the body
such as the kidney or liver. In 1989, the US Environmental Protection Agency banned all
new uses of asbestos, but uses established before 1989 are still allowed.
Terrestrial vegetation is also affected by the presence of chrysotile asbestos. Schreier et
al. (1987) tested overbank sediments at Swift Creek that were characterized by:





low N, P, and K values;
high alkalinity (pH > 9);
adverse Ca/Mg ratios; and
high concentrations of Ni, Cr, Co, and Mn.

The above factors have been identified as causes of poor plant growth (Proctor and
Woodeel, 1975). The observed macronutrient levels are inadequate for normal plant
growth, as is an adverse Ca/Mg ratio. The ideal Ca/Mg ratio for plant growth is around
three. Recent tests at Swift Creek by Whatcom County showed a ratio of about 0.027.
Schreier et al. (1987) also observed that the metal levels (particularly Ni and Cr) would
likely be toxic at lower pH.

7

The tests by Whatcom County were not composite samples in that only the fine-grained fractions were sampled (see Section
5.3).
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The effects of the asbestos-rich sediment on vegetation are apparent downstream of
Goodwin Road. Material stockpiled on the creek banks by the US Army Corps of
Engineers following the 1971 debris flow are still void of vegetation. Schreier and
Nguyen (1984) also report limited revegetation of floodplain areas along the Sumas River
that were previously inundated with asbestos-rich sediment.
Schreier et al. (1987) have documented that asbestos-rich sediments deposited at Swift
Creek are actively breaking down. Their findings suggest that Mg and trace metals are
leaching into the lower horizons, as a result of weathering of asbestos and associated
minerals.

5.4

PREVIOUS RESEARCH
Most of the previous research into water and sediment quality issues surrounding the
Swift Creek landslide has been completed by Professor Hans Schreier, a researcher at the
University of British Columbia. The system first came to the attention of Professor
Schreier in 1976 when the Water Quality Branch of Environment Canada became aware
of abnormally high levels of asbestos fibres reported by the US Environmental Protection
Agency (EPA) in the Sumas River system. Because the Sumas River discharges into the
Fraser River, the Canadian government thought it prudent that asbestos fibres
concentrations in the British Columbia reaches of the Sumas River be determined.
The initial studies by Environment Canada resulted in two publications by Schreier and
Taylor (1980, 1981). The purpose of the first study was to review the literature on
asbestos in receiving water and to compare exploratory water quality findings in Western
Canada with those reported elsewhere.
The second study was more site-specific with a discussion of temporal and spatial
variations of asbestos fibres in the Sumas River watershed. A water sampling program
was undertaken between June 1979 and February 1980 in co-operation with the EPA
office in Seattle. The researchers measured asbestos fibre concentrations ranging from
107 to 1013 fibres/litre with the highest levels located in Swift Creek immediately below
the Swift Creek landslide. Two control stations, located upstream of the landslide,
showed considerably lower concentrations than those measured 16 km downstream of the
source. However, concentrations as high as 1010 fibres/litre were measured at the control
stations. Such concentrations are well above normal and were attributed to the influence
of serpentine bedrock in the region. Annual fluctuations of up to four orders of
magnitudes were also observed, with the highest concentrations correlated with peak
flows.
Schreier continued to investigate water and sediment quality issues surrounding the Swift
Creek landslide in subsequent years.
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SCHREIER AND TIMMENGA (1986)
Floods at Swift Creek in 1975, 1983 and 1984 inundated three agricultural fields and 12
to 20 in thick layers of asbestos-rich sediments were deposited. Little natural
revegetation occurred at the inundated sites prompting Schreier and Timmenga (1986) to
determine whether earthworms could successfully be used with organic matter to reclaim
asbestos-contaminated soils and convert them into productive plant medium.
Earthworms can be extremely beneficial to soil development by modifying a number of
physical and chemical conditions, and have been successfully used in a number of land
reclamation projects.
Two short-term (21 days and 30 days) experiments were completed in the lab and one
long-term experiment (290 days) was completed in the field. The experiments used a
control soil (pH = 5), asbestos-rich sediments from the 1975 flood deposit (pH = 9), and
flood deposit soils modified with acids to reduce pH levels.
The results showed that the earthworms survived in asbestos-rich sediments for 21 and 30
days. In contrast, long-term survival and reproduction was 15% in the control soil over
297 days. Despite surviving the shorter experiments, the earthworms were probably
stressed as shown by a moisture loss of about 40% (in contrast to a 10% moisture loss in
earthworms exposed to the control soil). The earthworms in the asbestos-rich soils were
also adversely affected by accumulating Mg and Ni at higher concentrations than the
control. The paper makes no conclusions or recommendations for the further use of
earthworms in the reclamation of asbestos-rich soil.
SCHREIER ET AL. (1987) – IMPACTS ON FISH
There is concern that the presence of asbestos fibres in creek water might have a negative
impact on the aquatic environment. Schreier et al. (1987) investigated this potential
impact by analyzing fish populations in the Sumas River, about 16 km downstream of
Swift Creek. The authors chose to analyze trace metals in both fish muscle tissue and
their whole rather than asbestos fibres because there are considerable difficulties in
quantifying asbestos fibres in tissues. Further, asbestos becomes unstable in pH < 8 and
in the process trace metals (Ni, Co, Cr and Mn) that are associated with the asbestos
fibres are released into the water and sediment.
The study found that chromium values were at or below levels reported by others, while
cobalt (Co) levels were near the detection limit and there was little published data on Co
levels in fish for comparison. In contrast, the manganese (Mn) values in the muscle
tissues of several species were significantly higher than those found in background
samples in adjacent streams. Elevated nickel concentrations were also noted in the whole
fish samples. While no evidence was observed that the asbestos rich waters adversely
affected the fish, the study was limited to small fish. Schreier et al (1987) concluded that
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a more detailed study that included large fish and an examination of possible behavioral
interactions was needed to observe long-term effects.
SCHREIER (1987) – WATER QUALITY
Schreier (1987) also investigated the downstream dilution of asbestos and trace metals in
the sediments and streamwater of the Sumas River. Three sampling stations were
selected below the landslide with the most distant site approximately 16 km below Swift
Creek. A fourth station, unaffected by the slide, was situated on the Sumas River above
the Swift Creek confluence. Sampling was carried out over the 1983-1984 hydrological
cycle. Schreier (1987) found that:






the asbestos fibre concentrations in the Sumas River were substantial and
significantly higher than those reported in other studies (Schreier and Taylor, 1980);
high asbestos and nickel concentrations were positively correlated with discharge;
decreasing downstream concentrations were observed for asbestos, Cr, Ni and Mn in
streamwater;
nickel and manganese concentrations were above national drinking water standards
during larger discharge events; and
while total Mg, Cr, Co and Ni concentrations in stream sediment decreased in a
downstream direction, values at the lowest station were still significantly higher than
at the control station.

Schreier (1987) concluded that the Swift Creek landslide clearly influences the water and
sediment quality of at least a 9.9 mi (16 km) reach of the Sumas River.
SCHREIER AND NGUYEN (1984)
The results of the papers by Schreier (1987) and Schreier and Timmenga (1986) were
first published in a report prepared by Schreier and Nguyen (1984) for the National
Research Council of Canada. That report also investigated:





vegetation of the asbestos-rich sediments and whether the productivity of inundated
agricultural soils can be restored;
plant response to asbestos-rich sediments;
asbestos fibres and trace metals in the blood of cattle grazing in fields inundated by
asbestos-rich sediments; and
asbestos fibres and bacterial distribution in stream water.

Further to the third item, the authors investigated the possible effects of the asbestos-rich
sediment on cattle. The study site was a pasture inundated with asbestos-rich sediment
during a major storm in 1975. Little natural revegetation occurred at the site but cattle
continued to graze in and around the inundated site. The effect of this material on the
cattle was investigated by analyzing blood samples for asbestos fibres and trace metals in
exposed and control animals. The blood results showed that Ni and Mn concentrations
were significantly higher in the exposed cattle than in the control, and in six out of seven
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samples asbestos fibres were present. Once the cattle were removed from the site, trace
metal concentrations returned to normal but asbestos fibres were still present in three
animals. The results of this study are also presented in Schreier et al. (1986).
The authors also noted a significant increase of almost one order of magnitude in
freshwater algae counts away from the landslide source. Schreier and Nguyen do not
claim that the increase is exclusively caused by the presence of asbestos. Nutrient
conditions increase downstream in response to intensive dairy farming, which may be
partially responsible for the changes in bacterial numbers.
SCHREIER (1989)
Most recently Schreier (1989) published a book on asbestos in the natural environment
that has chapters on the following topics:







properties, mineralogy, distribution and analysis;
asbestos in the aquatic environment;
asbestos fibre transport and deterioration in water;
asbestos fibres in the soil environment;
asbestos and plant growth; and
other environmental concerns.

This book provides much relevant information for further consideration of the asbestos
issue at Swift Creek.

5.5

SOIL AND AIR QUALITY TESTING
A number of programs have investigated air and soil quality samples at Swift Creek in
response to the presence of chrysotile asbestos and subsequent to the work by Schreier.
LANDAU ASSOCIATES (1990)
In 1990, the Port of Bellingham was considering accepting excavated sediment from
Swift Creek to use as fill at a site in Sumas, Washington. On being informed by the
Northwest Air Pollution Authority (NWAPA) of the presence of asbestos in the creek, the
Port was reluctant to accept the proposed excavation volume of 60,000 yd3 due to a
potential environmental liability. Landau Associates (1990) were subsequently retained
by Whatcom County to evaluate the presence of asbestos in Swift Creek and to address
health considerations associated with handling the sediment.
Landau collected eight sediment samples from Swift Creek and two samples from the
proposed fill site in Sumas. Sample locations and results are summarized in Table 5-2.
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Table 5-2: Landau (1990) Sediment Sampling Locations and Results
Sample

Location

Description

Asbestos
(%)

SC-1

750 ft west of Oat Coles Road

bed sample, silty sand with minor gravel

1-3

SC-2

750 ft west of Oat Coles Road

levee/bank sample, silty sand with minor
gravel

1-3

SC-3

1600 ft east of Oat Coles Road

levee/bank sample, gravelly sand with
minor silt

1-3

SC-4

1600 ft east of Oat Coles Road

bed sample, gravelly sand with minor
sand

1-3

SC-5

1000 ft west of Goodwin Road

bank/levee sample, gravelly sand

1-3

SC-6

1000 ft west of Goodwin Road

bed sample, gravelly sand

1-3

SC-7

750 east of Goodwin Road

bank/levee sample, sandy gravel with
minor silt lenses

1-3

SC-8

750 east of Goodwin Road

bed sample, sandy gravel and cobbles

1-3

SC-9

Sumas fill site

brown clayey silt (topsoil)

<1

SC-10

Sumas fill site

brown clayey silt (topsoil)

<1

The above analytical results are reported in dry weight percent of sampled material.
Because preparation did not include grinding, the reported concentrations represent
fibrous material only and do not include asbestos mineral contained in the granular
serpentinite.
Landau (1990) summarized the regulations and advisories applicable to asbestos
exposure. Exposure standards were reported for air and water quality, and expressed in
number of fibres per cubic centimetre or litre. No standards were reported for soil
concentrations. Landau also noted that no standards (inhalation or ingestion) had been
established for exposure to asbestos from naturally occurring sources.
Landau noted that Swift Creek material might be considered for use as fill with
appropriate handling measures and guidelines. It was noted that both state and federal
regulations (WAC 296-62, WAC 296-65, and OSHA 1910.1001) define safe handling
practices that should be used for materials containing asbestos. Appropriate precautions
include: wetting soil thoroughly before excavation, transportation or placement as fill;
covering soil during transportation; and constructing a permanent cover over soil used for
fill.
NORTHWEST AIR POLLUTION AUTHORITY (1991)
The Landau study was followed by an investigation of air quality by Blake (1991) of the
Northwest Air Pollution Authority (NWAPA)8. That study investigated the impacts of a
farmer cultivating a field at Swift Creek that contained asbestos-rich sediments. During a
flood in 1975, approximately 4 ha of agricultural land were inundated with up to 16 in
8

Currently known as Northwest Clean Air Agency (NWCAA).
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(0.4 m) of fine sediment. The inundated land is located to the north of Swift Creek in
Reach 3 where the creek passes close to South Pass Road.
The study was designed to measure levels of airborne asbestos released from the soil by
agricultural tilling. A total of 22 ambient air samples were collected before (control) and
during soil disturbance from stations surrounding the study area. No air samples
exceeded the Occupational Safety & Health Administration (OSHA) “action level” of 0.1
fibres/cubic centimetre (measured as an 8-hour time-weighted average). The study
concluded that there was no apparent need for mitigation of an airborne asbestos health
hazard at Swift Creek by regulatory agencies.
The study results were felt to be very conservative since OSHA regulations define
asbestos fibres as being greater than 5 microns in length with a length-to-diameter ratio of
at least 3 to 1. In contrast, the NWAPA study included all fibres greater than 0.5 microns
in length (none were greater than 5 microns) and greater than 5:1 aspect ratio. Twelve
soil samples were also collected from the inundated area, all of which had asbestos
concentrations of less than 1%. One sample of fine sediment was taken from a sand bar
in Swift Creek, and was found to contain 3% chrysotile asbestos.
WHATCOM COUNTY (1995)
Sediment quality was an issue again in 1995 in response to a proposal by Great Western
Lumber for further gravel removal from Swift Creek. Whatcom County decided that the
asbestos should be assessed as a condition of the Whatcom County Surface Mining
Ordinance (92-079). An ad hoc committee of joint agency representatives decided that a
comprehensive sampling program should establish the quantity and quality of asbestos
before any regulatory thresholds could be applied.
The committee included
representatives from the following agencies:











Great Western Lumber;
Whatcom County Health;
Whatcom County River & Flood;
Washington State Department of Health;
Washington State Department of Ecology;
US Environmental Protection Agency (EPA);
US Agency for Toxic Substances and Disease Registry;
Northwest Air Pollution Authority;
Whatcom County Planning and Development Services; and
a local resident and hauling proponent.

The results of the sampling program are summarized in an internal memorandum from
Douglas Goldthorp of Whatcom County Planning and Development Services to Marilyn
Bentley (April 3, 1995).
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Four members of the committee conducted the sampling in February 1995. A total of
five plots were sampled along the channel. Individual samples were excavated at 20 ft
intervals across the plots, each about 18 in deep. The samples were combined to yield a
single sample for each plot, which was later split in the laboratory into a manageable size.
Sample locations and grain size distributions are summarized in Table 5-3.
Table 5-3: Sample Locations and Grain Size Distributions (1995)
Location

% Silt/Clay
(< 0.0625 mm)

% Sand
(< 2 mm)

% Gravel
(> 2 mm)

% Cobble
(> 64 mm)

Plot 1 – Reach 1

22

59

19

Plot 2 – near the pipeline
crossing in Reach 2

28

72

Plot 3 – near the pipeline
crossing in Reach 2

1

26

73

Plot 4 – 1000 ft (300 m)
downstream of Goodwin Road

1

44

55

Plot 5 – 600 ft (180 m)
upstream of Oat Coles Road

3

82

15

The #100 (0.15 mm) and #200 (0.075 mm) sieve sizes were delivered to the DOE/EPA
laboratory in Port Orchard, Washington for asbestos testing. All of the samples
contained trace chrysotile asbestos levels, less than the 1% threshold9 used by agencies
with jurisdictional control in health safety determinations. The laboratory defined “trace”
as a sample in which fibres were not evident in the 400 point count survey but at least one
fibre was noticed when specifically searched for in the sample.
1995 Removal

Despite the results of the asbestos testing, the US Army Corps of Engineers (USACE) in
consultation with the EPA remained concerned about asbestos levels in Swift Creek. An
emergency authorization for sediment removal was eventually granted but it was subject
to two constraints. First, Whatcom County should pursue a long-term management plan
for Swift Creek, and second, the excavated sediment could not leave the site. The
excavated material was subsequently added to the berms on either side of the creek in
Reach 3.
1998 Removal

Sediment removal was required again in 1998 due to ongoing aggradation in Reach 3 and
lateral erosion. The lateral erosion was an issue in that the material removed in 1995 and
subsequently stockpiled along the channel was being reintroduced to the creek. Hence,
the Subzone proposed that the excavated sediment be disposed of off-site. The USACE
agreed to off-site disposal as long as clearance was obtained from the Whatcom County

9

400 point count: percentage of asbestos counts per non-empty points.
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Health Department. The Whatcom County Public Works Department, Division of
Engineering requested this clearance from the Health Department in a memo dated
October 29, 1997.
The Health Department replied on November 4, 1997 after consultation with an asbestos
specialist with the NWAPA. The letter states the following:
“Both the Health Department and the NWAPA agree that the dredge material
removed from Swift Creek should be used as fill material. The levels of asbestos
in the sediments were less than 1% by weight threshold, which is the established
limit where a material becomes regulated hazardous material. The dredge
material can be transported without placarding and/or warning signs and does
not require a cover while in transport.”

WHATCOM COUNTY (2004)
Paul Pittman of Whatcom County conducted soil quality tests in 2004. The purpose of
the testing was to compare natural background concentrations of metals in Washington
soils with those at Swift Creek. Four sediment samples were collected on April 29, 2004
from the Swift Creek landslide, the Swift Creek channel, and a stockpile. Two sediment
samples were also taken from the Sumas River: one downstream of the confluence with
Swift Creek and one upstream. Because the sampling targeted the fine-grained fractions,
the six samples excluded all gravel-sized sediment. Therefore, the concentrations
reported below are likely over-estimated.
The sediment samples were sent off for a Total Analyte analysis at CCI Analytical
Laboratories in Everett, Washington. Methods used to test the soil samples were EPA6010 and EPA-7471 (for Hg). Method EPA-9045 was used to measure the pH of the soil
samples. A summary of the relative soil metals is shown in the table below. The mean
and maximum soil metal levels were taken from “Natural Background Soil Metals
Concentrations in Washington State” published by the Washington State Department of
Ecology in October 1994. The results of the sampling are summarized in Table 5-4.

5-10

KERR WOOD LEIDAL ASSOCIATES LTD.
Consulting Engineers
2039.005

WHATCOM COUNTY
FLOOD CONTROL ZONE DISTRICT

SWIFT CREEK BACKGROUND AND M ANAGEMENT ALTERNATIVES
FINAL REPORT
JANUARY 2008

Table 5-4: Swift Creek Metals Concentrations
Element

Metal Concentration (mg/kg)
WA Mean

WA Max

Swift Creek

Sumas River

Al

25,000

53,500

3,060

11,000

As

4

28

3.7

3.4

Ca

9180

180,000

2,675

2,000

Cr

23

235

190

44

Co

7

19

68

16

Cu

20

243

8.7

31

Fe

25,900

112,500

26,750

20,000

Mg

244

3520

132,500

17,000

Mn

592

2750

510

310

Ni

21

244

1,475

190

Zn

55

132

17.5

87

The two metals that substantially exceed the range of soil metals sampled by the DOE are
magnesium and nickel. As noted previously, the ideal Ca/Mg ratio for plant growth is
about three. The ratio observed at Swift Creek is approximately 0.02, and is likely the
most prominent factor explaining the lack of vegetation present in soils originating from
the landslide. Nickel concentrations were also significantly higher than state background
levels, and are a concern because elevated levels are considered toxic and negatively
impact drinking water, aquatic and terrestrial biota, and vegetation (Proctor and Woodell,
1975; Schreier and Timmenga, 1985; Schreier, et al, 1987).
WASHINGTON STATE DEPARTMENT OF HEALTH, 2005
The Washington State Department of Health (DOH) prepared a health consultation in
response to concerns raised by the Whatcom County Health Department regarding
potential human exposure to asbestos (Washington State Department of Health, 2005).
The health consultation summarizes the existing health risks due to naturally occurring
asbestos in Swift Creek sediments, and provides recommendations to ensure the
protection of public health.
The DOH report concluded that the current state of knowledge around asbestos properties
and content in Swift Creek sediments was insufficient for determining human health risks
and appropriate end use of dredged sediments. The report recommends:





development of a sampling plan to characterize the asbestos in Swift Creek
sediments;
development of suitable end-uses of Swift Creek sediments that consider potential
long-term health risks;
use of “wet methods” for future dredging activities; and
that Sumas River water use downstream of Swift Creek be researched.
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US ENVIRONMENTAL PROTECTION AGENCY, 2007
At the request of the Whatcom County Health Department and Whatcom County Public
Works, the US Environmental Protection Agency (EPA) conducted an investigation to
characterize the nature and extent of the asbestos contamination in stockpiled sediments
along the creek, and to determine the potential health risks to local residents and site
visitors (Ecology and Environment, 2007a). The investigation included:




reconnaissance sampling (April 2006);
Integrated Assessment (May 2006); and
activity-based sampling (August 2006).

EPA sampling determined that the average concentration of asbestos in bulk samples
collected from dredged samples was 1.7%, with a maximum value of 4.4%. It should be
noted that these estimates were made using a specific definition of asbestos fibres that
excludes fibres less than 5 µm long10.
Activity-based sampling assessed three typical site scenarios:




loading and hauling dredged material;
raking and spreading dredged material; and
recreation such as walking, jogging and biking.

Elevated levels of exposure to asbestos were measured during the activity-based
sampling. A risk evaluation indicates that activities which disturb dredged materials may
lead to an increased level of long term health risk.
As a result of the study findings, the EPA report recommends that dredged material no
longer be removed from the site, as movement and use of the material may lead to health
and legal liabilities. The EPA also recommends further community education to prevent
or minimize ongoing exposure of residents.

10

Only PCM-equivalent (PCME) fibers were measured, which includes “those asbestos fibers…that measure greater than 5 microns
in length, have a width greater than 0.25 microns, and have an aspect ratio (ratio of length to width) of greater than or equal to 3to-1” (US EPA, 2007).
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POTENTIAL MITIGATIVE MEASURES
Previous sections of this report document the management challenges at Swift Creek.
This section reviews some management alternatives that may be considered. The review
reflects the need to consider a wide range of geomorphic hazards and address potential
health risks. Geomorphic hazards include:





small floods that occur virtually every year, along with the associated chronic bedload
deposition;
large floods such as the 100-year return period design event and extreme bedload
movement;
debris flows that may occur with a frequency of decades to centuries; and
large landslides that have a very low probability of occurrence.

The existing transport and deposition of asbestos-containing sediment is governed by
natural processes. By addressing sediment transport and deposition processes, potential
health risks related to the asbestos may be mitigated. Mitigative actions considered in
this section are as follows:








watershed management actions;
landslide stabilization;
landslide monitoring;
mitigation structures on the upper creek fan;
channel maintenance;
flood control works; and
land use planning.

Given the wide range of potential hazards and the potential health risk, a combination of
measures may be required in order to provide an acceptable overall level of mitigation.

6.1

WATERSHED MANAGEMENT ACTIONS
As a general recommendation, logging and road building in the South Fork should be
avoided. Logging and road construction in the North Fork should be preceded by a
detailed terrain stability assessment that evaluates the potential for landslide
development.
The only existing road in the South Fork is at the upper watershed boundary where a
logging road crosses a ridge (Figure 2-3). During a site visit in May 2004, the watershed
and landslide were traversed in a downstream direction starting from the road. One
section of the road had a ditch that collected runoff for several hundred feet before
discharging onto the slopes leading down to the landslide. A small debris slide (200 ft by
40 ft by 3 ft) had recently occurred as a result of the concentrated drainage. Paul Pittman
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of Whatcom County notified the Washington State Department of Natural Resources
(DNR) about the drainage problem and the problem has reportedly been rectified.
In 2006, selective logging was carried out in the North Fork watershed, as well as
adjacent to the landslide in the South Fork watershed. The logging covered
approximately 34 acres (13.8 ha) in the North Fork and 35 acres (14.2 ha) in the South
Fork.

6.2

LANDSLIDE STABILIZATION
This section summarizes alternatives for managing the risks associated with the Swift
Creek landslide (as identified in the BGC report in Appendix B). Many of the
alternatives considered were discussed by Converse et al. (1976) and are expanded upon
here in light of the recent work by BGC.
There are three main approaches to reducing landslide risk:




reducing the likelihood of landslide occurrence;
reducing the consequence of landslides, should they occur; and
reducing uncertainty associated with likelihood and consequence, as uncertainty in
itself is a form of risk.

This section focuses on reducing the likelihood of ongoing or accelerated movement of
the Swift Creek landslide. Recommendations for reducing uncertainty through further
investigation are discussed in the BGC report, as are recommendations for gaining a
better appreciation of landslide consequence. While the stabilization of large landslides
is often technically feasible, it is invariably extremely expensive.
The movement rates of large active landslides can often be dramatically reduced through
a small (5 to 10%) improvement in the factor of safety. This improvement can be
achieved through a reduction in driving forces or an increase in resisting forces:


driving forces are a result of gravity, and can be reduced by slope flattening, lowering
the water level in tension cracks, or removal of an unstable mass;



resisting forces can be increased by improving the shear strength along the failure
surface of the slide, typically by lowering piezometric water levels; and



other means such as the installation of a toe berm.

Such measures are discussed below.
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FLATTENING THE SLOPE
The Swift Creek landslide is over one mile long and has an interpreted failure surface that
runs sub-parallel to the ground surface. Its size and geometry make it difficult to achieve
a measurable improvement in the factor of safety through re-grading of the slope. This
approach is not considered technically feasible.
REMOVAL OF UNSTABLE SLIDE MASS
The Swift Creek landslide is extremely large with a volume of roughly 68 million yd3.
At a cost of roughly $5 per yd3 for removal and storage of this volume, the cost of this
option would be in the order of $325 million, assuming that the sediment quality did not
preclude designating a nearby disposal site. Potentially unstable ground extends laterally
and upslope of the currently active landslide, thus removal of the unstable mass would
likely promote additional instability. This option is unlikely to be technically or
economically feasible.
SURFACE DRAINAGE
Groundwater appears to be the main factor governing instability and movement at the
Swift Creek landslide. The slide contains numerous tension cracks and ponds that
promote infiltration of surface water. Water-filled tension cracks can also cause large
lateral loads that can reduce the stability of the slide.
Improving surface drainage through slope grading and the construction and maintenance
of drainage ditches could reduce infiltration and improve the stability of the landslide.
Reasonable improvements could perhaps be realized for as little as $150,000.
The benefits of surface drainage improvements may be limited by the following factors:


Without a detailed hydrogeologic model, it is difficult to predict the degree to which
surface drainage improvements would lower the piezometric water level (which is
unknown) and improve stability. Preliminary stability modelling suggests that the
average piezometric level would have to be lowered by 20 ft to 30 ft to result in a
10% improvement to the factor of safety on the lower portion of the landslide.
Subjectively, it is considered unlikely that this degree of improvement could be
achieved through the implementation of surface drainage measures alone.



Unless improvements to landslide stability are sufficient to stop slope movement,
ongoing movement will continue and significant downstream channel maintenance
work will still be required.

Of the available stabilization measures, improving surface drainage is likely the least
expensive to implement, requiring less up-front capital expenditure than a detailed
geotechnical drilling program would. On this basis, it may warrant implementation.
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SUBSURFACE DRAINAGE
Subsurface drainage is of major importance because pore water pressure reduces
effective stress and shear strength along the failure surface of the landslide. In many
large landslides throughout the world, subsurface drainage is the only technique capable
of reducing the movement rate to an acceptable level. Techniques for the improvement
of subsurface drainage of landslides include:




drainage wells;
sub-horizontal drains drilled from the slope surface, or from drainage wells or
galleries; and
drainage galleries, adits, or tunnels.

These systems drain by means of gravity flow or pumps and remove water from collector
galleries or wells. Their effectiveness is dependent on hydrogeological conditions and
the sensitivity of the landslide to changes in piezometric levels.
Given the size, geometry, and mobility of the Swift Creek landslide, neither the
installation of sub-horizontal drains nor drainage wells are expected to be effective. Both
methods would likely be rendered inoperable by slope movements within a short period
of time following installation.
A series of drainage galleries or micro-tunnels excavated in the bedrock underlying the
landslide failure surface may be technically feasible. Detailed geotechnical investigation
would be required to verify the feasibility of construction and the likely improvement to
the stability of the landslide. The cost for the investigation and tunnelling might be on
the order of $200,000 and $2 million, respectively. Surface drainage improvements
could be carried out in conjunction with this option at a minimal incremental cost.
TOE BUTTRESSES
Constructing toe buttresses below landslides can improve slope stability. However, these
approaches are generally not cost-effective for the stabilization of large landslides.
Converse et al. (1976) estimated that 13 million yd3 of fill would have to be placed and
compacted at the toe of the Swift Creek landslide to gain a 25% to 50% improvement to
the factor of safety. Although not assessed in detail by BGC, this level of effort appears
to be of the correct order of magnitude. At a cost of roughly $5 per yd3 of material, the
total cost of a large toe buttress is likely on the order of $65 million.
SUMMARY OF STABILIZATION OPTIONS AND RECOMMENDATIONS
In summary, surface drainage, subsurface drainage tunnels, and construction of a large
rock buttress at the toe of the Swift Creek landslide are possible technically feasible
means of slowing or halting the landslide movement. Any statement on the anticipated
effectiveness of these methods would have to be accompanied by a more detailed
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geotechnical analysis including instrumentation, monitoring, and slope stability analysis,
which are not part of this study. The cost of such a detailed geotechnical investigation
would likely be on the order of $150,000.
Prior to undertaking any such stabilization works the County should, for liability reasons,
be certain that the works could not possibly contribute to an increase in landslide risk
through any direct or indirect cause. It is likely that the County’s liability associated with
the existing situation is somewhat limited in view of the fact that the landslide is natural.

6.3

LANDSLIDE MONITORING
An array of geotechnical instrumentation could be installed at the Swift Creek landslide.
Such instrumentation could include:





extensometers (to monitor the opening of tension cracks);
tiltmeters (to monitor rotations of the landslide mass);
piezometers (to monitor hydrostatic pressures changes in the landslide mass); and
differential global positioning systems (to monitor surficial movement).

These ground-based systems could be replaced or complemented by air-borne or satellitebased systems such as LIDAR and INSAAR.
Geotechnical instrumentation would have to be installed at multiple sites to provide a
high degree of reliability. Such instrumentation would be effective in indicating
acceleration of slope movement. In interpreting the monitoring results, it would need to
be understood that an accelerating landslide mass does not necessarily imply impending
catastrophic failure. However, thresholds of landslide movement could be defined upon
which appropriate management reactions could be invoked. The period of notice may
range from a few hours to a day or two.
Some form of landslide monitoring appears to be appropriate at Swift Creek.

6.4

MITIGATION STRUCTURES ON UPPER CREEK FAN
Mitigation structures on the upper Swift Creek fan could fall into one of two categories:



a large scale sediment basin to contain the sediment mobilized during ongoing flood
events; and
works to contain debris flows and debris floods.

Such measures would be intended to reduce the risk to development on the fan and
floodplain, as well as reduce the need for downstream channel maintenance.
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LARGE-SCALE SEDIMENT BASIN
A number of previous reports have investigated the feasibility of constructing a large
sediment basin on the upper fan that would trap much of the sediment load, including the
suspended component.
Converse et al. (1976) concluded that a sediment basin with a sediment storage capacity
of 310,000 yd3 was the most desirable solution (Section 2.5). Such a basin would require
cleaning at a minimum of every three years based on the estimated annual sediment load
of 123,000 yd3/yr. The construction cost of the sediment basin was estimated at
$1,850,000 including annual operation and maintenance costs of $300,000 (1976 dollars).
Land purchase, permitting and administration would increase the cost significantly.
Whatcom County also investigated the construction of large sediment basins on the upper
fan with sufficient storage for 25, 50 and 100-year period events. Internal records from
January 1978 are summarized in Table 6-1.
Table 6-1: Whatcom County Cost Estimates for Sediment Basins (1978)
Storage Period

Item
25-year

50-year

100-year

Construction

$3,800,000

$6,800,000

$10,800,000

Annual O&M

$95,000

$30,000

$40,000

$1,020,000

$540,000

$280,000

Average Annual Cost
(100-year evaluation period)

Despite the approximate nature of the cost estimates, both of these investigations show
that a large-scale sediment basin would be expensive. Consideration would also have to
be given to the desired storage volume and design life of the structure, and disposal of
accumulated sediment, as well as possible groundwater impacts from the accumulated
sediments.
STRUCTURES FOR DEBRIS FLOWS AND DEBRIS FLOODS
Test trenching by BGC indicates that a number of large debris flows (over 100,000 yd3)
have impacted the Swift Creek fan since deglaciation. BGC estimates that a debris flow
with a several hundred year return period could reach up to 300,000 yd3 in total volume.
Avulsions on the Swift Creek fan are very likely during such events. Debris floods are
also expected to be common events at Swift Creek. Instabilities at the toe of the landslide
are more likely to generate debris floods than debris flows given that higher sediment
concentrations are required for debris flow initiation.
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There are several types of structures that can be constructed to mitigate debris flow and
debris flood risks.
Debris Basin: A debris basin is a constructed storage area in which the coarse sediment
and woody debris of a debris flow is contained upstream of a critical area.
Debris Barrier: A debris barrier consists of an open steel grillage or concrete slot
structure that is anchored to bedrock in a confined section of a creek. Its function is to
‘filter’ large boulders and trees or root wads, while allowing smaller debris to pass.
Deflection Berm: A deflection berm (or training berm) deflects a debris flow from a
critical area and allows it to deposit in an area where it will cause minimal damage.
Debris basins and debris barriers are not well suited for Swift Creek given the large
volume of annual bedload transported onto the fan each year. Both structures would have
to be constructed near the fan apex where the channel is relatively confined, and would
require significant annual maintenance due to the high sediment load (i.e. deposition of
material not associated with debris flows or debris floods).
More importantly, there do not appear to be any structures at risk of direct debris impact
during a large debris flow or debris flood. Therefore, there would be limited benefits in
constructing a debris basin or a debris barrier. Observations from the trenching program
indicate that the flow depth in the inhabited parts of the fan likely decreases to less than
2 ft (0.6 m) and that the sediment size is likely less than 8 in (200 mm).
A deflection berm could be considered on the upper fan to prevent a large debris flow or
debris flood from flowing toward the north part of the fan (i.e. toward the sawmill).
While the sawmill would not be at risk of direct debris impact, significant flooding and
erosion damage could result from flood flows. Material excavated from the channel as
part of sediment management activities could be used to construct a deflection berm.
Such an undertaking would need to include a rationalization on transfer of risk in order
for all parties to be comfortable that the works would not overly transfer risk from one
area to another.

6.5

CHANNEL MAINTENANCE
In order to minimize the risk of release and distribution of Swift Creek sediments onto
the floodplain, an active channel needs to be maintained in order to provide a defined
flow path for frequent floods. This can be accomplished by conducting frequent
excavations from the channel and/or by constructing sediment basins in strategic
locations along the creek channel downstream of the fan apex. In this context, a sediment
basin refers to a facility that is hydraulically designed to promote sediment deposition,
typically in an area with good vehicular access. Even with sediment basins, some
excavation from open channel sections is probably inevitable. In addition, both
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excavation and sediment basins likely require on-site stockpiling of sediments as there is
currently no option to remove the sediments from the fan area.
A sediment basin typically comprises a localized widening and deepening of the creek
channel. Sediment basins can be used singularly, or at multiple locations along a creek
channel. Due to the high sedimentation rate at Swift Creek, multiple locations would be
preferable; the primary goal of a sediment basin would be to capture enough sediment to
stop channel aggradation, thus reducing the risk of avulsion and flooding. However,
trapping sediment in one location can result in sediment starvation and potential channel
incision downstream. Incision may affect structures constructed adjacent to the creek
(e.g. bank protection works) or structures that cross the creek (e.g. the high pressure gas
line in Reach 2). Channel monitoring would be necessary to assess possible detrimental
effects. Sediment basins would include measures to prevent erosion in critical areas.
Critical open channel sections should also be considered for bank protection works
(riprap or other).
SEDIMENT BASIN EFFICIENCY AND SEDIMENT DISPOSAL
If one or more sediment basins were designed to capture the entire annual sediment load,
approximately 50,000 yd3 to 123,000 yd3 of sediment would need to be excavated and
disposed of on an annual basis based on existing estimates of the annual load. It is
extremely unlikely that sediment basins could be designed to capture the entire sediment
load because of the significant suspended component. Conversely, it is unlikely that
sediment basins could be designed to capture only the bedload component (30,000 yd3).
An accurate estimate of the total sediment load (bedload and suspended) remains a
significant information gap that affects planning and sizing of sediment basins.
Whereas river sediments tend to be relatively uniformly graded as a result of hydraulic
sorting, deposition in sediment basins is typically more widely graded, with a range of
sediment sizes. As a result, the marketability of sediment from sediment basins may be
less than that of sediment from open channel excavations. This would be particularly
true above Goodwin Road, where there is not much fine sediment deposition at present,
but would be in a sediment basin. If regulatory, handling, and end-use concerns could be
addressed, the marketability of sediment could be improved in some situations by on-site
sorting. However, regulatory concerns may preclude any off-site use of the material
regardless of size.
SEDIMENT DISPOSAL COST
The cost of sediment hauling varies dramatically with distance to dump site and with the
type of material that is being disposed. Regulatory concerns may dictate the locations
where the sediment may be disposed. A study for the EPA included a preliminary cost
estimate to excavate and transport 100,000 yd3 of sediment per year from Swift Creek for
5 years and place it in a repository within 10 mi of the creek (Ecology and Environment,
2007b). Assuming transportation on public roads, the estimated cost ranged from
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$2.51/yd3 (hauling distance of 1 mile) to $5.98/yd3 (hauling distance of 10 mi), for
transport only.

6.6

FLOOD CONTROL WORKS
The existing dikes provide some degree of flood protection. In this report, the term
“dike” is taken to mean a constructed earthwork embankment intended to provide some
level of containment and direction for flood and debris flows, but not an impermeable
engineered structure. In view of the rapidly aggrading creek channel and the fact that the
existing dikes are immediately adjacent to the creek channel and subject to ongoing
erosion, the level of protection is considered very low.
In order to prevent flood inundation adjacent to Swift Creek, channel maintenance
measures such as excavation or sediment basins could be supplemented with flood
control works, such as setback dikes that are tied to high ground at the fan apex. Such
works should provide a sufficiently wide flood corridor to contain flow and the
associated sediment during a large event (i.e. the 100-year return period flood).
The dike crest elevation should include an allowance for ongoing sediment deposition in
the creek channel, and preferably a freeboard allowance to account for uncertainty and
hydraulic effects such as surges. By adjusting the level of freeboard, setback dikes can
accommodate ongoing natural deposition of sediment for a certain length of time.
Eventually, excavation of the channel will be required when channel aggradation exceeds
the allotted freeboard.
Flood control dikes could be constructed with select excavation material from the Swift
Creek channel to direct flows and contain short-duration flooding. Given the large
quantity of sediment available, and associated difficulties in sediment disposal, it is
envisioned that a widened dike section would be used.
In the event that channel maintenance measures ultimately result in a significantly
lowered creek bed with a significantly increased flood capacity, the scale of required
flood protection dikes could be reduced.
The existing dikes could be removed in conjunction with a more comprehensive flood
protection scheme. Alternatively, some dike sections could be used as temporary
sediment stockpiles. Erosion protection works (rock riprap or other) may be required on
any remaining dike slopes immediately adjacent to the creek.

6.7

LAND USE PLANNING
Land use planning is the primary passive measure for natural hazard mitigation. In cases
where fans are already developed, such measures are best considered for implementation
in conjunction with active measures to minimize risk.
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In the absence of significant regional mitigative works, further major development should
be avoided at Swift Creek. Some infill development could be considered on lower parts
of the fan, provided that appropriate site-specific floodproofing measures are
implemented.
ZONING
In some cases, a fan may be delineated into zones of varying hazard, either with or
without mitigation measures. This may result in portions of a fan being designated as:




suitable for land development;
suitable for land development, subject to conditions; or
unsuitable for land development.

Appropriate land use planning measures can be implemented on the basis of such a
zoning system. For comparison, Table 6-2 shows land use regulations in Switzerland for
new and existing developments.
Table 6-2: Land Use Regulations for Existing and New Developments in Switzerland
Degree of Hazard

New Residential Development

Existing Development

High

Construction of new buildings is
prohibited.

Building maintenance permitted.
Alterations permitted if number of
persons in building is not
increased.

Medium

No new development. Existing
housing lots permitted with
covenants.

Alterations only with increased
floodproofing measures (elevated
entrance, no bedrooms in
basement, etc.)

Low

Local protection recommended for
essential buildings.

No restrictions.

For Swift Creek, a map of hazard zones could be created to delineate the fan and adjacent
areas. It may be appropriate to base the map on a debris flow on the order of
300,000 yd3.
LAND ACQUISITION
In many cases, acquisition of hazard land to preclude development can be an effective
alternative to constructing costly mitigation structures. Land acquisition can also be
effective in keeping critical areas under public ownership (i.e. lands that may be needed
in the future for construction of works or creek maintenance).
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Land acquisition is consistent with the Critical Areas Ordinance for Whatcom County
that stipulates: “regulate land use so as to avoid the need for construction of flood control
devices on alluvial fans and allow for natural hydrologic change” (WCC 16.16.300).
At Swift Creek, acquisition of properties on the upper fan could be effective because it
would incorporate most of the highest risk areas on the fan. The cost of land acquisition
at Swift Creek can be evaluated by using the assessed values shown by Figure 6-1. In
considering land acquisition, it must be recognized that market value can vary
considerably higher from assessed value in certain cases.
FOREST MANAGEMENT ON FAN
Trees can provide an important role in dissipating some of the energy of a debris flow on
a fan. At Swift Creek, it would be best to retain a healthy tree cover in the upper fan
area.

6.8

NO ACTION
In the short term, a “no action” alternative would have no direct public expense but there
may be indirect costs such as:






loss of agricultural productivity due to flooding and deposition of sediments
containing high levels of Mg and Ni;
loss of property value;
damage to roads from flooding and channel avulsions;
ecological effects; and
possible propagation of health risks.

In addition, downstream transport of sediments out of Swift Creek and into the Sumas
River implies potential additional indirect costs.
Due to the active nature of Swift Creek and the indirect consequences and costs, a “no
action” alternative may ultimately be more costly and have greater impacts and
associated liability in the long term. Given the rate of channel aggradation, regular
dredging has been required in the past to maintain hydraulic capacity for annual floods.
If at least some degree of mitigation is not undertaken, Swift Creek will infill and be
subject to unpredictable flood flows on the lower fan and floodplain within a short time
period.

6.9

PUBLIC INFORMATION AND HEALTH RISK AWARENESS
Whatcom County Health Department, Washington State Department of Health and EPA
have been disseminating health risk information. Consideration should be given to
adopting a multi-agency approach to continue this program, and expand it if necessary.
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7.

SWIFT CREEK MANAGEMENT ALTERNATIVES

7.1

PROPOSED CREEK MANAGEMENT ALTERNATIVES
Section 6 identifies various mitigation alternatives. This section discusses management
actions that could be considered by managing authorities or agencies in three areas:




land use on the fan and floodplain (Table 7-1);
landslide risk (Table 7-2); and
sediment management and flooding (Tables 7-3 and 7-4).

Table 7-1: Land Use
Action and Objective

Description and Discussion

Regulate New Development

This item is considered to have a high priority because the County
has direct jurisdiction, and the resulting benefits are certain.

Ensure that any new
development on the Swift
Creek fan and the adjacent
floodplain is located in a safe
location, and with appropriate
mitigative measures (building
elevation, scour protection,
etc.).

Some areas, such as the hazardous upper fan, should be kept
clear of new development in the absence of extensive mitigative
measures. Special consideration should be given to any proposed
development near (within approximately 500 ft of) the creek
channel.
In addition to ensuring that any new development is safe, it should
also be ensured that new development does not obstruct future
creek management activities.
This action could be implemented by adding site-specific
provisions to the County’s existing regulatory process for land
development. A hazard map could be developed for this purpose.
This should also include provision for ensuring that a healthy tree
cover is retained on the upper fan (Reach 1).

Land Acquisition
In the absence of mitigative
measures, pursue land
acquisition on the Swift Creek
fan.

It is suggested that the County work with other agencies to acquire
strategic land parcels as opportunities arise in the future. The
objective would be to get lands under some form of public
ownership.
A wider creek corridor would improve flood conveyance, allow for
more effective sediment management, and facilitate future
construction of setback dikes. There is a technical basis for
phasing this program from upstream to downstream if desired.
There may be merit in selecting right-of-way or other forms of land
tenure as an alternative to outright purchase in some situations.
This action could involve preparation of a map that outlines an
intended long-term setback dike alignment.
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Table 7-2: Landslide Risk
Action and Objective

Description and Discussion

Manage Landslide Risk

Geotechnical studies conclude that the risk of a catastrophic
landslide is very low, and is quantified to within a probability range.

Ensure that the Swift Creek
landslide does not pose an
unacceptable safety risk to the
downstream community.

If Whatcom County is comfortable with the risk to the extent that it
has been quantified, then short-term management activities could
be limited to landslide monitoring. Surface drainage improvements
could also be considered as a supplemental measure.
If Whatcom County is not comfortable with the risk, then further
geotechnical investigations could be undertaken. These could
ultimately be followed by further landslide stabilization measures.
This action would include appropriate watershed management
measures to avoid aggravating the hazard. This would probably
preclude future logging in the South Fork, and ensure that any
logging in the North Fork is appropriate based on technical
assessments.
Some aspects of landslide management (e.g. monitoring and
watershed actions) may be more appropriately led by agencies
other than Whatcom County.
Over the long term, the possible but unlikely scenario of fast creep
of the landslide should be considered as other measures are
implemented. For example, setback dikes and/or sediment
stockpiles on the upper fan may also provide a contingency
measure.

Table 7-3: Floods and Sediment Management – Short Term
Alternatives and
Objectives
Reach 2 Sediment Removal
Removal of sediment.

7-2

Description and Discussion
Continued sediment removal from Reach 2 will reduce the bedload
transport to downstream reaches. Note that removal is contingent
on regulatory concerns regarding the handling and use of the
sediment.
In order to ensure an optimum sediment removal program in
Reach 2, it may be appropriate to formalize it with a documented
sediment removal plan. Such a plan could establish sediment
removal objectives, environmental conditions, and monitoring
provisions. This plan should be integrated with overall sediment
removal activities.
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Alternatives and
Objectives
Convey Small Floods
Implement a short-term
channel upgrading plan to
facilitate the safe passage of
frequent (small) floods within
the existing creek corridor.
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Description and Discussion
There is not sufficient capacity in Reach 3 to convey floods up to
the 100-year return period. In addition, there is ongoing lateral
erosion of existing levees and channel sedimentation. The creek
bed level is also typically near or above the adjacent floodplain
ground level. The crossings at Goodwin Road and Oat Coles
Road are susceptible to blockage and overtopping. Hence, floods
pose a significant risk to development on the fan and adjacent
floodplain.
As a matter of priority, the existing flood conveyance capacity
should be improved. This could be accomplished through channel
excavation and/or upgrading dikes (and bank protection works)
within the existing creek corridor.
Setback dikes represent a much preferable solution over the long
term, but this approach would require a significant land acquisition
program and upgrading of the bridge crossings. While this is
supported, there is a need for immediate flood conveyance
improvement.
Upgrading of dikes along the existing creek corridor may not result
in permanent works, but it would provide a destination for
excavated sediment, and would provide some nominal flood
conveyance improvements. Such works may ultimately be
removed at such time as a comprehensive dike program is
implemented.
Implicit in this is the need to manage the associated sediment
load. Initially this could involve sediment basins in Reaches 2 & 3.
This action would best be implemented with a short-term channel
upgrading plan that includes:
 determination of an optimum creek thalweg profile;
 development of short-term design channel/dike cross-sections;
 establishment of sediment basins;
 provisions to address sediment quality issues; and
 monitoring and maintenance provisions for the channel
sections and sediment basins.
The implementation of this action is dependent on government
agency approvals. The implementation plan should include a
consultative process with regulatory agencies.
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Table 7-4: Floods and Sediment Management – Long Term
Alternatives and
Objectives
Construct Setback Dikes to
Convey Large Floods
Implement a long-term plan to
facilitate the safe passage of
large floods (and sediment
deposition) within an
expanded creek corridor.

Description and Discussion
Although it could take many years to implement and would be a
major undertaking, a long-term setback dike plan could be
developed and progressively implemented. The primary purpose
would be to protect existing development. A secondary benefit
would be to provide a productive use for sediment removed from
Swift Creek. In view of potential disposal difficulties caused by
sediment quality issues, setback dikes may represent an excellent
opportunity to productively use the material.
Construction of setback dikes would need to follow the land
acquisition program. It would be technically preferable to
commence construction at the upstream end. It would also be
best to construct the dikes on both sides of the creek at the same
time in order to avoid a transfer of risk situation. Locations where
roads cross the setback dikes would require special design
consideration.
This project could be done in conjunction with the construction of a
sediment basin.

Plan for Long-Term
Sediment Disposal and
Storage
Develop a plan for long-term
disposal and storage of creek
sediment.

A long-term plan for sediment disposal should be developed. The
plan should recognize that regulatory concerns (with respect to
sediment quality and potential health risks) for sediment disposal
may vary over time.
A prudent option that should be developed is to identify a large
area near Swift Creek where a stockpile could be placed by raising
a large area of land. The placed soil should not be able to be
mobilized into fish bearing waters, wetlands, or groundwater in the
future. In addition, capping or application of dust suppression may
be needed to mitigate the potential of airborne asbestos particle
distribution.
Another option would be to progressively widen and/or raise
setback dikes. In addition to providing a sediment disposal site,
this would further increase flood protection.
Construction of setback dikes on the upper fan would probably be
the most beneficial since the degree of hazard is highest at this
location. This may help protect against debris flows, debris floods,
and possibly fast creep.
Development of a long-term sediment disposal plan is made
difficult by:
 the lack of an accurate estimate of the annual suspended
sediment load (and therefore of the total annual sediment load);
 the potential for leaching of metals from stockpiled sediments;
 the need to carefully consider health risks; and
 potential environmental resource impacts.
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Alternatives and
Objectives
Adaptive Management Plan
Monitor and adapt the
management actions to
enhance their long-term
success.
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Description and Discussion
Given the complex nature of Swift Creek, management might
benefit from the involvement of some form of task force or steering
committee. The County should be a participant in this group, to
provide information and technical resources.
On a periodic basis, this group could:
ensure stakeholder support for detailed management
provisions as they are developed;
ensure an appropriate level of monitoring;
review the success of implemented measures;
adapt the measures to take advantage of the lessons learned
and monitoring information;
ensure that management activities are adjusted to
accommodate any relevant regulatory changes; and
consider other appropriate management actions as they are
identified.
Over the long term, the group could further evaluate the merits of
constructing mitigation structures on the upper fan.

Sediment management and flood issues may be addressed by a number of different
strategies. At this time, it is unclear which of the alternatives in Table 7-3, individually
or in combination, would be the most advantageous both from a benefit-cost perspective,
and in consideration of environmental impacts.

7.2

DATA GAPS
The management alternatives discussed in the preceding tables were developed using the
best available data. Given developments in the regulatory environment and the data gaps
that remain, it is expected that the management alternatives may evolve over time.
Significant data gaps that should be addressed in order to properly evaluate the
management alternatives are listed below.


Landslide: Is there a significant risk of a sudden failure or acceleration?



Sediment transport: What is the total sediment load, including suspended sediment?
How does the sediment yield vary with discharge (i.e. average annual load vs. flood
transport)? Where is the sediment deposited and in what quantities?



Health risk: What is the extent of the health risk? What is the spatial extent of
affected areas? What risks are associated with the metals? What are possible
management scenarios and uses for the sediment?



Environmental Impact: What are the environmental impacts associated with the
different management alternatives?
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8.

SUMMARY AND RECOMMENDATIONS

8.1

SUMMARY
The key points in this report are summarized as follows:
SWIFT CREEK
1. Swift Creek watershed area is 2.7 mi2 (7.1 km2). The South Fork of the watershed is
characterized by a large, active deep-seated landslide with a volume of approximately
68 million yd3.
2. A significant debris flow (150,000 yd3) in January 1971 caused widespread flooding
on the fan. The debris flow initiated at the toe of the large landslide.
SEDIMENT TRANSPORT
3. Cross-section monitoring between 1998 and 2003 indicates that the annual rate of
bedload deposition on the fan is approximately 30,000 yd3.
4. All of the gravel-sized sediment is deposited before reaching the confluence with the
Sumas River.
5. Previous studies estimated the total annual sediment load (bedload and suspended) at
120,000 yd3. This value may be closer to 50,000 yd3 based on the grain size
distribution of the landslide material.
HYDRAULIC ANALYSIS
6. The 100-year return period peak instantaneous flow for Swift Creek is estimated at
400 cfs (11.3 m3/s).
7. A hydraulic analysis was completed for Reach 3 of Swift Creek based on 2004 creek
topography. Modelled freeboard ranges from 1.6 ft to 12.9 ft. Channel conditions are
expected to have changed in light of subsequent sediment deposition and sediment
management activities.
8. Without the levees in place in Reach 3, Swift Creek would be extremely susceptible
to flooding and channel avulsion.
SWIFT CREEK LANDSLIDE
9. Active movement of the deep-seated landslide seems to have commenced shortly
before 1940.
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10. Recent measured movement rates on the landslide vary between 1 ft/yr (0.3 m/yr) to
121 ft/yr (37 m/yr). The rate of movement increases toward the toe of the landslide.
11. Catastrophic acceleration (movement rates greater than 10 ft/min) of the entire
landslide and transformation into an extremely large debris flow is not likely. The
hazard has been subjectively estimated at an annual probability of 1:10,000.
However, the probability could range from 1:1,000 to 1:100,000.
Further
geotechnical investigations would be required to refine this estimate.
12. A landslide movement rate on the order of several yards per hour is possible under
certain climatic conditions and perhaps associated with seismic loading.
13. Test pits excavated on the fan indicate that several large debris flows (>100,000 yd3)
have occurred since deglaciation, but there was no evidence of a mega (>106 yd3)
debris flow.
14. A debris flow with a several hundred year return period could reach up to 300,000 yd3
in total volume.
15. While the trenching program was exploratory in nature, the results indicate that the
debris flow depth in the inhabited parts of the fan is likely to be less than 2 ft (0.6 m)
and the sediment size is not likely to exceed 8 in (200 mm) in diameter.
SEDIMENT QUALITY
16. The Swift Creek landslide is partly composed of serpentinite, which contains
chrysotile asbestos. Previous studies have measured asbestos levels in the soil and
air.
17. A 2007 investigation by the EPA has concluded that Swift Creek sediments contain
>1% asbestos, and that there may be a health risk associated with activities that
disturb the dredged sediments.
18. The asbestos weathers rapidly and releases high concentrations of magnesium and
nickel, which negatively impact aquatic and terrestrial biota and vegetation.
19. Due to the asbestos and high concentrations of magnesium, nickel and other metals,
the Washington Department of Fish and Wildlife, Washington Department of
Ecology and the EPA have expressed some concerns about the end use of sediment
excavated from Swift Creek.
POTENTIAL MITIGATIVE MEASURES
20. A number of potential management alternatives have been identified for Swift Creek.
These include watershed management actions, channel maintenance, mitigation
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structures on the fan, flood control works, land use planning, health risk awareness
information, and a “do nothing” option.
21. Some specific management actions are identified for further consideration of
Whatcom County in the areas of land use, landslide risk and flood/sediment
management.
22. Significant information gaps preclude the quantitative evaluation and comparison of
management alternatives at this time.

8.2

RECOMMENDATIONS
Further to the foregoing summary of findings, it is recommended that Whatcom County:
1. Disseminate this report to pertinent government agencies and local interests.
2. Develop site-specific land use regulations for the Swift Creek fan and adjacent areas.
3. Consider a land acquisition program to acquire the creek corridor and provide lands
for future construction of setback dikes, sediment stockpiling or sediment basin
structure. This would result in some form of public land ownership.
4. Pursue adequate funding resources to address information gaps and conduct a detailed
alternatives analysis on sediment management strategies and flood control. As part of
this work, consider forming a multi-agency partnership with appropriate agencies.
5. Evaluate the landslide risk information presented in the report. If comfortable with
the estimated risk, consider landslide monitoring measures at the Swift Creek
landslide (directly or indirectly). If not comfortable with the risk, consider more
detailed geotechnical investigations.
6. Consider discussing surface drainage improvements at the Swift Creek landslide with
affected property owners and government agencies.
7. Work with other agencies to ensure appropriate watershed activities, particularly
related to logging. Such activities should be precluded from the South Fork, and
carefully regulated in the North Fork.
8. Periodically evaluate channel conditions in Swift Creek.
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