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Executive Summary

Naturally-Occurring Asbestos (NOA) laden sediment is choking Swift Creek and Sumas River
causing increased flooding and deposition of NOA.
Uncertainties related to liability,
regulations, health risks and environmental impacts currently make historic management
practices (handling and storing sediments with uncontrolled off-site export) obsolete.
Determining and funding a management strategy is the limiting factor for future management.
Management solutions are challenged by the unprecedented nature of the problem, unclear
authorities and regulations for NOA, immense scope, unrelenting transport of sediment by
water, limited funding, limited information (health, environmental, geologic, engineering),
uncertain (and possibly low) benefits realized from management investments, and apparent
dismissal of the health risks by the vocal public.
In November 2007, an ad hoc multi-agency group consisting of the Environmental Protection
Agency (EPA), Army Corps of Engineers (Corps), Agency for Toxic Substances Disease
Registry, Washington State Department of Ecology (Ecology), Washington State Department
of Health (DOH), and Whatcom County formed to explore management options, determine
funding sources, and collaborate on management and technical efforts. The multi-agency,
comprehensive goal for Swift Creek is to reduce the potential for an uncontrolled release of
asbestos-containing sediment until a long-term plan can be implemented.
The past years’ work led to the following key events (presented chronologically):
• Swift Creek Background and Management Alternatives Plan (KWL, 2008) was prepared
on behalf of the County to kick-start the proposed long-term alternatives analysis plan.
• Federal funding ($400,000) was requested to direct funds to the Corps for a General
Investigation (alternatives analysis); to date, this funding has not been included in the
federal budget.
• Development of an interim management project (on-site storage facility for dredging
and stockpiling) and $5.3 Million funding request for the State biennial budget (FY0911); $1 million of this request was included in Ecology’s budget submittal to the
Governor.
• A limited dredging and bank armoring project was completed this summer using
funding from the County (~$150,000), Ecology ($190,000) and EPA (~$100,000).
• A short-term containment alternative was developed for comparison against an annual
dredging/stockpiling program.
• Initiation of an Emergency Response Plan.
Adequate funding to solve the problem, or even manage many of the hazards, does not exist;
therefore, the multi-agency group was tasked with developing a practical management
strategy that would manage the risks for the greatest possible benefit within the financial
means, recognizing that there could be an uncontrolled NOA release to some areas prior to
implementing any management action. A comparison of five short to mid-term management
options (~10 years) indicates that even “practical” solutions could exceed $20 Million over a
ten year period. Staff recommend that the agencies pursue prioritized components of a
combined alternative (Alt. IV) as funding permits and continue to seek local, state and federal
funding for project implementation or emergency recovery efforts.
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Introduction

Naturally-Occurring Asbestos (NOA) originates from a landslide on Sumas Mountain that
became active in the late 1930’s. Natural processes transport and deposit NOA across a
broad area along approximately 18 miles of stream channel before it crosses the
international border with Canada. The deposition of NOA potentially impacts people’s
health and property values, agriculture and business, ecological function of streams and
wetlands, groundwater, and infrastructure within the Swift Creek alluvial fan and the
Sumas River Floodplain (Figure 1).
Historic management of the sediment included dredging and stockpiling by government
agencies, including the Soil Conservation Service, Army Corps of Engineers, and most
recently, Whatcom County. This informal management strategy was viable for Whatcom
County because the stockpiles were removed by the public for off-site uses, thus allowing
subsequent stockpiling adjacent to the banks to occur. Recent health-risk information,
agency recommendations, and regulatory restrictions made the practice of uncontrolled
off-site uses no longer viable. Therefore, alterative management strategies are being
considered.
Federal funding to conduct an alternatives analysis (Corps General
Investigation) of long-term management options was requested in 2008, but was not
forthcoming. While the long-term strategy is being developed, agency leaders have
directed their staff to explore viable alternatives and propose a short-term strategy for
managing sediments, health-risks, and environmental damage. The short-term strategy
should be able to reduce the potential for a release of asbestos, be within the financial
means available, and provide a basis for unified local, state, and federal funding requests.
While the development management strategies was under way, management efforts to
reduce the immediate threat of a NOA release have diverted a large share the existing
limited resources. A small, $500,000 dredging and riprap project in 2008 was the last inchannel sediment management effort planned, permitted and funded and is anticipated to
provide only limited, short-term protection. Development, funding, permitting, and
implementing a management plan (either short or long-term) is anticipated to take several
years (two years minimum); Therefore, a release of NOA via flooding is extremely likely
prior to the implementation of any project. An emergency response and recovery plan
with agency roles and abilities is currently being explored. Local responders have
determined that a Swift Creek flood response qualifies as a Hazardous Material Incident
under RCW 70.136.020 and the Incident Command Lead Agency in this case would be the
Washington State Patrol (per RCW 70.136.030).
The strategies presented herein are considered short-term (approximately 10-years) and
do not offer solutions, rather they:
• meet the objective of managing an uncontrolled release of NOA within a
substantially broader area than is presently impacted,
• allow for time to seek and develop long-term solutions, and
• are economically viable.
DRAFT: 1/12/2011
Page 2 of 19

Swift Creek Short to Mid-term Sediment Management Alternatives Analysis
October 2008
Internal Staff Report
________________________________________________________________________________________________________________________

Existing and currently proposed funding is not adequate to fully implement any of the
management alternatives presented, and additional funding will be needed. It is not
known when, or if, a long-term management plan will be developed and implemented, or
whether any of the short-term management options considered will be compatible with
any long-term solution that may be realized in the future.

Hazard Identification (Summarized)

The Swift Creek management problem encapsulates two general hazard categories,
Geologic hazard (landslides, debris flows, flooding) and Health hazard (airborne release of
asbestos-containing sediment). Neither of these hazard categories is mutually exclusive of
one another, such that the geologic hazard event is the transport mechanism for the
release of asbestos.
More
•
•
•
•
•
•
•

specific hazard classification types impacting the Swift Creek/Sumas River area are:
Landslide – Catastrophic (Swift Creek alluvial fan)
Landslide – Fast creep (Swift Creek alluvial fan)
Debris Flow – Large (Swift Creek alluvial fan)
Debris Flow – Moderate (Swift Creek alluvial fan)
Major flooding (Swift Creek and Sumas River)
Average-annual flooding (Swift Creek and Sumas River)
Airborne asbestos - Human health (Swift Creek and Sumas River)

A detailed hazard probability analysis, and thus risk assessment, has not been conducted
for the aforementioned hazards. In general however, management focus has been on
addressing average-annual flooding and sedimentation associated with the on-going “slow
creep” landslide conditions, and recently, the airborne asbestos hazards. The occurrence
of either increased landslide activity or a large debris flow clearly could have the greatest
consequence, and thus highest risk depending if the hazard probability is medium or high
(Table 1).
Hazard
Consequence
Probability
High
Medium
Low
High
Very High
High
Medium
Medium
High
Medium
Medium Low
Low
Medium
Medium Low
Low
TABLE 1: Relative Risk. Risk combines hazard probability and event consequence.

Impacts Identification (Summarized)

The impacts from the geologic hazards, sedimentation, sediment quality, and health
hazards include risks to:
• Life and public health
• Public infrastructure
• Significant regional economic drivers such as Williams gas pipeline, Great Western
Lumber, Ostrom’s Mushrooms, City of Nooksack, City of Sumas
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•
•

Private properties (homes, agriculture and small businesses)
The environment such as wetland and stream habitats, surface and ground water
quality

TABLE 2: Preliminary assessment some of the potential impacts and relative risk

Impacted Item

Preliminary
assessment of
impact

Homes (Swift Creek)
Homes (Total – includes Sumas River)
Roads (length)
Bridges
Jobs (Swift Creek)
Agricultural Land (Swift Creek)
Agricultural Land (Sumas River)
Williams Pipeline
(dollars/day or customers?)
Wetland area (Swift Creek)
(Category I-III remote interpretation)

Very High
Medium
Very High
Very High
Medium
Medium Low
High
Medium
Very High

Long-term Management Alternatives (assessment pending funding)

Five general long-term management conceptual themes were developed and presented to
Whatcom County Council in 2007. In summary, these alternatives include:
1) Land Acquisition and zoning changes
2) Active Sediment Management (dredging and storage)
3) Passive Sediment Management
a) Detention Basin* (above or below grade)
b) Contained natural deposition (set-back levees)
4) Landslide Management (source control)
5) Do Nothing
*Note: Sediment storage in a basin or reservoir has been identified in several historic plans as the
preferred long-term solution; however detail analysis and investigation in to the feasibility and
viability of these concepts has not been done. In addition, it is theorized that costs might be able to
be mitigated somewhat if a clean gravel source is identified beneath this area that could be mined
and sold to help offset costs of a below grade basin. To determine the feasibility of this option the
following would need to occur: a geotechicnal assessment providing affirmation of marketable
gravels underlying the site; changes in zoning; detailed assessment of geologic hazards;
environmental impacts assessment (specifically to groundwater); and assessing engineering impacts
and risks (specifically to William’s pipeline which occupies the site most suitable for siting a basin).

Recently updated conceptual-level cost estimates to implement these alternatives range
from approximately $30 Million to over $100 Million. A feasibility and alternatives analysis
on long-term management options has not been conducted to date. Federal funds were
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requested for Fiscal Year 2009 to initiate a Corps General Investigation (GI) but requests
were unsuccessful. Timing estimates provided by the Corps indicate that five or more
years are needed to conduct an alternatives analysis and develop a project design once
funding for the GI becomes available. Considerable uncertainly exists with the ability and
likelihood of securing the funding for the implementation of the preferred alternative.
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Short-term Management Alternatives Considered
The ad hoc multiagency group considered the following alternatives for managing Swift

Creek sediments. The following provides a brief description of each alternative, followed
up with a more detailed explanation.
I.

On-site sediment storage facility and dredging (dredging)
Management would include acquisition, permitting, and developing a sediment
storage facility. A regular dredging program will be required to bring the
sediment to the facility where it can be stockpiled and managed.

II.

Passive containment and natural deposition (setback levees)
Management would include constructing containment levees and acquisition of
areas between levees. The area between the levees would act as a floodplain
and deposition of some sediment would occur naturally.

III.

Land acquisition and zoning
Management could include purchase of at risk properties, either pro-actively or
following damage from NOA, and restrictive zoning could used to limit future
risk resulting from continued development in hazardous areas. An acquisition
and zoning policy and program would need to be developed.

IV.

Combination
Combined aspects or components from any of the aforementioned alternatives
to best utilize available funding, accommodate phasing, or to address possible
changes in conditions (for example, a significant flood event or new
information).

V.

Do Nothing
Either a formal management decision or the eventual outcome of inadequate
funding, hindered efforts, or lack of unified consensus will lead to a do-nothing
situation. The consequence and cost of this were not assessed, but will likely be
consistent with the substantially negative impacts identified in Table 2.

Management Alternatives Description
On-site sediment storage facility and dredging (Alternative I)
This plan includes acquisition, permitting, and developing a sediment storage facility east
of Goodwin road that could act as a controlled site for storage of considerable volumes of
sediment indefinitely (Figure 2). The plan would rely on frequent channel dredging to
manage the downstream transport of coarse-grained NOA sediment. In-stream structures
could be designed to encourage deposition of finer-grained sediment. Capturing finegrained sediment could increase the benefit of the project since current channel dredging
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only captures the coarser bedload portion of the total NOA sediment yield. It is believed
that the fine bedload and suspended sediment load comprise the larger portion of total
sediment load from the slide and that most sediment passes through dredged areas and
deposits in downstream areas of the Sumas River.
Costs to acquire, design, and permit the facility site were estimated to be $2.3 - 3.6 Million
based on a cost estimate prepared by Hart Crowser. The design life of the project relies
upon a regular (annual to biennial) dredging program. The estimated cost of a dredging
program (dredge, haul, cap and manage the stockpiles) was estimated to be
approximately $2 Million annually (based on average annual sediment deposition and
averaged for a ten year period). Table 3 summarizes the estimated annual expenditure
for this management option.
TABLE 3: Estimated Annual Expenditure for Alterative I – Dredging
Dredging Program at
50,000 cubic yards
per year

Year
Description
Facility development (not including sed
1
$3,600,000 haul)
2
$2,361,284 100k cy dredge, haul, cap*
3
$2,455,735 100k cy: plus 4% inflation
4
$2,553,965 100k cy: plus 4% inflation
5
$2,656,123 100k cy: plus 4% inflation
6
$2,762,368 100k cy: plus 4% inflation
7
$1,381,184 50k cy**
8
$1,436,431 50k cy plus 4% inflation
9
$1,493,889 50k cy plus 4% inflation
10
$1,553,644 50k cy plus 4% inflation
11
$1,615,790 50k cy plus 4% inflation
12
$1,680,422 50k cy plus 4% inflation
13
$1,747,638 50k cy plus 4% inflation
14
$1,817,544 50k cy plus 4% inflation
15
$1,890,246 50k cy plus 4% inflation
16
$1,965,856 50k cy plus 4% inflation
17
$2,044,490 50k cy plus 4% inflation
18
$2,126,269 50k cy plus 4% inflation
19
$2,211,320 50k cy plus 4% inflation
20
$2,299,773 50k cy plus 4% inflation
year 10
$22,254,623
year 20
$41,653,970
* A volume of 100,000 cubic yards of sediment hauling was used for the first five years in order to remove
the volume of sediment currently either in-stream or stockpiled on the banks (estimated to be ~500,000 by
2010). The Hart-Crowser estimate to move 100,000 cubic yards did not take dredging into account, rather
just loading from the existing stockpiles, so a cost adjustment was made to reflect the scope increase. The
estimated costs to dredge/load from existing piles, haul and cap were compared to recent bid costs and
historic projects and appear consistent.
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** A volume of 50,000 cubic yards per year was the volume used to estimate removal of average annual
bedload deposition. If structures to encourage more deposition are used, this volume, and thus the cost,
would increase.

Passive containment and natural deposition (setback levees) (Alternative II)
This plan includes the use of containment levees set back from the banks of Swift Creek
channel (Figure 3). The purpose is to allow for natural sediment deposition that occurs
(debris flows, larger flooding events, and eventually average annual flooding), to be
contained within a controlled area. The project would decrease the potential NOA impact
area for a portion of the alluvial fan and store sediment on the floodplain, thus decreasing
the downstream transport of some sediment. In-stream structures designed to encourage
deposition of finer-grained sediment could be included. Capturing fine-grained sediment
would increase the benefit of the project.
Costs to acquire, design and permit the setback areas range between $15 to $23 Million
depending upon wetland mitigation costs, road replacement strategies, and acquisition
costs. The design life ranges between 10 and 20 years depending upon efficiency of
project design, frequency of large events, and final project footprint. The floodplain area
would aggrade with time, and ultimately reduce the effectiveness of the levees to contain
flooding events.
Land acquisition and zoning (Alternative III)
This alternative consists of acquiring land within the Swift Creek alluvial fan/floodplain that
is likely to be impacted by unmanaged sedimentation and flooding. Predicting the flooding
patterns of Swift Creek is challenged by two factors: uncertainty with where and when
levees fail, and uncertainty with channel capacity changes resulting from sedimentation.
However, based on existing topographic conditions and historic failures, areas with
increased probability of sedimentation impacts were identified (Figure 4). The objective of
this alternative is to remove people from areas that are impacted, or likely to become
impacted, by a release of asbestos. In addition, the Swift Creek floodplain could store
significant volumes of both coarse and fine grained sediments over time.
The cost estimates for this propose alternative have a significant level of uncertainty
driven primarily by the inability to anticipate property values and determining the limits of
the acquisition area. Two preliminary methods to determine possible compensation were
conducted and presented in Table 4. The project design life is indefinite presuming that
no additional development is precluded from the potentially impacted area.
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TABLE 4: Conceptual estimates for property values in delineated areas (Figure 4)
Assessed Values (potentially impacted
area)
Assessed Values (high probability impact
areas in near-term)
Estimated Fair Market Value (potentially
impacted area)
Estimated Fair Market Value (high
probability impact areas in near-term)

$29,500,000
$11,500,000
$44,250,000
$17,250,000

Note: Fair Market Value was estimated by multiplying the Assessed Values by a factor of 1.5. This multiplier value
represents a general increase of FMV above AV as observed in the Hart Crowsers May 2008 limited appraisals.

The assessment of high probability impact areas in near-term represents a “snapshot” in
time. If the acquisition option is pursued this area will increase and change with time and
changes in deposition and channel conditions. Therefore, an estimated acquisition cost of
$25 Million for approximately 10-years was used. There is a high level of uncertainty in
this cost estimate since it is impossible to model the change of conditions over that length
of time; however it is bracketed by the range of costs shown in Table 4.
In addition to acquisition, this alternative also includes down-zoning properties within the
Sumas River floodplain to limit development within this area since land acquisition is not
included for this area.
Combination (Alternative IV): Funding-Limited Management Options
It is possible, or probable, that adequate funds to implement any, all, or partial levels of a
recommended management strategy may not exist for given periods of time. Table 5
discusses conceptual implantation priorities and phases that could be considered with
limited funding.
TABLE 5
Potential
Funding Amount
$1 Million
$2 Million
$3 Million
$4 Million

Possible Activity to
pursue
Acquisition
(damaged, or likely to be
damaged residence(s))
Acquisition/Permitting,
Limited levee construction
Levee/channel maintenance
Acquisition/Levee
Construction/Road
modifications
Acquisition/Levee
Construction/In-stream
structures or sediment
management
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Emergency Response
Permit initiation
Emergency
Response/Acquisition/Road
repair
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Alternatives Comparison

Assessment of alternatives can incorporate multiple criteria to determine benefits, for
example: hazard-risk mitigation, environmental impacts, upfront cost, on-going
maintenance costs, long-term sustainability, and overall project benefits. Cost is the
paramount criterion in this situation because it is the limiting factor.
TABLE 6: Effectiveness of Short-term Management Alternatives at Mitigating Risks from
Identified Hazards (Swift Creek Alluvial Fan only)

Significant reduction of risk
Minor reduction of risk
No reduction of risk

* Catastrophic or Fast Creep Landslide
** Management strategies do NOT address fine-grained asbestos containing sediment transport ( the source of the
airborne asbestos health risk) into lower reaches Swift Creek or the Sumas River. In addition, they do not mitigate
existing air borne hazards or risks. Rather, they only provide temporal or spatial risk reduction by addressing some of
the future transport and distribution sediment.

In summary, short-term management strategies do not offer a complete solution and no
presented strategy completely mitigates all of the risk.
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Cost Comparisons
The costs of short-term management are significant. In summary, the costs are large
because of:
• Immense quantity of sediment to manage
• Precautions for potential health risks
• Uncertain, but perceptibly high, liability risk for operators and property owners
At some point, the cost of short-term management can equal or exceed long-term possible
management costs. Several of the management options (setback levees and acquisition)
have high upfront costs, whereas dredging has a relatively low startup and regular
maintenance costs but cumulatively can have high costs (Table 3). Therefore, before
deciding upon a management strategy, understanding the duration of the investment is
essential.
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TABLE 6a: 5-year phased implementation of Alternative II - Setback Levees based on full
funding (Approximately $19 Million)
Areas C and D
Project refinement and
permitting
Year 1-2
$3 Million
Area A

Areas D and B
Year 2-3
Year 3-4

Area C
Area D

Property/easement
procurement
Permit and construct
Area A levees
Acquisition/Road
improvements
Maintenance
Levee construction and
wetland mitigation

$11 Million
$5 Million

TABLE 6b: Phased implementation of Alternative II - Setback Levees project components
based on partial funding (priority of components are conceptual)
Priority
Component
Acquisition of residential
1
structures in most likely
impacted or impacted
portions of Area D
2
Levee construction (Area A)
Road improvements – South
3
Pass Road first, followed by
Goodwin Road
4
Levees – Area D and C
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Cumulative Expenditures for Managment Options
$45,000,000
$40,000,000
$35,000,000
$30,000,000

Full Alluvial Fan
Acquisition costs could
exceed $44 Million

$25,000,000
$20,000,000

Setback Levees Range
(Average ~ $19 Million)

$15,000,000
$10,000,000
Approximate cross-over time between
Alt I Dredging and Alt II Setback Levee investments

$5,000,000
$0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20
Years

Annual Dredging
Containment Levees - low range cost estimate
Containment Levees - high range cost estimate
Acquisition Costs - probable near-term impact area

Figure 5: Costs estimates Alternatives I, II, and III over short to mid-term periods
The transparent circle represents the estimated cross-over costs between dredging and
setback levee strategies. On the Y-axis, the circle is the average between the high and
low range of setback cost estimates (~$15-23 Million). The graph demonstrates that the
two strategies cost about the same near year 8, and that beyond that, dredging is
increasingly more expensive, such that it ultimately exceeds acquisition costs for a
significant portion of the alluvial fan area.
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TABLE 7: Comparative Summary of Management Alternatives I, II, and III
Alternative
Advantages
Disadvantages
• “Cheapest” short – term cost
• Becomes the most expensive
Alt I. Dredging
alternative beyond ~ 10 years
• Provides positive control of
(facility and
bedload
sediment
•
Requires sustained State funding
annual
at high level over unknown
• Maintains or improves level of
maintenance)
$13 Million (yr5)
$22 Million (yr10)
$41 Million (yr20)
facility: $3.6 M,
maintenance:
~$2 Million /yr*
*Assumes only average
annual bedload removal,
capturing fine sediment
increases maintenance costs

Alt. II Setback
Levees (full
implementation)
$19 Million (yr5-20)
* Average of high and low
estimates, $15-23 M
respectively). Costs could be
as high as $30 depending
upon worst case mitigation
requirements.

Requires capital
improvements (levees
& roads) and land
acquisition

Alt. III Land
Acquisition
(Probable to Potential)

($17 to $44 million)
$25 M for ~10-yr
Indefinite project life if
all properties are
purchased

wind blown dust hazard
• Access to stockpiles easier to
control
• Minimal wetland mitigation
required
• Limited land acquisition and
community impacts
• Sediment available for future
use, if new information makes
it feasible
• Minimal bridge and road
impacts
• “familiar” remedy to local
residents, most likely to gain
their support

• Mitigates some larger geologic
hazards
• Once built, less active County
role and State funding needed
• More “natural” option
• May reduce liability (no
operator)
• Stockpiled sediment could be
used to create levees
• Wetland mitigation may be
useful for other projects

• Most “natural” option
• No operator liability, owner
liabilities are also shielded
• Can be implemented step-wise
• Lowest cost beyond short/midterm time frame
• Large amount of sediment
storage (benefits Sumas River)
• No permitting or wetland
mitigation
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duration, possibly long-term
• Requires sustained active County
operator commitment
• Creates expectations that active
sediment management will always
be conducted
• Does not mitigate larger geologic
hazards (including large floods)
• Owner/operator could be subject
to 3rd party lawsuits
• Could take several years to design
and permit
• Does not mitigate existing
sedimentation rate in Sumas River
(as designed and cost estimated)
• If fine sediment capture is desired,
maintenance costs will increase
• Large, potentially expensive
wetland impacts
• Larger land acquisition than Alt. I
• More community impacts
• Roads and bridges impacts if not
fully implemented
• May not significantly mitigate
sedimentation rate in Sumas River
• Wind blown dust could be an issue
(impacts not assessed)
• Could take several years to design
and permit entire project

• Significant wetland impacts
• Removes agricultural land from
productive use
• Blowing dust could be an issue
• Road and bridge impacts not
addressed
• Significant community impacts
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Conclusions
•
•
•

•
•
•
•
•
•
•

Solutions and sediment management options (immediate, short-term and longterm) are greatly outside the scope of Whatcom County’s resources, and potentially
State resources over time.
Current means and abilities of local, State and Federal governments are extremely
limited, such that only about $1 Million potentially exists to manage the problem
through July 1, 2011 (next biennium).
The FY09 Federal request to appropriate $400,000 to the Corps to initiate a GI
study had broad multi-agency and congressional support, but was unsuccessful.
Corps resources are not available without appropriated funds dedicated to a specific
project.
Federal resources, if funded, are slow to arrive. For example, it is estimated that
from the time funds are appropriated to initiate a GI to a having a designed and
funded project could be at least a decade and relies upon continuing appropriates.
Conceptual long-term management strategies could range between $30 Million to
over $100 Million.
No low-cost (practical) solution was identified and even short-term management
options could exceed $20 Million.
No EPA authority to proactively manage the NOA sediment and reduce flooding risk
exists; however, cleanup and recovery authority and assistance has not been
assessed.
Even the implementation of either Alternatives I and II, lower Swift Creek and the
Sumas River will continue to be impacted by sedimentation from the Swift Creek
landslide and flooding frequency for these streams will increase with time.
A release of asbestos-containing sediment is immanent in the near-term, and will
likely occur before any management actions are funded and/or implemented.
Emergency response and recovery efforts will likely divert significant resources from
the both the short or long-term management strategies.
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FIGURE 1: Area potentially impacted by a release of Naturally-Occurring Asbestos
transported from the Swift Creek Landslide by Swift Creek and Sumas River.
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FIGURE 2: Alternative I conceptual storage site location used to develop cost estimates.
The site location was determined based on economics in addition to its central location to
proposed dredging operations, limited wetland impacts, and limited displacement of
residents.
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FIGURE 3: Alternative II conceptual setback levee alignments used to develop cost
estimates. The location of levees was determined based on topographic information and
limited displacement of residents.
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FIGURE 4: Swift Creek potential impact area (excluding Sumas River north of Breckenridge Road).
Area designated as “Higher Probability of Near-term NOA Impacts” represents topographically low
or channelized areas that were considered more vulnerable to a potential near-term breech in the
existing levee system (in its current condition) and the subsequent NOA release and deposition.
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