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1.

INTRODUCTION
The purpose of this report is to support Whatcom County’s Shoreline Master Program (SMP)
update. The County’s SMP, also known as Title 23 of the Whatcom County Code (WCC), is
being updated to comply with the Washington State Shoreline Management Act (SMA or the
Act) requirements (RCW 90.58), and the state’s shoreline guidelines (Washington
Administrative Code [WAC] 173-26, Part III), which were updated and adopted in 2003.
The SMP update process involves the following steps:
1.

Reviewing and revising shoreline goals and policies;

2.

Inventorying and analyzing shoreline conditions;

3.

Determining and evaluation of existing shoreline environment designations (SEDs) 1 ;

4.

Assessing cumulative impacts of shoreline development; and

5.

Preparing a restoration plan.

The County is in the process of identifying and assembling the most current, accurate, and
complete scientific and technical information applicable to the shoreline issues of concern in
Whatcom County and is using the information to accomplish the steps listed above. This
work is occurring in consultation with a Technical Advisory Committee (TAC) composed of
experts from federal, state, and local agencies and tribes; and a Citizens’ Advisory Committee
(CAC) composed of local citizens representing various stakeholder groups. The results of
steps 2 and 3 are presented herein.
This work was funded in part through a grant from the Washington State Department of
Ecology (Grant #G0400127). The Whatcom County Marine Resources Committee (MRC)
also provided funding for analysis of marine shoreline conditions and restoration
opportunities.

1.1 REPORT PURPOSE
The purpose of this report is to document existing shoreline conditions in Whatcom County
and present a baseline inventory and characterization of ecosystem-wide processes (hereafter
referred to as landscape processes) and shoreline ecological functions in accordance with the
state shoreline guidelines (hereafter referred to as the guidelines) in Chapters 173-26201(3)(c) and 173-26-201(3)(d) of the Washington Administrative Code (WAC).
Specifically, this report seeks to achieve three main objectives:
1. Identify the landscape processes and ecological functions that influence the
shoreline(s) of Whatcom County;
2. Assess the landscape (ecosystem-wide) processes to determine their relationship to
ecological functions present within the County and identify which functions are
healthy, altered, or missing; and
3. Identify specific opportunities and measures to protect and/or restore shoreline
functions and landscape processes.
A group of professionally qualified scientists and planners prepared this report serving as
consultants for Whatcom County. The TAC reviewed information presented here (to the

1

The existing Whatcom County SMP refers to these Environment designations as Area designations.
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maximum extent possible given their other job duties) to ensure the information presented is
accurate and complete (committee members are listed in Appendix A) 2 .

1.2 REGULATORY OVERVIEW
The SMA requires local jurisdictions to develop master programs governing shoreline use
and development. Specifically, the Act states:
“It is the policy of the state to provide for the management of the shorelines of the state
by planning for and fostering all reasonable and appropriate uses. This policy is designed
to insure the development of these shorelines in a manner, which, while allowing for
limited reduction of rights of the public in the navigable waters, will promote and
enhance the public interest. This policy contemplates protecting against adverse effects to
the public health, the land and its vegetation and wildlife, and the waters of the state and
their aquatic life, while protecting generally public rights of navigation and corollary
rights incidental thereto.” (RCW 90.58.020)
The Act establishes policies and regulations that give preference to shoreline uses that:
1.

Protect the quality of water and the natural environment,

2.

Depend on proximity to the shoreline (water-dependent uses), and

3.

Preserve and enhance public access or increase recreational opportunities for the
public along shorelines.

The Washington State Department of Ecology (Ecology) administers the Act but gives
primary permitting authority over shoreline development to local governments, such as
Whatcom County. Ecology also develops the guidelines for local jurisdictions to use in
developing master programs, reviews and approves local plans and oversees actions for
consistency with the state statute. The guidelines give local government discretion to adopt
shoreline master programs reflecting local circumstances and develop other local regulatory
and non-regulatory programs related to the goals of shoreline management as provided in the
policy statements of RCW 90.58.020, WAC 173-26-176 and WAC 173-26-181. The policy
of RCW 90.58.020 and these guidelines constitute standards and criteria to be used by the
state in reviewing the adoption and amendment of local master programs.
Shoreline master programs have a planning function as well as a regulatory function. Master
programs balance and integrate the objectives and interests of local citizens and address
conditions on the shoreline. Master programs also influence land use planning and regulatory
measures for adjacent lands. They establish a classification system for specific shoreline
environment designations that is based on the biological and physical character of the
shoreline, the existing land use pattern, and the goals and aspirations of the community as
expressed through the comprehensive plan (WAC 173-26-191 and 173-26-211).
Whatcom County’s existing SMP outlines the County’s goals, policies, and regulations for
shoreline use and development. The SMP reflects a comprehensive vision of how shoreline
areas will be used over time and describes the standards that shoreline projects and uses must
meet to achieve a rational, balanced, and responsible approach to shoreline management
The County originally adopted its SMP in 1976. The current SMP was revised in 1997 and
approved by Ecology in May 1998.

1-2
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1.2.1 Shoreline Jurisdiction
Through the SMA, Whatcom County regulates “shorelines of the state” including all
“shorelines” and “shorelines of statewide significance” as defined in RCW 90.58.030.
“Shorelines” means all of the water areas of the state, including reservoirs, and their
associated “shorelands”, together with the lands underlying them; except:
1.

Shorelines on segments of streams upstream of a point where the mean annual flow
is twenty cubic feet per second (cfs) or less and the wetlands associated with such
upstream segments; and

2.

Shorelines on lakes less than twenty acres in size and the wetlands associated with
such small lakes.

Within the geographic boundaries of Whatcom County there are approximately 220 miles of
freshwater shoreline, 146 miles of marine shoreline, and 60 miles of lake shoreline. Not all of
these shorelines are under County jurisdiction. Specifically, shorelines and shorelands held in
trust by the United States within the boundaries of the Lummi Indian Reservation, the
Nooksack Indian Reservation, and/or adjacent to other federally reserved lands are not
shorelines of the state and are not regulated by the County’s SMP 3 , 4 .
County shorelines of statewide significance include the following (excluding areas
reservation and trust lands noted above): the marine waters and bedlands waterward of
extreme low tide; the marine shorelines of Birch Bay from Birch Point to Point Whitehorn;
the Nooksack and Skagit Rivers; and Whatcom, Ross, and Baker lakes.
“Shorelands" or "shoreland areas" mean those lands extending landward for two hundred feet
in all directions as measured on a horizontal plane from the ordinary high water mark
(OHWM); floodways and contiguous floodplain areas landward two hundred feet from such
floodways; and all wetlands and river deltas associated with such streams, lakes, and tidal
waters.
Local jurisdictions can choose to regulate all areas within the 100-year floodplain or a smaller
area as defined above 5 . In Whatcom County, the following areas are to be considered to be
within shoreline jurisdiction, unless tribally owned or held in trust 6 :
•

The geomorphic floodway of the Nooksack River (mainstem and forks), plus 200 feet
landward of the floodway within the geomorphic floodplain 7 ; (Upland areas within
200 feet of the geomorphic floodway, but outside of the floodplain are not included.)

•

All lands within 200 feet of the OHWM of a river, lake, or marine water body subject
to shoreline jurisdiction as described above;

•

All “associated” wetlands; meaning wetlands that are in proximity to shorelines or
that influence or are influenced by waters subject to the SMA (WAC 173-22-030
(1)). These typically include wetlands that physically extend into the shoreline
jurisdiction, and wetlands that are functionally related to the shoreline jurisdiction
through a hydrologic connection and/or other factors;

3

This report does not officially establish the limits of shoreline jurisdiction.
.Land within incorporated municipalities would fall under the applicable city SMP.
5
Local jurisdictions may also include buffers of critical areas that extend beyond the floodplain (e.g.
an upland buffer of a wetland at the edge of the floodplain) within SMP jurisdiction
6
Note: The extent of shoreline jurisdiction has not been finalized. This is information is subject to
further review and revision based on ongoing analysis and mapping.
7
See the Chapter 2 Methods for a discussion of how these areas are identified.
4
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•

All associated river deltas, except for those lands protected from floodwaters by
authorized flood control devices. Deltas are created near the mouth of a river where
numerous distributary channels commonly form the shape of a fan, or triangle.

1.2.2 Relationship to Critical Areas Ordinance
WCC Chapter 16.16 regulates development in and adjacent to designated critical areas as
defined by the Washington State Growth Management Act (GMA) (RCW 36.70A). Although
critical areas in shoreline jurisdiction are to be identified and designated under the GMA, they
must also be protected under the SMA. The Washington State Legislature and the Growth
Management Hearings Board have determined that local governments must adopt master
programs that protect critical areas within shorelines at a level that is “at least equal” to the
level of protection provided by the local critical areas ordinance (CAO) (ESHB 1933 Sec.
3(4); Sec. 5(4)).
The Legislature clarified that although Washington’s shorelines may contain critical areas,
the shorelines themselves are not critical areas by default as defined by GMA.

1.3 REPORT ORGANIZATION
The Inventory and Characterization report has four parts. Part I includes introductory material
relating the report background and purpose, describes the methods used to inventory and
characterize ecosystem processes and shoreline functions, and presents a county-scale
overview of ecosystem processes. Part II includes a detailed description of the conditions
within individual watershed management units (WMUs) associated with the Nooksack River
Basin. Part III describes conditions in WMUs outside the Nooksack Basin and Part IV is the
literature cited.
This four part report is Volume I of a multi-volume document that represents the background
information supporting the development of the Whatcom County SMP update. This report is
linked to a series of map folios containing the maps that are referenced in throughout the
report. Volume II includes supporting scientific information. Volume III is a countywide
restoration plan identifying actions that can be implemented on a voluntary basis to improve
shoreline ecological functions and help achieve the goal of no net loss of shoreline ecological
function. Volume IV is the cumulative impact assessment.

1-4
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2.

METHODS
This chapter describes the methods used to determine shoreline jurisdiction, characterize
ecosystem processes8, and inventory shoreline conditions and functions. Slightly different
approaches are used for the freshwater and marine (nearshore) shoreline analyses. It is
important to note that while Tribal reservation lands, tribal trust lands, and lands within
incorporated municipalities were to some extent included in the inventory and
characterization area, they are not subject to County jurisdiction. This report in no way
suggests that tribal reservation lands or other federally reserved lands held in trust by the
United States are shorelines of the state or otherwise subject to the County’s SMP.

2.1 DETERMINING SHORELINE JURISDICTION LIMITS
Prior to conducting a detailed analysis of ecosystem process and shoreline conditions,
analysts identified and mapped areas subject to, or potentially subject to shoreline jurisdiction
(per the criteria described in Section 1.2.1). The goals of this exercise were to:
•

Determine what portion of the floodplain would be subject to shoreline jurisdiction,

•

Verify the upstream extent of shoreline jurisdiction for rivers and streams (upstream
extent of the 20 cfs mean annual flow), and

•

Verify lakes greater than 20 acres.

The lateral extent of shoreline jurisdiction was defined for floodplains of 20 cfs streams, and
the floodways of the Nooksack, Samish, and Sumas Rivers. In order to denote a more
accurate floodplain and floodway than the 2004 FEMA maps provide, a modified version is
used for Shoreline jurisdiction.
The SMP floodplain is referred to as the geomorphic floodplain (geoFP). Sources include the
Nooksack River Historic Migration Zone Mapping, (Collins and Sheikh 2004a) WC Flood
division modeling of Sumas/Johnson overflow corridor, and FEMA 2004 on the tributaries.
The floodway, referred to as the geomorphic floodway, includes Whatcom County Flood
division draft river management hazard mapping on the Nooksack River and the FEMA
floodway on the Sumas and Samish Rivers. This floodway layer was clipped to fall within the
geomorphic floodplain (geoFP). Shoreline jurisdiction includes this floodway plus 200 ft
within the geoFP. This was used to denote the effective floodway consistent with the SMA.
The methods used to identify the draft geomorphic channel migration zone were based upon
the Ecology’s CMZ delineation guidelines (Ecology 2003): Historic Migration Zone (HMZ)
(100 plus years of record), plus Erosion Hazard Zone (EHZ) (possible erosion area for a 100year time interval), plus the Avulsion Hazard Zone (AHZ) (possible avulsion from a
maximum 100-year discharge). Collins and Sheikh (2004a) mapped the HMZ and also
identified a geomorphic floodplain (GeoFP) for the Nooksack River basin (not including the
Nooksack overflow into the Fraser River basin via the Sumas Valley). The EHZ started with
the Collins and Sheikh (2004a) average annual erosion rates 9 multiplied by 100. Whatcom
8

In this document, the terms “ecosystem processes” and “landscape processes” are used
interchangeably when referring to the suite of naturally occurring processes such as the movement of
water, sediment, nutrients, and/or organic matter across broad geographic areas in a manner that shapes
landforms and influences shoreline structure and ecological functions.
9
The time period for determining migration varied by river reach but was generally based on mapping
from the late 1800s to 2002. Specifically, mapping used to estimate channel migration rates began in:
June 2006 │ 558-1687-004

2-1

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

County Flood Division staff then modified the EHZ width based upon geology, topography,
and geomorphic features. Infrastructure and revetments were not accounted for in the
estimate of the possible 100-year EHZ. The EHZ for the Lower Nooksack is considered
preliminary at this date and may be refined upon further interpretation.
The AHZs for the North and Middle forks fall within the EHZ. The South Fork AHZ was
delineated based upon field indicators and general observations by County staff and will be
refined using additional hydraulic modeling. The AHZ has not been drawn for the Lower
Nooksack River.
The upstream limit of shoreline jurisdiction (i.e., the 20 cfs mean annual flow threshold) for
each stream was based on the U.S. Geological Survey (USGS 2005) report Determination of
Upstream Boundaries on Western Washington Stream and Rivers Under the Requirements of
The Shoreline Management Act of 1971 (USGS 1998). An analysis of the up and
downstream boundary error resulted in no changes to the USGS 20 cfs points. Upstream
extent of jurisdiction has changed from the 1998 jurisdiction. However, the County used the
1998 SMP jurisdiction extent for Terrell Creek, Chuckanut, Galbraith, Orsino, Lummi River,
and Coal Creeks (see Appendix B).
The County identified lake shorelines using acreages reported by the Washington Department
of Natural Resources (WDNR). Lakes ranging in size from 15-25 acres were reanalyzed
using digitized data from high-resolution aerial photos taken in 2004. The delineated areas
corresponded to the area of open water (areas waterward of OHWM) around the lakeshore.
As a result of this secondary analysis, Jorgensen Lake was added as a jurisdictional shoreline.
The marine shoreline jurisdiction was estimated based on the approximate Ordinary High
Water line.

2.2 MARINE (NEARSHORE) SHORELINE ANALYSIS
The marine shoreline analysis includes an assessment of biological and physical processes
occurring at the landscape scale and an inventory of shoreline conditions at the reach scale as
described below 10 .

2.2.1 Characterization of Ecosystem-wide Processes (Landscape
Characterization) 11
The landscape-scale assessment of the marine shoreline considered a variety of factors that
influence nearshore conditions in Whatcom County, including:
•

Process controls such as surficial geology, landforms, topography, and bathymetry;

•

Oceanographic processes;

•

Nearshore processes including net shore-drift patterns and fluvial influences;

•

Circulation, nutrient dynamics, sediment transport and heat/light transport;

•

Coastal bluff landslides; and

1859 (Delta and Lower Mainstem), 1872 (Upper Mainstem and North Fork), and 1885 (South and
Middle Forks).
10
Tribal reservation lands and lands within incorporated municipalities were included in the inventory
and characterization area even though they are not subject to County jurisdiction.
11
In this report the characterization of ecosystem-wide processes required by the shoreline guidelines
is often referred to as the “landscape characterization.”
2-2
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•

Land use.

Information on these factors was compiled from existing scientific reports, maps and other
published information. The reach scale assessment described below supplements the
landscape assessment for the nearshore environment.

2.2.2 Shoreline Reach Inventory
The inventory presents a summary of existing and planned/potential land use and describes
the physical, social, and ecological conditions within and adjacent to marine shorelines,
which was delineated a minimum of:
•

200 feet landward of the approximate OHWM, and

•

All known associated wetlands and river deltas 12 .

2.2.2.1 Reach Delineation
Project scientists delineated marine reaches based on information from previous marine
inventories and professional judgment. Factors considered in determining reach boundaries
included:
•

Drift cell boundaries;

•

Geomorphic and ecological character of the shoreline;

•

Jurisdiction (city, county, or tribe); and

•

WDNR ShoreZone boundaries.

2.2.2.2 Inventory Elements
Marine inventory elements include, but are not necessarily limited to, the attributes required
by the shoreline guidelines in WAC 173-26-201(3)(c), which state:
“Local government shall, at a minimum, and to the extent that such information is
relevant and reasonably available, collect the following information:
(i) Shoreline and adjacent land use patterns and transportation and utility facilities,
including the extent of existing structures, impervious surfaces, vegetation and
shoreline modifications in shoreline jurisdiction. Special attention should be paid to
identification of water-oriented uses and related navigation transportation and utility
facilities.
(ii) Critical areas, including wetlands, aquifer recharge areas, fish and wildlife
conservation areas, geologically hazardous areas, and frequently flooded areas.
(iii) Degraded areas and sites with potential for ecological restoration.
(iv) Areas of special interest, such as priority habitats, developing or redeveloping
harbors and waterfronts, previously identified toxic or hazardous material clean-up
sites, dredged material disposal sites, or eroding shorelines, to be addressed through
new master program provisions.

12

Estuaries are covered in both the marine and freshwater analyses as they occur at the marinefreshwater interface.
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(v) Conditions and regulations in shoreland and adjacent areas that affect shorelines,
such as surface water management and land use regulations. This information may be
useful in achieving mutual consistency between the master program and other
development regulations.
(vi) Existing and potential shoreline public access sites, including public rights of way
and utility corridors.
(vii)

General

location

of

channel

migration

zones,

and

flood

plains.

(viii) Gaps in existing information. During the initial inventory, local governments
should identify what additional information may be necessary for more effective
shoreline management.
(ix) If the shoreline is rapidly developing or subject to substantial human changes
such as clearing and grading, past and current records or historical aerial
photographs may be necessary to identify cumulative impacts, such as bulkhead
construction, intrusive development on priority habitats, and conversion of harbor
areas to non-water-oriented uses.
(x) If archaeological or historic resources have been identified in shoreline
jurisdiction, consult with the state historic preservation office and local affected
Indian tribes regarding existing archaeological and historical information.”
The shoreline inventory presented in this report groups attributes in three categorizes: The
physical features, which include shoreforms, substrate, and littoral drift; the built
environment, which includes regulatory considerations, structures, and socially or culturally
important areas; and biological conditions that characterize aquatic habitat structure and
biological communities.
Physical Features
For the marine shoreline the inventory parameters include various physical/morphological
features including shoretype, beach substrate, feeder bluffs, and drift cells.
Net Shore-drift and Feeder Bluff Mapping
The marine shoreline of northern Whatcom County was mapped in detail in terms of
sediment supply to the nearshore. The study area for detailed feeder bluff and accretion
shoreform mapping was from Sandy Point north to Semiahmoo Spit and the entire Point
Roberts shore. The shore in this study area was classified as one of six different alongshore
segments: Feeder Bluff Exceptional, Feeder Bluff, Transport Zone, Accretion Shoreform,
Modified, and No Appreciable Drift. Toe erosion and landsliding were mapped as ancillary
data within/across five of the different segments.
Analysts also ranked drift cells (using Ecology drift cells with some modifications) in two
different ways:
•

Amount of natural (pre-modification) beach-quality sediment supply; and

•

Degree of remaining connectivity of bluff to beach.

•

Degree of interruption of the natural sediment input to the nearshore present in each
cell due to human modifications.

The methods and results of the mapping exercise are summarized in a separate report
prepared by Coastal Geologic Services, Whatcom County Feeder Bluff Mapping and Drift
Cell Ranking Analysis, March 27, 2006.
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Built and Regulatory Environment
The built environment inventory summarizes elements of existing and planned land use as
well as other human-related uses, known water quality impairments, and other regulated
areas including:
•

Land Use Patterns: existing land use, existing zoning, planned land use, existing
shoreline environment designations (SEDs), and transportation/utility facilities, with
particular attention to water-oriented uses.

•

Public Access Sites: designated parks, trails, and open space corridors; and wateroriented uses such as boat ramps, marinas, and fishing piers.

•

Critical Areas (areas subject to regulation under the County’s CAO): geologically
hazardous areas, frequently flooded areas, critical aquifer recharge areas, wetlands,
and fish and wildlife habitat conservation areas.

•

Historic Resources: probability of archaeological resources and location of historic
resources in the shoreline jurisdiction as identified through County-wide
archaeological probability mapping and consultation with the state historic
preservation officer and tribes.

•

Areas of Special Interest: developing or redeveloping harbors and marinas, toxic or
hazardous material clean-up sites, dredged material disposal sites and known
shoreline restoration sites.

•

Water Quality: Ecology’s 2004 Water Quality Assessment (also know as the 303(d)
list) was reviewed at the reach scale. The assessment identifies and reports on tested
water body segments (marine and freshwater) as they relate to State water quality
standards for a variety of parameters, including temperature, pH, dissolved oxygen,
metals, etc. Water body segments are classified as Category 1, 2, 4a, 4b, 4c, or 5.
Category 5 waters are polluted waters that require a TMDL. Category 4a waters are
polluted but already have a TMDL, 4b have some other type of pollution control plan
already in place, or 4c, the water body is impaired by a non-pollutant (e.g., low
stream flow, dams, etc.). Category 2 waters are considered “waters of concern”,
where pollution is present but may not violate state water quality standards; and
Category 1 waters meet tested standards for clean waters, but may not be free of all
pollutants.

•

Shoreline Modifications includes altered or armored shorelines (riprap, dikes, levees,
revetments, bulkheads), and piers, docks, and other over-water structures.

Ecological Conditions
Project scientists also inventoried ecological conditions for each marine shoreline reach in
accordance with the shoreline guidelines. This involved collecting existing information and
maps identifying the location and extent of the following biological elements:
•

Nearshore Habitat Structure: vegetative cover, substrate type, and qualitative
description of habitat conditions and connectivity.

•

Biological Resources: shoreline-dependent species, forage fish habitat, eelgrass beds,
shellfish harvest areas and other critical, or priority species and habitats.
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2.3 FRESHWATER AND ESTUARY SHORELINE ANALYSIS 13
2.3.1 Characterization of Ecosystem-wide Processes (Landscape
Characterization)
The landscape characterization approach used for non-marine shorelines (including estuaries
and freshwater rivers, streams and lakes) is based in part on the draft landscape analysis
guidance developed by Stephen Stanley, Susan Grigsby, and Jenny Brown of the Ecology’s
Shorelands and Environmental Assistance Program (Ecology 2005a) with input from the
County’s consultant team, members of the TAC, and other qualified professionals. Some
wording and figures are taken directly from the draft Ecology guidance (Publication #05-06013).
This analysis uses Geographic Information Systems (GIS) data to examine specific processes
including the movement of water, sediment, nutrients, pathogens, toxicants, organic matter,
and energy or heat that form and maintain the landscape over a large geographic scale. These
processes interact with landscape features to create the structure and function of aquatic
resources (Ecology 2005a).
The analysis used a coarse-grained approach (Benda 2002) for integrating landscape processes
into shoreline management, restoration planning, and other land use planning efforts (Ecology
2005a). The purposes of the analysis are to highlight the relationship between key processes
and aquatic resource function and to describe the effects of land use on those key processes.
This approach is not intended to quantify landscape processes and functions. Rather, the goal
is to: 1) identify and map areas on the landscape important to processes that sustain shoreline
resources; 2) determine their degree of alteration; and 3) identify the potential for protecting or
restoring these areas using qualitative measures.
2.3.1.1 General Framework and Conceptual Model
The landscape analysis approach attempts to answer four questions:
1. What are the key landscape processes that maintain aquatic/shoreline resources and
their functions?
2. Which geographic areas within Whatcom County are most important for maintaining
each of the key process?
3. How have human activities/land use altered important process areas and to what
extent have the key processes been impaired?
4. Which areas have potential for sustaining or improving resource function through
protection and/or restoration?
Developing a conceptual model of landscape processes and the mechanisms through which
these processes support the functions of shoreline aquatic resources is a necessary first step to
answering these questions.
Landscape processes and functions are hierarchical in nature and work on multiple temporal
and spatial scales (Figure 2-1). The processes that are most important for aquatic resource
management—hydrology, sediment, water quality (e.g., nutrients, pathogens, toxins/metals),
organic matter, and heat/light—function in a framework established by process controls,
13

Tribal reservation lands and lands within incorporated municipalities were included in the freshwater
inventory and characterization area even though they are not subject to County jurisdiction.
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including geology, climate, vegetation, and land use. The processes, which are all related to
the transport of materials and energy across the landscape, function through a number of
mechanisms that act to input, transport, store, or remove materials and energy. The pathways
and magnitude in which materials and energy are input, transported, stored and/or lost
influence the structure of aquatic systems, including streams, lakes, wetlands, and estuaries.
These aquatic systems in turn provide resources for humans and habitat for other organisms.
Landscape processes are determined by overarching controls; hence they are best understood
in that context. Process controls can be partitioned into two categories relevant to resource
management. Geology and climate can be considered “ultimate” process controls that function
on larger scales of time and space not typically subject to land and resource management 14
(Beechie et al. 2003). Land use 15 and vegetation (i.e., land cover) are “proximate” process
controls that can be affected by land and resource management (Beechie et al. 2003).

14

Climate change is affected to some extent, and therefore manageable to some extent, by human
activities. However, it is not manageable at the scale of this effort; therefore, we consider it an ultimate
control.
15
In this context, land use is the human alteration of the landscape that coincides with resource
extraction or use.
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Figure 2-1. Relationships between Controls on Ecosystem Processes, Habitat
Conditions, and Biological Function (modified from Beechie et al. 2003).

Geology is the platform upon which geomorphic processes operate to create landforms.
Climate is generated by the long-term weather patterns of a region. Factors contributing to
regional climate include global, regional, and local wind, moisture, and temperature variations.
Climate determines the availability of water in a region because hydrology drives many other
processes that influence ecological functions in aquatic systems. In addition, climate affects
watershed conditions such as the growing season and the vegetative communities, and is a
major influence on human population patterns.
Vegetation is mainly influenced by geology and climate, but it is unique in that its feedback
relationship with landscape processes is important for maintaining aquatic resources.
Vegetation influences hydrology through the interception, evapotranspiration, and infiltration
mechanisms (Ziemer and Lisle 2003). Vegetation also affects sediment erosion and transport;
and is the source of most organic inputs to aquatic systems. Vegetation helps control
microclimate; plays a major role in fixing nitrogen and influencing other nutrient and water
quality mechanisms; and partly controls light inputs and associated primary production in
aquatic habitats. Vegetation helps shape instream habitat conditions by providing food,
substrate, and cover for numerous species; and influencing numerous other surface conditions
such as channel morphology, channel migration, and avulsion. Vegetation alteration is a
primary mechanism through which land uses impact landscape processes.
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2.3.1.2 Characterization Steps
The approach to characterizing landscape-scale processes consisted of several steps, which
are described below (per Ecology guidance).
Step 1 – Identify Aquatic Resources and their Contributing Areas
Project analysts identified and mapped aquatic resources including rivers, lakes, estuaries,
and wetlands (existing and historic wetlands) using available GIS data from various sources:
•

Rivers, streams and other water bodies - WDNR hydrography data, Salmon and
Steelhead Habitat Inventory and Assessment Program (SSHIAP; WDFW 2004),

•

Wetlands - National Wetland Inventory (NWI), WDFW Priority Habitats and
Species (PHS), NOAA Coastal Change Analysis Program (C-CAP) Land Cover
(2004), Whatcom County PDS category 1 wetland inventory (1992), Ecology
Potential Wetlands (Gersib 2000).

Mapped areas include aquatic resources that are subject to shoreline jurisdiction (e.g., large
rivers and lakes) and resources outside of shoreline jurisdiction (e.g., small streams,
depressional wetlands outside floodplains, etc.).
Contributing areas are defined as the surface water drainage boundaries (Gill and Atkeson
2000) identified in the WRIA 1 Watershed Management Plan (Blake and Peterson 2004).
WRIA 3 surface water drainage boundaries were also delineated using WRIA 3 data. These
contributing areas are referred to as watershed management units or WMUs. Within each
WMU, there are smaller watersheds, called subwatersheds or drainages that are referenced
when discussing conditions at a more refined scale.
Using WMUs to define the contributing areas allows for consistency across management
programs and also makes the scale of the analysis more manageable. However, the actual
contributing area may include all or part of the WMU in which the aquatic resource is located
as well as other, upstream WMUs 16 . Such situations are noted in the report, and external
processes that may affect conditions within a WMU are accounted for in the analysis.
Step 2 – Identify Key Landscape Processes
Processes occurring at the landscape scale maintain aquatic resources to varying degrees.
This analysis focuses on key processes that are fundamental to the integrity of the ecosystem
and can be managed within the context of the available land use plans and regulations
(Ecology 2005a). Hence, the project team identified the following key processes that are
critical to sustaining the aquatic resources and likely to be altered by human activity were
identified:
•

Hydrology

•

Sediment

•

Water Quality

16

For example, the contributing area for the Nooksack delta includes the Nooksack Delta/Silver Creek
WMU and also the Lower and Upper Mainstem WMUs, the Tenmile and Lynden WMUs, and the
North Fork, Middle Fork, and South Fork WMUs. Processes in all of these WMUs must be taken into
account when addressing ecological function in the Nooksack delta and estuary.
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•

Organic Matter 17

•

Heat/Light

Step 3 – Map Process-intensive Areas
For this step, analysts used available GIS data to identify and map areas within the County
that support ecosystem processes (Table 2-1). The rationale for designating certain areas as
“process-intensive” is based on the view that each process is governed by a suite of
mechanisms associated with specific features on the landscape, which when maintained in an
unaltered condition have the greatest relative influence on the dynamics of a specific process
and ultimately maintain the ecological function and value of aquatic resources 18 .
The geographic location of these specific features (e.g., depressional wetlands, permeable
surficial deposits, or steep gradients) is used to identify process-intensive areas. Because of
their inherent characteristics, areas that are identified as process-intensive have a greater
influence on aquatic resource structure and function than other areas and therefore may be
more important for protection and/or restoration (Ecology 2005a). However, the designated
process-intensive areas are not the only areas where process mechanisms occur.
Process-intensive areas are the focus of this analysis because they control how key processes
operate. In some cases, the process-intensive areas are areas where inputs to the processes
occur (e.g., the steep slopes that generate sediment supply as a result of erosion). For other
processes, inputs occur so broadly across the landscape that specific process-intensive input
areas are difficult to identify. In those cases, the important process areas are areas that
facilitate movement or storage of materials such as water, sediment, or pathogens.
Commonly, multiple processes are present in a single area (sometimes due to feedback
relationships among processes). Storage areas such as depressional wetlands are a good
example because they store surface water, which traps sediment and facilitates phosphorus
removal and contaminant adsorption, uptake and storage. The mapping exercise allows us to
identify areas where each process occurs as well as areas that support multiple processes and
therefore may provide valuable protection and/or restoration opportunities.
Hydrology
Infiltration/Recharge
Areas of high permeability on low slopes have a relatively high capacity for the infiltration of
precipitation and surface water (Winter 1988). In the glaciated Puget Sound landscape, grain
size is highly correlated to permeability (Table 2-2; Vaccaro et al. 1998; Jones 1998).
Furthermore, areas in the Pacific Northwest with unconsolidated surficial geologic deposits
of high permeability or large grain size allow precipitation to infiltrate directly to
groundwater (Dinicola 1990 in Vaccaro et al., 1998). Typically, glacial outwash, especially
recessional outwash, is comprised of coarse-grained sediment and supports high levels of
infiltration. Areas with such characteristics that occur on low slopes are identified as
intensive infiltration/recharge areas.

17

In this report the term “Organic Matter” mainly refers to processes involving large woody material,
although in many cases the areas identified as important for large woody debris are also important for
smaller-sized organic material such as leaves and partially decomposed plant materials, which
contribute to healthy functioning aquatic systems.
18
When process-intensive areas are altered, they may not have the same influence on aquatic resource
function. Consequently, this analysis attempts to identify process-intensive areas based on historic,
unaltered, or natural conditions.
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No slope threshold for limiting infiltration was found in the literature; however, areas of low
gradient generally reduce overland flow velocity and increase the opportunity for infiltration.
Therefore, the slope threshold for high infiltration potential was defined as 8 percent or less
based on the Montgomery and Buffington (1994) threshold for alluvial stream process
domains. It is assumed that excessively well, well, and somewhat well drained soils
(SSURGO) occur on slopes flat enough to allow for higher infiltration rates.
Table 2-1 Data Sources for Identifying Process-intensive Areas.
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Table 2-1 Data Sources for Identifying Process-intensive Areas (continued)
Key Process

Hydrology

Mechanism

Important Areas

Infiltration/
recharge

Permeable soils on low slopes

SSURGO Soils drainage
class (NRCS 2002)
10m DEM (USGS) slopes
< 8percent

Surface water
storage

Depressional wetlands Lakes
Floodplains

Potential wetlands (Gersib 2000) HYDRO24 (WDNR
1:24000)
100-yr floodplain (FEMA
2004)

Surface runoff and
peak flows

Rain-on-snow zones

WDNR (1991)

Groundwater flow
(baseflow)

Surficial aquifers

NOOK_AQ (Tooley and
Erickson, Ecology 1996)
HYDROGEO (USGS
2000) Modified from: Jones
(1999)

Surface expression areas
(lakes, wetlands, streams)

Sediment

Water
Quality

Organic
Inputs

2-12

Data Sources

Surface erosion

Erodible soils (K factor) or
steep slopes, WFPB 1997

SSURGO Soils k factor
(NRCS 2002)
10m DEM (USGS)

Mass wasting

Landslide hazard areas

Slope Stability (WDNR
2000, using Shaw &
Johnson SMORPH model,
1995)

Sediment storage

Depressional or constricted
wetlands > 10 acres
Water bodies
Floodplains

POTENTIAL_WETLANDS
(Gersib 2000) HYDRO24 (WDNR
1:24000)
100-yr floodplain (FEMA
2004)

Inputs

No important historic sources

N/A

Contaminant
Storage
Nutrient Storage/
denitrification

Wetlands that filter
groundwater
Wetlands that filter surface
water
Hyporheic zones

POTENTIAL_WETLANDS
(Gersib 2000)

LWD recruitment

Low order streams

100-yr floodplain (FEMA
2004) and HYDROGEO
Outwash, Alluvium (USGS
2000)

Windthrow
Riparian zones

200’ buffer of HYDRO24
(WDNR)

Historic migration zones

HMZ Collins and Sheik
(2004a)

Landslide hazard areas

Slope Stability (WDNR
2000, using Shaw &
Johnson SMORPH model,
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Key Process

Mechanism

Important Areas

Data Sources
1995)

Heat/light
inputs

June 2006 │ 558-1687-004

Riparian canopy
cover

Riparian zones, particularly in
headwater streams

Riparian Function
Assessment (Coe 2001)
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Table 2-2. Generalized Relationship between Surficial Geology and
Soil Permeability in a Glaciated Landscape.
Surficial Geologya

Sediment Size

Permeability

Hydraulic
2
conductivity (ft/d)

Recessional Outwash &
Alluvium

Coarse Gravel/Sand

Highb,c

Advance Outwash

Moderate Sands

Moderatec

Organic Deposits

Not applicable

Low to Moderate

Moraine, Till

Varied

Low to Very Lowc

Lacustrine &
Glacial Marine Drift &
Mudflows

Fine Silts

Very Low

<10

Finer Alluvium

Fine

Very Lowc

1-15

Bedrock

Consolidated

Very Low

100
15-50
0.005-22

a Some surficial geology maps include glacial marine drift in the glacial outwash class; for this analysis, areas of glacial marine
drift should be separated out from outwash deposits due to differences in permeability.
b Vaccaro et al. 1998.
c Jones 1990.
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Surface Water Storage
Depressional wetlands, floodplains, and lakes are important surface water storage areas in
Whatcom County. Depressional areas are common in the Puget lowlands and are typically
found as elongated troughs carved by continental glaciers, rounded kettle depressions formed
by melting ice blocks, and subtle depressions formed by the movement of glaciers across the
ground (Lane and Taylor 1996). Frequently, wetlands have developed in these areas.
Four alluvial channel types (dune riffle, pool riffle, braided, and some plane bed channels)
have associated floodplains. These channel types are most likely to occur in the unconfined
areas of both the Puget Sound lowlands and uplands. Outwash surficial deposits, unconfined
or moderately confined valleys, and slopes less than four percent characterize these
floodplain areas (Buffington et al., 2003). This slope range encompasses all dune riffle, pool
riffle, and plane-bed process domains, including braided channel types (Montgomery and
Buffington (1994).
Lakes in Puget Sound tend to be located in depressions formed by glacial scour. In Whatcom
County, lakes are located in alpine and montane regions as well as in lowlands 19 . Although
not identified as a key mechanism in this analysis 20 , lakes are also important areas for
evaporative loss of water.
Surface Runoff and Peak Flows
Surface runoff in the Nooksack system is derived from snowmelt, glacial melt, and rainfall.
The spring snowmelt is driven by climate and does not change significantly based on land
management. However, winter snowmelt is an important component of the rain-on-snow
mechanism that causes most major peak flow events (WFPB 1997), and this analysis focuses
on rain-on-snow zones as a key hydrologic mechanism that influences aquatic resource
structure. In the Puget Sound region, rain-on-snow events occur most frequently at elevations
of 1,500-4,500 feet where weather patterns commonly cause temperature fluxes from freezing
to non-freezing condition (WDNR 1991). Mature forests, especially coniferous forests, in
rain-on-snow forest zones influence winter snow accumulation and melt rates by changing
the intensity of solar radiation and wind-assisted heat flux (WFPB 1997).
Interception is also an important mechanism influencing runoff-infiltration patterns.
Interception attenuates the delivery of precipitation to the earth’s surface, limiting the
potential for precipitation rates to exceed infiltration rates. The result is more
infiltration/recharge and less overland flow. Interception is somewhat non-specific in terms of
geography—as it occurs everywhere. High elevation areas, which have high (subalpine)
precipitation rates and historically contained predominately conifer forest conditions,
typically have high interception rates. However, this analysis does not interpret interception
to be a key hydrologic mechanism with specific, manageable process-intensive areas. Thus,
interception is not included as part of the landscape analysis.
Groundwater Flow
Recent work by the U.S. Geological Survey (USGS) suggests that the presence of permeable
deposits such as outwash and alluvium adjacent to river valleys and floodplains increases the
probability of groundwater discharge (USGS 2005). As a result, these areas are considered

19

For example, landslide dammed lakes are significant in the North Fork, Silver Creek and Canyon
Lake Creek drainages.
20
Evaporative loss from lakes is not easily manageable through land use planning or restoration,
limiting its relevance to this landscape analysis.
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process-intensive for groundwater discharge and play an important role in maintaining stream
baseflows.
Unconfined surficial aquifers are process-intensive areas for groundwater flow processes.
Groundwater flow paths occur at regional, intermediate and shallow scales corresponding to
shorter flow paths and residence time, respectively. Regional groundwater is maintained
along deep flow paths in pre-quaternary bedrock, which are defined by major topographic
features such as Georgia Strait and the Cascade Mountains. Such groundwater is not readily
influenced by the local land use patterns and is therefore not addressed in this analysis.
Intermediate groundwater falls somewhere between regional and shallow groundwater in
terms of the location of flow path depth and the scale of movement. Intermediate
groundwater often has the ability to move under major rivers and across drainage boundaries.
Shallow groundwater occurs in upper Pleistocene and Holocene deposits and is governed
largely by local topography and surficial deposits. Recharge of these shallow aquifers occurs
mainly in glacial drift plains and is discharged as surface water via springs, seeps, lakes, and
streambeds. Shallow groundwater boundaries typically follow surface watersheds.
The analysis conducted in this report focuses on shallow, and to some extent, intermediate
groundwater aquifers. The natural patterns of recharge and discharge are controlled largely by
topography, confining geologic features, and other factors (Vaccaro et al. 1998), and
influence aquatic resources to a greater extent than regional groundwater.
Sediment
Slopes with erodible soils and areas prone to mass wasting are important areas for sediment
input, and mechanisms for sediment input are closely aligned with geologic controls. Erosive
soils are most commonly associated with alluvium and outwash. Surface erosion can be
assessed based on a model with inputs including soil erosivity, slope, and vegetation. WFPB
(1997) identifies areas with high erosion potential based on a derived index value of
erodibility, (K) that is a factor of soil structure and slope (Table 2-3). Historic vegetation
cover is assumed to be forest (Collins and Sheik 2004b).
Table 2-3. Areas with High Erosion Potential.
Slope (%)

K factor

>65

<0.25

>30

>0.25

<30

>0.4

Note: K factor units are dimensionless, smaller number indicates higher erosion potential

Mass wasting potential is a product of topography, soil and bedrock properties, hydrologic
conditions, and vegetation. This analysis focuses on shallow-rapid landslides using the Shaw
and Johnson (1995) model, which analyses landslide potential based on the assumption that
local topography is the primary factor driving slope failure potential. Shaw and Johnson
conclude that shallow-rapid landslides typically occur on concave slopes, which collect soil,
organic debris, and surface water and groundwater.
Sediment is often stored in depressional areas such as wetlands and lakes (Hruby et al. 2000)
and on floodplains (Ecology 2005a), which by definition are composed of deposited
alluvium. These areas trap sediment by reducing water velocity (or dissipating energy), and
allowing increased deposition of fine sediment. Process-intensive areas for sediment storage
are the same as the water storage areas identified in the hydrology analysis.
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Water Quality
Nutrients (nitrogen and phosphorus)
Hydrology has a primary influence on nutrient spiraling 21 in streams and rivers, and nutrient
flux is positively correlated to surface water and groundwater discharge. In addition, many
nutrient processing activities 22 occur in the hyporheic zone. Its size and capacity for exchange
directly influence nutrient transport and storage in both groundwater and surface water
(Edwards 2003). Denitrification and adsorption can also occur in wetlands, particularly those
with alternating reducing and oxidizing conditions (Mitch and Gosselink 2000; Sheldon et al.
2003), or organic or clay soils (Sheldon et al. 2003; Woltemade 2000). Wetlands can also be
important phosphorous sinks because they trap and store sediment (Sheldon et al. 2003),
particularly depressional wetlands with constricted outlets that are conducive to standing
water. Gersib (2000) identified potential (i.e., historic) wetlands with properties conducive to
nutrient retention in both groundwater and surface water. Areas important for sediment
storage such as floodplains and lakes are also important phosphorus sinks.
Recent work in the glaciated portions of the Northeastern US and Canada has described an
approach to identify riparian and hyporheic areas with a higher likelihood of supporting
denitrification in groundwater. Riparian zones, including the hyporheic zone, can function as
important nitrogen sinks if particular combinations of landscape features are present (Vidon
and Hill 2003; Hill et al. 2004; Kellogg et al. 2005). These features include outwash and/or
alluvial deposits, presence of organic deposits and adjacent upland aquifers that slope towards
the riparian areas. Based on measurements of denitrification rates in different glacial
geomorphic settings, Vidon and Hill (2003) propose that riparian areas acting as large
nitrogen sinks consist of permeable deposits 2 to 6 meters in depth and adjacent to upland
aquifers of greater than 2 meters in depth and greater than 5 percent slope. Buried organic
matter in riparian areas is an important factor for denitrification since denitrifying microbes
require carbon as an electron donor (Myrold and Tiedje 1985). However, this analysis does
not always identify the depth of permeable deposits or buried organic matter within identified
hyporheic zones as data are not always readily available.
Pathogens
This characterization study focuses on fecal coliform as an indicator of pathogens because it
is the most commonly occurring pathogen and because it has serious water quality
implications for both aquatic fauna and humans. Fecal coliform is the primary pathogen
monitored in Ecology water quality studies and is also the parameter used by the Department
of Health for classifying shellfish growing areas.
Sources of pathogens include wastewater systems, septic systems, domestic animals, wildlife,
and confined animal feeding operations; natural concentrations in water are typically very
low. Because pathogens are derived primarily from anthropogenic sources, much of the
research regarding their removal is based on water quality management facilities. However,
some research results can be applied to natural systems.

21

Cyclical process by which a nutrient atom/molecule is “taken up by an organism from a dissolved
available state, passed through the food chain, and returned to a dissolved available state for reuse
(McClain et al. 2003 citing Newbold et al. 1982). Landscape processes (including feedbacks with
ecological functions) determine the distance and time over which one cycle, or spiral, occurs.
22
Activities may include physical breakdown of organic material, biotic uptake (including nitrogen
fixation), oxidation and reduction (e.g., nitrification/denitrification), weathering (phosphorus), and
sorption.
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Important areas for water quality processes involving pathogens include areas where
pathogens are stored/removed. The EPA (2001) showed that standing water promotes
pathogen removal through increased filtration and competition, which Marino and Gannon
(1991) concluded to be important components of removal in constructed wetlands. Kurz
(1998) demonstrated pathogen reduction in sand infiltration systems, and the EPA (2001)
concluded that pathogen survival is correlated to suspended sediment concentrations, which
promote growth and decrease predation by micro-organisms. The USGS (2005) showed that
coliform bacteria are effectively removed during groundwater transport before being
discharged to streams.
Organic soils have been found to increase the longevity of coliform organisms as well as
typhoid bacilli and enterococci (Heufelder and Rask (1996) referencing Mallman and Litsky
(1951) and Tate (1978)). Other studies suggest that significant predation from
microorganisms can occur even in muck soils (Tate 1978). Regardless of soil composition,
areas that provide for long detention or residence times and/or promote settling out of
sediments will be especially important for pathogen removal (Hemond and Benoit 1988).
This includes floodplains and all depressional wetlands regardless of soil type. Permeable
deposits draining into surface waters via subsurface flow or groundwater recharge are also
important areas for pathogen removal.
Toxins/Metals
Toxins and metals generally do not occur in naturally high concentrations, and important
areas are limited to those with the potential for uptake and storage. Like pathogens, important
areas for toxins and metals are storage areas where adsorption can occur. Depressional
wetlands with organic soils and wetlands with clay soils that have a high cation exchange
capacity are the primary areas in which metals/toxins are retained through adsorption.
Riparian areas also are likely to remove toxins through adsorption since there are layers of
organic material. Sediment deposited in floodplains can also temporarily store/adsorp toxins.
Organic Matter
Large woody debris (LWD) enters streams primarily via streambank erosion, mass wasting
and treethrow/windthrow. Therefore, important areas for LWD input and movement
generally include areas of eroding stream banks, stream channels adjacent to mass wasting
areas, and riparian areas within roughly ~200 feet of the channel. Specific sources of wood
vary depending on the position of the stream on the landscape (May and Greswell 2002)
(Table 2-4). Continuous sources such as treethrow (mortality, suppression, windthrow) and
bank erosion/channel migration occur across all types and sizes of streams, while mass
wasting is the primary source in low-order streams (Reeves et al. 2003; Benda et al. 2002).
Fluvial transport and debris-laden floods are important mechanisms of LWD redistribution in
large and small streams, respectively.
Table 2-4. Sources of LWD by Process Domain
Stream Type
Colluvial and
low-order alluvial

>10

High-order
alluvial and rivers

<2 - 10

a
b
c
d

2-18

Gradient
(%)

Dominant Recruitment
Mechanisma,b

Recruitment Area of
Importance

Hillslope;
treethrowb;
Channel migrationc

Adjacent landslide hazard
areas;
200 foot buffer

Channel migration;
d
windthrow/senescence

FEMA floodplain

In decreasing order of importance
May and Greswell (2002)
May and Greswell (2002), Reeves et al. (2003)
Hillslope sources may also be important where adjacent to streams (Reeves et al. 2003)
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Heat/Light
A number of factors control heat/light inputs to aquatic resources. Most factors such as
climate, groundwater inputs, and air temperature are difficult to manage in the context of the
SMP. This analysis focuses on riparian areas as process-intensive areas for heat/light because
they provide the best opportunity for management.
The relationship between riparian condition and its influence on heat/light inputs is discussed
extensively in scientific literature (Welch et al. 2003). Thirty meters is the recommended
minimum riparian width required to maintain natural function of heat/light inputs in Puget
Sound (Castelle et al. 1994; May 2000), but a wider buffer is necessary to maintain
microclimate (Brosofske et al. 1997; May 2000). Riparian zones as narrow as 11 meters may
still provide positive shading influence on streams (Parametrix et al. 2005 citing FEMAT
1993; Knutson Naef 1997; May 2000). The width of the riparian zone becomes less important
as streams become larger, because shading controls insolation to a lesser extent, and other
factors such as channel geometry begin to have a more significant relative influence on
temperature.
Step 4 – Map Process Alterations
This step determines where land uses and/or actions associated with land use have altered
naturally occurring processes. Knowing where and how processes have been altered provides
insight into the various management approaches that may be appropriate for each geographic
region. Altered areas may provide opportunities for restoration, while unaltered areas may
have potential for conservation or similar protection. Table 2-5 shows the types of alterations
identified for each process.
Hydrology Alterations
Land use can greatly change the hydrologic process in a given area. Specifically, the volume,
timing, and rate of water transport through each flow path can be altered by loss of forest
cover and increases in impervious surface and drainage activity (Figure 2-2). As a result of
land use, particularly urbanization, surface water is redirected from other natural or predevelopment pathways. This affects not only peak flows but also groundwater discharge
during periods of baseflow.
Infiltration/Recharge
Land use is a predictor of effective impervious area (Table 2-6) and numerous studies report
that watersheds with greater than ten percent impervious area experience increases in runoff
resulting from decreased infiltration capacity (Glasoe and Christy 2004; Paul and Meyer
2001; Booth and Reinelt 1993). Vaccaro et al. (1988) showed that recharge in urban areas (95
percent impervious surfaces) is reduced by 75 percent while that of residential areas (50
percent impervious surfaces) is reduced by 50 percent (in Ecology 2005a). Booth and Jackson
(1997) describe numerous other impacts to aquatic resources that are significant and
measurable and result from anthropogenic alterations that result in greater than ten percent
impervious watershed area.
Impervious surfaces can impact infiltration in all areas of a watershed, but it is particularly
detrimental in areas that naturally support high rates of infiltration and recharge (i.e.,
permeable deposits on low slopes).
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Figure 2-2. Hydrologic Alterations with Increasing Human Impacts
(source: Paul and Meyer [2001]).
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Table 2-5. Alterations Associated with Key Processes
Key
Landscape
Process

Mechanism

Process-intensive areas

Alterations

Hydrology

Infiltration/Recharge

Permeable soils on low slopes
Artificial conveyances
(indicator is road density)

Impervious area
Roads, ditches, storm sewers
Drainage tiles

Surface water
storage

Depressional wetlands, lakes, and
floodplains

Drained or filled depressional wetlands
Streams disconnected from floodplains
Drainage tiles

Surface runoff and
peak flow

Rain-on-snow zones

Loss of hydrologically mature forest cover
Road density

Groundwater flow

Shallow aquifers

Ditched/drained areas with shallow
groundwater
Consumption/extraction
Impervious surface

Soil erosion

Steep slopes with erodible soils

Native vegetation loss
Roads near streams
Till agriculture
Developing lands
Shoreline armoring

Mass wasting

Mass wasting hazard areas

Roads in mass wasting hazard areas
Vegetation removal
Inappropriate flood control structures

Storage

Depressional wetlands, lakes, and
floodplains

Drained or filled depressional wetlands
Floodplain disconnection
Stream channelization
Dikes and levees

Nutrient sources

Contributing area

On-site septic systems, agriculture (waste
and fertilizer); residential areas (fertilizer),
riparian disturbance

Pathogen sources

None

On-site septic systems, agricultural waste

Toxin/Metal sources

Toxins – none; metals – groundwater

All land uses (non-specific)

Cycling
(storage/Transforma
tion/Loss)

Depressional wetlands, riparian
zones

Drained or filled depressional wetlands
Riparian disturbance

LWD recruitment
(source)

Riparian zones

Loss of mature forest

Channel migration zones

Bank armoring, dikes/levees
Channelized streams
Forest practices/timber harvest

Mass wasting areas

Loss of mature forest

Riparian corridors

Loss of vegetation

Sediment

Water
quality

Organic
matter

Heat/light
inputs

Canopy cover
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Table 2-6. Land Use Category and Corresponding Percent Impervious Area.
Land Use Category

Percent Effective Impervious Area (EIA)

Low density residential (1 unit /2-5 acres)

4

Medium density residential (1 unit/ acre)

10

Suburban density (4 units/acre)

24

High density (multi-family or 8 units/acre)

48

Commercial and industrial

86

Other factors associated with impervious development increase the effective drainage density
and route water away from infiltration/recharge pathways toward direct runoff as discussed
below under Surface Runoff/ Peak Flows.
Surface Water Storage
The loss of surface water storage potential can increase the volume and shift the timing of
flow (Collins et al. 2003) or increase water level fluctuations in lentic systems. Land use
(including agricultural drainage) can either directly impact storage through the destruction of
storage areas (e.g., floodplains, wetlands, and the hyporheic zone) or indirectly decrease
storage by reducing connectivity between the storage areas and streams. Components of
reduced connectivity include diked/leveed channels; stream channelization and incision;
increased sediment supply; and floodplain/wetland ditching.
Some of these alterations are more appropriately addressed either in other landscape
processes (e.g., sediment supply) or at the reach scale (i.e., channel modifications and
incision). Other impacts (such as loss of hyporheic function) are difficult to characterize with
existing information,. Therefore, the alteration focus for surface water storage is loss of
wetland storage and floodplain ditching.
Surface Runoff/ Peak Flows
Surface runoff and peak flow mechanisms are closely linked to the infiltration/recharge
mechanism described above since runoff is inversely correlated to infiltration/recharge.
Runoff is affected by development that increases drainage density, synchronizing runoff
during peak events and consequently increases the magnitude and frequency of peak flows.
Ditches in forested and rural areas and storm sewers in urban areas act as conveyance
channels artificially increasing drainage density, and enhancing the efficiency of water
delivery to streams. This analysis uses road density as an indicator of increased drainage
density because roads are commonly associated with artificial conveyances such as ditches
and storm sewers. Furthermore, roads in forested areas have been shown to cause physical
disturbances that increase drainage density by extending the length of headwater channels,
converting subsurface flow to overland flow.
Forest practices and land clearing in rain-on-snow zones can also alter natural surface runoff
patterns. Cleared portions of the rain-on-snow zone can produce 50 to 400 percent more
outflow from snow packs than forested areas during rain-on-snow events (Ecology 2005a
citing Coffin and Harr 1992). The primary causes of this increased outflow are the
additional amount of snow on the ground and the increased rate of snow melt that occurs in
the absence of absence of sun-blocking vegetative cover (Brunengo et al., 1992; Coffin and
Harr 1992). Rain-on-snow areas that are converted from forest cover to non-forest cover
have a higher likelihood of generating peak runoff. However, depending on the location of
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the cleared area within the landscape, the effect of rain-on-snow events can reduce peak
runoff due to changes in synchronization of contributing areas.
The factors addressed in the Infiltration/Recharge and Surface Water Storage sections also
affect the frequency and magnitude of peak runoff events and should be accounted for in the
assessment of peak flow alterations.
Groundwater Flow
Precipitation is the primary source of groundwater recharge. Therefore, the primary influence
on groundwater flow and discharge is infiltration and recharge. However, alterations to flow
paths, artificial drainage and groundwater extraction/consumption also influence the
availability of groundwater for maintaining ecological functions during the summer low flow
period. Draining areas of shallow groundwater via ditching, drainage tiles, pumping or other
practices shortens the groundwater flow paths and decreases retention time. Consequently,
the efficiency of groundwater discharge increases, and the availability of groundwater for
discharge during low runoff periods decreases.
Extraction also reduces the amount of groundwater available for discharge, and the placement
of wells in the vicinity of surface water expressions can also limit discharge by altering
groundwater flow paths (Freeze and Cherry 1979; Morgan and Jones 1999).
Sediment Alterations
Changes in sediment supply have wide-ranging impacts on aquatic ecosystems and can limit
ecologic function by impairing habitat and water quality. Surface erosion and mass wasting
are naturally occurring mechanisms of sediment supply, but each can increase sediment
inputs to aquatic ecosystems when the landscape is altered by human use. Loss of forest
cover, can increase in exposed soils and the development of roads can increase inputs to
aquatic systems by increasing rates of mass wasting and surface erosion. Altered hydrology
can also increase hillslope inputs to aquatic resources as well as influence rates of instream
transport and storage.
Mass Wasting
Roads (paved and unpaved) are often the most significant source of sediment inputs to
aquatic ecosystems in Puget Sound (Swanson et al. 1987). Increased mass wasting rates are
directly attributable to roads, which can influence slope failure directly by altering slope
properties (Knutson and Naef 1997) or indirectly by redistributing excess water to landslide
prone areas (Swanson et al. 1987). The loss of forest cover may also be an important factor
that increases rates of mass wasting, but the literature demonstrates that roads are the
dominant influence.
Surface Erosion
Surface erosion usually occurs as a result of particle entrainment by rainfall and overland
flow. Historically, surface erosion was not a significant source of sediment because forest
cover limited rainfall throughfall and overland flow (Swanson et al. 1987). However, loss of
forest cover and an increase in exposed soils and roads can lead to increased particle
detachment and particle entrainment by rainfall and transport via overland flow, consequently
increasing sediment inputs to aquatic systems. In general, the denser the vegetative cover, the
lower the rate of erosion (Dunne and Leopold 1978).
Roads are also a primary source of increased sediment inputs to aquatic systems via surface
erosion. Beschta (1978) reported that roads within ~200 feet of aquatic ecosystems
dramatically increase sediment inputs from surface erosion.
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The impacts of roads and lost forest cover may be most noticeable in areas with high erosion
potential, and these areas should be prioritized for management. However, areas of low
erosion potential can also be significant sources of sediment, particularly for land uses that
directly disturb soil. Till agriculture or bare fallow soil areas can increase surface erosion by
40 to 50 percent (Rapp et al. 1972).
Bank Erosion
Streams, wetlands, and lakes can store sediment before it is transported farther downslope to
estuaries and nearshore ecosystems. Channelization and floodplain disconnection cause loss
of overbank sediment deposition in the floodplain during peak flows; draining and filling
depressional wetlands can also reduce sediment storage capacity on the landscape. Thus,
alterations to surface water storage are also indicative of reduced sediment storage
The residence time of sediment stored in the floodplain may decrease as a result of land use.
Nelson (1999) concludes that bank erosion is the largest source of increased sediment supply
in urbanizing basins. Changes in stream morphology brought on by altered sediment supplytransport processes in streams can include increased bank erosion and channel migration
rates. Altered hydrology (increased flows) can cause channel enlargement and increased bank
erosion. Loss of riparian vegetation also increases the susceptibility of streambanks to fluvial
entrainment and mass failures. The alterations that indirectly influence bank erosion are
discussed in other sections (riparian condition; surface runoff and peak flows). Consequently,
bank erosion is not directly addressed in the alteration analysis, but increases in bank erosion
rates are noted in the response section.
Water Quality Alterations
Nutrients
Changes to hydrology and sediment supply at the landscape-scale will profoundly influence
nutrient cycling in aquatic ecosystems, and alterations to these processes are discussed in
previous sections. This analysis focuses on two types of alterations: increased nutrient inputs
resulting from certain land use practices, and loss of nutrient “storage” areas. In this case, the
term storage areas includes areas where nutrients are temporarily retained, transformed and/
removed (via denitrification).
Fertilizer originating from both agricultural and residential areas can be a potential source of
increased nitrogen inputs to both aquatic ecosystems and groundwater. In addition, fecal
waste from wastewater facilities, septic tanks, commercial agriculture, and hobby farms can
also contribute excess nitrogen and other nutrients.
Phosphorous is not strongly correlated to specific types of land use (Ebbert et al. 2000).
However, areas in which fertilization and surface erosion are both prevalent (e.g., till
agriculture, urban growth areas) can be potential sources of increased phosphorous input.
Floodplain disconnection and loss of riparian forest cover can limit hyporheic function and
nitrogen fixation rates and preclude deposition of sediment and adsorbed phosphorous. Loss
of wetlands also decreases rates of nutrient retention and loss via chemical reactions such as
denitrification.
Pathogens
Pathogen inputs are primarily associated with human disturbance. Human sources of fecal
matter and associated pathogens include on-site septic systems and animal operations such as
dairies and hobby farms.
Depressional wetlands and permeable deposits upslope of aquatic resources are important
areas for removing fecal matter and associated pathogens before they reach streams (note:
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other mechanisms are involved such as sedimentation, microbial competition and predation).
Destruction of these areas or land uses that lead to altered function can cause impairment.
Like all water quality components, pathogen loading is highly correlated to hydrology and
sediment processes, and increased inputs and disturbance frequency provide a vehicle for
increased pathogen inputs and decreased retention. Decreased removal is indirectly
influenced by increased hydrology and sediment fluxes, which result from channelization,
wetland destruction, and increases in impervious area.
Toxins/Metals
Many land uses are sources of toxins and increased metal inputs that are harmful to aquatic
ecosystems. The types of pollutants typically vary by land use (Table 2-7). Urban land uses
(i.e., residential, commercial, municipal and industrial) can introduce contaminants such as
metals, organic compounds, polychlorinated aromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs), and pesticides. For example, gas stations and industrial processing
facilities may release PAHs from the combustion of petroleum, oil and coal (Van Merte et al.
2000; Schueler and Holland 2000a). Heavy metals (e.g., cadmium, copper and zinc) can be
released from motor vehicles, building materials and rooftops (Schueler and Holland 2000b).
Many residential and institutional land uses employ insecticides, herbicides and chemical
fertilizers containing a variety of potentially harmful toxicants for lawn care (Schueler and
Holland 2000c,d). Rural land uses (i.e., agriculture and forestry) are also potential sources of
pesticides (Allan 2004).
The primary mechanism of contaminant transport from urban and rural lands to the
surrounding watershed is stormwater runoff. Impervious surfaces (i.e., roads, sidewalks,
pavement, rooftops) are key in the transport of stormwater runoff and associated
contaminants (Brabec et al. 2002; Booth 2000). Irrigation and storm events will enhance the
movement of pesticides and metals bound to loose organic matter (Nelson and Booth 2002;
Hopkinson and Vallino 1995), and increased sediment loads created by erosion can
accumulate adsorptive pollutants (EPA 2001). Thus, toxin/metal mechanisms are similar to
mechanisms in other water quality processes such as nutrients and sediment.
Table 2-7. Toxin/Metals Sources by Land Use
Land Use

Examples of Contaminant
Sources

Potential Contaminants

Rural Agricultural

Irrigated crop farming, Confined
animal feeding operations

Insecticides, Herbicides

Rural Forestry

Logging, Campgrounds

Metals

Urban Commercial

Automotive repair shops, Dry
cleaners, Gas stations, Food
processing

Metals (Cu, Pb, Zn), Polychlorinated
Hydrocarbons (PAHs), Polychlorinated
Biphenyls (PCBs)

Urban Industrial

Chemical manufacturing, Metal
finishing fabricating,
Mining/Milling, Railroad yards

Metals (Cu, Pb, Zn), Polychlorinated
Hydrocarbons (PAHs), Polychlorinated
Biphenyls (PCBs)

Urban Municipal

Airports, Landfills/Dumps,
Septic systems, Wastewater
treatment plants,
Transportation corridors (motor
vehicles), Utility stations

Metals (Cu, Pb, Zn), Polychlorinated
Hydrocarbons (PAHs), Polychlorinated
Biphenyls (PCBs)

Urban Residential

Parks, Septic systems,
Transportation corridors (motor
vehicles)

Metals (Cu, Pb, Zn), Insecticides, Herbicides

June 2006 │ 558-1687-004

2-25

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

Organic Matter Alterations
Riparian forest disturbances reduce woody debris in streams, which results in to adverse
changes in channel/habitat-forming processes (Bilby 1984; Heifetz et al. 1986; McDade et al.
1990; Van Sickle and Gregory 1990; Bilby and Ward 1991). In headwater areas, roads may
increase the incidence of landslides; however, associated loss of forest cover in these areas
decreases LWD recruitment via landslides. Land use encroachment into riparian zones,
reduces forest cover and decreases LWD recruitment potential in ~60 percent or more of the
areas assessed in Whatcom County (Coe 2001). Land uses and resource management
practices that channelize streams also limit LWD recruitment potential via bank
erosion/channel migration.
Coe (2001) summarized riparian function in the Nooksack basin using methods described in
WFPB (1997), which characterized LWD recruitment potential based on stand vegetation
type, average stem size, and stand density within 100 feet of streams. Hyatt et al. (2004)
adjusted the Coe (2001) methodology on Nooksack tributaries to account for stream size,
focusing on the potential for LWD of a certain size to create pools (Table 2-8). This analysis
uses primarily the Hyatt et al. (2004) data but relies on Coe (2001) for stream segments not
analyzed by Hyatt et al. (2004).
Table 2-8. Potential for Recruitment of LWD with Adequate Size to Form Pools.

a

Riparian Stand Type

Stream Width (ft)

Recruitment Potential

Grass

Any

Fail

Shrub/sapling (>7.5 cm)

<3
>3

Threshold
Fail

Small (7.5-30 cm)

<3
3-12
>12

Pass
Threshold
Fail

Medium (30-50 cm)

<12
12-20
>20

Pass
Threshold
Fail

Large (>50 cm)a

<20
20-30
>30

Pass
Threshold
Fail

Shoreline streams would typically fall into this category.

Source: Hyatt et al. (2004)

Heat/Light Alterations
Thirty meters is the recommended riparian buffer width required to maintain natural function
of heat/light inputs in Puget Sound (Castelle et al. 1994; May 2000). This analysis relies
again on Coe (2001) data that uses percent canopy cover within this range as an indicator of
the potential for increased heat/light inputs. Coe (2001) evaluated stream shading with respect
to elevation-specific target levels.
Step 5 – Identify Responses to Process Alterations
The presence of primary structural responses that can indicate the presence of a process
alteration confirms predictions regarding process alterations and provides information
regarding the magnitude of the alteration. These responses generally indicate the presence of
altered processes but may not represent the full suite of possible responses.
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Primary structural responses can also produce secondary structural responses as well as
consequent ecological responses. Table 2-9 identifies some of the key primary and indirect
functional changes that occur in response to altered processes.
Response information can be used to identify the potential for the restoration of a certain
process to improve a given ecological function (e.g., shellfish contamination, salmonid
rearing habitat, etc.). However, the fundamental intent of the information in this report is to
confirm the existence of an altered process and to qualitatively assess the magnitude of
alteration.
Table 2-9. Key Processes and Responses to Alterations
Process

Mechanism

Hydrology

Infiltration and
Recharge

Primary Structural
Response to Impairment
Increased frequency and
duration flow; decreased
baseflow.

Surface Runoff
Surface Water
Storage

Increased peak flow;
channel erosion;
morphological
homogeneity.

Groundwater

Sediment
Supply

Inputs

Storage
Water
Quality
Toxins

Inputs

Peak flow:
Channel incision; loss of habitat
complexity; increased bedload
transport; decreased biodiversity and
productivity; increased redd scour and
juvenile flushing; reduced egg to
emergence survival

Increased duration and
decreased volume of low
flow

Baseflow:
Migratory barriers; decreased habitat
availability; increased temperature

Substrate fining or bimodal
substrate distribution; high
TSS/turbidity; increased
coarse sediment supply
Increased channel
instability

Reduce hyporheic connection and
volume; low B-IBI score; interstitial
infilling, degraded spawning grounds;
aggrading and entrenching channels.
Reduced juvenile salmonid refugia
habitat and migration avoidance/delay

Increased concentrations
(303(d) listings)

Increased mortality
Increased BOD and eutrophication
Shellfish contamination
Reduced species richness
Drinking water contamination
Sub-lethal effects like impaired
homing abilities, or reduced growth or
reproductive success.
Biotic energy loss;
Decreased LWD density; Reduced
habitat complexity (pool density and
quality); Decreased sediment and
organic matter storage and sorting;
Decreased biodiversity and
productivity
Increased primary productivity;
Reduced DO;
Migration barriers;
Reduced species richness;
Reduced growth,
Increased disease susceptibility;
Decreased egg viability

Storage/Transformation/Loss

Phosphoru
s/
Nitrogen
Fecal
matter
Organic
Inputs

LWD inputs

Riparian disturbance;
Forest cover loss on
landslide-prone areas

Heat/Light

Inputs

Riparian disturbance
(decreased shading)
Greater temperature
extremes (303(d) listings)
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Step 6 – Synthesize Information to Identify Restoration and Conservation Opportunities
Using the information collected in steps 1-5, project analysts identified general or regional
opportunities for shoreline restoration and/or conservation (protection). This information is
used in conjunction with the shoreline inventory (see below) to identify additional sitespecific or reach-scale opportunities for restoration/conservation. This information will be
further articulated in the SMP restoration plan.

2.3.2 Shoreline Reach Inventory
The inventory information presented for freshwater and estuarine shoreline reaches is similar
to the marine reach inventory (see Section 2.2). The inventory covered the entire area
potentially subject to County jurisdiction and was identified based on the area of surface
water 23 draining into each reach, within the greater of:
•

200 feet landward of the stream or lake, or

•

The 100-year floodplain (FEMA), and

•

All known associated wetlands.

The inventory presents a summary of existing and planned land use and describes the
ecological functions within the shoreline. While the inventory area may not match the extent
of shoreline jurisdiction precisely, the area is assumed to encompass lands that could be
subject to shoreline regulation and facilitates consistency between shoreline and adjacent land
use planning.
2.3.2.1 Reach Delineation
As with the marine shoreline, streams and lakes were divided into reaches to facilitate the
inventory of shoreline conditions. Stream reaches were identified based on biophysical
criteria, including but not limited to the extent of tidal influence, tributary confluence,
geomorphology, land cover, wildlife association, and riparian condition. Features such as fish
habitat type, gradient, and stream confinement from the Salmon and Steelhead Habitat
Inventory and Assessment Procedure (SSHIAP) and Ecosystem Diagnosis and Treatment
(EDT) databases also influenced reach breaks. The preliminary reach breaks were refined as
the inventory and characterization progressed, so that the defined reaches fit within the
overall shoreline planning process.
The procedure for determining the initial stream reach breaks was completed by identifying
the various biophysical data over the shoreline streams using GIS. Each biophysical feature
along each stream was marked, overlaid onto an aerial photo, and analyzed to identify
features that were significant enough to justify a reach break. Not all biophysical features
identified through this process resulted in a reach break.
The surface water drainage area for the Nooksack River was defined based on a high
resolution (30 meter) Digital Elevation Model (DEM) paired with hydrography and culvert
mapping that included flow direction through the culvert. Levees and berms were considered
a barrier to surface drainage. Where a reach break coincided with the confluence of a
tributary, the area draining to that tributary was considered part of the downstream reach.
Mapped wetlands that ran parallel to streams/lakes were split near reach breaks.
23

Surface drainage is considered under normal conditions, high water or flood conditions were not
considered. As better hydrographic and elevation data become available these boundaries could
change.
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Lake reaches were generally defined based on obvious changes in existing land use or land
cover. Most small lakes only have one inventory reach.
2.3.2.2 Inventory Elements
The shoreline inventory for freshwater/estuarine reaches categorizes the built/regulatory
environment and the ecological environment as described above in Section 2.2.2. Inventory
elements were cataloged in a database that compiled and quantified existing GIS data sources
and other, non-mapped features or elements. Various elements were inventoried at one of two
scales (or spatial extents) within the inventory area as described above:
•

Floodplain: represents the maximum inventory area and includes a minimum of 200
feet from the mapped bank of a stream plus all of the mapped 100-year floodplain and
associated wetlands. This extent is intended to capture elements within the shoreline
jurisdiction and adjacent lands and was applied generally to elements representing land
use and land cover (existing land use, land cover; comprehensive plan zoning
designations, comprehensive plan designations, mapped critical areas, public access
areas).

•

200-foot zone: represents the area within 200 feet of the mapped bank of a stream
(including the river channel) or lake shoreline. The extent is intended to capture those
elements in the channel and immediately adjacent to the water body in the shoreline
jurisdiction. This extent was applied to infrastructure elements (outfalls, bridge
crossings, pipeline crossings), water quality (303(d) listings), and instream habitat
features (LWD, riparian conditions, pool frequency, stream gradient, etc.).

2.4 SYNTHESIS
The characterization information for each WMU is synthesized to provide a summary of the
landscape-scale and reach-scale findings. The synthesis is intended to achieve the following:
•

Summarize landscape process inventory and extent of alteration;

•

Identify areas on the landscape important for multiple processes;

•

Generally describe opportunities for restoration/protection; and

•

Establish a basis for the restoration framework presented in the restoration plan
Shoreline environment designation recommendations

This inventory and characterization provides recommendations for updating shoreline
environment designations. Recommendations were developed through a two-tiered process.
First, the menu of possible environment designations under the County’s existing SMP was
compared to the classification system recommended by the Department of Ecology in WAC
173-26-211(4)(b). Although the guidelines provide a recommended classification system,
local governments may establish a different system or may retain their existing designations
provided they are consistent with the purposes and policies contained in WAC 173-26-211.
The County’s existing shoreline environment designations include:
•

Urban;

•

Urban Resort;

•

Rural;

•

Conservancy;
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•

Natural;

•

Aquatic; and

•

Cherry Point Management Unit.

The guidelines (WAC 173-26-211(4)(b)) recommend the following shoreline environment
designations:
•

High-intensity;

•

Shoreline residential;

•

Urban conservancy;

•

Rural conservancy;

•

Natural; and

•

Aquatic.

The following table (Table 2-10) identifies the menu of proposed shoreline environment
designations for the Whatcom County SMP Update. For each designation the purpose is
stated along with a brief description of how the designation criteria and/or management
policies differ from or compare with both the existing SMP and the Ecology guidelines.
Table 2-10. Proposed Shoreline Environment Designations
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Table 2-10. Proposed Shoreline Environment Designations (continued)
Proposed
Designation

Purpose

Relation to 1998 SMP system
and/or state guidelines (WAC)

Natural

To ensure long term preservation of the
highest quality and most sensitive shorelines
inside or outside urban growth areas that are
ecologically intact that would be damaged by
human activity.

The “Natural” designation is updated
from the 1998 SMP to be more
consistent with the WAC
designation.

Conservancy

To obtain long term wise use of shoreline
areas with relatively little human
encroachment on critical ecological
processes, in areas outside of urban growth
areas.

The “Conservancy” designation is
retained from the 1998 SMP with
minor revisions to designation
criteria and management policies.
The designation is intermediate
between the WAC designations for
“Natural” and “Rural Conservancy. “

Resource

To protect shoreline ecological functions in
areas zoned agricultural, commercial
forestry, and mineral resource, To provide
sustained resource use, and protect the
economic base of those lands and limit
incompatible uses.

This is a new designation intended
to improve consistency between the
SMP and the Comprehensive Plan.
The designation is most closely
related to the WAC designation of
“Resource Conservancy.”

Rural

To protect shoreline ecological functions in
rural areas characterized by open space and
a rural lifestyle.

This designation is related to the
WAC designation “Rural
Conservancy” but would apply to
shorelines that are less intact than
“Conservancy” shorelines.
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Proposed
Designation

2-32

Purpose

Relation to 1998 SMP system
and/or state guidelines (WAC)

Urban
Conservancy

To protect shoreline ecological functions in
urban growth areas that are not designated
for high intensity residential use and are not
generally suitable for water-dependent uses.

This is a new designation intended
for urban or planned urban areas
that have intact ecological functions.
It is consistent with the
corresponding WAC designation.

Shoreline
Residential

To accommodate residential development
and appurtenant structures that are
consistent with SMP chapter 23.30.43.
To provide appropriate public access and
recreational uses of the shoreline.

This is a new designation intended
for residential or planned residential
areas that have generally do not
have intact ecological functions. It is
consistent with the corresponding
WAC designation.

Urban

To provide an area for intensive development
of water-oriented commercial, transportation,
municipal, and industrial uses while
protecting existing ecological functions and
restoring ecological functions in areas that
have been previously degraded as well as
accommodating mixed use development
consisting of urban density, residential,
commercial and industrial uses.

The designation is retained from the
1998 SMP with minor revisions to
designation criteria and
management policies. It is most
closely related to the WAC
designation “High-intensity.”

Urban Resort

To provide an area for intensive residential
and commercial uses geared to the needs of
the tourist and day visitor while protecting
existing ecological functions and restoring
ecological functions in areas that have been
previously degraded.

The designation is retained from the
1998 SMP.

Aquatic

To protect, restore and maintain the unique
characteristics and resources of the areas
waterward of the OHWM.

This designation is retained from the
existing SMP and is consistent with
the corresponding WAC
designation.

Cherry Point
Management
Unit

Special designation for the Cherry Point area.

Designation is retained from the
existing SMP.
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Once the menu of designations was developed and reviewed by the TAC and CAC, the
inventory and characterization information for each shoreline reach was evaluated and a
designation for that reach was recommended. In evaluating each reach, ecological processes
and functions were considered first and existing and planned land use were considered
second, in the context of each shoreline environment designation purpose and criteria.
Recommended shoreline environment designations are provided in each WMU chapter and
shown in the map folio 24 .

24

The recommended SEDs and accompanying maps are meant to apply only to lands under County
jurisdiction. Tribal lands and lands under local municipal jurisdiction are not subject to the County’s
SMP.
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2.5 RESTORATION OPPORTUNITIES
Potential restoration opportunities were identified through the synthesis of the landscape
process characterization and the reach scale inventory and assessment. These opportunities
are described in general terms to lay the foundation for the SMP Restoration Plan, which is
included as Volume III of this report.
For each WMU, the County evaluated the level of importance (or process-intensity) that
individual drainage areas play in terms each process (hydrology, sediment, water quality,
organic material, heat/light) as well as the degree of alteration and assigned ratings of high
(↑), moderate (↔) or low (↓) based on best professional judgment (Table 2-11).
In this context, important or process-intensive areas are areas within the County that support
key ecosystem processes This is based on the view that each process is governed by a suite of
mechanisms associated with specific features on the landscape, which when maintained in an
unaltered condition have the greatest relative influence on the dynamics of a specific process
and consequently aquatic resources. Because of their inherent characteristics, areas that are
identified as process-intensive have a greater influence on aquatic resource structure and
function than other areas and therefore may be more important for protection and/or
restoration (Ecology 2005a) However, the designated process-intensive areas are not the only
areas where process mechanisms occur.
The potential to restore and/or protect each process in each drainage area is a function of the
combination of process-intensity and alteration as follows:
Table 2-11. Summary of Restoration/Protection Potential Based on
“Process-intensity” and Degree of Alteration
Process- intensity

Alteration

↑

↑

↔

↑

↑

↔

↔

↔

↓

↑

↓

↓

↓

↔

↑

↓

↔

↓

Restoration/Protection
Potential Rating
High Restoration

Moderate Restoration

Low Restoration

High Protection

↑ High Intensity; High alteration
↓ Low Intensity; Low alteration
↔ Moderate intensity; Moderate alteration
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Areas that are highly “process-intensive” and moderately to highly altered, and areas that are
moderately “process-intensive” and highly altered are considered to have high potential for
restoration. Areas that are moderately “process-intensive” with moderate alteration, and areas
with low “process intensity” and high alteration have moderate restoration potential. By
definition, areas with minimal alteration have low restoration potential, but when these areas
coincide with areas of moderate or high ‘process-intensity” the need for protection increases.
These designations are intended to be a coarse scale assessment of the relative restoration
potential by drainage area. There may be good restoration opportunities in areas that receive a
low rating overall and vice versa.
It is important to note that this initial ranking of restoration opportunities simply denotes the
relative abundance of opportunities as perceived from the results of the inventory and
characterization and best professional judgment. Other important considerations must be
analyzed concurrently to develop and implement an effective restoration plan. Factors such as
the relative location of alteration or the presence of key shoreline ecological functions may
also contribute to decision-making regarding implementation of certain restoration actions.
These issues are described in more detail in the restoration plan.
In addition, the potential for restoration and protection are not mutually exclusive. Areas with
high potential for restoration (intimating a large degree of alteration) may still contain areas
that warrant protection. Conversely, areas with low process-intensity or with high protection
potential may still have potential restoration opportunities, although the number of
opportunities may be lower than other areas.

2.6 TERRESTRIAL WILDLIFE HABITAT CHARACTERIZATION
To identify local habitat condition, WDFW used methods from the Local Habitat Assessment
(Neatherlin and Jacobson 2005). This method utilizes existing data from WDFW Priority
Habitats and Species Program, WADNR Natural Heritage Program, WADNR Fish Model,
county land cover data, and county roads to map the relative habitat condition including the
area within the 6 landscape focal areas. Using GIS, WDFW generated 3 individual data layers
(maps) that represented relative habitat condition: (1) WDFW and WADNR priorities, (2)
land conversion, and (3) road density. We weighted each layer from 0 to 10, where 10
represented the best relative habitat condition. Here we describe each of these layers.
Local WDFW and WADNR Priorities – Local priorities represent known locations of
Washington State natural resource agency priorities. WDFW used data from Washington
Department of Fish and Wildlife Priority Habitats and Species Program, Washington
Department of Natural Resources Forest Practices Program, and Washington Department of
Natural Resources Natural Heritage Program. WDFW reviewed each database individually
and included only data elements that: were stable or predictable in space and time (e.g.,
habitat features, rookeries, colonies), represented state or federal listed as sensitive,
threatened, or endangered, or provided habitat functions difficult to replicate elsewhere on the
landscape (e.g., estuaries, designated riparian habitat). All point data were buffered by 300
feet to account for mapping inaccuracies and converted all point and polygonal data to raster
data. Stream data were converted to raster. All of these features received a weighting of 10 to
represent best habitat condition.
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Land Conversion – The land conversion layer represents the relative amount and type of
conversion across the study area. Lands converted from natural vegetative communities can
affect species through disruption of natural processes and habitat loss and degradation
(Saunders et al. 1991, Forman 1995, Marzluff and Restani 1999, Fahrig 2002). WDFW used
the premise posited by Marzluff and Ewing (2001), that disturbance can be generally
classified into 3 categories based on the similarity of the disturbance to natural vegetation and
its persistence through time. We generated the following three categories of land conversion:
(1) natural land cover, (2) agriculture/pasture, and (3) developed. Natural land cover
represented all non-developed and non-agriculture/pasture lands and included all seral stages
of forests, wetlands, intertidal marshes and mudflats, rivers and streams, and open water,
lakes and ponds. Agriculture and pasture represented all non-forested and non-developed
lands that are actively being farmed for agriculture or passively grazed. Developed
represented industrial, commercial, or residential development including roads and lands with
human structures and lawns surrounding homes.
Using a county land cover data layer, the study area was sorted into three categories then a
weight was applied to each pixel (natural = 2 weighting, agriculture/pasture = 1 weighting,
developed = 0 weighting). Because larger areas of connected habitat support higher diversity
or abundance of species (McArthur and Wilson1967, Harris 1984, Hanski and Simberloff
1997), WDFW also estimated the relative allotment (i.e., percent) of each of the three
categories within a one-quarter mile window resulted in window size of 16 x 16 pixels. We
summed the center pixel for each window based on the relative weighting of each category.
The result of this moving window analysis was a range of values for each pixel from 0 to 512,
where zero represented a one-quarter mile landscape with only development, and 512
represented a one-quarter mile landscape with only natural land cover. The original weighting
of 0 to 512 was rescaled to 0 to 10 so it could be combines with the other data layers.
Road Density – The road density layer represents habitat condition based on the miles of
roads per square mile area. Road density is a direct measure of human activity and presence,
which can have direct and indirect effects on fish and wildlife. Roads and concomitant human
population density can increase runoff (Forman and Alexander 1998), pollutants (Trombulak
and Frissell 2000), invasive species (Blair 1996), as well as act as barriers to animal
movement (Carr and Fahrig 2001; Clevenger et al. 2003; Forman et al. 2002). Road density
was estimated using a one-mile window and applied a linear weighting from 0 to 10 where
the lowest road density was weighted 0.
Final Composite Habitat Condition Layer – Each of the three composite layers were
combined to create one final map representing the relative habitat condition for fish and
wildlife across the study area. The final map resembles a topographic map. However, instead
of elevation and physiographic features, it represents the relative habitat condition, where
areas weighted more heavily (closer to 10) are in good condition and areas weighted lower
(closer to zero) are in poor condition. The biological and ecological contributions of focal
areas are summarized in Chapter 3.
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3.

OVERVIEW OF COUNTY-WIDE LANDSCAPE PROCESSES AND
ALTERATIONS
Whatcom County is located in the northwestern corner of Washington State and extends east
from the Strait of Georgia to the crest of the Cascade Mountains. Principal cities are
Bellingham, Lynden, Everson, Nooksack, Ferndale, Blaine, and Sumas (Figure 3-1). The
eastern two-thirds of the County are within the Mt. Baker-Snoqualmie National Forest and
North Cascades National Park. There are two Native American Indian reservations within the
geographic borders of Whatcom County: these belong to the Lummi Nation, whose
reservation includes the Lummi Peninsula, the Sandy Point Peninsula, the Nooksack and
Lummi River estuaries and adjacent tidelands, and Portage Island; and the Nooksack Indian
Tribe, whose reservation is located along sections of the Nooksack River. The County also
encompasses part of the Point Roberts peninsula; the remainder of the peninsula is in Canada.

Figure 3-1. Overview Map of Whatcom County, WA

Most of Whatcom County lies within Water Resource Inventory Area (WRIA) 1, which
includes the Nooksack River system, independent Puget Sound tributaries; and the southern
portion of certain Fraser River drainages. The southern portion of the County drains to the
Skagit basin (WRIAs 3 and 4). WRIA 1 drains more than one million acres of land; the
Nooksack River drains over one half-million acres, and is one of the most important aquatic
resources in the County and in the region. Other important aquatic resources include the
Sumas River, Lake Whatcom, Baker Lake, Ross Lake, and the coastal bays such as Drayton
Harbor, Birch Bay, Lummi Bay, and Bellingham Bay.
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This chapter provides a broad overview of the landscape processes that influence the function
and structure of aquatic resources in Whatcom County. Chapters 4 through 26 build on this
introductory information and present additional details and corresponding maps for each
individual WMU. Processes are described in terms of their historic conditions and the
subsequent alterations that have occurred as a result of human activity. This information is
linked to reach-scale conditions and shoreline ecological functions to guide management
decisions for protecting and restoring the shoreline environment.
Link to County-wide Map Folio (click here)

3.1 MARINE (NEARSHORE) EVIRONMENTS
Dominant physical and biological processes act at a number of temporal and spatial scales to
form the habitats making up marine and nearshore environments:
•

Regional scale processes or process controls – primarily bathymetry and surficial
geology;

•

Landscape processes – circulation; nutrient dynamics, sediment transport; heat/light;
landslides; and fluvial influences;

•

Site or reach-scale processes – primary production in eelgrass beds; nutrient cycling
at sediment-water interface.

3.1.1 Process Controls
The Strait of Georgia and adjacent Whatcom County waterways of the “Northern Straits” are
the central features in the Puget Sound Lowland, and consist of a complex series of generally
north-south trending deep basins. The Sound and Straits were created by the repeated
advance and scouring of glacial ice-sheets, the most recent of which advanced into the area
around 15,000 to 13,000 years ago (Easterbrook 1999). The Sound receives freshwater runoff
from the encircling Olympic Mountains to the west and Cascade Mountains to the east..
3.1.1.1 Bathymetry
The bathymetry of Whatcom County waters includes shallow bays, deep bays, steep slopes
(e.g., off Alden Bank and Lummi Island), and offshore banks (NOAA 1999). Although there
are some deeper areas (-700 feet below mean lower low water (MLLW) is the deepest), most
of the marine waters of Whatcom County are relatively shallow at less than -100 feet MLLW
(NOAA 1999). Most of the smaller bays are less than 50 feet below MLLW; Lummi Bay is
the shallowest bay with waters no deeper than -20 feet MLLW (NOAA 1999, Anchor 2001).
Alden Bank, which is west of Lummi Bay on the Lummi Reservation, is a shallow (-30 feet
MLLW) offshore bank. Shallow bays and offshore banks tend to be highly productive
because of the greater light penetration, and stronger interactions between benthic processes,
such as nutrient cycling, and the water column.
3.1.1.2 Geology
Surface geology greatly influences the character of the nearshore environment and the
materials that make up the beach. In northern Whatcom County, eroding bluffs create broad
coarse beaches and large accretion shoreforms composed primarily of glacially derived
sediment. Sediment in the southern portion of the County is in much shorter supply for
beaches due to the less erosive nature of the bedrock substrate, resulting in narrower beaches
and fewer backshore areas.
3-2
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Geologic mapping of western Whatcom County has been carried out by a number of authors
since the 1960s. Easterbrook (1976a, 1992) produced geologic maps of western Whatcom
County geology that examined the engineering geology characteristics of the local geologic
materials (Easterbrook 1976b). Ecology also mapped the geology along the coast in the
Coastal Zone Atlas of Whatcom County (1979), which included some vertical sections.
Lapen (2000) mapped the geology of the Bellingham 1:100,000-scale quadrangle, which is
the most current and comprehensive mapping of surficial geology in the Whatcom County
area. Logan (2003) mapped the Point Roberts area as part of the Washington portion of the
Roche Harbor Quadrangle. Descriptions of only the most prevalent geologic formations are
included in this report.
In general, northern Whatcom County bluffs are comprised of a relatively thin deposit of
gravelly sand with silt at the surface. This surficial unit covering much of the uplands is
known as emergence (beach) deposits (Lapen 2000). This unit consists of reworked
glaciomarine sediment that was eroded and deposited by waves as the land rebounded
upwards following the melting of the glacial ice sheet at the end of the most recent glaciation.
The majority of the height of the bluffs in northern Whatcom County (upper half to twothirds of the bluff height) is composed of glaciomarine drift (Ecology 1979), which typically
consists of pebbly, silty, clay. This unit has been termed the “Bellingham Drift” (Easterbrook
1976b), and was deposited near the end of the last glaciation roughly 11,300 - 13,500 years
ago. Below this unit lies varying thicknesses of Vashon advance outwash sand with lenses of
silt and clay beds lower in the bluff. When the glaciers receded, sea level rose enough to float
the remaining ice, which subsequently melted releasing sediment into the shallow marine
environment. Vertical rebound of these deposits and the long-term wave attack on the bluff
toe formed the bluff configuration we see today.
The geology on the peninsula of Point Roberts varies slightly from what is observed in the
rest of northern Whatcom County. Bluffs there are mapped as undifferentiated Pleistocene
deposits consisting of clay, silt, sand, gravel, and till (Logan 2003). Johannessen and Chase
(2005) interpreted the bluffs on the east side of Point Roberts as Vashon till over advance
outwash. A broad band of glaciomarine drift (Everson interstade – Pleistocene) extends
across the peninsula from the northwest to the south-central portion of the peninsula. This
sediment generally consists of poorly sorted to faintly stratified pebbly sandy silt and pebbly
clay. The southwest corner of Point Roberts contains a small deposit of Holocene peat. This
unit is characterized by the occurrence of peat, muck, and lacustrine silt and clay that is rich
in organic matter (Logan 2003).
Geologic mapping by Lapen (2000) did not include details of bluff face geologic units, as the
scale of mapping did not allow for that. The Coastal Zone Atlas of Washington included five
stratigraphic columns at bluffs located within the northern portion of the County; however the
actual distribution of columns is intermittent. The geologic units mapped in the lower half of
the bluff face(s) were typically Vashon till and beach sand and gravel, overlaying laminated
silty and clay beds, interpreted as likely Vashon advance outwash deposits. The area where
the silty clay beds were exposed near the toe of the bluff was near the hinge of a minor
anticline (the apex of an area that was folded slightly upwards).
The transitional region found within the Lummi Nation Indian Reservation, including
Lummi, Portage and Eliza Islands, consists of geological units found to the north and south as
well as bedrock units typically associated with the San Juan Islands. Emergence beach
deposits and glaciomarine drift are mapped along the Lummi Peninsula, Portage Island and
sporadically around the north end of Lummi Island. Northern Lummi Island geology is
predominantly composed of Chuckanut sandstone (Padden member), of the Chuckanut
Formation, though smaller segments of intrusive igneous rocks of the Fidalgo ophiolite,
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rhyolite dikes, and marine and metasedimentary deposits associated with the Lummi
Formation contribute to the geology of this area. Southern Lummi Island geology is almost
exclusively comprised of metasedimentary and metavolcanic rocks of the Lummi Formation.
The glacially derived bluffs of the Lummi Peninsula are substantially more erosive than the
seacliffs of most of Lummi Island, which is largely hard rock. Eliza Island is composed of
both marine and metasedimentary deposits associated with the Lummi Formation on all sides
excluding the western shore, which is composed of emergence beach deposits.
The underlying geology of much of southern Whatcom County consists of the Padden and
Bellingham Bay members of the Chuckanut Formation as well as glacial outwash and
glaciomarine drift. The Chuckanut Formation is composed of sandstone, shale, conglomerate,
and coal (Johnson 1984). The age of this rock unit is on the order of 50 million years old. The
Chuckanut Formation is not exotic terrane rock; it was formed in place as fluvial (river-born)
sedimentary deposits in a floodplain setting. Sediment was derived from the weathering of a
mountain range that preceded the North Cascades, sometimes referred to as the “protoCascades”. The eroding mountains contained a high percentage of orange (potassium
feldspar-rich) granite, hence the orange color of the sandstone. This type of sandstone is
called arkosic, meaning it is rich in feldspar. The proto-Cascades were weathering at the same
time as the sedimentary basin was subjected to tectonic lowering. This caused rapid infilling
of the basin, and resulted in one of the thickest vertical accumulations of non-marine
sedimentary rock in the country. If the now faulted and folded Chuckanut Formation were
reconstructed as one continuous vertical section, it would have a total thickness of
approximately 6 kilometers (3.6 miles). Chuckanut sandstone is considerably more resistant
to erosion than glacial deposits; however, it is a relatively weak rock.

3.1.2 Landscape Processes
3.1.2.1 Circulation
Oceanographic processes in Whatcom County are controlled by estuarine circulation,
temporal variability in tidal forcing from the ocean, and variable coastal ocean processes
(Thompson 1994). However, the primary control is estuarine circulation. Estuarine flow is
characterized by a net (daily-averaged) seaward outflow in the upper portion of the water
column and a net landward inflow of the lower portion of the water column (Thompson
1994). Whatcom County is linked to the Pacific Ocean through the broad reaches of the
Rosario Strait and Strait of Juan de Fuca. To the north, a somewhat more circuitous
connection exists through the Boundary Pass and Haro Strait.
The Northwest Straits area is distinct from the main body of Puget Sound (i.e. south of the sill
at Admiralty Inlet). The oceanic influence on this northern region is many times greater than
that of the more protected lower Puget Sound. Residence times of tidal flushing are much
lower in the main Puget Sound basin and certain oceanic fauna are relatively common in the
Northwest Straits area compared to central Puget Sound.
Major freshwater sources in the study area include the Fraser River, which enters the southern
Strait of Georgia in British Columbia, and the Nooksack River, which flows into Bellingham
Bay. Northern Whatcom County waters are significantly influenced by the Fraser River,
which reduces local salinity levels. The Fraser River dominates the freshwater input into the
overall marine environment. Two thirds or more of the freshwater entering into greater Puget
Sound (the central basin and the Northwest Straits combined) comes from the Fraser River.
Most of the rest of the riverine input comes from the Skagit River. The Fraser freshwater
plume can readily be seen on satellite photos extending into the San Juan Islands and has
been measured to be as thick as 100 feet as it reaches the north side of Orcas Island. The vast
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majority of the plume dissipates through tidal mixing as it eventually heads out towards the
Strait of Juan de Fuca. The outflow of the Fraser River and tidal currents create a large
counter-clockwise rotating gyre west of the Fraser River Delta. Freshwater from the
Nooksack River enters the nearshore system and flows south, while a bottom inflow of saline
water from Rosario Strait, enters the system from the south, and flows north.
Surface waters respond primarily to seasonal changes in river discharge as well as tidal stage
and wind conditions (Collias et al. 1966). Salinity increases from the head of bays to the
mouth, and from the surface to bottom in both winter and summer. The temperature does
similarly in winter when the river water is colder than seawater. However, temperature
decreases from bay head to mouth and from the surface to bottom in summer when river
water is relatively warm (Collias et al. 1966). A high degree of stratification has been
observed in the Strait of Georgia in summer months (Sylvester et al. 1966).
Stratification increases with increasing freshwater inflow, decreased winds, and increasing
water temperatures. Stratification is generally lower in the winter due to cooler temperatures
and the mixing effect of increased wind energy. Decreased freshwater inflows due to drought
conditions and/or water diversions, which decrease river flows, can change the circulation of
water into and out of Puget Sound (Newton et al. 2003). When river inflows are reduced, the
outward surface flow of freshwater is no longer present to drive the corresponding inflow of
ocean waters, resulting in decreased circulation and exchange of waters between the Sound
and the ocean.
Tides and Tidal Currents
Ocean currents within the Strait of Georgia are primarily driven by tides, wind, and river
flow. Tides in northern Whatcom County are semi-diurnal with two ebbs and two floods per
lunar day. Successive ebbs and floods are of unequal strength and the tidal range in the study
area is meso-tidal (2-4 meters between spring high and low (maximum mean high and
minimum mean low). Tidal current rates are largely controlled by local bathymetry, as
current speeds generally decrease with increasing depth. The southern Strait of Georgia
experiences reduced tidal flows because of the increased cross-section of the strait; tidal
flows here reach maximum values of around 5 feet per second. These tidal currents are
regular and predictable. Low to moderate tidal currents have been observed through the
central shores of the County, from Point Whitehorn to Sandy Point (Collias et al. 1966,
Schwartz et al. 1972). Surface currents near Point Whitehorn measured by Schwartz et al.
(1972) generally ranged from 0.7 to 1.2 feet per second, but reached 1.9 feet per second.
Eddies occur down-current from points, such as near Point Whitehorn (Figure 3-2). This can
lead to reduced flushing as tidal waters that are caught in eddies can re-enter bays (Cannon
1979, Schwartz et al. 1972).
Tidal currents in the deeper waters of this region are 0.7 to 1.0 feet per second and are
directed to the northwest (flood tide) or southeast (ebb tide) (Figure 3-3). Other bathymetric
features that influence oceanographic conditions in the County include tidal flats at the head
of each bay, and four deep channels that connect the system with Rosario Strait (Figure 3-4).
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Figure 3-2. Ebb and Flood Tidal Circulation (and eddies) (Schwartz et al. 1972)

Figure 3-3. Plot of Residual (Non-Tidal) Currents at The Southern Strait of Georgia
North of Boundary Passage (Thompson 1994)
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Figure 3-4. Inferred Flood Current Pattern in Bellingham and Samish Bays
(Collias et al. 1966)

Winds and Wind Driven Currents
Winds and river flow generate secondary currents in the project area, which together
contribute less than 1.5 feet per second to overall current speeds in the project area (Collias et
al. 1966). Wind-induced currents have the potential to become significant during high winds.
Of the different processes affecting the circulation of the system, wind effects are the least
well understood, partially due to inadequate wind field measurements (Thompson 1994) and
wind records.
Winds in the region are dominated by two major seasonal atmospheric pressure systems
centered in the North Pacific Ocean; the North Pacific High pressure system, which
dominates in summer and the Aleutian Low, which prevails in the winter. From October to
March cyclonic winds associated with the Aleutian Low produce mostly southeasterly winds,
while anticyclonic winds associated with the North Pacific High produce northwesterlies
during the spring and summer months (Thompson 1994). Prevailing and predominant winds
in the region are from the south, but winds are also funneled by landforms surrounding major
channels, basins, and inlets of the Georgia-Fuca system that produce local variations of wind
direction.
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3.1.2.2 Nutrients and Nutrient Dynamics
The nearshore and marine waters of Whatcom County receive inputs of nutrients and organic
matter from adjacent uplands, streams, rivers and groundwater seeps, as well as from
nearshore bottom sediments and mixing with deeper ocean waters via upwelling and
estuarine circulation. In general, inputs from natural sources of major nutrients (nitrogen and
phosphorus) are several orders of magnitude greater than anthropogenic sources in Puget
Sound (Harrison et al. 1994). Because waters within the Straits are well mixed with deeper
ocean waters by estuarine circulation, wind, and wave action, upwelling of nutrient-rich
oceanic waters provides a continuous source of nutrients to most of the Sound.
Nutrient loads from streams and rivers entering the Straits are affected by the magnitude of
river discharge, as well as watershed land uses. Major sources of nutrients from upland
sources include agricultural operations (animal manure, fertilizers), wastewater treatment
plants, and stormwater runoff from residential landscapes (Embrey and Inkpen 1998). The
Nooksack River contributed the third highest annual nitrogen load and the fourth highest
annual phosphorus load of all the major rivers entering Puget Sound from 1980 to 1993
(Embrey and Inkpen 1998). In enclosed bays or inlets, or during periods of greater
stratification and reduced circulation and mixing with oceanic waters, specific locations
within Puget Sound can receive excess nutrient loadings from anthropogenic sources.
Nutrient levels in protected waters can result in eutrophication and low levels of dissolved
oxygen (hypoxia), which can be detrimental to marine organisms. Nearshore areas of
Whatcom County that may be susceptible to eutrophication from increased nutrient inputs, or
from stratification that can locally concentrate nutrients include enclosed bays such as
Drayton Harbor and Portage Bay, as well as enclosed bays that receive large inputs of
freshwater such as Bellingham Bay. These sheltered bays are also especially susceptible to
elevated pathogen levels from anthropogenic sources upstream. Shellfish harvesting in
Drayton Harbor, the western edge of Sandy Point, portions of Gooseberry Point, Birch,
Portage, and Bellingham and Chuckanut Bays has been periodically prohibited due to water
quality problems cause by bacteria (see Section 3.1.3.2 for more information).
The same processes that control nutrient inputs, dispersion, and areas of concentration also
influence inputs and concentrations of pathogens, pollutants, and toxins in nearshore waters
of Whatcom County.
3.1.2.3 Heat and Light
Primary productivity in the nearshore is driven primarily by light and nutrient levels and light
levels determine the distribution of plants that occur in the intertidal and subtidal zones (e.g.,
eelgrass, kelp). Intertidal and shallow subtidal flats in particular are areas of high primary
productivity from epibenthic algae, especially during early spring, as these shallow habitats
have higher light levels and warmer temperatures than deeper water areas.
Eelgrass beds are a major source of primary productivity supporting food webs for nearshore
juvenile fish, including salmonids (Williams et al. 2003). Eelgrass is sensitive to light levels
and reduced light levels are known to negatively impact eelgrass density and survival (Thom
et al. 1992). As a result, overwater structures such as piers and docks can adversely affect
eelgrass habitats by artificially shading intertidal habitats. This can in turn impact the extent
and quality for foraging habitat for salmon and other species. Increased nutrients can lead to
undesirable phytoplankton or macroalgae blooms, which can depress light levels for eelgrass.
In addition, increased nutrients can increase growth rates of epibenthic algae growing on
eelgrass blades, which also results in reduced light levels and growth of eelgrass.
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In the upper intertidal zone, high light levels can elevate temperatures, especially during low
tides. High temperatures affect the likelihood of drying and desiccation stress in intertidal
habitats. Heat and desiccation stress determine the upper distributional limit for many marine
intertidal organisms. Marine riparian vegetation which shades the upper intertidal zone can
reduce light and temperature levels and reduce drying stress. Groundwater discharge into the
intertidal zone can also reduce temperatures and maintain more stable substrate temperatures
during exposure of sediments or beach surfaces at low tide.
In Whatcom County nearshore habitats, heat and light are particularly important physical
drivers in shallow bays and areas with extensive intertidal and shallow subtidal flats, such as
Drayton Harbor, Birch Bay, and Bellingham Bay and Lummi Bay and Portage Bay on the
Lummi Indian Reservation.
3.1.2.4 Sediment Transport
The beaches of Whatcom County are diverse in character resulting in numerous shore-types.
Several major factors influence the beaches of Whatcom County including the local geology,
fluvial systems including the Nooksack River Delta, and variable degrees of wave exposure
and development.
From south of the Canadian border to Sandy Point, Whatcom County’s beaches are generally
exposed high bluffs or protected bays along with clusters of development. In contrast,
southern Whatcom County, including most of the shores of Bellingham Bay to the southern
county line, are considerably less exposed, of differing geology, and substantially more
developed. The marine shores encompassed within the Lummi Nation Indian Reservation
represent a transition between these two distinct regions. This transitional area is
characterized by generally moderate exposure, estuarine conditions (especially near the
Nooksack delta) and less intensive development.
Erosion, Transport and Delivery
Whatcom County beaches represent a commonly occurring beach character found in the
Northern Puget Sound, having two distinct foreshore components: a high-tide beach and a
low-tide terrace (Johannessen 1993). The high-tide beach consists of a relatively steep
beachface with coarse sediment and an abrupt break in slope at its waterward extent. Sand in
a mixed sand and gravel beach is typically winnowed from the high-tide beach by waves
(Chu 1985) and deposited on the low-tide terrace. Extending seaward from the break in slope,
the low-tide terrace typically consists of a gently sloping accumulation of poorly sorted finegrained sediment (Komar 1976; Keuler 1979; Johannessen 1993). Lag deposits derived from
bluff recession are also found in the low tide terrace. These deposits are typically of larger
clasts, ranging from cobbles to boulders.
Puget Sound beach composition is dependant upon three main influences; wave energy,
sediment sources, and relative position of the beach within a littoral cell. Wave energy is
controlled by fetch; the open water over which winds blow without any interference from
land. Within the Whatcom County study area, fetch is limited to 39 nautical miles from the
southeast (Point Roberts to Padilla Bay), and 127.5 nautical miles to the northwest (northwest
Lummi Island to Quadra Island, BC). Segment exposure is classified by WDNR’s ShoreZone
inventory as “semi-protected and protected” with several segments classified as “could not be
determined” (WDNR 2001). Southern Whatcom County has generally less fetch, but the
north shore of Bellingham Bay is well known for its large storm waves.
A recent study by Phillip Williams and Associates Ltd, (PWA 2002) used hourly averaged
wind data from 1996 to characterize local wind conditions. The Tosco (now Conoco Philips)
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Pier and Tsawassen stations were closest to the center of the Whatcom County coast, which
had predominant (strongest) and prevailing (most common) winds from the south and
southeast, along with less frequent northeast winds. The Tosco Pier station had an average
wind speed of 5.6 knots for 1996. The Tsawassen station averaged 8.8 knots for 1996.
Wind-generated wave action gradually erodes beaches and the toe of coastal bluffs, often
leading to landslides. These coastal bluffs are the primary source of sediment for most Puget
Sound beaches, including the Whatcom County study area (Keuler 1988, Downing 1983).
Bluff composition and wave energy influence the composition of beach sediment. Waves sort
coarse and fine sediment and large waves can transport cobbles that small waves cannot.
Additionally beaches supplied by the erosion of coarse gravel bluffs will differ in
composition from those fed by the erosion of sandy material. The exposed strata of the
eroding bluffs in the study area are largely composed of sand, gravel, and silt (WDNR 2001,
Ecology 1979). These same materials dominate sediment found on the beaches, with the
exception of silt (and clay), that is winnowed from the beachface and deposited in deeper
water.
In addition to the previously mentioned influences (wave energy and sediment sources), tidal
range also affects beaches over time. Rosen (1977) demonstrated that the coastal erosion rate
increases with decreasing tidal range. This is due to the focusing of wave energy at a narrow
vertical band with small tidal range in comparison to the dissipation of wave energy over a
large vertical band with a greater tidal range. The mean tidal range in the study area ranges
from 8.2 to 9.5 feet or (meso—tidal) 2-4 meter range, as defined as the difference from
MLLW to MHHW. However, typical extreme, annual high and low water across the study
area has a greater vertical range however. Typical predicted low water levels are on the order
of -3.7 or -3.9 feet MLLW throughout the county, and range from +10.0 feet MLLW at
Chuckanut Bay to +10.9 feet MLLW along the shores of Blaine (Nautical Software Inc.
1993-96). This is in contrast to the greater (macro-tidal, 4+ meter range) mean tidal range in
south Puget Sound, which means that coastal erosion will be primarily focused within the 8.2
- 9.5 vertical feet of the beach profile exposed to tidal waters in Whatcom County (excluding
storm conditions) and that erosive wave action is distributed across a lesser portion of the
beach profile than in Puget Sound. It is important to note however, the majority of visible
coastal erosion in the region occurs when high wind events coincide with high tides and act
directly on the backshore and bluffs (Downing 1983). Also, the majority of coastal
landsliding in the region occurs during and following prolonged high precipitation periods in
the winter (Tubbs 1974, Gerstel et al. 1997, Shipman 2004).
Net Shore-drift
Wind-generated waves typically approach the shore at an angle, creating beach drift and
longshore currents and transporting sediment by a process called littoral drift. Net shore-drift
refers to the long-term, net result of littoral drift. Net shore-drift cells represent a sediment
transport sector from source to deposition along a portion of coast. Each drift cell acts as a
system consisting of three components:
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•

A sediment source (erosive feature) and origin of a drift cell;

•

A transport zone where materials are moved alongshore by wave action with minimal
sediment input; and

•

An area of deposition that acts as the drift cell terminus. Deposition of sediment
occurs where wave energy is no longer sufficient to transport the sediment in the drift
cell.
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Drift cells in the Puget Sound-Georgia Strait region range in length from five or more miles
to just a few hundred feet.
Different scientists have mapped net shore-drift cells in Whatcom County numerous times.
The first mapping effort was performed by Wolf Bauer (1974) in “Drift Sectors of Whatcom
County Marine Shores: Their Shoreforms and Geo-Hydraulic Status”, prepared in 1974 and
published in 1976. Bauer only focused on the upper beaches and tended to ignore sediment
transport on the lower foreshore. Edmund Jacobson (1980) completed “Net Shore-drift of
Whatcom County, Washington” in 1980 as part of his Masters of Science degree from
Western Washington University. Ecology’s Shorelands Division also published this
document in a compilation in 1991 (Schwartz et al. 1991). The Jacobsen net shore-drift study
was conducted through systematic field investigations of the coast of the entire study area to
identify geomorphologic and sedimentologic indicators that revealed net shore-drift cells and
drift direction (Jacobsen and Schwartz 1981). Jacobsen’s methods in net shore-drift mapping
used well-documented, isolated indicators of net shore-drift in a systematic fashion. The
mapping presentation, however, was rudimentary by current standards.
One other drift cell mapping effort was completed in the late 1970s as part of the Coastal
Zone Atlas of Washington (Ecology 1974). The methods used in that study differed greatly
from those applied by Jacobson and Bauer in that the Atlas relied exclusively on (limited)
historic wind records. This method is known as wave hind-casting, where inland wind data
records are used for the determination of net shore-drift, without consideration of local
variations in winds or coastal morphology. Drift directions indicated in the Atlas have
repeatedly been proven inaccurate.
Maurice Schwartz (1995) completed a synthesis of existing coastal processes information for
the Lummi Peninsula for the Lummi Nation in 1995 titled “Coastal processes in the Lummi
Peninsula region”. This report discusses the Jacobsen and Bauer studies. The Schwartz report
concludes that in general, the Jacobsen study is “more authoritative”. Schwartz did not
produce a new interpretation of net shore-drift in the study area; rather, he supported the
Jacobsen mapping. Johannessen and Chase (2002) modified (Jacobson’s) net shore-drift
mapping in the southern Lummi Peninsula.
Recently Ecology digitized the Jacobson mapping (compiled and cited as Schwartz et al.
1991), however the mapping was not technically reviewed and numerous errors and
misinterpretations exist in the digital dataset. As part of this study analysts reviewed and
edited the mapping, which is now accurate to the best of our technical ability.
Whatcom County contains twenty net shore-drift cells and twelve regions of negligible net
shore-drift (Note: net shore drift cells are depicted on the nearshore inventory maps
referenced in Chapters 4-26). The general patterns of littoral transport will be briefly
described with more detailed descriptions of sediment sources and depositional areas
presented in the individual reach descriptions.
Net shore-drift along the shores of Point Roberts consists of two drift cells that transport
sediment in opposing directions. Both cells originate at a divergence zone at Lily Point and
continue north beyond the US-Canadian border on both sides of Point Roberts. Mapping
resumes along the eastern shore of Boundary Bay, at the entrance to Drayton Harbor.
Negligible drift was mapped throughout most of Drayton Harbor, excluding the southwestern
shore, which exhibits northward net shore-drift along the landward side of Semiahmoo spit.
On the waterward side of Semiahmoo Spit, net shore-drift is northeastward from Birch Point
and along the Semiahmoo bluffs to the northeast tip of Semiahmoo Spit.
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From Birch Point, net shore-drift moves southeastward to the jetty at Birch Bay Village
Marina. A second cell in this artificially bifurcated reach starts east of the Birch Bay Village
Marina and extends to its terminus in the northeastern corner of the Birch Bay. A drift cell
originating at Point Whitehorn generally exhibits northeasterly drift and converges with the
cell in the northeastern corner of Birch Bay. Following a narrow divergence zone at Point
Whitehorn, southerly sediment transport occurs as a result of the large northwesterly fetch
from the Strait of Georgia. This cell includes the Cherry Point area and terminates at the spit
at Sandy Point. No appreciable longshore drift occurs within the protected shorelines of the
Sandy Point community.
From the south side of the artificial marina channel at Sandy Point net shore-drift continues
along the south end and east shores of the spit to its terminus at the mouth of Cove Creek
(unnamed tributary on USGS maps). It converges with another relatively short cell at Cove
Creek that originates at a headland in Lummi Bay. A small cell with easterly transport
extends from the west end of this cell to just east of Lake Terrell Rd. No appreciable drift has
been documented along the shorelines surrounding the Lummi River flats.
Due to underlying hard-rock geology on southeastern Lummi Island, no appreciable net
shore-drift occurs there. Net shore-drift around Eliza Island follows a general pattern of
northern transport along the east side and westerly transport on the west side of the Island.
Two converging drift cells transport sediment along the west side of the Island. The southerly
drift cell exhibits northwesterly net shore-drift, while the northern cell transports sediment to
the southwest.
Net shore-drift diverges along the west shore of the Lummi Peninsula (“West Beach”), with
the southern cell extending to Gooseberry Point. Gooseberry Point and the two spits on
northern Lummi Island are all cuspate spits, also referred to as cuspate forelands. These spits
are depositional landforms that are known to form where a pair of drift cells converge.
Northward net shore-drift extends from the southeastern bluffs of Portage Island on both
shores of the island, extending along the west shore of The Portage and to a large spit
complex northeast of Portage Island (Johannessen and Chase 2002). Northerly net shore-drift
extends along the majority of the length of the Lummi Shore Road on the Lummi Peninsula
until it hits the prograding Nooksack River Delta. Much of the region within and adjacent to
the Nooksack delta were mapped as displaying No Appreciable Drift.
East of the Nooksack Delta, northwesterly sediment transport is mapped alongshore,
originating at Mount Baker Plywood. From Mt Baker Plywood to the southern county line is
a large region with negligible net shore-drift. This is likely due to the highly modified state of
much of this shoreline, the Burlington Northern Santa Fe Railway and associated revetment,
in addition to the generally low volume of sediment supplied from the Chuckanut sandstone,
which underlies this region of the County.
Coastal Bluff Landslides
Coastal bluff landslides typically occur during periods of high precipitation on bluffs with a
combination of characteristics that make the bluff more vulnerable to slope failure. These
characteristics include:
•

The underlying geology of a bluff or bank,

•

The level of exposure (fetch),

•

The local hydrology (groundwater and surface water).

As a result the exposed high gradient bluffs and banks of northern Whatcom County are more
susceptible to coastal landslides relative to the central and southern shores of the County.
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Landslides are more likely to occur in areas where there is a history of landslides or where the
bluff strata is composed of an unconsolidated, permeable layer (sand), overlaying a more
consolidated impermeable layer (such as dense silt or clay) (Gerstel et al. 1997). As water
seeps through the permeable layer and collects above the impermeable layer a zone of
weakness or “slip-plane” is created. This stratigraphic pattern is a typical initiator of mass
movement; however in northern Whatcom County it is less influential than other factors.
Undercutting of the toe of the bluff is the long-term “driver” of bluff recession (Keuler 1988).
Windstorms that create significant wave attack of the bluff toe also trigger bluff failures.
Bluffs that are exposed to greater fetch are subject to higher wave energy during storms,
resulting in greater toe erosion and bluff undercutting, thus more frequent landslides
(Shipman 2004). Bulkheads reduce wave attack to bluff toes but can accelerate erosion of the
beach (see Shore Modifications section, below).
Storms that coincide with elevated water levels, such as a storm surge or extraordinary highhigh tide, often initiate landslides throughout the Puget Sound region (Johannessen and Chase
2003). The wave attack caused by a storm that occurs in conjunction with heightened water
level can produce dramatic toe erosion, which then undermines and destabilizes a larger
portion of the bluff that may not fail (slide) until subsequent wet-weather months.
A substantial quantity of seepage has been observed in the bluffs of northern Whatcom
County including the bluffs from Semiahmoo to Birch Point, and the bluffs northeast of Point
Whitehorn (Johannessen and Chase 2003). The highest volumes of groundwater observed
seeping from the bluff face typically occurs following prolonged heavy precipitation. Periods
of high rainfall intensity and duration (especially during saturated soil conditions) are the
most common trigger of coastal landslides (Tubbs 1974; Thorsen 1987), such as those
observed at New Years 1996-97 (Gerstel et al. 1997; Shipman 2001).
Surface water volumes often increase and become more concentrated as a result of
development of housing and roads. This is due to decreased infiltration and interception of
water. Concentrated surface water can locally erode bluff crests while also saturating soils,
which exacerbates “natural” slope stability problems along coastal bluffs and can trigger
landslides (Shipman 2004). Runoff flowing down a driveway and across a lawn (which can
absorb little water when wet) as sheet flow to the bluff face is an example of this process. A
broken drainage tightline on a bluff face is another form of development that triggers slides.
Failed tightlines (constructed out of inexpensive and low-strength flexible, corrugated pipe)
have often contributed to initiating coastal landslides in Whatcom County.
Removing or failing to plant bluff vegetation, especially conifers, can lead to low root
strength (of scattered ornamental plants and grass) and increased likelihood of future
landslides (Schmidt et al. 2001; Zeimer and Swanson 1977; Bishop and Stevens 1964). Bluffs
with significant modifications to both the natural drainage regime and vegetation are
particularly susceptible to landsliding. Reestablishment and maintenance of native vegetation
cover or installation of a fibrous-rooted vegetation cover along with some type of drainage
control can reduce the likelihood of bank failures (Gray and Sotir 1996; Menashe 2001;
Roering et al. 2003).
Slope stability mapping in the Coastal Zone Atlas was recently digitized by Ecology (1979).
The mapping was originally performed in the 1970s using aerial photograph analyses and
field reconnaissance. Two historic landslides were mapped, both in the northern portion of
the county, along the northwest shore of Point Roberts and approximately 2.25 miles south of
Point Whitehorn. Twenty-five “recent landslides” were mapped in the county, also
predominantly located in the northern portion of the county. Eight landslides were mapped
along the western shore of southern Lummi Island, near the Lummi Rocks. Three landslides
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were mapped near the Nooksack River Delta. The remaining mapped landslides were on the
bluffs between Point Whitehorn and Neptune Beach, between Birch Point and Birch Bay,
north of Birch Point, and along the southeast shore of Point Roberts.
3.1.2.5 Fluvial Influences on the Nearshore Environment
Fluvial sources contribute to nearshore character and can act as an agent of change on the
marine landscape. The quantity of fluvial sediment delivered to the nearshore depends on the
nature of the hinterland: its elevation, the types of rocks and soil found there, the density of
vegetation, and the climate (Komar 1976). The greater the volume of sediment the greater the
influence on nearshore processes. As a result, the Nooksack River has the greatest fluvial
influence on the nearshore in Whatcom County.
Sediment derived from the Nooksack River influences nearshore habitat well over a mile
from the delta. The Nooksack decreases the salinity of the water and provides large quantities
of sand and finer sediment (silts and clay) to Bellingham Bay, which aids in the development
of ecologically valuable habitats including marshes, distributary channels, shallow water
deltaic habitats, eelgrass beds, and sand and mud flats. Altered nearshore hydraulics caused
by the outflow of a river or stream can influence nearshore sediment movement. These
altered conditions commonly lead to the formation of alongshore bars or shoals and
heightened shoreline complexity. Features such as these can be permanent or ephemeral,
displaying seasonal dynamics concurrent with changes in discharge and wave conditions.
Several shoreline creeks, located within the County also contribute freshwater and sediment
to the nearshore. These include, but are not limited to: California Creek, Dakota Creek,
Terrell Creek, the Lummi River, Squalicum Creek, Whatcom Creek, Padden Creek and
Chuckanut Creek. Several of these creeks deliver enough sediment to the nearshore to create
estuarine marsh habitat with enhanced shoreline complexity and high quality habitat. Creeks
with marsh habitat include: Dakota Creek, California Creek, the Lummi River, Padden Creek
and Chuckanut Creek.

3.1.3 Habitat Distribution, Functions, and Biological Resources
The marine nearshore habitat types of Whatcom County are influenced by four major factors
or gradients: salinity gradients, depth/elevation, substrate type, and wave energy (Dethier
1990; Simenstad et al. 1991). Combinations of these four factors determine which habitats
will be present at a given site, and nearshore plants and animals are distributed by their
tolerance of differing levels of these four factors as well as biological interactions.
3.1.3.1 Shoretypes
The WDNR qualified and mapped the different (intertidal) shoretypes observed in Whatcom
County in the Washington ShoreZone Database. The state currently uses two classification
systems for general-purpose shoreline inventories: the WDNR Nearshore Habitat Program
uses “A Marine and Estuarine Classification System for Washington State” (Dethier 1990).
The WDFW uses “The British Columbia Shore-Zone Mapping System” (BC system) for oil
spill response planning (Harper et al. 1991; Howes 1994). The Dethier system is based on the
National Wetlands Inventory (Cowardin et al. 1979), with modifications specific to marine
and estuarine areas. Data is collected in the field on aerial photographs, then overlayed onto
orthophotographs and digitized. Final information includes polygons representing marine or
estuarine region, wave/current energy, intertidal or backshore elevation, and substrate type.
The BC Shore-Zone Mapping System was designed to summarize coastal features for oil spill
response planning. The system describes a variety of shoreline characteristics including
3-14
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substrate type, landform, shoreline type, and vegetation. The BC Shore-Zone Mapping
System differs from the Dethier system primarily in its data format. Rather than delineating
polygons, a line is drawn along the shoreline and data tables containing information are
attached to segments of the line.
Analyses of these data show that the most frequently occurring shoretype in the County using
the BC shoretype class is man-made permeable material such as riprap (Table 3-2). This
modified shoretype is frequently observed along the urban shoreline in Bellingham, in
marinas and along the Burlington Northern Santa Fe (BNSF) railway. It appears that the
added shoreline complexity of (internal) marina shorelines spuriously contributes to the
calculation of the total shoreline length of the County. Sand flats were frequently observed
comprising 22 percent of the County’s beaches. Sand and gravel flats or fans, mud flats, steep
rocky intertidal areas and narrow gravel beaches were also commonly observed.
The Dethier shoretype classification method found the most frequently occurring shoretype to
be mixed coarse sediment beaches that are partially enclosed (Table 3-3). This shoretype
represents 23.4 percent of the Whatcom County shoreline. Other frequently observed Dethier
shoretypes found in Whatcom County include mixed fine, partially enclosed beaches (13.3
percent), artificial substrate beaches that are partially enclosed (12.5 percent), partially
enclosed sand beaches (12.1percent) and partly enclosed bedrock beaches (9.5 percent).
Table 3-2. BC Shoretypes in Whatcom County
(WDNR 2001)
BC Shoretype

%

Table 3-3. Dethier Shoretypes in Whatcom
County (WDNR 2001)
Dethier Shoretypes

%

Man-made, permeable

28.3%

Mixed coarse, partly enclosed

23.4%

Sand flat

22.0%

Mixed fine, partly enclosed

13.3%

Sand and gravel flat or fan

7.8%

Artificial, partly enclosed

12.5%

Mud flat

7.7%

Sand, partly enclosed

12.1%

Rock ramp, narrow

6.8%

Bedrock, partly enclosed

9.5%

Gravel beach, narrow

4.1%

Mud, partly enclosed

8.0%

Man-made impermeable

4.0%

Mixed fine, open

6.3%

Organics/fines

3.9%

Artificial, lagoon

4.9%

Sand beach

3.6%

Bedrock, open

2.5%

Ramp with gravel beach

2.6%

Mixed fine, lagoon

2.1%

Ramp with gravel beach, wide

1.8%

Reef, partly enclosed

1.7%

Rock cliff

1.8%

Boulder, partly enclosed

1.6%

Cliff with gravel beach

1.3%

Organic, partly enclosed

0.9%

Platform with gravel and sand beach

1.2%

Sand, lagoon

0.6%

Platform with sand beach, narrow

1.1%

Mud, lagoon

0.3%

Ramp with gravel and sand beach

1.0%

Gravel, partly enclosed

0.2%

Sand beach

0.6%

Platform with gravel beach

0.3%

Cliff with sand beach

0.2%

Sand and gravel, narrow

0.2%

The marine nearshore habitats found in Whatcom County reflect the dominant shore types
and support biological communities found in shallow, semi-enclosed areas with coarse to fine
gravel, sand and mud substrates. Each of the different habitats has specific ecological
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functions and exerts influence on the function of adjacent habitats. Major habitats can be
grouped as follows:
(1) Nearshore - Includes intertidal sand and mud flats, and cobble, gravel, sand beaches;
subtidal sand and mud flats/tidal shoals; pocket estuaries; salt marshes; eelgrass meadows;
and kelp forests.
(2) Backshore – Includes banks, bluffs and backshore; supratidal but influenced by salt spray
or extreme storms. These habitats are closely tied to processes and adjacent habitats (i.e.,
beach shorelines, intertidal sand flats) in the marine nearshore.
(3) Marine Riparian – Refers to vegetation in the supratidal; closely tied to processes and
adjacent habitats in the marine nearshore.
3.1.3.2 Nearshore Habitats
Importance of Nearshore Habitats for Salmonids
Nearshore areas and nearshore estuarine habitats are important habitats for all five Pacific
salmon species, but are particularly important for chum and Chinook salmon which spend
relatively greater amounts of time in estuarine and nearshore habitats (Fresh et al. 2005).
Simenstad et al. (1992) identified three primary functions of estuarine and nearshore habitats
for salmon:
•

Physiological adjustment – for both juveniles transitioning to saltwater and adults
entering freshwater to spawn;

•

Foraging, and

•

Predator avoidance.

Eelgrass meadows support abundant prey items and are important foraging and holding areas
for juvenile salmonids. Estuarine areas, and tidal channels in estuaries, can be particularly
important for physiological adjustment for juvenile salmon transitioning from freshwater to
saltwater (Press et al. in Montgomery et al. 2003). Estuaries and large areas of habitat open to
tidal exchange contain a wide variety of salinity levels and salinity gradients which allow
juvenile salmon to gradually adjust to saltwater. Complex tidal channel networks also provide
a range of depths and velocities which provide habitats suitable for a wide range of juvenile
salmon sizes and life history types (Redman et al. 2005). Small, shallower tidal channels
provide habitat suitable for fry which spend little time in freshwater and enter the estuary at
small sizes, while deeper, larger channels provide habitat suitable for larger juveniles entering
the estuary after some time rearing in freshwater or larger juveniles transitioning to pelagic
habitats. Estuaries also provide large amounts of organic matter to support macro-detritus
based food webs, which are particularly important for salmon prey items (Bottom et al.
1991). Estuaries in natal rivers, such as the Nooksack, can be critical habitats for juveniles
originating in those rivers and typically support large numbers of juvenile salmon. However,
small estuaries, or pocket estuaries, in streams without salmon runs may also be critical to
supporting juvenile salmon, especially when pocket estuaries occur in close proximity to
larger estuaries (Beamer et al. 2003).
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Intertidal to Subtidal Cobble to Sand Beaches
Beaches are generally defined as areas with unconsolidated sediments that are moved, sorted,
and reworked by the forces of waves and wave-induced currents. The beach area can extend
landward into the zone influenced by storm waves and generally includes the upper intertidal,
beach face, low-tide terraces, and offshore zone to the limit of wave action. Beaches are
typically steeper than tidal flats. Beaches in Whatcom County include cobble to gravel to fine
sand substrates (see Geology Section above). Cliffs and sand or cobble beaches protect
sections of the shoreline in the vicinity of Cherry Point, along southern portions of Portage
Island, around Lummi Island, and along the eastern shores of Bellingham Bay.
Beach shorelines depend on complex interactions in the nearshore, in particular coastal
geomorphology and physical processes that influence sediment supply, transport, and
deposition. Beaches are influenced and maintained by processes affecting wave dynamics and
energy; sediment supply and transport; littoral drift; hydrology (freshwater seepage and
streams); and riparian vegetation. Ecological processes acting on and in adjacent and
associated habitats including sand and mud flats, marine riparian, backshore, banks and bluffs
also strongly influence beach habitats.
Ecological functions of beaches include forage fish spawning substrate; habitat and refuge for
intertidal fish and wildlife, habitat/substrate for intertidal vegetation; nutrient cycling;
primary production; and shellfish habitat (Williams and Thom 2001, Williams et al. 2003,
WDFW 2004). Both beaches and tidal flats are important habitat for shellfish; shellfish will
be discussed in the next section under Tidal Flats.
Forage Fish Spawning Habitat
Shoreline habitats that support forage fish in Whatcom County include cobble-pebble to
gravel and fine sand beaches. In the Georgia Straits, Strait of Juan de Fuca and Puget Sound,
forage fish species constitute a significant part of the marine food web, being particularly
important as prey for fish species including salmonids, marine mammals, and seabirds (Fresh
et al. 1981, Pentilla 1995, Bargmann 1998). Six species comprise the main forage fish
species: northern anchovy (Engraulis mordax), Pacific sardine (Sardinops sagax), longfin
smelt (Spirinchus thaleichthys), surf smelt (Hypomesius pretiosus), herring (Clupea harengus
pallasi), and Pacific sand lance (Ammodytes hexapterus).
Forage fish use a variety of shallow nearshore and estuarine habitats for spawning, feeding,
and rearing (WDFW 2004). Surf smelt and Pacific sand lance both spawn within a limited
range of tidal elevations in the upper intertidal zones of beaches, and have specific habitat
requirements including substrate size and type (Pentilla 1978, 1995). Suitable spawning
habitat for these species is therefore limited within the region, and these two species are
particularly vulnerable to shoreline modifications and development. Habitat quantity and
quality are affected by shoreline modifications that affect beach sediment characteristics and
beach morphology, and that change processes affecting sediment sources, transport or
deposition (WDFW 2004).
Surf Smelt
Surf smelt are pelagic as adults and as juveniles rear in nearshore and estuarine waters, using
estuaries for feeding and rearing (Lemberg et al. 1997). Surf smelt spawn on coarse sand or
pea gravel; gravels ranging in size from 1 to 7 millimeters during high tides, most typically
during afternoons or early evening (WDFW 2004). In Whatcom County waters, surf smelt
spawning areas are in the high intertidal beaches along the west shore of Point Roberts,
Semiahmoo Spit to Birch Point and extending east to the northwest corner of Birch Bay.
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Additional areas include small stretches of shore between the mouth of Terrell Creek and
Point Whitehorn, near Cherry Point, north of Neptune Beach, along the eastern shore of the
Lummi Peninsula, along the shoreline near Little Squalicum Creek, north of Padden Creek,
and along the beach at Post Point (Anchor 2001). In northern Puget Sound spawning
locations, surf smelt spawning occurs year round, with an annual several-month peak in
spawning activity.
Pacific Sand Lance
Pacific sand lance juveniles are pelagic, schooling fish that may burrow into unconsolidated,
sandy subtidal sediments at night to escape predators (Emmett et al. 1991). Juveniles rear in
bays and nearshore waters, with adults probably moving into estuarine waters during spring
and summer for feeding (Lemberg et al. 1997; Emmett et al. 1991). Pacific sand lance spawn
over a wider range of substrate sizes than surf smelt, ranging from fine sand beaches to
beaches with gravel up to 30 millimeters in size (Pentilla 1995; Lemberg et al. 1997). Eggs
are coated with sand grains, which adhere to the eggs and may improve capillary moisture
retention and reduce drying of eggs when they are exposed during low tides.
In Whatcom County nearshore waters, Pacific sand lance spawning areas include the upper
intertidal zone along Semiahmoo Spit, from Birch Bay to Sandy Point, the shoreline of
Lummi, Eliza, and Portage Islands, Portage Bay, the shoreline of the Lummi Peninsula, and
in Chuckanut Bay. In Bellingham Bay, smaller spawning areas include the shoreline near
Little Squalicum Creek, north of Padden Creek, and along the beach at Post Point. Sand lance
spawning in Whatcom County waters occurs in late fall and winter, generally from November
to February.
No surf smelt or sand lance spawning occurs in the Nooksack River delta, Lummi River delta
or inner Bellingham Bay, likely due to the absence of suitable spawning substrates in these
areas (Anchor 2001).
Tidal Sand and Mud Flats/Subtidal Shoals
Tidal flats are gently sloping, intertidal or shallow subtidal areas with unconsolidated sandy
or muddy substrates. Mudflat substrates are predominantly silts and clays and are high in
organic content, often experiencing anaerobic conditions below the surface (Simenstad et al.
1991). Sandflats are comprised of larger particles ranging from fine sands to gravels. Flats
typically also contain a number of channels and sloughs formed by hydrologic processes that
transport and distribute water, sediments and organic material and provide refuge for fish and
invertebrates, especially during low tides.
Sand and mud flats typically occur at mouths of rivers and streams where relatively large
supplies of sediment are deposited as currents slow, also in embayments and depositional
areas where wave and current energies are low. Because these are depositional areas where
sediments are retained or build up over time, toxins (e.g., heavy metals) and/or pathogens
associated with sediments also are retained and can build up over time.
Semiahmoo Bay and Drayton Harbor, Birch Bay, Lummi Bay, Bellingham Bay, and Portage
Bay are the primary areas with large extents of tidal flats in Whatcom County. Locations of
predominantly sand or mixed fine flats occur in Drayton Harbor, and in Lummi and
Bellingham Bays, associated with the Lummi and Nooksack deltas. Smaller areas of tidal
sand flats occur on the western and eastern shores of Point Roberts. Mud flats are more
limited in distribution within Whatcom County than sand flats; locations with significant
areas of mud flats include Portage Bay, and small areas of Lummi and Bellingham Bays.
Key processes maintaining tide flats and associated biological resources include tidal action,
sediment transport and delivery processes associated with bluff erosion, fluvial inputs, and
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net shore drift. In addition, nutrient inputs from marine, fluvial and terrestrial sources, and
seasonal dynamics of light and temperature are important in driving primary productivity on
tide flats.
Specific information on the functions of Pacific Northwest tide flats is scarce, but ecological
functions of tide flats generally include:
•

Primary production;

•

Nutrient cycling;

•

Habitat support for fish;

•

Shellfish (bivalve) production;

•

Food web support (prey production) for juvenile salmon, forage fish, flat fish,
shorebirds;

•

Predator refuge for sand lance;

•

Detritus sink; and

•

Wave dissipation for salt marshes

Algal production on the surface of tide flats is an important source of food for prey items of
salmonids and other fish. Tidal flats can be highly productive, especially in early spring as
light levels increase and temperatures warm. Light levels increase earlier in shallow tidal flats
than in some deeper water habitats, such as eelgrass, and algal production on tide flats in
early spring can support production of prey items important to juvenile salmon entering the
nearshore in early spring (Redman et al. 2005). Nutrient cycling on tidal flats and particularly
the exchange of inorganic nutrients between benthic sediments/benthic infauna can be an
important source of nutrients for algal growth and algal based food webs (Simenstad et al.
1991). Channels in tidal flats provide habitat and refuge for fish and invertebrates, including
chironomids, amphipods (both important prey for juvenile salmon), polychaetes, clams,
shorecrabs, tanaids, and mysids (Dethier 1990). Tidal flats also provide habitat and foraging
areas for a number of fish, including juvenile Chinook and chum salmon, as well as English
sole, starry flounder, sand sole, speckled sanddab, and staghorn sculpin (Simenstad et al.
1991).
Shellfish Beds
Shellfish beds perform a number of important ecological functions including nutrient cycling,
substrate stabilization, habitat structure (e.g., oyster reefs), water quality enhancement
(filtering and retention), and provide food for a wide variety of marine invertebrates, birds,
fish and mammals. Cobble to fine sand beaches and tidal sand and mud flats are important
habitat for shellfish. Beaches along Cherry Point, Eliza and Portage Islands can contain large
numbers of shellfish, particularly bivalves such as butter clams and littleneck clams.
Recreational shellfish areas occur along the beaches from Drayton Harbor and Semiahmoo
Spit to Cherry Point, Lummi Island, and in Chuckanut Bay (County GIS Maps). Commercial
shellfish areas occur in Lummi tribal lands (which are open only to enrolled members of the
Lummi nation) in Lummi Bay ad Portage Bay, and along the Lummi Peninsula. Commercial
shellfish areas occur in Drayton Harbor, Birch Bay, and Eliza Island.
Commercial and recreational harvest areas have been closed along the western edge of Sandy
Point, portions of Gooseberry Point, Birch, Portage, Drayton Harbor, and Bellingham and
Chuckanut Bays due to water quality problems and Semiahmoo Bay due to closures
mandated for outfalls from the publicly owned treatment works (POTWs)(WDOH 2004).
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Degraded water quality closed shellfish growing areas in Drayton Harbor and Portage Bay.
Central Drayton Harbor has recently been conditionally opened; one half inch or more of
rainfall in 24 hours results in temporary closure because of the potential for temporary water
quality violations with increased stormwater runoff. Previously closed areas in Portage Bay
have recently been reclassified to allow shellfish harvests in some areas for the first time in
nearly 10 years. Currently commercial harvest occurs in areas of Birch Bay, Lummi Bay,
areas around Lummi Island and Portage Bay, Samish Bay and the conditionally approved
portion of Drayton Harbor (Shellfish Growing areas:
http://www4.doh.wa.gov/gis/
growingareas.htm).
Shellfish Protection Areas
Whatcom County has two shellfish protection districts; Drayton Harbor and Portage Bay. The
Drayton Harbor Shellfish Protection District (DHSPD) was formed in 1995 (Ordinance 95036) and the Portage Bay Shellfish Protection District (PBSPD) was formed in 1998
(Ordinance 98-069). Shellfish harvesting activities at these beaches have been periodically
closed due to deteriorating water quality. Shellfish harvesting in Drayton Harbor was
originally downgraded and harvesting was permitted in small portions of the Harbor. In 1999,
shellfish harvesting was prohibited in the entire harbor due to excessive fecal coliform
counts. Recently a portion of the bay has reopened to shellfish harvesting.
The Lummi Nation voluntarily closed 60 acres of Portage Bay to shellfish harvesting in 1996
in response to contamination by fecal coliforms. An additional 120 acres were closed to
harvest in 1998. In 1999, 120 acres were reclassified as Restricted. In November of 2003,
approximately 75 percent of the previously closed are was reopened. The remaining 25
percent of the closed area is currently being reclassified as approved and may be available for
harvest in summer 2006.
Estuaries/ Pocket Estuaries
Estuaries are embayments with freshwater inputs that serve as transition zones between
marine and freshwaters. ‘Pocket estuaries’ are smaller subestuaries that occur in response to
interactions between marine and freshwater influence at low elevations along the shoreline.
Pocket estuaries usually contain emergent marsh, sand or mudflats, a channel structure,
uplands and open water in close proximity. They may or may not contain freshwater input.
Depending on how estuarine wetlands are defined, the shorelines of Whatcom County include
between 1,052 (2004 Whatcom County GIS database estimate of NWI acres) and 14,311
(2004 Whatcom County GIS database estimate from Gersib [2000]) acres of estuarine and
estuarine fringe wetlands 25 . The largest estuary is the Nooksack delta.
Much of Whatcom County’s residential shoreline, residential shorelines of the Lummi Nation
Indian Reservation, and important wildlife areas that lie within the major bays (Drayton
Harbor, Birch Bay, Lummi Bay, northern and northwestern Bellingham Bay, along the
eastern portion of the Lummi Reservation, and along the northern shores of Portage Island)
are protected by broad intertidal areas and lesser extents of estuarine marsh. Other sections of
the shoreline, especially from Point Whitehorn to Cherry Point, a section of shoreline south
of Cherry Point, the southwestern shore of Lummi Peninsula, the northwestern shore of
Lummi Island, and some areas within Chuckanut Bay are protected by narrower bands of
estuarine wetlands and fringing flat.

25

The NWI does not include unvegetated marsh areas while the Gersib (2000) inventory includes large
intertidal fringing flats at the mouths of rivers in large bays such as Drayton Harbor, Birch Bay,
Lummi Bay, and Bellingham Bay
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Redman et al. (2005) identified fourteen potential pocket estuaries in Whatcom County: two
in Drayton Harbor, three in Birch Bay, seven within Bellingham Bay, one on Lummi Island
and one on Point Roberts. Since they are transitions areas, estuaries are also discussed under
the freshwater sections of this document
The primary ecological functions and biological resources of estuarine shorelines include:
•

Flood attenuation;

•

Tidal exchange/organic matter exchange;

•

Stream base-flow and groundwater support;

•

Water quality improvement (nutrient retention, nutrient cycling);

•

Erosion/shoreline protection; and

•

Biological support and wildlife habitat including:
Food web support
Habitat structure
Habitat connectivity
Salinity gradients
Refugia – from predators (i.e., turbid waters of tidal channels and salmon)

Both vegetated and unvegetated areas provide surface area and channel volumes for
floodwater attenuation. In addition, all of the major bays, especially Drayton Harbor, are
relatively protected from marine storms by virtue of their broad, curved shorelines, protective
spits, and extensive fringing flats (visual assessment of maps produced by Whatcom County
GIS).
Salt Marshes
Salt marshes and brackish marshes are habitats that occur in areas with tidal inundation. Salt
marshes typically occur at elevations at and above MHHW in areas where sediment supply
and accumulation are relatively high. Therefore, salt marshes can occur in bays, along sand
spits sheltered from waves and currents and most commonly on river and stream deltas. Salt
marsh vegetation, especially the root mats and dense stems trap and stabilize sediments and
marshes tend to grow outwards over time as sediments entering the delta from rivers are
captured and retained by salt marsh vegetation. Tidal freshwater marshes are discussed in the
freshwater sections of this document.
Salt marshes and brackish marshes occur mostly on the Lummi Indian Reservation in the
Lummi River delta, in the Nooksack River delta. Cherry Point at Gulf Road; Drayton Harbor
south shore; Eliza Island southwest shore; and possibly Lummi Island east shore also have
salt marshes and brackish marshes. Fringes of salt marsh occur in pocket estuaries – in the
embayment at the mouth of Chuckanut Creek and the northern shore of Portage Island. Salt
marshes also occur in backshore areas between Padden Creek and Chuckanut Bay in areas
that receive marine influence via very high tides and flooding or backspray.
In Bellingham Bay, salt marsh may be more abundant now than it was during the late 1880s
due primarily to the prograding Nooksack River delta and the increase in habitat available for
salt marsh (Collins et al. 2003; Collins and Sheik 2004b). However, the Lummi delta has
experienced a 95 percent reduction in saltmarsh habitat (Bortleson et al. 1980).
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Ecological processes that are important for creating and maintaining salt marsh habitat
include sediment transport and deposition and tidal exchange. Sediment transport and
deposition forms the coastal landforms subject to tidal inundation, which support salt marsh
vegetation. Tidal exchange supports nutrient and organic exchange, inundation regimes,
salinity gradients, and sediment processes that support salt marsh vegetation and associated
faunal communities. Organic matter from salt marsh vegetation supports macro-detritus based
food webs that provide food items for forage fish and salmonids in nearshore habitats
adjacent to salt marshes. Maintenance of salt marsh habitats depends in part on the balance
between marsh aggradation due to the buildup of organic matter and sediment trapped in the
marsh and sea level rise (Bottom et al. 2005).
The ecological functions and biological resources of salt marshes include:
•

Detrital based food webs;

•

In-situ production of invertebrate prey items of importance to nearshore fish and
birds (e.g., salmonid prey);

•

Tidal channels provide refugia and foraging areas for fish and invertebrates; and

•

Primary production– salt marshes are highly productive.

Eelgrass Meadows
Eelgrass (Zostera marina) is a native marine seagrass that forms extensive meadows on
gravel, fine sands to mud substrates in the lower intertidal and shallow subtidal zones of
protected or semi-protected shorelines (Bulthuis 1994; Thom et al. 1998). Typical locations
for eelgrass include shallow tideflats with fine substrates, along channels in tideflats or
estuaries, and in the shallow subtidal fringe. Eelgrass meadows can be dense and extensive, to
patchy and discontinuous, with shoot densities ranging from 50 to 800 shoots per square
meter in Puget Sound (Thom et al. 1998). Eelgrass can grow to a height of 2 meters, forming
a relatively tall, dense canopy that provides organic matter, habitat structure, refuge from
predators, attachment sites for epiphytic algae and other organisms, and amelioration of wave
and current energy. In addition to the native eelgrass, the non-native Japanese eelgrass
(Zostera japonica) has invaded Puget Sound and can grow intermixed with the native
eelgrass. Japanese eelgrass is more common at slightly higher elevations within the intertidal
zone than native eelgrass. In Puget Sound, native eelgrass generally occurs from +1 meter to 5 meters MLLW (Bulthuis 1994; Thom et al. 1998).
In Whatcom County, the largest eelgrass meadows occur in four general areas: (1)
Semiahmoo Bay and Drayton Harbor to the Semiahmoo Spit and the northern most part of
Birch Point; (2) Birch Bay to Point Whitehorn, (3) Lummi Bay and around the end of the
Lummi Peninsula into Portage Bay; and (4) along the western and eastern shores of Point
Roberts (County Fish and Wildlife Habitat Maps; County CAO Maps – Wildlife Habitat
Conservation Areas; WCMRC Maps; Anchor 2001). Scattered, patchy eelgrass occurs in
Chuckanut Bay, the northern shores of Lummi Island, along the shore south of Cherry Point,
and along the south shore of Point Roberts. Eelgrass meadows are not present on the
Nooksack Delta, and are very small and patchy in the eastern portion of Bellingham Bay and
the outer shores of the southern portion of Lummi Island.
A large native eelgrass bed is reported to have historically occurred on the former delta of
Whatcom Creek, which has been reduced due to shoreline modification, filling, and dredging
of the bay (Anchor 2001). Two relatively large patches of dwarf Japanese eelgrass occur
offshore to the southwest and east of the Nooksack delta (Anchor 2001).
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Eelgrass distribution and abundance is controlled primarily by physical processes affecting
tidal range (relative depth of inundation and exposure), light levels, substrate (sediment
supply and type), wave or current energy, and nutrients (Thom et al. 1998). The upper
boundary of eelgrass distribution is limited by drying stress in the upper intertidal during low
tides, and the lower boundary is limited by light penetration (Thom et al. 1998). Because
eelgrass occurs in a narrow range of elevations from shallow subtidal to intertidal, processes
that affect depth of inundation or exposure during tidal cycles or shore morphology (slope of
tideflats), will affect the amount of habitat available for eelgrass. Reductions in light levels
can impact eelgrass growth and productivity. In addition, eelgrass competes with epiphytic
algae and macroalgae for light and nutrients; increases in light and/or nutrients can impact
eelgrass by promoting greater growth of algae. Although eelgrass is found on a range of
substrates, the largest meadows and higher shoot densities occur on fine substrates – fine
sands to mud (Thom et al. 1998; Williams et al. 2001). Eelgrass occurs in areas with
moderate to low wave or current energy and does not occur on exposed shorelines.
Primary Productivity and Food Web Support
Eelgrass ecosystems are highly productive, producing large amounts of organic carbon that is
directly consumed by grazers, as well as forming the basis for complex detrital food webs.
Organic carbon produced by eelgrass is broken down by bacteria and macroinvertebrates
including harpaticoid copepods, gammarid amphipods and isopods, which are important prey
items for fish (Simenstad et al. 1991). Juvenile salmon, as well as a number of other fish such
as herring, lingcod, and kelp perch, forage and find refuge in eelgrass meadows. Adult surf
smelt feed on copepods in nearshore exposed gravel-cobble and sand-eelgrass habitats
(Simenstad et al. 1979). In Drayton Harbor, juvenile chum and Chinook salmon use of
eelgrass in spring for feeding and rearing has been documented (Thom et al. 1999).
Juvenile fish using eelgrass for feeding or refuge are in turn important prey items for adult
salmon, as well as a number of marine birds and mammals (Nightingale and Simenstad
2001). Dungeness crab is commonly associated with eelgrass meadows. A number of
invertebrates are associated with eelgrass and shorebirds forage in eelgrass at low tide
including great blue heron, greater yellowlegs, least sandpiper, and spotted sandpiper. Black
brant geese feed almost exclusively on eelgrass when it is available. Eelgrass detritus
supports detrital-based food webs in adjacent habitats when dead eelgrass plants are
deposited on beaches by storm waves or transported to deeper waters (Woodruff et al. 2000).
Habitat Structure
Eelgrass also provides habitat structure, both in terms of the dense shoot and canopy
structure, and as attachment sites for eggs, algae and associated invertebrates. Epibenthic
crustaceans (i.e., living among the algae which grow attached to eelgrass leaves) living in
eelgrass meadows are important prey species for juvenile salmon (Fresh et al. 1995;
Nightingale and Simenstad 2001; Haas et al. 2002). Limiting the extent of eelgrass habitat
can reduce availability of these prey resources, which can affect migration patterns and
survival of juvenile salmon (Nightingale and Simenstad 2001). For small fish (<50
millimeters), prey abundance may strongly influence residence time along the shoreline and
prey abundance was higher in dense eelgrass beds than in areas with patchy or no eelgrass.
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Pacific Herring Spawning and Rearing Habitat
Eelgrass beds are important spawning substrate for Pacific herring; adhesive eggs are
deposited on leaf blades of eelgrass and to a lesser extent on a variety of marine algae
(Lemberg et al. 1997; Pentilla 1995). Pacific herring spawn in intertidal and shallow subtidal
areas, depositing eggs on marine vegetation at elevations between 0 and -10 feet MLLW
(WDFW 2000). Larvae are planktonic, drifting near the surface of the water column and
often become concentrated in embayments and other sheltered areas by local currents.
Juveniles rear in nearshore and estuarine areas until fall, when they migrate to adult feeding
areas off the Washington/British Columbia coast (Emmett et al. 1991). Adults are pelagic,
returning to spawn at 2 to 4 years of age.
Spawning for individual stocks is location specific and occurs generally from mid-January to
March. The Cherry Point stock appears to be genetically distinct from other Washington and
British Columbia stocks (Beacham et al. 2002, Small et al. 2004, Stick 2004). The Cherry
Point stock also has a later spawning time, from April to June, and is temporally isolated
from other stocks (Stick 2004). The Cherry Point stock was historically the largest stock in
Puget Sound, spawning along the shoreline near Cherry Point; this population has been in
decline since the early 1990s, but has stabilized recently (WDFW 2004). Adult herring
typically congregate and hold in deeper waters adjacent to spawning areas for three to four
weeks prior to moving to spawning areas (Stick 2004).
Important spawning beaches and pre-spawning holding grounds for Whatcom County include
the following (Stick 2004):
•

The Portage Bay/Samish Bay stock spawns in Portage Bay, around the edges of
Portage Island and in Samish Bay, with pre-spawn holding areas near Eliza Island
and just off William Point to the north and northwest of Samish Island.

•

The Semiahmoo Bay spawning area includes portions of Point Roberts, Semiahmoo
Bay, the shores of Drayton Harbor, and around Birch Point to include northwestern
Birch Bay. The pre-spawn holding area is offshore to the north of Alden Bank,
extending from north and west of Point Whitehorn and west of Birch Point,
extending southeast to south of Cherry Point.

•

The Cherry Point stock spawning grounds at their maximum abundance included all
sides of Point Roberts south of the U. S. – Canadian border, Semiahmoo Spit around
Birch Point to the northwest corner of Birch Bay, from the southwest corner of Birch
Bay to the northwest corner of Lummi Bay, the northwestern side of the Lummi
Peninsula to the southern end of Portage Island. The eastern shore of Lummi Island
down to Portage Island and the northern tip of Lummi Island are also included in the
Cherry Point stock spawning beaches. The pre-spawn holding area for the Cherry
Point stock is the same general area as for the Semiahmoo Bay herring stock. The
herring have been at lower abundance at the beaches recently. The range is restricted
to southeast Birch Bay to Sandy Point (Alan Chapman, pers. comm).

Pacific herring stocks in Puget Sound and the Georgia Basin have declined significantly over
the past 20 years (Stick 2004). Until 1984, there was a commercial herring fishery in
Bellingham Bay, but no commercial fishery has occurred there since the mid-1980s. Reasons
for the decline in this fishery are not well understood, however, the closure may be related to
Chinook by-catch and/or long term ocean warming and cooling cycles and the resulting
effects on predator-prey interactions. The start and end of the last warming cycle correspond
closely to recent population decline and rebound. Pacific herring are also susceptible to
competition and predation from warm water species on their migration to/from Vancouver
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Island. Process alterations that affect the abundance and distribution of eelgrass meadows
spawning habitat, or food resources also affect Pacific herring stocks.
Kelp Forests
In marine waters of Whatcom County both annual and perennial species of kelp form dense
beds in cold, clear marine waters from very low intertidal to shallow subtidal waters, in
depths up to 130 feet. Kelp forests are comprised primarily of bull kelp (Nereocystis
luetkeana) and other large brown algae, including the introduced Sargassum (Sargassum
muticum). These plants are attached to the marine bottom with holdfasts and require rocky or
coarse substrates. Distribution is limited to areas with appropriate substrates, light penetration
to the bottom and moderate wave/current energy.
Kelp forests are not extensive in Whatcom County marine waters due to the extent of coarse
to fine-grained beaches as the predominant shore type and the general lack of rocky
substrates. Kelp is found primarily found between Point Whitehorn and Neptune beach.
Additional areas with some kelp include the shoreline east of Birch Point and portions of the
outer shore of Lummi Island.
Kelp can form dense, highly productive forests that support a diverse ecosystem including
fish and marine mammals. Kelp forests are important habitat for rockfishes and lingcod
(Ophiodon elongates). Dense kelp beds also dissipate wave energy and provide sheltered
habitat within the kelp bed and in adjacent surface waters (e.g., for resting/rafting seabirds) or
shorelines.
Deepwater Habitats – Rocky Reefs and Sand Flats
Important biological resources of these habitats include a number of species collectively
referred to as groundfish. Groundfish are comprised of a diverse group of marine species that
are caught mostly on or near the bottom of the water column. Groundfish include a number of
ecologically and economically important fish that support aquatic food webs and/or are part
of important commercial, recreational, or tribal fisheries. Groundfish of particular ecological
or economic interest include flatfish such as sole and flounder, pelagic species such as
Pollock, whilting and cod, and reef-dwelling rockfish (Sebastes sp., Hexagrammos sp.,
Scorpaenichthys marmoratus) (Palsson et al. 1998, WDFW 2004, Anchor 2002).
Bellingham Bay has documented spawning for several species of sole and starry flounder,
which spawn in deeper water on flat sand or mud substrates.
Adult rockfishes occur in rocky habitats with high complexity (e.g., crevices) and relief
including piled boulder fields, and rock walls (Palsson et al. 1998). Juveniles occur in
nearshore areas with smaller rocks and vegetation, including primarily kelp forests (West et
al. 1995, Buckley 1997).
3.1.3.3 Backshore Habitats
Banks and bluffs are steep areas located between the intertidal zone and upland and are
described in more detail in the Coastal Bluff Landslides section. Backshores are immediately
to the landward edge of beach faces and are inundated only by extreme storm driven tides
(Williams et al. 2003). These are dynamic habitats that are influenced primarily by geology
and sediment erosion and transport, including wave action and storm tides. Hydrologic
processes including runoff from adjacent uplands also have a strong influence on the ecology
of these backshore areas.
Backshore habitats provide a source of sediment from eroding bluffs for beaches and
intertidal cobble to mud habitats. They create surfaces for marine riparian vegetation, which
June 2006 │ 558-1687-004

3-25

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

contributes organic material, nutrients, and LWD to beaches and intertidal habitats. LWD that
accumulates in backshore areas may stabilize shorelines by buffering these areas from wave
and storm energy. Furthermore, backshore areas often contain groundwater seeps that
introduce freshwater, which can ameliorate temperature fluxes and reduce desiccation.
Backshore areas provide habitat and conditions suitable for plant species that tolerate salt
spray, shifting sediment, and high winds (e.g., shore pine).
Although the ecological functions of bluffs are fairly well understood in the Pacific
Northwest, there is a lack of detailed information on the functions or importance of backshore
areas. Backshore areas are concentrated in the northern portion of Whatcom County, where
eroding bluffs are more common and create broad accretion shoreforms with back shore
areas.
3.1.3.4 Marine Riparian
Marine riparian zones are areas on or by land that border marine or tidal waters; marine
riparian areas constitute the interface between the terrestrial and the marine aquatic systems
(Culverwell and Brennan 2003). Processes or factors important in determining the
distribution, character, and extent of vegetated marine riparian buffers include appropriate
substrate and soils, slope heights and steepness, annual precipitation, hydrology and hillslope
runoff processes, and colonization by invasive species. Important attributes of riparian buffers
that affect functions include vegetation composition, density, and continuity (e.g., width of
buffer and length of shoreline with buffer) (Knutson and Naef 1997).
Functions of marine riparian buffers have not been as well studied as freshwater riparian
buffers; however, several recent reviews document similar functions for both freshwater and
marine buffers (Desbonnet et al. 1994; Levings and Jamieson 2001; Brennan and Culverwell
2003). The number of coastal zone management or shoreline programs in the U.S. that have
buffer width requirements for marine riparian buffers is limited (e.g., Rhode Island,
Chesapeake Bay) and the scientific basis for defining nearshore buffers is also more limited
than for freshwater buffers. Freshwater buffers less than 100 to 300 feet in width may not
protect important wetland functions (Castelle et al. 1994). Desbonnet et al. (1994) in a review
of coastal buffer programs in the U.S. concludes that functional effectiveness of vegetated
riparian buffers increases substantially at widths greater than 246 feet and functional
effectiveness may be more limited at more narrow widths. Functions of marine buffers
include the following:
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•

Organic matter to nearshore and marine habitats – detritus, terrestrial insects;

•

Terrestrial insects from riparian vegetation are important prey for juvenile salmon in
nearshore (Levings and Jamieson 2001);

•

Shade (moisture retention, temperature amelioration) to upper beach and intertidal
areas;

•

Shoreline stabilization, sediment retention, reduction in erosion;

•

Nutrient/toxin/pathogen cycling and retention provide water quality benefits;

•

Wildlife habitat – physical habitat structure/refugia; foraging; reproductive habitat for
terrestrial wildlife; nesting, roosting, and perch trees for raptors, herons, kingfishers,
and a variety of marine migratory and resident waterfowl;

•

LWD from marine riparian zone/buffers and upland areas can provide habitat
structure (refuge from predators, attachment sites) and source of organic material for
detrital food webs in adjacent intertidal waters;
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•

Riparian vegetation may provide buffer from wave energy, esp. during winter storms;

•

Overhanging riparian vegetation may provide protection from wind-exposure effects
such as desiccation of forage fish eggs high on the intertidal zone;

•

Moderate rate and effects of stormwater runoff from upland impervious surfaces;

•

Enhance infiltration vs. runoff along bluff tops and faces.

Levings and Jamieson (2001) in reviewing functions of marine riparian buffers in the Pacific
Northwest list four functions as having major value in terms of their ability to:
•

Provide shade to nearshore;

•

Affect the rate of supply and/or retention of sediment from uplands to nearshore;

•

Physically stabilize shorelines;

•

Enhance retention and/or breakdown and processing of excess nutrients (e.g.,
nitrogen from septic systems).

Residential development has modified nearshore riparian conditions along a majority of the
Whatcom County marine shoreline, most notably along the shores of Point Roberts, Birch
Bay, Sandy Point, and the west shore of the Lummi Peninsula. Agriculture and
commercial/industrial developments have altered nearshore riparian communities in other
areas. Few areas of intact riparian cover remain along marine shores except for areas along
Lummi Island and the Nooksack River delta.

3.1.4 Process Alterations Affecting Nearshore, Backshore, and Marine Riparian
Habitats
3.1.4.1 Sediment Supply Alterations
Shoreline modifications including bank hardening can alter natural beach morphology by
steepening beach slopes, which may affect the area of beach within the upper intertidal zone
and therefore the quantity of habitat available for spawning. Shoreline modifications that
change sediment supply, transport and distribution processes can result in the preferred
sediment type becoming depleted, reducing the amount of spawning habitat available and
resulting in smaller population sizes. Smaller forage fish populations will affect ecological
interactions with other species, including reduced prey availability for salmonids, and other
fish and wildlife species (Thom and Shreffler 1994; Williams and Thom 2001).
Shoreline armoring can change substrate type (i.e., by cutting off sediment supply or
increasing erosive forces), frequently resulting in coarsening of beach and subtidal substrates
which results in a reduction in suitable substrates for eelgrass. Increased erosion and transport
of fine materials can increase the likelihood of expansion of kelp or other macroalgae into
areas that formerly supported eelgrass.
Beach nourishment near kelp forests can change the substrate from coarse to finer materials
which may be unsuitable for kelp attachment. Examples of areas with shoreline modifications
that have affected sediment supply and transport include the portion of shoreline in
Bellingham Bay from the county line to Mt. Baker Plywood which has been modified for the
Burlington Northern Santa Fe railroad and associated revetment, along Cherry Point, along
the Lummi Indian Reservation on the Sandy Point Peninsula and along Lummi Shore Road.
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3.1.4.2 Heat/Light Alterations
The upper extent of forage fish spawning distribution in the intertidal zone is limited by
increased solar radiation, associated high temperatures and drying in the upper intertidal.
Forage fish eggs have lower mortality at sites with well-developed riparian vegetation
because shade prevents or reduces desiccation and moderates high temperatures for eggs
(Robards et al. 1999).
Riparian vegetation also ameliorates changes in sediment temperature when sediments are
exposed at low tide. Removal of riparian vegetation may increase temperatures and
desiccation stress for benthic organisms during low tide. Removal of riparian vegetation
along tidal channels may increase temperatures and lower quality of this habitat for juvenile
fish – particularly at low tide.
Phytoplankton and macroalgae blooms associated with increased nutrient inputs to nearshore
waters can negatively impact eelgrass and kelp due to decreased light availability. Overwater
structures that decrease light levels have negative impacts on the productivity of benthic algae
and eelgrass and food webs based on this production, which include prey items for juvenile
salmon (Nightingale and Simenstad 2001).
Riparian vegetation has been reduced or eliminated in areas with roads, railroads or
development adjacent to the shoreline, for example Lummi Shore Road. Overwater structures
are concentrated in areas with high levels of urban development, including the marinas at
Point Roberts, Semiahmoo, and Birch Bay; ferry docks at Lummi Island and Gooseberry
Point; and the industrial piers along Cherry Point.
3.1.4.3 Increased Pathogen/Nutrient Inputs
Increased inputs of pathogens/toxins adversely impact shellfish populations and
recreational/commercial harvests. Pollution, thermal stress, and desiccation increase mortality
of forage fish on beaches (egg and larval) (Emmett et al. 1991).
Low energy, semi-enclosed habitats with significant inputs from upland areas such as river or
stream deltas, sand and mud flats are particularly vulnerable to alterations that affect water
quality. Inputs may be higher in these areas, and excess nutrients, pathogens, and toxins tend
to accumulate or have longer residence times in these areas. Particularly during periods of
increased water stratification, nutrients or pollutants can increase to levels that impact marine
organisms. Because they are sedentary and filter feeders, shellfish are particularly vulnerable
to deteriorating water quality and excess nutrients or pollutants. Shellfish contaminated with
fecal coliforms and/or algal toxins can pose problems for people, as well as for other animals
that feed on shellfish.
Water quality has been a concern in several locations within Whatcom County over the last
decade. A number of nearshore locations throughout the County have reached unacceptable
water quality standards over the past several years. Twenty locations were listed in the 2004
proposed 303(d) listing (Table 3-4).
Nutrient loading from sewage or agricultural runoff can result in blooms of macroalgae (e.g.,
ulvoid blooms) which may lead to low levels of dissolved oxygen and reduce light available
for benthic diatoms, kelp, or eelgrass. Algal blooms have been documented in Drayton
Harbor (Ecology 2005a). Increased levels of nutrients and associated impacts to biological
resources are more common in enclosed protected or semi-protected shallow waters such as
Drayton Harbor and Bellingham Bay (Thom 1978, Anchor 2001, WDNR 2003).
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Table 3-4. Department of Ecology’s proposed 303(d) listings for 2004 along
Whatcom County marine shorelines
Ecology No.

Active

Water Body District

Impact/Cited For:

48122J7G4

Y

Drayton Harbor

Fish Habitat

48122J7J6

Y

Drayton Harbor

Fecal coliform

48122J7J5

Y

Drayton Harbor

Fecal coliform

48122J7J5

Y

Drayton Harbor

Fecal coliform

48122J7I6

Y

Drayton Harbor

Fecal coliform

48122J7H9

Y

Semiahmoo Bay

Ammonia-N

48122J7J8

Y

Semiahmoo Bay

Fecal coliform

48122J7J7

Y

Semiahmoo Bay

Fecal coliform

48122I7B0

Y

Strait of Georgia

Arsenic, Inorganic

48122H6C6

Y

Lummi Bay and Hale Passage

Fecal coliform

48122H5D8

Y

Bellingham Bay (inner) and Whatcom Waterway

Temperature

48122H5D8

Y

Bellingham Bay (inner) and Whatcom Waterway

Dissolved oxygen

48122H5D8

Y

Bellingham Bay (inner) and Whatcom Waterway

pH

48122H5D8

Y

Bellingham Bay (inner) and Whatcom Waterway

Fecal coliform

48122H5B3

Y

Bellingham Bay (outer)

pH

48122G6J1

Y

Bellingham Bay (outer)

Fecal coliform

48122G6J1

Y

Bellingham Bay (outer)

pH

48122G6J1

Y

Bellingham Bay (outer)

Ammonia-N

48122G6J1

Y

Bellingham Bay (outer)

Dissolved oxygen

48122G6J1

Y

Bellingham Bay (outer)

Temperature

3.1.4.4 Hydrologic Alterations
Most Whatcom County rivers experience reduced summer base-flows that are exacerbated by
agricultural drainage, irrigation withdrawals and groundwater pumping. Some coastal areas
of the County may be experiencing salinity intrusions into groundwater due to excess
removal of groundwater as the population in these areas increases. For example, on Lummi
Island, along Point Whitehorn and on the western shore of the Lummi Nation Indian
Reservation, groundwater removals may be altering the balance of hydraulic pressures along
the shoreline and contributing to saltwater intrusion into groundwater (Dion and Sumioka
1984; USGS website/2004).
Drayton Harbor and Birch Bay are zoned Urban, Residential, and Commercial
(http://whatcommrc.wsu.edu/MRC/projects/data/shorezones/county.htm). The Cherry Point
area contains industrial facilities of statewide significance and is zoned Heavy Impact
Industrial. Water and sediment quality of estuarine wetlands in these areas may be affected by
both point and non point sources of pollution, including toxics and Biological Oxygen
Demand (BOD) (any materials whose decomposition or degradation consumes dissolved
oxygen) from permitted outfalls and stormwater runoff, leakages from the sewage treatment
system, and non point agricultural and household sources. Of these bays, Drayton Harbor,
(which may not be well flushed due to protective spits and drift cells that tend to recirculate
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water) (http://www.whatcom-mrc.wsu.edu/MRC/projects/ data/bathymetry/county.htm) may
be particularly vulnerable to pollutant loads.
Lummi Bay, the western half of Bellingham Bay, and the southern half of Chuckanut Bay are
zoned Rural Residential and resources and may be vulnerable to non point sources of
pollution such as fecal coliforms from septic systems, nutrient, pesticide, and herbicide runoff
from lawns, and minor spills of hydrocarbons and other toxics from households. All areas are
vulnerable to low dissolved oxygen and high temperatures if stream base flows are reduced
and nitrogen or sediment supplies are increased. In Whatcom County, freshwater flow has
been lowered during summer months; residences, industry, roads, and railroads encroach into
estuarine buffers; riparian vegetation has been reduced; dikes limit areas that are open to tidal
action; and water pollution, boat activity, and human use of the shoreline affect the habitat
qualities of estuarine areas. Nevertheless, there are abundant opportunities to reverse many of
these conditions and increase buffer areas, remove dikes and restore tidal flows, protect water
quality from upstream and marine sources of pollution, and maintain freshwater flows to
these important areas.
Groundwater flows that surface as seeps on beaches contribute to moisture retention in beach
sediments during low tides and also ameliorate temperatures during low tides. Altered
groundwater flows (e.g., due to withdrawals or land use landward of the shoreline) can affect
interstitial temperatures and drying in the upper intertidal.
Alterations to hydrology – development and increased impervious surfaces increases runoff
and can result in increased rates of bluff landslides and erosion and changes in sediment
supply rates to adjacent nearshore habitats
3.1.4.5 Physical Disturbances
A number of physical disturbances can directly alter or eliminate shoreline habitats and
biological resources by altering key processes. These include:

3-30

•

Channelization and/or dredging of river mouths that causes more sediment to be
delivered to the delta instead on being deposited on banks, increase flow depths and
velocities and result in sediments being carried further out into deeper waters – this
reduces the amount of sediment available for tidal marsh habitats or shallow
intertidal or subtidal flats;

•

Dredging or filling salt marsh sediments eliminates tidal habitats and reduces the
amount of tidal channel habitat for invertebrates and fish;

•

Loss of marine riparian vegetation or emergent vegetation (salt marsh, tidal wetlands)
which stabilizes and traps sediments and enhances deposition and/or retention in tidal
flats;

•

Physical disturbance of salt marsh or eelgrass vegetation can increase the likelihood
that invasive species, such as smooth cordgrass, will become established. Smooth
cordgrass does not appear to have become established to date in Whatcom County.

•

Increased turbidity from physical disturbance of sediments can reduce light
availability and also reduce foraging efficiency of juvenile fish;

•

Increased wave energy from boat traffic or increased exposure due to shoreline
modifications can negatively impact eelgrass and salt marsh vegetation;

•

Removal of vegetation from riparian buffer areas (e.g., for construction of road
revetments) – eliminates sediment/nutrient retention, stabilization, water quality,
organic matter inputs functions;
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•

Shoreline armoring can change the morphology of the intertidal beach immediately
waterward of the structure and physically eliminate eelgrass or other shallow tidal
habitat. Seawalls or armoring can result in replacing a sloped intertidal/subtidal flat
with a wall that extends directly to deeper water where light levels are too low to
support eelgrass growth.

3.2 FRESHWATER AND ESTUARINE ENVIRONMENTS
3.2.1 Process Controls
3.2.1.1 Geology
Geologically, the County can be divided into the Cascade Range to the east and the Whatcom
Basin to the west, with intervening foothills between these dominant landforms (refer to the
USGS hydrolgeology map in the map folio). Whatcom Basin is heavily influenced by past
glaciation, of which the last of six periods ended approximately 10,000 years ago. The
influence of glaciation on landform is ubiquitous, and glacial erosional and depositional
features dominate the landscape. These features influence the routing of water and sediment
through the landscape. Glacially deposited sediment varies in composition depending on the
depositional process. The composition of these surficial deposits can impact landscape
processes such as hydrology and sediment supply by influencing mechanisms such as
infiltration and erosion potential.
Glacial “drift” dominates surface deposits in the Whatcom Basin, with smaller deposits of till
interspersed with omnipresent fine- and coarse-grained outwash (see surficial geology map in
map folio – link available at beginning of this chapter). The foothills and mountains have
shallow bedrock overlain by thin soil layers. Continental glacial deposits are extensive even
into the upper basin. Alpine glacial deposits are limited in aerial extent.
Currently, the dominant geologic factors driving landforms in Whatcom County are hillslope
and fluvial processes, which are superimposed on glacial, volcanic and tectonic geologic
regimes. Hillslope and fluvial processes govern the movement of materials through the
landscape, creating and maintaining aquatic habitat. Consequently, the Nooksack River
system dominates the landscape in Whatcom County, moving materials to valley floors via
hillslope processes and transporting or temporarily storing those materials via fluvial
processes. Deposited alluvium is apparent throughout the County especially on the Nooksack
floodplain and to a lesser extent in Nooksack tributaries and other smaller systems. Active
and rapidly receding glaciers on Mount Baker and other Cascade peaks are a large source of
bedload sediment and a large suspended sediment source for the Nooksack River.
3.2.1.2 Topography
Glaciation and plate tectonics have contributed to the topography of Whatcom County that is
also common to most of Puget Sound. The Cascade Range has steep relief that gradually
lessens in the Cascade foothills. Whatcom Basin is much flatter, and streams typically have
less than two percent gradient. Whatcom Basin contains seven upland plateaus and three
lowland terraces.
The seven upland provinces are the Birch Point Upland, a small peninsular area southwest of
Blaine; the Boundary Upland, east of Blaine extending across the international boundary into
Canada; the Mountain View Upland, west of Ferndale; the King Mountain Upland, extending
north from Bellingham to the Nooksack River Valley, the Lummi Peninsula, between Lummi
Bay and Bellingham Bay; Lummi Island; and Point Roberts, a small peninsular projection of
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Canada. The Three lowland areas are the Custer Trough, which trends northwest to Drayton
Harbor and Birch Bay, the Lynden Terrace, which extends westward from the Sumas River
Valley to the Boundary Upland and southward to the Nooksack and Custer Trough
bottomland; and the floodplains along the Nooksack and Sumas Rivers (SCS 1992).
3.2.1.3 Climate
Climate in conjunction with geology and topographic controls determine watershed
conditions. Climate changes resulting in glaciation resulted in much of the surface geology in
Puget Sound today. While geology can determine much of the network through which
materials move through a system, climate is directly responsible for the gross patterns of
magnitude, type, and timing of water inputs that are a large part of landform development
over geologic time.
Weather patterns can be regionally generalized in Whatcom County (Figure 3-6). Due to
orographic effects, the Cascade Mountains receive more precipitation than other areas of
Whatcom County. Some areas receive up to 160 inches of precipitation annually. Much of the
precipitation occurs in the form of snow. Precipitation and the snowfall:rain ratio decrease
with elevation. Eastern river valleys are somewhat drier than the surrounding uplands and
receive a higher proportion of precipitation as rainfall. Precipitation also decreases moving
west toward the coast; lower elevations west of Lake Whatcom typically receive between 3040 inches of precipitation per year.
Runoff and related erosion and water quality processes are a function of the timing and type
of rainfall. The Nooksack and other large river systems whose headwaters occur in eastern
Whatcom County receive a large proportion of total annual runoff from snow- and glacial
melt originating in the Cascade Mountains. In mid-level elevations of the Cascades and
foothills, rain-on-snow events play an important role in generating runoff and typically
generate the largest floods. Snow infrequently drives landscape processes in the lower
Nooksack and smaller drainages in the lowlands.
3.2.1.4 Land Use/Land Cover
Historically, Whatcom County was mostly forested (Collins and Sheik 2003). Upland areas
were dominated by dense, temperate rainforest consisting of mostly conifers. Deciduous and
mixed forests were more common in valley bottoms near streams, lakes and wetlands, but
conifers increased in frequency with distance from aquatic resources. Despite occurring less
often in valley bottoms, conifers accounted for the majority of biomass in these areas (Collins
and Sheik, 2003a).
Existing land use is mostly a mixture of agriculture, rural residential development, and
scattered commercial/industrial areas. In general, the lowland areas are dominated by
agricultural land uses and rural residential areas. The Foothills and mountain regions are
characterized by forestry-related land uses and recreation.

3.2.2 Landscape Processes
The following provides a description of landscape processes and the mechanisms through
which they operate based on historic or unaltered conditions. Mapping the areas that are most
important to the maintenance of landscape processes is the first step in identifying priority
management areas. The reader is advised to review the maps provided in the Chapter 3 map
folio for a complete understanding of the material presented).

3-32

June 2006│ 558-1687-004

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

3.2.2.1 Hydrology
Infiltration/Recharge
Areas in Whatcom County important to infiltration and recharge are typically associated with
surficial aquifers, the largest of which—the Sumas-Blaine aquifer—is associated with
alluvium in the mainstem Nooksack River valley and outwash in the Lynden North and
Sumas WMUs. Smaller, discontinuous aquifers are also associated with the alluvial and
outwash deposits near Puget Sound and in the upper Nooksack River valleys (Figure 3-7).
Areas with high levels of precipitation will increase the capacity of groundwater recharge
through infiltration. Vaccaro et al. (1998) showed a linear relationship between precipitation
and groundwater recharge in areas with coarse-grained geologic deposits. Precipitation levels
are higher in the Cascade Mountains and foothills than in areas to the west, and areas with
high infiltration and recharge capacity typically occur in the Nooksack forks and other glacial
outwash valleys. These areas may contribute more infiltration and recharge per unit area
compared to areas to the west because precipitation is higher (Vaccaro et al. 1998). However,
the depth to bedrock is relatively shallow and the unconfined aquifers are more limited in
extent, which ultimately reduces overall recharge capacity.
Bedrock surficial geology, thin soils and glacial lodgment tills limit infiltration on hillslopes,
but infiltration in these areas is important for recharging regional aquifers as well as
subsurface storage of water that may be discharged to streams and wetlands as return flow or
baseflow.
Surface Water Storage
The majority of areas important for surface water storage are found in the Nooksack and
Sumas river floodplains. Other floodplains on Nooksack tributaries and other smaller streams
also provide storage capacity, but to a much lesser magnitude. Important storage areas also
include depressional wetlands and lakes. Wetlands are typically found along floodplains in
areas of coarse outwash in the Puget Lowlands. Lakes also occur in outwash plains but are
just as common in upland plateaus containing poorly drained till and fine-grained outwash
and in montane areas as cirques or landslide impoundments.
Surface Runoff and Peak Flows
Brunengo et al. (1992) mapped areas in which rain-on-snow is likely to occur based on
elevation. These areas typically occur in middle elevations from 1,500 to 4,500 feet like those
found in the upper mainstem and forks of the Nooksack River. Rain-on-snow areas are very
limited in the Puget Lowlands where rain predominates and at higher elevations in the
Cascade Range where snow predominates.
Groundwater Flow and Discharge
Shallow soils in the montane region limit shallow groundwater features. Infiltrated water
either travels laterally as subsurface flow at the soil-bedrock contact or percolates to deep
groundwater through cracks and fissures in the bedrock. River valleys and outwash plains in
the lowlands contain much deeper, porous soils on low relief that store large quantities of
water in surficial aquifers (Figure 3-8). The largest of these is the Sumas-Blaine aquifer,
which extends from Canada, south to the King Mountain uplands. Other discontinuous
aquifers occur north and south of Drayton Harbor and along the Nooksack delta (including
the Lummi delta) (Kemblowski et al. 2002). Upper valley aquifers extend up all three
Nooksack forks, including tributaries and other areas with glacial drift deposits (Kemblowski
et al. 2002).
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The USGS (2005) identified areas of outwash and alluvial soils adjacent to river valleys and
floodplains as being especially conducive to groundwater discharge. This suggests such areas
are important for maintaining stream flows into the dry summer months. Areas where
permeable deposits occur along river valleys and floodplains include the South, North and
Middle Forks of the Nooksack River, the Mainstem Nooksack River, Bertrand Creek,
Fishtrap Creek, Tenmile Creek, and Dakota Creek.
Remaining areas in the lowlands and mountains have non-surficial aquifer types and have
lower quantities of groundwater available for discharge and consumption (Kemblowski et al.
2002).
Hydrology mechanisms have the potential to occur in the same areas. Areas in which at least
three process mechanisms occur include: the Mainstem Nooksack upstream of Anderson
Creek; along the North Fork between Kendall Creek and Maple Creek; and along the South
Fork in the area south of Acme (Figure 3-9).
3.2.2.2 Sediment Supply
Areas of mass wasting are most common in the Cascade Mountains and foothills, where relief
is more extreme and precipitation is high. Surface erosion areas are mainly located in hilly
areas containing Gallup, Hartnit, Heisler, Hinker, Hovde, Klawatti, Oakes, Kulshan, or
Fishtrap series soils (Goldin 1992). Puget lowlands typically have only isolated areas in
which erosion naturally occurs at high rates, including transitions from plateaus to terraces,
alluvial fans, and ravines formed by streams. Streambanks and lakeshores are also important
sediment sources (Figure 3-10).
3.2.2.3 Water Quality
Nutrients
Gersib (2000) identified potential (i.e., historic) wetlands with properties conducive to
nutrient retention and loss (denitrification) in both groundwater and surface water
(Figure 3-11). Nutrient retention and loss also occur throughout the floodplain hyporheic and
riparian zones 26 . Recent work by the USGS also showed high levels of denitrification
occurring throughout the riparian zone.
Areas with the full suite of retention mechanisms are concentrated in the mainstem Nooksack
floodplain and to a lesser extent in the North Fork and South Fork valleys (Figure 3-12). The
surficial aquifers in the lowland areas are a source of groundwater discharge and
accompanying nutrient loading to hyporheic zones. As such, the riparian zones in there areas
are important nutrient sinks.
Wetlands with both groundwater and surface water functions occur mainly in outwash
terraces. In general, there are fewer mechanisms at work on impermeable deposits, more on
permeable terrace deposits, and many on alluvial deposits.
Pathogens
Areas important for removal and/or retention of fecal matter and associated pathogens are
depressional wetlands and infiltrative soils. As shown in the hydrology analysis
(see Figure 3-7), these areas are located primarily in lowland areas with outwash deposits as
well as upland areas with glaciolacustrine or marine drift deposits.
26

Floodplain hyporheic zone is defined as areas in floodplains with coarse outwash or alluvial
deposits. All alluvial streams to some extent have a hyporheic zone extending vertically below the
wetted channel.
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Metals/Toxins
Metals occur in trace concentrations in nature; toxins are introduced by human actions. Thus
the process of metal/toxin inputs is not salient under natural conditions. Storage of metals
occurs through adsorption in wetlands with clay or organic soils. Therefore, upland areas
surrounding the Sumas aquifer and organic deposits within the region of the Sumas aquifer
and the Nooksack Forks river valleys may provide increased rates of metal/toxin retention.
3.2.2.4 Organic Matter
The majority of low-order headwater streams occur in eastern Whatcom County, and
landslide processes are important for wood recruitment to streams (Figure 3-13). Western
Whatcom County streams are more dependent on riparian zones for LWD inputs, although
isolated areas of adjacent landslides are present, particularly where the landform changes
from plateaus to Nooksack lowlands. Although headwater streams are present in the
lowlands, they are low-gradient systems and hillslope processes are not an important source
of LWD inputs. Because the extent of channel migration zones is not known for most alluvial
streams in Whatcom County, the FEMA 100-year floodplain was used to delineate the extent
of potential LWD recruitment from channel migration and bank erosion.
3.2.2.5 Heat/Light
Areas important for heat/light inputs generally include riparian areas within 150 feet of
aquatic resources or within the aquatic resource boundaries, although wider corridors may be
important for microclimate and narrower corridors still provide some function (Parametrix et
al. 2005).

3.2.3 Landscape Process Alterations
Land use and associated changes in land cover are the sources of altered processes that impair
aquatic resources. The montane and foothills regions are subject primarily to forest practices,
and forests are still the dominant land cover. The loss of hydrologically mature forest cover
and the addition of roads are the primary cause of altered processes (Figure 3-14). In the
lowlands to the west, most forest cover has been converted to agricultural and rural
residential land uses. Remaining forest cover is limited and is generally more common in
upland plateaus bordering the more fertile outwash valley. Urban environments rim the
marine shoreline, including the City of Bellingham and the City of Blaine. Smaller pockets of
urbanization are found inland near Ferndale, Lynden, Everson/Nooksack, and Sumas, among
other areas.
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3.2.3.1 Hydrology Alterations
Infiltration and Recharge
Process-intensive areas of infiltration/recharge are typically found in the Nooksack river
valley and other lowlands. While loss of forest cover may influence recharge-runoff
relationship, impervious area results in a much greater loss of infiltration and storage
capacity, especially when it occurs on permeable deposits (Figure 3-15). Such areas are
identified by urbanization, and the cities of Bellingham and Ferndale in particular overlay
areas with high infiltration potential, indicating a significant alteration. Other urbanized areas
also overlay important infiltrative areas, but not to the same extent. Overall, because much of
the County supports agriculture and forestry, alterations to infiltration/recharge is not likely to
be as significantly altered as other hydrology mechanisms.
Surface Water Storage
Surface water storage is a mechanism typically supported by depressional wetlands and
floodplains. Therefore, alteration of this mechanism is limited to the western lowlands, where
both wetland loss and floodplain disconnection are very common. Much of the wetlands area
has been converted to agricultural use, and the Nooksack floodplain has been diked on both
banks to upstream of Everson and to a more limited extent into the forks basins (Figure 3-16).
At the county scale, wetland loss is most apparent in the Sumas, Nooksack and South Fork
Nooksack River Valleys. Spatial information regarding dikes and levees is not available for
smaller streams, but channel modifications mapped from farm plans indicated potential
floodplain disconnection in many smaller streams as well.
Surface Runoff and Peak Flows
Rain-on-snow zones are found primarily in the eastern mountains and foothills. The peak
runoff mechanism is altered where transitional areas 27 occur in rain-on-snow zones
(Figure 3-17). Anderson Creek and the lower South Fork Nooksack contain the largest area of
altered land cover. Generally, though, map overlays indicate that most rain-on-snow zones
are at least partially forested.
Groundwater Flow and Discharge
Most groundwater extraction in Whatcom County occurs in lowland areas where residential
land uses and agriculture create a demand for water. The highest well density is in the SumasBlaine surficial aquifer. Lowland wells outside this aquifer are more likely to extract deeper
groundwater and may influence more regional groundwater patterns, although some shallow
aquifer wells associated with discontinuous shallow aquifers are present. A much lower
density of wells is found in the Cascade foothills, and most are associated with shallow
aquifers found on the Nooksack floodplain.
Features such as roads, railroads, pipelines, and embankments can cut off flow paths. These
features are difficult to identify at the landscape-scale and require a more site-specific
assessment. Ditching also intercepts flow paths for groundwater and can result in temporally
and/or spatially altered discharge. These features are difficult to identify at a coarse-scale, and
a more site-specific approach may be necessary to identify areas of alteration (Ecology
2005a).

27
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3.2.3.2 Sediment Supply Alterations
In Whatcom County, much of the agricultural land is along the relatively flat valley bottoms,
where soils are typically quite permeable and precipitation usually falls at a low intensity.
Nonetheless, the extent of agricultural land uses and the level of associated soil disturbance
make these areas a primary source of increased sediment supply in the Nooksack lowlands.
Bare areas can erode and redistribute sediment in the fields but delivery to creeks or wetlands
is limited to areas near the water bodies because of the low runoff rates. Erosion can be a
water quality issue for the infrequent higher intensity storms and in specific areas near water
bodies or drainage ditches that deliver to surface water features.
Bank erosion is a reach-scale attribute and information regarding bank erosion is presented in
the reach-scale inventory. However, areas with altered peak runoff, sediment, and loss of
riparian forest indicate the potential for increased bank erosion.
The areas of high road density indicate potential for increased mass wasting (Figure 3-17).
Surface erosion zones are indicated by areas where roads cross streams and by non-forested
areas on erodible soils (Figure 3-18).
3.2.3.3 Water Quality Alterations
Many of the areas with increased nutrient inputs are located directly upslope of areas most
important for nutrient retention and loss along the mainstem, North Fork, and South Fork
Nooksack River (Figure 3-19). The mainstem is extensively diked, and both the mainstem
and South Fork have experienced extensive wetland loss, although large expanses of wetlands
remain in the lower mainstem. The North Fork has preserved much of the floodplain wetland
area with potential for removing nutrients from groundwater and surface water; however,
land use upstream is likely not contributing excess nutrient loads (See Figure 3-11).
3.2.3.4 Organic Inputs
The potential for LWD recruitment from landslide areas in eastern Whatcom County remains
relatively high because forests still cover a large portion of the landscape. LWD recruitment
potential is linked to both riparian cover and composition. Stem size and successional stage
have a major influence on the degree to which recruited material enhances channel
morphology. However, recruitment potential from treethrow is mixed in the Nooksack system
(Figure 3-20). Conditions generally worsen as land use intensity increases moving down the
drainage. Recruitment processes for medium-sized tributaries in the upper drainage, including
the forks, tend to be more altered than smaller streams, which are more accessible. However,
in headwater streams small trees can have a positive effect on instream habitat complexity
because streams are smaller.
In peripheral drainages, forest cover decreases and land use intensity increases moving west
and north from the Samish WMUs and Lake Whatcom (Figure 3-21). Landslide prone areas
in the south remain forested, indicating potential for LWD delivery via mass wasting, but
riparian-scale recruitment is limited in the lowlands due to channelization and loss of riparian
cover.
3.2.3.5 Heat/Light Inputs
Riparian-scale conditions described in the previous section are also indicative of alterations to
heat/light inputs. Only 20 percent of streams have above-target canopy cover and shade level
(Coe 2001). Most of the areas with low canopy cover and shade are located in the lowlands,
while foothill and montane streams contain most of the areas that are above target shade
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levels (Coe 2001). Similar conditions are predicted in non-Nooksack basins based on forest
cover and land use conditions described for organic inputs.

3.2.4 Synthesis
The county-scale process inventory illustrates broad patterns that can be viewed more closely
in the WMU-scale analyses presented in subsequent chapters. In general, the Cascade
Mountains and foothills have a lower process-intensity than the lowlands. The Cascades
region remains mostly forested, and roads and clearcuts are the primary impairments
affecting sediment processes (mass wasting), hydrology (peak runoff) and organic inputs
(riparian function).
Process-intensive areas occur more frequently in the Nooksack lowlands than in montane
areas, particularly hydrology, and the Nooksack floodplain stands out in mapping as by far
the most process-intensive area. For this reason, the Nooksack floodplain should be a key
component of process-based planning and restoration. A high degree of impairment is evident
in the lower portion of the Nooksack forks and in the mainstem Nooksack floodplain, hence
there are numerous opportunities for restoration, and programmatic recommendations will
differ based on valley-scale conditions documented in the WMU-scale inventory and
characterization.
Other lowlands areas outside the Nooksack floodplain are also process-intensive and
therefore are important for maintaining ecological function in aquatic resources upstream of
the Nooksack River. Although processes in many of these areas are significantly impaired,
coarse-scale mapping shows that opportunities to protect existing processes and resources are
also numerous.
The WMU-scale landscape analyses presented in Chapters Three though Twenty-six provide
more detailed information regarding the level of process-intensity and impairment in each
area. In addition, more detailed information regarding the influence of process condition on
shoreline ecological function is presented. Recommendations made in those sections should
be applied in the context of the broader analysis presented in this chapter.

3.3 TERRESTRIAL WILDLIFE HABITAT
The WDFW, in partnership with The Nature Conservancy (TNC), TNC Canada, British
Columbia Data Centre, Washington Department of Natural Resources, and Oregon State
Natural Heritage Information Center have identified areas of high biological diversity within
each of Washington’s nine ecoregions. Ecoregions are defined by similar climate, geology,
and vegetation characteristics and may cross state and federal boundaries. Although there is
no legal nexus between ecoregional assessment areas and Washington’s Growth Management
Act, and local jurisdictions are not required to protect ecoregional biodiversity, the
information generated through the ecoregional assessment process provides a framework for
understanding fish and wildlife habitat conservation in Whatcom County.
Within Whatcom County, these Willamette Valley-Puget Trough-Georgia Basin Ecoregional
Assessment sites can be grouped into six general landscape focal areas, and are described
below:
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3.3.1 Landscape Focal Area 1
Located in the northwest portion of Whatcom County within the Drayton Harbor and Birch
Bay watersheds, this focal area includes Semiahmoo Bay, Drayton Harbor, the Birch Point
shoreline, and Birch Bay. This shoreline extends from northern Drayton Harbor for about 40
kilometers (25 miles) around Semiahmoo Spit and Birch Point to southern Birch Bay.
Drayton Harbor is an important shellfish area. In addition, Drayton Harbor and Birch Bay are
waterfowl concentration areas with regularly occurring species of dabbling, diving, and sea
ducks including harlequin duck, western grebe, red-necked grebe, brant, loons, and scoters.
Drayton Harbor is one of Washington’s highest-ranking shorebird concentration areas with
twenty-two thousand birds observed during peak times. Eight species of shorebirds regularly
occur here including black-bellied plovers, short-billed dowicher, semi-palmated plover,
greater yellowlegs, whimbrel, western sandpipers, least sandpiper, and dunlin. The mudflats,
sand and gravel beaches, and tidal and subtidal vegetation including seagrass, salt marshes,
and spit and berm communities support Pacific sand lance, Pacific herring, and surf smelt
spawning.
Bald eagles use the shoreline with seven documented nest sites and associated territories.
There are three documented Harbor seal haulout areas where seals sun themselves and rest.
The largest haulout concentration area extends for a few miles around Birch Point. There is
also a great blue heron nesting colony located along the southern end of Birch Bay. This
colony has been growing steadily from the 1990s with approximately two hundred and sixty
nests currently. It is the third largest colony in the region with over three hundred breeding
pairs.

3.3.2 Landscape Focal Area 2
Located south of Birch Bay in the Birch Bay watershed and portions of the Lummi Bay
watershed, this focal area extends along the shoreline for approximately 6 miles from Point
Whitehorn along the Strait of Georgia south to Lummi Tribal lands.
Shoreline ecological and littoral processes such as beach erosion, accretion from feeder
bluffs, and deposition of woody debris combined with a range of high and low wave-energy
areas result in a diverse structural and biological shoreline. The seagrass, kelp beds, intertidal
and subtidal plant communities support an abundance of forage fish spawning habitat for
Pacific herring and surf smelt.
Bald eagles nest and forage all along this shoreline with seven documented nest locations.
The area around Point Whitehorn is a harbor seal haulout and resting area. There is a great
blue heron nesting colony inland from the Neptune Beach area with greater than one hundred
and fifty nests, and thirty individuals regularly observed.

3.3.3 Landscape Focal Area 3
This focal area is located partially within the Lummi Bay, Lummi Peninsula, and
Silver/Nooksack Channel and Delta watersheds and includes all of Lummi Bay, Lummi Flats,
and the shoreline along Hale Passage, northern Portage Island, and the Nooksack Delta. This
focal area also includes the Lummi Floodplain, which extends from Lummi Bay and the
Nooksack Delta north to Ferndale. The majority of this focal area lies within the boundaries
of the Lummi Reservation. Tribally held lands within the Lummi Reservation are not subject
to regulation by the County.
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The Lummi Bay and Lummi Flats shorelines support a diversity of intertidal habitat types
including sand and mudflats with seagrass, saltmarsh, and subtital vegetation communities.
Theses areas supports Pacific herring spawning and have large, regularly occurring waterfowl
concentrations including harlequin duck, western grebe, red-necked grebe, brant, loons, and
scoters. Lummi Bay and the associated Lummi Flats area ranks as one of Washington’s top
ten shorebird concentration areas with greater than eight thousand individuals occurring
during peak times. Species of shorebirds regularly observed using the area for wintering or
seasonal migration include black-bellied plovers, killdeer, sanderlings, western sandpipers,
and dunlin. Raptors such as bald eagles, peregrine falcons, and merlins regularly use the bay
and mudflats for foraging. At the southern end of Lummi Bay there are three bald eagle nests
and one great blue heron nest colony with as many as eighty nests. There is a harbor seal
haulout area in the northern end of Lummi Bay.
White pelicans are occasional visitors to Lummi Bay during migration. Approximately 13
miles of shoreline extending between the Nooksack Delta, Portage Channel, and northern
Portage Island is identified as ecoregionally significant. The Nooksack Delta shoreline is
predominantly mud flats, estuarine salt marshes, and tidally influenced wetlands. Portage
Island shoreline consists of sand and gravel beaches and sand flats, with associated seagrass
and kelp communities.
Portage Island shoreline supports Pacific sand lance, Pacific herring, and surf smelt
spawning. The area between Portage Island and the Nooksack Delta supports large
concentrations of waterfowl including regularly occurring species of dabbling and diving
ducks, western grebes, brant, loons, scoters, and red-necked grebes. Greater than four
thousand shorebirds at a time concentrate in the mudflats of the Nooksack Delta and include
black-bellied plovers, black turnstones, western sandpipers, and dunlin.
Eleven bald eagle nests are concentrated primarily around Portage Island. There is a harbor
seal concentration area located between Brant Island and Brant Point. Bald eagles, peregrine
falcons, and merlins use the Nooksack Delta and Portage Island area for foraging.
Extending from Lummi Bay and the Nooksack Delta, this area includes the floodplain of both
the Lummi and Nooksack Rivers downstream from Ferndale. The Lummi floodplain is a
complex of wetlands and open water areas within the migration channel of the Lummi and
Nooksack Rivers that is important in maintaining ecological processes such as water storage,
groundwater recharge, and hydrological connectivity between these two rivers. The Lummi
floodplain’s function as a waterfowl and wintering raptor concentration area is partially
reliant on its proximity to the adjacent bay and delta. Peregrine falcons, merlins, roughlegged hawks, northern harriers, short-eared owls, and bald eagles all use this area for
foraging.
The Lummi River and Nooksack River riparian corridors are waterfowl concentration areas
for dabbling and diving ducks such as harlequin, pintail, canvasback, and occasional swans.
Bald eagles nest and forage along the Lummi and Nooksack Rivers.

3.3.4 Landscape Focal Area 4
This focal area is wholly within the Lummi/Eliza Islands watershed and includes the heavily
forested portion of Lummi Island around Lummi Mountain and adjacent shoreline. This area
has about 2,500 acres of mature conifer forests. These Douglas-fir–western hemlock–western
red cedar and dry evergreen forests support globally ranked plant communities such as
Douglas-fir–pacific madrone/orange honeysuckle and Douglas-fir/baldhip rose-oceanspray.
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Peregrine falcons nest along the western cliffs of Lummi Island and there are regular large
concentrations of harbor seals hauling out and resting along the shoreline and on the islands
just offshore. Black oystercatchers, pigeon guillemot, rhinoceros auklets, cormorants, and
bald eagles nest along the shoreline and islands offshore.

3.3.5 Landscape Focal Area 5
This focal area includes the Bellingham Bay, Lake Whatcom, Samish Bay watersheds and
portions of the area between Lake Whatcom and Samish Bay watersheds in the southwest
part of Whatcom County below Bellingham.
The area extending east from Chuckanut Mountain including Lookout Mountain, Squalicum
Mountain, and the northern portions of Anderson Mountain represent the last remaining place
in the Puget Trough where the Cascades continue unobstructed to the shore of Puget Sound
(Kruckeberg 1991). This expanse of relatively undeveloped lowland and moderate elevation
Douglas-fir–western hemlock–western red cedar and dry evergreen forests supports a
diversity of unique aquatic and terrestrial habitats including herbaceous balds and bluffs,
cliffs, caves, bogs, fens, and headwater lakes and streams. Northern goshawks, bald eagles,
osprey, band-tailed pigeons, big-eared bats, tailed frog, and marbled murrelets are all
documented as breeding or foraging in this area.

3.3.6 Landscape Focal Area 6
This focal area is located within the Upper Mainstem Nooksack watershed and includes the
Nooksack River riparian corridor upstream of Everson. The riparian forests and shrublands
include Douglas-fir–western hemlock–western redcedar and dry evergreen forests. This is a
bald eagle wintering and foraging area.

3.3.7 Composite Wildlife Habitat Value Assessment
WDFW identified the important or priority habitats that can provide landscape connectivity
using the methods described in Chapter 2. Landscape connectivity can be achieved in myriad
ways. Riparian corridors can provide continuous (or semi-continuous) linear habitats that
facilitate movement of animals within their lifetime. Landscape linkage habitats (such as
large forest blocks) can facilitate movement of plants and animals between landscapes over a
period of generations. Also, seasonal or migration-stopover habitats can provide connectivity
at statewide or continental scales. Salmon-bearing streams where salmon presence is
documented or presumed, wetlands (based primarily on National Wetlands Inventory data)
and priority riparian habitats (based on PHS data), and priority wildlife habitats make
significant contributions to habitat connectivity throughout the county. The relative habitat
conditions within the study area are shown in Figure 3-22. The areas that are currently in the
best condition include the northwest corner of the County in the vicinity of the Beaver Ponds
(Upper Drayton Harbor WMU), the area surrounding Lake Terrell (Birch Bay WMU), the
Lummi Peninsula (Lummi Peninsula/ Portage Island WMU), the south end of Lummi Island,
the area near Stewart Mountain and Van Zandt Dike (the Upper Mainstem, Middle Fork and
South Fork WMUs), and the south county area from Chuckanut Bay west to the Upper South
Fork WMU.
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Figure 3-22. Local Habitat Assessment - Habitat Conditions Map,
Whatcom County, WA.
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Basis for Determining Upstream Limits of Shoreline Jurisdiction (continued)

WRIA

Within
National
Forest

Agate Bay

1

0

0

USGS

Anderson Cr - Lk What

1

0

0

WAC 173-18-410

Middle Fork Diversion

Anderson Cr - NFork

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Anderson Cr.Mainstem

1

0

0

USGS

Austin/Beaver

1

0

0

USGS

Bacon Cr

4

1

0

USGS

NAME

Change
current
Extent

Extent Source

Comments

Mapped Extent w/in Nat'l Forest

Bagley Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Baker River

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Bald Eagle Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Bar Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Bell Cr.

1

1

0

USGS

Continued into Nat'l Forest

Bertrand Cr

1

0

1

USGS

Moved 200' downstream from 1998
SMP, to confluence

Black Slough

1

0

0

USGS

Blum Cr

4

1

0

USGS

Breckenridge Cr.

1

0

0

USGS

Mapped Extent w/in Nat'l Forest

Canyon Cr

1

0

0

USGS

Canyon Lake Cr

1

0

0

USGS

Chilliwack River

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Mapped extent w/in Nat'l Forest

Chuckanut Cr

1

0

0

WAC 173-18-410

Silver of jurisdiction comes into WC
jurisdiction

Clearwater Cr

1

0

0

USGS

Continued into Nat'l Forest

Coal Cr

1

0

1

WAC 173-18-410

Moved downstream; no USGS pt

Cornell Cr

1

0

1

USGS

Moved 6000' downstream of 1998
SMP

Crystal Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Cultus Cr

1

0

1

USGS

Flows to Canada, not included in
1998 SMP

Damfino Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Deadhorse Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Depot Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Dillard Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Dobbs Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

E Fork Bacon Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Ensawkwatch Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Fishtrap Cr

1

0

1

USGS

Moved 1200' downstream from 1998
SMP

Friday Cr

3

0

0

USGS
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Basis for Determining Upstream Limits of Shoreline Jurisdiction (continued)

WRIA

Within
National
Forest

Galbraith Cr

1

0

1

WAC 173-18-410

Moved downstream 1500' of 1998
SMP; No USGS pt

Green Cr

1

0

1

USGS

Continued into Nat'l Forest

Grouse Cr

1

1

0

USGS

Mapped extent w/in Nat'l Forest

Hidden Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Hutchinson Cr

1

0

0

USGS

Johnson Cr

1

0

0

USGS

Kendall Cr

1

0

0

USGS

Lonesome Cr

4

1

0

USGS

Lummi River

1

0

0

1998 SMP

Maple Cr

1

0

0

USGS

Mineral Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Noisy Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Orsino Cr

1

0

1

WAC 173-18-410

No USGS pt

Park Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Pass Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Picket Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Porter Cr

1

0

1

USGS

Added stream not in 1998 SMP;
~700' of Porter Cr

Quartz Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Racehorse Cr

1

0

0

USGS

Rainbow Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Ridley Cr

1

0

1

USGS

Continued into Nat'l Forest

Ruth Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Saar Cr.

1

0

0

USGS

Samish River

3

0

0

USGS

Scramble Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Sholes Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest
Mapped Extent w/in Nat'l Forest

NAME

Change
current
Extent

Extent Source

Comments

Mapped Extent w/in Nat'l Forest

Silesia Cr

1

1

0

USGS

Sister Cr

1

0

0

USGS

Skookum Cr

1

0

1

USGS

Smith Cr

1

0

0

USGS

Smith Cr Lk What

1

0

1

WAC 173-18-410

Added 3600' of Smith Cr, not in 1998
SMP

Smith Cr NF

1

1

0

USGS

Mapped extent w/in Nat'l Forest

Sulphide Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest
Mapped Extent w/in Nat'l Forest

Sulphur Cr

4

1

0

USGS

Sumas River

1

0

0

USGS
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Basis for Determining Upstream Limits of Shoreline Jurisdiction (continued)

WRIA

Within
National
Forest

Swamp Cr

1

1

0

USGS

Ten Mile Cr

1

0

0

1998 SMP

Terrell Cr

1

0

0

1998 SMP

NAME

Change
current
Extent

Extent Source

Comments
Mapped Extent w/in Nat'l Forest
Tidally influenced

Thompson Cr

1

1

0

USGS

Mapped extent w/in Nat'l Forest

Tomihi Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Triumph Cr

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Wallace Cr

1

0

1

USGS

Continued into Nat'l Forest

Wanlick Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Warm Cr

1

0

1

USGS

Continued into Nat'l Forest

Wells Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

Rocky Cr

1

0

1

USGS

Continued into Nat'l Forest

Boulder Cr

1

0

0

USGS

Shuksan Cr

1

1

0

USGS

Mapped Extent w/in Nat'l Forest

South Fork Nooksack

1

0

0

USGS

Continued into Nat'l Forest

Padden Cr

1

0

0

USGS

Squalicum Cr

1

0

0

USGS

Whatcom Cr

1

0

0

USGS

California Cr

1

0

0

USGS

Dakota Cr

1

0

0

USGS

Glacier Cr

1

1

0

USGS

Mapped extent w/in Nat'l Forest;
modified to base of glacier

Middle Fork Nooksack

1

0

1

USGS

Continued into Nat'l Forest

Nooksack River

1

0

0

USGS

North Fork Nooksack

1

0

0

USGS

Boulder Cr-BakerLake

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Rocky Cr-BakerLake

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Shuksan Cr-BakerLake

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Anderson CrBakerLake

4

1

0

USGS

Mapped Extent w/in Nat'l Forest

Howard Cr

1

0

1

USGS

USGS pt dropped it out of WC
jurisdiction, 20 cfs only in Skagit

Cain Lake North

3

0

0

1998 SMP

Lake Louise

1

0

0

1998 SMP

Lake Samish

3

0

0

1998 SMP

Lake Terrell

1

0

0

1998 SMP

Mirror Pond

1

0

0

1998 SMP

Silver Lake

1

0

0

1998 SMP
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Basis for Determining Upstream Limits of Shoreline Jurisdiction (continued)

WRIA

Within
National
Forest

Wiser Lake

1

0

0

1998 SMP

Beaver Lake

1

0

0

1998 SMP

Canyon Lake

1

0

0

1998 SMP

NAME

Change
current
Extent

Extent Source

Fazon Lake

1

0

0

1998 SMP

Judson Lake

1

0

0

1998 SMP

Jorgenson Lake

1

0

1

WC PDS

Squalicum Lake

1

0

0

1998 SMP

Tennant Lake

1

0

0

1998 SMP
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Agriculture, Fish, and Wildlife

APC

Whatcom County Agricultural Preservation Committee

ASCE

American Society of Civil Engineers

BFW

bankfull width

BMP

Best Management Practices

BOD

biological oxygen demand

BNSF

Burlington Northern Santa Fe Railroad

CAC

Citizens’ Advisory Committee

cfs

cubic feet per second

CIDMP

Comprehensive Irrigation District Management Plan

CMZ

channel migration zone

CARA

Critical aquifer recharge area

CWA

Clean Water Act

DO

dissolved oxygen

Ecology

Washington State Department of Ecology

EDT

Ecosystem Diagnosis and Treatment

EPA

Environmental Protection Agency

ESA

Endangered Species Act

FEMA

Federal Emergency Management Agency

FEMAT

Forest Ecosystem Management Assessment Team

GIS

Geographic Information Systems

GMA

Growth Management Act

HCA

Habitat Conservation Area

LWD

Large Woody Debris

MRC

Marine Resources Committee

Msl

Mean sea level

NEPA

National Environmental Policy Act

NSEA

Nooksack Salmon Enhancement Association

NOAA

National Oceanic and Atmospheric Administration

NPDES

National Pollution Discharge Elimination System

NRCS

Natural Resources Conservation Service

NWI

National Wetland Inventory

OHWM

ordinary high water mark

PAHs

polychlorinated aromatic hydrocarbons

PCB

Polychlorinated biphenyls

PHS

priority habitats and species

RCW

Revised Code of Washington

RM

river mile
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4.

NORTH FORK NOOKSACK WMU
The North Fork Nooksack WMU is located in the northeastern corner of Whatcom County
and includes the communities of Kendall, Maple Falls and Glacier. The WMU contains
approximately 287 square miles of land extending from the confluence of the Middle Fork
Nooksack near Welcome to the crest of the Cascade Mountains 1.
The North Fork Nooksack River, one of the three major tributaries to the Nooksack River, is
a shoreline of statewide significance below the confluence with Glacier Creek because the
mean annual flows exceeds 1,000 cfs. Nine tributaries to the North Fork are shorelines of the
state including: Coal Creek, Racehorse Creek, Kendall Creek, Maple Creek, Boulder Creek,
Cornell Creek, Glacier Creek, Canyon Creek and Canyon Lake Creek 2, as well as Canyon
Lake and Silver Lake. Other streams that are shorelines of the state which are located
predominately or exclusively within the Mt. Baker Snoqualmie National Forest include
Thompson Creek, Deadhorse Creek, Wells Creek, Anderson Creek, Swamp Creek, Bagley
Creek, Ruth Creek, and Shuksan Creek. These streams are generally outside of County SMP
jurisdiction; however activities on privately held shorelands within the national forest are
subject to the County’s SMP 3.

4.1 LANDSCAPE ANALYSIS
4.1.1 Aquatic Resources and Contributing Area
The WMU contains the shoreline streams and lakes noted above and many smaller named
(e.g., Kennedy, Hedrick, Gallop, Deep creeks) and unnamed tributaries (Map 4-1). Steep
topography limits the area conducive to lake and depressional wetland formation. Therefore,
lake and wetland resources are scarce relative to lowland areas in western Whatcom County.
Wetlands are primarily associated with the North Fork Nooksack floodplain and the Kendall
and Maple Creek valley bottoms. Small lakes created in glacier-carved depressions or by
landslide impoundments are common in higher elevations.

4.1.2 Process Controls
4.1.2.1 Geology
The North Fork Nooksack WMU is characterized predominately by bedrock geology. Valley
deposits are a mix of outwash, volcanic deposits, glacial lateral and terminal moraines, and
alluvium deposited in fans at the base of valley walls. Massive ancient landslides likely
caused by earthquakes and other events also deposited colluvium along valley floors in large
enough quantities to affect valley confinement and gross channel morphology. Erosion of
these deposits by streams and rivers and outwash from active glaciers supply large quantities
of suspended sediment and bedload to streams and rivers.

1

Some maps consider the North Fork to extend to confluence with the South Fork.
Most maps show two streams named Canyon Creek in this WMU. To avoid confusion, the stream
reach below Canyon Lake will be referred to as Canyon Lake Creek. Canyon Lake Creek is sometimes
thought to be part of the Middle Fork WMU.
3
Although these streams are not inventoried in detail, they may still be vitally important for salmonid
recovery or other reasons. The reader is referred to the WRIA 1 Salmonid Recovery Plan and other
documents for more information.
2
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4.1.2.2 Topography
Steep terrain and high relief typify the North Fork Nooksack WMU. Three major peaks—Mt.
Baker, Mt. Shuksan, and Sumas Mountain—and several smaller peaks mark the upper
boundary of the watershed. Elevations range from approximately 240 feet at the mouth of the
North Fork to over 10,000 feet on the slopes of Mt. Baker. These topographic characteristics
support active hillslope processes and influence an array of hydrologic mechanisms driven by
large quantities of rain, snow, and active glaciers.
Historically, the North Fork Nooksack floodplain was forested and supported an
anastomosing channel with many small sloughs and tributaries (Collins and Sheik 2004b).
Natural forces and land management activities have led to numerous channel changes over
time. A large landslide confines the valley upstream of the Middle Fork confluence. Further
upstream, glacial and alluvial outwash terraces confine the valley to just downstream of
Boulder Creek. This reach also contains several prominent alluvial fans created by Bell
Creek, Coal Creek, and Kendall Creek. Hillslopes confine the upper valley.
The tributaries are generally steep and confined, but some streams also contain short, lowgradient depositional reaches. Most of the tributaries have formed an alluvial fan at the edge
of the North Fork Nooksack valley bottom and they decrease in gradient as they reach the
Nooksack floodplain.
4.1.2.3 Climate
Mean annual precipitation varies from 60 inches in the low elevations to 130 inches at high
elevations in the upper watershed. Most precipitation falls from October through March and
about 25 percent falls as snow. Middle elevations (~1,500 to 4,500 feet) experience more
frequent rain-on-snow events. Approximately two-thirds of peak flows occur from October to
January as a result of rain-on-snow conditions. Snow melt and glacial melt dominate runoff in
the summer months with the largest mean monthly flows occurring from May to July (1,117
to 1,534 cfs).
4.1.2.4 Land Use/Land Cover
Forest cover is extensive in the North Fork Nooksack WMU, and non-forestry-related land
uses are generally limited to valley bottoms of the Nooksack River and the Kendall and
Maple Creek drainages (see Map 3-11). Land use in these areas is primarily residential and
agriculture with large tracts of forest and open space. Much of the land use in the Maple
Creek drainage is for recreational purposes.

4.1.3 Landscape Processes, Alterations, and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps provided in the MAP FOLIO for
a thorough understanding of the material presented. The landscape characterization provided
below will be used in conjunction with the reach inventory data to identify restoration and
protection opportunities and will be integrated with SMP planning.
Link to NF landscape MAP FOLIO
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4.1.3.1 Hydrology
Process-Intensive Areas
Process-intensive areas in this WMU include rain-on-snow zones and valley
bottoms/floodplains that support infiltration and/or water storage (Map 4-2). Rain-on-snow
areas rim the lower part of the North Fork Nooksack and edge closer to the river as it
increases in elevation upstream. Because of their high elevation, Glacier Creek and Canyon
Creek are particularly subject to rain-on-snow events, which may contribute to increases in
runoff in these streams (Smith 2002, citing USFS 1995a). However, Glacier Creek has an
area of unconfined valley with surface water storage potential that may mitigate peak runoff
events to some extent.
The coarse, deep surficial deposits on unconfined valley bottoms of the mainstem North Fork
and the Kendall and Maple Creek drainages support infiltration/recharge and surface water
storage mechanisms that are limited by relief and soil depth in other parts of the WMU. These
areas also support shallow, discontinuous aquifers. Many of these areas overlap the Nooksack
River floodplain, which also provides areas for surface water storage. Other areas have
outcrop soils or well-drained Getchell-Kindy-Potchub soils, which limit infiltration and
storage potential because they are shallow and/or occur on steep slopes.
Indicators of Alteration
Forest practices have reduced the amount of mature vegetation that is capable of influencing
winter snow accumulation and melt rates or changing the intensity of solar radiation and
wind-assisted heat flux (this type of vegetation is known as hydrologically mature
vegetation). This suggests that infiltration and runoff patterns inside and outside of rain-onsnow zones are altered (Map 4-3). In addition, forest roads frequently concentrate delivery of
surface water by redirecting water from small natural drainages and subsurface flow
pathways into ditches that convey water directly downslope. Transitional areas (areas that
have been recently logged) create a patchwork of cover throughout the range of elevations
conducive to rain-on-snow events. In the upper watershed (i.e., the national forest), 17
percent of the land has been converted to roads and/or clearcut (Smith 2002). Most of the
drainages have a low percentage of hydrologically mature forest cover. The Aldrich, Hedrick,
and Gallop drainages are the most altered. Data is more limited in the lower WMU.
Much of the lower portion of Canyon Creek was clearcut prior to 1990 and transitional areas
are extensive. Other drainages farther down the watershed also contain extensive transitional
lands in rain-on-snow zones, including Maple, Boulder, and Coal Creeks.
Wetland losses are another indicator that hydrologic processes are altered in this WMU (Map
4-4). Areas of wetland loss in the North Fork Nooksack WMU are located on the Nooksack
floodplain along the base of Slide Mountain and near the mouth of Kendall Creek, along
Kendall Creek upstream of the mouth, and between Boulder Creek and Glacier Creek,
including the portion of Glacier Creek outside the national forest boundary. Wetland losses
have also occurred within the national forest on the North Fork Nooksack and Glacier Creek
primarily where roads have been constructed near stream channels.
Riprapped streambanks are common on the North Fork Nooksack in the vicinity of Maple
Falls downstream of Kendall Creek and in many areas where Mount Baker Highway (SR
542) runs adjacent to the river (Smith 2002). Other process-altering activities in these areas
include stream dredging, straightening, and armoring, all of which tend to reduce stream
length and roughness thereby increasing runoff efficiency and accelerating the delivery of
water downstream. Channelization related to flood management has occurred in Cascade,
Excelsior, Glacier, Racehorse, Canyon, Boulder, Gallop, Whalen, Big Slide, West Slide,
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Aldrich, and parts of Cornell and Hedrick Creeks disconnecting these streams from their
floodplains and reducing hyporheic function (Smith 2002).
Impervious surfaces are not extensive in the North Fork Nooksack WMU, but there are some
impervious areas in the Kendall Creek drainage on deposits that otherwise would have high
infiltration/recharge potential.
Response to Alterations
Available hydrologic data show some responses that are likely related to the alterations noted
above. DaPaul Inc. (1996) studied runoff increases from forest cover loss in rain-on-snow
areas in the middle drainages (Maple Creek to Gallop and Glacier Creeks) and estimated that
Aldrich, Cornell and Gallop Creeks had the largest (>10 percent) increases in 2-year return
flows. Other drainages studied showed increases from 3 to 7 percent. Annual flood
hydrographs do not indicate increased magnitude or frequency of large floods in the upper
watershed (USFS 1995). Data are more limited for the lower and upper watershed.
Responses to low flow alterations are present as well. The North Fork Nooksack River and
White Salmon, Kendall, Bells, Canyon, Thompson, Gallop, Cornell, Maple, and Racehorse
Creeks are closed to water rights allocation (Ecology 1995) 4. Low summer baseflows in nonglacial tributary drainages may be due to geologic deposits with limited storage capacity and
not solely a result of altered hydrologic processes.
4.1.3.2 Sediment
Process-intensive areas
In the North Fork Nooksack WMU, process-intensive areas for sediment delivery include the
steep slopes within the national forest and areas of high landslide potential/low slope stability
in the middle and lower parts of the WMU (Map 4-5). Areas of high relief contribute to
landslide and debris flow hazards that deliver coarse and fine sediment to downstream areas.
Smith (2002), citing unpublished information from the Lummi Indian Nation (based on the
DNR SHALSTAB model), reported that 32 to 38 percent of slopes in Lower and Upper Ruth,
Price Glacier, White Salmon, Anderson, Barometer, and Upper Glacier drainages have a high
landslide potential 5. In the middle portion of the WMU, Kidney and Whistler Creeks contain
a large proportion of slopes (32 to 38 percent) with high landslide potential. Twenty-one to
31 percent of the slopes in other drainages in the middle and upper watershed have high slope
instability. The percentage of highly unstable slopes decreases lower in the watershed: 15 to
21 percent of slopes are highly unstable in the Maple, Boulder, and Jim drainages, and only 9
to 15 percent of slopes are highly unstable in the Kendall, Coal, and Bells drainages.
Indicators of Alteration
For purposes of this analysis, the key indicators used to identify altered sediment processes in
the North Fork WMU are high road density and high percentage of landslide prone areas
within the watershed (Maps 4-5.5 and 4-6). As noted in Chapter 2, the presence of roads
through mass wasting areas can contribute to landslides that alter natural sediment delivery
patterns (Swanson et al. 1987). Smith (2002) and NMFS (1996) also recognize that high road
densities contribute to impaired watershed conditions. Road density for the entire WMU is
estimated to be 3.1 mi/mi2 (Zander 1997), which is above the NOAA Fisheries threshold of 2
mi/mi2 for properly functioning conditions. In the upper watershed, road densities are greater
than 7 mi/mi2 in Gallop and Hedrick drainages, and greater than 3 mi/mi2 in the Bagley,
4
5
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These closures are based on instream flow incremental methodology (IFIM) results.
All of these basins are located in the National Forest.
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Lower Wells, Lower Deadhorse, and Cornell drainages (Smith 2002). Canyon Creek also has
very high road densities, particularly Jim Creek and lower Canyon Creek where road
densities exceed 6 mi/mi2. Road densities in other mid-WMU drainages are also high. The
North Fork Mainstem, Slide Mountain, Maple, and Kendall drainages all have road densities
over 3 mi/mi2, while Boulder Creek drainage has a road density of approximately 7 mi/mi2.
Drainages with the highest landslide occurrence include Cornell, Gallop, and Racehorse
(Watts 1997). The Boulder Creek drainage had the 4th highest landslide density in the North
Fork and the SR 542 Bridge has been nearly buried several times due to landslides. Smith
(2002) estimated that 36% of the 632 reported mass wasting events in the North Fork WMU
were related to roads (28% were related to clearcuts).
Response to Alterations
Numerous investigators have identified responses to altered sediment processes in the North
Fork Nooksack WMU (Smith 2002, Nooksack Natural Resources et al. 2005). Increased
sediment inputs associated with landslides and clearcutting are considered to be primary
causes of reduced salmonid production because they directly impact potential spawning
grounds and contribute to channel instability, which affects rearing and migration. Debris
flows and large landslide/flood dam breaks in many tributary drainages (except Kendall and
Maple Creeks) have buried redds and caused channel widening and entrenchment.
Downstream secondary effects include fine sediment contributing to channel instability and
turbidity and reduced survival to emergence.
The North Fork Nooksack historically was a mixture of transport and depositional reaches
depending on sediment inputs, gradient, and valley confinement. Increased sediment supply
has heightened bar formation, increased lateral migration rates, and changed scourdepositional zones (Smith 2002). Response reaches with increased aggradation and channel
instability in the upper watershed occur in the middle and lower Glacier Creek drainage,
Gallop Creek, and Cornell Creek.
The middle watershed drainages such as Boulder Creek, Hedrick Creek, the Big Slide
drainages, and Racehorse Creek have also responded to increased sediment supply. The
Kendall and Maple drainages show less overall morphological response to alteration, but are
reported to have increased substrate fines. Other drainages show a more diverse substrate
response ranging from good to poor. Whalen, Aldrich, and Big Slide Creeks all have some
reaches with high quality substrate, but Big Slide, West Slide, and Aldrich Creek all have
some reaches with spawning areas impaired by increased fines.
4.1.3.3 Water Quality
Process-intensive areas
Topographic and geologic conditions limit the capacity of lands in the North Fork Nooksack
WMU to process and store nutrients primarily because there are relatively few depositional
areas for nutrient storage and removal. As a result, the process-intensive areas for nutrient
cycling in this WMU are generally confined to wetlands and hyporheic zones, which
generally coincide with the floodplain (Map 4-7). The floodplain areas and extant wetlands
just downstream of Maple Falls on the North Fork Nooksack floodplain, and along Kendall
Creek up to Sprague/Kendall Lakes are examples of areas that have good potential to remove
nutrients from surface water and groundwater.
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Indicators of Alteration
In this WMU, there are at least two key indicators that water quality inputs and nutrient
cycling processes have been altered (Map 4-8):
•

The presence of residential land uses suggests there are nutrient and pathogen sources
that would not be present in an undeveloped landscape.

•

Loss of wetlands, floodplain disconnection, and loss of hyporheic function

These alterations suggest increased nutrient inputs and reduced potential for nutrient cycling
and removal through denitrification, adsorption, and sedimentation.
Residential land use is concentrated near Kendall, and the communities of Welcome, Maple
Falls, Warnick and Glacier. In these areas, fertilizer applications and increased sedimentation
from construction sites likely contribute to increased nitrogen and phosphorus loads.
Similarly, on-site septic systems in these areas are a source of pathogen contamination. The
highest density of on-site septic systems occurs in the Kendall UGA; other smaller areas with
high on-site septic system densities are located in the vicinity of Maple Falls, Glacier and
Warnick. On-site septic systems along the North Fork Nooksack Valley other than those
areas listed above are relatively scarce, but increase in density moving downstream. No
notable sources of toxins or metals were identified in the North Fork Nooksack WMU.
In this WMU, wetland losses have been confined to relatively few areas; many of the
wetlands with important nutrient-retaining characteristics are relatively intact (see Map 4-3
for wetland loss). However, bank hardening (riprap) and/or construction of levees along
portions of the North Fork Nooksack in the vicinity of the Kendall Creek confluence may
speed the flow of surface waters, reduce the connection between the active channel and
adjacent riparian systems, and restrict the extent of surface water and groundwater
interaction, which can lead to impaired nutrient cycling and transport.
Response to Alterations
Chemical and microbiological water quality in the North Fork Nooksack WMU generally
meet state water quality standards as defined by the Department of Ecology’s Water Quality
Assessment (known as the 303(d) list) (2004). Fecal coliform levels appear to be low in most
areas, although few fecal coliform data have been collected in the North Fork, and some of
the available data are from U.S. Forest Service sampling from the 1970s.
4.1.3.4 Organic Inputs
Process-intensive areas
Streams in the North Fork Nooksack WMU historically recruited LWD from unstable slopes
that produced landslides and debris flows as well, as from riparian areas and bank
erosion/channel movement. Therefore, these are the intensive areas for delivery of wood and
other organic material (Map 4-9). Much of the wood accumulating in jams on the North Fork
Nooksack mainstem was likely transported from upstream areas during peak flow events and
deposited during the storm recession.
Indicators of Alteration
The presence of levees/armored banks in the lower North Fork Nooksack Valley, logging,
and the proliferation of roads throughout the WMU appear to have altered wood delivery
processes by limiting channel migration and reducing forest cover/mature riparian vegetation.
Bridges and roads have also constricted the historic channel migration area in several places
along SR 542, Mosquito Lake Road, and other areas. The effects of logging and rural
4-6
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development are especially evident in the lower watershed and along the headwaters
upstream of Swamp Creek where recruitment potential is low (Map 4-10).
Recruitment conditions along the tributary streams, including Racehorse, Silver, Kendall and
Hedrick Creeks in the lower watershed, and Canyon, Glacier, and Wells Creeks in the upper
watershed have been highly altered (Coe 2001; Hyatt et al. 2004).
Recruitment potential is less altered in areas where the valley is constricted, or the channel is
adjacent to the valley wall. This includes segments of the North Fork Nooksack mainstem
from Maple Creek to Boulder. Recruitment potential is also relatively high (unaltered) from
Canyon Creek to Swamp Creek.
Response to Alterations
Responses to altered recruitment potential generally include low LWD densities (jams and
key pieces) and reduced in stream habitat complexity. LWD density data are lacking for the
upper North Fork Nooksack and tributaries. Sources cite lack of LWD jams and individual
pieces and/or associated stream morphological responses in the North Fork Nooksack
mainstem, and Cascade, Glacier, Thompson, Gallop, Cornell, and Canyon Creeks (USFS
1995b; Collins and Sheik 2004b). The Warnick watershed analysis (DNR 1997) reports low
densities in most every drainage in the assessment area (i.e., Slide Mountain). No data are
available for other drainages in the lower watershed.
The Canyon Lake drainage had a large rain-on-snow flood that generated debris flows in the
steep confined channel below the lake. This debris flow removed much of the riparian trees
building large jams. Canyon Lake Creek is impaired for water temperature.
4.1.3.5 Heat/Light
Process-intensive areas
Generally, riparian areas are intensive zones for heat and light processes, but on large rivers
like the North Fork Nooksack, riparian condition and canopy cover have less of an influence
on heat/light inputs than glacial melt/snowmelt. Riparian areas are important influencers of
heat and light inputs on smaller tributary streams because the shade provided by streamside
vegetation covers a greater percentage of stream width. Typically, tributaries in the upper
watershed do not have temperature impairment because of the low temperature of the source
water. Preserving canopy cover on these headwater streams is important because temperature
increases resulting from increased solar radiation can be translated downstream. Tributaries
in the middle and lower watershed whose runoff is not sustained by glacial melt and
snowmelt may be most vulnerable to alteration and able to adversely affect downstream
temperatures.
Indicators of Alteration
Coe (2001) reports that 89 percent of the riparian areas with low canopy cover (high hazard
for stream shading) occur downstream of Glacier Creek, while the riparian areas above target
shade levels occur upstream of Nooksack Falls. Stream canopy cover is lowest downstream
of Maple Creek.
Of all the tributaries, Kendall, Maple, and Slide Mountain drainages comprised 62 percent of
the riparian corridors with low canopy cover. Tributaries in the upper watershed, including
Canyon, Glacier, Swamp, Wells, and Anderson drainages have relatively high canopy cover.
Swamp Creek and the upper North Fork (96 percent) have very high levels of shading, while
White Salmon, Anderson, Bagley, the middle North Fork (60 percent), Hedrick and Canyon,
and Wells are mostly above target shade levels. Tributaries in the lower watershed tend to
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have much lower canopy cover, including Boulder, Coal, Kendall, Hamilton, Maple, Slide
Mountain, Bells, and Racehorse Creeks.
Response to Alterations
Streams respond to altered heat/light processes by increasing water temperature. There are
five 303(d) listings in the North Fork Nooksack for temperature. Water temperatures in the
mainstem of the North Fork Nooksack are generally below the State’s water quality
impairment criteria for temperature; however, elevated temperatures can exist in the
tributaries during summer periods, particularly in July and August when flows are low and
ambient air temperatures are high. Bells, Canyon, Cornell, Gallop, Kenney, and Racehorse
Creeks are all listed as Impaired (303d category 5). Boulder, Maple, Silver, and Deadhorse
Creeks are 303(d)-listed waters of concern (Ecology 2004). Canyon and Gallup Creeks are
303(d) waters of concern farther up in their respective drainages. Lower dissolved oxygen
concentrations have also been observed in many of the tributaries during the same summer
periods.

4.2 SHORELINE REACH-SCALE INVENTORY
The North Fork Nooksack mainstem, the nine tributaries, and the two lakes are shorelines of
the state within the County’s jurisdiction 6. For purposes of this reach-scale inventory, these
streams and lakes were delineated into individual reaches as described in Section 2.2.2.1
(Figure 4-11).
The freshwater reach scale maps are provided in the MAP FOLIOS.
Link to Nooksack Forks, Canyon Lake Reach MAP FOLIO

Link to Kendall, Canyon Creek Reach MAP FOLIO

Link to NF, Glacier Creek Reach MAP FOLIO

Link to NF, Kendall Creek Reach MAP FOLIO

Link to NF, MF, Canyon Lake, Racehorse Creek Reach MAP FOLIO

6

Other streams that are shorelines of the state are located within the Mt. Baker Snoqualmie Forest and
are not included in the detailed reach-scale inventory. Most of the land along these streams is not
subject to the County’s SMP.
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Figure 4-11. Shoreline Inventory Reach Numbers and Endpoints,
North Fork Nooksack WMU

4.2.1 North Fork Nooksack River
The jurisdictional limits of the North Fork Nooksack River extend approximately 21.6 miles
upstream from its confluence with the Middle Fork Nooksack River. The North Fork was
inventoried in eight reaches ranging in length from 1.2 to 4.7 miles.
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4.2.1.1 Built Environment
Existing land cover and land use patterns along the North Fork Nooksack River are a
combination of forestry and rural residential development (5 and 10 acre lots). Reaches 2 and
3 have the densest residential development. A large subdivision is located on the right bank in
Reach 4. This area has 5,000 square foot lots developed partially with recreational homes and
cabins. Another smaller undeveloped subdivision is platted on the right bank in Reach 6. Low
density rural residential and small town commercial properties are located on the left bank in
Reach 8 associated with the Community of Glacier. Commercial and recreational whitewater
boating enthusiasts frequent the river.
Most reaches have 30 to 40 percent forest cover. Reach 7 has the highest forest cover at 75
percent. Zoning and comprehensive plan land use designations, primarily comprised of Rural
Forestry and large-lot Rural Residential (1 unit per 2 to 10 acres), are consistent with the
existing land use patterns, with the exception of the platted subdivisions in Reaches 4 and 6
(zoned Rural Residential, 3 units per acre) and properties zoned Small Town Commercial
near Glacier. As a result, future land use patterns along the North Fork Nooksack River are
not likely to change significantly. The river does not pass through any designated UGAs, and
the greatest potential for increased development is associated with infill of the platted, and
undeveloped or under-developed subdivisions.
Bridge crossings are located in Reaches 1, 2, and 6 with three crossings in the most densely
developed Reach 1. Utility corridor crossings include a wastewater outfall in Reach 1 and an
overhead powerline in Reach 7.
The Nooksack CCC Camp (constructed by the Civilian Conservation Corps in the 1930s) is
the only listed historical site along the North Fork Nooksack. It is located along the Mount
Baker Highway in the vicinity of the right bank of the river in Reach 5 near the confluence
with Boulder Creek.
There are no developed parks or trails along the North Fork Nooksack, although the Mount
Baker Highway (SR 542) is a Scenic Byway used by recreational vehicles and bicyclists. An
inventory of potential public access sites (including publicly owned developed and
undeveloped land, and properties recommended for acquisition) identified several properties
along the North Fork Nooksack.
Regulated critical areas on the North Fork Nooksack River include wetlands (all reaches)
frequently flooded areas (all reaches), critical aquifer recharge areas (all reaches), habitat
conservation areas (bald eagle in all reaches except reaches 7 and 8), and geologically hazard
areas (volcanic and seismic hazard areas in all reaches, and alluvial fans in Reaches 2 and 8).
Shoreline modifications along the North Fork Nooksack River include water right diversions
in Reaches 1, 2, 3 and 5. Maps show bank hardening (primarily riprap) in the lower reaches
(Reaches 1 through 4), representing from 6 percent of a reach’s length (Reach 4) to 41
percent (Reach 3). Actively eroding banks have been identified in Reaches 2, and 4 through
8, ranging from 3 percent (Reach 2) to 26 percent (Reaches 5 and 8).
There is one hazardous waste site in Reach 2.
4.2.1.2 Riparian Conditions
Riparian conditions generally follow land use patterns along the mainstem North Fork
Nooksack. Extensive wetlands and forest cover still exist on the broad, largely undeveloped
floodplain of Reach 1. In upper Reach 1, and Reaches 2 and 3, rural and/or agricultural land
uses encroach into the floodplain, resulting in a patchwork of cleared land and forest. Past
logging in these areas has created stands of small to medium-sized deciduous trees.
4-10
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Consequently, LWD recruitment potential is low, particularly for key pieces 7 that have the
potential to anchor log jams 8.
In Reach 4, the river abuts the left valley wall, and a large landslide constricts the channel and
associated riparian zone. Forest stands are prevalent along the right bank; and as a result,
Reach 4 is the first reach containing areas with dense riparian cover and high LWD
recruitment potential.
Second growth forests predominate along Reaches 5 and 6, and like Reach 4, contain mixed,
deciduous, and some small coniferous stands. The latter have long-term LWD recruitment
potential, but overall large trees are scarce and opportunities to recruit key pieces are low.
Riparian conditions improve somewhat moving upstream. Nearly 60 percent of the inventory
area along Reach 7 has functional LWD recruitment potential, but the remaining areas are
impaired. At the National Forest boundary in Reach 8, land use and riparian cover change.
Riparian cover is predominately mixed forest in Reaches 8 and 9, and Reach 10 is
predominately coniferous. As a result, recruitment potential is high in all areas except that
portion of Reach 8 outside the National Forest.
Riparian wetlands account for nearly half of the land (48 percent) in Reaches 1 through 6 and
Reach 8. Reach 7 passes through a highly constrained portion of the river valley where only 2
percent of the area is characterized as wetland.
4.2.1.3 Instream Conditions
Valley gradient and confinement drive channel morphology and have a significant effect on
instream conditions in the North Fork Nooksack mainstem. Valley gradient increases from
approximately 0.4 percent along Reach 1 to 1 percent and higher at Reach 9 and upstream.
This implies a depositional river, but areas of confinement throughout the river increase
transport capacity. Reach 2 contains a segment of confined valley where a large landslide has
restricted the floodplain width to approximately 200 feet (Collins and Sheik 2004b). Other
major constrictions resulting from outwash and fluvial terraces occur in Reach 4 just below
Maple Falls, the middle portion of Reach 6, and Reach 7. Reach 10 becomes confined as the
valley walls move closer together. Portions of the floodplain are wider below the constriction
near the Maple Creek confluence.
High-resolution aerial photos depict log aggregates 9 along the mainstem North Fork.
Densities are generally consistent across reaches. Differences that are apparent include a
higher density of aggregates in Reaches 1 and 2, and a higher density of aggregates/large
jams in the upper reaches. Reach 7 has twice the density of aggregates/large jams compared
with other reaches. Although there are no established standards for functional jam frequency,
historic evidence and existing land use suggest that current jam densities do not approach
historic levels (Collins and Sheik 2004b). Many logjams were actively removed in the 1800s
and early 1900s (Collins and Sheik 2004b).
Changes in aggregate/jam density appear to be linked to landscape-scale process alterations
noted previously, including loss of forest cover, increased sediment supply, and floodplain
modification. Corresponding changes in river morphology have decreased side channels and
7

Key pieces are those that are large enough to have stable, channel forming effects. For streams west
of the Cascades, key pieces are generally at least 24 inches in diameter and 50 ft long (Spence et al.
1996).
8
Riparian data are based on Coe 2001.
9
Some of the aggregates may be functioning as log jams, but this could not be confirmed in most
cases.
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other off channel habitats and simplified instream habitat structure, particularly in the lower
reaches, where riparian-scale landscape processes are most impaired. Reaches 1 and 2 below
the ancient landslide constriction are most susceptible to impaired processes and show the
greatest change to a braided morphology. This condition is in evidence to a decreasing extent
in all unconfined stream segments.
Ecology’s 303(d) list (2004) designates numerous reaches along the North Fork Nooksack as
Category 1 (meets tested standards) for several water quality parameters. Reaches 2, 3, 5, 6,
8, and 10 are designated Category 1 (meets tested standards) for dissolved oxygen and pH.
Reach 2 is also designated Category 1 (meets tested standards) for fecal coliform and
ammonia-N. Reach 10 is the only reach for which Ecology (2004) reports a fine sediment
impairment (Category 5). However, there is also severe coarse sediment problem from mass
wasting and increased frequency of disturbance.
4.2.1.4 Biological Resources
Salmonids
Chinook (Oncorhynchus tshawytscha), chum (O. keta), coho (O. kisutch), pink (O.
gorbuscha), and sockeye (O. nerka) salmon, steelhead/rainbow (O. mykiss), resident and searun cutthroat trout (O. clarki), and bull trout (Salvelinus confluentus) are known to occur in
the North Fork Nooksack mainstem within the SMP inventory area and the upstream reaches
mainstem reaches beyond shoreline jurisdiction (Nooksack Natural Resources et al. 2005).
Resident Dolly Varden trout (S. malma) are known to exist in the inventoried reaches of
Canyon Creek upstream of waterfalls (USFWS 2004), and are presumed to exist upstream
from Nooksack Falls (Nooksack Natural Resources et al. 2005).
The North Fork Nooksack supports North/Middle Fork spring Chinook, one of two
independent Chinook populations utilizing the Nooksack basin, as well as a fall-run Chinook
stock that is presently considered non-native. Fall-run Chinook indigenous to the North Fork
are believed to be extirpated; and limited microsattelite DNA analysis of today’s fall-run
Chinook shows they are genetically similar to Green River Chinook, which have been
released into the Nooksack basin for decades (Nooksack Natural Resources et al. 2005). The
existing fall-run Chinook stock is distributed throughout much of the Nooksack system,
including the North Fork and major tributaries, but includes lower elevation spawning areas
than spring Chinook use (Nooksack Natural Resources et al. 2005). It reproduces naturally
with contributions from hatchery fish.
The North Fork/Middle Fork population of spring-run Chinook has been identified as one of
five genetic diversity units in the Puget Sound region (Marshall et al 1995). Productivity of
the North Fork/Middle Fork population is considered very low and the Kendall hatchery on
the North Fork releases spring-run Chinook salmon to help rebuild the native population
(Nooksack Natural Resources et al. 2005). Spring-run adult Chinook typically migrate to the
North Fork/South Fork confluence taking approximately a month on average, and upstream
of this they hold for additional time before moving to their spawning areas (Barclay 1980,
1981). These early-run Chinook spawn from the confluence with the South Fork to Nooksack
Falls, which is a barrier to all anadromous fish (Nooksack Natural Resources et al. 2005).
Highest spawning densities are in the North Fork between Racehorse Creek (RM 45.2) and
RM 63 (Nooksack Natural Resources et al. 2005). In very recent years most spawners have
been returns from Kendall Hatchery, or off-station releases of Kendall Hatchery Chinook.
Adult affinity to release locations is likely affecting dominant use areas (Nooksack Natural
Resources et al. 2005).
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Juvenile spring Chinook in the Nooksack system exhibit both ocean-type and stream-type life
history patterns, with approximately 29 percent of scales from wild North/Middle Fork spring
Chinook adults showing they had outmigrated as stream-type yearlings and the remainder
leaving as ocean-type sub-yearlings (Nooksack Natural Resources et al. 2005). After
emergence from spawning grounds, most Chinook fry disperse downstream to suitable
freshwater or estuarine rearing areas, although some take up residence near spawning areas
(Healey 1991). After emergence, Chinook fry generally inhabit shallow stream margins,
particularly in slow water where they can maintain position and in association with back
eddies, undercut banks, or woody debris where they can escape predation (Lister and Genoe
1970 as cited in Nooksack Natural Resources et al. 2005). In the South Fork Nooksack during
summer, Dewberry (2003) found that most of the Chinook were in pools, with smaller
numbers in runs and riffles, respectively. Chinook were typically found near the heads of
pools. A substantial proportion of Chinook were associated with edge habitat, and highest
Chinook densities in edge habitats were associated with wood. Chinook also use interstitial
space in the substrate in the winter during periods of cold temperature (Nooksack Natural
Resources et al. 2005).
Bull trout are found throughout the inventoried reaches of the North Fork mainstem
(Nooksack Natural Resources et al. 2005), and five of ten proposed Nooksack local
populations are in the North Fork watershed (USFWS 2004). Nooksack bull trout include
anadromous life history strategy, but fluvial forms are also present. Resident life history
forms may occur, but thus far, resident native char have been confirmed to be Dolly Varden
and appear to be limited to areas upstream of long-term anadromous barriers (Nooksack
Natural Resources et al. 2005). Anadromous adults and sub-adults typically overwinter and
forage in productive areas including the North Fork mainstem (Nooksack Natural Resources
et al. 2005). Spawning generally occurs in the upper North Fork side channels and accessible
reaches of tributaries, including the upper extent of accessible habitat (Nooksack Natural
Resources et al. 2005). These include smaller streams as well as those under shorelines
jurisdiction. Preferred spawning grounds are low-gradient areas containing unembedded
gravel with low fine sediment content (Nooksack Natural Resources et al. 2005). Bull trout
are iteroparous and leave spawning grounds promptly after spawning (Nooksack Natural
Resources et al. 2005). Juveniles prefer side channels and areas with complex cover, initially
rearing in natal areas, and migrating to rear in larger waters with increasing age (Nooksack
Natural Resources et al. 2005). Therefore, anadromous, fluvial, and possibly resident
juveniles are expected to occur throughout inventoried North Fork reaches, and sidechannels. Cool, clean waters, complex habitats, and cover areas are important for this species
(Nooksack Natural Resources et al. 2005).
Along with the Skagit River, the Nooksack system has the most persistent evidence of
riverine sockeye salmon in the state, meaning sockeye that do not rear in a lake (Nooksack
Natural Resources et al. 2005). Microsattelite DNA of Nooksack sockeye has confirmed that
these are riverine, and not strays from local lake populations (Gustafson and Winins 1999).
Sockeye consistently spawn in the Nooksack basin, including in upper North Fork sidechannels relatively near Nooksack Falls. The WDFW scale lab results from riverine adult
sockeye indicate that these fish leave the river as river-type yearlings (Nooksack Natural
Resources et al. 2005), although frequently riverine populations also include sea-type
juveniles, which forgo extended freshwater rearing and outmigrate as sub-yearlings. Rivertype rearing strategies typically occupy side-channel habitats for one or more years, and
extensive loss of preferred rearing habitats may help explain the small population size
(Gustafson and Winins 1999). .
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Like sockeye, coho, chum, and pink salmon are distributed throughout inventoried mainstem
North Fork reaches. Upper North Fork coho are genetically unique, significantly different
from the Kendall and Skookum hatchery broodstock, and are probably native (Small et al.
2004). Coho likely use the mainstem North Fork for all freshwater life-history stages,
including juvenile rearing. More structurally complex streams support larger numbers of fry,
and most fry move out of river systems on freshets. Fish that are unable to find or defend
territories are generally displaced downstream (Groot and Margolis 1991). Floodplain
habitats including sloughs and beaver impoundments are important winter rearing areas for
coho (Groot and Margolis 1991). The lower North Fork also supports comparatively strong
chum use in the braids, sloughs, and side-channels, and has a correspondingly high wintering
eagle density. The North Fork, and particularly its tributaries, also supports appreciable oddyear pink salmon production. Many chum outmigrate to estuarine and marine waters soon
after emergence similar to pink salmon (Groot and Margolis 1991), although some rear for a
few weeks in natal streams (Quinn 2005). Larger chum outmigrants at the Hovander Park
smolt trap indicate that some Nooksack chum rear for a few weeks (Ned Currence, personal
communication).
Winter-run steelhead/rainbow and cutthroat trout populations are distributed throughout
inventoried mainstem North Fork reaches, with steelhead and anadromous cutthroat in waters
accessible to anadromous fish, and resident cutthroat and rainbow trout upstream of
anadromous barriers (Nooksack Natural Resources et al. 2005). Steelhead and sea-run
cutthroat both have extended freshwater juvenile rearing prior to outmigrating as yearling,
two or three year old smolts, and like bull trout, both are iteroparous (Quinn 2005).
Anadromous cutthroat typically spawn in tributaries and rear in side-channels, and backwater
areas in summer, and use off-channel pools and side-channels for wintering habitat (Trotter
1989). Steelhead juveniles have been found to prefer shallower, faster water (Quinn 2005).
Other Aquatic and Terrestrial Species
WDFW has identified high quality riparian habitat along the North Fork Nooksack River
downstream of, and including, Reach 6 (WCPDS 2005). Important habitat for bald eagles
(Haliaeetus leucocephalus) is found upstream as far as Reach 4 (WCPDS 2005). The North
Fork is one of the two most important bald eagle wintering areas in Western Washington,
supporting up to several hundred eagles in some years (La Tourette 1992; Stinson et al.
2001). The eagles winter along the North Fork to feed on the abundant carcasses of spawnedout salmon and roost in the mature conifer forests near or along the river (Stinson et al. 2001).
Rocky Mountain elk (Cervus elaphus nelsoni) may occasionally be seen along the river
during the winter downstream of Kendall (La Tourette 1992).
Non-native and Invasive Species
Knotweed (Polygonum spp.) has been documented along the North Fork upstream as far as
Reach 5 (Weed Board 2005). Although there are no documented occurrences, reed
canarygrass, which is widespread throughout Western Washington and the County, likely
occurs at disturbed sites throughout the WMU (Weed Board 2005). No aquatic invasive
weeds have been documented within the North Fork Nooksack River (Ecology 2005b). Nonnative eastern brook trout (Salvelinus fontinalis) is known to occur in Reaches 8 and 10 of the
North Fork (NWIFC 2004).

4.2.2 North Fork Tributaries
Moving from the mouth of the North Fork Nooksack River upstream to the jurisdictional
limits, tributary streams under SMP jurisdiction include Canyon Lake Creek, Coal Creek,
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Racehorse Creek, Kendall Creek, Maple Creek, Boulder Creek, Canyon Creek, Cornell
Creek, and Glacier Creek.
4.2.2.1 Built Environment
In general, the tributaries are most densely developed near their mouths and become
increasingly undeveloped upstream.
Bridge and utility crossings are generally concentrated in the lower reaches. In some cases,
roads and bridges occur on the lower portions of alluvial fans or within the historic channel
migration zone, potentially restricting channel movement. Land cover is predominantly forest
with numerous wetlands, especially in the lower reaches. Zoning is generally large lot
residential and Rural Forestry in the lower reaches and Commercial Forestry in the upper
reaches.
All of the tributaries have wetlands and geologically hazardous areas within the inventory
area. Several of the lower tributaries also have frequently flooded areas and critical aquifer
recharge areas within the inventory area. A few of the tributaries have designated habitat
conservation areas, including eagle nests.
Most of the reaches have shoreline modifications or in-water structures and a few have water
right diversions. There is one hazardous waste site at Reach 1 of Coal Creek.
Under existing zoning and comprehensive plan land use designations, future land use patterns
along the tributary creeks of the North Fork Nooksack River are not likely to change
significantly.
Three of the North Fork Nooksack River tributaries ─ Kendall Creek, Maple Creek and
Glacier Creek ─ have characteristics that vary from the general pattern. All of these creeks
are more densely developed shorelines than the other tributaries.
Land cover along Kendall Creek is primarily grassland and wetlands with forest cover
increasing in the upper reaches. Small lakes (Kendall and Sprague) are located along the
upper reaches. Existing land use along the stream is predominantly rural residential (1 units
per 10 acres). The most densely developed areas are the residential subdivisions (0.25-acre
lots) within the community of Kendall (Reach 4). Zoning along Kendall Creek includes Rural
Forestry (lower reaches), low-density rural residential (5 to 10 acre lots) and Urban
Residential (4 units per acre) in Reach 4. Under existing zoning and comprehensive plan land
use designations, future land use patterns along Kendall Creek is likely to include increased
residential development, especially within the Kendall UGA.
Designated critical areas along Kendall Creek include critical aquifer recharge areas
(including wellhead protection zones); wetlands; and seismic and volcanic hazard areas.
There are two bridge crossings in Reach 1 and one each in Reaches 3 and 4. There are
powerline crossings in Reaches 2 and 4. Shoreline modifications include three water right
diversions in Reach 1.
On Maple Creek land cover is mostly forest and wetlands, with some grassland, especially in
Reach 1. Existing land use consists primarily of rural residential 5 to 10 units per acre with
patches of Rural Forestry. The community of Maple Falls is located along Reach 1. Silver
Lake, a shoreline of the state lake, is located at the headwater of the creek (see description
below). Under existing zoning and comprehensive plan land use designations, future land use
along Maple Creek is likely to include increased residential and urban development. The
community of Maple Creek is designated as a Small Town.
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Regulated critical areas on Maple Creek include frequently flooded areas; critical aquifer
recharge areas and wellhead protection zones in Reaches 1 and 2; habitat conservation areas;
and landslide, seismic, mine, and volcanic hazards.
There are two bridge crossings in Reach 1 and one each in Reaches 4 and 5. There is a
powerline crossing in Reach 1. Shoreline modifications include in-water structures in all
reaches and two water right diversions in Reach 2. There are two hazardous waste sites in
Reach 2.
Land use patterns along Glacier Creek are similar to Maple Creek; consisting of rural
residential of one unit per 5 acres and rural forestry. The community of Glacier is located
along the creek. Land cover is predominantly forest with 11 percent wetlands. Under existing
zoning and comprehensive plan land use designations, future land use along Glacier Creek is
likely to include additional residential and urban development. The community of Glacier is
designated as a Small Town.
Regulated critical areas along Glacier Creek include: frequently flooded areas; critical aquifer
recharge areas; wetlands; alluvial fans; landslide hazard areas; and seismic hazard areas. One
bridge, a powerline and a waterline cross the creek. The shoreline of Glacier Creek has not
been modified, but a small area (3 percent) of the right bank has been mapped as an eroding
shoreline.
4.2.2.2 Riparian Conditions
Land use practices have created widely varying riparian conditions along tributary shorelines.
Generally, riparian areas along the lower reaches of tributaries that lie on alluvial fans and the
Nooksack Valley bottom tend to be more degraded than upper reaches. Upper reaches
generally have more forest cover, the type and age of which varies based on past management
activities.
The lowest reaches of Coal and Racehorse Creeks deviate from the aforementioned pattern.
The riparian corridors are more forested and the lower corridors have a higher frequency of
coniferous trees, which improves LWD recruitment potential. Deciduous trees are the
dominant cover type in upper reaches.
Riparian conditions on Kendall and Maple Creeks vary based on the type and extent of
development. On Kendall Creek, only Reaches 2 and 3 contain forested riparian areas with
moderate recruitment potential. These areas are connected to large tracts of upland forest.
Reach 1 on Maple Creek is mostly herbaceous cover. Reaches 3 through 5 have alternating
forest and non-forest land, and canopy cover and recruitment potential range from poor, to
fair, to good. Outwash deposits in both drainages support wetlands, and most reaches have
substantial wetland habitats (except alluvial fan reaches). In particular, Reaches 2 through 4
in Kendall Creek and Reaches 4 and 5 in Maple Creek are more than 75 percent wetlands.
Boulder, Canyon and Cornell Creeks follow a pattern of young mixed and deciduous forest
on the Nooksack floodplain with improving conditions moving upstream. Thus, recruitment
potential and canopy cover are moderate to low on the valley bottom, but moderate to good
upstream of the valley bottom.
4.2.2.3 Instream Conditions
Coal Creek is a relatively short, steep (8 to 12 percent gradient) stream with cascading and/or
bedrock morphology upstream of the North Fork Valley floor. Habitat conditions in these
types of streams are driven largely by LWD, which dissipates energy and improves, sediment
storage, and creates valuable habitat for salmonids. As noted earlier, LWD recruitment
4-16
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potential is low, so instream habitat conditions are predicted to be less than optimal in Coal
Creek.
Racehorse Creek is a low gradient stream relative to most North Fork tributaries, but gradient
and confinement increase in the upper two reaches, where steep alluvial morphologies are
typical. EDT results show that primary pools account for 21 percent of habitat in the lower
two reaches of Racehorse Creek but only 10 percent in the upper reach. Fine sediments are
higher than optimal (11 to 18 percent) for salmonid spawning, and data show that sediment
and temperature are the primary limiting factors for salmonids. Racehorse Creek appears to
lack LWD (possibly due to the debris flow history and channel routing away from homes in
the 1990s). Lack in flow is a limiting factor as the stream dries up in late summer.
Kendall Creek gradient is 1 to 2 percent in all reaches and is unconfined (SSHIAP 2004)
creating pool-riffle morphology with extensive associated wetlands and potential for beaver
habitat. EDT suggests low amounts of pool habitat, but substrate conditions appear
unimpaired (<11 percent fines). Obstructions, which limit salmon access to habitat, and lack
of habitat complexity, are the primary limiting factors for salmonids in Kendall Creek.
Stream gradient in Maple Creek averages less than 1 percent, and the stream is unconfined
(SSHIAP 2004), a condition that still supports pool-riffle morphology, although plane-bed
morphology is also likely to occur at some locations. EDT models estimate <5 percent total
pool habitat. Smith (2002) lists channel instability as the primary limiting factor related to
physical habitat (predation is the most significant limiting factor overall).
Boulder and Cornell Creeks are similar to Coal Creek in that they are relatively short streams
with confined valleys and steep gradients. EDT results, which are only available only for
Boulder Creek, estimate very low pool habitat (6 percent), which is likely a result of impaired
LWD densities (likely based on low recruitment potential and natural channel morphology),
and high proportion of fines sediments in substrate (11 to 18 percent). Whatcom (2004)
indicates that lack of habitat diversity is the primary limiting factor in Boulder Creek.
According to EDT, conditions in Cornell Creek appear to be impaired by increased sediment
supply. Although fine sediment levels are functional (<11 percent), the stream has aggraded
and LWD densities are low (Smith 2002), suggesting increased delivery of coarse sediment
and the loss of instream sediment storage potential. However, Whatcom County (2004)
asserts that elevated temperatures are the primary limiting factor in Cornell Creek.
Canyon Creek has a larger drainage area and lower gradient than its neighboring streams, and
provides an important source of spawning habitat that is naturally limited in higher gradient
streams. Channel conditions were rapidly changing in the early 1990s, and while riffle habitat
increased two-fold, pool habitat decreased by 6 percent overall. The resulting pool riffle:ratio
for Canyon Creek was 7 (Smith 2002 citing USFS 1995b). Whatcom County (2004) reports
that channel stability is the primary limiting factor, a condition that is likely due to increased
mass wasting and debris flow disturbances (Llyn Doremus, personal communication of
August 10, 2005). Also, diking and channel realignment to protect development along the
lower portion of Canyon Creek has incised the channel incision to bedrock, creating a fish
passage barrier.
Water quality problems have been documented on several reaches of North Fork Nooksack
tributaries streams (Table 4-1).
Table 4-1. Ecology’s 303(d) Water Quality Assessment Information for
North Fork Nooksack Tributaries (2004)
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Table 4-1. Ecology’s 303(d) Water Quality Assessment Information for
North Fork Nooksack Tributaries (2004) (continued)
Stream
Canyon Lake
Creek
Coal Creek
Racehorse Creek

Reach
Reach 1
Reach 1
Reach 1
Reach 2
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303(d) Listing*
Category 5 for temperature, Category 2 for dissolved oxygen, and
Category 1 (meets tested standards) for pH
Category 1 (meets tested standards) for temperature
Category 5 for fine sediment and temperature and Category 1
(meets tested standards) for dissolved oxygen and pH
Category 5 for temperature and Category 1 (meets tested
standards) for dissolved oxygen and pH
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Stream
Kendall Creek
Maple Creek
Boulder Creek
Canyon Creek

Reach
Reaches 1
and 2
Reaches 1
and 2
Reach 1

Cornell Creek

Reaches 1
and 2
Reach 1

Glacier Creek

Reach 1
Reach 2

303(d) Listing*
Category 5 for temperature
Category 2 for temperature and Category 1 (meets tested
standards) for dissolved oxygen and pH
Category 2 for temperature and Category 1 (meets tested
standards) for pH and dissolved oxygen
Category 5 for temperature
Category 5 for temperature, Category 2 for dissolved oxygen, and
Category 1 (meets tested standards) for pH
Category 1 (meets tested standards) for pH and temperature, as
Category 1 (meets tested standards) for dissolved oxygen and is.
Category 2 for dissolved oxygen

* 303(d) listing categories range from water quality violations (category 5, 4a, 4b) and non-pollutant impairment (category 4c), to
waters where pollution levels do not exceed water quality standards (category 1, 2). See
http://www.ecy.wa.gov/programs/wq/303d/2002/2002-index.html for more information.
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4.2.2.4 Biological Resources
Salmonids
Salmonid species present in the mainstem North Fork Nooksack are also known, or presumed
to be, distributed in the inventoried tributaries as shown in Table 4-2 (Nooksack Natural
Resources et al. 2005). Use by the anadromous species generally includes the freshwater life
history stages. Stream reaches on the North Fork floodplain/valley floor provide productive
floodplain tributary habitat for anadromous populations including spring Chinook, and
accessible lengths often vary over time depending on where the North Fork is within its
channel migration zone. For example the river has recaptured the Boulder Creek side-channel
and lower Deadhorse Creek in recent years, and sometimes Canyon Lake Creek is a tributary
to the North Fork, although it frequently enters the Middle Fork and is generally considered a
tributary to that fork (Ned Currence personal communication). Distribution in these
tributaries can vary by species, but generally occurs until anadromous blockages occur. Many
streams include reaches located on alluvial fans including Cornell, Boulder, Canyon,
Deadhorse, and Racehorse creeks. Wells and Glacier creeks are glacial, and Thompson Creek
is a highly productive tributary to Glacier Creek. Maple and Kendall creeks are low gradient
tributaries. Distribution of anadromous salmonids is limited to Reach 1 of Maple Creek and
Racehorse Creek due to impassable falls/barriers, and both of these are productive streams for
a number of anadromous species including spring Chinook. Boulder Creek is accessible to a
falls located at approximately mile 1.3, and Canyon Lake Creek to approximately mile 1.25
(USFWS 2004).
Early- and late-season Chinook rely heavily on the North Fork mainstem and many
inventoried tributaries for the freshwater lifestages (Nooksack Natural Resources et al. 2005).
While some areas are difficult to survey, early-run Chinook are known to spawn in
Deadhorse, Racehorse, Maple, Cornell, Boulder, lower Kendall, Thompson, and Canyon
Creeks (Nooksack Natural Resources et al. 2005). Stream flows are important for distribution
and availability of habitat in tributaries.
The upper North Fork and its tributaries generally support bull trout spawning and juvenile
rearing, and while these include smaller streams, inventoried tributaries known or suspected
of supporting bull trout spawning and juvenile rearing include Wells, Deadhorse, Thompson,
Glacier, Grouse, Cornell, Canyon and Boulder Creeks (USFWS 2004). Maple, Kendall, Coal
and Racehorse Creeks are inventoried tributaries that are considered to support foraging and
overwintering bull trout. Canyon Creek has a long-term barrier located at approximately mile
4.0, and upstream of this is the only location where Dolly Varden are only known to exist
within the North Fork Nooksack watershed, although they are suspected upstream of
Nooksack Falls (Nooksack Natural Resources et al. 2005, NWIFC 2005). Use of tributary
habitat by other species is consistent with their life history strategies (see Section 4.2.1.4).
In the North Fork and inventoried tributaries upstream of Nooksack Falls only resident trout
occur as shown in Table 4.2. Brook trout have also become established from past stocking
efforts.
Table 4-2. Known and Presumed Current Salmonid Distribution, North Fork Nooksack
Inventoried Shoreline Reachesa,b
Stream
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1

1

1

1

1

1

1

1

1

1

1

1

2-3

All

All

All

1

1-3

Maple

1

1

1

1

1

1

1

1

1-2

Canyon

All

All

Cornell

1

b

Glacier

b

All
a

1

1-2

1
All
2

All

1
All

All

1-2

All

All

Cutthroat
All

All
All
1

All

1
1

1-2

All

1

1

1

All

1

All

Sources: Nooksack Natural Resources et al. (2005). It is assumed that most species found in the mainstem North
Fork can also be found in adjacent tributary mouths. This table reports use upstream of the mouth.

b

Reaches inside national forest boundary were not inventoried, but may be important salmon streams.

c

Numbers in cells indicate reach numbers Refer to Figure 4-11. Blank cells indicate that salmon are not currently
known or presumed to be present.

.

Other Aquatic and Terrestrial Organisms
WDFW identifies high quality riparian habitat (per the PHS database definitions) along the
lower reaches of Coal, Kendall, and Racehorse Creeks (WCPDS 2005). The County has
mapped ponds and small lakes in the shoreline zone of Reaches 3 and 4 of Kendall Creek.
Important habitat for bald eagles is found below Reach 2 of Racehorse Creek.
Non-native and Invasive Species
As noted previously, reed canarygrass likely occurs throughout the WMU. Meadow
knapweed (Centaurea jacea x nigra), an upland species frequently associated with
agricultural lands, has been found in the shoreline zone of Kendall Creek (Weed Board
2005). Eastern brook trout have been found in Maple and Canyon Creeks.
Canyon Lake Creek, the lower and upper reaches of Clearwater Creek, and Rocky Creek
contain areas with low LWD recruitment potential, and that Canyon Lake Creek and Porter
Creek have areas of low canopy cover.
Residential and associated agricultural land uses within Reach 1 of Canyon Lake Creek have
replaced forest cover—in some places up to the edge of the stream—yet recruitment potential
is generally rated moderate. Reaches 2 through 4 are mostly forested with mixed stands of
medium-sized trees, but the right bank of upper Reach 2 and Reach 3 is lined with small
conifers and hardwoods with low recruitment potential. Clear cuts in this area and in Reach 4
generally limit the forested riparian width to 150 to 200 feet.
The Canyon Lake Creek shoreline has been logged within the past fifteen years, and the
riparian habitat consists of mixed and conifer stands of small trees. Much of the channel
below Mosquito Lake Road is riprapped. Whatcom County (2004) indicates that Canyon
Lake Creek provides important habitat for Chinook, including potentially spawning areas.
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4.2.3 Canyon Lake and Silver Lake
Canyon Lake is approximately 40 acres. It is located in the southern portion of the North Fork
Nooksack WMU, and is the headwaters of Canyon Lake Creek, which discharges to the
North Fork Nooksack River. Existing land use surrounding Canyon Lake is primarily
forestry. Zoning and future land uses are Commercial Forestry. Land cover is predominantly
forest with 10 percent wetlands. There are no bridges or utility crossings of the lake. There
are no designated parks or open space areas providing access to Canyon Lake.
Regulated critical areas associated with Canyon Lake include wetlands, volcanic hazards, and
landslide hazards.
Based on existing zoning and comprehensive plan land use designations, future land use
surrounding Canyon Lake would continue to be primarily related to forestry.
Ecology’s Water Quality Assessment (2004) designates Canyon Lake Category 1 (meets
tested standards) for total phosphorus.
Silver Lake is approximately 157 acres. It is located in the northern portion of the North Fork
Nooksack WMU and is the headwaters of Maple Creek, which discharges to the North Fork
Nooksack River. Existing land use at Silver Lake is forestry, rural residential, and public park
land.
A majority of the Silver Lake shoreline is forested with coniferous and mixed stands. Beyond
the shoreland, areas are mostly logged and land cover is mostly medium-sized deciduous
forest. A recent landslide associated with a forest road is evident in the northwestern portion
of the lake, but does not appear to extend into the shoreline. Residential developments have
converted much of the southwest shoreline to impervious surface and herbaceous cover.
There are no bridge crossings of Silver Lake Creek. There is one wastewater outfall into the
lake. Silver Lake Park is located on the west shore of the lake. The park is over 400 acres,
and provides camping, fishing, boating, and other water-oriented recreation. There is a public
boat launch and a swimming beach located in the park on Silver Lake. The Gerdrum
Historical House and Black Mountain Forestry Center, a historic structure and museum is
also located in the park. Shoreline modifications include in-water structures such as several
small docks and piers associated with Silver Lake Park and residential homes on the lake.
Some residential properties also have bulkheads, private boat launches, or other shoreline
armoring. The densest development and most structural alteration to the shoreline of Silver
Lake is located in Reach 1 just north of the park where there are several small (0.3 to 0.5-acre
parcels) developed residential properties.
Regulated critical areas associated with Silver Lake Creek include wetlands, critical aquifer
recharge areas and wellhead protection areas, bald eagle and great blue heron habitat
conservation areas, and landslide and seismic hazard areas.
Based on existing zoning and comprehensive plan land use designations, future development
surrounding Silver Creek Lake would continue to be forestry, recreational, and rural
residential development.
Ecology’s Water Quality Assessment (2004) designates Silver Lake A waterbody of concern
(303d category 2) for total phosphorus.
Purple loosestrife (Lythrum salicaria), an invasive aquatic species, and garden loosestrife
(Lysmachia vulgaris) have been documented in Silver Lake (Ecology 2005b). WDFW
routinely stocks rainbow and cutthroat trout in Silver Lake (WDFW 2005).
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4.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Restoration and conservation opportunities are highlighted based on existing ecosystem
processes and functions, and preliminary recommendations are made for updating SEDs.

4.3.1 Landscape-scale Restoration and Conservation
The landscape analysis indicates that process-intensive areas are concentrated within the
North Fork floodplain, which in turn provides the most opportunities for process-based
restoration (Table 4-3). Hydrology mechanisms have been altered in upland areas (rain-onsnow zones), many or most of the tributaries are water quantity limited for summer and early
spawning salmonids, and increased sediment supply is a key factor degrading shoreline
ecological functions. Generally, drainages outside the National Forest have the highest degree
of alteration, and are higher priorities for County-supported restoration than lands with the
National Forest. Drainages with the high landslide potential and high road densities are
logical candidates for restoration this WMU. The goal should be to prevent additional debris
flows, reduce sediment delivery, and to enable habitat recovery in the tributaries, which
largely are LWD impoverished. Specific actions include restoring fish access in Canyon
Creek, which would also restore other degraded stream functions.
The landscape analysis also indicates that the lower and middle segments of the North Fork
River Valley are intensive areas for multiple processes. The river has shifted from an
anastomozing channel pattern to a braided one (Collins and Sheik 2004b) , and has frequent
shifting, even with minor floods. The USU had extreme difficulty in setting up a habitat site
here due to channel shifting. Hyatt and Rabang (2003) found appreciable vertical and lateral
channel instability, with scour chain redd loss especially acute in mainstem and braided
reaches, and less so in tributaries, sloughs, and back channels. Creating stable islands in
appropriate locations through building stable log jams complexes would help restore lateral
and vertical channel stability, and increase hydraulic roughness. Increasing the conifer
component in riparian areas where under-represented will eventually provide more functional
LWD. Relocating SR542 infrastructure away from the historic channel migration zone, and
from the lower portions of alluvial fans as recommended in WSDOT reports (GeoEngineers
2001, Gowan 1989) would also help restore floodplain function.
The floodplain in these segments is extensive, and associated wetlands are common. These
areas are also altered by land use and present many opportunities for restoration. Restoration
that improves sediment storage, organic processes and/or heat and light mechanisms would
not only benefit the immediate reaches, but could have positive effects on downstream
reaches.
Kendall and Maple Creeks also have areas that support multiple processes and are somewhat
impaired. Restoration and protection of infiltrative areas and surface water storage features
may have a positive influence on future shoreline conditions. However, these streams have
less of an influence on overall watershed conditions than the North Fork Nooksack mainstem,
so restoration in these areas may not produce the same downstream benefits as might occur
through restoration of the North Fork Valley bottom.

4.3.2 Reach-scale Restoration and Conservation
Floodplain connectivity and riparian reforestation are viable restoration options that would
improve off channel habitat access and habitat diversity, moderate bank erosion, improve
channel stability, and mitigate upstream sediment and hydrologic alterations.
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In general, riparian-scale processes in tributary drainages are relatively intact compared to
streams in lowland WMUs, so riparian restoration may be a lower priority here compared to
Tenmile, Fourmile, and similar lowland streams. At the same time, most tributaries have had
fairly recent debris flows and lack LWD, which is needed to create pools, improve habitat
diversity and increase stability. Increasing the conifer component of these riparian zones, and
placing LWD in these streams to create channel complexity would have substantial benefits.
Riparian restoration could influence temperature regimes in Canyon Lake and Racehorse
Creeks, and sediment and hydrology in Canyon and Boulder Creeks. Additional restoration
and protection opportunities may be available, particularly in unconfined and moderately
confined valleys with broad riparian zones.

4.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 4-4). Ecological conditions in most reaches are relatively good, despite land use
alterations, so a Conservancy designation is appropriate for most of the North Fork shoreline.
Most of the North Fork tributaries designated as shorelines of the state are located in forest
management areas and national forest (Table 4-5). A Conservancy designation is
recommended for these areas, consistent with the existing SEDs. The Kendall and Maple
drainages have mixed land uses, and the recommended SED must protect ecological function
while also promoting consistent planning. Reaches 1 and 2 in Kendall Creek have low
intensity land uses, and a Conservancy designation is recommended.
The right shoreline of lower Reach 3 is zoned forestry and Conservancy is recommended
here. This area contains a large wetland complex that is currently designated as Conservancy.
Upper Reach 3 is part of the Kendall/Columbia Valley UGA so changing to Urban
Conservancy is recommended to protect an area of important process functions within the
UGA and downstream of high-intensity land uses. The Natural designation could be shifted
downstream to protect the entire wetland complex. Reach 4 is zoned urban, and existing
build-out in this UGA suggests that an Urban Conservancy designation is appropriate.
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Table 4-3. Summary of Process Intensity and Alterations by Drainage Area, North Fork Nooksack WMU
a

Process Intensity
Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Canopy
Cover

Process

LWDRP

Alteration

Storage

Process

Inputs

Alteration

Storage

Process

Surface
Erosion

Alteration

Mass
Wasting

Process

Groundwater

Heat/LIght

Alteration

Snowmelt
and
Runoff

LWD

Process

Surface
Water
Storage

Water Quality

Alteration

Infiltration
&
Recharge

Sediment

Process

Mechanism

Hydrology

Lower North Fork

↑

↔

↑

↔

↓

↓

↑

↓

↓

↑

↓

↓

↑

↔

↓

↓

↑

↔

↔

↑

↓

↔

Floodplain and riparian processes have been moderately impaired and likely
limited the capacity of the channel to accommodate increased sediment inputs
without significant morphological changes.

Lower Tributaries

↓

↓

↓

↓

↑

↔

↓

↓

↓

↑

↔

↔

↓

↓

↓

↓

↓

↓

↑

↓

↑

↔

Improving riparian cover and conifer component and installing LWD are high
priorities. Lower relief relatively to the upper WMU limits mass wasting in these
tributaries despite high road densities.

Intensity

Potential for Restoration and Protection

Canyon Lake Creek

↔

↓

↓

↓

↑

↓

↓

↓

↔

↑

↓

↔

↓

↓

↓

↓

↓

↓

↑

↔

↑

↑

Canyon Lake moderates sediment inputs from the upper watershed; sediment in
the lower watershed is a limiting factor. Poor riparian conditions lead ultimately
to high water temperatures, homogenous habitat, and poor instream sediment
storage. Improving LWD recruitment potential and possibly installing LWD
would improve habitat diversity and instream cover and provide hydraulic
roughness.

Racehorse Creek

↓

↓

↓

↓

↑

↔

↓

↓

↑

↑

↓

↔

↓

↓

↓

↓

↓

↓

↑

↔

↑

↔

Significant potential ecological function is limited by sediment impacts and
limited riparian function. High restoration potential in this drainage.

Middle North Fork

↔

↓

↑

↔

↓

↓

↑

↓

↔

↔

↓

↓

↑

↔

↓

↓

↑

↔

↔

↔

↓

↔

Similar conditions to lower North Fork, but floodplain/riparian impairments
appear to be somewhat more limited. Alterations decrease moving upstream, and
are relatively limited above Boulder Creek. Restoration potential is moderately
high from Kendall to Boulder Creek, but opportunities to protect intact
floodplain areas are also common, particularly upstream of Boulder Creek.

Kendall-Maple

↑

↔

↔

↓

↑

↔

↑

↔

↔

↑

↓

↔

↔

↓

↓

↓

↔

↓

↑

↔

↑

↑

High process-intensity and alterations relative to other tributaries. Build-out
should be highly protective of existing process features.

Middle Drainages

↓

↓

↓

↓

↔

↔

↓

↓

↑

↑

↓

↔

↓

↓

↓

↓

↓

↓

↑

↔

↑

↑

Highest priority for sediment management given mix of unstable slopes and less
conservative forest practices than in upper watershed, which is National Forest.

Upper North Fork

↓

↓

↔

↓

↑

↓

↓

↓

↑

↔

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↔

↔

Upper Tributaries

↓

↓

↓

↓

↔

↓

↓

↓

↑

↔

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↔

Generally low priority because its National Forest land. Opportunities are related
to road management to prevent mass wasting, and improving riparian cover and
LWD recruitment potential.

Gold: High potential for protection – process intensive areas with limited alteration
Red:

High potential for restoration – areas with moderate to high process-intensity and moderate to severe alteration

Blue: Moderate potential for either protection or restoration – areas with moderate process-intensity and moderate levels of alteration
White: Low potential for either restoration or protection – areas with low process-intensity and low to moderate levels of alteration
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Table 4-4. Preliminary SED Recommendations, North Fork Nooksack River
Recommended SEDs
Reach

Existing SEDs

Left Bank

Right Bank

Reach 1-3
Reach 4-5

Conservancy
Conservancy/
Natural

Conservancy
Conservancy
/Natural

Conservancy
Conservancy

Reach 6-8

Conservancy

Natural

Natural/
Conservancy

Reaches 9-10

Undesignated

Conservancy

Conservancy

Comment
Existing “Natural” designation on
river left at Slide Mountain with intent
to protect very high bald eagle
density.
Important habitat for endangered
Chinook and bull trout and for other
salmonid species. Limited ongoing
alteration to the shoreline, although
landscape process outside the
shoreline impairs ecological function
to some extent. Natural except for
Glacier Springs subdivision and
shorelines within the National Forest
Boundaries.
National forest

Table 4-5. Preliminary SED Recommendations,
North Fork Nooksack Tributaries and Lakes
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Table 4 5. Preliminary SED Recommendations,
North Fork Nooksack Tributaries and Lakes (continued)
Recommended SEDs

Existing
SEDs

Left Bank

Right Bank

Coal Creek

Conservancy

Conservancy

Conservancy

Predominately forest practices; steep
confined valley limits ecological and
process potential.

Racehorse
Creek

Conservancy

Conservancy

Conservancy

Predominately forest practices; longer,
low-gradient stream increases ecological
potential, but is impaired by sediment and
temperature.

Reaches 1-2

Conservancy

Conservancy

Conservancy

Low-density residential.

Lower Reach 3

Conservancy

Conservancy

Conservancy

Promote development in UGA while
protecting existing resources.

Upper Reach 3

Conservancy

Urban
Conservancy

Conservancy

Urban “Conservancy” or parallel
designations may be appropriate along
upper Reach 3 where residential lots are
located in the UGA.

Reach 4

Natural/Cons
ervancy/Rural
/Undesignate
d

Natural

Urban
Conservancy
Natural

Reaches 1

Conservancy

Conservancy

Conservancy

Reach on North Fork floodplain.

Reaches 2-4

Rural

Conservancy

Conservancy

Mostly intact riparian corridor between
rural residential land and stream. Riparian
wetlands present.

Reach 5

Undesignated

Conservancy

Conservancy

Continuation of downstream conditions.

Reach

Comment

Kendall Creek

Maple Creek
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Table 4 5. Preliminary SED Recommendations,
North Fork Nooksack Tributaries and Lakes (continued)

Reach

Existing
SEDs

Recommended SEDs
Left Bank

Comment

Right Bank

Silver Lake
Conservancy

Mostly forestry land with limited residential
development. Shoreline is mostly intact
and is priority bald eagle habitat.

Southwest

Conservancy

Boulder Creek

Conservancy

Conservancy

Conservancy

Reach 1-3

Conservancy

Conservancy

Conservancy

Important ecological functions but high
degree of alteration, including excessive
mass wasting disturbance and significant
passage barrier low in the drainage.

Reaches 4-7

Undesignated

Conservancy

Conservancy

National forest.

Cornell Creek

Conservancy

Conservancy

Natural

Important habitat for endangered Chinook
,bull trout, and for other salmonid species.
Limited ongoing alteration to the shoreline,
although landscape process outside the
shoreline impairs ecological function to
some extent. Buildings along most of left
bank suggest Conservancy.

Glacier Creek

Conservancy/
Undesignated

Conservancy

Conservancy

Important habitat for endangered Chinook,
bull trout, and for other salmonid species.
Limited ongoing alteration to the shoreline,
although landscape process outside the
shoreline impairs ecological function to
some extent. Conservancy on the right
bank and within the National Forest
Boundaries.

Canyon Lake
Creek

Conservancy

Conservancy

Conservancy

Relatively intact functions.

Canyon Lake

Conservancy

Conservancy

Conservancy

Relatively intact functions.

Canyon Creek
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5.

MIDDLE FORK NOOKSACK WMU
The Middle Fork Nooksack WMU drains approximately 103 square miles of land in the
eastern portion of central Whatcom County, and has the smallest drainage area of the four
Nooksack River WMUs. The Middle Fork WMU has its headwaters on Mt. Baker, and much
of the upper watershed is within the Mt. Baker Snoqualmie National Forest. Kulshan is the
only established community in this WMU.
Water bodies subject to Shoreline Management Act jurisdiction in this WMU include the
North Fork mainstem, Clearwater Creek, Sister Creek, Galbraith Creek, Porter Creek, Rocky
Creek, Warm Creek, Ridley Creek, Wallace Creek, Deming Creek, Green Creek and
Mosquito Lake (also known as Jorgenson Lake). Ridley, Wallace, Deming and Green Creeks
are located within the National Forest and generally not subject to the County’s SMP 10.

5.1 LANDSCAPE ANALYSIS
5.1.1 Aquatic Resources
The Middle Fork Nooksack WMU includes the Middle Fork mainstem and the tributaries
named above as well as several smaller streams (e.g. Heislers, Falls, Rankin and Seymour
Creeks), a few small lakes, and numerous wetlands, particularly in the Middle Fork Nooksack
floodplain near the mouth below Heislers Creek and extending into an old outwash channel
connecting the Middle Fork and South Fork river valleys south of Van Zandt Dike (Map 5-1).

5.1.2 Process Controls
5.1.2.1 Geology
The Middle Fork Nooksack WMU is characterized predominately by bedrock geology on
hillslopes with glaciofluvial deposits containing drift and alluvium deposited on the Middle
Fork floodplain and at the base of valley walls. The Fraser glaciation also deposited
undifferentiated drift in what is likely an old outwash channel connecting the Middle Fork
and South Fork drainages through which Mosquito Lake Road passes. To the north and along
the lower western edge of the WMU, Chuckanut sedimentary bedrock is expressed at the
surface, while pre-Jurassic metamorphic rock typifies the southern extent of the WMU.
5.1.2.2 Topography
Topography in the Middle Fork Nooksack WMU is similar to the North Fork WMU; steep
terrain and high relief are common, and falls and cascades are the norm in headwater
channels. The mainstem channel is the steepest and narrowest of the three forks (Collins and
Sheik 2004b). Van Zandt Dike, Bowman Mountain, and Twin Sisters border the mainstem
valley on the west and south sides; and Slide Mountain, Steward Peak, and Marmot Ridge (on
Mount Baker) form the border on the north and east valley sides. Low terraces of lahar
sediments (Lapen 2000) restrict the floodplain in the lower reaches. The Middle Fork channel
has a primarily braided pattern. Basin topography and valley morphology support hillslope
processes that greatly influence the movement of water and sediment to downstream areas.

10

Although these streams are not inventoried in detail, they may still be vitally important for salmonid
recovery or other reasons. The reader is referred to the Salmonid Recovery Plan and other documents
for more information.
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5.1.2.3 Climate
Mean annual precipitation varies from 60 inches in the lower WMU to 130 inches at higher
elevations in the upper watershed. Most precipitation⎯25 percent of which is snow⎯falls
between October and March. Middle elevations (1,500 to 4,500 feet) experience frequent
rain-on-snow episodes, and the highest elevations have permanent snow and glaciation.
Snow melt and glacial melt drive runoff, which is greatest from May to July. Approximately
two-thirds of peak flow is associated with rain-on-snow events between October and January.
5.1.2.4 Land Use
Approximately 85 percent of the WMU is National Forest, National Wilderness, or privately
owned forest land. The remaining land is rural residential and hobby farms, and limited
olivine mining also occurs. The Middle Fork Nooksack River is the source for much of the
City of Bellingham’s water supply, as water is diverted from the river at RM 7.2 to Lake
Whatcom.

5.1.3 Landscape Processes, Alterations and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented (Note: the middle and South
Fork WMUs are depicted on the same map series). The landscape characterization provided
below will be used in conjunction with the reach inventory data to identify restoration and
protection opportunities, and will be integrated with SMP planning.
Link to NF landscape MAP FOLIO

5.1.3.1 Hydrology
Process-intensive areas
Like the North Fork WMU, process-intensive areas in this WMU include rain-on snow zones
and valley bottoms/floodplains that support infiltration and/or water storage mechanisms
(Map 5-2). Rain-on-snow areas rim the lower part of the Middle Fork Nooksack WMU,
passing through tributary drainages and edging closer to the mainstem Middle Fork Valley as
it increases in elevation upstream. An extensive portion of Clearwater Creek and its tributary
Rocky Creek lie in the rain-on-snow zone, and Porter Creek and other tributaries on the west
side of the lower WMU also contain significant rain-on-snow areas. Rain-on-snow zones
dissipate upstream of Rankin Creek as elevation in the river valley reaches 4,500 feet and
winter precipitation becomes predominately snow.
Areas with high infiltration/recharge and water storage capacity are ubiquitous on the alluvial
and outwash soils of the lower Middle Fork Nooksack Valley, and areas important for
infiltration are also found in the alluvial deposits extending to the Mosquito and Jorgenson
Lake drainages and to Hutchinson Creek in the South Fork Nooksack WMU. These areas
area also associated with shallow surficial aquifers.
In this WMU, well-drained outcrop soils typically occur on hillslopes and have shallow
depth, so they have limited infiltration, recharge, and surface water storage potential.
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Indicators of Alteration
Loss of forest cover is a key indicator of altered hydrology in this WMU, but other indicators
such as wetland loss, surface water diversion, and floodplain disconnection are also apparent.
Forest practices have reduced the amount of hydrologically mature vegetation 11 in rain-onsnow zones in the lower and middle Middle Fork WMU along the Van Zandt Dike, and in
associated tributary basins such as Porter, and Clearwater Creeks (Smith 2002) (Map 5-3).
These areas have all been recently cut over, and are currently transitional between early
successional and mature forest. Mature forest stands are more common in the upper
watershed, which is mostly within the National Forest.
Impervious areas are limited in the Middle Fork Nooksack WMU and do not have a
significant effect on infiltration. Loss of historic wetlands appears to be minimal, but some
loss is apparent in the lower mainstem floodplain. Historic wetlands appear to have existed in
a narrow corridor along the Middle Fork Nooksack floodplain becoming more extensive with
increasing valley width in the upper mainstem floodplain from just below Wallace Creek to
Rankin Creek (Map 5-4).
The City of Bellingham surface water diversion affects the hydrology of the Middle Fork
WMU. Although the diversion is managed to reduce low flow impacts in the Middle Fork
and downstream in the mainstem Nooksack, the dam has a direct effect on the downstream
transport of water, and may also affect wood and sediment transport, as well as effects on the
upstream movement of fish and aquatic organisms.
Floodplain disconnection and road density appear to have relatively limited effects on
hydrologic processes compared to other WMUs. Levees and/or riprap constrain the lower
Middle Fork mainstem in places, but neither levees nor valley bottom roads appear to limit
channel dynamics in most places.
Response to Alterations
There is limited information on how streams in this WMU have responded to altered
hydrologic process. Changes in peak flows and/or baseflow are not well documented for the
Middle Fork (Smith 2002). Ecology’s (2004) 303(d) list indicates baseflow is impaired
(Category 5), but no TMDL has been established.
5.1.3.2 Sediment
Process-Intensive Areas
Like the North Fork Nooksack WMU, sediment process-intensive areas in the Middle Fork
WMU include the steep slopes within the National Forest, and areas of high landslide
potential/low slope stability in the middle and lower parts of the WMU (Map 5-5). Sediment
yields are naturally high in this glaciated region, but landslides also contribute a significant
amount of sediment to aquatic resources. The following drainages have a large percentage of
area (32 to 38 percent) with high slope instability: Porter Creek, Falls Creek, Warm Creek,
Sister Creek, Rankin Creek, Lower Clearwater, Deming Glacier, and Green Creek.

11

Vegetation that is capable of influencing winter snow accumulation and melt rates or changing the
intensity of solar radiation and wind-assisted heat flux, mitigating the effects of rain-on-snow events.
June 2006 │ 558-1687-004
5. MIDDLE FORK NOOKSACK WMU

5-3

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

Indicators of Alteration
As noted previously, high road density (greater than 2 mi/mi2) is an indicator that sediment
processes are altered (NMFS 1996), especially when road densities coincide with high
landslide potential and/or high slope instability (Maps 5-5.5 and 5-6). This is the case in the
Porter, Rankin, and Falls creek drainages where road densities are among the highest in the
WMU (7.1 and 8.9 mi/mi2, respectively) and landslides are frequent.
The Clearwater and Rocky Creek drainages also have high road densities (>3 mi/mi2) and
high landslide densities, even though these drainages do not have a large proportion of area
with highly unstable slopes. These areas can be expected to deliver more sediment to streams
than would occur under natural conditions (Map 5-6).
Response to Alterations
Indicators of channel response to increased sediment supply are well documented in this
WMU. On the lower mainstem, the channel has become braided and has increased lateral
migration rates in response to increased sediment supply (Watts 1998). Upstream of the
diversion dam, channel widening has occurred (Smith 2002). Smith (2002) citing SchuettHames and Schuett-Hames 1984a) reports channel aggradation on Porter Creek, and a “fair”
rating for fine sediment presence. Smith (2002) reports that no information was found
regarding substrate condition on the mainstem Middle Fork.
5.1.3.3 Water Quality
Process-intensive areas
In WMUs with steep terrain and high relief, depositional areas are generally scare, and
process-intensive areas for phosphorus storage and nitrogen removal/loss are tend to
concentrated in valley bottoms and riparian areas. In the Middle Fork Nooksack WMU, these
areas occur primarily on the lower Middle Fork floodplain (Map 5-7). Adjacent upland
terraces play an important role in nitrogen transformation and headwater streams allow for
biotic uptake and adsorption of nitrogen. Depressional wetlands, while not widespread in this
WMU provide areas for phosphorus storage and nitrogen removal/loss.
Indicators of Alteration
The analysis of nutrient processes identified few indicators of alteration in the Middle Fork
Nooksack WMU because forestry is the primary land use, the density of on-site septic
systems is low, and there are no major sources of increased nutrient loading (Map 5-8). Even
though there appears to have been some loss of historic wetlands (see Map 5-3), the reduced
nutrient storage is of minimal consequence since inputs are mostly intact.
Response to Alterations
Numerous water quality impairments have been documented in this WMU, primarily in the
mainstem. Ecology (2004) identifies the fecal coliform, ammonia-N, and mercury
exceedances have been noted (see detailed reach discussion for more information). For the
most part, the tributary reaches meet state water quality standards (exception is Porter Creeksee detailed reach scale discussion for more information).

5-4

June 2006 │ 558-1687-004
5. MIDDLE FORK NOOKSACK WMU

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

5.1.3.4 Organic Inputs
Process-intensive areas
Like in the North Fork Nooksack WMU, Middle Fork streams historically recruited wood
and fine organic matter from treethrow adjacent to channels and from landslides and
subsequent debris flows. Process-intensive areas for wood recruitment include riparian areas
and steep, landslide-prone slopes (Map 5-9)
Much of the wood accumulating on the mainstem Middle Fork Nooksack was transported
from upstream areas during peak flow events and deposited during the flood recession.
Indicators of Alteration
LWD recruitment potential has remained mostly intact in the Middle Fork WMU (Map 5-10).
Areas with altered recruitment potential include the lower and upper mainstem, portions of
Canyon Lake Creek, lower Clearwater Creek, and portions of Rocky Creek and upper
Clearwater Creek. Streams with areas on the threshold of having impaired LWD recruitment
potential include most of Canyon Lake Creek, Porter Creek, much of the Clearwater
drainage, Warm Creek, Rankin Creek, and significant portions of the mainstem (Coe 2001).
Lack of late seral vegetation in the lower and middle watershed is also likely an indicator of
impaired LWD delivery to tributary streams as indicated by the lack of coarse organic matter
in debris flows delivered from hillslopes (see section 5.1.3.1).
Response to Alterations
No data regarding LWD density were found for streams in the Middle Fork WMU, nor did
Smith (2002) identify any sources reporting LWD density. Jams in the Middle Fork were
mapped using Pictometry (2004). The lower reaches have many deposits of LWD, but most
are small jams or aggregates that have limited or no influence on stream morphology.
Reaches 1 and 2 also have approximately four to six medium to large jams/mile, respectively,
that may be stable and potentially create habitat. Reaches 9, 10, and 11 have fewer medium to
large jams (approximately two, three, and six jams/mile, respectively). Remaining reaches
have fewer small aggregates/jams and few to no larger jams.
5.1.3.5 Heat/Light Inputs
Process-intensive areas
As noted previously, riparian areas are generally considered to be intensive areas for heat and
light processes, but on large rivers like the Middle Fork Nooksack temperature is controlled
more by source water (glacial melt/snowmelt) than riparian condition and canopy cover.
Snowmelt and/or glacial melt also support runoff in headwater tributaries, which generally
have low temperatures because of the source water. Tributary streams are important because
temperature increases resulting from increased solar input/decreased shade are translated
downstream. Tributaries in the middle and lower watershed whose runoff is not sustained by
glacial melt are especially susceptible to temperature impairments, which can be translated
downstream.
Indicators of Alteration
All of Middle Fork Nooksack mainstem riparian areas with low canopy cover occur
downstream of the Diversion Dam, while areas above target shade levels occurred upstream
of Clearwater Creek. Downstream of Heislers Creek, 100 percent of the Middle Fork has low
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canopy cover. Canopy cover between Heisler and Green Creeks is mixed, while upstream of
Green Creek, canopy cover is generally high.
Tributaries downstream of Heislers Creek have low canopy cover. Porter, Heislers, and
Sisters Creeks have low and moderate canopy cover.
Canyon Lake Creek drainage had a large rain-on-snow flood that generated debris flows in
the steep confined channel below the lake. This debris flow removed much of the riparian
trees that were deposited in large jams. The resulting lack of mature trees on this wide
floodway is an indicator that stream temperatures may have become elevated.
There are no indicators of alteration for Galbraith, Warm, Rankin and Green Creeks. These
streams have high canopy cover, which protects against temperature impairment
Response to Alterations
The following responses to altered heat/light processes are noted for the Middle Fork WMU.
These are based on 303(d) listings by Ecology (2004):
•

The Middle Fork is listed as impaired (Category 5) for temperature near the mouth
and just upstream of Porter Creek.

•

Porter Creek is listed as a water of concern for temperature.

5.2 SHORELINE REACH SCALE INVENTORY
Shorelines of the state for which reach-scale inventories were compiled include the Middle
Fork Nooksack, Porter, Clearwater, Rocky, Galbraith, Warm and Sister Creeks, and Mosquito
(Jorgenson) Lake. The upper Middle Fork, Wallace, Green, Ridley and Deming Creeks lie
within the National Forest, and reach-scale inventories were not conducted (Figure 5-11).
The maps depicting key attributes of the freshwater shorelines in this WMU are provided in
the MAP FOLIOS.
Link to Nooksack Forks, Canyon Lake Reach MAP FOLIO

Link to MF Nooksack Reach MAP FOLIO

Link to NF, MF, Canyon Lake, Racehorse Creek Reach MAP FOLIO

5.2.1 Middle Fork Nooksack River
The SMA jurisdictional extent of the Middle Fork Nooksack River extends approximately
14.9 miles from its confluence with the North Fork Nooksack River to the National Forest
boundary. The River was inventoried in eleven reaches ranging in length from 0.35 to 3.55
miles.
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Figure 5-11. Shoreline Inventory Reach Numbers and Endpoints, Middle Fork
Nooksack WMU
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5.2.1.1 Built Environment
Existing land cover and land use patterns along the lower reaches of the Middle Fork
Nooksack River (Reaches 1 and 2) are characterized by undeveloped forested land and lowdensity development, including a combination of large lot rural residences and farms
(primarily livestock and pasture). Riparian forest in the lower reaches covers 29 to 47 percent
of the inventory area depending on the reach. The upper reaches of the Middle Fork
Nooksack River (Reaches 3 through 11) are undeveloped forest land. Zoning and
comprehensive plan land use designations are consistent with the existing land use pattern,
primarily comprised of Rural Forestry, Commercial Forestry and Rural large-lot (1 unit per 5
to 10 acres) designations in Reaches 1 and 2. Reach 3 is zoned Rural Forestry (left bank) and
Commercial Forestry (right bank). The upper reaches (4 through 11) are zoned Commercial
Forestry.
There are no significant utilities located in or crossing the Middle Fork Nooksack River.
Bridge crossings are located in Reaches 2, 4, and 6. The Middle Fork Nooksack River Bridge
(Reach 2) is located at the Mosquito Lake Road crossing. The bridge was built in 1915 and is
listed on the National Register of Historic Places and the Washington Heritage Register as an
historic bridge. There are no developed parks, trails, or recreational resources along the
Middle Fork Nooksack River. However, Washington DNR owns a large area of undeveloped
land along the Middle Fork beginning in reach 2 and extending to the National Forest. A
portion of this area, along the right bank of reach 3, has been identified previously as a
potential site for public access to the shoreline.
Designated critical areas along the Middle Fork Nooksack River include wetlands (in most
reaches but most extensive in Reaches 1 and 2), frequently flooded areas (Reaches 1 and 2),
critical aquifer recharge areas (Reaches 1 and 2), priority habitats and habitats for listed
species (habitat conservation areas) in Reaches 1, 2 and 3, an alluvial fan at Porter Creek and
geologically hazard areas (including landslide, volcanic, and seismic hazard areas) in all
reaches.
Shoreline modifications along the Middle Fork Nooksack River include bank hardening in
the lower reaches and one diversion in Reach 4. Approximately 22 percent of both banks
along Reach 1 are hardened and up to 5 percent of the banks in Reach 2 are hardened,
primarily in the form of riprap associated with residential properties located closest to the
river.
Areas of active bank erosion have been mapped in several reaches of the Middle Fork
Nooksack River. The extent of eroding banks ranges from 2 to 18 percent of reach lengths in
Reaches 2 through 6, and up to 29 percent in Reaches 7 and 11. The active erosion areas are
typically associated with steep banks in areas of past landslides.
The Ecology 303(d) list (2004) designates the lower reaches (Reaches 1 and 2) as Impaired
(303d category 5) waters for temperature. Reaches 2 and 3 are designated as Category 4A
(impaired, but has TMDL) for fecal coliform and ‘A waterbody of concern’ (303d category 2)
for Mercury. Reaches 2 and 5 are designated ‘A waterbody of concern’ (303d category 2) for
dissolved oxygen. Several reaches of the Middle Fork Nooksack River are designated as
Category 1 (meets tested standards) waters for water quality parameters including
temperature (Reaches 1 through 5), fecal coliform (Reaches 1 and 5), dissolved oxygen
(Reaches 1 through 3), ammonia-N (Reaches 2 and 3), pH, (Reaches 2, 3, and 5), and
mercury (Reaches 3 through 5).
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Under existing zoning and comprehensive plan land use designations, future land use patterns
along the Middle Fork Nooksack River are not likely to change significantly. No portion of
the river is located in a designated Urban Growth Area. Undeveloped property in the lower
reaches zoned for large lot rural development could develop, and existing residential areas
could redevelop in the future.
5.2.1.2 Riparian Conditions
Extensive forested riparian areas remain along the Middle Fork Nooksack. The landscape
analysis indicates that LWD recruitment was highest in the middle reaches. Deciduous and
mixed stands of small to mostly medium-sized trees along Reaches 1 and 2 provide moderate
recruitment potential. However, the left banks of Reaches 1 and 2 have denser stands with
more abundant conifers and are connected to upland forest. Residential development along
the right bank limits the width of the forested riparian zone in Reach 1 and the downstream
end of Reach 2. In addition, right bank vegetation is dominated by deciduous trees.
Development is more prevalent on the right back because river’s position on the valley
bottom leaves a broader swath of flat land on right bank.
Reaches 3 through 10 have a mix of moderate to high recruitment potential. Conifer stands
are more common in the middle reaches: Almost half of the left bank of Reach 3 is coniferdominated, while 10 to 20 percent of Reaches 5 to 8 are dominated by conifers. Reaches 5 to
9 also have a higher density of hardwood trees compared to most reaches. Canopy cover is
moderate in these reaches, but Reach 8 has more canopy cover and shade than other reaches.
Reaches 3 through 10 are managed for timber production, and riparian forest is contiguous
with larger tracts of upland forest of varying type and age. Clearcuts are common along the
valley bottom in these reaches but typically are outside shoreline jurisdiction. In cases where
clearcutting does occur within the shoreline, 100-foot wide riparian buffers remain along the
stream.
The upper portion of Reach 11 and Reaches 12 and 13 lie within the National Forest. Mixed
and deciduous stands of small trees are the dominant cover type, which limits LWD
recruitment potential and shade. Large conifers predominate in Reach 13.
5.2.1.3 Instream Conditions
The glacially influenced Middle Fork mainstem transitions from a low gradient, unconfined,
braided channel to a moderate gradient channel. The historic channel migration zone for the
lower Middle Fork channel encompasses the majority valley bottom (Collins and Sheik
2004). Confinement and valley gradient increase beginning in Reaches 3 and 4, and the
stream becomes predominately a single channel through Box Canyon, just below the
diversion dam. Reach morphology upstream of the diversion dam, where the channel is wider
and less confined. Downstream of the dam, Reaches 3 and 4 (and upper Reach 2) contain 25
percent primary pool habitat (Currence 2004 citing STS Heislers Creek Hydro et al. 1994).
Reach 3 marks the beginning of lower LWD jam frequencies (<5 percent), which continues
upstream to Reach 10.
Steeper gradient and higher confinement evident in Reaches 3 and 4 continues into Reach 5
(upstream of the diversion dam), and the bedload is coarser than in Reaches 1 and 2 where
gravel is the dominant substrate. The proportion of pool habitat is 19 percent in Reach 5.
Valley morphology in the short Reach 6 reverts to a less confined and lower gradient; as
such, the river shows signs of sediment deposition, braiding, and higher sinuosity. This reach
may have historically supported important slackwater habitat such as pools and off channel
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areas created by deposited LWD and jams that are currently lacking. Reach 7 also has a more
moderate gradient but is more confined; thus it exhibits braiding and sinuosity to a lesser
extent than Reach 6. Habitat is comprised of only 6 percent pools in these reaches.
Reaches 8 through 10 and the lower portion of Reach 11 are just downstream of the National
Forest boundary. Gradient increases slightly in these reaches to 2.6 percent and a single
channel predominates with some depositional zones.
Much of the published information on instream conditions for the Middle Fork Nooksack
mainstem was derived from estimations in the EDT models; few observational data were
found. The EDT models for Reach 2 estimate that while fine sediment levels are within the
normal range (less than 11 percent of the total bedload), pool habitat is almost non-existent.
Estimates of jam/aggregate density from pictometry are twenty-six jams/mile in Reach 1 and
almost forty-two jams/mile in Reach 2, however, most jams are loose conglomerations of
wood deposited on medial bars. The jams are not anchored by key pieces of LWD, and are
therefore unstable, ephemeral, and does not influence channel morphology.
It is reasonable to infer that increased sediment supply from tributaries and loss of LWD jams
has contributed to a change from an anastomosing to what is currently a braided channel,
similar to morphological changes in the North Fork and upper mainstem.
5.2.1.4 Biological Resources
Salmonids
The Middle Fork Nooksack River is a tributary of the North Fork Nooksack River, and as
such most anadromous salmon stocks distributed in the Middle Fork are either (i) part of a
stock distributed throughout the entire Nooksack system, or (ii) part of a stock common to the
NF/MF watershed that is independent of stocks found in the South Fork watershed.
Specifically, fall Chinook, bull trout, Coho, sockeye, and cutthroat are part of larger, systemwide stocks, while early Chinook, chum, and pink salmon are part of NF/MF stocks
(Nooksack Natural Resources et al. 2005). Steelhead are an exception to the above
convention: The Middle Fork has a stock of winter steelhead that is independent of both
North Fork winter and South Fork winter and summer stocks (Nooksack Natural Resources et
al. 2005). Therefore, habitat utilization and life history strategies are very similar to those
described for the North Fork WMU (see Sections 4.2.1.4 and 4.2.2.4).
In general, the distribution of anadromous salmonids in the Middle Fork is limited by the
impassable Bellingham water diversion dam at the upper end of Reach 4 (RM 7.2), although
Nooksack Natural Resources et al. (2005) reports that some migrating salmon have been
observed jumping over the dam. A natural fish barrier does not occur on the Middle Fork
until
RM 17.8, so notwithstanding the diversion dam, all inventoried reaches of the Middle Fork
mainstem (i.e., those reaches downstream of the national forest boundary) would be
accessible to anadromous salmon.
The Middle Fork makes up about 12 percent of the available freshwater habitat and
19 percent of the available spawning habitat for early-run Chinook salmon in the North
Fork/Middle Fork system (Nooksack Natural Resources et al. 2005). Similarly, fall Chinook
helicopter spawning surveys conducted in 2002 are considered representative of the overall
population distribution suggest that the Middle Fork currently accounts for a small proportion
of overall escapement (Nooksack Natural Resources et al. 2005). Early- and fall-run Chinook
salmon spawn and rear in the Middle Fork up to Reach 5 (Nooksack Natural Resources et al.
2005), where the diversion dam presents a barrier to fish passage (some fish occasionally
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make it passed the dam). Reaches 6 through 8 upstream of the diversion dam have the
potential to support anadromous Chinook (Nooksack Natural Resources et al. 2005), but are
currently inaccessible. Restoring passage to reaches above the diversion dam has been
identified as the single most important Chinook habitat restoration measure in Whatcom
County (Nooksack Natural Resources et al. 2005). Prioritization of habitat based on EDT
modeling suggest that the lower Middle Fork is the second most important area for habitat
protection (after the lower mainstem Nooksack) and the third most important area for habitat
restoration (restoring passage and restoring the lower mainstem Nooksack River are the top
priorities) (Nooksack Natural Resources et al. 2005).
Bull trout are found both upstream and downstream of the diversion dam, and contrary to the
common life history strategy, some bull trout spawning is presumed to occur downstream of
the diversion dam (Nooksack Natural Resources et al. 2005). Resident bull trout and Dolly
Varden are known to occur upstream of the diversion dam (Nooksack Natural Resources et
al. 2005) and are likely found downstream as well. Juveniles have been observed downstream
of the diversion dam (Nooksack Natural Resources et al. 2005), and anadromous (or other
migratory) juveniles that have natal locations upstream of the diversion dam likely use nearby
habitat to some extent for rearing.
Historically and currently, sockeye and pink salmon distributions extended the beginning of
Reach 4 (the downstream end of Box Canyon) and Reach 5 (the diversion dam), respectively
(Nooksack Natural Resources et al. 2005). Chum salmon distribution historically (and
currently) extends to the lower portion of Reach 3 (Nooksack Natural Resources et al. 2005).
Consequently, based on historic distributions, these species would not be expected to utilize
habitat upstream of the diversion dam if it became available. Steelhead would be expected to
reestablish reaches upstream of the diversion dam in which they were historically distributed.
Resident salmonids such as rainbow and cutthroat trout, and bull trout/dolly varden are
distributed both upstream and downstream of the diversion dam (Nooksack Natural
Resources et al. 2005).
Other Aquatic and Terrestrial Species
WDFW identifies high quality riparian habitat along the Middle Fork Nooksack River
downstream of, and including, Reach 3 (WCPDS 2005). The two lowest reaches of the
Middle Fork are also designated as important habitat for bald eagles (WCPDS 2005).
Upstream of Reach 3 on the Middle Fork is within the core area for the Nooksack elk herd
(Davison 2002). The upper reaches around and above ML rd have documented murrelet
sightings possible nest sites.
Non-native and Invasive Species
Weed Board (2005) and Ecology (2005b) do not document invasive plants and/or aquatic
weeds within the Middle Fork Nooksack jurisdictional shoreline. However, reed canary grass
as well as Weglia sp. are known to occur (Steve Seymour, personal communication of
November 30, 2005).

5.2.2 Middle Fork Tributaries
Moving from the lower WMU to the upper basin, tributary streams under SMP jurisdiction
include Porter, Clearwater, Rocky (tributary to Clearwater Creek), Galbraith, Sister, and
Warm Creeks.
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5.2.2.1 Built Environment
All of the tributary streams in the Middle Fork Nooksack WMU have similar built
environments. Land along these streams is primarily undeveloped forested land zoned for
Rural or Commercial Forestry. Transportation facilities are not extensive. They include
bridge crossings on Porter Creek (3), Clearwater Creek (3), Galbraith Creek (3), and Warm
Creek (2) and scattered unimproved logging roads. There are no developed parks, trails, or
any listed historic sites along any of the tributary streams.
Designated critical areas along the tributary streams include geologically hazardous areas
(primarily landslides, and seismic and volcanic hazard areas in most reaches). Tributary
shorelines generally have not been modified and are not identified as actively eroding.
Mapped active erosion sites are limited to one small area on the left bank of Porter Creek.
This area makes up only 1 percent of the length of Porter Creek’s Reach 1.
With the exception of Porter Creek, none of the tributaries are listed in Ecology’s 303(d) list
(2004): Reach 1 of Porter Creek is listed as Impaired (303d category 5) for temperature,
waters of concern (303d category 2) for dissolved oxygen, and Category 1 (meets tested
standards) for pH.
Under existing zoning and comprehensive plan land use designations, future land use along
the tributaries would not be expected to differ significantly from its existing conditions as
undeveloped forestry land.
5.2.2.2 Riparian Conditions
The landscape analysis indicates that the lower and upper reaches of Clearwater and Rocky
Creeks contain areas with low LWD recruitment potential, and that Porter Creek has areas of
low canopy cover (predominately less than 40 percent). Upstream of the mainstem river
valley, riparian forest along the tributaries is generally contiguous to upland forest.
Forest cover along Porter Creek is continuous, and large trees dominate the riparian area in
Reach 1 upstream of the Middle Fork floodplain. Elsewhere, mixed stands of small and
medium-sized trees line the stream.
Clearwater and Rocky Creeks have some areas with low recruitment potential in Reaches 1
and 2, upper Reach 3 and Reach 5 in Clearwater Creek, and all of Reach 2 in Rocky Creek.
Medium-sized trees dominate Reaches 1 and 2 of Clearwater Creek, but they have limited
potential to influence morphology in that size stream. Rocky Creek Reach 2 and Clearwater
Creek Reach 5 have the most impaired riparian conditions, containing conifer saplings and
regenerative growth, respectively. The uppermost reaches in the Clearwater and Rocky
Creeks contain large and medium-sized conifers, respectively.
Coe (2001) and Hyat et al. (2004) do not include a riparian assessment of Galbraith Creek,
and riparian function was assessed using Pictometry (2004). Reach 1 shares its riparian zone
with the mainstem Middle Fork and is composed largely of dense stands of medium-sized
hardwoods. Upslope the of the Middle Fork valley floor Reach 2 transitions to predominately
conifers, but evidence of forest practices are apparent. Downstream, the reach contains dense
stands of medium-sized trees that quickly transition to younger timber stands that can be
found throughout most of the reach. Dense stands of young conifers also comprise most the
riparian zone in Reach 3.
Conifers dominate the riparian zones in Warm Creek and Sisters Creek, and riparian corridors
are contiguous to upland forest. Reaches 1 and 2 in Sisters Creek contain dense stands of
small and medium-sized trees, respectively; Reaches 1 and 2 in Warm Creek contain
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medium-sized and small trees, respectively. Dense stands of large conifers dominate Reach 3
of Warm Creek. Recruitment potential is moderate in Reach 1 and high in the upper reaches.
Stream canopy cover is moderate to high in Sisters Creek and moderate in Warm Creek.
5.2.2.3 Instream Conditions
Information on instream habitat conditions is very limited for the Middle Fork tributaries, for
which DNR watershed assessments have not been conducted. SSHIAP data report slope and
valley confinement, but recent information on habitat units, LWD, and substrate were not
found. The lower tributaries, Porter Creek, and Clearwater Creek all have significant
sediment impairment according to the landscape analysis. These streams could be expected to
have low pool habitat and high fine content in the substrate depending on the amount of
LWD available to mitigate these responses.
Porter Creek has relatively low gradient (2 to 4 percent and 1 to 2 percent in Reaches 1 and 2,
respectively), and may provide more available habitat than other, steeper streams. However,
steep cascades between Reaches 1 and 2 limit distribution of anadromous salmon. Other
streams farther up in the watershed have limited habitat availability due to natural blockages
that are consistent with their steep gradient and confinement. Clearwater Creek has a 4 to 8
percent gradient, while gradients in Galbraith, Warm, and Sisters Creeks are 8 to 12 percent.
Each of these streams has a natural barrier low in their watershed, Galbraith at RM 0.6, Warm
at RM 0.3, and Sisters at RM 0.8. Clearwater Creek has a partial barrier at RM 0.4 and a
likely full barrier at RM 1.4 (Currence 2004 citing WDF 1978). The Clearwater Creek
barriers are passable to bull trout.
5.2.2.4 Biological Resources
Salmonids
Distribution of salmonids in tributary shorelines of the Middle Fork WMU is limited by the
Bellingham water diversion dam (Table 5-1). Only Porter Creek lies downstream of the
diversion dam, and current fish use in accessible parts of the stream include early and late
Chinook, Coho, and pink salmon, and winter steelhead (Nooksack Natural Resources et al.
2005).
Clearwater and its tributary Rocky Creek, and Galbraith, Sister, and Warm Creeks are all
upstream of the diversion dam and do not currently support anadromous salmon except for
some bull trout and possibly other individuals able to negotiate the diversion dam. Historic
distributions (Nooksack Natural Resources et al. 2005) suggest that early and late Chinook,
Coho, and steelhead would be presumed to use accessible habitat (see section 5.2.2.3) in all
of these shorelines if the diversion dam were removed. Chum, pink, and sockeye salmon
distributions do not extend as far up the watershed (Nooksack Natural Resources et al. 2005),
and these species would not likely extend distributions into these shorelines if the diversion
dam became passable.
Early and late Chinook primarily use the mainstem for spawning, but also use tributaries,
particularly in high-flow years. Chinook also use the lower portions of tributaries for rearing
and holding (EES 2004).
Several of these creeks such as Sister and Clearwater Creeks contain substantial low gradient
bull trout habitat upstream from steeper cascades that are probably only passable to
anadromous bull trout (Nooksack Natural Resources et al. 2005). Bull trout have been
documented in all shoreline tributaries except Rocky Creek, where they are nonetheless
presumed be distributed (Nooksack Natural Resources et al. 2005).
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Table 5-1. Known and Presumed Current Salmonid Distribution, Middle Fork Nooksack
Inventoried Shoreline Reachesa,b

Porter

1

Clearwater

Cutthroat

1
All

All

Rocky

All

Galbraith

1

Sister

1

1

Warm

1

All

a

Presumed

Known

Sockeye
Presumed

Known

Presumed

Known

Pink

Chum
Presumed

Known

Presumed

Known

Coho

Steelhead
Presumed

Known

Presumed

Known

Presumed

Stream

Known

Chinook

Bull Trout

Shoreline Reachesc

1
1

Sources: Nooksack Natural Resources et al. (2005). It is assumed that most species found in the mainstem Middle
Fork can also be found in adjacent tributary mouths. This table reports use upstream of the mouth.

b

Reaches inside national forest boundary were not inventoried, but may still be important salmon streams.

c

Numbers in cell correspond to reach numbers. Refer to Figure 5-11. Blank cells indicate that salmon are not currently
known or presumed to be present.

Other Aquatic and Terrestrial Organisms
No listed or priority habitats or species are documented to occur along shorelines of the
Middle Fork tributaries.
Non-native and Invasive Species
There were no records of aquatic or terrestrial invasive weeds for tributaries within the
Middle Fork Nooksack WMU (Ecology 2005b; Weed Board 2005).

5.2.3 Jorgenson Lake
Jorgenson Lake is a 26-acre lake located in the southwestern portion of the Middle Fork
Nooksack WMU along the west side of Mosquito Lake Road. A series of smaller lakes is
located downslope of the lake and connected via an unnamed stream.
Jorgenson Lake is surrounded mainly by undeveloped forested land. Large lot rural
residential development and some agricultural use (pasture and row crops) occur along the
southwest shoreline of the lake. Zoning and comprehensive plan land use designations are
Rural (1 unit per 10 acres) and Rural Forestry. Land cover in the vicinity of the lake is
predominantly forest with scattered forested wetlands. The lacustrine fringe is composed of
deciduous trees and shrubs that transition to mixed and conifer-dominated stands.
There are no bridges or utility crossings of the lake. There are in-water structures on the lake.
There are no designated parks, trails, or open space areas providing access to Jorgenson Lake.
One area near the smaller lakes to the north was previously identified as undeveloped,
publicly-owned shoreline.
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Ecology’s 2004 303(d) list does not include any designations for Jorgenson Lake.
Designated critical areas associated with Jorgenson Lake include wetlands, critical aquifer
recharge areas, landslide hazards, and seismic hazard areas. Bull trout and cutthroat are
known to use habitat in the Jorgenson Lake wetland complex (Nooksack Natural Resources et
al. 2005), and Coho are presumed to use the area (Nooksack Natural Resources et al. 2005),
likely for juvenile rearing. Non-native catfish (Ictalurus spp.) have been planted in Jorgenson
and Mosquito Lakes (WDFW Undated).
Based on existing zoning and comprehensive plan land use designations, future development
surrounding Jorgenson Lake is expected to be similar to the existing land use pattern.

5.3 SYNTHESIS
This section describes potential management actions based on inventory information.
Restoration and conservation opportunities are highlighted based on existing ecosystem
processes and functions, and preliminary recommendations are made for updating SEDs.

5.3.1 Landscape-scale Restoration and Conservation
Intensive areas for most processes are concentrated in the lower mainstem Middle Fork valley
and floodplain. This is the only area in the WMU with a large surficial aquifer and numerous
water storage areas. The lower Middle Fork Valley is also the area that is most developed, so
it has high potential for restoration. Therefore, process-based management opportunities are
concentrated in the lower reaches of the Middle Fork where extensive floodplain function
provides for materials storage and habitat complexity. Opportunities should focus on
restoring hydrology mechanisms associated with water storage and infiltration and recharge.
Management of sediment inputs from tributary drainages is of primary importance in this
WMU. Compared to other montane and foothill WMUs, the Middle Fork has by far the
largest number of drainages with high percentages of unstable slopes. Porter Creek, Fall
Creek, and the Clearwater/Rocky Creek drainages also have high landslide density. Restoring
impaired riparian zones (and/or preserving areas for long-term maturation of existing
vegetation) could improve organic and heat/light processes while also improving sediment
storage potential (in channel through pools created by LWD) and the streams’ overall ability
to recover from episodic sediment pulses.
Other restoration opportunities include managing surface erosion / fine sediment inputs from
forest roads. Zander (1997) prioritizes almost the entire upland area of the Middle Fork for
road maintenance (Smith 2002) (Table 5-2).

5.3.2 Reach-scale Restoration and Conservation
Restoration of fish passage upstream of the diversion dam is the most important restoration
measure in this WMU. Other reach-scale restoration opportunities include providing areas for
overbank storage of sediment in floodplains/valley bottoms, and enhancing riparian cover to
increase LWD recruitment with the intent of creating pools for instream sediment storage,
reducing bank erosion, and proving shade shading and off channel habitat.
Tributary shorelines typically flow through steep confined valleys. Enhancing riparian cover
in theses areas will improve instream habitat complexity over time (as wood and fine organic
material are recruited), and will mitigate temperature impairments particularly in Porter
Creek.
Restoration opportunities at Jorgenson Lake could focus on providing areas for nutrient
storage, transformation, and loss, and pathogen retention and loss between the source areas
(agricultural lands and residences), and the lakeshore and implementing other BMPs to
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reduce inputs to the lake. This could include restoring depressional wetlands and infiltration
areas on permeable deposits.
Like the North and South Fork WMUs, hillslope processes are the primary driver of
landscape processes, so there are limited reach-scale restoration opportunities (other than
riparian restoration) except in the unconfined valley bottom of the mainstem forks.

5.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 5-3 and 5-4).
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Table 5-2. Summary of Process Intensity and Alterations by Drainage Area, Middle Fork Nooksack WMU
Process Intensitya
Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Canopy
Cover

Process

LWDRP

Alteration

Storage

Process

Inputs

Alteration

Storage

Process

Surface
Erosion

Alteration

Mass
Wasting

Process

Groundwater

Heat/Light

Alteration

Snowmelt
and
Runoff

LWD

Process

Surface
Water
Storage

Water Quality

Alteration

Infiltration
&
Recharge

Sediment

Process

Mechanism

Hydrology

Lower Middle Fork

↑

↔

↑

↔

↓

↓

↑

↓

↑

↑

↓

↓

↑

↔

↓

↓

↑

↔

↓

↑

↔

↑

The lower Middle Fork River Valley has the highest overall process intensity,
and is most susceptible to human alteration, making restoration potential higher
in this area than the upper river valley or tributary valleys.

Lower Tributaries

↓

↓

↓

↓

↔

↑

↓

↓

↑

↑

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↔

Forest practices in sensitive areas have altered mechanisms common in montane
areas.

Intensity

Potential for Restoration and Protection

Porter Creek

↓

↓

↓

↓

↔

↓

↓

↓

↑

↑

↓

↔

↓

↓

↓

↓

↓

↓

↑

↔

↑

↔

Management of sediment inputs from mass wasting and surface erosion are
priorities in this area, and loss of riparian function likely exacerbates functional
responses to increased sediment supply. This area has a high potential for
restoration.

Middle Fork

↔

↓

↓

↓

↓

↓

↔

↓

↑

↑

↓

↔

↓

↓

↓

↓

↓

↓

↔

↓

↑

↔

The diversion dam is the highest priority for restoration in this area, where
increasing valley confinement begins to limit floodplain function and the dam
prevents fish passage.

↔

This area has glacial outwash deposits (process intensity for infiltration and
recharge) resulting in relatively high process-intensity coupled with moderate
land use alteration. Restoration potential is high, but the unique character of this
area suggests that some level of priority should be placed on the area for
protecting existing processes and ecological functions.

Jorgenson Lake

↑

↔

↔

↓

↔

↔

↑

↓

↑

↑

↓

↓

↔

↓

↓

↓

↔

↓

↑

↓

↑

Clearwater Creek

↓

↓

↓

↓

↑

↓

↓

↓

↑

↑

↓

↔

↓

↓

↓

↓

↓

↓

↑

↑

↑

↔

Both sediment input mechanism have the potential for restoration in this area,
and loss of riparian function likely exacerbates functional responses to increased
sediment supply. This area has a high potential for restoration.
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Forest practices have altered hillslope mechanisms common in montane areas.
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National Forest – Roads and riparian restoration present most of the opportunity
for restoration/management.

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Table 5-3. Preliminary SED Recommendations, Middle Fork Nooksack River
Recommended SEDs
Reach

Existing SEDs

Left Bank

Right Bank

Comment

Reach 1-2 &
Lower Reach 3

Conservancy

Conservancy

Conservancy

Upper Reach 3
& Reach 4-5

Natural

Natural

Natural

Reach 6-10

Conservancy

Conservancy

Conservancy

Low-intensity land use.
Salmonid barrier downstream
limits function

Reaches 11-12

Undesignated

Conservancy

Conservancy

National Forest

Table 5-4. Preliminary SED Recommendations, Middle Fork Tributaries and Lakes
Reach

Existing SEDs

Ridley Creek

Undesignated

Rocky Creek

Undesignated

Porter Creek

Conservancy

Jorgenson Lake

None

Clearwater Creek

Conservancy

Galbraith Creek

Conservancy

Sister Creek

Conservancy

Warm Creek

Conservancy

Green Creek

Undesignated

Deming Greek

Undesignated

Ridley Creek

Undesignated
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Comment
Resources in shorelines have
been altered to some extent by
changing hydrology, sediment
inputs, and riparian disturbance,
but still have a significant amount
of intactness.

Conservancy
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6.

SOUTH FORK NOOKSACK WMU
The South Fork Nooksack River WMU lies in southeastern Whatcom County and
northeastern Skagit County. The Lake Whatcom WMU lies directly to the west, and the
Middle Fork WMU lies to the north and east. The South Fork WMU encompasses
approximately 182 square miles, and includes the communities of Van Zandt, Acme, Saxon,
and Wickersham.
The South Fork Nooksack River is a shoreline of the state from the Skagit County line to the
confluence with the Upper Mainstem Nooksack River; downstream of Hutchinson Creek, the
South Fork is a shoreline of statewide significance because the mean annual flows exceeds
1,000 cfs. This WMU includes seven tributaries that are shorelines of the state including:
Hutchinson, Skookum/Hayden, Orsino, Howard, Bell, and Wanlick Creeks.
Most of the land within SMA jurisdiction lies outside of the Mt. Baker Snoqualmie National
Forest, but part of the upper watershed including Bell and Wanlick Creeks are within the
National Forest. 12

6.1 LANDSCAPE ANALYSIS
6.1.1 Aquatic Resources
The South Fork Nooksack mainstem is the largest and most significant aquatic resource in
this WMU. Other aquatic resources in this WMU include the shoreline tributaries named
above, smaller tributaries (including Sygitowicz, Falls, McCarty, Jones, Black Slough,
Tinling, Edfro, and Cavanaugh Creeks, which is mainly within Skagit County), scattered
wetlands (mostly in the South Fork Valley, near Black Slough, near South Acme, and on
outwash deposits in the Hutchinson Creek drainage), and a few small lakes (Map 6-1).

6.1.2 Process Controls
6.1.2.1 Geology
The South Fork Nooksack River differs from the North and Middle forks in many respects.
For example, the South Fork mainstem generally flows in a north-south direction and the
geology of the WMU has a different character. In the lower WMU, headwaters and tributaries
that drain into steep valleys cut into Chuckanut sedimentary bedrock. Metamorphic bedrock
underlies the middle and upper watershed, and clay soils derived from phyllite contribute to
naturally high fine sediment contents in South Fork streams compared to areas underlain by
sandstone. Below Saxon, the river gradient and valley width are much wider than anywhere
else in the forks’ watershed, and consequently gross reach morphology is more similar to
portions of the mainstem Nooksack River than to the North or Middle forks (which flow
through steeper, narrower valleys). The unconfined valley downstream of Saxon Bridge is
underlain by outwash and glacial drift and thick river deposits (Anchor 2003 citing Dragovich
et al. 1997). The low gradient that reaches between Saxon and the North Fork confluence are
depositional zones characterized by fine sediment and wood accumulation and frequent
channel movement/migration.

12

Streams in the National Forest are not inventoried in detail, they may still be vitally important for
salmonid recovery or other reasons. The reader is referred to the Salmonid Recovery Plan and other
documents for more information.
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6.1.2.2 Topography
Although the South Fork Nooksack River does not originate from the glaciers of the Cascade
Mountains like the North and Middle forks, relief remains high throughout the South Fork
WMU. The river wraps around the southern portion of the Twin Sisters Range, which has a
maximum elevation of approximately 7,000 feet, and provides the source water for the river
and many of its primary tributaries. The South Fork River mouth lies at an elevation of
approximately 240 feet.
6.1.2.3 Climate
Mean annual precipitation ranges from 55 inches in the lower river valley to 120 inches in the
Twin Sisters Range. Elevations are not high enough to support glaciation or a large
snowpack. Consequently, the South Fork is more prone to low flows in summer and fall than
the glacially supported North and Middle forks, and some stream reaches dry up as a result.
Rainfall drives sustained flows during winter, and rain-on-snow events contribute to peak
flows during winter months.
6.1.2.4 Land Use/Land Cover
Land use and land cover are oriented towards commercial forestry. Much of the upper
watershed is within the National Forest, and many state-owned and private forest lands are
present in the middle and lower WMU. Agriculture is a dominant land use on the floodplain
below Saxon and rural residential land uses are common in the lower watershed, especially
along Highway 9.

6.1.3 Landscape Processes, Alterations and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO-note that the South Fork maps are displayed with the North Fork maps so the Map
numbers are the same. The landscape characterization provided below will be used in
conjunction with the reach inventory data to identify restoration and protection opportunities
and will be integrated with SMP planning.
Link to SF landscape MAP FOLIO

6.1.3.1 Hydrology
Process-intensive Areas
The intensive areas for hydrologic processes are concentrated in the South Fork River Valley
especially downstream of Saxon Bridge, where alluvium and drift deposits on the South Fork
floodplain support infiltration, groundwater discharge, and surface water storage mechanisms
(Map 6-2). The spatial variability of groundwater discharge is closely related to the geologic
materials adjacent to the streambed (USGS 2005). The main discharge areas appear to be
adjacent coarse-grained outwash deposits. These discharge areas provide additional baseflow
not available in tributaries.
Hutchinson Creek, and to a lesser extent Skookum Creek, have intensive areas for
infiltration/recharge on coarse drift deposits that may temporarily store surface water and
support baseflow. Other intensive areas for hydrology are the rain-on-snow zones found
6-2
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along Blue Mountain and the slopes to the east, on Steward Mountain, and in the upper Jones
Creek drainage.
Indicators of Alteration
Forest practices have removed hydrologically mature vegetation creating transitional areas
that contribute to increased runoff and peak flows throughout the WMU, especially along
Van Zandt Dike, the area northeast of Lyman Hill, and on the slopes along the west edge of
the WMU (Map 6-3). Many of these transitional areas are also within the rain-on snow zone,
which exacerbates peak flow alterations. Although most of the WMU remains forested,
deciduous stands and cleared areas make up almost half of existing land area, while mature
conifer stands currently account for only 21 percent of the WMU. The upper WMU retains a
relatively high percentage of mature forest, and hydrology processes are less impaired in this
region. The presence of impervious surfaces in the vicinity of Acme and in the valley
downstream (along the Highway 9) is another indicator of altered infiltration and recharge in
this WMU.
Water storage alterations are indicated by loss of wetlands in the mainstem valley below
Acme (mainly east of Highway 9), and by extensive floodplain disconnection caused by bank
armoring (riprap, levees, roads, etc.) along the South Fork mainstem. Riprap, levees and
roads along the river reduce the ability of the floodplain to store runoff and attenuate peak
flows, especially during rain-on-snow and snowmelt events in early winter and early summer,
respectively (Map 6-4).
Response to Alterations
Hydrologic responses related to reduced forest cover in rain-on-snow zones and throughout
the WMU are not well documented in this WMU. WDNR watershed analyses for the
Hutchinson, Skookum, and Acme (i.e., the lower mainstem and minor tributaries) watershed
assessment units (WAUs) report increases of less than 10 percent for the 2-year recurrence
interval flows based on modeled changes in land use. The Campground hydrologic analysis
unit in the Hutchinson Creek drainage exceeded this threshold.
Low flows are a major concern on the South Fork Nooksack River because stream flows are
not sustained by snow melt/glacial melt and there is a natural tendency toward low summer
flows, which can have significant consequences on habitat availability and water temperature.
As a result the South Fork mainstem, Hutchinson Creek, and Skookum Creek are closed to
further water allocations during summer low flows.
6.1.3.2 Sediment
Process-intensive Areas
Process-intensive areas for sediment delivery include drainages with a high percentage of
unstable slopes, and highly erodible sites scattered throughout the WMU (Map 6-5).
Although the South Fork WMU has much lower incidence of highly unstable slopes than the
North or Middle Fork WMUs, several drainages in the very upper WMU have greater than 33
percent highly unstable slopes (e.g. Bell Creek and Wanlick Creek)(Smith 2002). The Upper
Skookum, Howard Creek, and the Deer/Roaring/Plumbago (Skagit County) drainages have
between 25 to 27 percent high slope instability. These areas have a naturally high incidence
of landslides.
Highly erodible sites are concentrated between Black Slough and the mainstem, and in the
valley upstream of the Hutchinson Creek confluence.
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Indicators of Alteration
As with other WMUs, a key indicator of altered sediment processes is high road density.
Road densities are relatively high in the Hutchinson Creek drainage, averaging approximately
4.7 mi/mi2 across the watershed, with Peterson Creek and the mainstem Hutchinson Creek
having the highest road densities. Road densities are comparable in the Skookum, Edfro and
Howard Creek drainages, while Cavanaugh Creek (which is mainly within Skagit County)
has a road density approaching 5.5 mi/mi2.
Roads are also prevalent in the upper watershed, and landslide areas have increased by two
orders of magnitude in the last fifty years (Smith 2002 citing Hale 1992). Skookum Creek
drainage also has higher landslide density than other studied drainages, likely a result of high
slope instability combined with high road densities, and past forest harvest on steep slopes
(Maps 6-5.5 and 6-6).
The lower WMU also has high landslide density (Smith 2002, citing DNR 2000), but road
densities are fairly low and typically do not exceed 3 mi/m2. In the Acme WAU, DNR (2000)
reports that >40 percent of landslides are associated with roads while >30 percent are
associated with clearcuts. This suggests that despite having a low overall road density, roads
still play a role in causing landslides in the lower watershed.
The South Fork WMU has also lost extensive wetland areas (see Map 6-4) that would have
historically stored fine sediments likely moderating effects of increased sediment loads on
aquatic systems.
Response to Alterations
Streams in the South Fork Nooksack WMU show several responses to altered sediment
process, and high sediment loads are well documented as a significant problem in the South
Fork Nooksack system. The 2005 Salmonid Recovery Plan (Nooksack Natural Resources et
al. 2005) indicates that fine sediment has a moderate impact on salmonid productivity
(especially for spring Chinook), and affects over-wintering/rearing and outmigration.
Channel instability and pool infilling have been long evident in the lower South Fork
mainstem, and increased sediment is likely a contributing factor (Smith 2002). Substrate
fining is also a prevalent problem in tributary drainages. Hutchinson Creek has very high
levels of substrate fining, almost always exceeding the 20 percent 13. Fine sediment levels are
even higher in Skookum Creek, with Cavanaugh Creek having as high as 47 percent
subsurface fines, although evidence of pool infilling was limited in both drainages (DNR
2000). Substrate conditions in Howard Creek are relatively good, but data are somewhat
outdated (Schuett-Hames and Schuett-Hames 1988). Information regarding substrate
condition and channel response to sediment supply is not available for the upper watershed.
6.1.3.3 Water Quality
Process-intensive Areas
Geology and other watershed controls limit the capacity of the Fork’s landscape to process
and store nutrients. However, the lower South Fork Nooksack Valley has a large floodplain
that provides important nutrient storage/retention areas. Other process-intensive areas include
contiguous wetlands with a high capacity to retain nutrients in groundwater, and surface

13
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water along the western portion of the floodplain in the area of Black Slough; although other
smaller, isolated wetlands exist throughout the South Fork Valley (Map 5-7).
Indicators of Alteration
Loss of wetlands in the South Fork Valley is the primary indicator of altered water quality
processes in this WMU (see Map 6-4). Dairies are common in the lower South Fork Valley in
areas that were likely former wetlands. The conversion of wetlands to agriculture and other
land uses has contributed to the loss of areas for nutrient storage, transformation and loss
(Map 6-8). Exceptions include the Black Slough area where agriculture is more limited and
many of the historic wetlands are still intact.
Agriculture and residential land uses in the lower WMU may contribute to increased
pathogen inputs. Although these land uses make up a small portion of the overall WMU they
can influence downstream water quality (Map 6-8). No significant sources of potential
toxin/metals were identified in the SF Nooksack WMU.
Response to Alteration
There are no documented exceedances for nitrogen or phosphorus in the South Fork
mainstem, however, Ecology’s Water Quality Assessment data (the 303(d) list) indicate that
fecal coliform, pH, dissolved oxygen and ammonia-N are a problem in some reaches (see
6.2.1.3 for more information on water quality). Low dissolved oxygen is often an indicator of
nutrient enrichment. NWIFC (2005) suggests that the South Fork may be a significant
contributor to fecal coliform loading downstream including the Nooksack River estuary.
Organic Inputs
Process-intensive areas
In the South Fork WMU, wood and fine organic matter are likely recruited from treethrow
and channel migration in riparian areas, and from landslides and subsequent debris flows
Map 5-9). Much of the wood accumulating in jams on the mainstem South Fork Nooksack is
autochthonous, and was transported from upstream during peak flow events and deposited
during the flood recession.
Indicators of Alteration
The lack of healthy riparian vegetation is an indicator that organic input processes are
impaired in this WMU. Approximately 41 percent of the riparian zone in the lower WMU has
degraded recruitment potential (Map 6-10). Black Slough and the upper South Fork
Nooksack have predominately low LWD recruitment potential, while the lower and middle
sections of the South Fork Nooksack mainstem vary between low and moderate LWD
recruitment potential (Coe 2001). Most of the minor tributaries in the lower WMU have high
LWD recruitment potential, with the exception of the unnamed tributary just upstream of
Jones Creek that runs through Acme. Hutchinson Creek has mostly moderate LWD
recruitment potential, but a significant percentage of its tributaries have low LWD
recruitment potential (Hyatt et al. 2004). Riparian conditions in Skookum Creek indicate
LWD recruitment potential is very limited along the mainstem. LWD recruitment potential is
high on the tributary Arlecho Creek, but moderate on Hayden Creek. Cavanaugh Creek has a
similar condition to Skookum Creek, but has more areas with moderate LWD recruitment
potential. LWD recruitment potential in the upper WMU is better than the lower mainstem
and tributaries, the only exception being lower Wanlick Creek, which has a mix of low and
moderate LWD recruitment potential.
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Increased landslides in the WMU would typically deliver more wood to streams, but mature
conifer stands are limited, and wood delivered via landslides is typically small and easily
decomposed.
Response to Alterations
Instream LWD tends to be low throughout the watershed, even in reaches with high
recruitment potential. Smith (2002) characterizes instream LWD conditions as fair to poor in
the lower mainstem, Hutchinson Creek, Skookum Creek, and Edfro Creek, with no data
available for Howard Creek and the upper mainstem and associated drainages.
6.1.3.4 Heat/Light Inputs
Process-intensive Areas
The South Fork Nooksack is a large river for which riparian condition and canopy cover have
a limited influence on heat/light inputs. Water depth and turbidity are more important for
mitigating solar radiation. Unlike the North Fork and Middle Forks of the Nooksack, glacial
melt does not support runoff in South Fork basin; therefore, more frequent and greater
exceedances of water quality criteria occur in this WMU.
Indicators of Alteration
Most of the riparian area lacking shading along the South Fork Nooksack occur downstream
of Larsen’s bridge (RM 24.7), while all of the riparian areas above target shade levels are
above the bridge. Relative stream shading hazard decreases moving upstream from 100
percent high hazard near the mouth 2 percent in the upper reaches.
Most of the tributary riparian areas with high hazard for stream shading are in the
Hutchinson, Black Slough, South Acme, Dye, and Lower South Fork drainages, and the
Saxon drainage has no riparian areas above target shade levels. Deer, Roaring and Plumbago,
and Lower South Fork drainages have predominantly moderate levels of shade hazard, and
Edfro, Bell, Cavanaugh, Elbow Lake, Howard, and Wanlick drainages have predominantly
low levels of shade hazard.
Response to Alterations
High stream temperatures are a critical problem for the South Fork Nooksack mainstem
(Nooksack Natural Resources et al. 2005). Watershed Sciences (2002) reports longitudinal
temperature patterns in the South Fork watershed. The South Fork experiences steep
increased in temperature downstream of Bell and Wanlick Creeks, and subsequently cools but
not the original temperature. The South Fork also cools along a 5-mile stretch on either side
of Edfro Creek. Generally, while likely a contributing factor, tributary inputs do not appear to
be the dominant influence on South Fork temperatures. Other factors such as groundwater
inputs may be driving temperature increases, but more study is needed.
Most tributaries provide cooler water to the South Fork than the ambient South Fork
temperature (Watershed Sciences 2002). Exceptions include Standard Creek and the RM 11.8
side channel. The mean Standard Creek water temperature at the time of survey was a very
high 23 degrees Celsius, while the side channel was 19 degrees Celsius, approximately 4
degrees and 3 degrees above the ambient South Fork temperature, respectively. Other side
channels lower in the watershed and Edfro and Wanlick Creeks contribute water at a
temperature at or near the ambient South Fork temperature. Howard Creek temperatures was
below the ambient South Fork temperature but only by 1 degree Celsius, a much smaller
difference than most other tributaries.
6-6
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A recent USGS study suggests that influx of groundwater from discharge areas along the
South Fork plays a role in lowering stream temperatures. The study identified several areas
where atypical diurnal stream temperature patterns—lowering of temperatures longitudinally
along a reach—occurred in areas of permeable deposits such as glacial outwash, valley
alluvium and alluvial fans (USGS 2005). The cooler stream temperatures recorded were
attributed to groundwater discharging to the river from glacial outwash deposit at the
downstream end of the South Fork valley.
Ecology (2004) 303(d) impairments include Edfro Creek, Howard Creek, and numerous
points on the South Fork as far up as Wanlick Creek. Sygitowicz Creek is impaired and an
area of concern based on two sampling stations near the mouth, and Black Slough is also an
area of concern. Ecology (2004) does not list Hutchinson or Skookum Creeks as impaired or
areas of concern.

6.2 SHORELINE REACH SCALE INVENTORY
The South Fork Nooksack River is a shoreline of statewide significance from its confluence
with the upper mainstem Nooksack River upstream to Hutchinson Creek. The South Fork is a
shoreline of the state upstream of Hutchinson Creek. Three tributaries to the river
(Hutchinson Creek, Skookum Creek 14, and Orsino Creek (tributary to Skookum) are
shorelines of the state within the South Fork Nooksack WMU. Black Slough is associated
with the South Fork Nooksack, and is considered a reach of the South Fork for purposes of
this inventory. A portion of Howard Creek, which drains south into Skagit County, is also a
shoreline of the state located in the South Fork Nooksack WMU. Wanlick Creek and Bell
Creek are shorelines of the state, but are located in the National Forest outside of the
inventory area.
The maps depicting key attributes of the freshwater shorelines in this WMU are provided in
the MAP FOLIOS.
Link to Nooksack Forks, Canyon Lake reach MAP FOLIO

Link to SF, Hutchinson Creek reach MAP FOLIO

Link to SF, Mirror Lake reach MAP FOLIO

Link to Skookum Creek reach MAP FOLIO

14

The upper reaches of Skookum Creek are also called Hayden Creek on some maps.
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6.2.1 South Fork Nooksack River and Black Slough
The jurisdictional extent of the South Fork Nooksack River includes approximately 17 miles,
from its confluence, with the upper mainstem Nooksack River to its upstream jurisdictional
limits at border between Whatcom County and Skagit County (Figure 6-11). The River was
inventoried in nine reaches ranging in length from 1 to 4.5 miles. Black Slough drains an area
along the right bank of the river, and discharges to the river between Reaches 2 and 3.

Figure 6-11. Shoreline Inventory Reach Numbers and Endpoints,
South Fork Nooksack WMU

6-8
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6.2.1.1 Built Environment
Existing land cover and land use patterns along the lower reaches of the South Fork
Nooksack River (Reaches 1 through 6) are characterized by a combination of agriculture
(primarily dairy-related with some row crops), large lot rural residential development, and
undeveloped forested land. Between 9 and 41 percent of land in Reaches 2 through 6 have a
nutrient management plan in place associated with dairy farming. The Black Slough drainage
has a similar land use pattern towards the lower reaches of the South Fork. The channel has
riparian forest cover surrounded by predominantly dairy-related agricultural land use.
Upper reaches of the South Fork (Reaches 7 through 9) are primarily undeveloped
commercial forest land. Forest cover in the lower reaches ranges from 13 to 40 percent, and
from 53 to 87 percent in the upper reaches. Zoning and Comprehensive Plan Land Use
Designations are consistent with the existing land use pattern, primarily comprised of
Agriculture, Rural large-lot (1 unit per 10 acres), and Rural Forestry designations in Reaches
1 through 6. Reaches 7 through 9 are predominantly zoned for Commercial and Rural
Forestry. The densest residential development is associated with the community of Acme,
located along the left bank of the river in Reach 5. This area has smaller developed residential
and commercial lots (zoned Rural Residential, 1 unit per acre and Small Town Commercial)
along the Hudson Road / Burlington Northern Railroad corridor. The Lummi Nation owns a
fish hatchery located on the right bank of the river in Reach 7, just downstream of the
confluence with Skookum Creek.
Utilities located within, or crossing, the South Fork Nooksack River or Black Slough
shoreline include the Bellingham water diversion pipeline (Reach 6) and an oil pipeline
(Reach 5). Bridge crossings are located in Reaches 2, 4, 5, 6, and 7 of the South Fork and one
bridge crosses Black Slough.
Two properties located in the vicinity of the shoreline are listed in the Whatcom County
Historic Register. The Zobrist / Rothenbuhler House is located near the left bank of the river
in Reach 5. The Stennis / Neaset House is located near the right bank in Reach 6 (Whatcom
County 1994). There are no developed parks, trails, or recreational resources along the South
Fork Nooksack River. Whatcom County Parks and Recreation owns approximately 150 acres
along the right bank of the river in Reach 5. This area is referred to as Nooksack River Park,
but is currently undeveloped and represents a significant opportunity area for enhanced public
access to the shoreline along the South Fork Nooksack. An area along the left bank in Reach
4 has been identified previously as a potential site for public access to the shoreline. A 50acre parcel owned by Whatcom County Parks and Recreation is located on the right bank in
Reach 6. According to County Assessor data, this property is currently in residential use, but
was identified previously as a developed public shoreline access site.
Designated critical areas along the South Fork Nooksack River include wetlands and
frequently flooded areas (in all reaches), critical aquifer recharge areas (all reaches except
Reaches 9, which is not inventoried), and habitat conservation areas (primarily priority
species in the Reaches 6 through 9, Rocky Mountain elk habitat on the south edge of the
WMU and the Chuckanut wildlife corridor also on the south edge of the WMU), and
geologically hazardous areas in most reaches (alluvial fan hazards near the mouths of Jones
Creek, McCarthy, Hardscrabble Creek, and Sygitowicz Creeks; landslide hazard areas,
especially on the west side of Van Zandt Dike; and seismic hazard areas).
Ecology’s Water Quality Assessment (303d list) (2004) designates Reaches 1 through 9 as
Impaired (303(d) category 5) waters for temperature. Category 2 violations for water quality
parameters listed along reaches of the South Fork Nooksack include fecal coliform (Reaches
2 and 3), dissolved oxygen (Reaches 2 through 5), temperature (Reaches 2, 4, and 5), and pH
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(Reaches 2 and 3). Category 1 (meets tested standards) violations along the South Fork
Nooksack include ammonia-N (Reaches 2 and 3), temperature (Reaches 2 through 8), fecal
coliform (Reaches 3 through 5), pH (Reaches 3 through 7), and dissolved oxygen (Reaches 3,
4, 6, and 7). Black Slough is listed as a water of concern (303(d) category 2) for pH and
dissolved oxygen and Category 1 (meets tested standards) for temperature.
Under existing zoning and comprehensive plan land use designations, future land use patterns
along the South Fork Nooksack River are not likely to change significantly. No portion of the
river is located in a designated Urban Growth Area. Undeveloped property zoned for large lot
rural development and undeveloped platted property zoned Rural Residential (1 unit per acre)
in the community of Acme could experience increased development pressure. Existing
residential areas could redevelop in the future.
6.2.1.2 Riparian Conditions
The landscape analysis indicates that rural land uses along the mainstem South Fork have
impaired riparian function indicated by low to moderate LWD recruitment potential and low
canopy cover. Artificial confinement in the lower reaches limits the potential of the South
Fork channel to recruit wood via channel migration, and recruitment is accomplished
primarily via treethrow and deposition during peak flows.
Reach-scale analysis of riparian cover data and review of pictometry indicates that small and
medium-sized hardwoods dominate Reaches 1 through 6. The forested riparian width in
Reach 1 is less than 200 feet in some areas. Pasture is the subdominant cover in Reach 2, and
makes up 10 to 25 percent of Reaches 3 through 6 and Black Slough. Although land use is
similar in these reaches, it encroaches upon the riparian corridor to the greatest extent in
Reach 2 and Black Slough. In lower Reach 4, the left bank abuts the valley wall, and the
riparian zone is mostly forested and contiguous to upland forest that is managed for timber
production. The town of Acme lies on left bank at the break between Reaches 4 and 5, and
existing development and a railroad right-of-way limit the forested riparian zone to less than
50 feet in this area.
While all reaches have associated wetlands generally comprising 25 percent of the
inventoried shoreline, Reach 5 is distinguished by a large left bank wetland that extends well
away from the river. This wetland is supported by shallow groundwater associated with the
outwash deposits connecting the South Fork and Samish River watersheds. Reach 5 also
marks the beginning of fewer channel modifications that limit migration, thus the river has
the opportunity to recruit wood from a wider area. Given these conditions, an intact riparian
corridor in this area would have significant influence on the instream habitat compared to
lower reaches.
Like Reach 4, most of Reaches 6 and 7 lie adjacent to the valley wall, and the riparian
corridor is mostly forested and contiguous with upland forest. Adjacent land uses present on
the valley side of these reaches does not encroach into the riparian corridor to the same extent
as downstream reaches. With a few exceptions, the forested riparian area on the valley side of
the river is at least 200 feet wide, and commonly much wider. A higher proportion of
medium-size trees and mixed stands along Reach 7 result in improved LWD recruitment
potential and better canopy cover.
Forestry is the dominant land use in Reaches 8 and 9, and the riparian corridor is
continuously forested for at least 200 feet from the stream bank. Although the right bank
shoreline is still mostly deciduous trees, the left shoreline in these reaches is dominated by
mixed stands, and LWD recruitment potential and canopy cover are mostly moderate.
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6.2.1.3 Instream Conditions
Reaches 1 through 6 of the South Fork lie in an unconfined valley with an average floodplain
width of about 3,800 feet (Collins and Sheik 2004a) and a maximum width of 1.3 miles
(Maudlin et al. 2002). Gradient along this section of the river averages 0.2 percent (Maudlin
et al. 2002), and the river exhibits pool-riffle morphology (see Montgomery and Buffington
1994) with braiding characteristic of a depositional channel. Like the Middle and North
Forks, steep valley walls facilitate the development of tributary alluvial fans along the valley
edges that influence channel morphology and provide productive sediment sources.
Bank armoring ranges from 4 to 52 percent in these reaches, hampering channel migration in
Reaches 2 through 4. Loss of migration potential contributes to homogenization of channel
dimensions (slope, bedform) and habitat. Reaches 5 and 6 are not confined by streambank
modifications, and have more potential for channel migration in response to sediment loading
that leads to heterogenous channel conditions and habitat (Maudlin et al. 2002).
Areas of active bank erosion have been mapped in several reaches of the South Fork
Nooksack River. The extent of eroding banks is greatest in Reaches 1 and 2, where 14 to 22
percent of the right bank is eroding. Smaller areas of eroding banks that indicate channel
migration (1 to 14 percent) are present in Reaches 4 through 7 and in Reach 9. These areas
could be associated with natural channel migration, or a decrease in bank stability due to loss
of riparian cover.
In Reaches 5 through 6, Maudlin et al. (2002) also reported 0 to 48 percent surface fines
across a range of pebble count transects. Subsurface sampling recorded 15-32 percent fines,
and gravel and larger substrate in most riffles were greater than 50 percent embedded in fine
sediment (Maudlin et al. 2002). Maudlin et al. (2002) further suggest that sediment yields are
naturally high in these depositional reaches, but low LWD density limits the capacity of the
river to sort gravel and results in impaired habitat function. LWD surveys performed by
Maudlin et al. (2002) observed two-thousand five hundred pieces of wood in Reaches 5 and
6, but only thirty-eight key pieces with the potential to initiate a stable jam. Pictometry
analysis showed eleven and nine active jams or aggregates per mile, respectively, for these
two reaches. Most of these jams are bar deposits that are unstable and have limited influence
on channel morphology. However, jams and LWD that force pools are much more common
in Reach 6, while pools in Reach 5 are more commonly lateral scour pools adjacent to
streambank modifications (Maudlin et al. 2002).
In Reaches 7 through 9, and the average floodplain width shrinks to an average of
approximately 1,000 feet, indicating a more confined valley. The river cuts through a large
outwash terrace in upper Reach 7, which confines the valley considerably more than in other
segments of these reaches. Gradient increases somewhat, but still does not approach the
steeper gradients found in the North or Middle Fork WMUs. The stream exhibits a different
character than lower reaches. Channel migration is more limited, and gradient and transport
capacity are higher.
No habitat-related data were found for Reaches 7 through 9, but reach morphology indicates
an increase in median substrate size and the potential for plane-bed morphology. Sediment
supply remains naturally high in these reaches, thus wood is of primary importance for
forcing habitat and sorting substrate. The inferred increase in substrate size may also increase
the availability of spawning areas for Chinook, which prefer large gravel and cobbles for
spawning (Groot and Margolis 1991).
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6.2.1.4 Biological Resources
Salmonids
Early- and late-run Chinook, chum, Coho, pink, and sockeye salmon, as well as
steelhead/rainbow, resident and sea run cutthroat trout, and native char (bull trout and Dolly
Varden), have been documented in some or all of the shoreline reaches of the South Fork
Nooksack River (Nooksack Natural Resources et al. 2005).
Generally, anadromous salmon stocks distributed in the South Fork are either (i) part of a
stock distributed throughout the entire Nooksack system or (ii) part of a stock unique to the
South Fork watershed that is independent of stocks found in the North Fork/Middle Fork
watersheds. Specifically, fall Chinook, bull trout, Coho, sockeye, and cutthroat are part of
larger, system-wide stocks, while early Chinook, odd-year and the even-year pink salmon,
and summer and winter steelhead are part of unique South Fork stocks. The chum salmon
stock is unique in that it is found in both the mainstem Nooksack and the South Fork
(Nooksack Natural Resources et al. 2005). Although some stocks in the South Fork are
independent, life history strategies are generally similar to the North Fork /Middle Fork
watershed (see Sections 4.2.1.4 and 4.2.2.4). Facets of life history that may be somewhat
different in South Fork stocks are noted below.
Fall-run Chinook in the South Fork were once thought to be a remnant native population, but
DNA samples collected recently from adult Chinook indicated they were non-native in origin
(Nooksack Natural Resources et al. 2005). Distribution of late-run Chinook in the South Fork
overlaps with the early run to a greater extent geographically and temporally than in the
Middle and North Forks, particularly in regard to spawning dates, thus competition between
the non-native late stock and the native, early stock is a management concern (Nooksack
Natural Resources et al. 2005).
Early-run and late-run Chinook are distributed through Reach 9 of the mainstem South Fork
and into Skagit County. Chinook typically disperse to the falls at Sylvester Creek (RM 25),
but upstream passage is limited except in high flow years. An additional cascade at RM 30.4
is a complete barrier for Chinook, which do not use Reaches 10 and 11 for habitat (Nooksack
Natural Resources et al. 2005). The highest density of spawning occurs in Reaches 4 through
9 (Nooksack Natural Resources et al. 2005). Deep pools in these reaches and downstream
provide important holding habitat, particularly for early Chinook, which hold for long periods
(Nooksack Natural Resources et al. 2005). Yearling juveniles, which can be assumed to have
stream-type life history, account for 38 percent of outmigrants (Nooksack Natural Resources
et al. 2005). Sub-yearlings, which account for the remaining 62 percent of outmigrants, can
rear in freshwater for weeks to months, or move directly out the estuarine/marine habitats.
Evidence suggests that off channel habitat and low-gradient valley wall and terrace streams in
the lower South Fork, such as Black Slough, provide important rearing habitat for juvenile
Chinook (Nooksack Natural Resources et al. 2005), likely because they provide refuge from
environmental extremes such as water temperature. Rearing juveniles found in the mainstem
are almost exclusively associated with wood cover (Nooksack Natural Resources et al. 2005).
Juveniles belonging to the North Fork/Middle Fork stock have also been documented rearing
in the lower South Fork (Nooksack Natural Resources et al. 2005). South Fork early Chinook
population status is considered critical because abundance is very low.
Anadromous bull trout are able to negotiate Sylvester Falls and the cascades at RM 30.4 to
access habitat in the South Fork headwaters, including Reaches 10 and 11 (Whatcom County
2005). Spawning and rearing does not likely occur in inventoried Reaches 1 through 5
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(downstream of Hutchinson Creek due to the temperature regime, although bull trout use
lower South Fork for foraging, migration and overwintering (Nooksack Natural Resources et
al. 2005). In addition, bull trout have been observed in Black Slough (Nooksack Natural
Resources et al. 2005).
Coho, sockeye, chum, pink salmon, and steelhead are found in the all inventoried South Fork
reaches (Reaches 1-9). However, only steelhead and possibly Coho 15 can negotiate both
Sylvester Falls and the RM 30.4 cascades, both of which lie upstream of the inventoried
reaches. Chum distribution does not currently extend as far as the lower falls (Nooksack
Natural Resources et al. 2005), although Nooksack Natural Resources et al. (2005) suggests
that historically chum were distributed up to the lower barrier. Chum salmon are much less
abundant in the South Fork than the NF/MF (Nooksack Natural Resources et al. 2005). While
the odd-year pink stock is persistent, a small number of even-year fish also return to the
South Fork (Nooksack Natural Resources et al. 2005).
Summer steelhead in the South Fork are able to pass Sylvester Falls and can be found up to
the South Fork headwaters, including Reaches 10 and 11 (Nooksack Natural Resources et al.
2005). Nooksack Natural Resources et al. (2005) does not state whether the winter steelhead
distribution extends beyond known passage barriers. Rainbow trout distributions are
presumed to overlap with steelhead distribution (Nooksack Natural Resources et al. 2005);
cutthroat are distributed throughout inventoried reaches and resident individuals are
distributed upstream of the natural passage barriers. Anadromous cutthroat are not presumed
to migrate upstream of these barriers (Ned Currence, personal communication).
Other Aquatic and Terrestrial Species
WDFW identifies high quality riparian habitat along Reaches 6 and 9 of the South Fork
Nooksack River (WCPDS 2005). Reach 6 also provides important habitat for bald eagles
(WCPDS 2005). The valley bottoms along the South Fork upstream of Reach 6 are an
important wintering area for the Nooksack elk herd (Davison 2002; WCPDS 2005). Lands
upstream of Reach 6 to the southern County line are included in the Chuckanut Wildlife
Corridor, designated by the County as a habitat of local importance (HCA 10) (WCPDS
2005).
Non-native and Invasive Species
Knotweed has been documented along the South Fork upstream as far as Reach 7 (Weed
Board 2005). While there were no site specific records for the South Fork Nooksack, it is
likely that reed canarygrass, widespread throughout Western Washington and the County, is
found at most disturbed sites within the WMU (Weed Board 2005). No aquatic invasive
weeds have been documented within the South Fork Nooksack River jurisdictional shoreline
(Ecology 2005b).

6.2.2 South Fork Tributaries
Moving from the lower reaches of the South Fork Nooksack River upstream to its
jurisdictional limits, tributary streams under SMP jurisdiction include Hutchinson Creek,
Skookum Creek, Orsino Creek (tributary to Skookum), and Howard Creek.

15

NWIFC (2002) reports that coho are presumed to be able to pass both natural barriers, but Nooksack
Natural Resources et al. (2005) reports that the upper falls is not passable by coho.
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6.2.2.1 Built Environment
Hutchinson Creek enters the South Fork Nooksack at the transition between Reach 5 and 6.
The lower and upper reaches (Reach 1, 2, and upper portion of Reach 4) are undeveloped
forested land zoned Rural or Commercial Forestry. Reach 3 and the lower portion of Reach 4
have low-density (5 and 10 acre lots) rural residential development along Mosquito Lake
Road. This area is zoned Rural (1 unit per 5 or 10 acres), and is approximately 70 percent
developed. There are four bridge crossings in Reach 3, and one bridge crossing in both Reach
1 and 4. The Bellingham water diversion pipeline crosses Hutchinson Creek several times
(one crossing in each reach).
Skookum Creek enters the South Fork Nooksack at the transition between Reach 7 and 8.
Orsino Creek is a tributary to Skookum Creek, entering the stream at the transition between
Reach 6 and 7. The built environment for all of Skookum Creek and Orsino Creek is similar
in character. Land along these streams is undeveloped, forested land zoned for Commercial
Forestry. Transportation facilities are not extensive. They include two bridge crossings each
on Skookum Creek and Orsino Creek and unimproved roads associated with logging.
There are no developed parks or trails along any of the tributary streams. There is a 200-acre
parcel owned by Washington Department of Natural Resources than spans both sides of
Hutchinson Creek in Reach 3, downstream of the rural residential development along
Mosquito Lake Road. This property has been previously identified as a potential public
shoreline access area. The left bank of Skookum Creek (Reach 1) has an 11-acre parcel
owned by the Whatcom Land Trust. This property has been also been identified as a potential
public shoreline access area.
There are no listed historic sites along any of the tributary streams.
Designated critical areas along Hutchinson Creek include extensive wetlands (comprising 56
to 86 percent of each reach), frequently flooded areas (all reaches), critical aquifer recharge
areas (Reaches 3 and 4), and landslide and seismic hazard areas in all reaches. Critical areas
along Skookum and Orsino Creeks include a small area of wetlands and frequently flooded
areas (Skookum Creek, Reach 1), habitat conservation areas (HCA 3 and 10, Reaches 1, 6, 7,
and 8 of Skookum Creek and Reach 1 of Orsino Creek), and geologic hazards (landslide in all
reaches; seismic hazards in Orsino Creek and Reach 7 of Skookum Creek).
Shoreline modifications on Hutchinson Creek are limited to water right diversions (one each
in Reaches 1, 3, and 4). Modifications on Skookum and Orsino Creeks are limited to one
diversion in Reach 1 of Skookum Creek. Active erosion sites have been mapped along
Skookum Creek in Reaches 3 (12 percent of the right bank), 7 (21 percent of the right bank),
8 (32 percent of the right bank), and a small area (7 percent) along both banks of Orsino
Creek in Reach 2.
Ecology’s Water Quality Assessment (303(d) list) (2004) lists Reaches 1 through 3 of
Hutchinson Creek as Category 1 (meets tested standards) waters for temperature, pH, and
dissolved oxygen. Reach 1 of Skookum Creek is listed as Category 1 (meets tested standards)
for temperature.
Under existing zoning and comprehensive plan land use designations, future land use along
the tributaries would not be expected to differ significantly from existing conditions. Infilling
of undeveloped rural residential lots along Hutchinson Creek could be expected. Other
portions of Hutchison Creek and all of Skookum and Orsino Creeks would likely remain
undeveloped land in commercial forestry.
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The upstream shoreline reach of Howard Creek (0.27 mile) is located in the southern portion
of the South Fork Nooksack WMU, along the Whatcom-Skagit County line. Howard Creek is
a tributary of the South Fork, but drains south into Skagit County. The downstream reaches of
Howard Creek would be subject to the Skagit County SMP.
There is little to no built environment along this portion of Howard Creek. Land is
undeveloped forest, zoned for Commercial Forestry. There are no roads, utilities, or other
shoreline modifications mapped for this portion of the stream. There are no historic sites or
developed parks or trails along Howard Creek. Regulated critical areas include the Chuckanut
Wildlife Corridor and geologic hazard areas (landslide hazard and seismic hazard areas).
Ecology’s Water Quality Assessment (303(d) list) (2004) lists Howard Creek as a Category 1
(meets tested standards) water for fine sediment and temperature.
6.2.2.2 Riparian Conditions
The Hutchinson Creek valley and riparian corridor contain extensive wetland complexes that
extend from its mouth to the extent of shoreline jurisdiction. In these wet conditions mixed to
deciduous forest stands dominant the riparian zones.
Dense stands of medium-sized hardwoods dominant the riparian zone of Reaches 1 through 3
of Hutchinson Creek. Reaches 2 and 3 do contain some mixed and coniferous stands, and
LWD recruitment potential increases consistently moving upstream, changing from low to
low and moderate in Reach 2, and predominately moderate in Reach 3. Large conifer trees
dominate reach 4, but numerous other types of cover exist in small quantities. Timber
production is intense in the drainage, and while a 200-foot buffer of undisturbed riparian
exists, adjacent cover is a conglomerate of forest stands in various successional stages. One
approximately a quarter mile segment on the left bank of Reach 2 was cut almost to the
stream edge and is currently regenerating.
The Skookum Creek riparian corridor is comprised of predominately mixed and coniferous
stands of medium-sized trees in all but Reach 3, where hardwood stands are dominant. To a
lesser extent, hardwood-dominated stands are also present in Reaches 2 and 5. Hyatt et al.
(2003) report low LWD recruitment potential for all 7 reaches on Skookum Creek. However,
this seems to be inconsistent with the cover type, which is mostly dense stands of mediumsized trees. Coe (2001) reports predominately high LWD recruitment potential in most
reaches, with moderate recruitment potential where hardwood stands are located.
The Skookum Creek forested corridor ranges from 400-1,000 feet in most of Reach 1 and 2,
but only a 200-foot buffer exists in middle Reach 2 on the right bank. Recent cuts adjacent to
the shoreline are much less common beginning in Reach 3, and riparian forest is contiguous
to upland forest.
In Orsino Creek, the banks of Reach 1 are rimmed by a 100-footwide band of medium-sized
hardwoods with occasional conifers. However, the valley is confined, and deciduous trees
quickly give way to dense stands of small- to medium-sized conifers on adjacent hillslopes.
Hardwood trees are less common in Reach 2, where dense stands of small- to medium-sized
conifers extend to the stream’s edge. Reach 2 also contains evidence of recent landslides on
the left bank where a forest road comes within 250 feet of the stream. Based on land cover,
near-term LWD recruitment potential is low to moderate in the Orsino Creek shoreline, while
canopy cover appears to provide adequate shading.
The short shoreline section of Howard Creek in Whatcom County is dense medium-sized
conifers on the river right, and dense medium-sized hardwoods on the river left. Recent
cutting are evident adjacent to the river left shoreline.
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6.2.2.3 Instream Conditions
Hutchinson Creek flows through a moderately confined valley throughout most of its reaches.
The stream gradient is variable but averages about 3 percent overall. In Reach 1, Hutchinson
Creek cuts through an outwash terrace before reaching the South Fork Valley bottom, and the
channel in this segment is incised and has a steep gradient. In most other areas, valley
morphology dictates that Hutchinson Creek is a transport-limited stream. At 3 percent
gradient, the natural reach morphology is likely plane-bed (Montgomery and Buffington
1994). Thus, LWD would be very important for forcing habitat heterogeneity.
The broad valley along much of Hutchinson Creek supports wetlands that can store sediment
inputs from hillslope sources. However, sediment inputs in this stream likely originate from
the streambanks (WDNR 1998), and hydrologic alterations probably have a larger influence
on ecological function in shoreline reaches than sediment supply.
WDNR (1998) conducted instream assessments on portions of Hutchinson Creek, and
reported a gravel-dominated bedload and the absence of fines in “significant” quantities in the
active channel. Fines were present in higher quantities on bars. Percent fines typically ranged
from 15-30 percent in slackwater habitat, but no estimates were reported in riffles. WDNR
(1998) reported “low LWD densities” throughout the stream in the Stream Channel chapter,
but a review of multiple sources in the Fish Habitat chapter indicated some areas with fair
densities. Most pools are associated with undercut banks, lateral scour, and LWD, and pool
density is reported as good for those stream sections surveyed (WDNR 1998, Fish Habitat).
Unlike Hutchinson Creek, the sediment source for the Skookum Creek drainage is the Twin
Sisters Range. The increased elevation of the Skookum Creek headwaters creates a much
steeper gradient as the stream falls to meet the South Fork Nooksack. Skookum Creek and its
tributary Reaches 1 through 3 have a gradient of 3 to 4 percent in a moderately confined
valley. Upstream, gradient is generally 4-17 percent. The valley becomes confined in Reach 4
through 6, but portions of Reach 5 are moderately confined. Confinement is generally
moderate upstream of Orsino Creek, in Reaches 7 through 8. Orsino Creek is very steep (6-17
percent), with one segment linking Reaches 1 and 2 that exceeds >17 percent gradient.
The valley morphology indicates that Skookum Creek and Orsino Creek are predominately
transport-dominated streams. Exceptions include Skookum Creek Reaches 1 through 3 and
upper Reach 5 and a small segment on Orsino Creek near the break between Reaches 1 and 2.
WDNR (1994) reports that mass wasting events have caused channel responses throughout
the Skookum and Orsino shorelines, including channel widening and deposition. These
effects are most persistent in the lower, transport-limited reaches. Most deposition is coarse
sediment; fine sediment typically is transported as suspended load and fines are not affecting
morphology (e.g., substrate condition, pool infilling) (WDNR 1994).
DNR goes on to state that hydrologic changes are the probable cause of decreased channel
complexity in all reaches. However, stream surveys point to the historic function of jams to
create avulsions, store sediment, and increase channel complexity. Currently, low LWD
densities have reduces the potential for these this processes to occur.
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6.2.2.4 Biological Resources
Salmonids
All salmonid stocks in the South Fork WMU use tributary shorelines to some extent
(Table 6-1). Chinook salmon use the shoreline tributaries Hutchinson Creek and Skookum
Creek for spawning (Nooksack Natural Resources et al. 2005), particularly in high-flow
years. Chinook are presumed to be historically distributed throughout the entire Hutchinson
Creek shoreline, but reported current distribution is only through Reach 1 (Nooksack Natural
Resources et al. 2005). Chinook can be found in Reaches 1 through 3 on Skookum Creek.
Recent evidence suggests that the majority of current tributary spawning occurs in
Hutchinson Creek (Nooksack Natural Resources et al. 2005). Stream type juveniles can be
expected to use habitat in tributary shorelines to some extent, but evidence suggests that
juveniles use primarily mainstem habitat during winter, occupying interstitial spaces in deep
water or warmer off channel habitat (Nooksack Natural Resources et al. 2005).
Bull trout are capable of negotiating both passage barriers on the South Fork. Therefore, they
can be found not only in inventoried tributary shorelines, but also shorelines with the national
forest. According to life history traits, bull trout typically spawning near the upper limits of
their distribution. Temperature likely limits their ability to spawn and rear in the lower river
and tributaries, but both Hutchinson and Skookum Creeks are known to support juvenile
salmonids. The presence of juveniles in Hutchinson Creek upstream of a barrier at RM 0.8
that is passable by adults but not juveniles suggests that spawning occurs farther upstream
through Reach 3 and presumed to be currently or historically found in Reach 4 (Nooksack
Natural Resources et al. 2005). Bull trout distribution in Skookum Creek includes Reaches 1
through 6 and lower Reach 7. Nooksack Natural Resources et al. (2005) presumes that bull
trout also use habitat in both reaches of Orsino Creek.
Coho are known to spawn and rear in Reaches 1 through 3 of Hutchinson Creek (Nooksack
Natural Resources et al. 2005 and are presumed to be present historically and/or currently in
Reach 4. They also spawn and rear in Reaches 1 through 6 of Skookum Creek and both
reaches of Orsino Creek. Sockeye and chum distributions include lower Reach 1 of
Hutchinson Creek, where a passage barrier limits further migration, but neither species is
found in Skookum Creek. Pink salmon are known to spawn in the first reach of both
Hutchinson and Skookum Creeks (Nooksack Natural Resources et al. 2005).
Steelhead are distributed in all reaches of Hutchinson Creek and Reaches 1 through 4 of
Skookum Creek (Nooksack Natural Resources et al. 2005). Upstream of Reach 4, Skookum
Creek supports resident cutthroat and rainbow, which are also found in Orsino Creek
(Nooksack Natural Resources et al. 2005). Nooksack Natural Resources et al. (2005) does not
specifically address anadromous cutthroat distributions, but it is likely that they may be found
in the lower reaches of shoreline tributaries.
The portion of Howard Creek shoreline within Whatcom County does not support salmonids
other than bull trout (known) and resident cutthroat (presumed).
Steelhead are known and Coho are presumed to be able pass barriers on South Fork to access
tributary shorelines in the national forest, where resident char and trout can also be found
(Nooksack Natural Resources et al. 2005). Chum, sockeye, and pink salmon are not found in
upper watershed shorelines in the national forest.

June 2006 │ 558-1687-004
6. SOUTH FORK NOOKSACK WMU

6-17

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

Other Aquatic and Terrestrial Organisms
Mapped priority habitats in the shoreline zone of South Fork tributaries include Nooksack elk
habitat (Reach 1), a snag-rich area (Reach 6), and talus and cliff habitat on the south slope of
Reach 8 along Skookum Creek (WCPDS 2005). Skookum and Orsino Creeks are within the
core area of the Nooksack elk herd (Davison 2002). Lands upstream of Skookum Creek
Reach 6 and Reach 1 of Orsino Creek are included in the Chuckanut Wildlife Corridor, a
designated habitat of local importance (WCPDS 2005).
Non-native and Invasive Species
Knotweed has been documented up to Reach 3 on Hutchinson Creek (Weed Board 2005). No
aquatic invasive weeds or warmwater fish have been documented within the shoreline
reaches of the South Fork tributaries (WDFW Undated; Ecology 2005b).
Table 6-1. Known and Presumed Current Salmonid Distribution, South Fork Nooksack
Inventoried Shoreline Reachesa,b

1-4

Howard
a

Cutthroat

Sockeye

Orsino

Presumed

1

Known

1

1

Presumed

1

Known

Pink

Chum
1

Presumed

1-3

3-4

Known

1-4

Presumed

Coho
Presumed

Known

Steelhead
4

1-3

Known

4

All

Presumed

1-3

All

Known

Skookum

Presumed

1

Known

Hutchinson

Presumed

Stream

Known

Chinook

Bull Trout

Shoreline Reachesc

All
All
All

All

All

Sources: Nooksack Natural Resources et al. (2005). It is assumed that most species found in the mainstem South Fork can also be
found in adjacent tributary mouths. This table reports use upstream of the mouth.

b

Reaches inside national forest boundary were not inventoried, but may still be important salmon streams

c

Numbers in cells correspond to reach numbers. Refer to Figure 6-11. Blank cells indicate that salmon are not currently known or
presumed to be present.

6.3 SYNTHESIS
This section describes potential management actions based on inventory information.
Restoration and conservation opportunities are highlighted based on existing ecosystem
processes and functions, and preliminary recommendations are made for updating SEDs.

6.3.1 Landscape-scale Restoration and Conservation
Restoring habitat for South Fork early Chinook salmon is a top priority for recovery of the
WR1A 1 salmonid populations (Nooksack Natural Resources et al. 2005). This entails
restoring the processes (e.g., runoff patterns, sediment/bedload transport, LWD recruitment,
etc.) that maintain the habitats to which spring Chinook are adapted.
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The landscape analysis suggests that process-intensive areas are concentrated in the lower
mainstem South Fork Valley and floodplain. The lower South Fork Valley is also highly
altered and this combination of high impairment and high process-intensity indicates a high
potential for restoration and conservation (Table 6-2). The lower South Fork Valley is the
only area in this WMU with a large surficial aquifer and extensive water, sediment, and
nutrient storage areas. Therefore, the floodplain plays a key role in offsetting hydrologic,
sediment, and water quality impairments that occur upstream. Maintaining infiltration,
recharge and storage areas in permeable outwash and alluvial fan deposits along the South
Fork would help maintain discharge to the river (improve baseflow). Restoration measures
could include restoring wetlands on the floodplain (e.g., Rothenbuhler Slough and the
Landingstrip Creek area), removing impediments to channel migration (e.g. bank hardening),
allowing beavers to create water impoundments, minimizing new impervious surfaces in the
floodplain, and similar measures.
Sediment and heat/light alterations have had a significant deleterious effect on aquatic habitat
throughout the upper Nooksack, and in all tributary drainages. Restoring impaired riparian
corridors would not only improve water temperatures, but also enhance sediment storage
potential by improving LWD recruitment potential.
Managing sediment inputs from hillslope processes is also critically important to the health of
the watershed. This could include improving road management along left bank tributaries of
the lower South Fork, where road densities and landslide densities are high. Other potential
restoration areas include the Skookum Creek drainage, which is has a moderate degree of
inputs and a high degree of alteration.
The upper South Fork is a process-intensive area for sediments and accounts for the majority
of landslides. However, the upper basins have naturally high landslide potential and road
densities may not be the primary cause of hillslope failures. The low landslide density and
relatively intact storage mechanisms in Hutchinson Creek make it a low priority for
restoration (Table 6-2).

6.3.2 Reach-scale Restoration and Conservation
Given the importance of the South Fork Nooksack mainstem from a salmonid recovery
perspective restoring ecosystem processes and ecological functions at the reach scale is a high
near-term priority. Riparian restoration activities are ongoing in Reaches 4 through 6 and are
planned in Reaches 1 through 3. These activities are aimed at re-establishing riparian forest
(composed of conifers and large cottonwood trees) in areas of active channel migration,
installing functional LWD to force pool formation and channel braiding, removing invasive
species, and fencing out livestock (Maudlin 2002). These site-specific restoration efforts are
consistent with the WRIA 1 Salmonid Recovery Plan, which recommends restoring riparian
areas to improve wood delivery, and create shade as top priorities for the South Fork WMU
(mainstem and tributaries).
Tributary shorelines also have restoration potential. The unconfined valley of lower
Hutchinson Creek provides restoration opportunities similar to that occurring on the South
Fork mainstem, including maintaining wall-based side channels and other off channel habitat
and enhancing riparian areas to aid in long-term sediment storage (through LWD recruitment
and pool creation).
Reach 4 of Hutchinson Creek and Skookum/Orsino Creeks are more confined, and restoration
may be limited to riparian enhancement and/or long-term protection of existing forest cover.
Restoration measures that provide a bridge to longer-term, process-based restoration of
channel stability and physical habitat may mitigate hydrologic alterations that occur at the
landscape scale.
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6.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 6-3). Land uses adjacent to tribal lands in Reach 1 have not affected the river to
a significant degree, and many of the impairments in the reach are likely the result of
upstream processes. A Conservancy designation is consistent with existing and planned land
uses in Reach 1, and along part of the right bank in Reach 2. Agriculture has affected riparian
and instream conditions in most of Reach 2, all of Reach 3, and Black Slough; therefore these
areas do not merit a Conservancy designation. A Resource designation is appropriate and
compatible with existing land uses and ecological conditions up to Reach 6, except where the
river abuts the valley wall in Reach 4, and where there are residential lands in Reach 5
(Acme). Conservancy is recommended for Reach 6, and Natural is recommended for Reaches
7 through 9 to protect these high functioning areas. Reaches 10 and 11 are in the National
Forest and are assigned Conservancy.
Hutchinson Creek, Skookum Creek and its tributary, Orsino Creek, lie predominately in
forest management areas. Hillslope processes may have impaired ecological function
somewhat, but these streams retain high degrees of ecological integrity, and a Conservancy
designation is appropriate to protect resources. Howard, Wanlick, and Bell Creeks are all
within National Forest and a Conservancy designation is recommended.
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Table 6-2. Summary of Process Intensity and Alterations by Drainage Area, South Fork Nooksack WMU.
Process Intensity and Degree of Alteration
Process

Intensity

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Canopy
Cover

Process

LWDRP

Alteration

Storage

Process

Inputsa

Alteration

Storage

Process

Surface
Erosiona

Alteration

Mass
Wasting

Process

Groundwater

Heat/LIght

Alteration

Snowmelt
and
Runoff

LWD

Process

Surface
Water
Storage

Water Quality

Alteration

Infiltration
&
Recharge

Sediment

Process

Mechanism

Hydrology

Lower South Fork
(including Black
Slough)

↑

↔

↑

↑

↓

↓

↑

↔

↓

↑

↔

↑

↑

↑

↓

↔

↑

↑

↓

↑

↓

↑

The lower Middle Fork River Valley has the highest overall process intensity, and is
most accessible to human alteration, making restoration potential higher in this area
than the upper river valley or tributary valleys.

Lower Tributaries

↓

↓

↓

↓

↑

↑

↓

↓

↔

↑

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↔

The potential for restoration of the predominate sediment and hydrologic
mechanisms is high, while limiting further alteration in riparian zones will allow full
recovery.

Middle South Fork

↔

↓

↔

↓

↓

↓

↔

↓

↓

↑

↓

↓

↔

↓

↓

↓

↔

↓

↔

↔

↓

↑

Like the lower South Fork, the river valley through with the middle portion of South
Fork flows has high process intensity. Conditions, however, are much less altered,
and the potential for protection is high.

Hutchinson Creek

↑

↓

↔

↓

↑

↔

↔

↓

↓

↑

↓

↓

↔

↓

↓

↓

↔

↓

↑

↔

↑

↔

Given lower level of mass wasting areas, road maintenance could be more strategic,
while riparian protection will allow recovery.

Skookum Creek

↓

↓

↓

↓

↑

↓

↓

↓

↑

↑

↓

↓

↓

↓

↓

↓

↓

↓

↑

↑

↑

↔

Riparian restoration and careful management of ROS zones would improve instream
flow, channel stability, and habitat complexity.

Middle Tributaries

↓

↓

↓

↓

↑

↔

↓

↓

↔

↑

↓

↓

↓

↓

↓

↓

↓

↓

↑

↔

↑

↔

Hillslope processes, including ROS zone management and landslide hazard/road
management will be dominant management actions in these smaller drainages.

Upper South Fork

↓

↓

↓

↓

↑

↓

↓

↓

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↔

Upper Tributaries

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↔

Generally low priority because its National Forest land. Opportunities are related to
road management to prevent mass wasting, and improving riparian cover and LWD
recruitment potential.

Gold: High protection potential - Moderate to high process intensity with low degree of alteration
Red:

High restoration potential - Moderate to high process intensity with high degree of alteration

Blue: Moderate restoration potential - Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential - Low process intensity with low to moderate degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Table 6-3. Preliminary SED Recommendations, South Fork Nooksack River
Existing
SEDs

Reach

Recommended SEDs
Left Bank

Comment

Right Bank

Reach 1

Conservancy/
a
Tribal

Tribal

Tribal/
Conservancy

Conservancy designation
except on Tribal land. Some
residential zoning on right
bank but mostly intact
riparian, including adjacent
tribal lands.

Reaches 2-3

Rural/
Tribal

Resource

Tribal/Conserva
ncy/
Resource

Channelization limits function
in these reaches. Agricultural
land use/zoning.

Black Slough

Undesignated

Resource

Resource

Focal point for restoration, but
current function limited and
agriculture is adjacent land
use.

Reach 4

Resource/
Conservancy

Resource/
Conservancy

Resource

Conservancy on river left
where river abuts valley wall.
Otherwise Resource for
agricultural lands.

Reach 5-6

Rural/
Conservancy

Rural/
Conservancy

Resource/
Conservancy

Rural for residential
development in Acme.
Conservancy for remainder of
reach with high functional
potential.

Reaches 7-9

Conservancy

Natural

Natural

Natural for reaches with high
functional potential and less
impairment than downstream
reaches.

Reach 10

Conservancy

Conservancy

Conservancy

National Forest

Reach 11

Undesignated

Conservancy

Conservancy

National Forest

a

The County’s SMP does not apply to Tribal lands.

Table 6-4. Preliminary SED Recommendations, South Fork Tributaries
Recommended SEDs
Reach

Existing SEDs

Left Bank

Right Bank

Comment

Hutchinson Creek
Reaches 1-4

Conservancy

Conservancy

Conservancy

Conservancy

Conservancy

Conservancy

None

Conservancy

Conservancy

Wanlick Creek

Undesignated

Conservancy

Conservancy

Bell Creek

Undesignated

Conservancy

Conservancy

Howard Creek

Undesignated

Conservancy

Conservancy

Skookum Creek
Reaches 1-8
Orsino Creek
Reaches 1-2
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7.

UPPER MAINSTEM NOOKSACK RIVER WMU
The Upper Mainstem Nooksack River WMU encompasses a major portion of the 225 square
mile Nooksack mainstem basin in central Whatcom County. It includes the portions of the
mainstem from Everson to the confluence of the South Fork Nooksack River 16. The Sumas
River watershed abuts the Upper Mainstem WMU to the north, and the Ten Mile, Squalicum,
Lake Whatcom, and South Fork WMUs lie to the east and south. The Upper Mainstem
Nooksack WMU includes the incorporated cities of Everson, Nooksack, and their associated
UGAs, and the communities of Goshen, Lawrence, Cedarville, and Deming.
Aside from the Nooksack River, Anderson and Smith Creeks are the only two shorelines of
the state in the WMU. The Nooksack River mainstem is also a shoreline of statewide
significance.

7.1 LANDSCAPE ANALYSIS
For purposes of this analysis, the inventory of processes and alterations is limited to the
boundaries of the WMU. However, the contributing area for the Upper Mainstem WMU
includes the watersheds of the three forks, and the processes and alterations in these
watersheds influence ecological functions in the Upper Mainstem WMU. Information on
impairments occurring upstream is provided in Chapters 4 through 6, and should be
considered part of this assessment.

7.1.1 Aquatic Resources
The Upper Nooksack Mainstem is the largest and most significant aquatic resource in this
WMU. Other aquatic resources include the shoreline tributaries named above, Macaulay
Creek and other unnamed tributaries, and extensive wetlands located primarily in the
floodplain (Map 7-1).

7.1.2 Process Controls
7.1.2.1 Geology
The Upper Mainstem lies at the transition from the Cascade foothills to the Nooksack
lowlands. As such, geologic conditions are diverse. In the upper WMU, steep valley walls
that are part of the Huntington sedimentary bedrock formation border the alluvial floodplain
to the north, and the Chuckanut sedimentary bedrock formation borders to the south. The
northern boundary of the lower WMU is also defined by the Huntington formation, but the
southern portion (drained by Anderson Creek) is broader and includes outwash and
glaciomarine drift deposits that are subsequently bounded by the Chuckanut formation in the
Anderson Creek headwaters.
7.1.2.2 Topography
The river bisects steeps slopes associated with Sumas and Stewart mountains just
downstream of the forks where the Upper Mainstem valley gradient is on the order of 0.2
percent. In this area, the river has cut a deep gorge in the Chuckanut sandstone. The
floodplain on the upper reaches is relatively narrow. The valley broadens as you move
downstream towards the lowlands and the floodplain below Deming is up to two miles wide
16

Reach 1 of the North Fork Nooksack River is located with the boundaries of the Upper Mainstem
WMU, but is inventoried in Chapter 4 as part of the North Fork WMU.
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with steep outer banks. The highest elevations in the WMU are on the southwest side of
Sumas Mountain (~ 1,800 feet) and on northwest side of Stewart Mountain (~2,200 feet).
7.1.2.3 Climate
Precipitation patterns vary based on geology/topographic in this WMU. Annually, 45 to 50
inches of precipitation fall in the Nooksack Valley, mostly in form of rain. Precipitation
increases in the foothills and mountains due to orographic and convergence effects to as
much as 75 to 80 inches on the highest elevations of Stewart Mountain. Much of the
precipitation in these higher elevations falls as snow.
7.1.2.4 Land Use/Land Cover
Forest practices, rural residential uses, and agricultural uses influence the WMU. Land use
changes from commercial/rural forestry in the upper watershed to a mix of residential and
agricultural uses in the Nooksack River Valley and lower Anderson Creek where topography
is flatter and geology contributes to productive soils and available water (see Map 3-14).
There are scattered commercial developments associated with the larger communities.

7.1.3 Landscape Processes, Alterations and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Upper MS landscape MAP FOLIO

7.1.3.1 Hydrology
Process-intensive areas
The Nooksack River floodplain is the most process-intensive area in the WMU (Map 7-2).
Riparian wetlands and alluvial soils on the valley floor support infiltration/recharge and
surface water storage mechanisms. Poorly sorted glaciomarine drift deposits can infiltrate
large quantities of runoff and wetlands that have developed in outwash deposits outside the
floodplain store runoff, desynchronizing flood events.
Areas of the valley floor are also important for groundwater discharge. This is the case on the
right bank of the mainstem near Everson, where a recent USGS study showed groundwater
discharge sites where upward vertical hydraulic gradients varied seasonally with generally
more positive gradients in the winter and less positive gradients in the late summer. The
discharge areas were generally along portions of the river valley that were bordered by
permeable upland deposits (USGS 2005).
Other process-intensive areas include the rain-on-snow areas associated with high elevations
in the tributary headwaters on Sumas and Stewart mountains.
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Indicators of Alteration
Loss of hydrologically mature forest in rain-on-snow zones in the Upper Mainstem WMU is
most pronounced on the North side of Stewart mountain and the high tributaries of Smith
Creek. Removal of mature vegetation may be contributing to altered peak flows in tributary
drainages, where maps show extensive recent clearcutting (including approximately 300 acres
since 2000 in the upper tributaries of Smith creek) within rain-on-snow zones (Map 7-3).
Peak flows are also affected by clearing and harvest activities in the Forks watersheds.
Impervious area remains low in the Upper Mainstem WMU, and is not a significant indicator
of infiltration and runoff alteration in this WMU. However, the town of Cedarville overlays a
process-intensive area for infiltration/recharge, and development may alter local surface- and
groundwater flowpaths as hard surfaces replace permeable surfaces.
Flood control measures are common on the mainstem Nooksack River. Levees and riprap are
much more prevalent than in the Forks. The downstream portion of the WMU, where the
river sometimes overflows to the Sumas drainage, marks the beginning of consistent
armoring along both banks. Riprap lines most of the right bank for nearly 3 miles upstream of
the levee and is intermittent on the left bank. The levees and riprap reduce overbank storage
potential and alter hyporheic function. These impacts may be partially offset by the many
riparian wetlands along the mainstem Nooksack River that provide storage potential when
surface water is delivered to them. However, wetland losses have been extensive in tributary
drainages, including the lower Smith Creek drainage (within the historic Nooksack
floodplain), the mid Anderson Creek drainage (vicinity of E Smith Road) (Map 7-4), and
these altered areas may limit overall surface water storage in the watershed.
Water right allocations based on 1997 estimates are approximately 29 cfs of surface water,
approximately 19 cfs of which are from Anderson Creek. The remainder is from the
Nooksack River and Smith Creek. Groundwater allocations, converted to identical units for
comparative purposes, are approximately 61 cfs. The vast majority of groundwater extraction
is from the eastern edge of the Sumas-Blaine aquifer.
Response to Alterations
The altered hydrology mechanisms described above have contributed to simplified channel
morphology (channel homogeneity) in the mainstem Nooksack and levees and riprap are two
of the main causes. According to the Salmonid Recovery Plan (Nooksack Natural Resources
et al. 2005), bank hardening along the mainstem has reduced instream habitat diversity by
impeding the development of undercut banks, preventing channel migration and LWD
recruitment, and precluding stream-floodplain interactions.
USU (2001) conducted seepage run analyses on September 14, 2001 and found that the
Upper Mainstem Nooksack River was a losing reach, meaning that surface water in the river
was recharging groundwater. USU field crews estimated a total loss of 61 cfs from the single
run conducted from Deming to Everson, which is comparable to but less than total water
rights (c. 1997) allocated in the WMU. However, allocations are not necessarily equal to
consumption.
Smith and Anderson Creeks are closed to further water rights allocations during the low flow
months, which is a response to impaired groundwater discharge and baseflow. In addition,
water quality monitoring conducted in 2004-5 reported that Smith Creek dried up during
summer months. Seepage runs on Anderson and Smith Creeks indicate that some reaches are
also losing for at least some part of the summer low flow season (USU 2001) and confirm
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that the lower portion of Smith Creek is dry, despite observable flow at the upstream
monitoring station.
7.1.3.2 Sediment
Process-intensive Areas
On the Nooksack mainstem, sediment supply is primarily from upstream sources in the
Nooksack forks. However, there are additional process-intensive areas for sediment delivery
within the WMU, including: the Cascade foothills area of the Upper Mainstem and the Smith
and Anderson Creek headwaters, which naturally contribute high quantities of sediment via
landslides and/or surface erosion (Map 7-5). Surface erosion areas also include the alluvial
fans created by Smith and Macaulay Creeks, and other unnamed tributaries draining the north
side of the WMU.
The Nooksack floodplain is the primary sediment storage area in this WMU. The river built
the floodplain with overbank flood deposits of sand and fines and channel deposits of sand
and gravel that often form relatively stable islands in association with LWD jams.
Indicators of Alteration
Road densities in the upper mainstem drainage generally are high enough (3-5 mi/mi2) to
increase landsliding and sediment transport, even though the percent of watershed area with
unstable slopes is much less here (generally less than 16 percent) than in the higher elevation
WMUs. The same is true for tributary drainages (Map 7-5.5). Road densities in the Smith
Creek are 2.5 mi/mi2. GIS estimates of road density in are approximately 3-5 mi/mi2 in lower
Andersen Creek, and < 2 mi/mi2 in Upper Anderson Creek (North and South Forks).
There is also potential from increased sediment input from high impact land uses occurring in
erosion prone areas such as along the Nooksack River channel near Everson, and along the
lower Smith Creek channel just upstream of Highway 9 (Map 7-6).
The loss of depressional wetlands as depicted on Map 7-4 is also an indicator altered
sediment processes because there is less area for sediment storage.
Response to Alterations
Investigators have documented many problems in the Upper Mainstem WMU (e.g., channel
simplification, increased migration, impaired water quality, substrate fining, etc.) that are–in
part–responses to altered sediment processes (or altered sediment processes in combination
with other process alterations). The mainstem channel morphology has changed from
anastomosing (multiple channels, sloughs and LWD jams) to braided (one main channel with
gravel bars and sparse LWD) (Collins and Sheilk 2004a). This historically stable stream has
become unstable and channel migration rates have increased as a result of bank erosion and
coarse sediment inputs from mass wasting (Nooksack Natural Resources et al. 2005).
Consequently, sediment inputs from storage areas on the floodplain and historically stable
islands have also increased. Subsequent channel aggradation acts as a feedback that continues
to foment channel migration and increased reworking of stored sediment.
Increased sediment supply also contributes to altered water quality processes in both the
mainstem and lower Anderson Creek for adsorptive pollutants and fecal coliform, which
thrive in sediment rich environments (see 7.1.5.3)
Tributaries show other responses to altered sediment processes. Percent fines in Anderson
Creek are very high, ranging from 18 percent to 29 percent according to older data sources
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(Smith 2002). Current data on substrate condition are not available for either Smith Creek or
Anderson Creek.
7.1.3.3 Water Quality
Process-intensive areas
The Nooksack River floodplain provides extensive area for nutrient filtering and storage via
hyporheic mechanisms. Wetlands near the mouth of Anderson Creek, in the very lower
portion of the mainstem floodplain, and in outwash deposits in the lower Anderson Creek
also historically served as important storage areas (Map 7-7). Alluvial fan deposits on the
northern Nooksack valley edge provide additional wetland areas for nutrient and pathogen
cycling. Collectively, these process-intensive areas not only provide opportunities for nutrient
uptake but also likely provide standing water important for sediment retention and associated
deposition and uptake of adsorptive materials.
Indicators of Alteration
Levees, riprap and other forms of channelization and floodplain disconnection have impaired
hyporheic conditions in the Upper Mainstem WMU to some degree, but the level of alteration
is less than in downstream areas on the Lower Mainstem WMU (Map 7-8).
Agricultural land uses between the river and the northern valley wall, and throughout the
lower mainstem river valley are also indicators of alteration. These land uses along with
residential development (in lower Anderson Creek and elsewhere) are a potential source of
increased nutrient delivery in the Upper Mainstem WMU. Because many of the wetlands
described as being process-intensive have been lost, including in lower Anderson Creek, the
northern Nooksack River Valley, and the lower Nooksack floodplain, the ability of the
watershed to absorb/store/process pathogens and nutrients is reduced.
On-site septic systems and dairy operations in the northern Nooksack Valley and lower
Anderson Creek potentially contribute fecal coliforms to aquatic resources (Map 7-8). A
dense cluster of on-site septic systems occurs in the Nooksack UGA. These systems may
already be, or may soon become part of the Nooksack wastewater treatment system.
No significant sources of toxins/metals were identified in the Upper Mainstem Nooksack
WMU.
Response to Alterations
Both Anderson Creek and Smith Creek are listed as impaired for fecal coliform at sampling
stations near their mouths (Ecology 2004). Recent TMDL monitoring concluded that in 20045, Anderson Creek fecal coliform samples exceeded both the geometric mean concentration
and 90th percentile TMDL standards (NWIC 2004). Additionally, all samples but one failed
to meet the dissolved oxygen TMDL standard (NWIC 2004). Smith Creek samples met the
TMDL fecal coliform target for the geometric mean concentration but violated the estimated
90th percentile standard (NWIC 2004).
Fecal coliform concentrations are below target levels in the Upper Mainstem, but increased
tributary concentrations have a cumulative effect farther downstream. NWIC (2004) reports
that the relative proportion of fecal coliform loading in the Nooksack system that originates
in the Upper Mainstem and Forks WMUs is increasing this decade, rising from 56 percent in
2002-4 to 66 percent in 2004-5. These data only provide the relative proportion of nutrient
loading, not total loading, and they do not differentiate between the Upper Mainstem and
South Fork WMUs. Furthermore, the results are somewhat confounded by questionable
accuracy of the Deming streamflow gage. Nonetheless, the information suggests that fecal
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coliform originating in the Upper Mainstem WMU accounts for a large proportion of total
loading in the system.
The WRIA 1 groundwater study identifies the Upper Mainstem as having impaired nitrate
concentrations, exceeding EPA limits for annual maximum concentration in four of eleven
years during the 1990s and showing “probable” human influence in another six years (USU
2002).
7.1.3.4 Organic Inputs
Process-intensive areas
As with the Forks WMUs, streams recruit wood and fine organic matter from treethrow and
leaflitter adjacent to channels, and from landslides and subsequent debris flows originating
from valley walls and headwater areas (Map 7-9). Much of the wood accumulating in jams on
the mainstem likely was transported from upstream areas during peak flow events and
deposited during the flood recession.
Indicators of Alteration
The Upper Mainstem Nooksack riparian corridor is highly disturbed at the mouths of its
primary tributaries, and there are no areas with high LWD recruitment potential elsewhere on
the Upper Mainstem channel. LWD recruitment potential is impaired because mature conifer
stands have been replaced by non-forested land and monotypic deciduous stands (Map 7-10)
Riparian corridors are relatively intact in the Upper Mainstem tributaries. LWD recruitment
potential is high on Smith Creek except near the mouth. Forest practices in the upper
Anderson Creek drainage and rural land use in the lower drainage result in moderate
recruitment potential, but middle Anderson Creek and approximately half of the headwater
tributaries have high LWD recruitment potential. Like Smith Creek, the portion of Anderson
Creek on the Nooksack floodplain has a disturbed riparian corridor and low LWD recruitment
potential.
Response to Alterations
LWD densities in the Upper Mainstem are much lower than they were historically (Collins
and Sheik 2004a). In addition, the quality of wood is lower, and the river lacks the key pieces
of large conifers required to produce stable jams (Nooksack Natural Resources et al. 2005).
The changing river morphology noted previously is also a response to altered wood delivery
processes including the loss of stable jams that catalyze sediment deposition in medial bars
and create the patchwork mosaic indicative of naturally functioning anastomosing streams.
Currently, the Upper Mainstem exhibits a braided channel morphology with unstable
sediment aggradation and transport (Nooksack Natural Resources et al. 2005).
7.1.3.5 Heat/Light Inputs
Process-intensive areas
Process-intensive areas occur within 200 feet of the tributary channels, where canopy cover
can influence the amount of solar radiation reaching the water surface. Because of its large
size, temperatures in the mainstem Nooksack River are not readily influenced by changes in
riparian cover. Canopy cover and shading likely had a more pronounced effect on
temperatures in smaller anastomosing channels and other side channels characteristic of the
historic river morphology.
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Indicators of Alteration
Percent canopy cover on Anderson Creek and upper Smith Creek is predominately 40-70
percent, but lower Anderson Creek and lower Smith Creek have a number of reaches with
only 20-40 percent canopy cover. The edges of the Nooksack River are almost exclusively 020 percent canopy cover, suggesting impaired heat/light conditions (low shading) along the
main channel edges. In addition, the transition from an anastomosing to braided channel
suggests reduced potential for shading / warm water temperatures in side channels and other
off channel habitats.
Response to Alterations
Ecology (2004) lists Anderson Creek as impaired for water temperature (Category 5) in the
reach near Highway 542, although reaches downstream of this point have functional water
temperatures. Ecology (2004) does not identify temperature impairments on Smith Creek or
the Upper Mainstem Nooksack River. However, Smith Creek is listed as waters of concern
(Category 2) for dissolved oxygen, which may be associated with high water temperatures.
TMDL monitoring conducted in 2004-5 reported no exceedances of the state temperature
standard (NWIC 2005).

7.2 SHORELINE REACH SCALE INVENTORY
The Upper Mainstem Nooksack River and portions of its two main tributaries, Anderson and
Smith Creeks, are subject to shoreline jurisdiction (Figure 7-11). The maps depicting key
attributes of the freshwater shorelines in this WMU are provided in the MAP FOLIOS.

Figure 7-11. Shoreline Inventory Reaches, Upper Mainstem Nooksack WMU
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Link to Fazon Lake, Sumas South, Upper MS reach MAP FOLIO

Link to Anderson, Smith, Upper MS reach MAP FOLIO

7.2.1 Upper Mainstem Nooksack River
The Upper Mainstem Nooksack was inventoried in four reaches (numbered 16 through 18)
beginning in Everson at SR 544 (RM 24) and extending approximately 13 miles upstream to
the confluence of the South Fork at Rutsatz Road (RM 37). The entire length of the mainstem
channel is subject to shoreline jurisdiction. 17
7.2.1.1 Built Environment
Existing land cover and land use patterns along the Reaches 16 through 18 of the Upper
Mainstem Nooksack River are characterized by agriculture, limited low density development,
and undeveloped land. Agriculture is mainly dairy with some row crops. Part of the City of
Everson is located on both banks of the river in Reach 16. The upper reach (Reach 19) has
less cultivated land and more undeveloped forest along with low density residential
development. Reach 19 includes an area of commercial development around the community
of Deming.
Cultivated land in the lower reaches covers 14 to 23 percent of the inventory area. Riparian
forest cover increases upstream from 11 percent in Reach 16 to 25 percent in Reach 19.
Zoning and Comprehensive Plan land use designations are consistent with the existing land
use pattern, primarily comprised of Agriculture, Rural (1 unit per 2-10 acres), and Forestry.
The only utilities in the Upper Mainstem Nooksack River are a water line crossing in Reach
16, overhead PSE power line crossing in Reach 18, and an underground oil line crossing in
Reach 19. Bridge crossings are located in Reaches 16 (Everson Goshen Road / SR 544) and
18 (Mount Baker Highway / SR 542). There are no developed parks, trails, or recreational
resources along the Upper Mainstem Nooksack River, although the Mount Baker Highway
crosses and runs parallel to the right bank of the river in Reach 19. This roadway is a scenic
highway and frequented by recreational bicyclists. Additionally, land owned by Whatcom
County Public Works on the right bank in Reach 19, near the Mount Baker Highway bridge
provides an undeveloped public access location.
Regulated critical areas along all reaches of the Upper Mainstem Nooksack River include
wetlands, frequently flooded areas, and critical aquifer recharge areas in all reaches. Habitat
conservation areas include bald eagles along the mainstem in Reaches 16, 17 and 18.
Geologic hazard areas include landslide hazard areas in Reach 19, seismic hazard areas in
Reaches 18 and 19, and volcanic hazard areas in all reaches.
Levees and riprap harden the banks the Upper Mainstem Nooksack in all reaches. Bank
hardening is most extensive in Reach 16 (77 percent right bank and 96 percent left bank.
Levees line both banks in Reach 16 (92 percent). In Reach 19, 44 percent of the right bank is
17

Reach 1 of the North Fork Nooksack River is located with the boundaries of the Upper Mainstem
WMU, but is inventoried in Chapter 4 as part of the North Fork WMU.
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lined with levees. There are two water right diversions in Reach 16, one in Reach 17 and 3 in
Reach 18.
A small area of active bank erosion has been mapped on the left bank in Reach 19 of the
Upper Mainstem Nooksack River. The extent of eroding banks is 6 percent, and appears to be
associated with a past landslide. There are two hazardous waste sites in Reach 16 and one in
Reach 19.
Ecology’s 303(d) list (2004) designates Reaches 16, 18, and 19 as waters of concern (303(d)
category 2) for pH, and Reaches 18 and 19 as waters of concern (303d category 2) for fecal
coliform. Designated Category 1 (meets tested standards) reaches include Reach 19 for pH;
Reaches 16, 18, and 19 for ammonia-N, temperature, and dissolved oxygen; and Reaches 16
and 19 for fecal coliform and arsenic. Reach 18 is also listed as Category 1 (meets tested
standards) water for mercury.
Under existing zoning and comprehensive plan land use designations, future land use patterns
along the Upper Mainstem Nooksack River are not likely to change significantly. The
majority of the land likely will remain in agriculture. Undeveloped property in Reaches 18
and 19 zoned for large lot rural development could develop and existing residential areas
could redevelop in the future. Urban development will likely increase near Everson (Reach
16). Small Town commercial development could increase in Reach 19 at Deming.
7.2.1.2 Riparian Conditions
Hardwood stands and pastures are common along the entire Upper Mainstem shoreline.
Pasture dominates the left bank in Reaches 16 and 17, with hardwoods as the subdominant
land cover. Hardwoods dominate the right bank of Reaches 16 and 17, but many of the stands
contain small trees. No pastures exist on the right bank of Reach 17.
Reaches 18 and 19 are composed predominately of hardwood stands, but the right bank is
approximately 25 percent pasture and younger forest stands than the left bank. Reach 19 has
less pasture land within 200 feet of the stream. Forested areas in these two reaches are
typically 300-400 feet wide and often wider. Reach 1 of the North Fork is almost exclusively
stands of small- and medium-sized hardwoods.
Because forest stands are composed of small and medium sized deciduous species hardwood,
LWD recruitment potential is low to moderate in all reaches. Mirroring land cover, the right
bank tends to have low recruitment potential while the left bank generally has moderate
recruitment potential 18. In general, trees recruited from riparian areas along the upper
mainstem are too small to influence channel morphology. Hardwood trees, if recruited, could
become part of jams initiated by key pieces delivered from upstream sources, but in its
current condition, most of the upper mainstem riparian corridor is not contributing to stable
bar formation or anastomosing channel conditions.

7.2.2 Anderson and Smith Creeks
Anderson Creek is a left bank tributary that has been inventoried in seven reaches (including
a tributary drainage area referred to as the Anderson Branch (Reach 1-1). Anderson Creek
enters the Nooksack River in Reach 18. Smith Creek enters the mainstem on the right bank in
Reach 18. Smith and Anderson Creeks have three and six inventoried shoreline reaches,
18

The upstream end of the North Fork Reach 1 right bank contains a dense stand of large trees with
mixed composition. This is the only area within the entire Upper Mainstem shoreline that has high
recruitment potential. Inventory results for Reach 1 of the North Fork are included in Chapter 4.

June 2006 │ 558-1687-004
7. UPPER MAINSTEM NOOKSACK RIVER WMU

7-9

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

respectively, plus the Anderson Breach reach. The Anderson Branch may have been a
channel of the Nooksack River at some point in time. Today it is more closely associated with
Anderson Creek. The channel appears to abruptly end at an unimproved road approximately
1500 feet from the current channel of the Nooksack.
7.2.2.1 Built Environment
The lower reaches of the Anderson Creek are primarily undeveloped with some row crop
agriculture and limited rural residential development. Low-density rural residential
development increases in the upper reaches. Land use in Reach 6 consists primarily of
undeveloped land and large forested lots (10 to 30 acres). Zoning and Comprehensive Plan
land use designations are consistent with the existing land use pattern and include Agriculture
near the mouth and Rural. Roberts Road parallels a portion of the left bank of Reach 1.
Bridge crossings are located in Reach 3 (three), Reach 4 (two) and Reach 6 (one). An
overhead powerline (PSE) and underground oil pipeline crosses Reach 6.
Regulated critical areas include frequently flooded areas, critical aquifer recharge areas, and
wetlands in all reaches. Habitat conservation areas (bald eagles in Reach 1 and high quality
riparian areas all reaches. Geologically hazardous areas include seismic hazard areas in all
reaches, landslide hazard areas in Reach 3, and volcanic hazard areas in Reaches 1 and 1-1.
Shoreline modifications consist of water right diversions in Reaches 1, 1-1 and 6. There are
no mapped erosion sites or bank hardened shorelines along Anderson Creek.
The Department of Ecology 303(d) list (2004) designates stream Reaches 2 and 3 as Impaired
(303(d) category 5) waters for fine sediment and the upper reaches (Reaches 4 through 6) as
Impaired (303(d) category 5) waters for temperature. The lower reaches of Anderson Creek
(Reaches 1 through 3) are designated as Category 4A (impaired, but has TMDL) (impaired,
but has TMDL) waters for fecal coliform. Reaches 1 through 2 are designated as waters of
concern (303(d) category 2) waters for pH, dissolved oxygen, and temperature, and Reaches
1-1, 3 and 4 are listed as waters of concern (303d category 2) for dissolved oxygen and pH.
Category 1 (meets tested standards) (meets tested standards) water quality parameters along
Anderson Creek include pH (Reaches 2 and 3), temperature (Reaches 2 through 4), and
ammonia-N (Reaches 2 and 3).
Under existing zoning and comprehensive plan land use designations, future land use patterns
along Anderson Creek are not likely to change significantly. Residential development may
increase in the upper reaches where zoning is designated Rural (one unit per 5 acres).
Smith Creek enters the Nooksack River upstream of Anderson Creek. Existing land use and
land cover are primarily undeveloped forested and agriculture (row crops, livestock, and
dairy) in Reaches 1 and 2. Low-density rural residential uses occur in Reaches 2 and 3.
Existing zoning consists of Agriculture (Reach 1) and Agriculture and Rural (Reaches 2 and
3). There are 2 bridge crossings in Reach 2 and three in Reach 3. There is one overhead
powerline crossing in Reach 2 and one underground oil pipeline crossing in Reach 3.
Regulated critical areas consist of frequently flooded areas and wetlands in all reaches.
Reaches 2 and 3 are with critical aquifer recharge areas. Geologically hazardous areas consist
of seismic and volcanic hazard areas in all reaches.
Shoreline modifications include water right diversions in Reaches 2 and 3, and right bank
hardening (62 percent) in Reach 1. There are no documented areas of eroding shorelines
within SMP Jurisdiction.

7-10
7. UPPER MAINSTEM NOOKSACK RIVER WMU

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

The Department of Ecology 303(d) list (2004) designates Reach 2 of Smith Creek as
Category 4A (impaired, but has TMDL) (impaired, but has TMDL) water for fecal coliform.
Waters of concern (303(d) category 2) along Smith Creek include Reach 2 (pH) and Reach 3
(dissolved oxygen). Category 1 (meets tested standards) (meets tested standards) water
quality parameters along Smith Creek include dissolved oxygen (Reach 2), temperature
(Reaches 2 and 3), ammonia-N (Reach 2), and pH (Reach 3).
Under existing zoning and comprehensive plan land use designations, future land use patterns
along Smith Creek are not likely to change significantly.
7.2.2.2 Riparian Conditions
Hardwood trees comprise the riparian corridor along most of the Anderson Creek shoreline,
and LWD recruitment potential is mostly moderate. The upstream channel 19 of the divergent
Reach 1 is mostly forested, but rural land uses encroach to within 50 feet on right bank and
limit the riparian cover. On the left bank in this segment, cover is shrub and small hardwood
trees within 100 feet of the stream. The remaining downstream end is hardwood forest on the
left bank and conifer forest on the right bank. The downstream channel has small trees and
shrub/emergent vegetation bounded by larger hardwoods. The lower half mile of this channel
flows through an agricultural field and has a 50-foot wide buffer of shrubs and small
hardwoods.
With the exception of a three large residential lots that have associated clearing within 100
feet of the stream, the Reach 2 riparian corridor is forested with medium-sized hardwoods
that are contiguous to small forest tracts outside the shoreline. Encroachment is more
common along the downstream end of Reach 3, but forest cover dominates within 200 feet of
the stream. The river right riparian width is reduced to 100 feet for the half mile of the reach.
The downstream end of Reach 4 has conditions similar to Reach 2, but the upstream end and
all of Reach 5 have more limited riparian function. Although hardwood stands occur adjacent
to the streambank, the riparian width is limited to 100 feet on either side. In addition, trees are
less dense in areas, and shrub and emergent cover are more common. Reach 6 riparian cover
of s mixed hardwoods and confers, is relatively dense on both banks. However, the trees are
small and recruitment potential is low. Canopy cover is moderate. There is a stand of large
hardwood trees on the downstream end of the right bank, but they are sparsely distributed.
Reach 1 of Smith Creek contains small hardwoods on river left that extend to the Nooksack
River. The right bank riparian area has a narrow band of medium-sized trees on the bank with
an adjacent <50-foot wide zone of shrubs.
Reaches 2 and 3 of Smith Creek are bordered by sparsely populated stands of medium-sized
hardwoods; agricultural fields commonly encroach into the shoreline, and are the dominant
land cover in the right shoreline of Reach 3.
7.2.2.3 Instream Conditions
Anderson Creek lies on the easternmost edge of the Sumas outwash plain. The portion of the
channel within shoreline jurisdiction has a <1 percent gradient and is unconfined. Instream
conditions in these reaches are likely influenced by disturbance from upstream, where the
stream network drains a portion of Stewart Mountain. Direct observational data regarding
instream habitat was not found, but EDT predicts 10 percent pool habitat in Reach 1 and
highly impaired sediment concentrations in the lower 5 reaches. EDT estimates that pools

19

The Reach 1 “upstream” channel enters the Nooksack River upstream of the “downstream” channel
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make up 30 percent of total habitat in Reach 6, which is also estimated to have moderate fine
sediment concentrations (11-18 percent).
The jurisdictional shoreline of Smith Creek does not extend beyond the edge of the Nooksack
floodplain. The three inventoried reaches run parallel to the Nooksack mainstem, which
likely influences Smith Creek hydrology to substantial degree. Because the jurisdictional
shoreline is on the floodplain, the gradient is very low. Reach 1 is confined on river right by a
bank revetment likely intended for the Nooksack at some time in the past, but Reaches 2 and
3 are unconfined. EDT modeling predicts pool habitat to be less than 20 percent in all reaches
with highly impaired fine content (>30 percent) in Reach 1 and moderately impaired fine
content (11-18 percent) in Reaches 2 and 3.
7.2.2.4 Biological Resources
Salmonids
Salmonid distribution and life history strategies in the Anderson and Smith Creek shoreline
reaches are very similar to that of the Upper Mainstem reaches (see Section 7.2.1.4). One
difference is the distribution of pink salmon, which are presumed to occur in Anderson
Creek, but are not found in Smith Creek (Nooksack Natural Resources et al. 2005). Latetimed Chinook also use tributary shoreline reaches for all freshwater life history stages.
Early-run Chinook may use the tributaries for holding, rearing and refugia, but typically
spawn in the Nooksack forks (Nooksack Natural Resources et al. 2005). Snorkel surveys
identified juvenile Chinook in Anderson Creek in summer and fall, and in Smith Creek in fall
and winter.
Bull trout are presumed to use the tributary shorelines for foraging and migration (Nooksack
Natural Resources et al. 2005). Coho, chum, steelhead, and sea-run cutthroat use the
shoreline habitat of both streams for all aspects of their freshwater life history.
Other Aquatic and Terrestrial Organisms
No non-salmonid priority species or habitat is found in the Anderson and Smith Creek
shorelines (WCPDS 2005).
Non-native and Invasive Species
No aquatic invasive weeds or warmwater fish have been documented within the shoreline
reaches of the Upper Mainstem tributaries, although it is likely that reed canarygrass is
established at disturbed sites within the jurisdictional zone (WDFW Undated; Ecology
2005b).

7.3 SYNTHESIS
This section describes potential management actions based on inventory information.
Restoration and conservation opportunities are highlighted based on existing ecosystem
processes and functions, and preliminary recommendations are made for updating SEDs.

7.3.1 Landscape-scale Restoration and Conservation
The Nooksack floodplain is the most process-intensive area in the WMU, but those processes
are highly impaired (Table 7-1). Upstream source inputs drive ecological functions to a large
degree, but altered organic input and storage mechanisms (for water, sediment and nutrients)
minimize the ability of the resources to recover from upstream disturbances.
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Table 7-1. Summary of Process Intensity and Alterations by Drainage Area, Upper Mainstem Nooksack WMU
Process Intensitya

Canopy
Cover
Alteration

LWDRP

Process

Heat/LIght

Alteration

LWD

Process

Storage
Alteration

Alteration

Inputs
Process

Alteration

Storage
Process

Alteration

Surface
Erosion
Process

Alteration

Mass
Wasting
Process

Alteration

Groundwater
Process

Snowmelt
and
Runoff

Water Quality

Process

Sediment

Alteration

Alteration

Surface
Water
Storage
Process

Alteration

Intensity

Infiltration
&
Recharge
Process

Mechanism

Hydrology

Process

Process

Lower Nooksack
Floodplain

1

↑

↓

↑

↓

↓

↓

↑

↔

↓

↓

↓

↔

↑

↓

↓

↔

↑

↓

↔

↑

↓

↑

This portion of the Nooksack Mainstem has significant, intact riparian wetlands,
but armoring and levees likely limit surface, hyporheic, and groundwater
interactions between the river and its floodplain. Strategic levee setbacks
accompanied by riparian restoration may help restore natural stream morphology
and improve habitat.

Smith Creek

2

3
4

Lower Anderson
Creek
Upper Anderson
Creek

↓

↓

↓

↓

↑

↓

↓

↓

↓

↔

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↑

Upper Smith Creek is relatively unimpaired by forest practices. Lower Smith
Creek lies on the Nooksack floodplain, and has a hydrologic connection to the
larger river system. Restoring /preserving connectivity in the lower drainage may
improve functions in both the Nooksack and the creek.

↔

↓

↔

↑

↓

↓

↔

↔

↓

↓

↓

↓

↔

↑

↓

↔

↔

↑

↑

↔

↑

↔

Restoring lost wetlands and riparian areas in lower Anderson Creek has the
potential to improve water quality, water quantity, and habitat complexity.

↓

↓

↓

↓

↑

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↔

The upper Anderson Creek is relatively unimpaired by forest practices.
Protection of rain-on-snow zones and landslide hazard areas is recommended to
prevent increased disturbance regime.

Upper Nooksack
Floodplain

5

↑

↔

↑

↔

↓

↓

↑

↔

↓

↓

↓

↔

↑

↔

↓

↔

↑

↔

↔

↑

↓

↑

Riparian restoration is the key component for re-establishing natural
geomorphology. Such restoration will likely succeed only in the context of
reduced sediment supply from upstream sources. The area in the vicinity of
Smith Creek is highly altered and may provide significant opportunities for
restoration projects.

↓

↓

↓

↓

↔

↔

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↔

These are typically short, steep tributaries upstream of the major tributaries.
Opportunities for restoration may be more limited.

Other Tributaries

6

Potential for Restoration and Protection

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Restoring processes that contribute to mainstem channel stability and historic morphology are
a high priorities for the Upper Mainstem WMU. This includes addressing sediment and wood
delivery from the Forks’ WMUs, relocating roads and other infrastructure outside the historic
channel migration zone, restoring riparian areas to conifer-dominated stands to improve
LWD recruitment potential in the long-term, and repairing bank conditions to a more natural
state (e.g., removing riprap and removing or relocating levees). These measures would not
only help promote a return to historic channel morphology, but could lead to improvements in
other processes (e.g., heat light, water quality) through a number of riparian-scale
mechanisms. Until the historic channel morphology is re-established, the potential for
restoring off channel habitat is low (Buffington et al. 2003). Protecting portions of the valley
with adjacent permeable deposits will ensure continued recharge, and subsequent discharge
of groundwater to the Nooksack system.
Most of land in the Smith Creek and upper Anderson Creek drainages is managed forest, but
road densities are relatively low compared to other drainages with similar land use. These
drainages are less process-intensive and less impaired than the Nooksack floodplain;
therefore restoration potential is a lower. Conservation practices that minimize the effects of
road construction in areas prone to mass wasting and clearing in rain-on-snow zones should
be pursued.
The lower Anderson Creek drainage has a moderate level of process-intensity and a moderate
level of impairment. Restoring wetlands could improve hydrology and water quality
processes and provide greater habitat diversity, but results may not have the same scale of
influence as restoration on the mainstem Nooksack.

7.3.2 Reach-scale Restoration and Conservation
Most of the Upper Mainstem is armored and riparian areas are highly disturbed.
Consequently riparian-scale restoration opportunities abound, especially in the low gradient,
unconfined reaches (Nooksack Natural Resources et al. 2005). Interim measures such as
introducing key pieces of LWD to stabilize what are generally loose aggregates of LWD
deposits would jumpstart stabilization/restoration of stream morphology by creating
permanent islands, increasing instream sediment storage capacity, and providing habitat
complexity. Selective riparian restoration in areas of high bank instability would also help to
achieve this goal.
Other high priority reach scale restoration and conservation opportunities include
reconnecting Smith Creek to the Nooksack floodplain. Protecting the intact portion of
Nooksack floodplain near the confluence of Smith Creek presents an opportunity to maintain
properly function conditions.
The deltaic character of the Anderson Creek mouth provides complex habitat that should be
protected. Upstream water quality and sediment impacts could be mitigated by restoring
wetlands and riparian areas, particularly in Reaches 3, 4, and 5, which historically had
abundant storage capacity.

7.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Tables 7-2 and 7-3). Although land uses have impaired functions in the Nooksack
shoreline, a Conservancy designation is recommended because of the level of processintensity and the potential for restoration. This designation is consistent with the existing
designation.
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For the tributary streams, a Conservancy designation is recommended in areas with
significant riparian function (Table 7-3). Rural is recommended for impaired areas where
existing land uses have encroached into the riparian zone. Although Smith Creek is on the
Nooksack Valley and in the floodplain, land uses have encroached into the shoreline, and a
designation is recommended consistent with existing zoning.
Table 7-2. Preliminary SED Recommendations, Upper Mainstem Nooksack River

Reach

Existing
SEDs

Recommended SEDs
Left Bank

Right Bank

Reach 16

Conservancy

Resource/
Conservancy

Conservancy

Reaches 17-19

Conservancy/
Tribal

Conservancy/
Tribal

Conservancy/Tri
bal

Comment
Rural near downstream end of
Reach 16 near Everson,
otherwise Conservancy
designation will protect
existing process-intensive
areas

Table 7-3. Preliminary SED Recommendations, Upper Mainstem Tributaries
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Reach

Existing
SEDs

Recommended SEDs
Left Bank

Right Bank

Comment

Anderson Creek
Reach 1

Conservancy/
Tribal

Conservancy/
Tribal

Conservancy
/Tribal

Maintain existing designations
on floodplain reach

Reach 2

Conservancy/
Rural

Tribal/
Conservancy

Tribal/Conserv
ancy

Tribal shoreline present.
Conservancy on Nooksack
floodplain

Reach 3

Rural

Conservancy/
Rural/Tribal

Conservancy/
Rural/Tribal

Conservancy to protect
forested riparian corridor,
otherwise Rural

Reach 4

Rural

Conservancy/

Conservancy

Conservancy to protect
forested riparian corridor.

Undesignated

Conservancy

Conservancy

Reach 1 is part of the
Nooksack floodway.
Conservancy is intended to
protect forested area between
the river and stream.

Smith Creek
Reach 1

Smith Creek (continued)
Reach 2

Conservancy

Conservancy/
Rural

Conservancy/
Rural

Reach 3

Conservancy

Rural
/Conservancy

Rural
/Conservancy
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with R5A zoning on the north
side of Mt. Baker Hwy.
Conservancy is consistent with
Nooksack River floodway to the
West and South.
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8.

LOWER MAINSTEM NOOKSACK RIVER WMU
The Lower Mainstem WMU encompasses approximately 21,000 acres of land between the
cities of Ferndale and Everson. The Lynden North and Drayton Harbor WMUs border the
Upper Mainstem WMU to the north, and the Tenmile WMU borders to the south. The
Nooksack River forms the boundary between the Lower Mainstem and Lynden North
WMUs; the northern (right) bank of the river is within the Lynden North WMU, and the
southern (left) bank is within the Upper Mainstem unit 20.
Shorelines of the state in this WMU include the Nooksack River mainstem and Wiser Lake.
As noted previously, the Nooksack River is a shoreline of statewide significance.

8.1 LANDSCAPE ANALYSIS
The contributing area to this section of the Nooksack River includes the Forks, Upper
Mainstem, Tenmile, and Lynden North WMUs. Processes and alterations in these
contributing WMUs influence habitat structure and ecological function in the lower
mainstem. Ecosystem processes influencing the river and/or occurring adjacent to the river
channel (i.e., on the floodplain and in areas with a primary hydrologic connection to the river)
are emphasized in this chapter. Some details presented here may overlap with the analysis of
Lynden North 21 and/or other upstream WMUs as processes tend to influence multiple
WMUs.

8.1.1 Aquatic Resources
Because the Lower Mainstem WMU is limited to a relatively narrow corridor along the
Nooksack mainstem and most major tributary drainages (e.g., Bertrand Creek, Fishtrap
Creek, and Tenmile Creek) are analyzed separately, aquatic resources are somewhat limited
in this unit. Wiser and Fountain Lakes lie south of the river. Schneider Creek drains the
northwest corner of the WMU. Cougar Creek drains Wiser Lake and joins the Nooksack
River just above the Tenmile Creek confluence; Fountain Lake drains to Scott Ditch, which
runs from Everson to its confluence with the river south of Lynden. Willey Lake, Keefe Lake,
and several small, unnamed tributaries (including several ditches) also occur in this WMU
(Map 8-1).
Wetlands are concentrated near both large lakes, Cougar Creek, Schneider Creek and the
Nooksack floodplain.

8.1.2 Process Controls
8.1.2.1 Geology
The Lower Mainstem WMU lies almost entirely on the Sumas outwash plain, except where
the river has deposited alluvial sediments (coarse sands and gravels) on the Nooksack
floodplain. These two types of surficial deposits support a suite of processes and mechanisms.
The mainstem river valley transitions from a Holocene valley that has incised into surficial
glacial deposits, and exhibits an anastomosing stream morphology to a Pleistocene valley

20

This chapter includes the shoreline reach inventory for both banks of the Nooksack River even
though the right bank is part of the Lynden North WMU. See Section 8.2, for the reach inventory.
21
Information pertaining to the Lynden North WMU is provided in Chapter 9.
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where the river built its bed on surficial deposits and formed natural levees. The transition
occurs in the area upstream of Hannegan Road (Reaches 13-15).
The lower portion of the WMU, where the river turns south towards the delta, is part of the
Mountain View upland, which is composed primarily of glaciomarine drift. A veneer of sand
and gravel deposits separates the fine drift from coarser outwash deposits. The veneer may be
a relic beach along which wave action deposited a lag mantle during a drop in sea level
(Easterbrook 1973).
The Lower Mainstem WMU also encompasses extensive organic deposits, the largest of
which occurs in a band containing Cougar Creek, Wiser Lake and Fountain Lake and
extending all the way to Everson. Other notable organic deposits occur in scattered pockets
along the both sides of the Nooksack floodplain and in the Schneider Creek drainage.
8.1.2.2 Topography
As the lower mainstem is entirely within the Puget Lowlands, relief is generally limited to
local depressions and areas incised by streams. Elevations on the floodplain generally range
from 20 to 45 feet msl; maximum elevations elsewhere in the WMU are around 80 feet msl.
Most areas of higher relief are concentrated in the southwestern portion of the WMU along
the eastern edge of the Mountain View upland.
8.1.2.3 Climate
Annual precipitation averages 45 to 50 inches in the Lower Mainstem WMU. The low relief
and lack of orographic effects result in a consistent precipitation pattern throughout the
WMU. Rainfall is the dominant form of precipitation, the majority of which falls between the
months of October and January. Snowfall is not uncommon in the area, but accumulations are
not persistent.
8.1.2.4 Land Use/Land Cover
Agricultural land use/land cover dominates the Lower Mainstem WMU (see Map 3-14). As a
result, forest cover is sparse and generally limited to isolated patches associated with
residential and commercial development. Rural residential land uses are concentrated near
Wiser Lake and the cities of Everson and Ferndale, and along major roads between the two
cities.

8.1.3 Landscape Processes, Alterations and Controls
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities, and will be integrated with SMP planning.
Link to Lower MS landscape MAP FOLIO
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8.1.3.1 Hydrology
Process-intensive Areas
Alluvium and coarse outwash deposits underlie most of the WMU creating extensive processintensive areas for hydrology (Map 8-2). The combination of low relief and coarse-grained
soils facilitates infiltration and recharge and effectively expands the area where hydrologic
mechanisms operate. This area includes the floodplain and the Wiser Lake/Cougar Creek
drainage, which like the mainstem contains surface water storage areas bounded on either
side by areas of high infiltration.
The low relief also creates opportunities for backwater effects/flow reversals in the major
tributaries. This is particularly evident on Schneider Creek and in Kamm Slough 22, where the
Nooksack floodplain extends more than halfway up the drainage.
Because this portion of the Nooksack River runs through an unconfined valley, floodplain
width and total floodplain area are much greater compared to the upstream WMUs (Upper
Mainstem and the Forks). The wide floodplain provides numerous depressional areas that
store floodwater, groundwater seepage, overland flow, and overbank tributary flows.
According to Collins and Sheik (2004a), topographic depressions on the lower Nooksack
floodplain were sites of extensive freshwater wetlands including marshes, willow swamps,
and beaver swamps.
Indicators of Alteration
Loss of forest cover (through agricultural conversion), floodplain disconnection, and draining
of low-lying riparian swamps and marshes are primary indicators of altered hydrology in the
Lower Mainstem WMU (Maps 8-3 and 8-4). Historically, alder, cottonwood, and cedar
forests dominated the Lower Mainstem WMU (Collins and Sheik 2004a), but the forests
subsequently gave way to agricultural fields. In the process of converting forests to
agricultural land, many historic wetlands were drained or otherwise altered. The most
pronounced wetland losses occurred in the Scott Ditch area, the upper Schneider Creek
drainage, and upstream and downstream of Wiser Lake (Map 8-4).
Levees and riprip line the riverbanks to contain peak events with recurrence intervals up to
approximately five years. Although levees would form naturally as a result of sediment
deposition along the banks, increased sediment supply from upstream sources has likely
increased the rate and amount of sediment deposition along the lower mainstem (Smith
2001). Irrespective of their origin, the existing levees/armoring limit the delivery of surface
water to potential storage areas and contribute to channel straightening, which increases
gradient, decreases flowpath length, and ultimately reduces the potential for peak flow
attenuation. The loss of floodplain connectivity and wetland storage areas also reduces habitat
availability and habitat complexity for fish and other aquatic organisms.
Increased amounts of impervious surface are another indicator of altered hydrology in this
WMU. Impervious area is higher here than in other parts of County. Both the Wiser Lake and
Scott Ditch drainages have between 3 percent and 10 percent EIA as a result of dense
development in Everson, Ferndale, and around Wiser Lake. Areas of high impervious surface
also occur in the southwest corner of the WMU, (near the north edge of Ferndale) and in the
Schneider Creek drainage near Tatlow and Harksell roads.

22

Kamm Slough is part of the Lynden North WMU.
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The loss of storage and infiltration/recharge capacity not only alters peak runoff patterns but
also reduces groundwater quantity and limits base flow. Effects on baseflow are also caused
by water consumption. Based on 1997 water rights data, potential consumption of
groundwater and surface water in the Lower Mainstem tributary drainages (Scott Ditch,
Wiser Lake/Cougar Creek, and Schneider Creek) amounts to approximately 99 cfs, the
majority of which is groundwater. This figure is dwarfed by water rights on the Nooksack
River, which is estimated at 697 cfs (all water rights converted to cfs for consistency), most
of which is surface water 23. These estimates suggest that consumption is large enough to
influence both surface and groundwater hydrology.
Response to Alterations
The WRIA 1 Salmonid Recovery Plan (Nooksack Natural Resources et al. 2005) reports
several responses that can be linked the hydrology impairments noted above: The length of
the lower mainstem channel between RMs 15 and 19 decreased by 35 percent between ~1800
and 1938 due to bank modifications/armoring. Similarly, the extent of the floodplain area
available for channel-floodplain interaction has decreased dramatically. Below Everson, 86%
of the historic floodplain area is estimated to be unavailable for such interaction.
Smith (2002) reports reduced baseflow responses to hydrologic alterations. Wiser Lake and
most of the tributary drainages along this section of the Nooksack River that are in separate
WMUs have partial or full water rights allocation closures. Seepage runs performed by USU
(2001) report that on the day sampled, the Nooksack River was a losing reach upstream of the
mouth of Kamm Slough. This attribute of the river may be a consequence of natural geologic
controls that act to stabilize groundwater elevations and support hydrology in nearby
wetlands. However, local groundwater extraction may exacerbate the natural condition.
Increased frequency and duration of peak flows in the Lower Mainstem WMU are predicted
based on conditions within the contributing area (which includes the Upper Mainstem and
Forks WMUs).
8.1.3.2 Sediment
Process-intensive areas
Due to very low relief, sediment delivery from local hillslope processes is not a major factor
in the Lower Mainstem WMU. The majority of sediment input is from upstream sources in
the foothills and montane regions of the Upper Mainstem and Forks WMUs. Local processintensive areas for sediment delivery include areas of erosive Oridia silt loam derived from
alluvial deposits on the Nooksack floodplain. These erosive areas form a relatively
continuous corridor in the floodplain south of the river (Map 8-5). These areas slope away
from the river on the landward side of natural levees, but may deliver sediment to the river
indirectly via tributaries and ditches. These sediment sources are not likely to be a significant
component of the overall sediment budget.
The lower mainstem Nooksack is a depositional reach that responds to sediment inputs from
farther up in the watershed. Therefore, sediment storage mechanisms play an important role
in maintaining ecosystem functions. The meandering morphology of the lower mainstem
implies that sediment is stored via channel migration, as evidenced by the fact the lower
reaches flow through a Holocene valley, and the channel migration zone lies higher in
elevation than the surrounding floodplain (Collins et al. 2004a, Collins and Sheik 2004b). In
23

This estimate for the Nooksack River include all water rights on the river downstream of Everson,
thus the portion of consumption occurring in the Lower Mainstem WMU would be somewhat less.
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addition, the presence of naturally formed levees implies that overbank flows are also
important depositional events, particularly because more sediment is in motion at these times.
Indicators of Alteration
In this WMU, high impact/non-forest land cover (till agriculture) occurs in areas of high
erosion potential on the Nooksack floodplain, and the dense network of roads and ditches
provides an efficient pathway for sediment delivery to the Nooksack River (Maps 8-6 and 86.5). Because many of the historic sediment storage areas (depressional wetlands and
connected floodplains) are not longer present (see Map 8-4 and the description of loss water
storage areas above), effects of increased sediment input are difficult to mitigate in the Lower
Mainstem WMU. Levees and bank armoring limit the ability of the river to migrate, store
sediment, and deposit sediment on the floodplain.
Response to Alterations
Ecology’s (2004) 303(d) list does not identify sediment impairments in the Nooksack
tributaries. Smith (2002) reports that because sediment loads are naturally high, sediment is
probably not a primary limiting factor in the lower mainstem.
8.1.3.3 Water Quality
Process-intensive Areas
Process-intensive water quality areas occur mostly in the Nooksack floodplain where riparian
wetlands intermingle with the hyporheic zone to produce highly productive microbial
environments conducive to nutrient and material uptake, storage, and reduction/oxidation.
Areas where multiple mechanisms are at work typically occur along the edge of floodplain in
areas landward of the river’s natural levees. Due to river and valley morphology on the lower
mainstem, these areas are typically low-lying depressions and areas with low relief. Examples
include Scott Ditch and associated ditches and the mouths of Kamm Slough, Fishtrap Creek,
and Bertrand Creek. Process-intensive areas are more sparse in the lower WMU, but occur in
the Nooksack floodplain spur extending into the Schneider Creek drainage, the mouth of
Cougar Creek, and in the floodplain to the west of the Nooksack (Map 8-7).
Sediment storage also occurs in these same areas, therefore these areas may influence the fate
of dissolved as well as adsorptive materials such as phosphorous and metals.
Indicators of Alteration
Generally, the entire WMU supports land uses that are known to contribute to water quality
impairment. Intense farming occurs throughout the Lower Mainstem WMU, and water
quality impairments are likely to be agricultural derivatives such as nutrients and pesticides.
Dairies are also common in the WMU, the largest of which are located to the west and north
of Fountain Lake and in the Scott Ditch drainage. The WRIA 1 Salmonid Recovery Plan
reports that the Nooksack Basin has some of the highest manure and fertilizer application
rates among the sixteen sampled Puget Sound River basins (Nooksack Natural Resources et
al. 20005).
High onsite septic system densities coincide with a band of residential development running
from east of Wiser Lake to the southwestern corner of the WMU. The western portion of the
lower WMU potentially receives inputs from sources in the City of Ferndale (where
development extends north of the Interstate 5 corridor to the Schneider Creek drainage); the
upper WMU may receive inputs from sources in the City of Everson (Map 8-8). Commercial
and industrial land uses in these urban areas are a potential source of heavy metals and toxins
(Nooksack Natural Resources et al. 2005 citing Ecology 1995). Effluent from municipal
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wastewater treatment plants along this section of the Nooksack is reported to contribute a
variety of contaminants including, but not limited to, ammonia, aluminum, oils and grease,
chloride, PCBs (Nooksack Natural Resources et al. 2005).
Throughout the WMU, development has displaced areas that provide filtering and storage
opportunities for substances that degrade water quality. Floodplain disconnection along the
Nooksack limits the ability of the river to store the substances because it reduces the storage
of surface water. Extensive wetland loss in the upper WMU along the floodplain (see Map 84) is another key indicator of altered nutrient cycling and contaminant uptake. Nutrient
cycling processes appear to be less impaired in the lower WMU where many of the riparian
wetlands remain intact.
Response to Alterations
Ecology (2004) lists both the Nooksack River and Wiser Creek as impaired for fecal coliform
contamination. Joy (2002) reports maximum concentrations of fecal coliform equal to 350
colonies per 100mL near Lynden and 550 colonies/100mL near Ferndale. Scott Ditch
samples range as high as 1,700 colonies per 100mL and only 25 percent of samples are less
than 100 colonies per 100mL (Joy 2002). TMDL implementation monitoring conducted in
2004-5 reported that samples taken from Scott Ditch and LLPL ditch exceeded both the
geometric mean and 90th percentile TMDL standards (NWIC 2005). Samples at both these
sites also commonly violated dissolved oxygen standards (NWIC 2005). Samples taken from
the Wiser Lake outfall met TMDL criteria for fecal coliform, but not dissolved oxygen
(NWIC 2005). In addition, the study concludes that the relative proportion of fecal coliform
loading in the Nooksack system originating from Scott Ditch increased from 4 percent to 6
percent in 2002-4 and 2004-5, respectively (NWIC 2005). While this change may be the
result of increased total loading from Scott Ditch, it is possible that management actions have
reduced contributions from other areas (causing the Scott Ditch inputs to make up a great
percent of the overall load).
A 1997 Ecology survey concludes that Wiser Lake is eutrophic, which is supported by visual
observations of a very large algal bloom. One water quality sample contained 477
micrograms per L phosphorous in the epilimnion on August 8, 1997. The Ecology regulatory
criterion is 20 micrograms/L.
WRIA 1 groundwater quality analyses reports that the lower mainstem near Ferndale has
some of the highest nitrate concentrations in the County (USU 2002). Ethylene dibromide
was also found in increased levels in Scott Ditch and Schneider Creek drainages (USU 2002).
8.1.3.4 Organic Inputs
Process-Intensive Areas
Historically, local process-intensive areas for wood recruitment on the lower mainstem would
have included the riparian zone, floodplain, and areas subject to channel migration, as local
hillslope sources generally would not have been available 24 (Map 8-9). Tributary streams
also recruit wood from riparian areas, although portions of tributaries located on the
Nooksack floodplain could also recruit wood deposited on the floodplain by the river.

24

LWD from upstream sources could also account for much of the wood accumulating on jams in the
lower mainstem.
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Indicators of Alteration
Mainstem and tributary riparian corridors are highly disturbed and LWD recruitment
potential is low throughout almost the entire lower mainstem, with the exception of segments
just downstream of Everson and near the mouths of Bertrand and Fishtrap Creeks (Map 810). Forest cover has given way to agricultural and residential land uses in the Scott Ditch
and Cougar Creek drainages, and LWD recruitment potential is low for almost their entire
length. Short sections of stream with high LWD recruitment potential occur, but they make
up a very small proportion of total stream length.
Historically, river management led to the removal of wood from the mainstem channel to
improve navigability and later to improve the efficiency of water transport and reduce
flooding (Collins and Sheik 2004a). Gargantuan jams up to a mile long and spanning the
width of the river were removed, as were piece lodges in deepwater channels used for
navigation.
Response to Alterations
LWD is still present in the lower mainstem, but not at the densities recorded historically
(Collins and Sheik 2004a). According to Nooksack Natural Resources et al. (2005) the
Lummi Nation studied wood distribution in the lower mainstem and found virtually no wood
in this WMU. Nooksack Natural Resources et al. also noted a loss of complex habitat because
of the degraded riparian conditions--a problem that is predicted to take 50 years or more to
rectify.
8.1.3.5 Heat/Light Inputs
Process-intensive areas
The lower mainstem Nooksack River flows through a Pleistocene valley and has aggraded,
depositing alluvium in a narrow band on top of glacial outwash. The result is a sinuous,
narrow channel with a deep cross-section. This morphology limits the effects of insolation,
which would be much higher on a broad, shallow river. Canopy cover/shading can have a
greater influence on stream temperature here compared to areas of greater channel width, but
the overall effect is still somewhat limited given the size of the river.
Tributaries would have been much more influenced by canopy cover, which in some areas
likely provided complete or nearly complete cover.
Indicators of Alteration
Riparian corridors are highly disturbed in both the mainstem and tributaries. Canopy cover is
low (high shade hazard) on almost 100 percent of the total stream length in the lower
mainstem, including tributaries (Coe 2001).
Response to Alterations
Joy (2000) reports one excursion beyond Ecology regulatory criteria for temperature, causing
the lower mainstem to be listed as a water of concern (Ecology 2004). Samples on Wiser
Creek and Scott Ditch were within acceptable limits for temperature, although three samples
taken at the Wiser Lake were above 17 Celsius. Temperature samples taken as part of 2004-5
TMDL monitoring at Wiser Lake outlet, LLPL Ditch, and Scott Ditch met state standards
(NWIC 2005).
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8.2 SHORELINE REACH SCALE INVENTORY
There are only two water bodies subject to shoreline jurisdiction in this WMU: the lower
mainstem (a shoreline of statewide of significance) 25 and Wiser Lake (Figure 8-11). The
reach scale maps depicting key attributes of the freshwater shorelines in this WMU are
provided in the MAP FOLIOS.
Link to Lower MS reach MAP FOLIO

8.2.1 Lower Mainstem Nooksack River
The jurisdictional extent of the lower mainstem Nooksack River includes approximately 16.4
miles, from the City of Lynden to the City of Everson. Nine of the nineteen inventoried
reaches along the mainstem Nooksack River are in the Lower Mainstem WMU. These
reaches (6 through 15) range in length from 0.42 to 3.50 miles.
8.2.1.1 Built Environment
Existing land cover and land use patterns along the Lower Mainstem Nooksack River are
predominantly associated with agriculture (a mix of dairy, livestock, and row crops). Within
the inventory area, land cover in all reaches is dominated by a combination of cultivated land
and wetlands. The largest concentration of dairy farming is located in Reaches 11 through 14,
where over half of the land is subject to nutrient management plans. Small areas located in
the lower portions of Reach 6 are large lot rural residential (5 to 10-acre lots) land in the City
of Ferndale, and its designated UGA. Small areas along the right bank in Reaches 11 and 12
are in the City of Lynden and its UGA. The densest development is located in the upper
portion of Reach 15, characterized by smaller lot residential and commercial development in
the City of Everson along Everson Road (SR 544) and Park Drive.
Major utilities along the lower mainstem Nooksack include two wastewater treatment plants
and associated outfalls. The City of Lynden’s plant and outfall are located on the right bank
in Reach 12. The City of Everson’s treatment plant and outfall are located on the right bank
in Reach 15. Transportation facilities include bridge crossings in Reach 11 (Guide Meridian
Road (SR 539) and Reach 12 (Hannegan Road). River Road parallels the right bank of the
river in Reach 11. Overhead powerlines cross the river in Reach 6 (BPA, PUD, and PSE) and
Reach 12 (PSE, along Hannegan Road).
There are few developed parks, trails, or recreational resources along the lower mainstem
Nooksack River. One park with ballfields is located in the City of Everson, on the right bank
in Reach 15, adjacent to the wastewater treatment plant. A previous inventory by the County
identified two undeveloped properties in Reach 13 for potential acquisition to provide
shoreline access opportunities. There are no historic properties along the lower mainstem
listed on federal, state, or local historic registers.

25

The right bank of the Nooksack River is technically within the Lynden North WMU but inventory
data is reported here for both banks of the mainstem (Reaches 6-15).
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Figure 8-11. Shoreline Inventory Reach Numbers and Endpoints, Lower Mainstem
Nooksack WMU

Regulated critical areas along the lower mainstem Nooksack River include wetlands, critical
aquifer recharge areas, and frequently flooded areas in all reaches. Several reaches (6, 8, 11,
12, 13, and 15) also have wellhead protection zones. Habitat conservation areas are located in
most reaches, including areas of bald eagle habitat. Geologic hazard areas include seismic
hazard areas, and volcanic hazard areas in all reaches. The lower portion of Reach 6 contains
a small area of mapped tsunami hazard.
Shoreline modifications along the lower mainstem Nooksack River include several water
right diversions and extensive bank hardening and levees in all reaches. Several reaches are
80 to 100 percent leveed and/or armored. An area of active bank erosion has been mapped
along the right bank in Reach 15.
The Ecology 303(d) list (2004) designates the lower mainstem Nooksack River in violation of
several water quality parameters extending throughout all of the reaches. Impaired (303(d)
category 5) waters are listed for pH (Reach 13), and dissolved oxygen (Reaches 6 and 13).
Reaches designated as Category 4A (impaired, but has TMDL) (impaired, but has TMDL) for
fecal coliform include Reaches 6 and 7 and 10 through 13. Ecology lists several Category 4
reaches for dissolved oxygen (Reaches 6, 7, and 10 through 13), pH (Reaches 6, 7, 10, 13
through 15), and temperature (Reaches 6, 7, 10, and 11). Several stream reaches are
documented as Category 1 (meets tested standards) (meets tested standards) waters for the
following water quality parameters: pH (Reaches 6 through 8 and 10 through 12), ammoniaN (Reaches 6 through 8, 10 through 13, and 15), temperature (Reaches 6 through 8 and 10
through 15), dissolved oxygen (Reaches 6 through 8 and 10 through 15), and fecal coliform
(Reaches 7, 8, 11, 12, 15).
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Under existing zoning and comprehensive plan land use designations, future land use patterns
along the lower mainstem Nooksack River are not likely to change significantly. An area in
the City of Everson’s designated UGA is currently in agricultural use, and could be expected
to develop in the future.
8.2.1.2 Riparian Conditions
The lower mainstem riparian corridor is consistently disturbed in all reaches as a result of
agricultural conversion (Coe 2001). A narrow band of small to medium-sized hardwoods
borders the river almost continuously, but is generally less than 50 feet wide. Pastures and
agricultural fields occupy the remaining portions of the riparian zone.
8.2.1.3 Instream Conditions
The lower mainstem has a low channel gradient that increases from approximately 0.05
percent to 0.1 percent from the mouth to the upstream end (Collins and Sheik 2004b). The
valley is unconfined, but the river has deposited sediment and built a meander belt that sits
above the rest of the valley. As a result, the river planform is a single channel with slight
sinuosity. The river built natural levees as it deposited fine sediment overbank during peak
events. In many areas the natural levees have been increased in height to approximately the
level of the 5-year event (James Lee, personal communication). Consequently, the riverbanks
are up to 5 meters higher in elevation than the surrounding floodplain (Collins and Sheik
2004b).
Wetlands in the lower mainstem provided important ecological functions. These areas were
created and maintained because the floodplain was lower than the river. Much of the
extensive floodplain wetland habitat has been lost, particularly in the Schneider Creek
drainage and upstream. Historically, these wetlands were perennially inundated (Collins and
Sheik 2004b), and provided extensive off channel habitat for aquatic organisms and other
species.
Reaches 13-15 mark the transitional zone between the Pleistocene river valley of the lower
mainstem and the upstream Holocene river valley of the upper mainstem, and exhibit
characteristics of both Pleistocene and Holocene river valleys.
8.2.1.4 Biological Resources
Salmonids
The reaches of the lower mainstem Nooksack River are used by all anadromous salmonids
(Chinook, chum, Coho, pink, and sockeye salmon, bull trout, steelhead, and sea-run cutthroat
trout). Fall-run Chinook have been observed to spawn as far down as Reach 7, near the mouth
of Wiser Lake (Cougar) Creek (Nooksack Natural Resources et al. 2005) and Coho likely
also use spawning areas where available. Stream-type Chinook use the lower mainstem for
juvenile rearing (Nooksack Natural Resources et al. 2005), but subyearling distribution is
more limited in the summer and fall (Coe 2005).
Bull trout are known to use the mainstem Nooksack River for migration and foraging.
Anadromous adults typically overwinter in the mainstem before moving out to forage in the
estuary and migrating upstream to spawn in the Forks WMUs. Anadromous sub-adults
overwinter in the mainstem before returning to marine areas to forage, while fluvial subadults forage and overwinter in the mainstem Nooksack (Nooksack Natural Resources et al.
2005).
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Coho use the lower mainstem for all freshwater life history stages (Nooksack Natural
Resources et al. 2005). Pink and chum salmon use the lower mainstem primarily for juvenile
outmigration and adult migration to spawning grounds, but chum associated with the SF
Nooksack River stock also spawn in the lower mainstem (Nooksack Natural Resources et al.
2005). Sockeye juveniles typically outmigrate from spawning grounds in the Forks as
yearlings (Nooksack Natural Resources et al. 2005), thus it is possible that they may use the
lower mainstem for rearing, although Nooksack Natural Resources et al. (2005) does not
explicitly report the distribution of sockeye juveniles. Any steelhead that spawn in the lower
mainstem are most likely part of the North Fork Nooksack/Mainstem stock, but the Middle
Fork and South Fork stocks may also use the lower mainstem for other life history stages.
Hatchery-supported rainbow trout are assumed to overlap that of steelhead (Nooksack
Natural Resources et al. 2005).
Other Aquatic and Terrestrial Species
Mapped priority habitats in the shoreline zone of the lower mainstem include bald eagle
habitat along Reaches 9, 10, and 14, shorebird foraging habitat along Reaches 9 and 10, and
high quality riparian habitat upstream of Reach 7 (WCPDS 2005).
Non-native and invasive Species
Upland weeds documented along the lower mainstem include spotted knapweed (Centaurea
biebersteinii) has been found in Reach 11 and tansy ragwort (Senecio jacobaea) has been
found in Reach 12 (Weed Board 2005). As with other WMUs, reed canarygrass is likely
widespread (Weed Board 2005). No aquatic invasive weeds have been documented within the
lower mainstem jurisdictional shoreline (Ecology 2005b).

8.2.2 Wiser Lake
Wiser Lake is approximately 103 acres. It is located in the central portion of the Lower
Mainstem Nooksack WMU, south of the Nooksack River, along Guide Meridian Road (SR
539). Guide Meridian Road runs north-south and divides the lake into east (Reach 1) and
west (Reach 2) portions.
8.2.2.1 Built Environment
Existing land use surrounding Wiser Lake is predominately single-family rural residential,
with agricultural uses (dairy and row crops) located adjacent to the east and west ends of the
lake. The densest development occurs along the south shoreline in Reach 1, where
subdivision development includes a number of 0.25 to 0.5-acre lots. South of the lake,
commercial development is located along Guide Meridian Road. Zoning and future land use
designations are consistent with the existing land use pattern, including Rural Residential (2
units per acre), Agriculture, and Commercial designations surrounding the lake.
There are no designated parks or trails surrounding Wiser Lake, but there is one public boat
launch owned by Washington Department of Fish and Wildlife on the north shoreline in
Reach 1, just east of Guide Meridian Road. The Wiser Lake Community Hall is located near
the north shoreline in Reach 2. This property is listed on the Whatcom County Historic
Register.
Shoreline modifications and in-water structures include water right diversions associated with
adjacent agricultural land uses, and private docks, piers, private boat launches, and some
bulkheads and bank armoring associated with residential development.
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Regulated critical areas associated with Wiser Lake include fringe wetlands, critical aquifer
recharge areas / wellhead protection zones, and seismic hazard areas. There is also a
waterfowl concentration associated with the lake and a population of an uncommon bristly
sedge (Carex comosa), which was discovered in 1998 (Kim Harper, personal
Communication). This population, which included colonies found on both sides of SR 539,
was already in the WDNR records (NE 1/4, S1, T39N, R2E), most occurred on a unique
floating mat on the west side of the road, extending from 2 to 15 feet from the road or
shoreline edge. Bristly sedge is listed as sensitive in Washington with no Federal status. It has
a state ranking of S2 (imperiled; vulnerable to extinction or extirpation), and a global ranking
of G5 (demonstrably widespread; abundant.
Ecology’s 2004 Water Quality Assessment (303(d) list lists Wiser Lake as A waterbody of
concern (303d category 2) for total phosphorus.
Based on existing zoning and comprehensive plan land use designations, future development
surrounding Wiser Lake would be similar to the existing land use pattern. Residential and
commercial properties are developed. Wetlands associated with the lake limit the potential for
development of undeveloped portions of the lake’s shoreline.
8.2.2.2 Riparian Condition
Residential development surrounds Wiser Lake and limits riparian function. West of the
Guide Meridian, stand of sparse, medium-sized cottonwoods border the lake and range for
25-100 feet in width. East of the Guide Meridian, the shoreline is mostly landscaped lawn,
and some lawns have a narrow band (<25 feet) of large, dense cottonwoods. The very eastern
edge of the lake is wetland that appears on the pictometry to be mostly reed canarygrass.
8.2.2.3 Biological Resources
Salmonids
Chinook are not known to occur in Cougar Creek or Wiser Lake (Nooksack Natural
Resources et al. 2005). Bull trout are presumed to be distributed throughout Cougar Creek,
but Wiser Lake is not accessible, Historically bull trout are thought to have been distributed
upstream of Wiser Lake (Nooksack Natural Resources et al. 2005). Coho have a similar
distribution pattern to bull trout. Historically, chum and steelhead distributions are assumed
to have included Wiser Lake, but currently this is not the case. Distributions of pink and
sockeye salmon do not include the Wiser Lake drainage. Nooksack Natural Resources et al.
(2005) suggests that cutthroat trout found in Wiser Lake are likely resident, although
anadromous cutthroat are known to be distributed in Cougar Creek.
Other Aquatic and Terrestrial Organisms
Wiser Lake is a concentration area for wintering waterfowl. Band-tailed pigeon (Columba
fasciata) habitat occurs along the upper reaches of an unnamed tributary west of Willey Lake
(Reach 7), and sandhill crane (Grus canadensis) foraging and roosting habitat is found in the
agricultural lands around an unnamed tributary to the north of lower Mainstem Reach 12
(WDFW 1999; WCPDS 2005).
Gamefish found in Wiser Lake include largemouth bass, bullhead catfish and pumpkinseed
sunfish (Lepomis gibbosus) (WDFW 2005b).
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Non-native and Invasive Species
Spotted knapweed (Weed Board 2005) as well as aquatic invasive weeds, including fragrant
waterlily (Nymphaea odorata) and hairy willowherb (Epilobium hirsutum) have been found
at Wiser Lake (Ecology 2005b). A number of species of warmwater fish have been planted in
Wiser Lake (WDFW Undated).

8.3 SYNTHESIS
This section describes potential management actions based on inventory information.
Restoration and conservation opportunities are highlighted based on existing ecosystem
processes and functions (Table 8-1), and preliminary recommendations are made for updating
SEDs.

8.3.1 Landscape-scale Restoration and Conservation
The Lower Mainstem WMU is rich with process-intensive areas because the Nooksack
floodplain is very broad and the land overlies the Sumas outwash plain. The floodplain is also
highly altered and is therefore a priority area for process-based restoration. Opportunities are
concentrated in the upper watershed and in the Scott Ditch and Schneider Creek drainages
where wetland losses have been most extensive. Restoring former wetlands in these areas
would improve storage capacity for water, sediment, and nutrients and have a beneficial
effect on hydrology, sediment delivery and water quality processes.
Other opportunities to restore processes at the landscape scale include implementing best
management practices on agricultural lands and integrating flood hazard management with
habitat recovery (Nooksack Natural Resources et al. 2005). This could involve levee
setbacks, creating side sloughs, and reconnecting existing wetlands to stream channels.
The Nooksack watershed has a bimodal runoff pattern influenced by both rain-on-snow
events and snowmelt, these mechanisms occur upstream of the WMU infiltration in the
Lower Mainstem WMU may have a limited effect on peak runoff patterns. Surface water
storage in the floodplain and depressional wetlands may be much more important for
mitigating peak runoff events.

8.3.2 Reach-scale Restoration and Conservation
Restoring floodplain connectivity is a high priority for all reaches along the lower mainstem.
Such actions would influence storage mechanisms for surface water, sediment, and water
quality and improve habitat availability, including rearing areas and refugia for salmonids and
other fishes.
The potential –and need for –riparian restoration in the form of vegetation re-establishment is
high for all reaches. Riparian enhancement might not have a substantial effect on stream
temperatures but it would improve LWD recruitment potential especially when integrated
with floodplain reconnection efforts.
Many of the riparian wetlands in the Schneider Creek drainage and lower WMU remain
intact, and floodplain reconnection in these areas area could potentially have a greater impact
than upstream where the floodplain is more altered.
Much of the Wiser Lake shoreline is already densely developed, and reforestation of the,
lakeshore would be infeasible in many areas. Protecting existing lacustrine wetlands is
critically important for maintaining (or improving) water quality functions. Improving lake
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water quality will likely also require educating residents regarding proper management of
shoreline buffers and control of inputs from areas outside the shoreline.

8.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 8-2). The lower mainstem Nooksack River and west end of Wiser Lake
degraded areas surrounded by agricultural lands, so a Resource designation is recommended.
Dense rural residential land use along the remainder of Wiser Lake is appropriate for a
Shoreline Residential designation.
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Table 8-1. Summary of Process Intensity and Alterations by Drainage Area, Lower Mainstem Nooksack WMU
Process Intensitya
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Intensity

Upper Nooksack
floodplain

Lower Nooksack
floodplain

Potential for Restoration and Protection

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Table 8-2. Preliminary SED Recommendations,
Lower Mainstem Nooksack River and Wiser Lake
Recommended SEDs
Reach

a

Existing
SEDs

Left Bank

Right Bank
a

Resource

Comment
Agricultural land uses have
noticeable altered shoreline
conditions

Nooksack River
Reaches 6-15

Rural

Resource

West Wiser
Lake

Conservancy

Conservancy

Lakeshore on west end is
relatively undeveloped

East Wiser Lake

Rural/Conser
vancy

Shoreline
Residential/Conservancy

Conservancy along wetland at
eastern tip of lake, otherwise
shoreline residential in
densely developed areas.

The right bank is part of the Lynden North WMU
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9.

LYNDEN NORTH WMU
The Lynden North WMU in northern Whatcom County drains to the lower mainstem
Nooksack River. The WMU extends east from the Boundary Upland to the Sumas River
WMU and north into British Columbia, Canada. It includes the City of Lynden and the
Canadian Township of Langley. The area of the watershed is approximately 89.1 mi2
(approximately half of which is in Canada). Land uses and processes that occur in Canada
influence conditions in Whatcom County to some extent; however, analysis and management
recommendations will be focused on areas in which Whatcom County has jurisdiction.
Shorelines of the state in this WMU include Bertrand Creek, Fishtrap Creek, and Judson
Lake.

9.1 LANDSCAPE ANALYSIS
9.1.1 Aquatic Resources and Contributing Area
The Lynden North WMU contains the right bank of the lower mainstem Nooksack River;
tributaries to the river including Fishtrap Creek and Bertrand Creek, which originate in
Canada; Kamm Slough; and numerous smaller tributaries including Duffner Ditch, Tromp
Ditch, McClelland Creek, and West Branch (Map 9-1). Other ditches/tributaries with
significant flow include Double Ditch Creek and Bender, Benson, Depot and Assink Road
ditches. About half of the Fishtrap and Bertrand Creek drainages are in Canada.
Judson Lake straddles the Canadian border (part of the lake is in Canada) east of Fishtrap
Creek. Numerous wetlands are associated with an area known as the Beaver Ponds in the
northwest corner of the Bertrand Creek headwaters, and riparian wetlands occur along lower
Bertrand Creek and its tributaries. Extensive wetlands are present in the Kamm Slough
headwaters and at the confluence of its two primary headwater tributaries.

9.1.2 Process Controls
9.1.2.1 Geology
The southern portion of the Lynden North WMU lies in the Nooksack lowlands, while the
Lynden Terrace comprises most of the upper watershed. Both these feature are predominately
coarse-grained recessional outwash. The Beaver Ponds, in the northwest corner of the
Bertrand drainage, distributed throughout the Lynden Terrace occupy isolated depressions in
the Everson-Vashon glacial unit that have filled with outwash and which provide important
water storage capacity.
9.1.2.2 Topography
Maximum elevations in the WMU reach approximately 250 feet on the Boundary Upland and
fall sharply to approximately 100 feet as the landform transitions to the outwash terrace. The
Bertrand and Fishtrap Creek mouths lie at about 25 to 30 feet in elevation. Overall, relief is
very low in this WMU.
9.1.2.3 Climate
The Lynden North WMU receives 50 to 60 inches of precipitation annually, although
portions of stream drainages in Canada typically experience greater than 60 inches of annual
precipitation. Throughout the WMU, precipitation falls mostly as rain.

June 2006 │ 558-1687-004
9. LYNDEN NORTH WMU

9-1

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

9.1.2.4 Land Use/Land Cover
Almost half of Lynden North WMU lies in Canada where land use is a mixture of urban
development and agriculture. Of the portion that lies in Whatcom County, more than threefourths of the land area (40 percent of the total drainage area) is agricultural (see Map 3-14).
Urban development is concentrated near the City of Lynden, which includes the middle
portion of Fishtrap Creek.

9.1.3 Landscape Processes, Alterations, and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Lynden North landscape MAP FOLIO

9.1.3.1 Hydrology
Process-intensive areas
In the Lynden North WMU, areas important for infiltration/recharge and surface water
storage are concentrated in the Nooksack floodplain (Map 9-2). However, the surficial
deposits and soils with high infiltration/recharge potential (coarse-grained outwash and
alluvium) cover a wide area from the Nooksack River to Canada and from Fishtrap Creek to
the Sumas WMU. This includes the Judson Lake drainage.
The Bertrand Creek floodplain and lower tributaries also contain important areas for
infiltration/recharge and storage. Large portions of the lower Kamm Slough drainage have
high infiltration/recharge and water storage capacity. Infiltration and recharge processes are
more limited in the Kamm Slough headwaters because the Everson-Vashon semiconfining
unit is expressed at the surface. The same is true for the Boundary Uplands in the Bertrand
Creek headwaters. These areas mark the extent of the Sumas-Blaine aquifer.
The Beaver Ponds in the Bertrand Creek headwaters are important for surface water storage.
Isolated depressions in the Everson-Vashon unit that have filled with outwash also have
important storage capacity. Many of the drainage ditches between Bertrand and Fishtrap
Creeks drain former wetlands that historically would have provided surface water storage.
Groundwater recharge and discharge are important mechanisms for maintaining stream
baseflows in this WMU. Groundwater flow paths drain off the Boundary Upland onto the
outwash terrace toward the Nooksack River and groundwater moving across the Boundary
Upland may flow into the WMU from outside the surficial WMU boundaries.
The Lynden North WMU receives relatively little precipitation compared to the more
mountainous areas to the east. Runoff is rainfall-driven, and peak stream flows tend to occur
from November to February. Forest cover is less than 10 percent in the WMU and is mostly
deciduous. Rain-on-snow zones are not an important hydrologic factor in the watershed.
However, temporarily frozen soils may limit rainfall infiltration and increase runoff during
some peak flow events.
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Indicators of Alteration
Land use practices in areas important to infiltration/recharge and water storage have altered
hydrologic processes in the Lynden North WMU (Maps 9-3 and 9-4). A complete land use
analysis for the Canadian portion of the drainage area is beyond the scope of this inventory,
but urbanization and impervious surface coverage in the upper WMU are indicators that the
duration and frequency of peak flows is likely increasing. Peak flow concerns are also
indicated by the lack of mature forest cover throughout the WMU. Forest cover is
approximately 10 percent, and the remaining stands are composed of young (hydrologically
immature) trees that are less effective at intercepting precipitation and reducing runoff (Smith
2002).
The City of Lynden is located directly over an area with high infiltration/recharge potential,
and extensive wetlands in the Fishtrap and Kamm drainages have been filled or drained.
These hydrologic alterations have the effect of reapportioning precipitation from baseflow to
surface runoff. This is particularly true where wetlands are drained by ditches, as indicated by
extensive straightline hydrography in areas north of the City of Lynden. Many wetlands are
still present in the Bertrand Creek drainage, although large areas of wetland have been lost in
the upper drainage near the Beaver Ponds.
Levees have disconnected the Nooksack River from its floodplain, decreasing surface water
storage during peak runoff events. GIS data regarding channel connectivity are incomplete
for Nooksack tributaries, but Smith (2002) states that channelization is severe along
mainstem tributaries. Such conditions typically limit storage potential both in the channel and
in the associated riparian and hyporheic zones, and increase transport by decreasing channel
roughness and shortening stream length.
Water withdrawals are also a major issue in the Lynden North WMU and contribute to
reduced streamflow during the summer low period. Groundwater consumption for irrigation
increased 380 percent between 1950 and the 1980s (WCD 1986). Most water is consumed
during summer months for agricultural purposes. EES (2004) estimates that between 8,400
and 10,550 acre-feet of water is consumed annually for agricultural purposes in the Bertrand
drainage and could reach as much as 16,800 acre-feet during dry years. Agricultural accounts
for the vast majority of water use in Bertrand Creek, but total water use (including livestock
consumption, human consumption) would be somewhat higher than the figures presented
above. Similar land uses suggest a proportional amount of consumption in the Fishtrap
drainage.
Response to Alterations
Stream gage data for the Lynden North WMU are limited, and long-term data are
unavailable. Therefore, changes in peak flow frequency and duration are difficult to
document. However, Smith (2002) postulates that peak flow alterations exist and may largely
be attributed to urbanization in Canada. The primary evidence for this seems to be channel
incision and subsequent “instability”, for which many examples can be found along Bertrand
Creek; however, streambank vegetation loss, increased sediment input, and agricultural
encroachment can also affect stream morphology, so changes in channel stability cannot be
attributed solely to altered peak flows.
Land use appears to have affected baseflow conditions, which is a key water management
issue in the Lynden North WMU (1995 Watershed Conditions Report). Ecology has closed
all three major drainages to additional water rights allocations, and both Bertrand and
Fishtrap Creeks are currently failing to meet legally established flow minimums (Blake and
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Peterson 2004). Also, anecdotal evidence cited by Sinclair (2005) 26 contends that Judson
Lake currently dries up during the summer months as a result of a lower water table. Water
consumption patterns are suggested as a potential cause, but no studies confirming such a
relationship were found.
9.1.3.2 Sediment
Process-intensive Areas
Because the Lynden North WMU lies mostly in the Nooksack lowlands and outwash terraces,
relief is very slight and natural hillslope sediment sources are limited. Erosive soils exist in
the watershed, but these soils generally do not occur on slopes steep enough to catalyze
surface erosion naturally. Exceptions include the area on the landward side of the Nooksack
River levees and in the Bertrand Creek headwaters near the Beaver Ponds, where steeper
slopes may lead to some entrainment of soil by water 27 (Map 9-5).
Indicators of Alteration
Areas naturally sensitive to increased sediment supply are uncommon in the Lynden North
WMU and are not likely a significant component of any increased sediment supply. However,
the backside of levees bordering the Nooksack River are prone to surface erosion, and lack of
forest cover likely contributes to increased sediment supply from these areas (Maps 9-5.5 and
9-6). Areas of erosive soil in the Beaver Ponds remain mostly forested, so sediment processes
are relatively in tact there.
High impact land uses (i.e., lands uses that disturb soils) that result in increased erosion
regardless of the landscape’s sensitivity to such disturbances are the dominant source of
altered sediment processes in the Lynden North WMU. Cultivated lands are extensive
throughout the WMU and may be the primary source of increased sediment inputs. High road
densities and urbanization near Lynden suggest increased potential for sediment transport to
aquatic resources via ditches and storm sewers. In addition, disturbed land due to rapid buildout in the City of Lynden and its UGA is a source of increased sediment supply in lower
Fishtrap Creek.
Response to Alterations
Ecology (2004) does not identify impaired levels of suspended sediment load or turbidity in
the Lynden North WMU, although land uses and anecdotal evidence suggest that suspended
load may be an issue (John Thompson, personal communication of October 10, 2005).
Bedload responses to sediment process alterations are documented by Schuett-Hames and
Scheuett-Hames (1984), which reports that substrate samples from spawning gravel in
Bertrand Creek averaged 19.1 percent fine content. WCD (2003) found that spawning habitat
in Bertrand Creek has a high incidence of subdominant fines but quantitative data were not
provided.
Sediment data for Fishtrap Creek and Kamm Slough are very limited. EDT modeling
estimates that fine sediment to be very high in lower Fishtrap Creek and moderately high
within the City of Lynden and upstream.

26

Sinclair, K. 2005. The Judson Lake Report a presentation to the Honorable Stephane Dion, Minister
of the Environment of Canada.
27
The Beaver Ponds extend into the Drayton Harbor WMU as discussed in Chapter 17.
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9.1.3.3 Water Quality
Process-intensive Areas
Nutrient retention processes are concentrated in the Nooksack floodplain (Map 9-7). Other
process-intensive areas include the Bertrand Creek hyporheic zone, and the Nooksack
floodplain hyporheic zone, which likely extends into the Kamm Slough drainage. Fishtrap
Creek and its tributaries do not contain soils conducive to extensive hyporheic storage, but
there are large areas of organic soil and potential wetlands in the Fishtrap Creek area that may
be important for denitrification processes and adsorption of phosphorus and/or toxins.
Process-intensive areas for groundwater nutrient removal are concentrated in the Nooksack
floodplain. The floodplain is underlain by outwash and organic/alluvial deposits that are
capable of removing up to 85 percent of the nitrogen from the groundwater (Rosenblatt et al,
2001; Gold et al, 2001).
Depressional wetlands and areas with high infiltration potential are prevalent along the
Nooksack floodplain, the Bertrand Creek floodplain, along Fishtrap Creek in the City of
Lynden. These areas tend to support nutrient retention and denitrification processes, which
can improve the quality of downstream waters.
Indicators of Alteration
Areas important for nutrient uptake, storage, and cycling have been extensively impaired
throughout this WMU (Map 9-8). Stream channelization, development adjacent to the
Nooksack tributaries, and construction of levees (which disconnect the river from its adjacent
floodplain) are indicators that hyporheic functions are impaired. Although data confirming
hyporheic alterations are difficult to obtain, a 2005 USGS study showed that riparian areas
along Bertrand and Fishtrap Creeks were extremely effective in removing nitrogen and fecal
coliform bacteria (USGS 2005). Ditching and tile draining in agricultural areas greatly
reduces the effectiveness of these removal areas by creating a “de facto” bypass network for
delivery of bacteria and nutrient to streams.
Other signs of impairment include loss of wetlands important for nutrient and contaminant
uptake and storage on the Nooksack floodplain.
Land uses that can contribute excess nutrients to streams are widespread in the Lynden North
WMU. Till agriculture and dairy farming are the most prevalent land use in the WMU, while
residential land use is common in the City of Lynden. These land uses extend in similar
proportions into the upper watershed that lies in Canada.
Source areas for fecal matter and associated pathogens are also widespread in this WMU. A
large number of dairies exist throughout the northern part of the WMU and in Kamm Slough.
Septic systems occur in high densities in the lower Bertrand Creek drainage to the west of the
City of Lynden.
Contaminant sources are identified on a case-by-case basis (see response to alterations), but
agricultural uses in the WMU may contribute to high concentrations of pesticide derivatives
in shallow groundwater.
Response to Alterations
Responses to water quality process alterations have been documented throughout the Lynden
North WMU, and high fecal coliform levels are a primary concern. Bertrand Creek has an
established TMDL for fecal coliform in the lower drainage, and certain reaches are listed as
impaired for fecal coliform, dissolved oxygen and nitrogen (Ecology 2004). Bertrand Creek
is also listed as an area of concern for dissolved oxygen, and nitrogen (EES 2004; Ecology
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2004). Recent TMDL monitoring results show that Bertrand Creek exceeded the TMDL
geometric mean and 90th percentile standards for fecal coliform and the standard for
dissolved oxygen in 2004-5 (NWIC 2005).
In Fishtrap Creek, alterations maps suggest that water quality water quality impairment
occurs mostly upstream of the City of Lynden. Particular sites include Double Ditch (east and
west) and the ditches along Benson Road, Bender Road, Depot Road and Assink Road. This
is consistent with water quality data that suggest the largest fecal coliform contributions
appear to occur upstream of Pangborn Road and between Bender Road and Lynden’s Main
Street (USU 2001; NWIC 2005). TMDL monitoring in 2004-5 shows that Fishtrap Creek
failed to meet established standards for 90th percentile and median fecal coliform
concentrations (NWIC 2005). Fishtrap Creek also violated standards for dissolved oxygen in
the most recent monitoring (NWIC 2005).
Kamm Slough also has an established TMDL for fecal coliform and is listed as impaired for
dissolved oxygen and pH and throughout its entire drainage (Ecology 2004). TMDL
monitoring in 2004-5 show that Kamm Creek exceeded 90th percentile and geomean targets
for fecal coliform and also violated the dissolved oxygen standard during the winter months.
NWIC (2005) also report general trends this decade in relative fecal coliform loading in the
Nooksack system. The relative contribution from Fishtrap Creek and Kamm Slough is
decreasing, while relative fecal coliform loading in Bertrand Creek is increasing. The likely
cause of such a trend is improved management in Fishtrap Creek and Kamm Slough.
There is also evidence of groundwater contamination in this WMU. The WRIA 1
groundwater quality study identifies the Lynden North WMU as having some of the highest
nitrate concentrations in the County, exceeding EPA limits for annual maximum
concentration in every year during the 1990s (USU 2002). USU (2002) identifies the Judson
Lake and Bertrand Creek drainages as also having particularly high nitrate concentrations in
groundwater.
USU (2002) also identifies pesticide contamination in groundwater. Ethylene dibromide has
exceeded EPA standards in the lower Bertrand Creek and the Meadowdale area in and west
of Lynden. Fishtrap Creek, and to a lesser extent Kamm Slough, also have increased
concentrations of ethylene dibromide. Concentrations of two currently banned substances,
1,2-dichloropropane and 1,2-Dibromo-3-chloropropane (DBCP), also exceed EPA standards
in lower Bertrand Creek, Meadowdale and Judson Lake. Existing concentrations are a result
of pre-1988 applications. Consequently, USU (2002) identified Bertrand and Fishtrap Creeks
as the top priority in WRIA 1 for managing groundwater quality.
The Judson Lake drainage is almost entirely agriculture, and there are some indicators of
eutrophication.
9.1.3.4 Organic Matter
Process-intensive areas
In the Lynden North WMU, streams and rivers historically recruited LWD from the areas
adjacent to stream channels via treethrow and bank erosion/channel migration (Map 9-9).
Fluvial redistribution of wood from upstream is also a very important source on the highorder Nooksack River.
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Indicators of Alteration
The lack of forest cover in the Lynden North WMU indicates that organic input processes are
impaired (Map 9-10). The ability of many streams to recruit LWD is low because of the lack
of intact riparian vegetation and straightline hydrography.
Straightline hydrography is correlated to low recruitment potential in Kamm and Fishtrap
Creek drainages, where agricultural land uses typically extend to streambanks leaving very
little riparian vegetation. Areas with at least limited recruitment potential occur on the
mainstem Fishtrap Creek in and upstream of the City of Lynden, although riparian areas there
are somewhat disturbed. The right bank of the Nooksack River has little to no LWD
recruitment potential due to the proximity of agricultural fields and lack of channel migration
potential.
There are significant patches of forest in the Bertrand drainage, and recruitment potential
along the mainstem Bertrand Creek remains functional.
Response to Alterations
LWD densities are low throughout the Bertrand Creek drainage (EES 2004), never exceeding
0.11 pieces per meter (WCD 2003). Data on LWD density in Kamm Slough and Fishtrap
Creek are unavailable.
9.1.3.5 Heat/Light
Process-intensive areas
Process intensive areas for heat/ and light include the riparian areas discussed above under
Organic Inputs.
Indicators of Alteration
Areas lacking adequate canopy cover in the Lynden North WMU are extensive (Coe 2001).
Bertrand Creek and its tributaries have only one segment with a greater than 70 percent
canopy cover. Canopy cover in Fishtrap Creek is somewhat better; segments on the mainstem
near the mouth, in the City of Lynden, and upstream of Lynden have at least 70 percent
canopy cover. However, Kamm Creek and Fishtrap Creek tributaries have very low canopy
cover.
Response to Alterations
Alterations to heat/light processes from decreased canopy cover (increased shade hazard) are
indicated by changes in stream temperatures. Lower Bertrand Creek is a water of concern for
water temperature (Ecology 2004). Sampling at RM 11, upstream of Lynden, met state water
quality criteria for temperature. However, sampling performed as part of TMDL monitoring
reported temperature exceedances in 2004-5 (NWIC 2005).
Lower Fishtrap Creek had 303(d) exceedances for temperature in 1996 and 1997 (USGS
2002) at Flynn Road, southwest of Lynden. Sampling did not indicate impairments upstream
of Lynden. NWIC (2005) reports temperature standard exceedances in samples taken during
2004-5.
Kamm Slough is also a water of concern for temperature based on 1993 samples at the mouth
(Ecology 2004), but samples did not indicate temperature impairment upstream of Hampton
Road (Blake 2002). More recent samples taken as part of 2004-5 TMDL monitoring report
that Kamm Creek violated state temperature standards during summer months (NWIC 2005).
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9.2 SHORELINE REACH SCALE INVENTORY
Bertrand Creek, Fishtrap Creek, and Judson Lake are shorelines of the state within the
Lynden North WMU. Bertrand Creek was inventoried in seven reaches ranging in length
from 0.29 to 3.55 miles and Fishtrap Creek was inventoried in eight reaches ranging in
lengths from 0.89 to 2.59 miles (Figure 9-11). Judson Lake is approximately 112 acres and
was inventoried in one reach, around the perimeter of the portion of the lake in Whatcom
County.
The Lynden North WMU also encompasses a portion of the right bank of the lower mainstem
Nooksack River (from RM 13.4 to 23.5), a shoreline of statewide significance. Reach scale
inventory information for the Nooksack River is located in Chapters 7 and 8. The maps
depicting key attributes of the freshwater shorelines in this WMU are provided in the MAP
FOLIOS.
Link to Bertrand, Fishtrap reach MAP FOLIO

Figure 9-11. Shoreline Inventory Reach Numbers and Endpoints, Lynden North WMU

9.2.1 Bertrand Creek
The jurisdictional extent of Bertrand Creek extends from its confluence with the lower
mainstem Nooksack River to the Whatcom County border with Canada (the stream extends
north into Canada) and totals 10.4 river miles.
Bertrand Creek is part of a special Watershed Improvement District (WID), which is a type of
irrigation district aimed at addressing water uses in a comprehensive manner. The local
agricultural community formed the WID in 2003 for purposes of developing management
actions for the drainage in conjunction with state and federal agencies through a
9-8
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Comprehensive Irrigation District Management Plan (CIDMP). The CIDMP is a voluntary,
incentive-based approach that allows irrigation districts to comply with federal Clean Water
Act (CWA) and Endangered Species Act (ESA) requirements while meeting local irrigation
needs. The WID includes all parcels within the U.S. portion of the Bertrand Creek drainage
that are at least 2.5 acres, except for tax-exempt parcels and parcels within the City of
Lynden. The WID represents 348 property owners with acreage ranging from 2.7 to 466.4
acres (EES 2004).
9.2.1.1 Built Environment
Existing land cover and land use patterns along Bertrand Creek are predominantly related to
agriculture. Agricultural uses include dairy farming and row crops. Reach 1 has little to no
riparian forest cover. The upper reaches (Reaches 6 and 7) have the greatest amount of
riparian forest cover. All other reaches typically contain a combination of wetlands, forest,
and cultivated land. Reaches 1 through 5 are within the Nooksack River’s 100-year
floodplain. Farm-related buildings are located near the shoreline in most reaches. The densest
development is located in Reach 4, where single-family homes occur on 5-acre lots. One
subdivision on the left bank in Reach 4 contains approximately 55 0.5-acre lots. Aerial photos
show that this subdivision is nearly fully developed. Zoning and comprehensive plan land use
designations are consistent with the existing land use pattern, primarily comprised of
agriculture, rural large-lot (1 unit per 2 to 5 acres) residential designations, and Recreational
Open Space (Berthusen Park).
All reaches have at least one bridge crossing, with the exception of Reaches 6 and 7. Reach 4
has 3 bridge crossings. Utility corridor crossings include overhead powerlines (Reach 3) and
waterline crossings serving residential development in Reaches 4 and 5.
Berthusen Park is located along both sides of Bertrand Creek in Reach 4. Within this
approximately 250-acre park, the right bank is mostly undeveloped forested land; the left
bank contains buildings, and camping facilities. The park is located in unincorporated
Whatcom County but is owned by the City of Lynden. The park is also an historic site;
featuring the homestead of Hans and Lida Berthusen, who settled in the area in the late
1800s. The barn and privy structures are listed in both the Washington Heritage Register and
the National Register of Historic Places (NRHP).
Designated critical areas along Bertrand Creek include wetlands (all reaches); frequently
flooded areas (Reaches 1 through 5); moderate to high susceptibility critical aquifer recharge
areas (all reaches); and geologic hazard areas (lahar hazard in Reaches 1 and 2 and moderate
to high seismic hazard in Reach 2).
Shoreline modifications along Bertrand Creek include surface water diversions in all reaches
(except Reach 7). The greatest number of water right diversions (6) occurs in Reach 4.
Levees are present along 85 to 93 percent of Reach 1.
Other areas of special interest: According to Ecology’s Facility Site database, two hazardous
waste sites are located in Reach 3 and four hazardous waste sites are located in Reach 4.
These sites include properties with underground storage tanks (UST), a state clean-up site,
and one property classified as a Tier 2 hazardous material site.
Ecology’s 2004 Water Quality Assessment (303d list) indicates that Reaches 3, 5, 6, and 7
are identified as Impaired (303d category 5) waters for fecal coliform. Reaches 1 through 3
are listed as Category 4A (impaired, but has TMDL) waters for fecal coliform. Stream
Reaches 1 through 5 are listed as waters of concern (303d category 2) for dissolved oxygen
and Reaches 1 through 3 as waters of concern (303d category 2) for temperature. Category 1
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(meets tested standards) (meets tested standards) parameters listed within Bertrand Creek
Reaches include pH (Reaches 1, 2, 3, and 5), ammonia-N (Reaches 1 through 3), and
temperature (Reach 5).
Under existing zoning and comprehensive plan land use designations, future land use patterns
along Bertrand Creek are not likely to change significantly. No portion of the stream is
located in a designated UGA and the areas currently zoned for residential development are
largely built out.
9.2.1.2 Riparian Conditions
Riparian conditions are highly disturbed in the portion of Bertrand Creek that lies on the
Nooksack floodplain (Reach 1); shrubs and small trees are confined to the area within
approximately 25 feet of the streambank. Reach 2 contains a 400-foot wide riparian corridor,
composed of predominately mid-sized deciduous trees, providing both recruitment potential
and canopy cover. However, the upper reach contains large areas of cleared land directly
adjacent to the shoreline.
Reaches 3 and 4 have an even wider forested riparian corridor that in many areas extends
outside the zone of shoreline jurisdiction. Coniferous trees are more common, and stand types
are predominately mixed, although deciduous stands are not uncommon. Reach 4 also
contains associated upland forest in Berthuson Memorial Park and other areas that are
contiguous to the shoreline.
Reaches 5 through 7 generally have a narrower riparian forest corridor that limits habitat
quality, with some exceptions in Reaches 6 and 7. Medium-sized trees along the streambank
provide some LWD recruitment potential and canopy cover in these reaches. Riparian cover
in Reach 5 is similar to areas just downstream; however, land use encroaches much closer to
the stream, and the mean riparian width is narrower than adjacent reaches. In these areas, till
agriculture extends into the shoreline replacing native forest cover. Reaches 6 and 7 are
bordered by mixed forest and agricultural land with narrow vegetated corridors dominated by
deciduous trees and shrub-scrub habitat, in relatively equal amounts.
9.2.1.3 Instream Conditions
Instream habitat conditions are generally correlated to riparian conditions, which indicate the
level of disturbance along the stream. Reach 1 has a very low proportion of pool area and
LWD density (EES 2004). Pool area as a percent of total wetted area is 67 percent or more in
the remaining reaches (EES 2004). LWD densities are somewhat less predictable. Reaches 2
and 3 have functional levels of LWD, while Reach 4 has the highest LWD density of any
reach. However, LWD densities in Reach 4 change from greater than 2 pieces per bankful
width to less than 1 piece per bankful width upstream of Badger Road (EES 2004). The
quality of pools in these reaches as indicated by pool depth is generally better (WCD 2003).
Reaches 5, 6 and 7 have low levels of instream LWD despite moderately high recruitment
potential. LWD or some other type of wood (stumps, root wads, etc) forms approximately 50
percent of pools across all reaches (EES 2004).
Increasing gradient moving upstream controls the amount of available and potential salmonid
spawning area. Reaches 1 through 3 have almost no spawning areas; Reach 4 has a limited
amount; and Reaches 5, 6 and 7 have the greatest amount of existing spawning area, more
than double that of Reach 4. Riffle substrate condition is generally poor. Sand is the dominant
or subdominant substrate type 54 percent and 41 percent of riffles, respectively. As a result,
only approximately 1/3 to 1/2 of potential spawning habitat is currently spawnable (WCD
2003). Conditions appear to be better in the upper portion of Reach 5 and in Reaches 6 and 7
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than farther downstream. However, the relative quality of spawning habitat may be a result of
natural gradient control and resulting scour than shoreline condition.
9.2.1.4 Biological Resources
Salmonids
Fall-run Chinook, chum, coho, sockeye, winter steelhead, and cutthroat trout have been
documented in Bertrand Creek up to the Canadian border (Streamnet 2005). Fall-run Chinook
spawn primarily within the shoreline, and the majority have ocean-type life history, spending
little time rearing in the stream as juveniles (Anchor 2003). A smaller proportion of fall-run
Chinook exhibit stream-type life history and utilize stream habitat for rearing. Coho are the
most widely distributed species and chum use primarily the mainstem for spawning, while
sockeye have a limited presence in the WMU (EES 2004; Anchor 2003).
In addition, early-run Chinook may use the lower portion of the shoreline for refuge during
outmigration, and those with stream-type life history may use it for extended juvenile rearing.
Bull trout have not been documented in the WMU but both juveniles and adults may use the
habitat for foraging.
Other Aquatic and Terrestrial Species
WDFW identifies high quality riparian habitat along Bertrand Creek in a narrow band on the
left bank just above the confluence with the Nooksack River in Reach 1, the upstream half of
Reach 2, most of Reach 3, all of Reach 4, the lower and upper portions of Reach 5, and the
lower two thirds of Reach 6. A bald eagle (Haliaeetus leucocephalus) breeding territory
occurs in the lower third of Reach 1 and trumpeter swans (Cygnus buccinator) also winter
within the Reach 1 shoreline zone (WDFW 2004). In addition, the Nooksack dace and Salish
sucker are resident species in Bertrand Creek (Barry Wenger, personal communication).
Non-native and Invasive Species
Noxious weeds confirmed in the Bertrand Creek shoreline include meadow knapweed
(Centaurea jacea) in Reach 1 (Weed Board 2005). This upland species is frequently
associated with agricultural lands (Weed Board 2005). While there are no site specific
records for Bertrand Creek, it is likely that reed canarygrass, widespread throughout Western
Washington and the County, is found at most disturbed sites within the WMU (Weed Board
2005). There is also anecdotal evidence of Japanese knotweed (Polygonum cuspidatum)
infestations along streambanks. No aquatic invasive weeds have been documented within the
Bertrand Creek jurisdictional shoreline.

9.2.2 Fishtrap Creek
The jurisdictional extent of Fishtrap Creek includes the entire stream within Whatcom
County. This encompasses approximately 10.6 miles, from its confluence with the lower
mainstem Nooksack River to the Whatcom County border with Canada (the stream extends
north into Canada) (see Figure 9-12).
9.2.2.1 Built Environment
Existing land cover and land use patterns along Fishtrap Creek are predominantly agricultural
in Reach 1, urbanized residential and commercial development in the City of Lynden
(Reaches 2 through 5), and agriculture in the upper reaches (Reaches 6 through 8).
Agricultural uses include dairy and row crop production. Zoning and comprehensive plan
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land use designations reflect the existing land use pattern, with agricultural designations
predominant upstream and downstream of the City of Lynden.
Roads and utilities are concentrated in the City of Lynden. All reaches have at least one
bridge crossing. Utility crossings include several waterline crossings in each reach in the City
of Lynden and two overhead powerline corridors.
Three parks are located along Fishtrap Creek: Kok Road Trail Head Park (Reach 2, both sides
of the stream), City Park (Reach 4, both sides of the stream), and Bender Field (right bank of
Reach 5). All three parks are located in and owned by the City of Lynden. As urban
community parks, these areas provide access to Fishtrap Creek primarily for recreational
enjoyment such as hiking. There are no properties along Fishtrap Creek listed on local, state,
or national historic registers.
Designated critical areas along Fishtrap Creek include wetlands in all reaches except Reaches
6 and 8. Frequently flooded areas are mapped along the lower reaches and in the City of
Lynden (Reaches 1 through 5). All reaches contain areas mapped as moderate to high
susceptibility for aquifer recharge. Reaches 1 through 3 are mapped as habitat conservation
areas (high quality riparian areas) and Reach 1 is mapped as a lahar hazard.
Shoreline modifications along Fishtrap Creek are concentrated in Reach 1 and in the City of
Lynden, which have both armored streambanks and levees. With the exception of Reach 6, all
surface water diversions on Fishtrap Creek are located in the City of Lynden. The lower
portion of Reach 1 has levees (3 percent left bank; 19 percent right bank).
Other areas of special interest along Fishtrap Creek include several properties listed in
Ecology’s Facility Site database as sites with hazardous material contamination. This
includes two sites each located in Reaches 1 and 2; and three sites each located in Reaches 3
and 4. These sites include properties with underground storage tanks (UST), a voluntary
clean-up site, a dairy, and one property classified as a Tier 2 hazardous material site.
Ecology identifies stream Reach 1 of Fishtrap Creek as Impaired (303d category 5) water for
temperature on the 2004 303(d) list. All stream reaches are considered Category 4A
(impaired, but has TMDL) waters for fecal coliform. Reach 2 is classified as waters of
concern (303d category 2) for dissolved oxygen. Reach 1 is listed for numerous parameters
classified as waters of concern (303d category 2). Parameters considered as Category 2 in
Stream Reach 1 include pH, 4.4’-DDE, Alpha-BHC, chlorpyrifos, Dieldrin, Parathion, and
gamma-BHC (lindane). Stream Reach 1 is also listed as Category 1 (meets tested standards)
(meets tested standards) for numerous parameters including: toluene, 1.2-dichlorobenzene,
hexachloroethane, ethylbenzene, dissolved oxygen, dichlorobromomethane, chloroform,
chlorobenzene, carbon tetrachloride, bromoform, benzene, acrolein, ammonia-N, methyl
bromide, 1.2-dichloroethane, pH, 1.1-dichloroethylene, 1.1.2-trichloroethane, 1.1.2.2tetrachloroethane, hexachlorobutadiene, mercury, 1.4-dichlorobeneze, vinyl chloride,
trichloroethylene, methylene chloride, tetrachloroethylene, 1.3-dichlorobeneze, and
temperature. Other Category 1 (meets tested standards) (meets tested standards) parameters
on Fishtrap Creek include dissolved oxygen, pH, and temperature (Reaches 4 and 5) and pH,
ammonia-N, and temperature (Reach 8).
Under existing zoning and comprehensive plan land use designations, future development
patterns along Fishtrap Creek would be similar to existing conditions. The upper 800 feet of
Reach 1 is within the City of Lynden’s UGA. The right bank is currently urbanized with
commercial properties. The left bank in this area is currently farmed, suggesting that future
development along this reach could convert from agricultural uses to more intense residential
or other urban land uses.
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9.2.2.2 Riparian Conditions
Reach 1 riparian vegetation is mostly shrubs that extend outward less than 50 feet from either
streambank. LWD recruitment potential is low; however, shade conditions are only
moderately impaired. Conditions improve noticeably within the Lynden city limits (Reaches
2 through 5). Riparian vegetation is predominately a sparse cover of medium-sized deciduous
forest, although Reaches 3 and 4 have some mixed stands. LWD recruitment potential is high
except in Reach 2, which has moderate recruitment potential, although canopy cover remains
moderate except in Reach 4. Riparian width is highly variable but averages approximately 50
to 100 feet. However, areas with a narrower riparian corridor are common.
Upstream of Lynden, agricultural land use encroaches into the riparian zone. Riparian cover
in Reaches 6 through 8 is a mixture of sparse deciduous trees, shrubs, emergent vegetation,
and agricultural fields, and the riparian width is consistently approximately 50 feet wide.
LWD recruitment potential ranges from good to poor depending on the presence and size of
deciduous trees. Canopy cover is moderate in Reaches 6 and 8 but high in Reach 7.
9.2.2.3 Instream Conditions
EDT modeling provides best estimates of instream habitat data for Fishtrap Creek. Results
show that primary pools comprise 15 percent of total habitat in all reaches. Reach 1 has
almost no primary pool habitat, a condition that improves for reaches within the City of
Lynden. According to the EDT model pool habitat worsens upstream of the City, where
primary pools comprise approximately 11 percent of total reach habitat. No recent
information regarding substrate or spawning conditions, LWD density, or other instream
habitat parameters was found.
9.2.2.4 Biological Resources
Salmonids
Fall-run Chinook, chum, coho, sockeye, winter steelhead, and cutthroat trout have been
documented in Fishtrap Creek up to the Canadian border (Streamnet 2005). Fall-run Chinook
spawn primarily within the shoreline and the majority to have ocean-type life history,
spending little time rearing in the stream as juveniles (Anchor 2003). A smaller proportion of
fall-run Chinook exhibit stream-type life history and utilize stream habitat for rearing. Coho
are the most widely distributed species and chum use primarily the mainstem for spawning,
while sockeye have a limited presence in the WMU (EES 2004; Anchor 2003). Use of
tributaries is limited, although Double Ditch may provide some habitat for various salmonid
species (Streamnet 2005).
In addition, early-run Chinook may use the lower portion of the shoreline for refuge during
outmigration, and those with stream-type life history may use it for extended juvenile rearing.
Bull trout have not been documented in the WMU but both juveniles and adults may use the
habitat for foraging.
Other Aquatic and Terrestrial Organisms
WDFW maps high quality riparian habitat in Reaches 2 and 3. Important habitat for wintering
shorebirds occurs at the confluence of Reach 1, near the mouth of Fishtrap Creek. Bald eagle
breeding territory and trumpeter swan winter habitat is present in the lower half of Reach 1
(WDFW 2004).
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Non-native and Invasive Species
Confirmed sites containing tansy ragwort (Senecio jacobaea) are located in Reaches 6 and 7
of Fishtrap Creek (Weed Board 2005). This species is frequently associated with agricultural
lands (Weed Board 2005). Reed canary is widely distributed in the Fishtrap drainage and has
recently become a priority management concern (John Thompson, personal communication
of October 10, 2005). There is also anecdotal evidence of Japanese knotweed (Polygonum
cuspidatum) infestations along streambanks. No aquatic invasive weeds have been
documented in the shoreline.

9.2.3 Judson Lake
Judson Lake lies on the Canadian border. The lake surface is approximately 112 acres. The
portion in Whatcom County is approximately 81 acres, including an associated pond. Judson
Lake was inventoried in one reach around the perimeter of the lake and a connected pond
within Whatcom County.
9.2.3.1 Built Environment
Existing land use surrounding Judson Lake is agricultural with associated homes and
buildings on large lots. Zoning and future land use designations are agricultural. Land cover
mapping indicates a predominance of wetlands associated with Judson Lake.
One bridge on Holmquist Road bisects the lake and creates the connected pond to the west.
Shoreline modifications include two surface water diversions. . The banks of Judson Lake do
not appear to be hardened, but there is little natural vegetation along the shoreline. There are
no designated parks or open spaces providing access to Judson Lake, although the bridge on
Holmquist Road allows views of the lake and access for fishing.
Designated critical areas associated with Judson Lake include wetlands and habitat
conservation areas (waterfowl concentration area). The lake is within the moderate
susceptibility critical aquifer recharge zone.
Based on existing zoning and comprehensive plan land use designations, future development
surrounding Judson Lake would be similar to the existing rural agricultural character.
9.2.3.2 Riparian Conditions
Agriculture is the dominant land use around Judson Lake; crop fields extend to the lake fringe
on all sides. The lacustrine fringe varies from 50 to 150 feet wide and is dominated by
emergent vegetation (likely reed canarygrass). Trees exist only along the tributary flowing
into the southeast corner of the lake.
9.2.3.3 Biological Resources
Salmonids
Because there are no surface waters connecting Judson Lake to other streams in the WMU,
Judson Lake is not accessible to anadromous salmonids.
Other Aquatic and Terrestrial Organisms
Judson Lake is an important wintering area for waterfowl (WDFW 2004), including
trumpeter swans (Wilson et al. 2003), which use the area for roosting. Lead shot in Judson
Lake has been implicated as the cause of swan die offs in recent years (Barry Wenger,
personal communication).
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Non-native and Invasive Species
Planted, non-native warmwater fish (e.g., bass) are present in Judson Lake (WDFW 2004b).
There is anecdotal information in Sinclair (2005) that purple loosestrife (Lythrum salicaria)
occurs at Judson Lake, but no other documentation on invasive aquatic weeds was found

9.3 SYNTHESIS
The following describes recommended management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating
SEDs.

9.3.1 Landscape-scale Restoration and Conservation Opportunities
The degree of process-intensity and alteration (Table 9-1) informs the assessment of
restoration and protection potential in Lynden North WMU. The landscape analysis identifies
process-intensive areas including wetlands in the Bertrand Creek headwaters; riparian zones
in lower Bertrand Creek and its tributaries; the Kamm Slough drainage; and the Nooksack
floodplain. Levees along the Nooksack River have resulted in a highly altered floodplain.
According to county-scale landscape assessment, this area supports a very high intensity of
processes, and Nooksack floodplain restoration should be the highest priority in the WMU.
This may be particularly true in areas that support function in both the river and its major
tributaries.
Processes are only moderately impaired in the lower Bertrand Creek and tributary floodplains
and in the Bertrand Creek headwaters. Opportunities for improving or restoring ecological
functions are numerous. In particular, riparian restoration to improve sediment and water
quality processes downslope of sources is a high priority for Bertrand Creek. Protection of
wetlands in the Boundary Upland is a high priority for baseflow maintenance during summer
low flow periods.
Although impairments are evident at both the riparian and landscape-scale, process-intensive
areas do not occur frequently in the Fishtrap drainage. Therefore, quality restoration
opportunities may be more limited in Fishtrap Creek than other drainages in the WMU. One
major opportunity is the restoration of the large peat wetland north of the city of Lynden. In
addition, promoting future development around the city of Lynden in areas that do not have
high infiltration capacity would limit greater alteration to both runoff patterns and
groundwater recharge.
Other than the effects of Nooksack floodplain alterations, processes in Kamm Slough appear
to be more intact than in Fishtrap and Bertrand Creek. Protecting a stable groundwater supply
and existing wetland areas by limiting consumption and development are appropriate goals.

9.3.2 Reach-scale Restoration and Conservation Opportunities
The landscape analysis highlights restoration and protection opportunities for the entire
WMU, including in the jurisdictional shoreline. Reach-scale restoration and conservation
activities are consistent with these findings.
Riparian restoration opportunities in the Bertrand Creek and particularly Fishtrap Creek
shorelines would improve the function all five key processes. Bertrand Creek contains
existing associated wetlands in Reaches 1 through 4 and lower Reach 5. Reach 1 wetlands are
impaired, and in addition to vegetation planting, restoration would also necessarily entail
hydrologic restoration through floodplain reconnection. This action would have the added
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benefit of concurrently restoring the Nooksack River floodplain. Although Reaches 2 through
5 have many areas of relatively undisturbed riparian, water quality and sediment restoration
would have to emphasize continued management of the riparian corridor in areas such as
upper Reach 2 and lower Reach 3. Associated wetlands are not present in Reaches 5 and 6,
thus the capacity for process function may be more limited. However, riparian conditions are
much more disturbed, and opportunities to restore the riparian corridor are common. Riparian
restoration would help protect and restore spawning areas that are more common than in
lower reaches and floodplain reconnection would increase overall sediment storage capacity,
also improving spawning potential. Where feasible, instream LWD structures projects would
facilitate in-channel sediment sorting and sediment storage, increase habitat complexity, and
provide interim short-term function in conjunction with longer-term, process-based
restoration.
The Fishtrap riparian corridor is highly disturbed, and every reach has the potential for
riparian restoration. Similarly to Bertrand Creek, riparian restoration could be done in
conjunction with floodplain restoration in Reach 1. Prioritization of riparian restoration to
improve water quality function could be performed in areas correlated with increased loading,
such as Reaches 7 and 8 and at tributary junctions. Restoration of channelized sections in
Reaches 1 and 6 is also feasible.
Reaches in the City of Lynden are also channelized and likely armored to protect
development from channel migration and flooding. Restoration may be possible on public
lands or if easements can be purchased. However, the influence of such activities on
landscape processes is likely limited and would more realistically provide site-scale
functional improvements.

9.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide a basis for recommending updated SEDs
(Table 9-2 and 9-3). Resource and Rural designations in Reach 1, 4 and 5 are intended to
sustain existing agricultural and residential land uses in areas of limited process and
ecological function. Conservancy designations in Reaches 2 through 4 are intended to protect
less disturbed riparian corridors that contain less impaired process-intensive areas and
moderate ecological function while also supporting shoreline and adjacent land uses. The
recommended designations are consistent with the existing SEDs.
Outside the City of Lynden, Resource designations are recommended for Fishtrap Creek to
sustain agricultural land uses in areas of limited ecological function. The City of Lynden is
outside County jurisdiction, hence no SEDs are recommended. The recommended
designations are consistent with existing SEDs.
A Resource designation along the Judson Lake shoreline is recommended to sustain existing
agriculture in an area of limited ecological and process function. The recommended
designation is consistent with the existing zoning.
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Table 9-1. Summary of Process Intensity and Alterations by Drainage Area, Lynden North WMU.
Process Intensity and Degree of Alteration
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This area lies on the Nooksack floodplain and is highly impaired at both the riparian and
landscape scales. Restoration could involve reconnection of streams and wetlands and
enhancement of riparian wetlands. Preservation of ongoing agricultural land use may limit
restoration potential in some areas.
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Riparian processes in this area are somewhat more intact, particularly on the mainstem.
Protection of existing buffers is recommended, and restoration opportunities are available,
along tributaries. Non-riparian, process-based restoration potential is more limited, but
potential and existing storage areas provide restoration opportunities in the North Fork
and McClellan Creek headwaters.
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Potential for protection is high; strategic opportunities for restoring water quality and
sediment processes are available.
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Middle Fishtrap includes Lynden and agricultural ditches/tributaries to the north.
Restoration of key processes is needed but may be limited due to high degree of
alteration. The large organic wetland that has been converted to agricultural use is a
potential opportunity for restoring hydrology and water quality processes. Infiltrative areas
along the east border of the drainage may provide opportunities for restoring peak flow
regime.

Upper Fishtrap Creek
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Like Middle Fishtrap, upper Fishtrap is highly altered with limited potential for restoring
mechanisms that would improve peak runoff patterns, sediment delivery, and water
quality. High potential for restoring riparian-scale processes (e.g. LWD and heat light).

↑

Protection opportunities are numerous in upper Kamm Slough, which contains many
depressional wetlands and stable groundwater supply. Lower Kamm Slough has high
potential for restoration, but successful restoration will depend on linkages with restoring
Nooksack floodplain connectivity. The degree of land use alteration may also limit the
potential for full restoration in the Nooksack floodplain.

N/A

Judson lake is highly altered and its isolated position in the watershed likely makes it a
lower priority restoration. Restoration actions would likely include restoring the lacustrine
fringe wetlands and reducing groundwater consumption easements to stabilize summer
flux in the lake level.

Kamm Slough

Judson Lake
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↑ High Intensity; High alteration
↓ Low Intensity; Low alteration
↔ Moderate intensity; Moderate alteration
Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.

b

Areas of high alteration exist in Canada, but process-intensity is unknown. Process-intensive areas within the delineated areas have moderate degrees of alteration (i.e., lack of forest cover but limited impervious area)
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Table 9-2. Preliminary SED Recommendations, Bertrand Creek
Recommended SEDs

Existing
SEDs

Reach

Left Bank

Comment

Right Bank

Reach 1

Rural

Resource

Resource

Agricultural land use with
limited existing ecological
function. High potential for
restoration

Reach 2 to
Reach 4 below
Badger Road

Conservancy

Conservancy

Conservancy

Moderately intact
ecological function,
including pools, LWD, and
riparian forest.

Reach 4:
Badger Road to
~0.75 mi.
upstream

Rural

Rural

Rural

Ecological function similar
to upstream but zoned
residential.

Upper Reach 4
to Reach 5

Rural

Resource

Resource

Important spawning areas,
moderately intact riparian

Reach 6-7

Rural

Conservancy

Conservancy

Important spawning
grounds, moderately intact
riparian with contiguous
upland forest.

Table 9-3 Preliminary SED Recommendations, Fishtrap Creek

Reach

Existing
SEDs

Recommended SEDs
Left Bank

Right Bank

Comment

Reach 1

Rural

Resource, except
Residential in UGA

Resource, except
Residential in UGA

Agricultural land use
with impaired
ecological functions

Reach 2-5

City of
Lynden

City of Lynden

City of Lynden

Non-jurisdictional

Reach 6-8

Rural

Resource

Resource

Agricultural land use
with impaired
ecological functions
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10. TENMILE WMU
The Tenmile Creek WMU drains a 35 mi2 area in the southern portion of the lower Nooksack
basin in central Whatcom County bordering the City of Ferndale. Tenmile Creek is a left
bank tributary of the Nooksack River confluencing at RM 6.9. Shorelines of the state within
this WMU include the lower 7.36 miles of Tenmile Creek and Fazon Lake, which is
approximately 32-acres in size.

10.1 LANDSCAPE ANALYSIS
10.1.1 Aquatic Resources and Contributing Area
In addition to the shorelines of the state mentioned above, the Tenmile WMU includes two
major tributaries: Fourmile Creek and Deer Creek, which enter Tenmile Creek at RM 4.71
and RM 1.25, respectively. In addition, there are several small lakes, the largest of which is
Green Lake located near the headwaters of Fourmile Creek (Map 10-1). Barrett Lake is a
former artificial impoundment of Tenmile Creek. The earthen/log dam initially created for
forestry purposes has failed and is no longer maintained. The failed dam still causes a small
impound area, but Barrett Lake currently can be characterized as a stream/wetland complex.
Deer Creek, Tenmile Creek, and their tributaries have associated riparian wetlands along
much of their length, and Fazon Lake is surrounded by a large wetland complex. Nonriparian wetlands are also common throughout the WMU, but the Fourmile drainage contains
fewer existing wetlands than other areas.

10.1.2 Process Controls
10.1.2.1 Geology
Geological processes have partitioned the Tenmile WMU into the King Mountain plateau to
the east and south and the Sumas outwash plain to the north and west. Fine-grained
glaciomarine drift underlies the King Mountain uplands, which have exposures of Tertiary
sandstone at the top of King Mountain and northwest of Fazon Lake. In contrast, soils derived
from coarser sand and gravel derived from glacial outwash typify the terraces and Nooksack
lowlands to the north and west. Modern streams often follow channels formed by glacial
outwash, which frequently supported the development of very poorly drained organic soils
called Pangborn muck. Segments of Deer, Tenmile, and Fourmile Creeks are underfit streams
which occupy these former outwash channels.
10.1.2.2 Topography
Because the Tenmile WMU lies on the Nooksack lowlands, topography is characterized
primarily by gradual slopes. Elevation ranges from 100 feet at the Tenmile Creek Mouth to
approximately 370 feet in the King Mountain uplands. Moderate to high relief is infrequent
but can be found along the transition from the King Mountain terrace to the Sumas outwash
plain. In addition, upper Tenmile Creek flows through a glacial outwash channel that had
incised into the glaciomarine drift on the northern edge of the King Mountain upland,
creating steep bluffs. Also, Tenmile Creek has incised into the bed of the outwash channel in
localized areas (for example, east of Hannegan Road) to form a small inner gorge.
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10.1.2.3 Climate
Precipitation in the watershed ranges between 35 inches in the western end of the WMU to
45 inches in the east. Seventy percent of the precipitation falls as rain between the months of
October and March. April and September are the transition months between the wet and dry
seasons. June, July and August receive about 12 percent of the yearly average precipitation
(WCD 1986).
10.1.2.4 Land Use/Land Cover
Agriculture, including dairies and associated feed production and crop farms, is the primary
land use in the Tenmile Creek WMU. The outwash terraces located in the north and west are
where the majority of the crops are produced because of their productive soils and available
water. Pasture and hayland are distributed throughout the watershed and make up more than
50 percent of land in the WMU (WCD 1986).
Less than 25 percent of the WMU remains forested, and all old-growth forest has been
logged. Most of the remaining forest is second- to later-growth mixed deciduous and conifers
located in the southeastern corner of the WMU, in the Deer Creek headwaters.

10.1.3 Landscape Processes, Alterations, and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Tenmile landscape MAP FOLIO

10.1.3.1 Hydrology
Process-intensive areas
Coarse-grained outwash and Lynden sandy loam soils in the lowlands support
infiltration/recharge, surface water storage, and groundwater discharge to a much greater
extent than glaciomarine drift underlying the King Mountain upland (Map 10-2). Areas
important for infiltration/recharge are concentrated in the Fourmile drainage but extend into
the portion of Tenmile Creek upstream of the Fourmile confluence. In addition, a large
infiltrative area lies along the boundary between the lower Tenmile and Deer Creek
drainages. Intensive infiltrative areas are also found south of Barrett Lake along the boundary
between the lower Tenmile and Deer Creek drainages. Infiltrated precipitation recharges the
Sumas-Blaine surficial aquifer, which extends south to the boundary between the Nooksack
lowlands and King Mountain plateau. This shallow aquifer supports and maintains the
hydrologic functions of lowland aquatic resources.
Surface water storage areas are located predominately on the Sumas outwash plain to the
north. Intensive water storage areas include depressional wetlands occurring along the
upland/lowland transition, and riparian wetlands in upper Deer Creek and its headwaters.
Pangborn muck deposits in Fourmile Creek are an indicator of depressional wetlands that
may be particularly important for accepting interflow and groundwater discharge from
upslope infiltrative areas. This potentially attenuates stormflow and improves water quality
10-2
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(see below). Depressional wetlands that occur along the upland/lowland transition have the
potential to capture overland or shallow subsurface flows from the upland, where
infiltration/recharge potential is lower.
Floodplains are also important storage areas and occur to some extent on low-gradient,
alluvial streams typical of the Tenmile WMU. In contrast to other stream reaches in the
WMU, Lower Deer Creek and Tenmile Creek have broad floodplains (relative to stream size)
and extensive associated wetlands. The lower portions of these streams also flow across the
Nooksack River floodplain.
As stated previously, geologic controls limit infiltration and recharge mechanisms in the King
Mountain upland. The numerous depressional wetlands scattered throughout the upland have
the potential to serve as important storage areas, attenuating storm events in Deer Creek and
the Tenmile Creek headwaters. Similarly to the Beaver Ponds in the Boundary Upland, these
wetlands also have the potential to supply water in support of base flow for upper Tenmile
and Deer Creeks. In contrast, baseflow is supported by the Sumas aquifer in Fourmile Creek
and lower Tenmile and Deer Creeks.
Rain-on-snow zones are not key hydrologic mechanism in the Tenmile WMU. Rainfall
events are the dominant influence on peak runoff, although ROS events may occur
infrequently.
Indicators of Alteration
In the Tenmile WMU, impervious surfaces are concentrated in the Ferndale UGA and along
major road corridors, particularly near the intersection of Hannegan Road and Pole Road.
Both these areas are located on permeable deposits (intensive infiltrative zones) that are
important for groundwater recharge.
Other important infiltration/recharge areas are in agricultural use as dairy, pasture, or
cropland. Agricultural use has less of an adverse effect on infiltration than conversion to
urban land or impervious surface, but ditching and clearing practices associated with
agriculture can disrupt infiltration and subsurface flow paths (groundwater flow and
interflow), potentially increasing surface water runoff and decreasing groundwater recharge
(Map 10-3).
Surface water storage is highly altered in Fourmile Creek. The length of the mainstem has
been shortened, and many associated organic wetlands that are important for surface water
storage have been drained (Map 10-4). This indicates a loss of storage capacity in both
depressional areas and floodplains. These alterations compound functional responses because
storage areas are located between altered infiltration areas and Fourmile Creek.
Similar conditions are evident in Deer Creek at the upland/lowland transition. Tenmile Creek
appears to be less altered by land use, with more intact wetlands and less evidence of ditching
and channel modification.
Depressional wetlands in the King Mountain uplands are relatively intact compared to other
areas of the WMU, so hydrology processes are less altered in the Deer Creek and Tenmile
Creek headwaters.
Groundwater consumption is also common throughout the outwash plain, where local
geology supports the southern extent of the Sumas-Blaine shallow aquifer. An estimated 0.1
cfs water right has been issued in Deer Creek, 7.7 cfs in Fourmile Creek, and 14.0 cfs in
Tenmile Creek for a total estimate of 21.8 cfs in the sub-basin, with all but 1.9 cfs being
surface water (Atkinson and Gill 2001). An estimated 8,000 acres of crop and pasture land
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are irrigated, suggesting water consumption occurs primarily during summer months (Moore
1990).
Response to Alterations
No historical record of streamflow is available, and information regarding the duration and
frequency of peak flows is limited in the Tenmile WMU, so there is no direct evidence of
how streams have responded to the hydrologic alterations noted above. Kemblowski et al.
(2001) provide indirect evidence of baseflow alteration by estimating that less than one-third
of recharged groundwater is subsequently discharged as baseflow. Although recharged
groundwater can be lost naturally via evapotranspiration, this estimate combined with
anecdotal evidence of impaired low summer streamflows suggests considerable groundwater
alteration as a result of consumptive use. Altered recharge mechanisms also contribute to a
reduction in water available for groundwater recharge. Ecology closed this watershed to
additional water rights allocations to prevent additional loss of baseflow (Blake and Peterson
2003).
10.1.3.2 Sediment
Process-intensive areas
Because the Tenmile WMU lies in the Nooksack lowlands and low relief outwash plains and
terraces, natural hillslope sediment sources are limited. Natural landslide-prone areas occur in
upper Tenmile Creek, where the stream has incised into the fine deposits of the King
Mountain uplands (Map 10-5), and along the lowland-upland transition and along the
drainage boundary between Fazon Lake and Fourmile Creek. Erosive soils exist in the
watershed, but generally not on slopes steep enough to catalyze significant surface erosion
events. The exception is an alluvial fan near the mouth of Tenmile Creek.
Indicators of Alteration
Because natural sediment inputs are limited, highly disturbed lands (i.e., developed areas)
generate more sediment than altered natural source areas. Till agriculture, roads, and actively
developing areas are significant sediment sources in the WMU (SCS 1992) (Map 10-5.5 and
10-6). These activities occur in the lowlands where water is more readily available and soils
are more productive and near UGAs in the lower WMU and in upper Fourmile Creek.
Increased sediment supply must be analyzed against the backdrop of transport. Reedcanary
grass (Phalaris arundinaceae) infestations in the Tenmile WMU contribute to instream
sediment retention, but extensive channelization (WCD 1986) and associated loss of natural
storage mechanisms such as beaver ponds, meander bar deposits, LWD jams, and overbank
deposition suggests that storage may have decreased, although no concrete data is available to
document this hypothesis. At the very least, the change in sediment-storage mechanisms
decreases sorting potential, suggesting a loss of gravel-dominated habitat units.
Response to Alterations
According to available data, suspended sediment concentrations do not exceed existing water
quality criteria (USU 2001). However, flood management activities in Tenmile Creek include
periodic dredging, which suggests the streambed is aggrading due to increased sediment
supply. Data indicate that spawning gravels are impaired by high fine sediment levels as fine
sediments comprised 24.7 percent of spawning gravel in Tenmile Creek in the 1980’s and
average fine sediment percentages were 19.3 percent and 25.2 percent in Deer Creek
(Schuett- Hames and Schuett- Hames 1988 as summarized in Smith 2002).
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Because it requires sediment as a transport medium, high phosphorous concentrations in
Fazon Lake suggest increased sediment supply.
10.1.3.3 Water Quality
Process-intensive areas
Wetlands important for removing nutrients from both groundwater and surface water are
concentrated near the lower Tenmile Creek riparian zone, and the middle portion of Deer
Creek. Isolated wetlands in the upper Tenmile and Fourmile drainages and the Fazon Lake
drainage also support intensive water quality functions. Riparian wetlands in these areas
suggest the presence of a broad hyporheic zone, which is important for nutrient removal. The
potential for extensive hyporheic function is most apparent in lower Tenmile Creek (Map 107).
Indicators of Alteration
Land uses that involve fertilizer and pesticides, and fecal matter inputs are common
throughout the WMU and suggest increased supply of nutrients, toxins, and pathogens.
Agricultural nutrient sources are ubiquitous in the lowlands, and dairies are also common
throughout the Tenmile and Fourmile drainages. Residential development and associated onsite septic systems are also present throughout the WMU, but dense clusters of residential
development are located in the Ferndale UGA and along the northern WMU boundary (Map
10-8).
There are extensive wetlands in the lower and upper Tenmile drainage that can store and
remove nutrients and pathogens. Many of these wetlands still exist, but important wetlands in
the Deer Creek and Fourmile Creek drainages and in the Tenmile Creek drainage near the
Fourmile confluence have been drained or otherwise lost. Wetlands fringe the lakeshore of
Fazon Lake, although the historic extent of wetlands north and east of the lake may have been
much larger.
Stream channelization and sedimentation are identified as serious problems in the Tenmile
WMU. WCD (1986) states that channelization is extensive along the three major streams and
some tributaries. These alterations in combination with reduced hyporheic and riparian
wetland function, decrease the stream length and reduce the area available for nutrient
retention and transformation, which can increase the viability of fecal coliform.
Response to Alterations
Ecology’s 303(d) list (2004) identifies four reaches of Tenmile Creek that have elevated fecal
coliform concentrations. Samples collected in 2004-5 show that Tenmile Creek is still
exceeding both the geometric mean and 90th percentile TMDL standards (NWIC 2005).
In addition, nutrient levels in the Tenmile WMU, though not toxic, are sufficient to promote
the vigorous growth of periphyton on stream substrates (USU 2001). Impaired dissolved
oxygen levels (NWIC 2004; NWIC 2005; Ecology 2004; see Heat/Light section) in this case
suggest increased primary productivity that may be a result of nutrient inputs.
The lower reaches of Deer Creek are impaired for fecal coliform, ammonia, and pH, and
dissolved oxygen is an area of concern (Ecology 2004). No stream segments are impaired in
Fourmile Creek, but it is a water of concern for dissolved oxygen, fecal coliform, pH, and
dissolved oxygen (Ecology 2004). Data on Fourmile Creek were collected before 2000, and
more recent data are needed to assess existing conditions to determine existing water quality
trends.
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The WRIA 1 groundwater study identifies the Tenmile WMU as having some of the highest
nitrate concentrations in the County, exceeding EPA limits for annual maximum
concentration in 10 of 11 years during the 1990s. Evidence of increased levels of 1,2-DCP
and DBCP also exists. However, these products are currently banned, and concentrations are
decreasing.
10.1.3.4 Organic Matter
Process-intensive areas
Because of the lack of mass wasting in the Tenmile WMU, LWD was historically recruited
primarily from riparian areas. Hillslope inputs were likely limited to areas adjacent to the
hillslope at the margins of the outwash channel in the headwaters of Tenmile Creek.
Therefore, riparian zones (the areas within approximately 200 ft of the OHWM) are the
process-intensive areas for LWD recruitment in this WMU (Map 10-9).
Indicators of Alteration
Less than 20 percent of the Tenmile WMU remains forested (WCD 1986). Significant
patches of forest cover in the Tenmile and Deer Creek headwaters are the only remaining
shorelines where forests are the dominant riparian cover. Recruitment potential in the
Fourmile drainage and the lower Deer Creek and Tenmile Creek drainages is low to nonexistent due to the lack of riparian cover (Map 10-10).
Riparian vegetation is well developed around Fazon Lake, and the existing buffer width
ranges from approximately 150 feet on the south end to more than 1,000 feet on the northwest
shoreline.
Response to Alterations
Smith (2002) citing unpublished Nooksack Salmon Enhancement Intern monitoring data
reports low levels of LWD in Tenmile and Deer Creeks and conjectures that LWD density is
likely less than 1 piece/Wbf.
10.1.3.5 Heat/Light
Process-intensive Areas
Shade occurring anywhere along streams limits solar radiation and increased water
temperatures. However, riparian cover along headwater tributaries influences water
temperatures in a greater portion of the watershed because temperatures are translated
downstream. Therefore, headwater riparian areas are more process-intensive than
downstream riparian areas.
Indicators of Alteration
Riparian areas lacking canopy cover in the Tenmile WMU are extensive (Coe 2001). Ninetythree percent of sampled stream reaches in the Tenmile WMU have low canopy cover (i.e.,
high shade hazard). No areas with high canopy cover exist, and areas in the WMU with
moderate canopy cover are located almost exclusively in the Deer Creek headwaters.
Response to Alterations
Tenmile and Fourmile Creeks are listed as waters of concern for water temperature (Ecology
2004), but Deer Creek is not on the 303(d) list for temperature. Listings were based on Joy
(2000) data for Tenmile Creek and unpublished NSEA data on Fourmile Creek. The data
show a higher incidence of temperature exceedances below Barrett Lake. Only one
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temperature sample on both Tenmile and Fourmile Creeks upstream of Barrett Lake exceeded
state water quality standards for temperature.

10.2 SHORELINE REACH SCALE INVENTORY
This section describes the conditions along the jurisdictional shorelines of Tenmile Creek and
Fazon Lake. For purposes of this inventory and analysis, Tenmile Creek consists of ten
reaches ranging from 0.05 mile to 2.65 miles in length (Figure 10-11). Reach 1 extends from
the confluence with the Lower Nooksack River to Barrett Lake. Reaches 2, 3, and 4 are
coincident with Barrett Lake. Deer Creek confluences with Tenmile Creek at Barrett Lake,
between reaches 2 and 3. Reaches 5 through 9 extend from Barrett Lake to the confluence
with Fourmile Creek, near State Route (SR) 539. Reach 10 extends upstream to the
jurisdictional limits of Tenmile Creek at Hannegan Road. Fazon Lake is approximately 32
acres in size. The shoreline of Fazon Lake was inventoried as one reach of approximately
0.88 mile in length around the lake perimeter.

Figure 10-11. Shoreline Inventory Reaches, Tenmile WMU

The maps depicting key attributes of the freshwater shorelines in this WMU are provided in
the MAP FOLIO.
Link to Tenmile reach MAP FOLIO

10.2.1 Tenmile Creek
10.2.1.1 Built Environment
Existing land use and land cover along Tenmile Creek is predominantly agricultural and
rural, low density large-lot residential. Zoning and comprehensive plan land use designations
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are consistent with the existing land use pattern. The lowest reaches of Tenmile Creek include
agricultural land associated with the Nooksack River floodplain. The City of Ferndale is
located along the left bank of Reaches 1 and 2 and contains single-family and mobile home
park residential development. Reaches 3 through 5 have the densest residential development
along Tenmile Creek, including smaller lot sizes and land zoned for 1 to 3 units per acre. This
area of subdivision development is largely built-out. The upstream portions of Reach 5 and
all of Reaches 6 through 9 are zoned for 1 unit per 5 or 10 acres. Reach 10 is predominately
zoned Agriculture. The lower portion of Reach 10, upstream of the confluence with Fourmile
Creek, includes a bridge crossing for the Guide Meridian/SR 539. Land along the Guide
Meridian in Reach 10 is zoned for General Manufacturing.
Wetlands along Tenmile Creek in Reaches 1 through 9 limit the amount of development that
can occur immediately adjacent to the stream. Land cover classified as low- or high-intensity
developed occupies 2 to 3 percent of all reaches with the exception of Reach 2. Reach 2 is
approximately 15 percent developed due to development in and near the City of Ferndale.
With the exception of Barrett Lake (Reaches 2, 3 and 4) and Reach 8, all reaches contain at
least one bridge crossing. Major utility crossings include an overhead powerline crossing in
Reach 6; 4 waterline crossings in Reach 5 that serving subdivision development; and a
powerline crossing at Guide Meridian Road in Reach 10.
There are currently no developed parks, trails, or designated open spaces providing public
access to Tenmile Creek. There are no properties or structures listed on national, state, or
local historical registers located along Tenmile Creek.
Notable shoreline modifications along Tenmile Creek include channelized portions of the
stream and numerous surface water diversion structures. Reach 2 contains seven water right
diversions, the most of any reach. In addition, an earthen dam located between Reaches 1 and
2 creates the Barrett Lake impoundment. This impoundment recently failed and will not be
repaired, leaving the stream to re-establish a riverine environment. A small portion of
Tenmile Creek’s shoreline (2 to 4 percent of Reach 1) contains dikes or levees (associated
with the Nooksack – not Tenmile). Ecology’s Facility Site database indicates two sites of
interest along Tenmile Creek (in Reaches 2 and 5). These include a clean-up site and a
property classified as a hazardous material generator. Two properties along Guide Meridian
Road in Reach 10 are also identified as holding general permits for discharge of industrial
stormwater.
Ecology’s 303(d) list identifies Reach 1 of Tenmile Creek as Impaired (303d category 5) for
dissolved oxygen and Reach 3 as Impaired (303d category 5) for fecal coliform (Ecology
2004). Reaches 1 through 3 and 5 through 8 are identified as Category 4A (impaired, but has
TMDL) for fecal coliform. Reaches 1, 2, and 10 are classified as waters of concern (303d
category 2) for pH and Reaches 1 and 3 are listed as waters of concern (303d category 2) for
temperature. Reach 2 is listed as waters of concern (303d category 2) for dissolved oxygen.
Reaches 1, 3, and 10 are listed as Category 1 (meets tested standards) (meets tested standards)
for ammonia-N and Reaches 3, 4, 5, and 10 are listed as Category 1 (meets tested standards)
(meets tested standards) for temperature. Stream Reaches 3, 4, and 5 are listed as Category 1
(meets tested standards) (meets tested standards) for pH and dissolved oxygen.
10.2.1.2 Riparian Conditions
The Tenmile Creek riparian corridor conditions range from fair to very poor along every
shoreline reach. None of the reaches have high LWD recruitment potential. Herbaceous
vegetation associated with residential and agricultural land uses covers much of the riparian
zones. Generally, narrow (<50 ft) deciduous and mixed stands of small to medium-sized trees
10-8
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and shrubs separate the stream from adjacent fields and cleared areas. Areas containing welldeveloped riparian forest (typically small- to medium-sized deciduous and mixed stands)
include the upstream end of Reach 5, Reach 7, and the upstream end of Reach 8. The poorest
riparian conditions are found in Reaches 1, 9 and 10, which are primarily agricultural. In
these reaches, agricultural fields typically extend to within <25 ft of the OHWM, and
vegetated buffers contain few to no trees.
Reaches 2, 3, and 4 include what used to be Barrett Lake, which until recently impounded
water during the wet season but reverted to a low flow channel during the summer. Currently,
the Barrett Lake reaches consist of a stream/wetland complex dominated by reed canarygrass.
Riparian conditions adjacent to the stream/wetland complex are poor. Agricultural land has
displaced much of the native riparian cover on the right bank and residential development has
reduced left bank forest cover to a narrow corridor (<25 ft wide) of deciduous trees. Reach 4
riparian conditions are slightly better than reaches 2 and 3 because there is a wider zone of
forest cover (50 to >200 ft) dominated by deciduous trees. At the downstream end of reach 4,
the left bank also contains both deciduous and coniferous trees in a riparian corridor
approximately 100 to 200 ft wide.
10.2.1.3 Instream Habitat
Land uses alterations have reduced riparian habitat and channelized much of the Tenmile
Creek shoreline. As of 1981, approximately 70 percent of Tenmile Creek (including areas
outside the shoreline jurisdiction) was channelized (WCD 1986).
The Tenmile Creek shoreline is a low gradient stream with limited natural riffle habitat.
Overall habitat availability and complexity are reduced compared to historic conditions
because approximately 70 percent of the stream has been channelized 28, creating a lack of
LWD and pools (WCD 1986). Pools as a percent of total wetted are estimated to vary
between 15 and 17 percent for all reaches (excluding Barrett Lake) (EDT data:). Most
instream habitat consists of glides of uniform width and depth. Historically beaver created
pools, but these features are now limited to less than 5 percent of the total wetted area in all
reaches. No information regarding reach-specific LWD densities is available, although
landscape-scale information and dredging activities suggest that LWD densities are low.
Historically, beaver habitat and streamside wetlands provided important salmonid rearing
habitat and backwater habitat for myriad aquatic and terrestrial species, but channelization
has reduced habitat heterogeneity.
Although fines in all reaches are predicted to be naturally high based on valley morphology
(low gradient stream in an unconfined floodplain), increased sedimentation appears to have
had an adverse effect on habitat, including pool infilling and spawning gravel degradation.
Increased sediment loading along with decreased stream flows appears to have created
opportunities for colonization by reed canarygrass both in the stream channel and in the
adjacent riparian zone. Periodic dredging of Tenmile Creek provides temporary relief from
streambed aggradation and reed canarygrass infestation, but dredging disturbs and
homogenizes habitat, removes gravel as well as fines, and continues to allow the easy
reintroduction of a reed canary grass community.

28

Including the section upstream of shoreline jurisdiction (WCD 1986).
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10.2.1.4 Biological Resources
Salmonids
Fall Chinook, coho and chum salmon, steelhead and sea-run cutthroat trout are found in
Tenmile Creek. The shoreline is used for all life history stages, but existing conditions within
the shoreline limit the potential for spawning, which likely occurs primarily upstream of the
jurisdictional shoreline where stream morphology is more conducive to riffle habitat and
gravel sources are more common. Bull trout are presumed to use the shoreline for foraging,
migration, and overwintering.
Fall Chinook salmon are the only species whose distribution does not extend beyond the
upper limit of shoreline jurisdiction. According to existing distribution maps, it appears that
fall-run Chinook migrate and hold in Tenmile Creek and spawn primarily in the Laurel
drainage (NWIFC 2002; NR 2004; Streamnet 2005).
Steelhead are part of the winter-run stock, while coho and chum are part of the single
Nooksack stocks that are distributed throughout the watershed (NNR 2004).
Other Aquatic and Terrestrial Organisms
High quality or priority habitat for aquatic or terrestrial species has not been identified in any
of the Tenmile Creek reaches (WCPDS 2005). The relatively poor condition of the riparian
habitat along Tenmile Creek limits habitat availability and suitability for many terrestrial and
aquatic species.
Non-native and Invasive Species
Reed canarygrass has infested extensive portions of Tenmile Creek and its associated
shoreline. This species typically outcompetes native species and chokes stream channels.
Specific areas with reed canarygrass have not been documented, but based on review of
recent (2004) aerial photography, reed canarygrass has invaded portions of nearly all reaches.
The Whatcom County Weed Board (2005) has also identified occurrences of spotted
knapweed (Centaurea maculosa) in Reach 2 and tansy ragwort, in Reaches 2 and 6. Both
species are considered noxious weeds.
Yellow floating heart (Nymphoides peltata), an invasive aquatic weed, was also found in
2004 in an unnamed pond within the Tenmile WMU (Ecology 2005b). Although this species
has not been identified in areas within shoreline jurisdiction, its presence in the WMU poses a
concern of broader distribution.
WDFW historically stocked bass in Barrett Lake and potentially other sportfishing species
but has discontinued stocking currently.

10.2.2 Fazon Lake
10.2.2.1 Built Environment
Existing land use and land cover surrounding Fazon Lake is predominantly forested wetland
and undeveloped land. Large lot rural residential development borders the southern portion of
the lake. There is one road serving a public boat launch located on the south shore of the lake.
WDFW owns the right-of-way and boat launch, and there may be opportunities to expand
public access to the boat launch area to provide additional recreational facilities at this
location. There are approximately six surface water diversions along the shoreline. Many of
the water right diversions appear to be constructed channels that connect to ponds on adjacent
residential properties.
10-10
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Extensive wetlands surrounding most of the lakeshore limit the potential for future
development. However, there are a few undeveloped parcels zoned Rural (1 unit per 5 acres)
surrounding the north end of the lake, including one large (66-acre) parcel. According to
Whatcom County Assessor data, this parcel is designated forest land.
10.2.2.2 Riparian Conditions
In the Fazon Lake shoreline, mixed forest cover extends for approximately one quarter-mile
from the lakeshore on the east, west, and north sides of the lake. Moving clockwise from the
western shoreline, riparian vegetation is medium to large mixed forest transitioning to
coniferous forest in the northwest corner. North of the lake, the conifer forest transitions to
stands of small deciduous trees and shrubs, potentially due to wetter soils. The eastern
shoreline is mostly deciduous forest, with scattered residential clearings. Agricultural land
extends to within 200 ft of the southern lakeshore, and small deciduous trees dominate the
intervening riparian corridor.
10.2.2.3 Biological Resources
Fazon Lake is a naturally isolated waterbody to which anadromous salmonids do not have
access. NNR (2004) and NWIFC (2002) do not report resident salmonids (cutthroat, rainbow)
to be distributed in the shoreline or the larger drainage. Rainbow trout may have been stocked
at one time, although WDFW records do not indicate that stocking currently occurs.
10.2.2.4 Other Aquatic and Terrestrial Species
Fazon Lake has been documented as important habitat for waterfowl during the winter,
spring, and fall (WDFW 2004). WDFW planted brown trout in Fazon Lake in 2003 (WDFW
2005), and bluegill (Lepomis macrochirus), channel catfish (Ictalurus punctatus), and
muskellunge (Esox masquinongy) can also be caught. WDFW has also planted largemouth
bass in Barrett Lake in the past (WDFW Undated).

10.3 SYNTHESIS
The following section describes recommended management actions based on inventory
information. Programmatic restoration and conservation are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating
SEDs.

10.3.1 Landscape-scale Restoration and Conservation Opportunities
This analysis indicates that geologic conditions control landscape-scale (i.e., non-riparian)
processes and concentrate process-intensive areas in the northern lowlands in lower Deer and
Tenmile Creeks, Fourmile Creek, and Fazon Lake. Process-intensive areas in the King
Mountain upland, which include the headwaters of Deer Creek and Tenmile Creek, are
confined primarily to the riparian zone. However, wetlands in the upland and low
transmissivity in soils may provide base flow support late into the low flow period.
Intensive land use and associated process impairments occur in the same areas that have high
process intensity. Fazon Lake and the riparian corridors in the Barrett Lake area and the
middle Tenmile drainage are disturbed, but numerous unimpaired areas also occur
downstream of water quality impairment sources. Restoring impaired areas and protecting
areas of minimal impairment would have a positive impact on overall ecological function.
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Land uses have altered important process areas to a noticeable degree in the Fourmile and
Deer Creek drainages and outside the shoreline zone in the Tenmile drainage. Fourmile Creek
contains extensive hydrology process-intensive areas, many of which have been converted to
agriculture. Hydrology impairments are extensive but are not beyond repair. Restoring stream
morphology, riparian forests, and historic wetlands could improve currently impaired low
flow conditions, water quality, and other processes. Restoring areas outside the riparian zone
will not benefit water quality function to the same extent as hydrology, but may still be
appropriate if management strategies are focused specifically on hydrology. Urbanized areas
in the Fourmile and particularly Deer Creek drainage provide less opportunity for processbased restoration, but site-specific functional improvements may be available.
Similarly to water quality, wetland and riparian restoration could have a significant impact on
sediment dynamics. Areas with highly disturbed riparian are in many cases associated with
agricultural land use that can potentially deliver large amounts of sediment to aquatic
resources, including shorelines. Process-based restoration would prevent delivery of sediment
to aquatic resources and eventually reduce the need for the use of dredging as a management
tool.
The King Mountain upland contains a low number of process-intensive areas and is also the
least altered area in the WMU. Opportunities for restoring landscape processes are limited
primarily to the riparian zones.
Table 10-1 characterizes the degree of process-intensity and process impairment for various
sub areas within the WMU. The qualitative summaries of existing condition provided in the
table can be used to prioritize restoration and conservation opportunities according to
individual or multiple processes.

10.3.2 Reach-scale Restoration and Conservation Opportunities
The landscape analysis highlight restoration and protection opportunities for the entire WMU,
including in the jurisdictional shoreline. Reach-scale restoration and conservation activities
are consistent with these findings. Restoration and protection opportunities are concentrated
in Reaches 4 through 8, which still retain moderate levels of ecological function that can be
improved. Because of changing conditions in the Barrett Lake (Reaches 2-4), active reachscale restoration may be needed to prevent loss of ecological process and function. Given the
level of impairment in Reaches 1, 9 and 10, functional rather than process-based restoration
may be more effective.

10.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide a basis for recommending updated SEDs
(Table 10-2). Conservancy designations in Reaches 4 through 8 are recommended to protect
intact ecological functions while supporting planned shoreline and adjacent land uses.
Resource designations in Reaches 1, 9, and 10 are recommended to support existing
agriculture land uses in areas with more impaired shoreline functions. Recommended
designations are consistent with existing SEDs in Reaches 1 through 4 and 9 through 10. In
Reaches 6 through 8, a Conservancy designation is recommended instead of the existing
Rural designation to protect existing processes and riparian habitat, including wetlands.
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Table 10-1. Summary of Process Intensity and Alterations by Drainage Area, Tenmile WMU.
Process Intensity and Degree of Alteration
Process

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Potential for Restoration and Protection

Alteration

Canopy
Cover

Process

LWDRP

Alteration

Storage

Process

Inputsa

Alteration

Storage

Process

Surface
Erosiona

Alteration

Mass
Wasting

Process

Groundwater

Heat/LIght

Alteration

Snowmelt
and
Runoff

LWD

Process

Surface
Water
Storage

Water Quality

Alteration

Infiltration
&
Recharge

Sediment

Process

Mechanism

Hydrology

Lower Tenmile

↓

↑

↑

↔

↓

↓

↑

↑

↓

↓

↓

↑

↑

↔

↓

↔

↑

↔

↔

↑

↔

↑

Riparian restoration on Nooksack floodplain. Ferndale urbanization has limited restoration
potential in process-intensive infiltration/recharge and storage areas. Low potential to influence
ecological function in the Tenmile WMU because of its spatial position.

Barrett Lake

↔

↑

↔

↓

↓

↓

↑

↑

↓

↓

↓

↑

↔

↓

↓

↑

↑

↓

↔

↔

↔

↑

Riparian-scale process-intensity is high and alteration is moderate. Changing conditions add
complexity and increase the difficulty of prioritizing restoration/protection. However, this area
warrants close monitoring and adaptive management to prevent near-term degradation.

Lower Deer Creek

↔

↑

↔

↔

↓

↓

↑

↑

↓

↓

↓

↑

↔

↔

↓

↑

↔

↑

↔

↑

↔

↑

Non-shoreline restoration potential limited due to high levels of impairment (wetland loss, urban
land use). Potential restoration of storage and transport mechanisms between source inputs and
aquatic resources.

Middle Tenmile Creek

↑

↔

↑

↔

↓

↓

↑

↑

↓

↓

↓

↑

↑

↔

↓

↔

↑

↔

↔

↑

↔

↑

The portion of Tenmile Creek between Fourmile Creek and the King Mountain upland has
significant process-intensive areas and moderate impairment, particularly of input and storage
features. This area has a high potential for restoration.

Fourmile Creek

↑

↔

↑

↑

↓

↓

↑

↑

↓

↓

↓

↑

↑

↑

↓

↑

↑

↑

↔

↑

↑

↑

High levels of alteration may limit efficacy of restoration, but this is the important area for
infiltration/recharge, so management could focus on base flow issues such as allocation easements
and artificial groundwater expressions such as drainage ditches.

Upper Tenmile Creek

↔

↓

↑

↔

↓

↓

↓

↔

↓

↓

↓

↔

↑

↔

↔

↔

↑

↔

↔

↑

↑

↑

This area has a moderate to high level of process-intensity but is less impacted by land use
alterations than other areas lower in the WMU. Protection of existing processes may be more
feasible in this area, but restoration opportunities are still likely available.

Upper Deer Creek

↓

↓

↓

↓

↓

↓

↓

↔

↓

↓

↓

↓

↓

↓

↔

↔

↓

↓

↔

↔

↑

↔

Limited process-intensive areas and low levels of impairment. Not a priority for restoration or
protection. However, this area does contain much of the last remaining forested areas in the
watershed, which may be important for protection regardless of process-intensity.

Fazon Lake

↑

↓

↑

↓

↓

↓

↑

↑

↓

↓

↓

↔

↑

↓

↔

↔

↑

↓

↔

ND

↓

ND

Restore sediment and phosphorous processes in areas outside the Fazon Lake shoreline by
restoring storage areas and riparian zones, implementing agricultural BMPs, and educating
residential land owners.

Intensity

↑ High Intensity; High alteration
↓ Low Intensity; Low alteration
↔ Moderate intensity; Moderate alteration
Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Table 10-2. Preliminary SED Recommendations, Tenmile WMU

Reach

Existing
SEDs

Proposed SEDs
Left Bank

Right Bank

Comment

Tenmile Creek
Reach 1

Conservancy

Resource

Resource

Agricultural land uses with
limited ecological function

Reach 2

Conservancy

City of
Ferndale

Conservancy

The Ferndale city limits extends
landward to the OHWM, thus
this area is outside County
jurisdiction. The right bank is
agricultural but ecological
functions are intact

Reach 3

Conservancy

Conservancy

Conservancy

Left bank is agricultural. Right
bank is residential with
significant intact resources and
processes

Reaches 4-5

Conservancy

Conservancy

Conservancy

Residential with significant intact
resources and processes

Reaches 6-8

Rural

Conservancy

Conservancy

Low density residential with
significant intact resources and
processes

Reaches 9-10

Rural

Resource;
Urban
Conservancy
where zoning
changes to
General
manufacturing

Resource;
Urban
Conservancy
where zoning
changes to
General
Conservancy

Agriculture and general
manufacturing with significant
shoreline encroachment and
limited ecological and process
function

Conservancy

Conservancy

Conservancy

Gamefish management and
water quality issues preclude
Natural designation for the
mostly intact shoreline

Fazon Lake
Reach 1
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11. SILVER / NOOKSACK DELTA WMU
The Silver / Nooksack Delta WMU includes the downstream segment of the Nooksack River
from Ferndale to the mouth at Bellingham Bay, the lowlands lying east of the river and west
of King Mountain, and the Nooksack delta. The Lummi Bay, Tenmile, Squalicum, and
Bellingham Bay WMUs border the Silver / Nooksack Delta WMU on the west, north, east,
and south, respectively. Ferndale Road and the levee along the right river bank form the
boundary between the Silver / Nooksack Delta and Lummi Bay WMUs. The community of
Marietta and part of the Bellingham and Ferndale UGAs are located within this WMU, as
well as portions of the Lummi Indian Reservation.
Shorelines of the state in this WMU include a portion of the Nooksack River/estuary 29 (a
shoreline of statewide significance) and Tennant Lake.

11.1 LANDSCAPE ANALYSIS
The contributing area for this WMU includes the Lower and Upper Mainstem, Forks,
Tenmile, and Lynden North WMUs. Processes and alterations in these contributing WMUs
influence the habitat structure and ecological function of the Silver / Nooksack Delta WMU.
This chapter emphasizes ecosystem processes influencing the river/estuary and/or occurring
adjacent to the river channel (i.e., on the floodplain and in areas with a primary hydrologic
connection to the river). The discussion of processes and alterations affecting habitat structure
and ecological functions in tributary drainages is limited to those within the boundaries of the
WMU.

11.1.1 Aquatic Resources
The primary aquatic resources of interest in this WMU are the Nooksack River and the
estuary, sloughs (e.g., Steamboat Slough) and distributary channels of the delta. Two main
tributaries, Tennant Creek (which drains Tennant Lake) and Silver Creek, flow into the
Nooksack River before it drains to Bellingham Bay. There are several other small tributaries
(e.g., Anderson Ditch, Bear Creek), a few small lakes (e.g., Lost Lake, Brennan Lake), and
extensive freshwater and estuarine wetlands on the Nooksack floodplain, near Tennant Lake
and Tennant Creek, along Silver Creek (especially in the lower drainage that lies in the
Nooksack floodplain), along Bear Creek, and in upper Silver Creek drainage. Many of these
wetlands contain large areas of open water (Map 11-1).

11.1.2 Process Controls
11.1.2.1 Geology
The western boundary of the WMU is made up of alluvium deposited on the Nooksack
floodplain. Tennant Lake, which lies on the floodplain, is bounded to the east, west and north
by an exposure of Bellingham glaciomarine drift. The southern extent of the Sumas-Blaine
aquifer (which is associated with Sumas outwash deposits) separates the small expression of
Bellingham Drift from similar material in the southern portion of the WMU that is part of the
King Mountain upland. Consequently, Silver Creek originates in the upland and flows onto
the outwash plain and the Nooksack floodplain. The lowest portions of the Nooksack and
Silver Creek deltas are bounded on both sides by marine terrace deposits that transition to
29

Portions of the estuary within the Lummi Indian Reservation and adjacent lands held in trust are not
subject to the Shoreline Management Act and are not under County jurisdiction.
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drift found on the Lummi Peninsula and King Mountain upland. On the east edge of the
WMU, a band of peat deposits extends north from Slater Road northward into the Tenmile
WMU (Easterbrook 1976).
Historically, the Nooksack delta included both Lummi Bay and Bellingham Bay outlets, and
the primary channel switched between the two outlets periodically. At the time of European
settlement, the Lummi River was the dominant distributary channel (Collins and Sheik 2004).
The most recent avulsion occurred in the late 1800s when the channel outlet switched from
Lummi Bay to Bellingham Bay. Collins and Sheik (2004b) report that settlers who blocked
the Lummi Slough with logs likely caused the 1880s avulsion.
11.1.2.2 Topography
Elevations in the Silver / Nooksack Delta WMU range from sea level to approximately 200 ft
(WCCG 1990). Relief is very low, but higher gradients are present along the transition from
the lowlands to the Lummi Peninsula and King Mountain uplands.
11.1.2.3 Climate
The Nooksack Delta averages between 35-40 inches of precipitation annually. Most of the
precipitation falls in the form of rain from October to January.
11.1.2.4 Land Use/Land Cover
Land use and cover vary widely across the Silver / Nooksack Delta WMU (see Map 3-14).
Dominant land uses include open space, rural residential development, and agriculture. The
Nooksack delta is mostly undeveloped and along with the Silver Creek headwaters contains
the most significant forested areas in the WMU. Remaining forests are dominated by
deciduous trees. Pockets of more intense development exist around Ferndale, the Bellingham
International Airport and along major road corridors, including I-5, Northwest Road, Smith
Road, and SR 539.

11.1.3 Landscape Processes and Alterations
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented - Note the Silver / Nooksack
Delta WMU is shown on the same map series as the Squailcum WMU. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Nooksack Delta landscape MAP FOLIO

11.1.3.1 Hydrology
Process-intensive areas
In this WMU, process-intensive areas for hydrology are associated primarily with storage
mechanisms, more than infiltration and recharge mechanisms. The intensive areas tend to
occur along the Nooksack River and adjacent floodplain (Map 11-2). Estuarine and tidal
wetlands on the floodplain provide extensive temporary storage of tidal water as well as
runoff. Historically, these tidal wetlands extended almost to Tennant Lake, and freshwater
depressional wetlands were associated with Tennant and Brennan Lakes. Permeable deposits
11-2
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with high infiltration potential are confined to a small area along the river due west of
Tennant Lake.
Most of the Silver Creek drainage lies on the King Mountain upland. Historically,
depressional wetlands existed throughout the Silver Creek drainage but were concentrated on
the glacial outwash to the north. The band of peat deposits in the north central WMU (see
Section 11.2.1.1) suggests extensive and persistent groundwater presence. Larrabee Springs is
an important groundwater discharge area in this vicinity that supports the majority of base
flow in Silver Creek during the summer (WCCG 1990).
Indicators of Alteration
Because the basin is adjacent to two urban areas (Bellingham and Ferndale) and bisected by
several major roadway arterials including I-5, impervious surfaces are relatively extensive in
this WMU (Map 11-3). Fortunately, these impervious areas generally do not overlie highly
permeable deposits that provide substantial infiltration and recharge capacity. Nonetheless,
the sheer extent of impervious area likely influences hydrology in the WMU.
Compared to many other WMUs, the Silver / Nooksack Delta WMU retains a majority of its
historic wetlands. However, agriculture and other land use practices have changed the
landscape and altered the water storage characteristics of the remaining wetland systems
(Map 11-4). Dikes and levees restrict the influence of tides, and some wetlands have been
drained to make arable land. The extensive diking disconnects the river from its floodplain
and reduces water storage capacity and other functions. These modifications changed
hydrogeomorphology of the floodplain wetlands, and may have shifted the balance of
freshwater-tidal and estuarine systems (Collins and Sheik 2004b).
The Silver Creek drainage has also retained much of its historic wetland area, but large
wetlands around Larsen Road, the Brennan Lake headwaters, and the Bellingham Airport are
no longer intact. The wetlands upslope of Brennan Lake and near Larson Road appear to have
been drained by ditches. The wetland upslope of Brennan Lake was also likely filled as part
of the I-5 construction and the highway appears to create a barrier to hydrologic connectivity
between wetlands on the upslope and downslope sides.
Water consumption in unincorporated areas is from groundwater (the Sumas-Blaine surficial
aquifer), with some consumption of surface water primarily for agricultural purposes.
Groundwater consumption in the northern part of the WMU likely influences streamflow to a
greater extent than consumption from the deeper aquifers, which are more prominent in the
southern WMU.
Response to Alterations
As a result of alterations to the tidal regime, the extent of estuarine deltaic wetlands on the
Nooksack delta has been reduced. In 1900, tidally influenced wetlands extended upstream to
Tennant Lake and accounted for the vast majority of wetland habitat. Since then, the amount
of emergent and scrub-shrub estuarine wetland has decreased from 618 to 187 hectares.
Riverine-tidal wetlands have shrunk from 1,217 to 48 hectares (Collins and Sheik 2004b).
Summer low flows in Silver Creek are below the criteria set by the state and the creek is
closed to further water rights allocations for part of the year (WAC 173-501). The criterion is
based on the IFIM model for setting minimum flows required for fish habitat.
Silver Creek does not have historic gaging data, and no information regarding peak flows is
available.
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11.1.3.2 Sediment
Process-intensive areas
The Silver / Nooksack Delta WMU is a sediment-rich area. The Salmonid Recovery Plan
reports that the delta is one of the fastest developing sedimentary features in the Puget Sound
region (Nooksack Natural Resources et al. 2005). Large amounts of sediment are delivered to
the mouth of the Nooksack River from sources outside the WMU and from tidal action.
Typical process-intensive areas for sediment (areas with high potential for mass wasting
and/or surface erosion) are very scarce within the WMU (Map 11-5). There are no unstable
hillslopes and highly erodible sites are found only in one area around Tennant Lake (in
association with Hallenton silty loam soils). Erosion from these sites is probably not
significant enough to directly affect ecological functions in the lake, but it may increase
phosphorous delivery or affect tributary streams outside the shoreline jurisdiction.
Indicators of Alteration
Natural sediment supply from within the WMU is low, and high impact land uses are the
primary source of increased sediment supply (Map 11-5.5). Cultivated land is much less
extensive in this WMU than in other WMUs in the lowland portion of Whatcom County. One
area exists north of Larson Road, another occurs along the Nooksack River west of Tennant
lake, and a third occurs on the left bank of the river upstream of Marine Drive. Most
agriculturally zoned areas are hayfields and pastures on account of the less productive soils
found in this WMU. Disturbed sites/construction zones in intensely developed areas within
the Bellingham UGA may generate excess fine sediments, which can be transported via an
extensive road/ditch network (Map 11-6).
Historically, the Nooksack River commonly avulsed and drained to both Lummi Bay and
Bellingham Bay at different times, distributing this sediment to different places. However,
settlers permanently diverted the river to Bellingham Bay in the late 1800s, which
substantially altered the sediment dynamics of the depositional estuary.
Response to Alterations
Responses to sediment alterations in the Nooksack system have less to do with increased
inputs from mass wasting/surface erosion and more to do with alteration of historical
distributary patterns, namely the diversion of flow from Lummi Bay into Bellingham Bay.
The delta has advanced approximately 2 km seaward since the early 1900s due to increased
sediment supply to the Bay (Collins and Sheik 2004b). This also caused an increase in
estuarine habitat at the mouth of the Nooksack River.
In the Silver Creek drainage, Schuett-Hames and Schuett-Hames (1988) data show excessive
amounts of sediment at two sites. In addition, surveys conducted by the Lummi Nation
suggest moderate to poor substrate quality in Silver Creek (WCCG 1990). However, these
data are somewhat dated and may not be representative of the entire drainage. More recent
data are needed.
11.1.3.3 Water Quality
Process-intensive areas
The wetlands identified in the hydrology section are also intensive areas for water quality
processes. Wetlands in the WMU that have the capacity for removing contaminants from
both groundwater and surface water include those surrounding Tennant Lake and the Larson
Road complex. The wetlands south of Tennant Lake and the lower portions of both Silver
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Creek and Tennant Creek lie within the Nooksack floodplain hyporheic zone, which provides
an expanded area for nutrient spiraling (Map 11-7).
The Sumas-Blaine aquifer is generally less shallow in this WMU as the landform rises toward
the southern extent of the aquifer. Thus, cycling and uptake of contaminant materials in
groundwater is less common than in other areas where the aquifer is shallower.
The Nooksack delta contains extensive wetlands that provide a final opportunity for water
quality improvement via contaminant uptake and storage. Groundwater interactions are
limited in the delta region, and most water improvement would be associated with surface
water storage features or hyporheic transformations.
Indicators of Alteration
The majority of water quality contaminants in the Silver / Nooksack Delta WMU are likely
delivered from upstream areas in the Lower Mainstem, Tenmile, Lynden North, and Upper
Mainstem WMUs (see Chapters 7, 8, 9, and 10). In-basin contaminant sources include dairies
in the Silver Creek drainage, on site septic systems (including concentrations near Marietta
and the vicinity of Smith Road/Northwest Drive intersection), and the Bellingham and
Ferndale UGAs (Map 11-8).
Land use in this WMU is primarily rural residential. Landscaping practices associated with
rural residential land uses often involve fertilizers and pesticides, which can contribute to
increased levels of nutrients and toxicants in surface and groundwater (WCCG 1990). WCCG
(1990) suggests that on-site septic systems in these residential areas are a “potentially
significant source” of water quality impairment due to their density, increasing number
associated with a growing rural population, lack of maintenance, and unsuitable soils. Much
of the residential development in the southern portion of the WMU is within the Bellingham
UGA, so these areas may eventually become a part of the city’s wastewater treatment
program. However, areas bordering the Nooksack floodplain and to the north along
Northwest Road are not within any UGA, and will likely continue to be potential sources of
fecal matter and nutrient contamination in groundwater. These areas are particularly
important because they occur in areas with high aquifer susceptibility.
Urbanized and commercial/industrial areas with the potential for introducing contaminants to
aquatic resources include Bellingham International Airport and other sprawl associated with
the Cities of Bellingham and Ferndale. WCCG (1990) identifies all these sources as
potentially impairing water quality in Silver Creek.
Many of the historic wetlands in this WMU are intact and providing areas for water quality
improvement, especially in the Tennant Creek and Silver Creek drainages. However, other
wetlands have been substantially altered eliminating opportunity areas for nutrient spiraling
/pathogen storage (see Map 11-4 for lost wetlands). GIS data show loss of a large wetland at
Larson Road and associated channel modifications. Ditches are also apparent on Silver Creek
above Marine Drive and on Tennant Creek and tributaries just below Tennant Lake. Much of
the current delta area was once marine shoreline (prior to the mid 1800s). Recent mapping
suggests one large wetland has been lost along an approximately 2-mile section of the left
bank of the Nooksack River above Marine Drive. Although many other floodplain wetlands
remain, the river is diked in the upper portion of the delta (RM 2 – RM 6) limiting floodplain
connection and hyporheic functions, and reducing the potential for water quality
improvement. Tidal management actions in the distributary region have similar affects. Fiftysix percent of floodplain tributaries in the WMU are ditched (Collins and Sheik 2004), which
improves the transport efficiency of water and reduces the potential for storage and water
quality improvement.
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Response to Alterations
Ecology water quality data from 1991-1993 for the Nooksack Delta near Brennan Lake show
violations of fecal coliform bacteria criteria: the geometric mean is 150/100 mL (criterion is
<100/100 cfu/mL) and the 90th quantile level is 280/100 cfu/mL (criterion is 200/100
cfu/mL) (USU 2001). However, 2004-5 monitoring data at the mouth of the Nooksack River
show that it currently meets both the geometric mean and 90th percentile TMDL targets for
fecal coliform (NWIC 2005).
Tennant Creek is also impaired for fecal coliform based on Silver Creek Watershed
Management Committee data from 1993 (Ecology 2004). EPA samples form 1987-1991 also
showed increased levels of inorganic arsenic, but more recent data were not found.
WCCG (1990) reported elevated levels of nutrients, fecal coliform, and dissolved oxygen and
suggests that infestations of reed canarygrass in Silver Creek are related to these water quality
alterations.
Ecology (2004) also lists Tennant Lake as a water of concern for phosphorous and
consequently eutrophication. This assessment is based on data reported by Sumioka and Dion
(1985).
The WRIA 1 groundwater study reports that Nooksack delta and Silver Creek have impaired
nitrate concentrations, exceeding EPA limits for annual maximum concentration in 2 of 11
years during the 1990s and showing “probable” human influence in another 8 years (USU
2002). Groundwater in Silver Creek and the Nooksack delta also have increased levels of 1,2DCP and DBCP pesticides. However, both substances are currently banned in agricultural
use, and concentrations are decreasing as the compounds break down over time.
11.1.3.4 Organic Inputs
Process-intensive areas
Within the Nooksack/ Silver Delta WMU, coarse wood and finer organic matter are recruited
almost exclusively from riparian areas (Map 11-9) 30. Hillslope sources are not a major
contributor of coarse organic material. Wood in tributary streams is also being attributed
primarily to local riparian sources, with the possible exception of those portions of streams
that are located on the Nooksack floodplain. These stream sections may recruit wood
deposited on the floodplain by the river.
Indicators of Alteration
Coe (2001) also reports that 75 percent of surveyed area in the Nooksack delta has low LWD
recruitment potential. No areas of high recruitment potential were found (Coe 2001). Areas
near the mouth and on the left bank west of Tennant Lake have moderate recruitment
potential. However, the stands in these sections are dominated by cottonwood trees with very
few conifers. The stand width along the river extends up to 100 feet in places but not beyond.
Coe (2001) also identifies only 13 percent of the stream length in the Silver Creek drainage as
having high LWD recruitment potential, while more than 70 percent has low recruitment
potential. Hyatt et al. (2004) report that the majority of the mainstem Silver Creek has
functioning LWD recruitment potential. Areas in which the two studies are in agreement
regarding low LWD recruitment potential include the north fork of Silver Creek near Larson
Road and Tennant Creek.
30

Most wood also comes from upstream sources outside the WMU. Some wood in the lower delta may
be of marine origin.
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Response to Alterations
No recent quantitative information exists regarding LWD densities in Silver Creek and its
tributaries, or the Nooksack River (Smith 2002). However, Nooksack Natural Resources et al.
(2005) reports that lack of in–channel wood contributes to lack of quality salmonid rearing
habitat in the Nooksack estuary and WCCG (1990) suggests that riparian disturbance is a
cause of impaired habitat complexity in Silver Creek. Log jams have been identified at the
Marine Drive Bridge and in the right distributary channel (Jeremy Freimund, personal
communication).
11.1.3.5 Heat/Light Inputs
Process-intensive Areas
Compared to the single-channel and braided channels that characterize the mainstem
upstream of the delta, canopy cover has a potentially greater influence on temperature
regimes in the deltaic distributary channels. A larger portion of the wetted width may be
shaded because the distributary channels are narrower and forest stands that are periodically
or permanently inundated may also limit insolation. In addition, temperature regimes of
saltwater and freshwater may be different, and tidal oscillations likely influence water
temperature in estuarine and tidal zones where freshwater and saltwater mixing occurs.
Indicators of Alteration
Canopy cover is generally better in the Silver Creek drainage than other major lowland
tributary streams such as Tenmile, Bertrand, and Fishtrap (Coe 2001). Nonetheless, the
majority of stream length sampled has high shade hazard. Some areas of moderate and low
shade hazard can be found primarily in the Silver Creek headwaters and downstream of Lost
Lake. Tennant Creek has almost 100 percent high shade hazard, the lone exception being a
short reach to the northwest of Brennan Pond, which has moderate shade hazard.
Response to Alterations
The Nooksack Delta is impaired for water temperature (Ecology 2004). Specifically, water
temperatures in floodplain tributaries, sloughs, and areas not influenced by the river
experience temperatures lethal to salmonids during the summer months (Nooksack Natural
Resources et al. 2005).
Because of elevated water temperatures, the Silver Creek is a water of concern according to
Ecology (2004). City of Bellingham unpublished data in 2000-2001 do not show exceedances
of water quality criteria. However, according to the same data, dissolved oxygen levels are
impaired in Silver Creek, and stream temperatures need to be managed to meet the TMDL
requirement.
Tennant Creek is listed by Ecology (2004) as impaired for both temperature and dissolved
oxygen. Because it originates from a lake instead of from groundwater likely increases the
natural temperature in Tennant Creek, at least close to the lake outlet. However, riparian
cover is particularly poor on Tennant Creek, which also contributes to higher temperatures.

11.2 SHORELINE REACH SCALE INVENTORY
In this WMU, only the Nooksack River and Tennant Lake are subject to shoreline jurisdiction
(Figure 11-11). The Nooksack River was inventoried as 5 reaches that form the mainstem
from Bellingham Bay to the Ferndale City limits, plus the Nooksack distributary, which
drains the east side of the delta. Tennant Lake was inventoried as one reach. The maps
depicting key attributes of the freshwater shorelines in this WMU are provided in the MAP
FOLIO.
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Link to Nooksack Delta reach MAP FOLIO

Figure 11-11. Shoreline Inventory Reach Numbers and Endpoints, Silver /
Nooksack Delta WMU

11.2.1 Silver/Nooksack Delta
The Silver/Nooksack Delta shoreline area is approximately 7.18 miles long. The five
inventoried reaches range in length from 0.5 to 3.3 miles. The two inventoried reaches of the
Nooksack Distributary total 2.54 miles. The lower reaches (1 and 2) and distributary reaches
are within the Lummi Reservation.
11.2.1.1 Built Environment
Existing land cover and land use patterns along the lower reaches of the Silver/Nooksack
Delta area (Reaches 1 and 2) and the Nooksack Distributary (Reaches 1-1 and 1-2) consist of
undeveloped land, especially in the lower part of the delta, agriculture, and limited lowdensity residential development. Agriculture is mainly dairy with some row crops. There is a
small amount of industrial development in Reach 1-2. Portions of Reaches 1 and 2 and all of
Reach 1-1 are located on the Lummi Reservation. In the upper Silver/Nooksack Delta area
(Reaches 3 through 5), there is increased agricultural development, parks and open space
land, and development associated with the City of Ferndale. The City of Ferndale’s
wastewater treatment plant is located on the right bank of Reach 4. In the lower delta area,
zoning and Comprehensive Plan Land Use Designations are primarily Agriculture and Rural
Forestry, which are consistent with the existing land use pattern. In the upper reaches of the
Silver/Nooksack Delta WMU, zoning and land use designations include Recreation Open
Space and Urban Residential (3 units per acre) as well as Agriculture.
Several of the reaches in the Silver/Nooksack Delta WMU are accessible via public parks
several parks. Parks in the area include the Tennant Lake Interpretive Center (Reaches 1-2, 3,
11-8
11. SILVER / NOOKSACK DELTA WMU

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

and 4), Hovander Homestead Park, (Reaches 1-2, 4, and 5), Pioneer Park (Reaches 4 and 5),
the Bergsma Property (Reach 4) and VanderYacht Park (Reach 5). Hovander Homestead
Park is a Whatcom County park located on the left bank that provides access to the Nooksack
River for fishing. It includes the historic property, Hovander Homestead (River Lea Farm),
listed on the Washington Heritage Register and the National Register of Historic Places.
Tennant Lake Interpretive Center is jointly managed by Whatcom County and the
Washington Department of Fish and Wildlife. VanderYacht Park Pioneer Park and the
adjacent Bergsma Property are City of Ferndale Parks located adjacent to the river on the
right bank.
There are no utility or bridge crossings of the lower delta reaches (Reaches 1, 2, 1-1, 1-2). In
Reach 3 there are two bridges, two powerlines and a waterline crossing. A wastewater outfall
is located in Reach 4. In Reach 5, there are four bridges and two waterline crossings.
Regulated critical areas along all reaches of the Silver/Nooksack Delta include wetlands,
frequently flooded areas, and critical aquifer recharge areas. Habitat conservation areas
consist of waterfowl concentration areas in Reaches 1-1, 1-2, and 4; bald eagle, and peregrine
falcon habitat in Reaches 1 and 2; and cavity nesting duck habitat in Reach 1-2. Geologically
hazardous areas include seismic hazard areas and volcanic hazard areas in all reaches; and
tsunami hazard areas in all reaches except Reach 5.
Shoreline modifications in the Silver/Nooksack Delta include water right diversions in
Reaches 1-2, 3, 4, and 5. There is a small amount of bank hardening in Reach 2 (1 percent).
Bank hardening and dikes are more extensive in Reaches 3, 4, and 5. Reach 5 is almost
completely hardened on both banks.
There are no areas of active bank erosion mapped in the Silver/Nooksack Delta. There are
two hazardous waste sites in Reach 4 and three in Reach 5.
There are numerous 303(d) list (2004) designations in the Silver/Nooksack Delta. Reaches 4
and 5 are listed as Impaired (303d category 5) for temperature. Reaches 2, 3, 4, and 5 are
listed as Category 4A (impaired, but has TMDL) for fecal coliform. Ecology lists several
Category 4 reaches in the Silver/Nooksack for water quality parameters including pH
(Reaches 4 and 5), temperature (Reaches 3, 4, and 6), and fecal coliform (Reach 3). Reach 3
is listed as a waters of concern (303d category 2) for the following water quality parameters:
mercury, gamma-BHC (Lindane), dieldrin, parathion, chromium, alpha-BHC, chlorpyrifos,
turbidity, and 4.4’-DDE. Reach 4 is also listed as waters of concern (303d category 2) water
for mercury, chromium, and turbidity. Several stream reaches are documented as Category 1
(meets tested standards) (meets tested standards) waters for the following water quality
parameters: pH (Reaches 2 through 4), ammonia-N (Reaches 2 through 5), temperature
(Reaches 2 through 5), dissolved oxygen (Reaches 2 through 5), and arsenic (Reaches 3).
Reach 3 includes the largest list of violations for Category 1 (meets tested standards) water
quality parameters benzene, hexachlorobutadiene, 1.4-dichlorobenzene, ethylbenzene,
acrolein, dichlorobromomethane, copper, chloroform, carbon tetrachloride, cadmium,
bromoform, lead, hexachloroethane, zinc, 1.3-dichlorobenzene, methylene chloride, vinyl
chloride, trichloroethylene, toluene, 1.2-dichlorobenzene, 1.1.2.2-tetrachloroethane, 1.1.2trichloroethane, 1.1-dichloroethylene, tetrachlororethylene, methyl bromide, and 1.2dichlororethane. Reach 4 is listed as a Category 1 (meets tested standards) water for copper,
cadmium, lead, and zinc.
Under existing zoning and comprehensive plan land use designations, future land use patterns
along the Silver/Nooksack Delta lower reaches are not likely to change significantly. The
majority of the land will remain in Agriculture or Rural Forestry. In Reaches 4 and 5, urban
development could expand in the Ferndale UGA.
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11.2.1.2 Instream and Estuarine Conditions
The Nooksack River and estuary are among the most productive and valuable ecosystems in
the Puget Sound. They have also experienced dramatic changes as a result of natural
processes and human intervention. The estuary includes the tidally influenced areas from the
mouth upstream to just below Ferndale (Reach 4). The lower reaches, up to the upstream end
of Reach 2, compose the actively migrating and avulsing deltaic distributary channels.
Reaches 3 through 5 are generally a single channel.
Levees are a defining feature of the aquatic environment in this WMU. Beginning in the
1920s, settlers built levees and dikes to limit flooding and channel migration and promote
transition to agricultural and urban land uses. This condition reduced channel-floodplain
connectivity, altered hydrogeomorphic functions of associated wetlands and reduced the
extent of the distributary channel network. In particular, blind channel areas and salt marsh
habitat have been greatly reduced, even though the estuary is prograding (Collins and Sheik
2004b).
With due consideration given to loss of riverine-tidal and estuarine wetlands, many wetlands
in this WMU are still present. These provide important habitats for a variety of aquatic and
wetland-adapted species. For the most part, distributary reaches are forested with hardwoods.
However, urbanization encroaches on the eastern edge of the delta, limiting the riparian
corridor of distributary channels and creating the need for dikes and levees.
Nooksack Natural Resources et al. (2005) reports that limiting factors for salmonids in the
delta shoreline include lack of habitat connectivity, lack of key habitats and habitat diversity,
increasing water temperatures to lethal levels, and steepening saltwater-freshwater gradient
important for migrating salmonids undergoing physiological transitions.
11.2.1.3 Biological Resources
Salmonids
All anadromous salmonids found in the Nooksack system (Chinook, coho, chum, pink,
sockeye, steelhead, bull trout, cutthroat) are distributed in the Nooksack delta (Nooksack
Natural Resources et al. 2005). The delta reaches and associated off channel habitat provide
important transitional habitat for both outmigrating smolts and escaped adults, rearing rearing
habitat for juveniles, and foraging habitat for certain species that move repeatedly between
freshwater and saltwater areas.
Juvenile Chinook have four life-history types, all of which use estuarine areas for rearing.
However, the residence time and habitat preferences for each type are not well understood
(Nooksack Natural Resources et al. 2005). Generally, habitat preferences are similar to those
found in freshwater, including deeper channels and pools with significant cover (Nooksack
Natural Resources et al. 2005).
Both subadult and adult anadromous bull trout migrate to estuarine/nearshore areas to forage.
They are known to be distributed throughout accessible areas but are typically concentrated in
proximity to forage fish prey (Nooksack Natural Resources et al. 2005).
Other species of salmon with anadromous life history strategies use the delta’s estuarine
habitat to varying extents. Information regarding salmonid use of estuarine habitat can be
more limited than freshwater data. In cases where little information specific to Nooksack
stocks is available, generic references regarding general tendencies of the species. Coho
salmon spend minimal time in estuaries, either moving directly out to sea or spending 1 to 2
weeks in the estuaries (Groot and Margolis 1991). Chum salmon typically move directly to
estuaries and nearshore environments, which they use to a greater extent than other species
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excepting Chinook (Groot and Margolis 1991). Chum salmon have a high tolerance for
different saline concentrations and make use of highly varied estuarine/nearshore habitats
depending on food availability (Groot and Margolis 1991). Pink salmon generally outmigrate
soon after emergence and are known to move relatively quickly offshore or reside in estuaries
for up to 2 to 3 months (Groot and Margolis 1991). Sockeye salmon may also generally move
quickly through estuaries but spend no longer than a few months before migrating offshore
(Groot and Margolis 1991). Steelhead juveniles also tend to pass through the estuary
relatively quickly (Anchor 2003). Like bull trout, however, steelhead may exhibit iteroparity
and migrate back out of the river after spawning (Note: typically only a small proportion of
the spawning population survive) (Anchor 2003).
Other Aquatic and Terrestrial Species
Sturgeon and anadromous longfin smelt are known to occur in the Nooksack Delta shoreline
reaches and may extend farther upriver (Anchor 2003). In addition, marine species such as
starry flounder (Platichthys stellatus) and shiner perch (Cymatogaster aggregata) have been
documented in the Nooksack Delta (Anchor 2003).
Mapped priority habitats in the shoreline zone of the Nooksack Delta include bald eagle
habitat along Reaches 1 and 1_1, wintering waterfowl concentrations in Reaches 1 and 1_1,
wintering peregrine falcon (Falco peregrinus) habitat to the west of the river upstream from
the mouth to Reach 4, high quality riparian habitat within Reach 4, and estuarine habitat
upstream to Reach 4 (WDFW 1999; WCPDS 2005).
Non-native and Invasive Species
Upland weeds documented along the Nooksack Delta include spotted knapweed in Reaches 1
and 5 and tansy ragwort in Reach 5 (Weed Board 2005). While there were no site specific
records for the Nooksack Delta, it is likely that reed canarygrass occurs throughout the WMU
(Weed Board 2005). No aquatic invasive weeds have been documented within the Nooksack
Delta jurisdictional shoreline (Ecology 2005b).

11.2.2 Silver Creek/Tennant Lake
Tennant Lake is approximately 43 acres in size with a shoreline frontage of approximately
one mile. Situated within the Nooksack floodplain, Tennant Lake is surrounded by wetlands
and connected to Tennant Creek, which drains to Nooksack Distributary Reach 1-2.
11.2.2.1 Built Environment
Tennant Lake is bordered primarily by undeveloped park land. There are small areas of
residential development on the northwest shore. Zoning and Comprehensive Plan Land Use
Designations are consistent with the existing land use pattern, consisting of Recreational
Open Space and Urban Residential (3 units per acre). There are no transportation or utility
crossings. Tennant Lake is located within the Tennant Lake Interpretive Center, a park jointly
managed by Whatcom County and the Washington Department of Fish and Wildlife. The
Interpretive Center provides access to the lake and adjacent wetlands for wildlife viewing.
Access to Tennant Lake is also available at Hovander Homestead Park.
Regulated critical areas include frequently flooded areas, critical aquifer recharge areas, and
wetlands. Geologically hazardous areas include seismic and volcanic hazard areas. There is
only one shoreline modification (a diversion).
The Ecology 303(d) list (2004) designates Tennant Lake as a ‘water of concern’ (303d
category 2) for total phosphorous.
June 2006 │ 558-1687-004
11. SILVER / NOOKSACK DELTA WMU

11-11

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

Under existing zoning and comprehensive plan land use designations, future land use patterns
around Tennant Lake are not likely to change significantly. The area is primarily designated
Public/Recreation with an area of Urban Residential (3 units per acre).
11.2.2.2 Riparian Conditions
Pastures/fields adjoin the lake edge on the western lakeshore, but the rest of the shoreline is
primarily scrub-shrub wetland with lobes of forest vegetation. Hovander Road and the
Burlington Northern railroad splice the lacustrine wetland near the northeast corner of the
lake.
11.2.2.3 Biological Resources
Salmonids
Chum and coho salmon and sea-run cutthroat trout are known to occur in the main branches
of Silver Creek (NWIFC 2004, Nooksack Natural Resources et al. 2005). Coho, bull trout,
and cutthroat trout are presumed to be found at least up to Tennant Lake (Nooksack Natural
Resources et al. 2005).
Other Aquatic and Terrestrial Organisms
The Tennant Lake shoreline contains priority habitat for cavity-nesting ducks (WCPDS
2005).
Non-native and Invasive Species
Tansy ragwort has been found in the uplands around Tennant Lake (Weed Board 2005).
Ecology (2005b) does not document aquatic invasive weeds have been documented within
the Silver Creek portion of the WMU. Largemouth bass have been planted in Tennant Lake
(WDFW Undated).

11.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Restoration and conservation opportunities are highlighted based on existing ecosystem
processes and functions, and preliminary recommendations are made for updating SEDs.

11.3.1 Landscape-scale restoration and conservation
The Nooksack estuary, delta and floodplain have the highest degree of process and ecological
function in the WMU (Table 11-1). The lower distributary area of the delta provides a higher
degree of ecological function than the upper non-distributary reaches and is also more
functionally intact. Given the prime importance of estuarine and tidal habitat for salmon
recovery and other overall ecosystem health, this area should be a high priority for protection.
Future buildout of the Ferndale and Bellingham UGA should be carefully planned to prevent
further alteration of process-intensive areas.
The portion of the Nooksack River floodplain in the upper delta is also important for
hydrologic mechanisms, water quality improvement, and other processes but is impaired by
floodplain disconnection. The potential for restoring floodplain connectivity is high and
would have a positive influence a number of processes. Considering existing land use, one
opportunity floodplain reconnection would be the open space between the river and the
Tennant Lake natural area.
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Table 11-1. Summary of Process Intensity and Alterations by Drainage Area, Silver / Nooksack Delta WMU
Process Intensitya
Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Canopy
Cover

Process

LWDRP

Alteration

Storage

Process

Inputs

Alteration

Storage

Process

Surface
Erosion

Alteration

Mass
Wasting

Process

Groundwater

Heat/LIght

Alteration

Snowmelt
and
Runoff

LWD

Process

Surface
Water
Storage

Water Quality

Alteration

Intensity

Infiltration
&
Recharge

Sediment

Process

Mechanism

Hydrology

↓

↓

↑

↑

↓

↓

↔

↓

↓

↓

↓

↓

↑

↑

↓

↓

↑

↑

↓

↔

↓

↑

Upper Nooksack delta

Nooksack
distributaries

↓

↓

↑

↑

↓

↓

↔

↓

↓

↓

↓

↓

↑

↑

↓

↓

↑

↑

↓

↔

↓

Potential for Restoration and Protection

Floodplain reconnection and expansion of tidal influence would not only
improve process function but also directly increase habitat availability and
complexity.

↑

Connectivity is also the primary restoration objective for the distributaries.
Vegetative enhancement should be included for any changing process regimes to
catalyze reestablishment of estuarine or tidal areas.

Lower Silver Creek

↓

↑

↑

↔

↓

↓

↓

↓

↓

↓

↓

↑

↑

↔

↓

↔

↑

↔

↑

↓

↑

↑

High potential for restoring storage areas such as floodplains and wetlands.
Focus on areas downstream of increased source inputs such as dairies, golf
course, and dense residential development.

↓

↔

↔

↓

↓

↓

↓

↓

↓

↓

↓

↔

↔

↓

↓

↔

↔

↓

↑

↔

↑

↑

Protect existing forest cover and wetlands, enhance riparian zones with planting
and reconnecting habitats.

Upper Silver Creek

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Restoring flow to diked wetlands and channels would expand distributary and blind tidal
channel habitats could substantially improve overall watershed conditions since these areas
are somewhat buffered from headwater processes (Collins and Sheik 2004b). The Salmonid
Recovery Plan (Nooksack Natural Resources et al. 2005) notes that removing or setting back
levees along the left bank and reconnecting floodplain sloughs would significantly improve
the rearing habitat and passage characteristics of the Nooksack estuary.
In lower Silver Creek drainage, urban development bounds an area with extensive intact
wetlands. Theses surface water storage areas influence flood attenuation, sediment storage,
and water quality maintenance, and occur in conjunction with intact riparian zones with
functional LWD recruitment potential and shading. These areas may be important for
mitigating impact of GMA-associated build-out.
Conserving and protecting these wetlands could help mitigate effects of future build out.
Wetland storage areas directly downslope of Ferndale are also important but appear to be
more impaired currently. These areas have high potential for restoration.
The Larrabee Springs area is a high priority area for protection, given that is supports
baseflow in Silver Creek and has extensive wetland area. There are also opportunities to
create and restore wetlands near Larrabee Springs.
The upper Silver Creek is less urbanized than lower in the drainage, and lacks extensive
process-intensive areas. Low-order stream channels and associated wetlands provide much of
the function. Restoration and conservation may be lower priorities here than the rest of the
basin and buildout in this area may make more sense than lower in the watershed where
process-intensive areas are more common.

11.3.2 Reach-scale Restoration and Conservation
Restoration within the Nooksack delta shoreline should focus on connectivity, both in terms
of linking process functions and direct habitat reconnection. Reconnectivity projects could
include removing or setting back dikes/levee, enhancing/restoring wetlands; and redesigning
or removing tide gates to enhance and/or increased the extent of tidal influence and estuarine
area. The potential for restoring estuarine and/or tidally influence areas extends beyond the
existing distributary channels into Reach 3 and maybe Reach 4. Other reach-scale
opportunities include installing LWD to improve channel complexity.
Because Tennant Lake is primarily public land designated as a natural area, it is a good
candidate for expansion of public holdings. This may be particularly beneficial if the natural
area can be expanded to include Tennant Lake, the Nooksack River, and the associated
floodplain and wetlands in between. Based on existing land use, initial conversations with
oversight committees, the intensity of processes, and potential benefit to ecological functions,
such restoration may be plausible.

11.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 11-2). Supremely important estuarine, tidal, and delta habitat in the lower
reaches warrants a Natural designation. Much of this shoreline it tribal, and County
jurisdiction applies in only a few, small areas. Resource is recommended for agriculture areas
that account for most of the rest of the Nooksack shoreline below Slater Road. Conservancy
is recommended between Slater Road and Ferndale due to the areas restoration potential and
recent change to public ownership. Conservancy and Natural is recommended for Tennant
Lake since it is relatively unaltered.
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Table 11 2. Preliminary SED Recommendations, Silver / Nooksack Delta

Reach

11-16

Existing
SEDs

Recommended SEDs
Left Bank

Right Bank

Comment

Reaches 1-2 &
distributaries

Tribal

Conservancy/
Shoreline/
Residential/
Tribal/Natural

Tribal

Mostly tribal land; Natural
limited other areas

Reaches 3

Rural

Resource/Co
nservancy

Resource/
Conservancy

Sustain agricultural land use
in highly impaired shoreline.
Conservancy above Slater
Road, which is has been
converted to public land
ownership and is intended for
restoration

Reach 4

Rural/
Conservancy

Conservancy

Conservancy

Converted to public land
ownership and intended for
restoration

Reach 5

Rural/
Conservancy

Conservancy/
Resource

Resource

Resource Conservancy in
agricultural areas on right
bank and above Ferndale.
Conservancy on left bank
below Ferndale,

Tennant Lake

Natural

Natural

Natural designation in natural
area and parks. Urban zoning
along northwest shoreline is
inconsistent with existing and
planned land uses.
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ACRONYMS
AFW

Agriculture, Fish, and Wildlife

APC

Whatcom County Agricultural Preservation Committee

ASCE

American Society of Civil Engineers

BFW

bankfull width

BMP

Best Management Practices

BOD

biological oxygen demand

BNSF

Burlington Northern Santa Fe Railroad

CAC

Citizens’ Advisory Committee

cfs

cubic feet per second

CIDMP

Comprehensive Irrigation District Management Plan

CMZ

channel migration zone

CARA

Critical aquifer recharge area

CWA

Clean Water Act

DO

dissolved oxygen

Ecology

Washington State Department of Ecology

EDT

Ecosystem Diagnosis and Treatment

EPA

Environmental Protection Agency

ESA

Endangered Species Act

FEMA

Federal Emergency Management Agency

FEMAT

Forest Ecosystem Management Assessment Team

GIS

Geographic Information Systems

GMA

Growth Management Act

HCA

Habitat Conservation Area

LWD

Large Woody Debris

MRC

Marine Resources Committee

Msl

Mean sea level

NEPA

National Environmental Policy Act

NSEA

Nooksack Salmon Enhancement Association

NOAA

National Oceanic and Atmospheric Administration

NPDES

National Pollution Discharge Elimination System

NRCS

Natural Resources Conservation Service

NWI

National Wetland Inventory

OHWM

ordinary high water mark

PAHs

polychlorinated aromatic hydrocarbons
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ACRONYMS (CONTINUED)
PCB

Polychlorinated biphenyls

PHS

priority habitats and species

RCW

Revised Code of Washington

RM

river mile

ROW

right-of-way

SED

Shoreline Environment Designation

SEPA

State Environmental Policy Act

SMA

Shoreline Management Act

SMP

Shoreline Master Program

SR

State Route

TAC

Technical Advisory Committee

TIA

total impervious area

TMDL

Total Maximum Daily Load

UNOS

urban natural open space

USFS

United States Forest Service

USFWS

United States Fish and Wildlife Service

USGS

United States Geological Service

WAC

Washington Administrative Code

WCC

Whatcom County Code

WCD

Whatcom Conservation District

WDFW

Washington Department of Fish and Wildlife

WFPB

Washington Forest Practices Board

WID

Bertrand Watershed Improvement District

WMU

Watershed Management Unit

WRIA

Watershed Resource Inventory Area

WSDA

Washington State Department of Agriculture

WSDOT

Washington State Department of Transportation

SSHIAP

Salmon and Steelhead Habitat Inventory and Assessment Procedure

WDFW

Washington Department of Fish and Wildlife

WDNR

Washington Department of Natural Resources
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12. SQUALICUM WMU
The Squalicum WMU drains to Bellingham Bay/ Squalicum Harbor. It is located mainly east
of the Silver/ Nooksack Delta WMU and west of the Lake Whatcom and Upper Mainstem
WMUs. Most of the lower half of the WMU is within the City of Bellingham or the
Bellingham UGA. Shorelines of the state in this WMU include Squalicum Creek from just
downstream of the Toad Creek confluence to the mouth, Toad Lake, and Squalicum Lake.
The portion of Squalicum Creek that is subject to the SMA is no longer under Whatcom
County jurisdiction. The City of Bellingham annexed the portion of the Squalicum Creek
shoreline that used to be within unincorporated Whatcom County. Squalicum Creek was not
inventoried as it is under Bellingham’s jurisdiction.

12.1 LANDSCAPE ANALYSIS
12.1.1 Aquatic Resources
Squalicum Lake at the east edge of the WMU provides the source water for Squalicum Creek.
Major tributaries to Squalicum Creek include Toad Creek (which flows from Toad Lake) and
McCormick, Baker, and Spring Creeks. Other aquatic resources include numerous small
lakes/ponds (e.g., Sunset Pond, Heron Pond) and freshwater wetlands. Large contiguous
wetlands occur along the lower Squalicum Creek and McCormick Creek and surrounding
Squalicum Lake; smaller wetlands are scattered throughout the WMU except on Squalicum
Mountain, where upland conditions predominate.
12.1.1.1 Process Controls
12.1.1.2 Geology
Squalicum Creek drains a substantial portion of the King Mountain upland, which is
characterized by glaciomarine drift deposits. However, lower Squalicum and McCormick
Creeks flow through an abandoned outwash channel and therefore have coarser surficial
deposits, which support a wide range of process mechanisms including infiltration and
recharge. Chuckanut sedimentary bedrock outcroppings are also present and are expressed as
King Mountain and Squalicum Mountain. Huntington sedimentary bedrock also abuts
Squalicum Mountain to the north. Toad Lake lies within this formation, which partially
explains its lack of associated wetlands. The depression surrounding Squalicum Lake has led
to the development of organic peat deposits (Easterbrook 1973).
12.1.1.3 Topography
Squalicum Mountain marks the high point in the Squalicum WMU. From elevations greater
than 1,500 feet near the summit, the land quickly drops off to the lowland outwash plain.
Relief is high in areas of bedrock outcroppings but quickly dissipates on the King Mountain
drift terrace. Other bedrock outcroppings occur in the WMU at King Mountain, where
elevations drop from approximately 500 feet. to near less than 100 feet on the outwash terrace
before reaching sea level at the Squalicum Creek mouth.
12.1.1.4 Climate
Mean annual precipitation is less than 40 inches near Bellingham Bay but increases to as
much as 60 inches in higher elevations around Squalicum Mountain. Precipitation occurs
primarily as rain, most of which accumulates from October to January.
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12.1.1.5 Land Use/Land Cover
Much of the upper Squalicum WMU is forested and is a mix of rural residential, agriculture,
forestry, and open space. The second-growth forest are primarily deciduous and mixed stands
with limited pockets of conifer-dominated forest that become more dense in the upper Toad
Lake and upper Squalicum Lake drainages. The lower WMU is part of Bellingham and
consequently is intensely developed with a high proportion of impervious areas (Map 3-14).

12.1.2 Landscape Processes, Alterations, and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented - Note the Squalicum WMU is
shown on the same map series as the Silver / Nooksack Delta WMU. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Squalicum landscape MAP FOLIO

12.1.2.1 Hydrology
Process-intensive Areas
Surface water storage areas are more prevalent than areas with high infiltration capacity in
the Squalicum Creek WMU, a consequence of the King Mountain upland geologic province,
which underlies most of the WMU (Map 12-2). The Toad Lake drainage contains most of the
infiltrative areas outside of the City of Bellingham and therefore is important for baseflow
support. Squalicum Lake, upper Squalicum Creek and McCormick Creek contain large areas
with the potential for surface water storage, and the outwash channel through which
Squalicum Creek flows in the City of Bellingham marks that beginning of a broadened
floodplain with associated depressional wetlands.
This outwash corridor also supports a discontinuous surficial aquifer that expands to include a
large area with high infiltration capacity just upstream of the Squalicum Creek mouth.
Otherwise, the hydrologic function of aquatic resources is supported by non-surficial
aquifers.
Indicators of Alteration
Approximately half of the Squalicum WMU is forested; however, hydrologically mature
vegetation comprises a very small proportion of the Squalicum WMU. Existing forest is
almost exclusively second or later growth and has been converted to mixed and deciduous
stands (Map 12-3). Consequently, storage via interception is significantly lower than
historical levels. Areas of converted forestland can be found primarily in headwater regions
of each drainage and around King Mountain. The Toad Lake drainage, which is important for
infiltration/recharge contains most of the remaining coniferous forest and has not experienced
land use alterations to the extent of the remaining WMU.
Because high-intensity development predominates in the lower watershed, impervious area is
a primary impact on hydrologic processes. The discontinuous surficial aquifer that provides
associated infiltrative capacity in lower Squalicum Creek is within the City of Bellingham
and has a high percentage of impervious surfaces. However, the floodplain in the eastern part
of the City has been mostly protected from encroachment and may still provide flood storage
12-2
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capacity. Areas of high impervious surface extend outward from the City of Bellingham into
the County in the Spring Creek drainage, but areas important for hydrology are limited in this
drainage.
A significant amount of wetland area important for storage and/or infiltration recharge has
been converted to alternative uses (Map 12-4). Particularly notable is the conversion to
agricultural conversion of riparian areas along upper Squalicum Creek and to a lesser extent
the Baker and Spring Creek headwaters. GIS data identifies these areas as important for
surface water storage.
The City of Bellingham derives its drinking water from Lake Whatcom, which does not thus
affect baseflows in Squalicum Creek. However, Blake and Peterson (2004) show that the
majority of groundwater extraction in rural areas is from deeper regional aquifers, with only
limited extraction from discontinuous surficial aquifers.
Response to Alterations
Squalicum Creek has a full closure to additional water rights allocations. WSU (2005) reports
anecdotal evidence of lower baseflows and increased frequency and duration of peak flows,
although no historic gage data are available on Squalicum Creek. Schuett-Hames and
Schuett-Hames 1984) reported channelization along segments of Squalicum Creek, indicating
potentially altered peak flows.
12.1.2.2 Sediment
Process-intensive Areas
Areas with a high potential for mass wasting are very scarce in the Squalicum WMU.
However, the west slopes of King Mountain have high relief and the Huntington sedimentary
rock is prone to slippage and shallow rapid landslides. Just upstream of Baker Creek,
Squalicum Creek has cut a gorge that supports mass wasting. No areas with high potential for
erosion were identified in the WMU (Map 12-5).
Indicators of Alteration
Land use alterations in process-intensive areas for sediment input are unlikely to significantly
affect sediment supply in the WMU because natural sediment sources are limited in extent
(Map 12-5.5). High impact land uses are a much more significant source of sediment,
particularly fine sediment (Map 12-6). Agriculture in the upper WMU is a potential sediment
source, but low productivity soils in this area favor pasture instead of row crop agriculture,
which typically generates much higher sediment inputs. Urbanization and developing areas
are important sediment source impairments, particularly in the Bellingham UGA. Road
crossings at streams provide additional potential for sediment delivery to streams, particularly
in the Spring Creek drainage, but road crossings are an important area for sediment
management in all the drainages. Upper Squalicum Creek has a low road crossing density
relative to the other WMU drainages.
Response to Alterations
Squalicum Creek does not appear on the 303(d) list (Ecology 2004) for suspended sediment.
Schuett-Hames and Schuett-Hames (1984) reported moderately high percentage of fines in
streambed substrate (11 percent) and also noted bank erosion in many areas. Erosion was a
result of cattle encroachment, but loss of streambank vegetation and changes in hydrology
were also reported as contributors to bank instability.
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12.1.2.3 Water Quality
Process-intensive Areas
Low-order headwater streams have the potential to store and cycle large amounts of nitrogen
and other substances via biotic uptake and adsorption. Areas that provide surface water
storage also tend to be important for nutrient cycling and retention of adsorptive materials.
These areas include Squalicum Lake and upper Squalicum Creek, lower McCormick Creek,
and the Squalicum Creek floodplain in the City of Bellingham (Map 12-7).
Indicators of Alteration
Most of the wetlands important for water quality processes are intact, especially in lower
McCormick Creek and lower Squalicum Creek drainages. However, a significant number of
important wetlands in the Upper Squalicum drainage are gone (see Map 11-4). Impacts to
low-order headwater streams have also altered nutrient cycling mechanisms, increasing
supply to Squalicum Lake. Squalicum Lake may act as a nutrient sink mitigating effects on
downstream water quality at the expense of water quality in the lake.
Residential land uses are a primary source of increased nutrient loading in the Squalicum
WMU (Map 12-8). Onsite septic systems associated with rural residential developments
contribute to fecal coliform contamination throughout the WMU. Residential land use and
onsite septic systems are relatively dense throughout the Squalicum watershed but
particularly dense around Toad Lake and in the Bellingham UGA.
Other potential contaminant sources include a dairy farm(s) located in the very upper Baker
Creek drainage. Wetlands in the vicinity of the dairy may remove some nutrients and
pathogens in surface waters, but degraded low order streams nearby have limited potential for
bacterial removal from groundwater and surface water.
The City of Bellingham dominates the Ecology’s list of hazardous sites in Whatcom County,
and some of these sites may influence water quality in Squalicum Creek. Sources of zinc and
pentachlorophenol are present in the Toad Lake drainage and potentially in Squalicum Creek
as well. Whether zinc concentrations occur at naturally high background levels or are the
result of anthropogenic sources is not known. Pentachlorophenol is used as both a
commercial pesticide and to treat utility poles. Given the paucity of agriculture in the Toad
Lake drainage, utility poles may be a more likely source.
Response to Alterations
Upstream of Toad Lake Creek, Ecology (2004) lists Squalicum Creek as an (Category 5)
impaired water body for temperature, dissolved oxygen and fecal coliform (City of
Bellingham data). Squalicum Creek is also a (Category 2) water of concern for dissolved
oxygen downstream within Bellingham city limits (Ecology 2004).
Anderson and Roose (2004) report two criteria exceedances for both pentachlorophenol and
zinc in Toad Lake Creek. Ecology (2004) also lists Squalicum Creek upstream of Toad Lake
Creek as an (Category 2) area of concern for the two compounds. The Baker Creek drainage
between King Mountain and Squalicum Creek is also listed for zinc and pentachlorophenol
Maximum nitrate concentrations in groundwater range from moderate to high (1-9.9 mg/l) in
the WMU; these levels do not exceed the national drinking water standard but do indicate
human influence (Blake and Peterson 2004).
Toad Lake meets state water quality standards for phosphorous (Ecology 2004), and an
Ecology (1997) trophic state assessment reported that Toad Lake was oligotrophic to
12-4
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mesotrophic. No data were found on the phosphorous levels or the trophic state of Squalicum
Lake, and the waterbody does not appear on the Ecology (2004) 303(d) list.
12.1.2.4 Organic Inputs
Process-intensive Areas
LWD recruitment in the Squalicum WMU was historically a function of riparian condition
and bank erosion/channel migration (Map 11-9). In addition, potentially unstable slopes along
the mainstem Squalicum Creek just west of Bellingham and in the upper drainage may have
contributed wood from hillslopes via mass wasting mechanisms, but the overall area with
potential for hillslope LWD recruitment is small.
Indicators of Alteration
LWD recruitment potential data are not available for Squalicum Creek, and LWD recruitment
potential must be inferred from land use information and forest cover. Squalicum Creek is
mostly urbanized in the lower basin, with mixed residential and agriculture use and forest in
the upper WMU. Urban, agricultural, and residential areas in the lower drainages have
affected riparian condition to the extent that most of the streams have moderate to low
recruitment potential. Forested headwater areas have higher recruitment potential, but most of
the existing stands have been converted from mixed or coniferous stands to deciduous stands,
so recruitment potential is likely considerably diminished from historic levels. Coniferous
forest still remains in upper Squalicum drainage, and this area may have some areas with high
LWD recruitment potential (Map 11-10).
Response to Alterations
No instream LWD density information is available for Squalicum Creek.
12.1.2.5 Heat/Light Inputs
Process-intensive Areas
Heat and light processes in the WMU are largely a function of riparian conditions so processintensive areas are the same as described above for LWD recruitment. Forested headwater
areas may have a greater influence on temperatures than downstream canopy cover.
Indicators of Alteration
The Nooksack Salmon Enhancement Association Intern Monitoring Program (NSEAIM)
collected canopy cover data for the mainstem Squalicum Creek and five tributaries (Smith
2002). The program reported canopy cover > 50 percent on 12 of 21 reaches and parts of
three other reaches; >90 percent on two reaches and parts of 6 others.
Response to Alterations
Ecology (2004) cites City of Bellingham, and NSEAIM in listing multiple reaches of
Squalicum Creek as impaired for both temperature and dissolved oxygen.

12.2 SHORELINE REACH-SCALE INVENTORY
The Squalicum WMU extends generally from Squalicum Mountain to Bellingham Bay. The
Squalicum Creek jurisdictional shoreline is within the City of Bellingham. Toad Lake has 1.1
miles of shoreline and a surface area of 29.7 acres. Squalicum Lake is approximately 33 acres
with approximately 0.9 mile of shoreline (Figure 12-11). Each shoreline is inventoried in a
single reach. The maps depicting key attributes of the freshwater shorelines in this WMU are
provided in the MAP FOLIO.
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Link to Squalicum reach MAP FOLIO

Figure 12-11. Shoreline Inventory Reach Numbers and Endpoints,
Squalicum WMU

12.2.1 Toad Lake
Existing land use around Toad Lake is primarily dense single-family residential (0.2-acre lots
with 50 feet of waterfront). A large undeveloped forested lot (50-acres or greater) is located
at the south end of the lake where the Squalicum Creek tributary drains the lake. Adjacent to
this property is a primarily undeveloped parcel owned and managed by Washington
Department of Fish and Wildlife. The lakeshore is designated Rural Residential and Rural
with an area of Recreation on the south shore.
There are no bridges or other utilities crossing the Toad Lake shoreline. Emerald Lake Way
parallels most of the shoreline. The WDFW property provides public access to the lake and
has one pier. Most residential lots have private docks or piers. Approximately 29 percent of
the shoreline is bulkheaded.
Regulated critical areas on the Toad Lake shoreline include wetlands, habitat conservation
area (urban natural open space), and landslide hazard areas. Toad Lake is designated as
waters of concern (303(d) category 2) for total phosphorous on the Ecology Water Quality
Assessment.
Based on existing zoning and comprehensive plan land use designations, residential
development on Toad Lake is likely to continue, although most lots are currently developed.
The area is designated as Suburban Enclave, Rural near the lake’s outlet, and Public–
Recreation on the south shore.
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Housing is densely spaced along Toad Lake, but landscaping is minimal and trees still
account for the majority of cover within 200 feet of the lakeshore. The northern shoreline is
more disturbed, but medium and large conifers are still the dominant cover. Coniferous cover
transitions to mixed stands on the southern shoreline; tree size is medium to large.
Despite having lower-density rural residential land use than Toad Lake, riparian disturbance
is much greater along Squalicum Lake. Peat deposits surrounding the lake suggest extensive
hydrology and may limit the potential for tree cover. Nonetheless, anticipated scrub-shrub
cover has been converted, and in most areas, grass and pastureland extend all the way to the
lakeshore. Only the southern shoreline contains a narrow corridor and shrubs and small trees
next to the lake.
WDFW has routinely planted triploid rainbow trout and kokanee in Toad Lake in to support a
recreational fishery. Garden loosestrife and fragrant waterlilly have been found in Toad Lake
(Ecology 2005b).

12.2.2 Squalicum Lake
Squalicum Lake is part of a peat bog underlain by glaciomarine drift. Existing land use
around Squalicum Lake is predominantly low density (2 to 10 acre lots) rural residential
development and agriculture. The shoreline of Squalicum Lake is zoned Rural and Rural
Forestry.
There are no bridges or other utilities along the Squalicum Lake shoreline. There is no public
access to the lake. There are two water right diversions on the lake.
Regulated critical areas around Squalicum Lake include critical aquifer recharge areas,
wetlands, and geologically hazardous areas. The lakeshore supports marsh wetlands and
swamps. Beaver and waterfowl are frequently observed near the lake.
The Department of Ecology 2004 Water Quality Assessment (303(d) list) designates
Squalicum Lake as “a waterbody of concern” (303d category 2) for total phosphorous.
Based on existing zoning and comprehensive plan land use designations, future development
along Squalicum Lake would be similar to the existing land use pattern. The shoreline is
designated Rural and Rural Forestry.
WDFW has routinely planted triploid rainbow trout in Squalicum Lake to support a recreational
fishery. Cutthroat and brown trout can also be found in Squalicum Lake (WDFW 2005).

12.3 SYNTHESIS
The following describes potential management actions based on inventory information
(Table 12-1). Programmatic restoration and conservation opportunities are highlighted based
on existing ecosystem processes and functions, and preliminary recommendations are made
for updating SEDs.

12.3.1 Landscape-scale Restoration and Conservation
The lack of an easily accessible shallow aquifer and low soil productivity compared to other
areas of the County limit the extent of agricultural development in the Squalicum WMU.
Land clearing outside the City of Bellingham is less intense relative to other lowland
watersheds, and significant forested areas remain in the upper WMU. As a result, there are
many opportunities here to protect and conserve process-intensive areas (Table 12-1). The
McCormick Creek drainage retains extensive forest cover, has low levels of alteration, and
lies on a discontinuous surficial aquifer that supports hydrologic, sediment, and water quality
mechanisms. Protecting this drainage would help maintain ecological functions in the
June 2006 │ 558-1687-004
12. SQUALICUM WMU

12-7

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

watershed. Other priority protection areas are present in the Baker-Spring Creek drainages
and in the Upper Squalicum drainage. Squalicum Creek and Squalicum Lake would benefit
from wetland and riparian restoration to make up for extensive wetland losses riparian
degradation.
Water quality processes are highly altered in the Toad Lake drainage, and restoration aimed
at addressing nutrient storage and removal mechanisms is a priority. In addition, the upper
Toad Lake drainage contains the majority of the intensive infiltration/recharge areas in the
WMU. These infiltration/recharge areas are relatively unaltered and warrant continued
protection and conservation.
Throughout the WMU there are opportunities to improve LWD recruitment and canopy cover
by restoring and enhancing riparian areas. Restoration of key riparian corridors such as those
downslope of nutrient and sediment sources would benefit myriad ecosystem processes.
The Nooksack Tribe and other resource managers (NNR 2004, Bellingham Bay Pilot Project)
have identified the Squalicum estuary as a high priority for restoration. However, lower
Squalicum Creek and the estuary are within the jurisdiction of the City of Bellingham and the
City would be the lead entity for restoration. The process-based restoration and protection
opportunities discussed above could have a positive (indirect) influence on estuarine
conditions, particularly water quality.

12.3.2 Reach-scale Restoration and Conservation
Riparian and instream restoration on Reach 3 would directly improve habitat conditions and
ecological function in the reach. This area is also within a historic floodplain, and floodplain
restoration in conjunction with riparian planting would influence all five key processes.
Despite the high density of on-site septic systems, Toad Lake does not have significantly
impaired water quality. This may be a consequence of local geology and the impoundment’s
geometry (depth, volume, surface area). Protecting the mostly intact riparian zone through
limitations on land clearing would maintain ecological functions and aesthetic values.
Restoration opportunities for Squalicum Lake include enhancing existing lacustrine wetland
vegetation as well as restoring former wetlands to the south and east of the lake.

12.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 12-2). The recommended SED for Squalicum Creek is based primarily on the
shoreline’s inclusion in the Bellingham UGA. Degraded resource structure and function in
Squalicum Lake and Toad Lake shorelines suggest that changes to the existing SEDs are
warranted.
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Table 12-1. Summary of Process Intensity and Alterations by Drainage Areaa, Squalicum Creek WMU
Process Intensitya, b

City of Bellingham

Spring-Baker Creeks

↓

↓

↑

↔

↓

↓

↓

↑

↓

Canopy
Cover
Alteration

LWDRP

Process

Heat/Light

Alteration

LWD

Process

Storage
Alteration

Alteration

Inputs
Process

Alteration

Storage
Process

Alteration

Surface
Erosion
Process

Alteration

Mass
Wasting
Process

Alteration

Groundwater
Process

Snowmelt
and
Runoff

Water Quality

Process

Sediment

Alteration

Alteration

Surface
Water
Storage
Process

Alteration

Intensity

Infiltration
&
Recharge
Process

Mechanism

Hydrology

Process

Process

Potential for Restoration and Protection

No Analysis Performed

City of Bellingham is conducting its own SMP update independently of Whatcom
County.

↓

↑

Significant intact resources, but restoration potential is still high; focus should be on
storage areas downslope of sediment and water quality source alterations. Riparian
condition appears on pictometry to be generally disturbed, so there is high potential for
riparian restoration as well.

↓

↔

↑

↔

↓

↑

↑

↔

↑

↑

↑

Toad Lake

↑

↓

↓

↑

↓

↓

↓

↑

↓

↓

↓

↔

↓

↑

↓

↑

↓

↑

↑

↑

↑

↑

Dense development around lake likely a significant alteration to water quality with
limited potential for source restoration. Lake provide sink for nutrients, pathogens, and
toxicants that somewhat mitigates downstream impacts, but at the expense of lake health.
Riparian protection along lakeshore and restoration/protection in stream riparian
corridors is high priority for managing water quality.

McCormick Creek

↔

↓

↔

↓

↓

↓

↔

↑

↓

↓

↓

↔

↔

↓

↓

↔

↔

↓

↑

↔

↑

↔

Intact wetlands indicate relatively few alterations; potential for protection is high along
stream with significant riparian-scale processes.

↑

Riparian-scale processes are intensive around lake and the mainstem Squalicum Creek
but are more altered than in McCormick Creek, including areas of wetland loss.
Restoration potential is high, but existing process-intensive areas should also be
protected.

Upper Squalicum

↔

↓

↑

↔

↓

↓

↓

↑

↓

↓

↓

↓

↑

↔

↓

↔

↑

↔

↑

↑

↑

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration
b Lower Squalicum Creek is within the City of Bellingham and is not included in this analysis.
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Table 12-2. Preliminary SED Recommendations, Squalicum Creek WMU

Reach

Existing
SEDs

Squalicum
Creek

Urban/Rural

Squalicum Lake

Conservancy

Toad Lake

Rural
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Recommended SEDs
Left Bank

Right Bank

NA

NA

Comment

City of Bellingham

Rural

Low-density residential
development with highly
disturbed riparian. No data
regarding lake water quality.

Shoreline Residential/
Conservancy

Dense rural residential
development, disturbed
riparian and downstream
fecal contamination indicate
significant impairment.
Conservancy designation for
designated open space.
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13. LAKE WHATCOM WMU
The Lake Whatcom WMU is part of the coastal basin and is located in the Cascade foothills
between the Bellingham Bay and Upper Mainstem WMUs. The WMU, which is bounded by
Stewart, Lookout and Squalicum mountains, encompasses a 36,278-acre area (twenty-one
separate drainage basins) that includes Lake Whatcom and numerous tributaries. Land use is
mainly forestry with a lesser amount (~10 percent) of residential use (primarily along the
Lake Whatcom shoreline).
With a surface area of approximately 5,000 acres and approximately 26 miles of lakeshore,
Lake Whatcom is the largest body of freshwater in Whatcom County. The lake serves as a
drinking water source for County residents and the City of Bellingham; the western end of the
lake (near the outlet) is within the Bellingham city limits 1. Lake Whatcom is a shoreline of
statewide significance because it exceeds 1,000 acres in size. Other designated shorelines of
the state include Anderson Creek/Mirror Lake, Smith Creek, Austin Creek, and Lake Louise.

13.1 LANDSCAPE ANALYSIS
13.1.1 Aquatic Resources
Lake Whatcom dominates the landscape in this WMU, which has high drainage density and
relatively few wetlands. The non-shoreline tributaries include Carpenter Creek, Fir Creek,
Brannian Creek, Beaver Creek, Olson Creek, Silver Beach Creek, and many unnamed
streams. Whatcom Creek, a shoreline of the state, is the outlet of Lake Whatcom, but is
entirely within the City of Bellingham. Lakes and wetlands are relatively scarce. Some
wetlands occur in outwash deposits in the Agate Bay drainage and to the south in Anderson,
Brannian, and Fir Creek drainages (Map 13-1).

13.1.2 Process Controls
13.1.2.1 Geology
The Lake Whatcom WMU occupies an area of sedimentary rock of the Chuckanut Formation
with older metamorphic rock and glacially derived sand and gravel occurring at the south end
of the watershed. The lake sits in a deep narrow glacially carved trough that includes two sills
(Geneva and Strawberry) of resistant material that divide the lake into three distinct basins – a
main basin and two smaller ones. The two smaller basins (Basins 1 and 2) have depths of
100 feet or less; the main basin (Basin 3) is over 300 feet deep.
Glacial outwash covers the underlying rock north of Lake Whatcom between Stewart and
Squalicum Mountains, south of Lake Whatcom in the vicinity of Reed and Cain Lakes, and
along the floor of the outwash channel between Mirror Lake and the south end of Lake
Whatcom (WDNR 2002). Near the end of the last glaciation before sea level dropped to its
current level, Lake Whatcom was connected to the marine waters of Georgia Strait.
13.1.2.2 Topography
Lake Whatcom sits in a basin between two north-south trending ridges. Lookout Mountain is
located west of Lake Whatcom, Stewart Mountain is located to the east, and Anderson
Mountain is located to the southeast. An east-west valley that extends from Lake Whatcom to
Mirror Lake separates Anderson and Stewart mountains.
1

The Water Source Protection Plan recently prepared by the City of Bellingham and Whatcom County
Water District No. 10 [2000] provides an extensive description of conditions in the Lake Whatcom
watershed.
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The Lake Whatcom WMU has three general physiographic areas. Areas north and southwest
of Lake Whatcom have relatively gentle terrain, with slopes inclined at approximately
20 percent or less. South, on Lookout Mountain, and east and northeast, the terrain is steeper
and cut by deeply-incised stream channels. Southeast of the lake on Anderson Mountain,
topography consists of complex slopes, with planar to convex portions inclined at 20 to
30 percent (locally 60 to 70 percent), separated by steeper slope areas inclined more than
60 percent (generally 80 to 100 percent) (WDNR 2002). Like the areas to the north and west,
surrounding bedrock creates steep slopes with stream corridors that are sharply incised as a
result of tectonic uplift and erodible sandstone. Lake elevation is roughly 300 feet at the
surface of the water to over 3,000 feet on some of the nearby peaks.
13.1.2.3 Climate
Precipitation varies from about 45 inches in the northern portion of the WMU to 70 inches in
the southern portion of the watershed on Anderson Mountain. Precipitation in the higher
elevations of Stewart Mountain average 80 to 90 inches annually, but this area makes up a
small portion of the watershed. Most precipitation occurs as rain, but rain-on-snow events are
not uncommon in the watershed.
13.1.2.4 Land Use/Land Cover
Approximately 70 percent of the County's portion of this WMU is zoned commercial and
rural forestry. Residential (13 percent), rural (16 percent) and recreation, resort and
neighborhood commercial (1 percent) zoning comprise the remaining area (WDNR 2002).
Residential land use is mostly confined to the lake shoreline in drainages along the north
shore and in the Austin/Beaver drainage.

13.1.3 Landscape Processes, Alterations and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Lake Whatcom landscape MAP FOLIO

13.1.3.1 Hydrology
Process-intensive Areas
The geology of the region defines hydrology in the Lake Whatcom WMU. Drainage density
is high, but streams have small drainage areas, and the overall area of the Lake Whatcom
watershed is small. Because bedrock geology dominates most of the landscape, surficial
groundwater is limited, although small, discontinuous surficial aquifers do exist around Agate
Bay and Anderson Creek, where glacial deposits occur. Consequently, storage and infiltration
mechanisms are also limited in the WMU, with the exception of Lake Whatcom, which holds
approximately 746,000 acre-feet of water (Scott and McDowell 1994).
Rain-on-snow zones also rim the watershed and drive runoff in tributaries with high altitude
headwaters. Tributaries from the Austin/Beaver drainage clockwise to Carpenter Creek have
lower elevation headwaters and are driven more by rainfall events (Map 13-2).
13-2
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Indicators of Alteration
Lake Whatcom is the primary water source for approximately half the population of
Whatcom County, including the City of Bellingham. Users include the City of Bellingham, a
number of other small public water systems, water district 10 (Lake Whatcom Water and
Sewer District), and roughly two hundred fifty households that draw water directly from the
lake.
In addition, water is diverted from the Middle Fork Nooksack River to Mirror Lake, where it
flows down Anderson Creek and empties into Lake Whatcom. The City of Bellingham
operates an adjustable dam that regulates the outlet flow from the lake and the lake’s water
level (URS Corporation 1985). The dam stores water for summer supply, prevents flooding in
Whatcom Creek, and maintains the lake level, which typically fluctuates between 3 and 4 feet
a year.
Forest practices have altered forest cover in many of the tributary basins. Timber harvest
occurred first on land adjacent to the lake shore. These areas have been converted to what is
today deciduous and mixed forest. WDNR (1997) reported that Austin/Beaver, Brannian, and
Carpenter Creeks have less than 30 percent hydrologically mature forest cover. Drainages on
the east shoreline such as Olsen, Smith, and Fir Creeks have greater than 50 percent mature
forest cover. Other drainages not studied by WDNR have significant non-forest uses, and forest
land has been converted to non-forest or non-coniferous forest. Most of the rain-on-snow zones
have retained coniferous forest cover, but much of the land has been recently cut or is in early
to mid-seral stages of regeneration. Pockets of the lake shore area including Silver Beach,
Geneva, and parts of Sudden valley are characterized by high impervious surface areas which
has implications for hydrologic and water quality processes (Map 13-3).
Water storage mechanisms are relatively unaltered since most of the storage potential is in the
lake itself not in depressional wetlands (Map 13-4).
Response to Alterations
WDNR (1997) modeled changes to the magnitude of 2-year peak flows and found that under
normal storm conditions, in the drainages with low hydrologic maturity, flows increased by
7-11 percent, while less disturbed drainages increased only by 0 to 5 percent.
Information on low stream flows for this WMU is scarce. None of the Lake Whatcom
tributaries are closed to water rights allocations. Lake Whatcom is closed to new water rights;
however, applications for domestic use are still being processed and approved as of 2002.
13.1.3.2 Sediment
Process-intensive Areas
The northern three-quarters of the Lake Whatcom WMU is comprised of Chuckanut
sandstone, while Darrington phyllite comprises the southern one-quarter of the watershed.
The Chuckanut formation forms soils that are uncohesive, erodible, and prone to shallow
landsliding. Because of the soil type and lower shear strength along the soil/bedrock
interface, preserving root strength is more important for stabilizing slopes in Chuckanut
sandstone than in Darrington phyllite, to produce soil cohesion (WDNR 1997). Slumping and
creep are more common mass wasting mechanisms associated with Darrington phyllite, but
generally slopes are much more stable than on the Chuckanut formation and hazard areas are
limited to stream gorges (WDNR 1997).
The northern WMU contains low relief, while the southern WMU contains Darrington
phyllite. In between, high slopes occur in combination with the unstable Chuckanut soils, and
these areas have the highest wasting potential. Drainages lying in this area include Olsen,
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Smith, Blue Canyon, and Austin Creeks. Hazard areas also occur in Darrington phyllite
drainages (Anderson, Fir, and Brannian Creeks) but are limited to stream gorges and
comprise a much lesser land area than in the aforementioned drainages.
Most of the drainages in steeper areas also have alluvial fans on the valley bottom. These
areas are depositional but may require management if land uses increase landslide potential,
debris flows, and/or channel disturbance on alluvial fans (Map 13-5).
Indicators of Alteration
Clear-cuts and roads are both potential instigators of landslides in the Lake Whatcom WMU
(WDNR 1997). Only 4.6 percent of inventoried landslides in high hazard areas were not
associated with roads or timber production.
A high percentage (23.1 through 31.0) of the Blue Canyon and Sunnyside drainages have
unstable slopes. The drainages also have areas with highly erodible soils and the combination
of these features indicates potential for altered sediment processes (Map 13-5.5).
High impact land uses and roads associated with development can also contribute excess
amounts of sediment to water bodies. Areas along the shoreline in the City of Bellingham and
from Geneva south have the highest road densities (>10 mi/mi2). Upstream of the lake
shoreline near Geneva, Austin and Beaver Creeks have a large number of stream crossings, as
do areas near Bellingham, and the Anderson Creek drainage (Map 13-6).
Response to Alterations
Mass wasting introduces more sediment by volume to streams than does surface erosion in
the Lake Whatcom watershed. However, WDNR (1997) reports that sediment inputs resulting
from roads have increased more than 100 percent in Beaver and Carpenter Creeks and
between 50 to 100 percent in Brannian and Geneva drainages. Beaver and Carpenter Creeks
do not appear to have a greater road density or road stream crossing than the former, thus
other considerations such as soils, road type, culverts, and roads near streams may be more
important in these drainages.
Debris flows occurring in conjunction with landslides have increased channel erosion in
Smith Creek, Blue Canyon, and Brannian Creek, and to a lesser extent in the South Bay,
Beaver Creek, and Austin Creek drainages. WDNR (1997) reports that fine sediment inputs,
which are indicative of developing and developed areas with a high road density as well as
Darrington phyllite geology, are highest in Carpenter, Olsen, Smith, Brannian, and Beaver
Creek. Other tributaries were rated fair.
Data regarding sediment inputs were not found for more developed areas in the City of
Bellingham.
13.1.3.3 Water Quality
Process-intensive Areas
Water quality is a primary concern in the Lake Whatcom WMU because the lake provides
drinking water to approximately eighty-five thousand residents. Whatcom County, the City of
Bellingham, and Water District 10 are cooperating to protect Lake Whatcom. These
jurisdictions have developed the Lake Whatcom Management Program, which identifies
identified twenty-one management goals for the watershed. Numerous studies have been
undertaken to assess the lake’s water quality, and efforts are ongoing to manage stormwater
inputs and other land uses.
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Because hillslope processes and bedrock dominate the landscape, wetlands that store and
remove pollutant are limited in this WMU (Map 13-7). However, riparian areas and
groundwater discharge sites provide important water quality functions. Some of the streams
have shallow substrate or are bedrock channels in confined valleys, so the extent of hyporheic
zones may be limited in some areas. Agate Bay and Anderson Creek overlie drift deposits
and have more extensive nutrient and chemical cycling. However, most streams, including
those on drift deposits are short, limiting the opportunity for cycling and/or uptake. Most
contaminants are likely delivered directly to the lake, where they are deposited and become
part of the benthic cycling in lake sediments. The shape and depth the lake basin influence
how the lake responds to nutrient and pollutant inputs so each of the three basins responds
differently to water quality alterations.
Indicators of Alteration
Forest management areas have the potential to deliver large amounts of sediment, but these
undeveloped areas are not typically high in contaminant concentrations. Lakeside residential
development, automobiles, and recreational watercraft are a more likely source of pollutants,
including phospherous, nitrogen, pesticides, bacteria, metals, and benzine. Commercial and
industrial sources may also be present, but residential development is the dominant non-forest
land use in the WMU. Developed areas include the City of Bellingham and associated
development along the northern rim of the lake, Geneva, and Sudden Valley (Map 13-8).
Response to Alterations
Lake Whatcom has shown signs of eutrophication since the 1980s. Samples of dissolved
oxygen show increasing rates of oxygen depletion from 1983 – 1997 (Cusimano et al. 2002).
Phosphorous concentrations do not exceed Ecology criteria, but the agency has developed a
TMDL as a result of evidence of eutrophication.
Ecology’s 303(d) list (2004) includes several toxins and metals that exceed the criteria for
Class A waters including dieldrin, mercury, and PCBs. Dieldrin is a pesticide used
agriculturally and for termite control; however, use as a pesticide was discontinued in 1970,
and use for termite control was discontinued in 1987. Dieldrin is a persistent chemical with a
slow rate of degradation and is likely to be recycled from lake sediments and bioaccumulated
in organic tissues.
Sampling sources show that Lake Whatcom fish tissue samples exceed EPA’s national
criterion for mercury concentrations, and the water body is listed by Ecology (2004) as
impaired for mercury. Sources of mercury are difficult to identify in the landscape analysis.
USGS (2004) supports this assessment by concluding that the majority of contamination
originates outside the basin. Approximately 60 percent of mercury is delivered via streams
(USGS 2004). This includes the Middle Fork diversion, which is responsible for delivering
more than half of the total mercury attributable to streams (USGS 2004). Most of the mercury
input from Lake Whatcom tributaries are likely natural. However, Blue Canyon Creek
showed the highest concentration of mercury, which may be attributable to historic coal
mining in the drainage (USGS 2004). Industrial incinerators are the source of the remaining
40 percent of mercury in Lake Whatcom (USGS 2004), including the Georgia-Pacific chloralkali plant, the Thermal-Reduction Company municipal waste incinerator, the City of
Bellingham sewage sludge incinerator, and the Olivine Corporation municipal waste
incinerator. Only the City of Bellingham incinerator is still in operation, and sediment cores
show a decreasing trend in mercury contamination (USGS 2004).
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13.1.3.4 Organic Inputs
Process-intensive Areas
The source of LWD recruited to Lake Whatcom tributaries is varied depending on location in
the watershed and local topographic relief. Treethrow adjacent to streams is a primary source
of LWD for all tributary streams, but LWD delivery from mass wasting is more common in
higher relief areas to the south (Map 13-9). Channel migration is more likely to be a source of
recruitment in lower gradient drainages to the north that have less confined valleys (WDNR
1997).
Indicators of Alteration
Forest practices have altered the vegetative structure of the Lake Whatcom WMU, converting
predominately coniferous forest cover to what is today 71 percent deciduous and cleared land
(Smith 2002 citing data from Lunetta et al. 1997). Recruitment potential is moderate or low in
52 percent and 40 percent of sampled reaches (WDNR 1997). Only 8 percent of reaches
surveyed had high recruitment potential (Map 13-10).
A couple of other mechanisms add to the influence of altered recruitment potential: the lack
of key pieces of wood reduces the stability of smaller LWD, which are flushed out of the
tributaries more readily during storm events. LWD removal has been used as a tool for flood
management in residential areas.
Response to Alterations
LWD densities are below target levels in almost all tributary reaches (WDNR 1997).
13.1.3.5 Heat/Light Inputs
Process-intensive Areas
Solar radiation is controlled by canopy cover adjacent to streams that filter sunlight. Stream
temperatures are most highly correlated to temperature directly upstream, so forested areas in
headwater areas influence temperatures in more of the stream than would downstream canopy
cover.
Indicators of Alteration
WDNR’s 1997 watershed assessment for Lake Whatcom report that 37 percent of riparian
areas were comprised primarily of young trees, while 24 percent of riparian areas were
sparsely forested (WDNR 1997). Combined, areas with either sparse forest cover or young
trees comprised 47 percent of total land area. These data reflect only the riparian areas within
66 feet of the streambank, somewhat less than the Nooksack riparian studies or those widths
recommended in this report for assessing shade hazard. Many of these areas have likely
grown, with few if any new riparian harvesting in forest management areas, thus the 1997
data may slightly overestimate the paucity of riparian cover in Lake Whatcom tributaries.
Response to Alterations
Smith Creek is cited by Ecology (2004) as a water of concern (303(d) category 2) for
dissolved oxygen, while Austin Creek is listed as impaired for dissolved oxygen. The data on
which Ecology (2004) bases its conclusions regarding Smith Creek are more than a decade
old, and new data are needed to provide a current assessment.
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13.2 SHORELINE REACH-SCALE INVENTORY
Lake Whatcom is a shoreline of statewide of significance. The Lake Whatcom WMU
includes the tributaries Anderson Creek (including Mirror Lake), Austin Creek, Smith Creek,
and Lake Louise, which are all shorelines of the state. The Lake Whatcom WMU extends
generally from the eastern boundary of the City of Bellingham southeast to the
Whatcom/Skagit County border. Maps depicting key features of the freshwater shorelines in
this WMU are provided in the MAP FOLIOS.
Link to North Lake Whatcom reach MAP FOLIO

Link to Lake Samish, Reed & Cain lakes, South Lake Whatcom reach MAP FOLIO

Link to SF, Mirror Lake reach MAP FOLIO

13.2.1 Lake Whatcom
The length of the Lake Whatcom jurisdictional shoreline in unincorporated Whatcom County
is approximately 26.7 miles. The lake surface area is approximately 5,000 acres. Lake
Whatcom was inventoried in fifteen reaches (Figure 13-11).
13.2.1.1 Built Environment
Existing land cover and land use patterns along Lake Whatcom closest to the City of
Bellingham (Reaches 1 thorugh 3 and 13 to 14) are densely developed with single-family
residential uses (0.25 to 0.5-acre lots) with 50 to 150 feet of waterfront. Reach 4 is less
densely developed with 0.5 to 2-acre lots. Reach 5 has another area of dense development on
the north with 0.25 to 0.5 acre lots. The east part of the reach is bordered by Smith Creek
Park. Reach 6 is largely undeveloped forest land with an area of developed single-family
residential (0.25 to 0.5 acre-lots) on the south end. Undeveloped parkland borders the south
ends of Reaches 6 and 7. A state Kokanee hatchery is located in Reach 7. The western
shoreline is primarily single-family residential—medium to low density in Reaches 7 and 8,
low density in Reaches 9 and 10, and medium to low density in Reaches 11 and 12. Reveille
Island (Reach 15) is undeveloped. Zoning along the Lake Whatcom shoreline is
predominantly residential with areas of Recreation in Reaches 5, 6 and 7.
Roadways parallel most of the eastern shoreline. Northshore Drive parallels Reaches 1
through 5. Blue Canyon Road parallels the southern portion of Reach 6 and there is a bridge
crossing of Anderson Creek. South Bay Drive and South Lake Whatcom Boulevard parallel
Reach 7. Lake Whatcom Boulevard parallels Reaches 8 and 12. There is a bridge in Reach
13.
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Figure 13-11. Lake Whatcom Reach Number and Endpoints,
Lake Whatcom WMU 2

2
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Reach 15 is Reveille Island, which does not appear on the map.
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Parks and recreational resources under County jurisdiction along Lake Whatcom include
Smith Creek Park in Reaches 5 and 6, Lake Whatcom Park South Bay in reaches 6 and 7, and
Euclid Park in Reach 14. A private marina is located at the Sudden Valley development in
Reach 11. Western Washington University’s Lakewood facility is located in Reach 13. Use of
this facility is restricted to Western University students, faculty, staff, and alumni members.
There are no historic properties along Lake Whatcom listed on federal, state, or local historic
registers.
Regulated critical areas along Lake Whatcom include frequently flooded areas and aquifer
recharge areas in all reaches. Small areas of wetlands are located in Reaches 3, 5, 6, 7, 8, 9,
12, and 13, with a larger wetland area in Reach 11. Wellhead protection zones are located in
all reaches except Reaches 5, 9, 11, and 15. Habitat conservation areas are located in Reach 2
(waterfowl concentrations), and Reach 6 (bald eagle, Salish sucker). Geologically hazardous
areas are identified in all reaches except Reach 14. This includes numerous alluvial fan
hazard areas at the mouths of tributary streams (Carpenter Creek, Austin Creek, etc.).
Shoreline modifications along Lake Whatcom are extensive. Most residential lots in Reaches
1 through 3, 5 through 7, and 13 to 14 have private docks or piers. More than 50 percent of
the lots in Reaches 4 and 12 have private docks or piers. In Reach 9, there is a pier/dock and
groin. There is a breakwater and dock/pier associated with the private marina in Reach 11.
Portions of most reaches are bulkheaded, ranging from 3 percent (Reach 6) to 83 percent
(Reach 11). There are diversions in all reaches except 9, 11, and 13 through 15. Hazardous
waste sites are located in Reaches 3, 7, 10, and 13 (2).
The Department of Ecology 303(d) list (2004) designates portions of the Lake Whatcom
shoreline in violation of several water quality parameters. Sections of the lake are listed as
impaired (303d category 5) for mercury, ammonia-N, and fecal coliform, dieldrin, total
phosphorous, and total PCBs. Areas of concern (303(d) category 2) listings include pH and
dissolved oxygen. Lake Whatcom has a TMDL for dissolved oxygen.
Under existing zoning and comprehensive plan land use designations, land use patterns along
Lake Whatcom are not likely to change significantly. Residential development is likely to
continue. Reaches 1 through 3, 7, 12, and 13 are designated as Suburban Enclaves. Reaches
13 and 14 are within the Urban Growth Area of the City of Bellingham. Reach 6 is
designated for Commercial and Rural Forestry. There are Public Recreation designations
associated with the parks in Reaches 5, 6, and 7.
13.2.1.2 Riparian Conditions
Riparian conditions are highly correlated to zoned land use along Lake Whatcom. Dense
urban residential and dense rural residential development rims the northern shoreline,
extending from the City of Bellingham to include Reaches 1 through 5 and Reaches 13 to 14.
These northernmost reaches are characterized by the almost complete loss of forest cover,
although Reaches 4 and 5 have areas with sparse forest cover. The northwest shore of Agate
Bay (Reach 2) does have a section of shoreline with mature conifer cover. The southeastern
lakeshore (Reach 6) is mostly undeveloped WDNR land and is densely forested with
medium-sized trees. Rural residential zoning along the western shoreline in Reaches 7
through 11 results in varied riparian conditions. Reaches 9 and 11 are urbanized and contain
little natural vegetation.
Reaches 7, 8 and 10 have mostly intact riparian vegetation except in the area of South Bay,
where residential development and a railroad limit natural vegetation.
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13.2.1.3 Biological Resources
Salmonids
Kokanee (Oncorhynchus nerka) and resident cutthroat trout are found in Lake Whatcom
(NWIFC 2002; NNR 2004). Lake Whatcom supports rearing and migration; Kokanee
spawning occurs primarily in tributary streams. Whatcom Falls, just downstream of Lake
Whatcom on Whatcom Creek is an impassable barrier to anadromous fish. The Brannian
Creek hatchery on Lake Whatcom is one of the most important producers of Kokanee eggs
and brood stock in the U.S.
Other Aquatic and Terrestrial Species
Priority habitats within the shoreline zone of Lake Whatcom include high quality riparian
habitat within Reaches 1, 2, 7, and 13; Agate Bay (Reaches 2 and 3) on the northwestern
shore of the lake supports concentrations of waterfowl; important bald eagle habitat has been
mapped in Reach 6; and a large tract of urban natural open space to the west of the lake on
Lookout Mountain extends to the Lake Whatcom shoreline in Reach 8 (WCPDS 2005).
Non-native and Invasive Species
Eurasian milfoil, an aggressive, invasive aquatic weed has been found in Lake Whatcom and
tansy ragwort has been found in the shoreline uplands (Weed Board 2005). While there were
no site specific records for Lake Whatcom, it is likely that reed canarygrass, widespread
throughout Western Washington and the County, is found at the most disturbed sites within
the WMU (Weed Board 2005). Non-native fishes planted in Lake Whatcom include
largemouth and smallmouth bass and yellow perch (WDFW Undated).

13.2.2 Lake Whatcom Tributaries and Lake Louise
Smith Creek drains to the eastern Lake Whatcom shoreline, Anderson Creek to the southern
tip, and Austin Creek to the western shoreline. Inventoried shoreline length is 1.68 miles,
2.37 miles, and 1.66 miles, respectively. Mirror Lake, located at the top of Anderson Creek,
has 0.60 mile of jurisdictional shoreline.
Lake Louise is located on the west shore of Lake Whatcom in the Sudden Valley
development and drains to Austin Creek. The lake shoreline is 1 mile in length and its surface
area is 22 acres.
13.2.2.1 Built Environment
Smith Creek
Smith Creek is located on the east side of Whatcom Lake and flows into Reach 5 through
Smith Creek Park. It is inventoried in one reach of 1.68 miles. Existing land use along Smith
Creek is primarily developed park land. There is some single-family residential development
near the mouth of the creek. The area upstream of Northshore Drive is undeveloped. The area
is zoned for Recreation and Rural.
The creek is bridged by Northshore Drive and by a road in Smith Creek Park. Public access
to the creek is provided by Smith Creek Park. There are no in-water structures inventoried.
Regulated critical areas along Smith Creek include aquifer recharge area; wetlands; riparian
zones; and geologically hazardous areas (alluvial fan hazard area).
Smith Creek is cited by Ecology (2004) as an area of concern (303(d) category 2) for
dissolved oxygen and pH and as meeting category 1 standards for mercury, ammonia-N, and
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fecal coliform. The data on which Ecology (2004) bases its conclusions regarding Smith
Creek are more than a decade old, and new data are needed to provide a current assessment.
Under existing zoning and comprehensive plan designations, the Smith Creek area is unlikely
to change substantially in the future. The area is designated Public Recreation and Rural.
Anderson Creek and Mirror Lake
Anderson Creek is inventoried in two reaches totaling 2.37 miles. It flows into Lake
Whatcom’s southeast arm (Reach 6).
Existing land use along Anderson Creek is primarily undeveloped large lot rural residential in
Reach 1 and undeveloped forested land in Reach 2 and surrounding Mirror Lake. Lake
Whatcom Park is located in Reach 1. The area along all reaches is a railroad corridor for the
Lake Whatcom Railroad. The Anderson Creek area is zoned Rural and Rural Forestry. The
area around Lake Whatcom Park is zoned Recreation.
There are two bridge crossings of Anderson Creek in Reach 1 – South Bay Drive and the
Lake Whatcom Railroad. The railroad and the roadway parallel both stream reaches. The
railroad parallels the south side of Mirror Lake and Park Road parallels the north side. There
is one powerline crossing of Mirror Lake.
Lake Whatcom Park provides access to Anderson Creek in Reach 1. There is no public access
to Mirror Lake. Shoreline modifications and in-water structures include one diversion each in
Reaches 1 and 2 of Anderson Creek. The Park Store, a Whatcom County Historic Register
site is located in Reach 1.
Regulated critical areas along Anderson Creek and Mirror Lake are aquifer recharge areas
and wetlands. Reach 1 includes a moderate to high susceptibility Wellhead Protection Zone.
Habitat conservation areas include riparian zones in Reach 1, and riparian zones and Pacific
Townsend’s big-eared bat in Reach 2. Geologic hazard areas are very low to low seismic
hazard for all reaches, landslide hazard for Reach 2, and landslide hazard for Mirror Lake.
There is one water right diversion in each reach of Anderson Creek.
The Department of Ecology’s 2004 303(d) list identifies both reaches as meeting standards
(category 1) for ammonia-N, pH, mercury, dissolved oxygen, and fecal coliform. Mirror Lake
is not listed for water quality violations.
Based on existing zoning and comprehensive plan land use designations, future development
along Anderson Creek and Mirror Lake would be similar to the existing land use pattern. The
area is designated as Rural with areas of Commercial and Rural Forestry. The area around
Lake Whatcom Park is designated Public Recreation.
Austin Creek
Austin Creek flows into Lake Whatcom in Reach 11, through the Sudden Valley
development. Austin Creek is inventoried in one reach of 1.66 miles.
Existing land use along Austin Creek is dense single-family residential (0.01 to 0.25-acre
lots) on the left bank and undeveloped on the right bank upstream of Spring Road.
Downstream of Spring Road is the Sudden Valley golf course. The area along the creek is
zoned Rural Residential, Urban Residential, and Commercial.
Spring Road crosses Austin Creek with one bridge crossing. There is no public access to
Austin Creek.
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Regulated critical areas are wetlands, and geologic hazard areas of landslide, upland
landslide, and an alluvial fan hazard area. There are no in-water structures inventoried. There
is one hazardous waste site listed along Austin Creek.
The Department of Ecology’s 2004 Water Quality Assessment indicates Austin Creek is
impaired (category 5) for dissolved oxygen, and an area of concern (category 2) for fecal
coliform. Austin Creek has met standards (category 1) for 4,6-dinitro-2-methylphenol,
fluorene, 1,2-dichlorobenzene, 1,3-dichlorobenzene, chromium, 1,4-dichlorobenzene,
2,4-dinitrophenol, zinc, N-nitrosodimethylamine, 2,4-dichlorophenol, 2,4-dinitrotoluene,
anthracene, antimony, dimethyl phthalate, Bis(2-Chloroethyl) ether, Bis(2-ethylhexyl)
phthalate, cadmium, chlorpyrifos, copper, diethyl phthalate, arsenic, 2,4,6-Trichlorophenol,
lead, N-nitrosodiphenylamine, fluoranthene, hexachlorobenzene, hexachlorocyclopentadiene,
pentachlorophenol, nickel, hexachlorobutadiene, hexachloroethane, phenol, selenium, silver,
temperature, nitrobenzene, pH, mercury, and ammonia-N.
Under existing zoning and comprehensive plan land use designations, the Austin Creek area
is likely to continue to develop for residential purposes.
Lake Louise
Existing land use along the shoreline of Lake Louise consists of developed dense singlefamily residential on the east shoreline and undeveloped and commercial properties on the
west shoreline. The shoreline is zoned Urban Residential Low Density and Medium Density,
Rural, Commercial and Neighborhood Commercial.
Sudden Valley Drive and Lake Whatcom Boulevard parallel the shoreline. There is no public
access to the lake. There is one water right diversion in the lake.
Regulated critical areas along the lakeshore include an aquifer recharge area; wetlands; and
landslide hazard areas.
The Department of Ecology (2004) indicates Lake Louise has met tested standards
(303d category 1) for total phosphorous.
Under existing zoning and comprehensive plan designations, the Lake Louise area is likely to
continue to develop.
13.2.2.2 Riparian Conditions
The Smith Creek riparian corridor contains alder saplings backed by cottonwoods near the
lakeshore and transitions to mixed medium-sized stands approximately a quarter mile.
upstream. Wood recruitment potential is high in the upper section and shade appears
moderate to high along most of the shoreline. A 300-foot section near the upstream extent of
the reach intersects a power-line corridor, which limits the size of trees in the riparian zone.
Rural residential land use encroaches into the Anderson Creek riparian corridor in a few
isolated locations. Otherwise, medium-sized cottonwoods border the stream all along the
shoreline, including Mirror Lake. Canopy cover is very high, and wood recruitment potential
is moderate.
Scattered conifers and cottonwoods line Austin Creek as it flows through the Sudden Valley
golf course. Most of the riparian zone is landscaped, and riparian function and habitat are
degraded. Upstream of the golf course, the stream flows through a forest of medium-size
conifers, which provide high wood recruitment potential and good shade.
Residential development along the Lake Louise shoreline consistently maintains a 150-foot
forested buffer between open water and lawns. Most of the forested zones are medium-sized
13-12

June 2006 │ 558-1687-004
13. LAKE WHATCOM WMU

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

conifers, but a wet area to the SSW contains emergent vegetation backed by alders. Sudden
Valley Drive runs close to the northern point of the lake. A public access point located on the
north western shoreline limits riparian cover.
13.2.2.3 Instream Conditions
Smith Creek rapidly increases in gradient moving away from the Lake Whatcom lakeshore.
Pictometry interpretations estimated a 2 to 4 percent slope on an unconfined alluvial fan in
the lower portion of the shoreline. The alluvial fan is prone to debris flows during the largest
storm events, and the less mature vegetation near the lakeshore (see riparian conditions)
indicates frequent disturbance. Dikes have been built along the main channel on the fan to
protect houses from debris flows. Pictometry indicates a 4 to 8 percent gradient and a more
confined valley (~200-foot wide floodplain) in the upper portion of the shoreline. The
predicted plane-bed and step-pool morphology of the two stream sections indicate the
importance of LWD for habitat (pool formation, sediment storage, energy dissipation, bank
stabilization), and WDNR (1997) indicates that LWD density is 0.8 pieces/ Wbf and
0.46 pieces/Wbf for the lower and upper sections, respectively (impaired). Gravel and cobble
are the dominate substrates, and fines account for 18 percent of substrate on the fan. Fines are
likely lower in the upper section due to high transport capacity.
Anderson Creek has 1 to 2 percent gradient in an unconfined valley and has a pool-riffle
morphology (WDNR 1997). Most importantly, it is the receiving body for the Middle Fork
Nooksack water diversion. The diversion enters at the top of Mirror Pond and flows the
length of Anderson Creek before entering Lake Whatcom. Altered hydrology has impaired
function in the stream. Streambanks have been reveted to stabilize banks. Quantitative data
regarding instream conditions were not found.
Austin Creek has a 1 to 2 percent gradient and flows through an unconfined valley. The lower
two-thirds of the shoreline is located within a golfcourse, where armoring and LWD removal
have caused channelization and entrenchment (WDNR 1997). Channelization has resulted in
a coarsened, cobble-dominated substrate with high fine content (WDNR 1997). The existing
stream morphology is plane-bed (WDNR 1997); although the valley characteristics predict
that pool-riffle morphology would be the natural condition (Montgomery and Buffington
1994). The upper shoreline remains forested, but the stream is steeper (2 to 8 percent) and
more confined (WDNR 1997), but no data regarding habitat structure were found.
13.2.2.4 Biological Resources
Salmonids
Kokanee, resident cutthroat and rainbow trout use Smith Creek, Anderson Creek, and other
non-shoreline streams for spawning. Austin Creek supports all life-history stages of resident
cutthroat trout but not kokanee spawning.
Other Aquatic and Terrestrial Organisms
All of the Lake Whatcom jurisdictional tributary streams include high quality riparian habitat
(WCPDS 2005). Mirror Lake has been mapped by the County and is within the Chuckanut
Wildlife Corridor, a habitat of local importance (WCPDS 2005). Anderson Creek is also
within the Chuckanut Wildlife Corridor and the riparian habitat along the creek provides
habitat for the Pacific Townsend’s big-eared bat (Coryhorhinus townsendii townsendii), a
federal species of concern and state candidate species (WCPDS 2005). The shoreline zone of
Lake Louise adjoins the Lookout Mountain urban natural open space, a large, forested tract
that provides habitat for northern goshawks (Accipiter gentilis) and tailed frogs (Ascaphus
truei), both special status species (WCPDS 2005).
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Non-native and Invasive Species
Non-native and invasive species have not been recorded within the jurisdictional shoreline of
the Lake Whatcom tributaries.

13.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating
SEDs.

13.3.1 Landscape-scale Restoration and Conservation
Water quality is a primary concern for Lake Whatcom and Lake Louise. Causes of water
quality degradation are difficult to pinpoint but include operation of the Middle Fork
diversion, reduced water withdrawls, climate change, forest practices, and adjacent
development, which is most intense in northern and western (e.g., Silver Beach, Geneva, and
Sudden Valley developments) parts of the WMU, where roads and urban residential land uses
contribute sediment, phosphorous, and other contaminants from upland areas. The
opportunities for mitigating these source impairments through the restoration of storage
features are few because storage areas other than Lake Whatcom itself are uncommon.
Buffers can be important, but managing the sources of water quality degradation (stormwater
management, etc) will likely be most effective, including prevention of additional
degradation.
Channelization and associated riparian disturbance drive the degradation of ecological
function in tributaries near the lakeshore. The areas that are located in urban and dense rural
zones have more limited potential for restoration. Upstream of the lakeshore, tributaries are
more intact as they flow through mostly forested areas. Sediment inputs are the primary
driver of ecological degradation, and forest practices, including road maintenance and
preserves in sensitive areas are one path through which process-based restoration can be
achieved.

13.3.2 Reach-scale Restoration and Conservation
The primary management concern on Lake Whatcom is water quality. Enhancing riparian
areas is a primary focus (especially since there are limited wetlands in the WMU). Managing
activities on the lakeshore will have some impact on water quality but a significant proportion
of the contributing area is outside the jurisdictional shoreline. Inputs from outside the
shoreline are delivered to the lake via storm sewers and natural channels. Restoration of
riparian zones should focus on these areas, with some priority also being placed on restoring
shoreline vegetation to mitigate contaminants introduced via overland flow.
Stream shorelines are most disturbed near the Lake Whatcom shoreline. Property protection
activities on the Smith Creek alluvial fan have led to channelization. Continued development
on such a geologically hazardous areas should be limited for safety reasons and to protect
remaining functions. If possible, removing channel constraining features is also
recommended, but such actions may require concurrent acquisition of at-risk properties.
The potential for instream restoration of Anderson Creek is high given changing management
of diversion flows for which the stream has historically been used. Wetland restoration
opportunities are also available below Mirror Lake and just upstream of the mouth.
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The completely channelized section of Austin Creek flowing through Sudden Valley golf
course is a good candidate for restoration. Upstream residential development has not resulted
in great disturbance of the riparian corridor, and the intact riparian area should be protected
using appropriate management tools.

13.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Tables 13-2 and 13-3). The SEDs recommended for the Lake Whatcom and Lake
Louise shorelines are generally consistent with existing SEDs. However, existing rural
designations have been redesignated to include an array of recommended SEDs depending on
land use density, extent of shoreline modifications, and consequent level of impairment. The
northern Lake Whatcom shoreline has been identified as the primary source of impaired
water quality within the basin (see water quality impairment section). Development on the
western lakeshore is also densely developed, and SED recommendations reflect the need to
promote water quality enhancement in more developed areas while preserving intact
shoreline to limit additional water quality degradation. Rural and Conservancy designations
on the eastern shoreline and southern tip of the lake, respectively, are intended to protect
undeveloped land of varying quality. Dense urban development around most of Lake Louise
precludes recommending an SED similar to the existing Conservancy designation except in
the southern portion that is zoned rural and contains associated wetlands. However, the
remaining forested buffer between urban land uses and the lake suggest that Urban
Conservancy is more appropriate than other less restrictive SEDs.
Lower portions of the Smith Creek and Austin Creek in or just upstream of the Lake
Whatcom shoreline have more impaired riparian and instream conditions, while conditions
improve farther away form the lakeshore, and recommended SEDs reflect that transition. In
addition, upstream Conservancy designations reflect higher potential for restoration to
improve shoreline functions. Anderson Creek is a managed stream with significant
impairments; however, Conservancy is recommended to protect an important drinking water
resource.
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Table 13-1. Summary of Process Intensity and Alterations by Drainage Area, Lake Whatcom WMU.
Process Intensity and Degree of Alteration

Canopy
Cover
Alteration

LWDRP

Process

Heat/Light

Alteration

LWD

Process

Storage
Alteration

Alteration

Inputsa
Process

Alteration

Storage
Process

Alteration

Surface
Erosiona
Process

Alteration

Mass
Wasting
Process

Alteration

Groundwater
Process

Snowmelt
and
Runoff

Water Quality

Process

Sediment

Alteration

Alteration

Surface
Water
Storageb
Process

Alteration

Intensity

Infiltration
&
Recharge
Process

Mechanism

Hydrology

Process

Process

Potential for Restoration and Protection

Basin 1

↓

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↓

↓

↑

↓

↓

↑

↑

↑

↑

Urbanization around Basin 1 has contributed to deterioration of water quality in the
Lake. The extent of alteration may limit restoration potential. Functional restoration is
possible, and riparian zones may hold the most promise.

Basin 2

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↓

↓

↑

↓

↓

↑

↓

↑

↓

Urbanization is almost as extensive as in Basin 1, and water quality degradation in the
lake is proportional to the level of alteration. Process-based restoration is feasible, but a
lack of intensive areas will limit restoration efficacy.

Agate Bay/
North Shore

↔

↔

↔

↑

↔

↓

↓

↓

↓

↓

↓

↔

↔

↑

↓

↔

↔

↑

↑

↓

↑

↓

Process-based restoration is likely more feasible in this area due to the relatively high
amount of process-intensive storage areas.

Blue Canyon

↓

↓

↓

↓

↑

↔

↓

↓

↑

↔

↔

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↓

Forest practices are a source of alteration in this area. Restoration could focus on
improving stream function, such as sediment supply and related disturbance, and riparian
conditions.

South Bay

↓

↓

↓

↓

↔

↓

↓

↓

↓

↓

↔

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↓

Alterations are located primarily near the lakeshore, limiting potential for process-based
restoration. Protection of important areas seems feasible in this area.

West Lake

↓

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↔

↓

↓

↓

↑

↓

↓

↑

↓

↑

↓

This area along the lake shore is mostly built out with limited process-intensive areas and
potential for restoration.

Smith Creek

↓

↓

↓

↓

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↓

Limited alteration except near the lake, so limited restoration opportunities.

Anderson Creek

↔

↓

↓

↓

↔

↓

↓

↓

↓

↓

↔

↓

↓

↓

↓

↔

↓

↓

↑

↓

↑

↓

High potential for protection of intact areas. Potential to restore wetlands below Mirror
Lake.

Austin Creek/
Lake Louise

↑

↔

↓

↓

↔

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↔

↓

↓

↑

↔

↑

↔

Manage/reduce nutrient inputs, and enhance riparian/lakeshore vegetation.

Gold: High priority for protection – process intensive areas with limited alteration
Red: High potential for restoration – process-intensive areas with moderate to severe alteration
Blue: Moderate restoration potential -- areas with moderate process-intensity and moderate levels of alteration
White: Low potential for restoration or protection– areas with low process-intensity and areas that are too altered for process-based restoration to be feasible.
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Table 13-2. Preliminary SED Recommendations, Lake Whatcom (continued)
Table 13-2. Preliminary SED Recommendations, Lake Whatcom
Reach

Existing
SEDs

Recommended
SEDs

Comment

Lake Whatcom

13-18

Reach 1

Urban

Shoreline Residential

UR3 zoning with limited riparian
vegetation

Reach 2

Urban/
Conservancy/
Rural

Shoreline Residential/
Conservancy

Extend conservancy farther south than
existing designation to protect mature
forest and unaltered lakeshore (one
house on shoreline is only significant to
cover and shoreline modification).
Dense rural development and altered
lakeshore in rest of reach warrants
Shoreline Residential designation

Reach 3

Rural

Shoreline Residential

Less densely developed than urban
areas (1/2-acre rural lots), but still
extensive riparian disturbance and
overwater structures

Reaches 4-5

Rural

Resource

Built-out 2-acre and 5-acre rural
residential lots

Reach 6

Natural/
Rural

Natural/Conservancy/
Rural/Resource

Natural along County and WDNRowned shoreline; Conservancy between
WDNR land and Blue Canyon alluvial
fan (rural forestry with road in
shoreline); Rural/Conservancy/Resource
to the south depending on land
use/zoning

Reach 7

Rural

Conservancy/
Shoreline Residential/
Rural

Conservancy to south in undeveloped
open space between Anderson Creek
and Brannian Creek; Shoreline
Residential and Rural to north based on
existing zoning.

Reach 8

Rural/
Conservancy

Rural/Conservancy

2-acre lots with some shoreline
modification to south; 5-acre lots with
limited modification and mostly forest
riparian to north

Reach 9

Conservancy

Rural

Cleared land: golf course and marina

Reach 10

Conservancy

Conservancy

Forested riparian with limited
development (R5a zoning). UR3 zoning
in one section is inconsistent with
existing SED and current riparian
quality

Reach 11

Conservancy

Rural/Urban

Golf course, marina and urban
residential development with highly
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Reach

Existing
SEDs

Recommended
SEDs

Comment

Lake Whatcom
altered shoreline
Reach 12

Rural

Shoreline Residential/
Rural

1/2-acre lots and armored shoreline
protecting road limit forest connectivity
to lake. Rural in one section with builtout 5-acre lots.

Reaches 13
and 14

Urban

Shoreline Residential

Geneva urbanized area (UR3 zoning)

Reach 15

Conservancy

Natural

Undeveloped Reveille Island

Table 13-3. Preliminary SED Recommendations,
Lake Whatcom Tributaries and Other Small Lakes
Recommended SEDs
Reach

Existing SEDs

Left Bank

Right Bank

Comment

Smith Creek

None

Resource/
Conservancy

Resource/
Conservancy

Resource consistent with Lake
Whatcom shoreline designation;
Conservancy upstream of there
in undeveloped area with
minimal riparian alteration.

Austin Creek

Conservancy

Rural

Rural

Highly impaired shoreline
through Sudden Valley golf
course.

Anderson Creek
& Mirror Pond

Rural

Conservancy

Conservancy

Hydrologic alteration caused by
Middle Fork diversion
significantly impairs ecological
function. However, because this
channel conveys drinking water,
Conservancy is recommended
despite impairments and limited
potential for restoration.

Lake Louise

Conservancy
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Urban Conservancy/
Conservancy

Dense urban residential and
commercial development, but
significant setbacks.
Conservancy recommended in
southern shoreline with
associated wetlands and rural
zoning.
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14. BELLINGHAM BAY WMU
The Bellingham Bay WMU includes the area west of Lake Whatcom and north of Lake
Samish that drains to Bellingham Bay. The City of Bellingham occupies the majority of the
WMU; unincorporated areas are generally limited to the upland areas in the vicinity of
Galbraith Mountain, and areas between Chuckanut Creek and Chuckanut Mountain. All of
the Whatcom Creek, Padden Creek, and Lake Padden jurisdictional shorelines are within the
City of Bellingham, as is most of the Chuckanut Creek shoreline. However, the 20 cfs limit
for Chuckanut Creek falls just south of the city limits, leaving a short (200-foot long)
segment in County jurisdiction.
This chapter focuses on the areas under Whatcom County jurisdiction, which include the
200-foot reach Chuckanut Creek, and the two reaches of the marine shoreline – Fort
Bellingham (north of the city limits) and Chuckanut Bay (south of the city limits) 3.

14.1 LANDSCAPE ANALYSIS
14.1.1 Aquatic Resources
Besides Bellingham and Chuckanut Bays and the shoreline streams named above, major
aquatic resources in this WMU include Whatcom Creek, Connelly Creek, Cemetery Creek,
Lincoln Creek, Fever Creek, Hanna Creek, Oyster Creek (which flows south into Skagit
County), several unnamed tributaries, and many small lakes (e.g., Fragrance, Lost, Mud,
Cedar, and Pine lakes) (Map 14-1).

14.1.2 Process Controls
14.1.2.1 Geology
Chuckanut sedimentary bedrock bounds the WMU along the marine shoreline and to the east
where Lookout Mountain dominates the landscape. Glaciers advanced through the middle of
the WMU, depositing undifferentiated drift that separates the bedrock outcroppings to the
east and west. The Fort Bellingham area is mostly glaciomarine drift, but Sumas outwash is
present in what was the outwash channel delta.
The surface geology of the marine shoreline in the Bellingham Bay WMU is generally
comprised of two distinctly different materials, post-glacial deposits and sandstone bedrock.
Surface geology of the northern WMU is largely composed of glacial outwash deposited
during the Sumas stage of the Pleistocene epoch (roughly 11,300 – 13,500 years ago). Loose,
moderately to well-sorted gravel with boulders, sandy gravel, with minor gravelly medium to
coarse sand and rare sand to silt are the substrates commonly associated with this geologic
unit. Glaciomarine drift, deposited during the Everson Interstade of the Pleistocene epoch, is
slightly less abundant. This geologic unit is characterized by moderately to well-sorted
gravel, sand, silt and clay (Lapen 2000).
The southern portion of the study area is largely composed of various members of the
Chuckanut Formation, an arkosic sandstone, siltstone, and conglomerate mostly deposited
during Eocene time in the Cretecous period. Members of the Chuckanut Formation found in
the Bellingham Bay WMU consist of the Governor’s Point, Bellingham Bay and Padden

3

The southern portion of the Chuckanut marine reach, south of Governor’s Point is located in the
Samish Bay WMU, but is described here along with the Bellingham Bay reaches to the north of the
City.
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members (Lapen 2000). Chuckanut rocks are fairly easily eroded compared to other bedrock,
but far more resistant to erosion than nearby glacial units.
Substantial fill material is found throughout much of the downtown Bellingham area and in
southern Bellingham Bay near the Fairhaven district. Much of the fill material was placed
near the turn of the century through the 1930s. The historical configuration of the marine
shoreline was considerably landward of the current shoreline especially in the vicinity of
Whatcom Creek in the northeastern corner of Bellingham Bay, and south around the Padden
Creek estuary.
14.1.2.2 Topography/Bathymetry
The landform is at its highest point at Lookout Mountain, of which the western slopes serve
as the headwaters of Chuckanut Creek. However, these slopes are relatively gentle, and
higher relief can be found in the Lake Padden area where Chuckanut Creek is bounded to the
south by Chuckanut Mountain.
Bathymetry of the Bellingham Bay WMU is greatly influenced by the fluvial sediment input
from the Nooksack River. The sand flats of the Nooksack delta extend approximately
1.5 miles into the Bay, resulting in extensive shallow delta and pro-delta areas throughout the
northern portion of the WMU. The greatest depth found in the center of the Bay measures
only 60 feet. Deeper water is found in southern Bellingham both offshore and closer to shore,
near Post Point. Further south additional shallow water is found throughout Chuckanut Bay
and south of Governor’s Point. Sediment supplying the shallow flats south of Governor’s
Point were previously derived from the Skagit River in its north lobe, and are now from the
Samish River.
14.1.2.3 Climate
Precipitation ranges from more than 35 inches in and around Bellingham Bay to as much as
65 inches on the slopes of Lookout Mountain. The majority of precipitation falls as rain from
October – January.
Shores within the Bellingham Bay WMU are moderately exposed to the southwest, making
them vulnerable to wind waves during predominant and prevailing winter storms. Maximum
measured fetch from the individual nearshore reaches in the Bellingham Bay WMU range
from 14 miles within downtown Bellingham to 19 miles from Fort Bellingham to March
Point. Since predominant storm conditions originate from the south, the considerable
southerly exposure is very influential on local nearshore processes. Storms that occur during
high water typically cause wave-induced erosion (bluff toe erosion), which often has a
destabilizing effect on local bluffs.
14.1.2.4 Land Use/Land Cover
The Bellingham Bay WMU is dominated by urban land use in the City of Bellingham. For
the most part, slopes of Chuckanut and Lookout Mountains in the southern portion of the
WMU remain forested, while Padden Lake and portions of the Fragrance Lake drainage are
designated recreational areas and have also retained a majority of forest cover. The Fort
Bellingham area is mostly urban, including the Bellingham airport, but residential
development and some farmland exist to the west.

14.1.3 Landscape Processes, Alterations, and Responses – Freshwater
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations for freshwater environments (nearshore environments are
covered in subsequent sections). This is intended as a brief overview since most of the
freshwater shoreline areas are within the City of Bellingham. The process-intensive areas and
14-2
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areas of alteration were identified based on GIS overlays using the approach described in
Section 2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE
MAP FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below and in the nearshore section will be used in conjunction with
the reach inventory data to identify restoration and protection opportunities and will be
integrated with SMP planning.
Link to Bellingham Bay landscape MAP FOLIO

14.1.3.1 Hydrology
Infiltration/recharge are key hydrology mechanisms in the Bellingham Bay WMU (Map 14-2).
Important infiltration and recharge areas are scattered throughout the WMU, including in the
Whatcom Creek, Chuckanut Creek, and Lake Padden drainages. Local geology reduces the
potential for surface water storage areas; but Padden Creek, Chuckanut Creek and Whatcom
Creek have riparian wetlands that account for the majority of the surface water storage areas
in this WMU. The alluvial morphology of these streams also indicates the presence of
associated floodplains that support hydrologic mechanisms. Relatively large wetlands are
mapped in Fort Bellingham and south of the Squalicum Creek WMU in the Whatcom Creek
drainage, but mapping does not indicate significant storage potential in these wetlands. Rainon-snow zones do not exist in the Bellingham Bay WMU.
Not surprisingly, urban development has a major influence on hydrologic processes in this
WMU. The Bellingham Bay WMU has more impervious surface than any other WMU in the
County and infiltration and runoff patterns are likely highly altered as a result (Map 14-3).
Impervious surface area exceeds 30 percent for most areas except in the Chuckanut Creek
and Fragrance Lake drainages. In many cases, the impervious surfaces overlie the important
infiltration/recharge areas, but permeable deposits in the upper Padden Creek and upper
Chuckanut Creek drainages are less altered. Urban development has also reduced the area
available for surface water storage (Map 14-4). Other indicators of altered hydrology include;
water rights allocation closures in Padden, Chuckanut and Whatcom Creeks.
14.1.3.2 Sediment
Process-intensive sediment delivery areas are scarce in this WMU (Map 14-5), however, the
Chuckanut Creek drainage contains scattered areas of highly erodible soils.
High-impact land uses could be a significant cause of sediment impairment in the urbanizing
parts of the WMU (Map 14-5.5). There are extensive areas of high intensity development
(residential and commercial), overall road density is high (generally 10.1 to 30.5 mi/mi2), and
there is an extensive drainage network to facilitate transport of sediments to aquatic resources
(Map 14-6).
Continued build-out may increase sediment delivery to streams and to Bellingham Bay.
Sediment delivery from these areas may be correlated to degraded water quality
(see Section 26.1.5.3).
14.1.3.3 Water Quality
GIS data indicate a scarcity of process-intensive areas for water quality in this WMU
(Map 14-7). There are many indications that water quality processes are impaired. Urban
areas encompass a number of potential contaminant sources and onsite septic systems are
common in rural areas (Map 14-8).
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Streams in this WMU are impaired for dissolved oxygen, fecal coliform, and temperature.
Toxins include diazinon and chlorothalinol in Padden Creek, pentachlorophenol in Whatcom
Creek, and PCBs in Lake Padden
14.1.3.4 Organic Inputs and Heat/Light Inputs
LWD recruitment in the Bellingham Bay WMU was historically driven by treethrow and
bank erosion/channel migration. Potentially unstable slopes along upper Padden Creek, upper
Cemetery Creek, and upper Chuckanut Creek may have contributed wood via mass wasting
mechanisms, but the overall area with potential for hillslope LWD recruitment is small (Map
14-9).
Most areas outside the Bellingham city limits are well forested with mixed, deciduous and
coniferous stands so LWD recruitment potential and canopy cover may not be as impaired as
other less forested areas of the county. Nevertheless, stream temperatures are impaired
throughout this WMU and wood is lacking in all streams (Map 14-10).

14.1.4 Landscape Processes, Alterations, and Responses – Nearshore
This section inventories nearshore process-intensive areas, areas where processes have been
altered, and responses to process alterations. The nearshore characterization provided below
will be used in conjunction with the freshwater characterization and marine reach inventory
data to identify restoration and protection opportunities and will be integrated with SMP
planning.
14.1.4.1 Circulation
Process Intensive Areas
Surface water currents in the Bellingham Bay WMU generally flow northeast into the Bay
south of Lummi Island via Bellingham Channel and Rosario Strait. Tidal waters recede by the
same general route though tidal currents travel south in the central bay and southwest along the
shores of southern Bellingham Bay. Tidal currents in the Bellingham Bay WMU are generally
weak, with few areas exceeding 1 knot of current (Canadian Hydrographic Survey 1999).
An inferred back eddy in the northeastern corner of Bellingham Bay during the flooding tide
was mapped by Collias et al. (1966). This back-eddy results in southerly current flow along
the shore of south Bellingham throughout both ebbing and flooding tides. Collias et al. (1966)
also concluded that a clockwise rotating gyre exists in central Bellingham Bay during the
flooding current. Little research has been reported on the ebb tidal currents in the region.
Indicators and Response of Alterations
Alterations to the circulation patterns within the Bellingham Bay WMU are likely caused by
the industrial piers located along southern Fort Bellingham, the abundance of anthropogenic
structures along the downtown shoreline, and the many tidal restrictions caused by the
Burlington Northern Santa Fe railway. The cement plant pier located within the Fort
Bellingham shore reach extends approximately 2,000 feet south-southwest into Bellingham
Bay. A second pier, located northwest of the first pier, houses a pipeline, joining the cement
plant pier. The cement plant pier has dense creosote pilings that appear to modify surface
water circulation to a much greater extent than the northwestern pier. It has been documented
that dense pilings in the nearshore tend to attenuate waves and currents, which results in
increased deposition of fine sediments (Schwartz 1987, Wojcik 1997). The northwestern pier
has widely spaced pilings and therefore is not likely to dampen surface currents to the same
extent as the southeaster pier.
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Additional nearshore structures are likely to alter surface currents in the Bellingham Bay
WMU. Those located within the City of Bellingham’s shorelines are outside the scope of this
analysis and will be discussed in the City’s shoreline management plan inventory and
analysis. The following structures within the City’s shoreline were observed as having the
potential to alter nearshore currents:
•

Squalicum marina breakwaters

•

Squalicum waterway

•

The aerated stabilization basin (ASB)

•

Piers along Whatcom Creek Waterway

•

Piers associated with Fairhaven Terminal and nearby shipyard

The Burlington Northern Santa Fe railway follows the Bellingham WMU shore for
approximately 6.8 miles. The train tracks and associated revetment were constructed adjacent
to and over the beach, and in several cases across nearshore embayments. Several obvious
restrictions to tidal circulation resulted from causeways. Causeways built across nearshore
embayments can greatly reduce tidal flushing within the landward portion of the embayment.
The reduction in tidal flushing can lead to slowed water movement, causing fine particles to
settle out of suspension. This often accelerates local sedimentation rates, the long-term effects
of which can permanently alter the surface water hydrology in the bay and eliminate
submerged aquatic habitats. Reduced tidal flushing combined with accelerated sedimentation
can also degrade water quality. These processes are likely taking place near the causeways
crossing nearshore embayments in southern Bellingham and Whatcom County in
Mud/Chuckanut Bay, the lagoons on the north and south side of Post Point, and the Padden
Creek estuary.
14.1.4.2 Nutrient Dynamics
Process Intensive Areas
Historically, the extensive freshwater and estuarine wetlands associated with the
Nooksack/Lummi River delta would have retained nutrients and pathogens imported to the
bay from upland sources. Prior to development the forested, scrub-shrub, and emergent
wetlands fringing the bay would have exported large amounts of organic matter to the
nearshore environment, providing nutrients and detritus for marine food webs.
The shallow tidal flats within Bellingham Bay, with high light levels and relatively warm
temperatures naturally have high rates of nutrient uptake to support the growth of algae and
eelgrass. In addition, shallow flats in this region are areas of tight coupling in terms of
nutrient cycling between the water column and benthic invertebrates and microbial
communities.
Indicators and Response to Alterations
With the exception of the Nooksack Delta, this WMU is highly developed resulting in
increased nutrient and pathogen inputs from upstream agricultural areas, septic systems,
stormwater runoff and other municipal sources. Discharges from the upland watershed are
greatly increased compared to historical conditions. The loss of freshwater wetland areas has
reduced the areas available for nutrient retention, cycling, and/or uptake functions.
Filling of coastal wetlands has also reduced the capacity of delta to process and retain
nutrients. Dikes and revetments in the Nooksack floodplain/delta prevent tidal exchange and
therefore limit sediment and nutrient transport and exchange between wetlands, tidal flats and
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marine waters. However, the progradation of the Nooksack delta will continue to form new
estuarine wetland areas that, if protected, will provide nutrient retention and cycling
functions.
Sediment inputs to Bellingham Bay have been greatly increased due to the change in location
of the Nooksack mouth to Bellingham Bay. The delta is prograding and has extended outward
into the bay, increasing the area of salt marsh intertidal flats. Nutrient uptake and cycling
capacity of the highly productive tidal flat habitats has likely increased compared to historical
conditions. Loss of tidal exchange due to dikes and tide gates has resulted in the loss of
estuarine habitat on the landward side of these features. Ecology’s Water Quality Assessment
(2004 303(d)) designates the Nooksack River delta and Fort Bellingham reaches as Category
1 (meets tested standards) for fecal coliform and a water of concern (303(d) category 2) for
dissolved oxygen.
Bacterial contamination has been documented in parts of Chuckanut Bay. The Bay has been
closed to shellfish harvest since 1994 when tests showed high counts of fecal coliform
bacteria.
14.1.4.3 Sediment Transport
Process Intensive Areas
Littoral drift in the Bellingham Bay WMU is largely restricted to the shores with glacially
derived deposits at the surface. This is due to the fact that shores with bedrock geology
contribute insignificant quantities of sediment to the nearshore, therefore resulting in
relatively negligible littoral drift. Additional shores have been modified and filled with
anthropogenic material, further reducing available sediment for the net shore-drift system.
Within the Bellingham Bay WMU there is only one shore reach with surficial geology of
glacial origin, the Fort Bellingham reach. The Fort Bellingham shore reach is comprised of
one entire drift cell (cell 22, WH-5-22), which exhibits northwesterly drift. This drift cell
originates west of the Bellingham Cold Storage and Mount Baker Plywood fill area, and
continues northwest along the natural shoreline to the eastern portion of the Nooksack River
Delta.
Indicators and Response of Alterations
Generally, there are two different kinds of nearshore alterations that can have deleterious
effects on coastal processes; these include obstructions to net shore-drift and sediment source
impoundment (e.g. bulkheads). In the Bellingham Bay WMU nearshore a total of one
hundred fourteen groins and piers (including Squalicum Marina), and twenty-one jetties were
mapped in the study area. Several of these modifications are found within regions of
negligible nearshore drift, however the affects on other nearshore processes can be
substantial. Only two piers are found within the geomorphically active Fort Bellingham
reach. Alterations to nearshore processes caused by the piers include wave attenuation
resulting in decreased longshore currents thus causing sediments to fall out of suspension.
This has likely lead to the accumulation of considerable sediment surrounding the cement
plant pier.
Obstructions to sediment transport, such as groins and jetties, are typically intended to control
erosion by trapping sediment on the up-drift side of the structure. However, they commonly
exacerbate erosion down-drift as sediment is prevented from reaching down-drift shores. The
loss of beach material can lead to beach lowering, sediment coarsening thus leading to habitat
degradation. Adjacent beaches can also be impacted by these structures due to waves
refracting around the groin or jetty, which can result in an erosion hot spot.
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Sediment impoundment within the Bellingham Bay WMU is considerable; however in the
geomorphically active Fort Bellingham reach it is limited to 21percent of the shore reach.
Riprap and concrete debris are present along the bluff toe in these areas. These structures
result in slowed rate of sediment into the nearshore system and can cause waves to reflect and
refract, indirectly exacerbating erosion near the ends of the protective structure, and possibly
waterward of structures.
14.1.4.4 Heat/Light
Process Intensive Areas
The extensive shallow flats within Bellingham Bay are high light environments that also
warm rapidly in the spring and can experience relatively high temperatures during the
summer. These areas are potentially very productive habitats due to high light levels and
warm water temperatures. However, high heat can also adversely affect some marine
organisms such as surf smelt that are susceptible to thermal stress and desiccation. Surf smelt
spawn in summer when warmer weather and higher light level can create undesirable
temperature and moisture conditions for these fish and other intertidal spawners. Historical
data from summer beach surveys showed that beaches without terrestrial shoreline vegetation
(which provides shade) had significantly lower proportions of live smelt embryos (Rice
2006).
Indicators and Response to Alterations
Extensive overwater structures along the Fort Bellingham reach could reduce light levels and
reduce eelgrass growth, and the density and extent of eelgrass beds.
Where shoreline development displaces overhanging riparian vegetation adjacent to the upper
intertidal zone, which reduces shading and therefore habitat quality for forage fish spawning.
This is particularly important along the Fort Bellingham reach.
Shoreline structures that affect circulation, especially in the shallow waters of Bellingham
Bay, can potentially lead to areas of locally elevated temperatures that can negatively impact
juvenile salmonids and other organisms (Brown 2005). Tidal and distributary channels
provide cooler temperature refuges for juvenile salmon, especially during low tide. Because
the Nooksack Delta has developed relatively recently, channel complexity is not highly
developed. Therefore, the reduction in these habitat areas on the Nooksack Delta due to
diking and draining of the estuarine floodplain is critically important. Wetland alterations, as
well as the elimination of LWD inputs, have resulted in warmer temperatures overall and a
lack of deeper, cooler-water refuges.

14.2 SHORELINE REACH-SCALE INVENTORY – FRESHWATER
Chuckanut Creek upstream of the Bellingham city limits is the only inventoried freshwater
shoreline in the Bellingham Bay WMU (Figure 14-11). The jurisdictional extent of
Chuckanut Creek in Whatcom County includes one reach of approximately 0.04 mile, or 200
feet. Maps depicting key features of the freshwater shorelines in this WMU are provided in
the MAP FOLIO.
Link to Bellingham Bay reach MAP FOLIO
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14.2.1 Chuckanut Creek
14.2.1.1 Built Environment
Existing land use and zoning along Chuckanut Creek is low density (5-acre lots) rural
residential. There are no bridge crossings or utilities in Chuckanut Creek. Lake Samish Road
parallels the left bank of the stream. There is no public access to the reach, but the northeast
corner of the Chuckanut Mountain Recreation Area is located across Lake Samish Road from
the stream. The stream reach has one diversion.
The Pat Mitchell Log House, a Whatcom County Historic Register site, is located in the
vicinity of the shoreline.
Regulated critical areas in the Chuckanut Creek shoreline include critical aquifer recharge
area, wetlands, urban natural open space, and seismic hazard areas.
The Ecology (2004) 303(d) list does not designate Chuckanut Creek for water quality
violations in the inventoried reach. However, a downstream reach is listed as impaired
(303(d) category 5) for dissolved oxygen and fecal coliform and a water of concern (303(d)
category 2) for temperature and pH.

Figure 14-11. Chuckanut Creek Shoreline Inventory Reach
(shaded area is City of Bellingham)

Under existing zoning and comprehensive plan land use designations, future development in
the inventoried reach is not likely to change significantly.
14.2.1.2 Riparian Conditions
The right shoreline contains a house and associated landscaping with a few medium-sized and
large trees. The left bank is a dense stand of medium-sized hardwoods bordered by Lake
Samish Road. LWD recruitment potential is low on the right bank and moderate on the left
bank. The stream appears to be well-shaded in this reach.
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14.2.1.3 Instream Conditions
SSHIAP data indicated that Chuckanut Creek has a 2 to 4 percent gradient and is confined,
although the historic valley morphology appears to be unconfined. Pictometry analysis
indicated that the reach gradient is 1.6 percent. The reach gradient indicates the potential for a
plane-bed channel, and LWD may be necessary to force habitat creation. No observational or
modeling data are available regarding instream habitat in this reach.
14.2.1.4 Biological Resources
Salmonids
According to the 2005 Salmon Recovery Plan, coho, and chum salmon, steelhead and
cutthroat trout, and native char use Chuckanut Creek (Nooksack Natural Resources et al.
2005). The upper reaches (within county jurisdiction) are presumed/potential habitat for those
species. Chum and coho salmon are known to spawn in Chuckanut Creek. Coho salmon
rearing occurs primarily downstream of the County’s jurisdictional shoreline, but may occur
to a limited extent in the inventoried reach. The stream is not known to be used by pink,
sockeye, or rainbow trout.
Other Aquatic and Terrestrial Species
No priority habitats or non-salmonid habitat conservation areas were identified in the
inventoried reach of Chuckanut Creek (WDFW 2004).
Non-native and Invasive Species
No non-native or invasive species were identified in existing literature sources for the
inventoried reach of Chuckanut Creek.

14.3 SHORELINE REACH-SCALE INVENTORY – NEARSHORE
The marine shoreline was inventoried in two reaches: Fort Bellingham and Chuckanut
(Figure 14-12). The remaining portions of the marine shore are within the City of
Bellingham’s jurisdiction and not included in this inventory.
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Figure 14-12. Bellingham Bay Marine Inventory Reaches

The maps depicting key physical and biological attributes of the Bellingham Bay nearshore
reaches are provided in the MAP FOLIO.
Link to Forth Bellingham marine reach MAP FOLIO

Link to Chuckanut marine reach MAP FOLIO

14.3.1.1 Built Environment
The Fort Bellingham reach is bordered by the City of Bellingham and its UGA on the east.
The reach is a mix of single-family residential (0.25 to 3-acre lots), multi-family residential,
park land, and industrial/commercial development (concrete plant and fish processing). The
Chuckanut reach is mostly developed single-family residential (0.25 to 2-acre lots) on the
north end. The western point is undeveloped forested land. The south end is less dense singlefamily residential (5 to 10-acre lots), park land associated with Larrabee State Park, and
undeveloped forested land.
The Fort Bellingham reach is a mix of grassland and forest that is approximately 8 percent
developed. The Chuckanut reach is predominantly forested. Zoning designations for the Fort
Bellingham reach are Rural Residential on the west, and Urban Residential, Heavy Industrial,
and Recreation. The Chuckanut reach is zoned Rural Residential and Recreation.
The Burlington Northern Railroad parallels the shoreline in the Fort Bellingham reach and a
wastewater outfall is located in that reach. The Burlington Northern Railroad also parallels
the Chuckanut reach along with Yacht Club Road. A wastewater treatment plant is also
located in the Chuckanut Reach.
Locust Road and Little Squalicum Beach provide public access to the Fort Bellingham reach.
Access to Chuckanut reach is provided at Chuckanut Bay, Governors Point, Wildcat Cove,
and Larrabee State Park. There are no sites along the Bellingham Bay shorelines listed on the
state or national registers of historic places. Generally, areas along marine shorelines,
specifically along bays and harbors, have a high probability for archaeological resources
Regulated critical areas along the Bellingham Bay reaches include aquifer recharge potential
and wetlands in all reaches. Mapped habitat conservation areas include bald eagle areas in all
reaches; waterfowl concentrations in the Fort Bellingham reach; harbor seal and peregrine
falcon areas in the Chuckanut reach; and eelgrass beds in the Fort Bellingham and Chuckanut
reaches. Commercial and recreational shellfish areas are located in the Chuckanut reach.
Spawning areas for forage fish are located in the Fort Bellingham (sandlance and smelt) and
Chuckanut reaches (herring). Priority species areas are mapped in the Fort Bellingham and
Chuckanut reaches and habitats and species of local importance are mapped in the Chuckanut
reach. Geologically hazardous areas include landslide hazard in the Fort Bellingham and
Chuckanut reaches, and marine landslide hazards in the Fort Bellingham reach.
Shoreline modifications along the Fort Bellingham marine reach include bulkheads
(21 percent), an over-water structure, and approximately one jetty per mile. Approximately
15 percent of the Chuckanut marine reach has bulkheads. There are nineteen over-water
structures (three per mile) in this reach and some residential properties also have private
docks or piers.
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Ecology’s Facility Site database indicates that there are six hazardous materials sites located
in the vicinity of the Fort Bellingham reach and two sites in the Chuckanut reach. These are
associated with properties having underground storage tanks (USTs) and
commercial/industrial properties that are hazardous material generators.
The 2004 Ecology Water Quality Assessment (303d list) designates Bellingham Bay in the
vicinity of the Nooksack River Delta and Fort Bellingham marine reaches as Category 1
(meets tested standards) for fecal coliform, temperature and pH, and a water of concern
(303(d) category 2) for dissolved oxygen.
Future development along the Bellingham Bay marine reaches could increase the density and
intensity of land uses in the future. Portions of the Fort Bellingham reach are within the City
of Bellingham UGA and will likely develop more intensively. The Chuckanut reach is
designated as a suburban enclave and as Public-Recreation.
14.3.1.2 Physical Environment – Fort Bellingham
The Fort Bellingham shore reach encompasses all of drift cell 22 (WH-5-22), exhibiting
northerly transport from Squalicum Creek to the Nooksack River Delta. Sediment is delivered
to the nearshore from feeder bluffs (Bauer 1974 mapping), which account for approximately
60 percent of the shore reach. Erosive bluffs are more concentrated in the southern and
central portion of the cell, where the high relief shores are exposed to deeper water and more
wave energy. Beach material is predominantly composed of sand (80.3 percent) with smaller
quantities of mixed fines (14.3 percent) and a trace of mud (3.3 percent) and mixed coarse
sediment (1.2 percent) (Ecology 1979). The abundant fine beach sediment in this reach is
likely due to the reach’s close proximity to the Nooksack River Delta and sand derived from
the river. Accretionary beaches are more common moving northwest, where the nearshore
experiences less wave energy and is under greater fluvial influence from the Nooksack River
and the drift cell terminates. Accretion shoreforms in the Fort Bellingham together account
for approximately 19 percent of the shore reach.
A typical nearshore profile in this reach is comprised of a 60 to 80 foot high bluff with
deciduous trees and shrubs and a few signs of active erosion, such as toe erosion or
landslides. Invasive species are relatively abundant in the marine riparian ecotone. Moving
north, driftwood accumulates in abundance, evidence of northerly drift and likely a partial a
relict of the Bellingham forest products industry, and also due to proximity to the river
mouth. A small storm berm is likely to occur in the uppermost beach. Beachface material is
largely composed of sand, and finer sediment moving down the beach profile to the low tide
terrace. Extensive sand and mud flats extend from these high relief shores.
14.3.1.3 Biological Resources – Fort Bellingham
Shoreline vegetation consists of scattered patches of salt marsh extending along the fringes of
the Nooksack Delta, and scattered and patchy eelgrass beds. Marine riparian vegetation is
limited due to shoreline development, railroad embankments adjacent to the shoreline, and
shoreline modifications (bulkheads and jetties). Surf smelt and Pacific sand lance spawning
areas are mapped along this reach west of the Squalicum Waterway in the vicinity of
Bancroft Road and Bennett Drive. A Bald eagle habitat conservation area associated
primarily with the Nooksack Delta extends into the western portion of this reach.
14.3.1.4 Physical Environment – Chuckanut
The physical environment of the Chuckanut shore reach is substantially less dynamic due to
the bedrock substrate and less exposed conditions relative to other shore reaches in Whatcom
County. Net shore-drift is negligible and the sediment that does make up beach material is
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predominantly bedrock (25.7 percent) followed by mixed fines (24.3 percent), boulders
(16.1 percent), mixed coarse material (9.7 percent), and artificial substrate (8.9 percent)
(Ecology 1979) likely related to the Burlington Northern Santa Fe railway revetment.
Geomorphic mapping in this reach applied a very coarse filter that overlooked small-scale
features including several pocket beaches with low elevation backshore areas in Chuckanut
Bay, most notably near stream mouths. A few intact feeder bluffs that deliver sediment to the
nearshore are also found in this region, accounting for approximately 5 percent of the shore
reach. The presence of the Burlington Northern Santa Fe railway revetment and causeways
have eliminated sediment sources throughout much of this reach. Landslide scarps are visible
throughout the impounded backshore, such that the railway has likely resulted in considerable
reduction in nearshore sediment throughout the reach.
A typical nearshore profile of the beaches within the Chuckanut Bay reach consists of a
moderately high relief bedrock cliff, with mixed conifer marine riparian vegetation. The
Burlington Northern Santa Fe railway typically extends across the lower backshore and upper
foreshore with riprap often toppled onto the remaining beach. The middle beachface is
typically composed of sand and gravel atop and between exposures of Chuckanut sandstone.
The low tide terrace is typically composed of finer sediments such as mixed fines and sand.
In some cases the railway was constructed so far waterward that no foreshore remains beyond
the revetment. In other locations, Chuckanut Sandstone exposures create a high relief shore
with minimal wave cut terraces and no beach sediment, with a dramatic drop off into deeper
water.
14.3.1.5 Biological Resources – Chuckanut
Shoreline vegetation in this reach consists of a small area of salt marsh at the mouth of
Chuckanut Creek and thin bands of eelgrass extending from the north end of the bay to
Pleasant Bay. Wildcat Cove contains a small patch of eelgrass. Scattered areas of kelp and
Sargassum occur along Clark’s Point and along Governor’s Point south to the County
boundary. Marine riparian vegetation is relatively intact, with the exception of areas where
the railroad revetment and causeways preclude riparian vegetation.
Herring spawning occurs in the vicinity of larger patches of eelgrass. Habitat conservation
areas are mapped for bald eagle, peregrine falcon, and harbor seal. Recreational and
commercial shellfish beds are mapped in Mud Bay (northern Chuckanut Bay), but these areas
are closed due to bacterial contamination.

14.4 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating
SEDs.

14.4.1 Landscape-scale Restoration and Conservation
Freshwater
Infiltration/recharge and groundwater mechanisms are highly impaired in most of the WMU,
but there are opportunities to preserve and protect existing infiltration and recharge areas in
the upper Chuckanut and Padden Creek drainages. Protecting the remaining wetlands should
be emphasized.
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Nearshore
Alterations to nearshore processes in the Bellingham Bay WMU are largely related to
anthropogenic structures, which are known to alter longshore sediment transport and
deposition. The Burlington Northern Santa Fe railway revetment precludes sediment input
and has caused dramatic reduction sin nearshore area in significant portions of all Bellingham
Bay reaches. Response to these alterations can be seen in altered littoral drift, greatly reduced
beach width, sediment starved beaches, beach lowering and coarsening, and down-drift
erosion control problems resulting from the depleted sediment supply. Full restoration of
these processes is only possible by removing the structures, restoring tidal circulation and the
natural geohydraulic regime of the nearshore. Constructing additional structures that will
impound sediment sources should be prohibited due to the dramatic reduction in nearshore
sediment and to assure that further degradation of nearshore resources does not occur.
Creation of nourished beaches where feasible should be a restoration goal. Conservation of
intact sediment sources should be a priority.
Continued management of pathogen sources is needed to improve conditions in Chuckanut Bay.

14.4.2 Reach-scale Restoration and Conservation
Freshwater
Restoration potential is limited in the Chuckanut Creek because the reach is so short. Shade
and LWD recruitment potential seem to be relatively intact in the county-regulated reach, but
there may be isolated opportunities to enhance riparian areas or instream habitat.
Nearshore
Reach-scale nearshore restoration in the Fort Bellingham reach should be focused on
removing structures wherever possible and providing overhanging vegetation to upper shade
intertidal habitats. Specific opportunities include removing concrete rubble and riprap along
the base of bluffs and the derelict (creosoted wood) cement plant pier. Restoring the Little
Squalicum Creek mouth/estuary and the armored shore around portions of the Mount Baker
Plywood area would provide habitat improvements. A very straightforward opportunity exists
in removing abundant wood debris smothering nearshore sediments along the Cliffside
community beach in the northwest portion of the reach. Similarly, evaluating removal of
wood waste/LWD from backshore marshes where it is likely causing disturbance and
reducing primary productivity of coastal wetlands should be carried out. Removal of
abundant invasive species in the marine riparian area, perhaps starting with an education
effort, would improve conditions.
Conservation in the Fort Bellingham reach should include conservation of remaining feeder
bluffs, intact coastal wetlands and marine riparian areas.
Restoration opportunities in the Chuckanut Bay reach include major and small projects.
Removal of the Burlington Northern railway and revetment would uncover large beach areas
and allow for major restoration of bay shores and the limited sediment transport that occurred
pre-revetment, including uncovering the toe of rocky cliff areas. Without railway revetment
removal, performing beach nourishment along some portions of the sediment-starved beaches
would partially mitigate for the railway revetment.
Conservation opportunities in the Chuckanut Bay reach include protecting intact coastal
wetlands and remaining limited sediment sources for bay beaches. Preventing future
construction of overwater structures would preserve the nearshore habitat qualities.
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14.4.3 Preliminary SED Recommendations
A Rural designation is recommended for the portion of Chuckanut Creek in Whatcom
County, which is consistent with the existing designation.
Table 14 1. Preliminary SED Recommendations, Bellingham Bay WMU, Nearshorea
Reach

Fort
Bellingham
Mrn_21

Existing SEDs

Conservancy

Recommended SEDs

Shoreline Residential/
Conservancy (Water ward of
top of bluff)/ Shoreline
Residential/Urban
Conservancy (Split at top of
bluff)
Urban
Shoreline Residential (UR4)

Comment

Mostly moderate to high density
residential, some commercial. Some
impairment of functions from
shoreline modifications – BNRR
railroad, bulkheads. Some water
quality impairment (low DO).
Shoreline Residential/Urban
Conservancy parallel designation
within Bellingham UGA.
Surf smelt spawning, sand lance,
spawning some eelgrass, waterfowl
and bald eagle. Pocket estuary at
Squalicum Creek.

Chuckanut
Mrn_24

Conservancy,
Rural

Parallel where RR next to
water = Conservancy/Shoreline
Residential (RR2)
Shoreline Residential
Conservancy (Governor’s Pt to
County line)
Natural (Chuckanut Island)

a

14-14

Mix of rural residential (moderate to
low density), undeveloped forest land.
Some shoreline modification – BNSF
RR, road along shoreline; bulkheads
and overwater structures. Functions
largely intact – eelgrass, herring
spawning, shellfish beds, marsh/pocket
estuary at Chuckanut Creek and at
south end of Chuckanut Bay.

All areas below OHWM are designated Aquatic
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15. LUMMI BAY WMU
The Lummi Bay WMU is a coastal WMU located generally between the Birch Bay and
Nooksack / Silver Delta WMUs. It encompasses the portion of the marine shoreline from just
north of Neptune Beach to Gooseberry Point on the Lummi Peninsula including Lummi Bay
and Sandy Point. The Nooksack River forms part of the eastern boundary of the WMU as it
passes through Ferndale and heads downstream toward Marietta. However, the downstream
end of the river and the southeast portions of the Lummi Peninsula are not part of the Lummi
Bay WMU.
The Lummi Bay WMU has an area of approximately 27 square miles acres, nearly all of
which is within the Lummi Indian Reservation and generally under the jurisdiction of the
Lummi Nation, not Whatcom County (excepting fee lands). The WMU contains the Lummi
River (Red River) and other smaller drainages that flow directly into the bay 4.

15.1 LANDSCAPE ANALYSIS
The Lummi Bay WMU is delineated as a WMU for purposes of describing processes and
alterations. These processes and alterations play a significant role in determining habitat
structure and ecological functions in the WMU. However, the Lummi River is a distributary
of the Nooksack River, and the total contributing area of Lummi Bay includes the entire
Nooksack drainage upstream of the Lummi River. Processes and alterations in these
contributing WMUs exert influence on the Lummi River and Bay. Processes and alterations
affecting habitat structure and ecological functions of wetlands, lakes, Lummi River
tributaries and streams draining directly to Lummi Bay are emphasized in this section.

15.1.1 Aquatic Resources
The primary aquatic resources of interest in this WMU are Lummi Bay, the Lummi River and
estuary, and distributary channels of the delta. There are numerous tributaries to the Lummi
River including Jordan Creek, several small streams that drain directly to the Strait of
Georgia or Lummi Bay and extensive wetlands including some open water wetlands/ponds.
Concentrations of wetlands occur on Sandy Point and in the vicinity of the distributary
channels (Map 15-1).

15.1.2 Process Controls
15.1.2.1 Geology
Surficial geology in the Lummi Bay WMU is dominated by alluvium deposited on the
Nooksack delta, for which the Lummi River historically was the primary distributary. This
large swath of alluvium extends to the current Nooksack River distributary channels and
isolates marine terrace and other drift deposits that characterize the Lummi Peninsula. To the
north, marine drift deposits bound the river alluvium. Both regions of fine-grained drift
deposits contain zones that have been covered in a thin sand lens that was deposited as a
result of dropping sea level.
Sandy Point is exclusively composed of Holocene beach deposits overlying delta deposits,
creating a liquefaction hazard during seismic events. Quaternary beach deposits are found
throughout much of the low elevation shores of Whatcom County and the Lummi Indian
4

Portions of the WMU border the right bank of the lower Nooksack/Silver Creek WMU. The shoreline
of the Nooksack River may be referenced in this Chapter in as much as it influences the Lummi Bay
WMU, but discussion of the Nooksack River itself can be found in Chapter 11.
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Reservation. This large accretion shoreform also historically included a large coastal marsh
complex.
Just east of Sandy Point, underlying geology at the south-facing headland is predominantly
emergence (beach) deposits, largely consisting of reworked Everson glaciomarine drift. This
geologic unit is comprised of loose, moderately to well-sorted gravel and sand and local
boulders and fine to medium sand (Lapen 2000). A band of glacial outwash occurs on either
side of a large quaternary alluvial deposit across the Lummi River valley. Glacial outwash
deposits are considerably more extensive east of the Lummi River. South of the Lummi River
Valley along the western shore of the Lummi Peninsula, surface geology is predominantly
composed of Bellingham Drift or glaciomarine drift from the Everson Interstade in the
Pleistocene epoch (roughly 11,300 to 13,500 years ago). Near Smokehouse Road on the
western shore of the Lummi Peninsula, emergence beach deposits reappear in the surface
geology for a short 1,900 ft alongshore.

15.1.3 Topography/Bathymetry
Low relief characterizes much of the Lummi Bay WMU and lowland elevations are typically
within 20 feet of sea level. Elevation and gradient increase to the north where glaciomarine
deposits reach maximum elevations of 320 feet, and on the Lummi Peninsula where
glaciomarine deposits reach elevations of up to 180 ft msl. The steepest gradients generally
occur along the alluvium-terrace transition and are as steep as 14 percent near Ferndale.
Bathymetry of the Lummi Bay WMU can be characterized as having extensive mud and sand
flats with broad shallow areas (less than 8 to 10 fathoms or 48 to 60 feet) that extend far
offshore (up to 2.25 miles). Sand and mudflats extend throughout the shoreline from Sandy
Point to Smokehouse Road. These areas are from the former delta deposits of the Nooksack
River. The deepest water observed within the study area is found at the entrance to Hale
Passage, and measures 10 fathoms in depth (60 feet).
15.1.3.1 Climate
The Lummi Bay WMU averages between 35 and 45 inches of precipitation annually. About
75 percent of the precipitation falls in the form of rain from October to April, with November
to January being the wettest months on average.
Shores within the WMU are considerably exposed to the northwest, excluding the excavated
Sandy Point Marina Basin, West Lummi Bay, and the Lummi River Delta reaches, which are
all fairly sheltered. Exposed reaches include Sandy Point and Gooseberry Point reaches
which have maximum measured fetch of 119 miles from the northwest in the Strait of
Georgia. Sheltered reaches have their greatest fetch from the south or southeast. The greatest
fetch from the south measures 10.2 miles. The considerable fetch from the Sandy Point and
Gooseberry Point reaches makes them vulnerable to wind waves during prevailing
northwesterly summer winds. Infrequent severe winter windstorms can also originate from
the northwest, such as in December 2000. Shores with fetch from the south are exposed to
predominant winter storm conditions and the associated wind waves. Storms that occur
during high water typically cause wave-induced erosion (bluff toe erosion), which often has a
destabilizing effect on local bluffs.
15.1.3.2 Land Use/Land Cover
The City of Ferndale, which lies in the northeastern corner of the WMU (and extends beyond
the WMU boundary), accounts for most of the urbanization in the WMU. Ferndale is
surrounded by till agriculture on the productive alluvial deposits and pasture on the marine
terraces. The Lummi Peninsula remains primarily forested (with some residential
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development), as does a large tract to the north of Lummi Bay. However, this latter forested
area does not extend to the shoreline, which is dominated by high-density rural residential
and industrial development. The Sandy Point Peninsula is densely developed for residential
uses.

15.1.4 Landscape Processes, Alterations, and Responses – Freshwater
This section inventories freshwater process-intensive areas, areas where processes have been
altered, and responses to process alterations noted in the literature. This is intended as a brief
overview since there are no freshwater shorelines in this WMU. The process-intensive areas
and areas of alteration were identified based on GIS overlays using the approach described in
Section 2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE
MAP FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the nearshore
characterization and the reach inventory data to identify restoration and protection
opportunities and will be integrated with SMP planning.
Link to Lummi Bay landscape MAP FOLIO

15.1.4.1 Hydrology
Process-intensive Areas
The alluvial deposits associated with the Nooksack/Lummi River floodplain are intensive
areas for hydrology as well as other processes (Map 15-2). The floodplain supports hyporheic
and surface water storage mechanisms, and depressional areas on the floodplain facilitate
these mechanisms to an even greater extent.
Surficial deposits to the north of the floodplain in the Jordan Creek drainage and eastern
Sandy Point drainages have a few areas of intensive infiltration/recharge and numerous
depressional areas that facilitate surface water storage. In addition sand lenses in this region
likely establish a gradient that transports subsurface water south to recharge the discontinuous
surficial aquifer associated with the Lummi River floodplain.
Process controls (geology, landform) on the Lummi Peninsula are generally not as conducive
to intensive hydrologic function as the aforementioned areas, and the dearth of aquatic
resources on the Peninsula limits the potential influence of processes. However, the area
around Gooseberry Point is an intensive area for infiltration and recharge.
Indicators of Alteration
The City of Ferndale appears for the most part to be developed on areas with low processintensity (Map 15-3). However, the southern portion of the urbanized areas appears to extend
into the historic Lummi/Nooksack floodplain. It appears the City has room to grow to the
west into areas that would not further impact process-intensive areas.
Agricultural areas in the Jordan Creek drainage and on the Lummi River floodplain have
experienced significant channelization and ditching that impair wetland functions and storage
potential. Indeed, many of these areas no longer function as wetlands, indicating substantial
degradation of the hydrologic process (Map 15-4).
In general, loss of storage areas may have more of an effect on hydrologic processes in this
WMU than impervious development, since the impervious areas generally do not occur on
highly infiltrative soils. Nevertheless, the loss of forest cover still reduces natural
infiltration/recharge potential.
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Groundwater consumption does not appear to be as prevalent in the Lummi Bay WMU
compared to other WMUs where shallow groundwater is more accessible. However,
groundwater supports the largely non-Indian residential development along Georgia Strait
and the Sandy Point Peninsula and there have been conflicts with tribal members over this
water use for 30 years.
Groundwater that is extracted is extracted from deeper regional aquifers. The extent of
surface water consumption to support land uses is not known, but agricultural land uses
suggest that potentially significant volumes of water are used.
The largest influence on hydrology is the permanent diversion of low flow discharge of the
Nooksack River to Bellingham Bay. Historically, the Nooksack River flowed (alternately or
simultaneously) to both Lummi and Bellingham bays (effectively making the Lummi
Peninsula an “island”). Before 1860, the Nooksack River discharged primarily into Lummi
Bay by way of the present Lummi River channel, with smaller distributaries flowing into
Bellingham Bay (WSDC 1960; Deardorff 1992). In 1860, a logjam blocked the Nooksack
River near present-day Ferndale and diverted it to a small stream that flowed into Bellingham
Bay (WSDC 1960). Since that time, considerable effort has been expended to keep the
Nooksack River discharging into Bellingham Bay because of the increased commercial value
of the river that resulted from its proximity to sawmills along Bellingham Bay (Deardorff
1992).Until the early 1900s, the Nooksack River was also the primary transportation corridor
for Ferndale, Deming, and Lynden residents to travel to Bellingham. The stream remaining in
the old channel of the Nooksack River has been called the Lummi River or the Red River
(WSDC 1960).
According to the Lummi Nation Multi Hazard Mitigation Plan (Lummi Nation 2004), a
reclamation project was initiated in the 1920s both to construct a dike/seawall to keep back
the sea along the shore of Lummi Bay and to construct a levee along the west side of the
Nooksack River (Deardorff 1992). This project, which was started in 1926 and completed in
1934, initially resulted in the nearly complete separation of the Lummi River from the
Nooksack River. However, when saltwater intrusion onto the newly reclaimed farmlands and
damage to the dam at the head of the Lummi River occurred during flooding, the dam was
replaced with a dam and spillway structure (Deardorff 1992). This spillway structure was also
damaged over the years during high-flow conditions and was replaced in 1951 by a five-footdiameter culvert that allowed flow from the Nooksack River into the Lummi River. Currently
a four-foot culvert (Deardorff 1992) allows flow to the Lummi River only during relatively
high-flow conditions (approximately 10,000 cfs). Levees were also constructed along the
Lummi River to prevent saltwater from Lummi Bay from flowing onto adjacent farmlands
during higher tides.
The dike and levee construction activities were accompanied by agricultural ditching to drain
fields and wetland areas. Based on 1887/88 topographic surveys, Bortleson et al. (1980)
estimated that wetlands located landward of the general saltwater shoreline in the lower
Lummi River watershed have decreased from approximately 2.0 square miles (mi2) to 0.1
mi2 (approximately 95 percent) over the 1888 to 1973 period.
Response to Alterations
Little information is available regarding changes in peak flow and baseflow in tributaries of
the Lummi River. It is clear, however, that the natural runoff regime has been altered by the
Nooksack River diversion. The Lummi River currently has limited (relative to historic
conditions) freshwater inputs and functions more like a slough dominated by tidal influence
than a river (Smith 2002). Tide-gates and dikes/levees installed to manage the tidal regime
impede access to available aquatic habitat and act in concert with the flow diversion to limit
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habitat potential. Collins and Sheik (2004b) illustrate the loss of habitat using historic
mapping of estuarine, tidal, and freshwater wetlands. The earliest map (c. 1880) shows
extensive emergent and scrub-shrub estuary habitat that extends well past the Lummi River’s
major deltaic distributary channels almost to the Lummi River confluence. Tidally influenced
wetlands extended most of the length of the Lummi River. Today, few estuarine or tidal
habitats remain other than the shallow tide-flats of Lummi Bay. The loss of estuarine habitat
also extends to Sandy Point, which historically was a productive estuary but today contains
little to no estuarine habitat (Collins and Sheik 2004b).
15.1.4.2 Sediment
Process-intensive Areas
The Lummi Bay WMU has very low incidence of intensive, natural sediment sources (Map 15-5).
Historically, most of the sediment delivered to the Lummi estuary originated from the Nooksack
basin and was delivered as suspended load and bed loadvia the Lummi River.
Indicators of Alteration
Disturbance of mass wasting and erosional areas is not a major factor in this WMU
(Map 15-5.5), and most sediment delivered to streams likely originates from high impact land
uses such as till agriculture and urbanization, including roads (Map 15-6). Urbanizing areas
and road density are highest in the Schell drainage and likely increase sediment delivery to
the Lummi River and its tributaries. As noted above, this area has limited potential for
sediment storage via depressional areas except on the Nooksack/Lummi floodplain onto
which the Lummi River flows near its mouth.
Storage areas in the Jordan Creek drainage and on the Lummi floodplain have been highly
altered via land use, but till agriculture on the floodplain is more likely to increase sediment
inputs than the mostly pastural land cover in upper Jordan Creek.
The most significant alteration to the sediment process is the Nooksack River diversion to
Bellingham Bay, which has reduced delivery of suspended sediment load to the Lummi
estuary.
Response to Alterations
The response to lost sediment supply on the Lummi estuary likely contributes to and
exacerbates the loss of estuarine and tidal habitat described in the hydrology section above
and in the marine processes description below. Information regarding the response to altered
sediment mechanisms in the Lummi River tributaries such as Jordan Creek and the Lummi
River is limited.
15.1.4.3 Water Quality
Process-intensive Areas
The depressional wetlands identified above in the hydrology section are also important areas
for nutrient and chemical transformation and cycling (Map 15-7). Potential wetlands perched
on shallow coarse-grained soils in the Jordan Creek drainage present the opportunity for
nutrient and chemical transformation in both surface water and groundwater.
Wetlands on the Lummi River floodplain have a lower potential for nutrient/chemical
transformations, but hyporheic functions in the floodplain are potentially extensive and
provide high potential for nutrient/chemical cycling.
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Indicators of Alteration
Residential development and associated onsite septic systems to the north of the Lummi
River, stretching from Ferndale to Neptune Beach appear to be the primary potential sources
of nutrients and fecal contamination, however a few dairies and agricultural areas are also
present and have been shown to discharge substantial amounts of fecal coliform to water
bodies in this WMU (Map 15-8). The capacity of the landscape to adsorb these contaminants
has likely been limited by the loss of depressional wetlands described in the hydrology
section (see Map 15-4).
On the Lummi River floodplain where potential hyporheic functions provide capacity for
nutrient/chemical uptake and storage, till agriculture is a potential source of nutrient input/
water quality impairment. Channelization of the Lummi River and ditching of sloughs and
wetlands further limit hyporheic function. Although, wetlands on the floodplain are not the
primary intensive areas for the water quality process, the loss of these wetlands likely reduces
water quality function and is an additional indicator of hyporheic impairment.
Response to Alterations
Ecology (2004) reports that water quality in the upper Lummi River is impaired by fecal
coliform contamination, but the data on which this assessment is based is more than a decade
old. The Lummi Water Resources Division collects monthly measurements, which continue
to show elevated fecal coliform levels from many streams where they cross Reservation
boundaries. More recent data suggest that pH and dissolved oxygen in the Lummi River
downstream of Ferndale are areas of concern.
Conditions of shellfish areas also indicate potential responses to landscape-scale water quality
alterations. A portion of the west side of the Sandy Point Peninsula near a treatment plant
outfall is closed to shellfish harvest (DOH 2005b). DOH has listed part of Lummi Bay as
threatened (DOH 2005a).
15.1.4.4 Organic Inputs
Process-intensive Areas
Riparian areas are the primary process-intensive areas for wood recruitment because hillslope
sources are not a major contributor of organic material within the Lummi Bay WMU (Map 15-9).
Indicators of Alteration
LWD recruitment potential data are not available for the Lummi River or other streams in this
WMU. However, potential for recruitment can be inferred from land use information and
forest cover. Urban, agricultural, and residential development in this watershed have reduced
riparian cover and altered the composition of existing riparian forests such that most of the
streams likely have moderate to low recruitment potential. Most of the forest cover is
deciduous, so recruitment potential is likely considerably diminished from historic levels
(Map 15-10).
Response to Alterations
No instream LWD density information is available for the Lummi River or its tributaries.
15.1.4.5 Heat/Light Inputs
Process-intensive Areas
Heat and light processes in the WMU are largely a function of riparian conditions so processintensive areas are the same as described above for LWD recruitment.
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Indicators of Alteration
The reduction in forest cover in this WMU suggests that canopy cover is altered.
Response to Alterations
Information regarding stream temperatures in Lummi Bay WMU streams was not found.

15.1.5 Landscape Processes, Alterations, and Responses – Nearshore
This section inventories nearshore process-intensive areas, areas where processes have been
altered, and responses to process alterations. The landscape characterization provided below
will be used in conjunction with the freshwater characterization and the reach inventory data
to identify restoration and protection opportunities and will be integrated with SMP planning.
15.1.5.1 Circulation
Process Intensive Areas
Surface water currents in the Lummi Bay WMU generally flow north around the north end of
Lummi Island and through Hale Passage then northeast into Lummi Bay during the flooding
tide. Ebb tidal flow travels south-southeast from Sandy Point around the west shore of
Lummi Island and south-south west out of Lummi Bay into Hale Passage, and continue out
Bellingham Channel and Rosario Strait.
The strongest currents appear to be adjacent to the Sandy Point Peninsula and in Hale Passage
near Gooseberry Point (Canadian Hydrographic Survey 1999). The weakest currents appear
to be in the northwest corner of Lummi Bay.
Indicators and Response of Alterations
Alterations to circulation within the Lummi Bay WMU are numerous and their effects are
substantial. The Sandy Point Marina Basin is an artificial area that was dredged in the late
1950s and throughout the 1960s. The area was extensive marsh prior to then. Substantial
volumes of fill were placed on the uplands of Sandy Point to increase the elevation during
this time period, including raising the dike along the east shore of Sandy Point. The Nooksack
River was diverted out of the Lummi River channel in the 1860s, tremendously reducing flow
into the Lummi River and Lummi Bay. Tide gates and several relict dikes are present near the
south end of the Lummi River Delta, blocking fish access to the delta. A very large
revetment/causeway was constructed to enclose the approximately 750-acre Lummi Seapond
aquaculture (shellfish) facility in the 1970s. This structure extends approximately 1.4 miles
across and has taken approximately 1.3 miles of shore out of the marine system, equivalent to
almost half of the width of the delta. The Lummi Island ferry terminal at Gooseberry Point
and the two adjacent piers extend over the intertidal and into the subtidal on pilings. The
outer dock areas appear to be dredged, reducing eelgrass cover, but there are no fill areas.
15.1.5.2 Nutrient Dynamics
Process Intensive Areas
Historically, the extensive freshwater and estuarine wetlands associated with the
Nooksack/Lummi River delta would have been the location of significant nutrient retention
and cycling. The forested, scrub-shrub, and emergent wetlands would have exported large
amounts of organic matter to the nearshore environment, providing nutrients and detritus for
marine food webs.
The shallow tidal flats within Lummi Bay, with high light levels and relatively warm
temperatures have high rates of nutrient uptake to support the growth of algae and eelgrass. In
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addition, shallow flats in this region are areas of tight coupling in terms of nutrient cycling
between the water column and benthic invertebrates and microbial communities.
Indicators and Response to Alterations
Most of this shoreline is not highly developed and an increase in nutrient inputs does not
appear to be a factor in this reach. In addition, freshwater discharge with accumulated
nutrients from the upland watershed is greatly reduced compared to historical conditions,
suggesting that nutrient inputs from fluvial sources are lower than historical levels. The major
process alteration affecting nutrient dynamics in this reach is the loss of freshwater and
estuarine wetland habitats that provide nutrient retention, cycling, and/or uptake functions.
Filling of coastal wetlands at Sandy Point and in the Sandy Point drainage have reduced the
capacity of these wetlands to process and retain nutrients. Dikes and revetments in Lummi
Bay prevent tidal exchange and therefore limit sediment and nutrient transport and exchange
between wetlands, tidal flats and marine waters. The large revetment that encloses a portion
of the bay and closes off a large portion from dynamic water, nutrient, and sediment
exchange creates more stable water conditions within the enclosure and potentially greater
concentrations of nutrients and/or pathogens.
Sediment inputs to Lummi Bay have been greatly reduced due to the change in location of the
Nooksack mouth to Bellingham Bay. The Lummi Delta is no longer prograding, is reduced in
area, and over time, the gradual erosion of deltaic sediments could lead to a deepening of the
bay. This could result in a loss of the nutrient uptake and cycling capacity of the highly
productive tidal flat and eelgrass bed habitats. Loss of tidal exchange due to dikes and tide
gates has resulted in the loss of estuarine habitat on the landward side of these features; an
estimated 80 percent of the estuarine floodplain of the Lummi River was lost by the 1930s
(Brown 2005).
15.1.5.3 Sediment Transport
Process Intensive Areas
Sediment transport in the Lummi Bay WMU consist of seven net shore-drift cells and two
regions of negligible drift. The large accretion shoreform on the Sandy Point Peninsula is the
terminus of a drift cell exhibiting southerly drift from Point Whitehorn. There is no
appreciable drift within the Sandy Point basin. Another cell originates south of the entrance to
the Sandy Point Basin. This cell follows the southern and eastern shores of the Sandy Point
Peninsula exhibiting northerly then easterly transport, and terminates just east of the
northeastern side of Sandy Point. It converges with the cell waterward of a marsh complex
and exhibits westerly transport. From the nearby (unnamed) headland from which the
previous cell originates, another cell exhibiting easterly transport originates. This cell
terminates at the dike and tide gates at the Lummi River estuary. East of this point begins an
extensive region of negligible drift.
Net shore-drift resumes along the eastern shore of the Lummi Peninsula with northerly drift.
South of this cell and a narrow divergent zone marks the origin of a southward cell, which
converges with a cell exhibiting northerly transport at Gooseberry Point, a cuspate foreland.
The cell from the south originates outside the Lummi Bay WMU at the south end of Portage
Island.
Indicators and Response of Alterations
Generally there are two different kinds of nearshore alterations that can have deleterious
effects on coastal processes; these include obstructions to net shore-drift and sediment source
impoundment (e.g. bulkheads). The Sandy Point entrance channel bifurcated what was a
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much longer net shore-drift cell (Bauer 1974; Schwartz 1983, 1986; Johannessen 2002).
Now, most of the coarse sediment is deposited in the vicinity of the entrance channel, causing
the rapid erosion of South Cape on the south side of the spit. Present erosion rates have been
measured at approximately 1 ft/yr to as much as 3 ft/yr (Johannessen and Chase 2003). The
Lummi Bay WMU has three adjacent piers near Gooseberry Point, however these structures
only somewhat diminish sediment transport, causing an artificially wide beach down-drift
(east) of the piers. East of the piers, the accretion rates have been 0.8 to 1.0 ft/yr (Johannessen
and Chase 2003). Apparent dredging and propeller wash have created voids in coverage of
submerged aquatic vegetation around the piers. Sediment impoundment occurs intermittently,
primarily due to residential bulkheads along the west shore of Lummi Peninsula, and also
along Lummi View Drive.
The extensive network of dikes throughout the Lummi Delta/ Lummi Flats has substantially
altered the sediment transport regime in Lummi Bay. The dikes preclude the inundation of
waves throughout the Flats, thus largely eliminating sediment and nutrient transport. The
slowed waters likely result in more static conditions, with fine sediment deposition.
15.1.5.4 Heat/Light
Process Intensive Areas
The extensive shallow flats within Lummi Bay and at the Portage towards the end of the
Gooseberry Point reach are high light environments that also warm rapidly in the spring and
can experience relatively high temperatures during the summer.
Indicators and Response to Alterations
Overwater structures along Sandy Point, Sandy Point Basin, the west end of West Lummi
Bay and at Gooseberry Point could reduce eelgrass growth and reduce the density and extent
of eelgrass beds.
Where shoreline development is extensive (Sandy Point Basin, Sandy Point), lack of riparian
vegetation adjacent to the upper intertidal may reduce shading and therefore habitat quality
for forage fish spawning. This is particularly important along the northern portion of the
Sandy Point reach, where surf smelt spawning occurs.
Shoreline structures that affect circulation, especially in the shallow waters of Lummi Bay,
can potentially lead to areas of locally elevated temperatures that can negatively impact
juvenile salmonids and other organisms (Brown 2005). Tidal and distributary channels
provide cooler temperature refuges for juvenile salmon, especially during low tide. The
reduction in these habitat areas on the Lummi Delta due to diking and draining of the
estuarine floodplain, as well as the elimination of LWD inputs, has resulted in warmer
temperatures overall and a lack of deeper, cooler-water refuges.

15.2 SHORELINE REACH-SCALE INVENTORY – FRESHWATER
Inventoried freshwater shorelines in the Lummi Bay WMU include the Lummi River from
the Nooksack confluence to Lummi Bay. These areas are generally under the jurisdiction of
the Lummi Nation and not subject to the state or County regulation. The mainstem Lummi
River shoreline was inventoried in two reaches totaling approximately 5.14 miles (Reaches 1
and 2). The Lummi River Distributary, which drains a western portion of the WMU, was
inventoried in two reaches totaling approximately 2.52 miles (Reaches 1-2 and 1-3) (Figure
15-11). Most of the Lummi River reaches drain areas on the Lummi Reservation (south of
Slater Road and west of Ferndale Road). The upper portions of Reaches 2 and 1-3 drain areas
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in unincorporated Whatcom County and a small area of the City of Ferndale. Maps depicting
key features of the freshwater shoreline are provided in the MAP FOLIO.
Link to Delta reach MAP FOLIO

Figure 15-11. Freshwater Shoreline Inventory Reach Numbers and Endpoints,
Lummi River

15.2.1 Built Environment
Existing land use along the Lummi River reaches is predominantly agriculture and
undeveloped land. Low-density rural residential and small amounts of commercial
development are present as well. Parcel sizes are generally large (10 to 40acres). Land cover
along the Lummi River reaches is classified as a mix of cultivated fields (21 to 60 percent),
grasslands (12 to 37 percent), and wetlands (11 to 63 percent), with small amounts of
development (1 to 5 percent). Wetlands are most prevalent in the lower reaches of the delta
where the river and distributaries discharge to Lummi Bay. Whatcom County zoning and
future land use designations for the Lummi River reaches (including areas inside the Lummi
Reservation) are predominantly Agriculture (89 to 100 percent). Small areas are designated
Rural (one unit per 5-acres) and Neighborhood Commercial. The upper portions of Reach 2
near the City of Ferndale include Urban Residential (three units per acre) and land in the City
of Ferndale.
Transportation facilities are largely limited to roads serving residential and agricultural uses.
There are five bridge crossings in Reach 2. North Red River Road and South Red River Road
parallel both banks in the lower portion of Reach 2. There are three overhead powerline
crossings, three water supply line crossings, a natural gas pipeline crossing, and a finished
fuel pipeline crossing in Reach 2.
There are no developed public access or recreational areas along the Lummi River reaches.
There are no properties or structures listed on national, state, or local historical registers along
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the Lummi River reaches. The Washington Department of Ecology’s Water Quality
Assessment (2004 303(d)) designates a portion of Reach 2 as impaired (303d category 5) for
fecal coliform. According to Ecology’s Facility Site database, there are no hazardous
materials sites along the Lummi River. Mapped shoreline modifications along the Lummi
River are limited to two surface water diversions in Reach 2.
Regulated critical areas along the Lummi River reaches include wetlands and frequently
flooded areas in all reaches. Habitat conservation areas (waterfowl concentrations and
peregrine falcon) are mapped in all reaches. Areas with high susceptibility for aquifer
recharge are concentrated in the upper portions of Reach 2. All reaches are mapped as
moderate to high susceptibility for liquefaction seismic hazard and volcanic hazard. Lower
portions of the Lummi River reaches are mapped as tsunami hazard areas.
Based on existing zoning and future land use designations, future development along the
Lummi River is not likely to change significantly in the future.
15.2.1.1 Riparian Conditions
Riparian habitat along the primary distributary reaches is a mix of emergent and shrub
vegetation, which is indicative of historic cover types. It is likely, however, that the species
composition and habitat structure have changed as a result of changing hydrology, sediment,
and salinity conditions. The southernmost distributary reach also contains a significant
amount of farmland within 200 feet of the streambank.
The lower half of Reach 2 is bordered by roads and agriculture on both sides that limit the
riparian corridor to 50 feet. South Red River Road on the left bank of the river continues
along the river for most of its length, and agriculture still limits riparian width to
approximately 50 feet on the right bank. Hardwood trees become the dominant riparian cover
in the upper half of the reach.
15.2.1.2 Instream Habitat
The lower and upper reaches of the Lummi River differ in character. The upstream end of
Reach 1 marks the end of deltaic distributary channels, while Reach 2 is generally a single
channel. This dichotomy is apparent on historic as well as current maps.
The loss of estuarine and tidal habitat and the lack of connectivity in existing habitat
described in the landscape analysis is the primary habitat impairment. As a result of tidal and
river management that includes flow restrictions and dikes/levees, the river and its
distributaries have become channelized. What was once a dynamic system with migrating,
frequently avulsing distributaries is now predominately a series of relatively static channels
that are fixed in place and change little.
15.2.1.3 Biological Resources
Salmonids
Fall Chinook, coho and chum salmon and cutthroat trout are all known to occur within the
Lummi River shoreline (Nooksack Natural Resources et al. 2005). These species are also
known to occur upstream of the shoreline in the Red River and are presumed to either
currently or historically occur in the Jordan Creek drainage. Bull trout adults and sub-adults
are presumed to enter the shoreline to forage and overwinter (Nooksack Natural Resources et
al. 2005). Steelhead distribution is presumed to have included the Lummi River historically,
but they are not currently known or presumed to occur there (Nooksack Natural Resources et
al. 2005).
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It is highly probable that other salmonids found in the Nooksack River historically used the
Lummi River for adult migration and juvenile outmigration, smoltification, and rearing. The
Nooksack River diversion poses a barrier for salmonids, which can no longer use the Lummi
River as a migration corridor or as rearing habitat.
Other Aquatic and Terrestrial Species
Within the shoreline of the Lummi Peninsula, mapped priority habitats include a bald eagle
nesting territory at the western ends of Reaches 1 and 1-3; a peregrine falcon winter foraging
area encompassing all of the Lummi River shoreline reaches; and large concentrations of
waterfowl during winter, spring, and fall within all reaches (WDFW 2004).
Non-native and Invasive Species
Brown knapweed, an upland non-native species has been found within the shoreline zone of
Reach 1-3 of the Lummi River (Weed Board 2005). While there were no site specific records,
it is likely that reed canarygrass also occurs within the WMU bWeed Board 2005). No
aquatic invasive weeds have been documented within the Lummi River shoreline (Ecology
2005).
Shoreline Reach-scale Inventory – Nearshore
The Lummi Bay WMU marine shoreline was inventoried in five reaches totaling
approximately 23 miles (Figure 15-20). All of these marine reaches are located on the Lummi
Indian Reservation and are generally not subject to County jurisdiction. These include Sandy
Point (MR 8), extending from the Lummi Reservation boundary to the end of Sandy Point;
Sandy Point Basin (MR9); West Lummi Bay (MR 10); Lummi River Delta (MR 11); and
Gooseberry Point (MR 12), extending from the Lummi River Delta to the southern tip of the
Lummi Peninsula.

Figure 15-20. Marine Inventory Reach Numbers and Endpoints,
Lummi Bay WMU
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The maps depicting the key physical and biological attributes of the Lummi Bay marine
shoreline reaches are provided in the MAP FOLIOS.
Link to Sandy Pt, Sandy Pt Bay, Lummi Bay, Lummi Delta marine reach MAP FOLIO

Link to Gooseberry Pt, Portage Bay, Portage Is,
Lummi Shore marine reach MAP FOLIO

15.2.1.4 Built Environment
Existing land use patterns along the Lummi Bay WMU marine reaches are predominantly
residential, with a mix of commercial waterfront and agriculture development. Development
in the Sandy Point, Sandy Point Basin, and West Lummi Bay reaches is dense single-family
residential development. Parcel sizes generally are generally 0.1-acre with 50 feet of
waterfront. Marina facilities are located along the Sandy Point Basin shoreline. The middle of
the West Lummi Bay reach is undeveloped and partially forested. The Lummi Delta reach
has an area of single-family development and a golf course on the north end. The remainder
of the reach is predominantly agriculture (row crops) and undeveloped. The Gooseberry Point
Reach is developed with single-family residential (0.2 to 1.5-acre lots with 50 to 100 feet of
waterfront). Commercial and port facilities are located at the southwest corner of the reach.
The southern portion of the Gooseberry Point reach has a larger lot single-family
development, a park, and a wastewater treatment plant.
Land cover along the Lummi Bay marine reaches is a mix of forest, wetlands, grasslands, and
urban development in most reaches. The least developed area is the Lummi River Delta
Reach (2 percent). Development in the other reaches ranges from 12 to 23 percent. Wetlands
are most prevalent in the West Lummi Bay and Lummi River Delta reaches (35 and
45 percent). County and tribal zoning and future land use designations for the Sandy Point,
Sandy Point Basin, West Lummi, and Gooseberry Point reaches are primarily rural residential
and suburban enclave. The Lummi River Delta reach has an area of agricultural zoning.
Transportation facilities are primarily residential roads and local roads paralleling the
shoreline. There are no roads near the shoreline in the Lummi River Delta reach. A
wastewater treatment plant is located in the Gooseberry Point reach and along the Sandy
Point Reach.
There are no developed public access or recreational areas in the Lummi Bay reaches. Two
undeveloped public access sites include the Lummi Bay site in the Lummi River Delta reach
and Lummi Beach in the Gooseberry Point reach. Both of these sites are within the Lummi
Reservation and have been previously identified by the Whatcom County Parks and
Recreation Department planning efforts for improvements, including signage and
development of a trail. Previous planning efforts also identified two other sites in the Lummi
Bay reaches for acquisition and development of public access to the shoreline. These are the
Neptune Beach site in the Sandy Point reach, and the Sandy Point site in the Sandy Point
Basin reach.
There are no properties or structures listed on national or state historical registers along the
Lummi Bay marine reaches. Generally, areas along marine shorelines, specifically along bays
and harbors, have a high probability for archaeological resources.
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Critical areas along the Lummi Bay reaches include critical aquifer recharge, and wetlands in
all reaches. Habitat conservation areas are mapped in all reaches, including eelgrass beds in
all reaches. Kelp beds are located in the Sandy Point and West Lummi Bay reaches.
Commercial, subsistence, and ceremonial shellfish areas for Lummi tribal members are
mapped in all reaches except the Sandy Point Basin. Spawning areas for forage fish are
located in the Sandy Point (smelt and herring) and Gooseberry Point reaches (sandlance and
herring). Bald eagle habitat is located in the West Lummi Bay and Gooseberry Point reaches.
Waterfowl concentrations, peregrine falcon, and American white pelican habitat areas are
located in the Lummi River Delta reach (white pelicans, which are a rare visitor to western
Washington were sighted on the north shore of Lummi Bay in 2001[Wahl 2005]). Tsunami
hazard areas and low to moderate seismic hazard areas are mapped in all reaches. Marine
landslide hazard areas are mapped in all reaches except Sandy Point Basin. The Lummi River
Delta reach is also mapped as a volcanic hazard.
Shoreline modifications along the Lummi Bay marine reaches are found throughout.
Modifications are most concentrated in the Sandy Point and Lummi River Delta reaches with
approximately 43 and 41 percent bulkheads. The Sandy Point Basin reach also has one
hundred eighty-eight over-water structures (fifty-eight per mile), consisting of docks and
piers at the marina and at most residential properties. The West Lummi Bay and Gooseberry
Point reaches have approximately 14 to 19 percent bulkheads, and there are three over-water
structures in the Gooseberry Point reach.
Ecology’s Facility Site database indicates that there is one hazardous materials site located in
the vicinity of the Sandy Point Basin and two sites in the Gooseberry Point reach 5. These
include underground storage tanks (UST) near the Sandy Point Basin and Gooseberry Point,
and one hazardous waste generator site near Gooseberry Point known as Fisherman’s Cove.
Ecology’s (2004) Water Quality Assessment (303d) designates the outer portion of Lummi
Bay (waterward of the reservation boundary) in the vicinity of the Gooseberry Point reach as
”waters of concern” (303(d) category 2) for fecal coliform.
Based on existing zoning and future land use designations, future development along the
Lummi Bay marine reaches is not likely to change significantly in the future. Residential
areas are predominantly built out. The Lummi River Delta reach, which is relatively
undeveloped, may experience the most change if agricultural zoning transitions to residential
in the future.

15.2.2 Sandy Point
15.2.2.1 Physical Environment
This shore segment consists of parts of net shore-drift cell 8 (WH-3-8), which originates just
south of Point Whitehorn. This drift cell terminates at the opening to the Sandy Point channel
entrance. Much of the shore is low elevation and it is near exclusively accretionary in nature.
Field mapping performed by CGS mapped 96 percent of the unit as accretion shoreform, with
1 percent transport zone. The remaining 2 percent of the shore reach is modified (at Neptune
Beach); precluding sediment from entering the nearshore system.
A typical nearshore profile in this reach is comprised of a low elevation backshore with storm
berm, typically covered with dune vegetation that slowly transitions to upland communities.
Beach sediment is predominantly composed of mixed fines (64.3 percent) with moderate
quantities of mixed coarse material (30.4 percent) and 5 percent gravel. The reach is
5

15-14

This does not suggest that Ecology has jurisdiction on Tribal lands.
June 2006│ 558-1687-004
15. LUMMI BAY WMU

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

approximately 43 percent bulkheaded, consisting of a wide variety of materials, often with
rock on the beach. Much of the southern portion of the west shore of Sandy Point and other
portions of the Georgia Strait have large bulkheads down to MHHW or MHW, eliminating
the storm berm and upper foreshore.
15.2.2.2 Biological Resources
The large accretion shoreform at Sandy Point historically supported a large area of coastal
marsh wetlands. Some small areas of salt marsh and spit berm vegetation remain along the
northern portion of this reach. A small area of backshore marsh, dominated by cattail occurs
near Neptune Beach. Scattered areas of kelp occur along this reach with more extensive,
continuous areas in the northern portion of the reach, becoming more patchy to the south. A
thin band of eelgrass is mapped along 75 percent of this reach and Sargassum along
100 percent of the reach (PHS Atlas 2004).
Forage fish spawning occurs along this reach with surf smelt and sandlance spawning
occurring to the north along Neptune Beach and herring spawning along the entire reach.
Upland wetlands adjacent to shore provide aquifer recharge and likely provide freshwater
inputs to nearshore.

15.2.3 Sandy Point Basin
15.2.3.1 Physical Environment
The Sandy Point Basin is entirely anthropogenic in nature with steep riprap shores. There is
no or negligible net shore-drift within the Basin. The intertidal is therefore entirely
anthropogenic, and does not resemble natural nearshore conditions. The basin is now a series
of canals with deep water below the riprap slopes. Single family docks, totaling
approximately 188 overwater structures, have been mapped in the basin.
15.2.3.2 Biological Environment
Historically, extensive coastal wetlands occurred in this location, including shallow intertidal
and backshore wetlands. Some wetlands remain in this reach but the combination of filling
and dredging to deepen the boat basin and channel, has resulted in a loss of the majority of
wetland area. No eelgrass or kelp beds occur within this reach. Forage fish spawning occurs
in all the adjacent reaches but not within this reach.

15.2.4 West Lummi Bay
15.2.4.1 Physical Environment
Net shore-drift in West Lummi Bay generally travels northward from the southern end of
Sandy Point and then east toward the Lummi (Red) River, excluding a short drift cell with
westerly drift that extends from the headland and converges with the eastern end of Cove
Creek. East of the headland easterly drift resumes to the drift cell terminus at the Red River
dike and tide gates.
Much of this shore reach is accretionary in nature outside the eroding bluffs of the headland
east of Cove Creek. Accretion shoreforms make up approximately 77 percent of the shore
reach. These beaches include the wetland complex near Cove Creek and the marshes
associated with the Lummi River delta. The eroding bluffs of the headland are “Feeder
bluffs” and account for 23 percent of this shore reach.
Modifications in the form of single family bulkheads were mapped along 19 percent of the
reach. Beach sediment is comprised of 77 percent sand, 16 percent mud, and 6 percent mixed
fines. The typical beach profile is a low-elevation, no-bank shore with a low slope beach with
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mixed composition, grading into the intertidal delta composed of sand and mud flats,
excluding the shorter eroding bluff/headland section.
15.2.4.2 Biological Resources
The extensive sand/mud estuarine flats from the historic Lummi River delta deposits in this
reach provide habitat for significant waterfowl concentrations, eelgrass beds (24 percent of
shoreline), herring spawning, and subsistence, and ceremonial shellfish beds for Lummi tribal
members. Species such as black brant and bald eagle are mapped as using this reach. Eelgrass
and herring spawning are concentrated along the south end of Sandy Point and around to the
east extending across the outer fringe of the Lummi delta sand flats.
Some spit berm/salt marsh vegetation occurs in small patches along the shoreline, mostly in
the southern portion of the reach. A small area of salt marsh vegetation occurs in the wetlands
associated with Cove Creek. This area is not considered a pocket estuary by Redman et al.
(2005), but has features similar to other pocket estuaries, although on a smaller scale.
Chinook salmon use the Lummi River and the estuary is utilized by natal and non-natal
juvenile salmonids from throughout Puget Sound/Georgia Basin. This estuary is likely most
important for Nooksack and Skagit River populations, and possibly some Fraser River
populations (Redman et al. 2005).
Marine riparian vegetation is limited in portions of the reach with greater development,
especially the west and eastern ends, where roads parallel the shoreline. The middle portion
of the reach is largely undeveloped with intact riparian vegetation.

15.2.5 Lummi River Delta
15.2.5.1 Physical Environment
Net shore drift is negligible in this shore reach due to the lack of beach-suitable sediment,
relatively low wave energy resulting from the presence of the delta, and the extensive
network of dikes along the Lummi Flats. However, the area was naturally largely
accretionary in nature prior to river diversion and extensive diking. Mapping performed by
Bauer (1974) reported that 97 percent of this region has no appreciable net shore drift taking
place, while the remaining 3 percent was accretion shoreform.
Beach sediments were composed of 59 percent sand, and 40 percent mixed fines. The reach is
approximately 41 percent bulkheaded, due to the large Seapond revetment.
15.2.5.2 Biological Resources
The Lummi River delta has extensive estuarine aquatic bed wetlands, a thin zone of salt
marsh, and also emergent/shrub wetlands extending from the outer fringes of the delta
upstream to the end of the Lummi River distributary channel. The disconnection of the
Lummi River delta from the Nooksack River and the filling, draining, and diking of estuarine
floodplain wetlands has reduced the area of estuarine wetland from historic levels (Bortelson
1980, Collins and Sheik 2002). Tide gates and dikes at the north and south end of the delta
block access for salmon and have reduced area of brackish marsh behind the gates and dikes.
Diversion of the Nooksack River from Lummi Bay greatly reduced freshwater and sediment
inflows from the river. Delta and estuarine wetlands have been reduced in area and the lack of
sediment inputs from the Lummi. The loss of the freshwater discharge into the bay has
changed the spatial and temporal dynamic of salinity gradients. They bay receives
substantially less freshwater than it did historically, likely reducing the range of salinity
gradients and the areas suitable for juvenile salmonids to make the physiological adjustment
to salt water. The Lummi River is a natal estuary for salmonids and the shallow water habitats
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of the bay and estuary are used by juvenile salmonids from throughout Puget Sound /Georgia
Basin (Redman et al. 2005).
The extensive shallow sand and mud flats of the former delta deposits from the Nooksack
River are highly productive habitats for primary production, eelgrass beds on the outer
fringes, shellfish beds, waterfowl concentrations, and shallow water refugia for juvenile fish.
Peregrine falcon and bald eagle are mapped as using this reach. The shoreline is largely
undeveloped and overwater structures have not impacted shallow water habitats in the bay.
The Lummi Seapond revetment blocks about 1.3 miles of shoreline from tidal action and
flushing; this habitat is unavailable to forage fish and juvenile salmonids.

15.2.6 Gooseberry Point
15.2.6.1 Physical Environment
Gooseberry Point marine reach includes three littoral drift cells with both northerly and
southerly transport. Northerly drift cell 14 (WH-4-13) extends from the accretionary beach at
The Portage and converges with cell 12 (WH-4-12) with southerly transport. Bauer (1974)
mapped several sediment sources along this segment of shore. In total feeder bluffs represent
48percent of this shore reach. Feeder bluffs were mapped along the shore that directly abuts
Lummi View Drive, and along the Lummi peninsula north of Gooseberry Point. Accretion
shoreforms are found in the northern portion of the shore reach, at Gooseberry Point, at The
Portage and a number of other shorter segments in middle of the reach.
The reach is at least 14 percent bulkheaded, with single family bulkheads and contains on the
order of three overwater structures. Overall, the reach is 48 percent feeder bluff, and
47 percent accretion shoreform-Gooseberry Point and the northern extension of the point.
Mapped erosion rates along the bluffs on the west shore of the Lummi Peninsula range from
0.1 feet per year to 0.7 feet per year (Johannessen and Chase 2003). The west face of
Gooseberry Point is receding at 0.2 to 0.4 feet per year (Johannessen and Chase 2003). Beach
sediment in the reach is 70 percent sand, 22 percent mixed fines, 5 percent mixed coarse, and
4 percent gravel.
15.2.6.2 Biological Resources
The northern portion of this reach is adjacent to the shallow estuarine wetlands and intertidal
flats of the Lummi River delta and has many of the same biological resources. Eelgrass beds
are extensive and continuous along the northern portion of the reach, becoming thinner and
more scattered toward and to the south of Gooseberry Point. Eelgrass is mapped along
87 percent of this reach, with Sargassum sp. mapped along 31 percent. Some scattered spit
berm/salt marsh vegetation occurs along the southern portion of the reach, especially from
Gooseberry Point south. Black brant, bald eagle, waterfowl concentrations, and subsistence,
and ceremonial shellfish beds for tribal members are mapped along this reach. Sand lance and
herring spawning occur along the entire reach except for the very northernmost portion within
the inner part of Lummi Bay.
Marine riparian vegetation occurs along much of the reach, particularly in the southern
portion where shoreline development is less concentrated. Some localized areas of
development lack riparian vegetation and/or are impacted by overwater structures and
dredging or propeller scour near the ferry terminal.

15.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
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ecosystem processes and functions, and preliminary recommendations are made for updating
SEDs.

15.3.1 Landscape-scale Restoration and Conservation
15.3.1.1 Freshwater
The Nooksack/Lummi delta has the highest intensity of processes and highly productive
estuaries that are sensitive to process alterations. Processes in the delta region also appear
altered to a greater extent than tributary drainages and those drainages feeding directly to
Lummi Bay (Table 15-1). Given the importance of estuarine habitat for supporting ecological
functions, restoring these areas could significantly improve the habitats and species
inhabiting this WMU.
The landscape analysis indicates the presence of process-intensive areas with varying degrees
of alteration and therefore the potential for restoration and/or conservation vary by process
and drainage. The estuarine and wetland habitats at Sandy Point have been hard hit by
development. Areas in the upper drainage are more intact, but process-intensity and the
potential for maintaining ecological function are lower. Jordan Creek has high storage
potential, but the drainage has been mostly deforested, and wetland loss is a key impairment.
The Lummi River drainage has been highly altered by development in its headwaters, but this
area is less process-intensive than other areas, which may mitigate the impact of the
alterations.
The portion of the Lummi Peninsula draining to Lummi Bay has low to moderate processintensity, and except for Gooseberry Point remains mostly forested. Processes may influence
ecological function in Lummi Bay, but freshwater/estuarine aquatic resources are scarce on
the peninsula. Protecting this area is advisable, but might not have the same effect on
ecological function as restoring other areas.
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Table 15-1. Summary of Summary of Process Intensity and Alterations by Area, Lummi Bay WMU
a

Process Intensity
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Alteration

Process

Alteration

Process

Alteration

Process
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↓

↓

↑

↑

↓

↓

↑

↑

↓

↓

↓

↔

↑

↑

↔

↔

↑

↑

↓

↓

↓

↓

Restore hydrologic connectivity of estuarine and tidal habitat

Upper Lummi River

↓

↓

↑

↑

↓

↓

↑

↑

↓

↓

↓

↑

↔

↑

↓

↑

↔

↑

↔

↑

↔

↔

Restoring portion of Nooksack flow would increase habitat availability for salmonids
and likely increase the amount of estuarine habitat. However, such an action would likely
be deleterious to water quality in the river, estuary, and bay.
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Red River (Schell)

↓

↔

↔

↑

↓
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↓

↔

↓

↓

↓

↑

↔

↑

↓

↑

↔

↑

↑

↑

↑

↑

Alteration associated with Ferndale urban land uses are high, but the area has relatively
limited process-intensity. Restoration/protection of riparian corridors, particularly in
headwater tributaries, likely has most potential for influencing ecological function of
aquatic resources.

Jordan Creek

↔

↔

↑

↑

↓

↓

↓

↔

↓

↓

↓

↔

↑

↑

↓

↔

↑

↑

↑

↑

↑

↑

Jordan Creek appears to have experience extensive wetland loss. Restoration of these
areas and protection/restoration of riparian zones is recommended

Sandy Point

↔

↑

↔

↑

↓

↓

↓

↔
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↓

↓

↔

↔

↑

↓

↑

↔

↑

↑

↔

↑

↔

Potential for restoration on the Sandy Point Peninsula may be limited. Recommended
management focus should be on water quality, with potential for use of infiltrative areas
in sandy soils.

Lummi Peninsula

↓

↓

↓

↔

↓

↓

↔

↓

↓

↓

↓

↓

↓

↔

↓

↓

↓

↔

↑

↔

↑

↔

Process-intensive Areas that are present occur near the marine shoreline.
Protection/restoration of these areas is recommended.

High priority for protection – process intensive areas with limited alteration

Red: High potential for restoration – process-intensive areas with moderate to severe alteration
Blue: Moderate restoration potential -- areas with moderate process-intensity and moderate levels of alteration
White:

Low potential for restoration or protection– areas with low process-intensity and areas that are too altered for process-based restoration to be feasible.
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15.3.1.2 Nearshore
Alterations to nearshore processes in the Lummi Bay WMU include the extensive system of
dikes surrounding the Seapond at Lummi Flats, which has taken substantial areas out of the
marine environment, the dredged network of channels in the Sandy Point Basin, the three
piers at Gooseberry Point, and sediment impoundment resulting from residential bulkheads.
Process responses to these alterations can be seen in many ways, due to the contrast of
modifications to the landscape. The effects of the dikes, as mentioned above, precludes
littoral transport along the natural shore, as well as dramatically altering wave regime and
water properties within the estuary, and impeding tidal flow into the lower reaches of the
estuary and distributary channels. The entrance channel at Sandy Point has drastically
changed the net shore-drift system in that area, while the interior canals have eliminated the
large marsh and replaced it with riprap slopes and deepwater basins. For bulkheaded areas,
down-drift erosion control problems typically result from depleted sediment supply and
sediment impoundment behind residential bulkheads.
Full restoration of these processes is only possible by removing the structures, where removal
is not an option; efforts to reduce impacts or perform compensatory mitigation may be useful
alternatives. Such alternatives include sediment bypassing or beach nourishment to replenish
sediment starved beaches. Conservation of sediment sources that supply large accretionary
beaches and marshes, such as the bluffs along Cherry Point (Birch Bay WMU) east of Cove
Creek, and along the western shore of the Lummi Peninsula. Other conservation measures
include preventing further filling of wetlands – especially near estuaries to maintain pocket
estuary functions (Beamer et al. 2004).
Constructing additional structures should be prohibited to assure conservation of nearshore
sedimentary processes and circulation. Additionally, conservation of remaining marine
riparian areas should be carried out.

15.3.2 Reach-scale Restoration and Conservation Opportunities
15.3.2.1 Freshwater
The estuarine distributary channels in the lower Lummi River have been channelized and
subjected to modification to manage the tidal regime. Restoration of such features would
improve habitat access as well as habitat complexity. Vegetative restoration in estuarine areas
and other tidal habitats would have a long-term influence on habitat complexity as well.
However, the impact of these projects would be limited relative to restoring connectivity with
the Nooksack River. Such a management action would restore a more natural hydrologic and
sediment regime to the river and estuary, improving both habitat complexity as well as
accessibility to an increased number of salmonids that are part of the Nooksack system.
The extent of agriculture in the WMU suggests that riparian restoration would likely have a
significant impact on water quality function and would provide long-term potential to
improve instream habitat. Opportunities for riparian planting and floodplain reconnection via
levee setbacks are common all along the Lummi River shoreline.
15.3.2.2 Nearshore
Reach-scale nearshore restoration in the Sandy Point reach of the Lummi Bay WMU should
be focused on removing structures where possible and mitigating negative impacts of
modifications when feasible. One potential large-benefit project would be to remove the
majority of sediment accreted north of the Conoco-Phillips pier base and bypass it to the
south. This would entail removing sediment from the backshore and leaving the berm intact,
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thereby creating a new coastal wetland as well. The bypass would get the sediment into the
Neptune Beach-Sandy Point area where it would have gone naturally. A second bypass
option would be at the entrance channel of the Sandy Point basin. Filling this entrance
channel will allow net shore-drift to continue south and restore accretion processes at Sandy
Point. Bluff sediment sources could be reconnected in other bulkheaded areas as identified by
CGS (2005) in the reach. Another improvement would be to enhance or create marine
riparian vegetation/dune habitat along Neptune Beach and the no bank portions of the reach.
Conservation potential includes preserving the function of the up-drift feeder bluff segments
and the remaining coastal wetland near Neptune Beach.
In the Sandy Point Basin reach, restoration could include removal of unnecessary bulkheads
to restore upper beach and backshore habitat. Reducing impervious surfaces and creating
riparian buffer/dune habitat would provide habitat benefits and aid with flood control issues.
Portions of the undeveloped (filled) uplands could be restored to marsh where possible. Other
restoration potential includes removing some of the numerous creosote soldier pile bulkheads
and pilings inside the basin, as well as removing invasive species. No real conservation
opportunities exist, with the possible exception of maintaining some of the fair-condition
nearshore on the north side of the South Cape area.
In the West Lummi Bay reach, the east shore of Sandy Point could be partially restored
through pulling back the dike and recreating a more natural upper foreshore where
biologically advantageous. Conservation opportunities include preserving the shore reaches
of active feeder bluffs and the scrub-shrub habitat around Cove Creek. Another opportunity
includes removing creosote piles.
In the Lummi Flats reach, restoration opportunities include removing extensive dikes and tide
gates across the river delta to restore tidal inundation and greatly increase fish habitat. Other
opportunities include removing creosote piles. Conservation could include preventing further
infilling of coastal wetlands and marsh, including preventing the construction of additional
impervious surfaces.
Within the Gooseberry Point reach, restoration opportunities include removing sediment
impoundments (bulkheads) and alongshore drift impediments such as the failed concrete and
rock bulkhead located approximately 0.7 mile north of Gooseberry Point. Additionally,
broken concrete bulkhead sections could be removed from the foreshore, primarily north of
Gooseberry Point and near the tip and south shore of the point. Conservation opportunities
include preserving the abundant sediment sources—feeder bluffs, of the Lummi Peninsula.
Part of this would be to use adequate setback distances for this noticeably eroding bluff.

15.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 15-2). A Natural designation near the mouth of Distributary Reach 1 is
recommended to protect function along the estuarine shoreline. Resource designations are
recommended for all other areas to ensure compatibility with existing agricultural land uses.
The recommended SED for the majority of the County-regulated marine shoreline in this
WMU is Shoreline Residential, but Urban and Conservancy designations are recommended
for small pockets of shoreline (Table 15-3). Other areas are under tribal jurisdiction.
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Table 15-2. Preliminary Freshwater SED Recommendations, Lummi Bay WMU.
Recommended SEDs

Existing
SEDs

Reach

Left Bank

Right Bank

Comment

Distributary
Reaches

Natural

Conservancy/
Natural/
Tribal/
Resource

Conservancy/
Tribal/Resource

Most of distributary shoreline
is under Lummi Nation
jurisdiction.
Natural/Conservancy is
appropriate for the estuarine
shoreline under County
jurisdiction. Resource
designations elsewhere are
consistent with agricultural
land use and the degree of
impairment.

Reach 2

Rural

Tribal/
Resource

Tribal/Resource

Resource designations are
consistent with agricultural
land use and the degree of
impairment.

Table 15-3. Preliminary Marine SED Recommendations, Lummi Bay WMUa
Reach

Sandy Point

Existing
SEDs

Comment

MR 8

Natural/
Rural/Tribal

Shoreline
Residential/
Conservancy/Tribal

Ecological function somewhat
intact, but densely developed
residential areas are recommended
for Shoreline Residential. Pocket
estuary at Neptune beach. Kelp,
eelgrass beds present.

Sandy Point Basin

Rural/Urban

Shoreline
Residential/
Conservancy

Single-family development.

Tribal/
Conservancy

Tribal/Shoreline
Residential

Single-family development and
tribal lands.

Tribal/
Conservancy/
Natural

Tribal/Conservancy/
Shoreline
Residential/Natural

Conservancy/
Natural/
Rural

Shoreline
Residential/
Conservancy/Urban

MR 9
West Lummi Bay
MR 10
Lummi River Delta
MR 11
Gooseberry Point
MR 12
a

Recommended
SEDs

Most of the west Lummi Peninsula
shoreline is dense rural development
appropriate for shoreline residential

All areas below OHWM are designated Aquatic
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16. BIRCH BAY WMU
The Birch Bay WMU is a coastal watershed encompassing 31 square miles between the
Drayton Harbor and Lummi Bay WMUs. It includes the marine shoreline from the north end
of the Semiahmoo Peninsula including Birch Point, Neptune Beach, Birch Bay State Park,
Point Whitehorn, and Cherry Point. The WMU extends as inland to the City of Ferndale, and
includes Lake Terrell and Terrell Creek. The Birch Bay and Cherry Point UGAs make up a
significant percentage of the watershed.
Shorelines of the state include the marine shoreline, the lower 3.1 miles of Terrell Creek and
Lake Terrell. The marine shoreline from Birch Point to Point Whitehorn is a shoreline of
statewide significance 6.

16.1 LANDSCAPE ANALYSIS
16.1.1 Aquatic Resources
Aquatic resources include the marine waters and nearshore habitats of Birch Bay and the
adjacent coastal areas; Terrell Creek, which drains most of the southern portion of the WMU
and Fingalson Creek a main tributary; Lake Terrell, which provides the source water for
Terrell Creek; and numerous other streams that drain directly to Birch Bay or the Strait of
Georgia. Most of these are short, unnamed tributaries with small drainages.
Wetlands are widespread and extensive in the Birch Bay WMU, covering approximately
35 percent of the entire basin. Many of these wetlands are associated with Terrell Creek and
Lake Terrell.

16.1.2 Process Controls
16.1.2.1 Geology
Birch Bay WMU is located on a large drift terrace of fine-grained glaciomarine drift
(Bellingham Drift) deposited during the Everson Interstade in the Pleistocene epoch (roughly
11,300 - 13,500 years ago). In areas near the Bay and to the north, west, and south of Lake
Terrell, coarse-grained outwash and alluvium have been deposited in a thin lens overlying the
confining glaciomarine deposits. These conditions result in a shallow, perched aquifer that
supports the extensive wetlands noted above (Easterbrook 1973).
The underlying geology of the marine shores is also glaciomarine drift. This geologic unit is
characterized by moderately to well-sorted gravel, sand, silt and clay (Lapen 2000).
Emergence (beach) deposits, largely consisting of reworked Everson glaciomarine drift, are
found in the vicinity of Point Whitehorn (Lapen 2000). This geologic unit is comprised of
loose, moderately to well-sorted gravel and sand and local boulders and fine to medium sand.
Quaternary beach deposits are found throughout much of the low elevation shores within
Birch Bay. These modern beach deposits typically consist of moderately to well-sorted coarse
sand and gravel and sand, silt and clay in tidal-flat deposits.
16.1.2.2 Topography
Relief is very low in the WMU. Elevations range from sea level to 350 feet in the upper
drainage. The elevation at Lake Terrell is approximately 213 feet.

6

Marine shorelines seaward of extreme low tide are also shorelines of statewide significance.
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The nearshore topography in the Birch Bay WMU consists of low to high bank shores with a
very large no-bank beach area within Birch Bay. Bluff heights range up to 150 feet. The
uplands surface is mostly part of the Mountain View Uplands, with gentle slopes and
numerous wetlands in depressions.
Bathymetry of the Birch Bay WMU can be characterized as having broad shallow areas (less
than 10 fathoms or 60 feet) that extend far offshore (up to 3.5 miles) with several mud/sand
flats including those south of Semiahmoo Spit and within Birch Bay. South of Point
Whitehorn shallow waters (less than 10 fathoms or 60 feet) are restricted to closer to shore,
measuring typically less than 0.75 miles in width.
16.1.2.3 Climate
Precipitation averages from 45 to 50 inches per year and is consistent throughout the
watershed as indicated by the low relief. Precipitation falls predominantly in the form of rain
during the wet season, October to January.
Shores within the WMU are exposed to considerable wave energy from the northwest,
making them vulnerable to wave attack during prevailing northwesterly summer winds.
Infrequent severe winter windstorms can also originate from the northwest. Maximum
measured fetch from the individual nearshore reaches in the Birch Bay WMU range from
35 miles at Birch Point to 48 miles at Cherry Point. Both fetch measures were from the
northwest, reaching up the Strait of Georgia to Gabriola Island in the northern Gulf Islands.
Fetch from the south was also considerable (between 19 and 28 miles) in many of the
reaches. Since predominant storm conditions originate from the south, considerable southerly
exposure is very influential to local nearshore processes. Storms that occur during high water
typically cause wave-induced erosion (bluff toe erosion), which often has a destabilizing
effect on local bluffs
16.1.2.4 Land Use/Land Cover
Agricultural and rural residential land uses dominate the upper Terrell Creek and Lake Terrell
drainages, but forested areas and wetlands are also quite common (Map 3-14).
Agriculture/herbaceous cover/cultivated land makes up 35 percent of the basin (Nooksack
Natural Resources et al. 2005). Water-related and non-water-related industrial uses are
concentrated in the Cherry Point drainage, and open space, wetlands and forests surround
these areas. The development extends into Semiahmoo, which has dense residential areas
along the marine shoreline, but is otherwise mostly forested.

16.1.3 Landscape Processes, Alterations, and Responses – Freshwater
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations for freshwater environments. The process-intensive areas and
areas of alteration were identified based on GIS overlays using the approach described in
Section 2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE
MAP FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Birch Bay landscape MAP FOLIO
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16.1.3.1 Hydrology
Process-intensive Areas
The Semiahmoo drainage supports extensive process-intensive areas for infiltration/recharge
(Map 16-2). However, the shallow lens of sand conducive to infiltration is underlain by an
aquitard that limits deep groundwater recharge but supports a shallow, discontinuous perched
aquifer. Horizontal flow along the aquitard contact likely supports the hydrologic function of
wetlands that lie to the south. Otherwise, the importance of the infiltrative areas on the overall
hydrology of the WMU appears limited. Infiltration/recharge zones also occur to a limited
extent in areas around Lake Terrell and Point Whitehorn where a sand lens overlays deeper,
poorly drained drift deposits.
A large portion of land in the southern WMU supports depressional wetlands that are
intensive surface water storage areas. These areas are likely important for attenuating
stormflows in areas with limited infiltration/recharge potential.
Large streams are limited in the Birch Bay WMU because of the short drainage length, and
floodplains are not an important hydrologic mechanism except in Terrell Creek, which has a
wide floodplain and associated riparian wetlands.
Indicators of Alteration
Semiahmoo Bay and Birch Bay are relatively developed along portions the marine shore and
along major roads. The WRIA 1 Salmonid Recovery Plan (2005) estimates that 19.4 percent
of the Terrell Creek drainage is impervious surface. Development near Drayton Harbor and
Birch Bay Village occurs on important infiltrative areas (Map 16-3). The infiltration area may
support hydrologic function in a large wetland to the west where the landform transitions to a
marine terrace. If this is the case, alteration of the infiltration areas could affect the wetland
hydroperiod. Other infiltrative areas that appear to support downslope wetlands to the north
of Birch Bay are not as altered, but many areas of historic wetlands appear to have been lost
nonetheless (Map 16-4). The reason for the wetland loss is not readily apparent except in the
area of the Birch Bay Village golf course and marina, which has been developed.
Depressional wetlands that provide surface storage in the Terrell Creek and Cherry Point
drainages also have some degree of alteration. Wetland loss appears extensive in the Cherry
Point drainage. Wetland loss is less common in the Terrell Creek drainage, but an extensive
network of ditching east of Birch Bay State Park suggests a high degree of hydrologic
alteration.
Floodplain areas on Terrell Creek appear to be unaltered.
Response to Alterations
Terrell Creek is closed to future water rights allocations suggesting that baseflows have been
altered in the drainage (Nooksack Natural Resources et al. 2005).
16.1.3.2 Sediment
Process-intensive Areas
Process-intensive sediment delivery areas are basically non-existent in the Birch Bay WMU
(Map 16-5). Fingalson Creek and a Lake Terrell tributary contain small areas with potential
for surface erosion.
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Indicators of Alteration
Sediment sources associated with high-impact land uses are prevalent in the Birch Bay
WMU. Urbanizing areas and associated roads that may increase delivery rates of fine
sediment to aquatic resources are most prevalent in the Semiahmoo drainage, particularly in
and west of Birch Bay Village (Maps 16-5.5 and 16-6). The Terrell Creek drainage has some
limited areas of till agriculture where surface erosion may occur, but the overall degree of
alteration is low.
Continued build-out in the UGA along the Birch Bay shoreline may deliver increasing
amounts of sediment to the Bay. Sediment delivery from these areas may be correlated to
degraded water quality (see Section 16.1.5.3).
As reported for surface water storage alterations, loss of depressional wetlands has occurred
throughout the WMU. However, given the relatively limited potential for sediment delivery,
the loss of storage areas may not be as much a concern for sediment process as it is for
hydrology.
Response to Alterations
Road density in Birch Bay is estimated at 3.3 mi/mi2 (Nooksack Natural Resources et al.
2005). No quantitative data indicating instream fine sediment levels were found for this
WMU.
16.1.3.3 Water Quality
Process-intensive Areas
Because of the shallow confining layer characteristic of areas with surficial sand lenses (Lake
Terrell, Point Whitehorn, Semiahmoo), interactions with deeper groundwater are limited
(Gersib 2000). However, these areas support surface water retention and associated water
quality functions. Most of the potential depressional wetlands that occur on glaciomarine drift
the lower Lake Terrell and Cherry Point drainages) have the capacity for filtering and storing
contaminants from both surface water and groundwater (Map 16-7).
Indicators of Alteration
The two areas of greatest alteration in the Birch Bay WMU are within the Birch Bay UGA
shoreline and the Terrell Creek drainage above Lake Terrell. Dense residential development
and developing areas are sources of increased nutrient loading and delivery of contaminants.
The densest development occurs in commercial/industrial areas that may not be major
contributors to nutrient and pathogen loading. Most of the remaining areas are residential and
nutrient loading is likely higher in these areas. Pathogen loading may be a bigger concern
around Birch Bay Village, where numerous with onsite septic systems occur (Map 16-8). The
loss of potential wetlands in Birch Bay Village and elsewhere may exacerbate water quality
alterations, although these wetlands do not have intensive groundwater quality function.
Response to Alterations
Ecology (2004) did not identify any water quality impairments in Terrell Creek. Lake Terrell
monitoring suggests that the lake is eutrophic, but its morphology indicates the potential for
naturally mesotrophic or eutrophic conditions. The influence of phosphorous loading on
eutrophication is uncertain.
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16.1.3.4 Organic Inputs
Process-intensive Areas
LWD recruitment in the Birch Bay WMU was historically limited to riparian areas adjacent
to stream channels and bank erosion/channel migration (Map 16-9). Hillslope delivery of
LWD to stream channels via mass wasting is not a significant recruitment mechanism for
Birch Bay streams.
Indicators of Alteration
LWD recruitment potential data are not available for this WMU but land use/ land cover data
provide a measure of the degree of alteration. Residential, commercial/industrial and,
agricultural land uses have affected riparian condition to the extent that most of the streams
appear to have moderate to low recruitment potential (Map 16-10). Fifty-eight percent of the
Terrell Creek riparian zone has been converted to non-forest cover (Smith 2002 citing
Lunetta 1997). Most of the remaining cover is scrub-shrub, deciduous and mixed forest
stands. No significant conifer stands remain on the stream suggesting that LWD Recruitment
potential is low.
Response to Alterations
No recent LWD density data was found for Terrell Creek. However, analysis of pictometry
data, though not comprehensive, suggests a dearth of instream LWD in Terrell Creek
(Pictometry 2004).
16.1.3.5 Heat/Light Inputs
Process-intensive Areas
Heat and light processes in the WMU are largely a function of riparian conditions so processintensive areas are the same as described above for LWD recruitment. Forested headwater
areas may have a greater influence on temperatures than downstream canopy cover.
Indicators of Alteration
Non-forest cover comprises 58 percent of the riparian zone along Terrell Creek. Most of this
remaining forest is just downstream of Lake Terrell and in lower Birch Bay State Park. Much
of the remaining middle section is part of a very large wetland complex that may not have
supported dense forest cover.
Terrell Creek is fed by Lake Terrell, which contributes warmer water to the stream than
would groundwater sources. Furthermore, Terrell Creek is a small stream (only the estuarine
portion is jurisdictional shoreline). Small streams are more susceptible to increased water
temperature because of a high surface:volume ratio and shallow depth.
Response to Alterations
Dan Pentilla (WDFW), in a personal communication dated May 25, 2005, noted that
documented fish kills in the lower reaches were likely a result of high temperature and
associated low dissolved oxygen.

16.1.4 Landscape Processes, Alterations, and Responses – Nearshore
This section inventories nearshore process-intensive
altered, and responses to process alterations. The
referenced below for a thorough understanding of
characterization provided below will be used
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characterization and marine reach inventory data to identify restoration and protection
opportunities and will be integrated with SMP planning.
16.1.4.1 Circulation
Process-intensive Areas
Surface water currents in the Birch Bay WMU generally flow north along Birch Point and
Point Whitehorn and northwest into Birch Bay during a flooding tide. Ebb tidal currents flow
southwest out of Birch Bay and then flow south with the waters in the Strait of Georgia. The
strongest currents appear to be near Birch Point and west of Cherry Point (Canadian
Hydrographic Survey 1999). While the weakest currents appear to be in the southeastern
corner of Birch Bay near Birch Bay State Park.
Spring flood tides generate strong tidal currents, which travel northwest along the shores of
Cherry Point to Point Roberts. Flood currents diverge at Point Whitehorn, where weaker
currents redirect to the northeast flooding the tidal flats of Birch Bay. Ebbing tidal currents
flowing southeast from Birch Point and southwest out of Birch Bay converge near Point
Whitehorn, and then continue southerly along the shores of Cherry Point (Canadian
Hydrographic Survey 1999).
Indicators and Response of Alterations
Alterations to the circulation patterns within the Birch Bay WMU are associated with the
three industrial piers located along Cherry Point. The British Petroleum pier extends
approximately 2,700 feet, the Intalco-Alco pier extends 2,168 feet and the Conoco-Philips
pier extends 2,600 feet into the Strait of Georgia. The southern two piers (Intalco-Alcoa and
Conoco-Philips) have moderately dense pilings that attenuate currents and wave energy and
likely increase deposition of fine sediments (Schwartz 1987; Wojcik 1997). The British
Petroleum pier has a very wide spacing between pilings and therefore is not likely to dampen
surface currents to the same extent as the previously mentioned structures (Schwartz 1987).
Additional nearshore structures alter surface currents in the Birch Bay WMU. The process
response from the following alterations is however, much more subtle than the alterations
mentioned above. The Birch Bay Village Marina jetties and the solid fill located at the base
of the Intalco-Alcoa and Conoco-Philips piers likely have localized effects on circulation,
most notably in the upper beach.
16.1.4.2 Nutrient Dynamics
Process-Intensive Areas
Nutrient dynamics in the Birch Bay marine reaches are dominated by oceanic nutrient inputs
from the Georgia Strait, circulation patterns within Birch Bay, terrestrial and fluvial inputs
from several small streams and Terrell Creek, and nutrient cycling within the bay.
Areas of intensive nutrient cycling and/or retention include freshwater and estuarine wetlands
along the lower reaches of Terrell Creek, as well as the extensive intertidal sand and mud
flats in Birch Bay. Although about 25 percent of the Birch Bay marine shoreline is mapped as
wetlands, some historical wetlands along the nearshore and in the upper portions of the
watershed have been lost due to draining and filling, especially along the north shore of Birch
Bay and west of Birch Bay State Park (see Map 16-4). Areas with intact wetlands adjacent to
streams are important locations for physical retention and uptake of nutrients due to surface
water and groundwater storage functions, prolonged residence times of surface and
groundwater, and uptake by wetland vegetation. Nutrient cycling on tidal flats occurs through
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uptake of nutrients by algae and algal-based food webs, and extensive nutrient cycling occurs
by benthic infauna, especially shellfish.
Indicators of Alteration
Several water quality problems have been identified in the Birch Bay WMU. These include
declining water quality the bay, flooding, erosion/sedimentation, and loss of aquatic habitat in
wetlands and streams (CH2MHill 2006). These problems have been made worse in recent
years by the increase in impervious surface and by non-point pollution sources that
accompany increasing development
Loss of estuarine and freshwater tidal wetlands along the northern shore of Birch Bay and to
the west of Birch Bay State Park has reduced the capacity and opportunity for nutrient
retention and cycling. At the same time, pathogen inputs have become a growing problem for
the nearshore areas. In July 2003 Birch Bay has identified as a “threatened” shellfish growing
area due to degrading water quality (CH2MHill 2006). The ‘threatened” status was given as
part of the Department of Health’s Early Warning System, which identifies areas that are
potentially on the verge of failing public health standards or that have high fecal coliform
levels.
Sampling was conducted in 2004 to determine pollution status, 90th percentiles were
calculated and sorted into three categories: Good (0 to 30 coliform/100 ml), fair (31 to 43
coliform/100 ml), and bad (above 43 coliform/100 ml). Status was determined as percent of
90th percentiles falling into each category (good, fair, or bad). Birch Bay had one site with a
90th percentile that was rated “fair” and one site with a 90th percentile that was rated “bad”
out of the 10 stations monitored. The remaining eight sites were rated, “good”. These 2004
annual results are in contrast to the previous inventories of 2001, 2002, and 2003 that show
all sites within Birch Bay as rated, “good” (CH2MHill 2006).
In general, potential sources of fecal bacterial include municipal sewage treatment plants, onsite sewage systems such as septic systems, broken sewage conveyance pipes, waste
discharge from boat tanks, runoff from agricultural fields, domestic pets, and wildlife
(CH2MHill 2006). The wastewater treatment plant outfall for Birch Bay discharges in deep
water (deeper than Birch Bay) in an area with strong currents that rapidly disperse and dilute
the discharge water. Thus, the outfall is unlikely to be a significant source of bacteria in Birch
Bay (CH2MHill 2006). Marine waters are generally well mixed due to the exposure of the
shoreline, even within the relatively low energy and semi-enclosed waters of Birch Bay. The
areas of weakest circulation occur in the southeastern corner of Birch Bay near the state park;
this area is more susceptible to elevated nutrient/pathogen levels than other locations within
this WMU. The stormwater outfall within Birch Bay County Park near the mouth of Terrell
Creek is an area of concern. Another potential “hot spots” for bacteria contamination is near
the mouth of Birch Bay Village Marina (CH2MHill 2006).
Response to Alterations
Birch Point reach is part of Semiahmoo Bay, which is included in Ecology’s 2004 303(d)
listing for Ammonia-N and fecal coliforms (Ecology 2004).
Birch Bay does not currently have any shellfish closures; however, Birch Bay is listed as
‘threatened’ by the Department of Health (DOH 2005), suggesting that water quality
management is a high priority.
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16.1.4.3 Sediment Transport
Process-intensive Areas
Sediment transport in the Birch Bay WMU consists of four net shore-drift cells; one of which
is not completely encompassed within the Birch Bay WMU. A divergent zone, located at the
northern-most headland of Birch Point marks the origin of a drift cell exhibiting northerly
transport and terminating at the tip of Semiahmoo Spit. A second drift cell with southeasterly
transport also originates at Birch Point. This cell is artificially bifurcated by the jetties at the
Birch Bay Village Marina. East of the jetties, easterly drift resumes and the cell terminates in
the northern corner of Birch Bay. A drift cell originating at Point Whitehorn generally
exhibits northeasterly drift and converges with the cell in the northern corner of Birch Bay.
South of a broad divergence zone at Point Whitehorn, southerly sediment transport occurs as
a result of the large northwesterly fetch from the Strait of Georgia. This cell includes the
Cherry Point area and terminates at the Sandy Point spit.
Indicators and Response of Alterations
Generally there are two different kinds of nearshore alterations that can have deleterious
effects on coastal processes; these include obstructions to net shore-drift and sediment source
impoundment (e.g. bulkheads). The Birch Bay WMU has a total of thirty-five groins
alongshore in Birch Bay, two jetties (Birch Bay Village Marina entrance), and the three
industrial piers at Cherry Point.
Field surveys performed by Coastal Geologic Services in 2005 documented bulkheading or
sediment impoundment along 7.2 percent or 6,944 feet, of the Birch Bay WMU shoreline (not
counting bulkheads along the large accretion shoreform beach within Birch Bay).
Obstructions to sediment transport, such as groins and jetties, are typically intended to control
erosion by trapping sediment on the up-drift side of the structure. However, they commonly
exacerbate erosion down-drift where sediment transport is blocked by the structure and due to
wave refraction. The loss of beach sediment and focusing of wave energy can lead to beach
lowering and sediment coarsening, thus leading to habitat degradation. Adjacent beaches can
also be affected by bulkheads that cause wave refraction, and can result in erosion hot spots.
16.1.4.4 Heat/Light
Process-intensive Areas
Much of the marine shorelines of this WMU are shallow water bays and no-bank beaches
with extensive intertidal and shallow subtidal flats. In particular, the shallow water areas of
Birch Bay (Birch Bay North and Birch Bay State Park) are naturally high light environments.
These high light environments support extensive eelgrass beds and tidal flat algal production,
with their associated food webs. The shallower areas towards the landward edge of the bay
warm earlier in the spring and have higher light levels than adjacent, deeper water eelgrass
beds, promoting early spring blooms of benthic diatoms and other algae. These shallow areas
provide an early spring source of prey items for salmonids at a time when deeper habitats are
not as productive. Birch Bay waters warm earlier and remain warmer in summer than most
bays due to the very wide flats with shallow water that extends for up to one mile offshore
(Scott and McDowell 1994). These flats may be important habitat, due to warmer
temperatures and more abundant prey, for early migrating salmonid fry that arrive in the
nearshore early in the spring.
In addition, shallower warmer areas support higher growth rates for salmonids and other
juvenile fish. These shallower areas are likely to be especially important for salmonid species
or life history types that enter the nearshore early in the spring (Redman et al. 2005).
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Indicators of Alteration
Overwater structures associated with shoreline development, primarily within the Birch Bay
(seventeen per mile) and Cherry Point (one per mile) reaches, affect light levels reaching the
shallow intertidal and eelgrass beds. Overwater structures are not extensive along Birch Point
or Birch Bay State Park.
Residential development and roads (some commercial development) have displaced much of
the marine riparian vegetation along portions of the marine shoreline in this WMU, especially
north of Point Whitehorn. Areas near the Point and to the south are more natural and bluff
vegetation provides some shading and organic nutrients for the upper intertidal habitats.
Response to Alterations
Most of the overwater structures within this WMU are associated with developments in Birch
Bay or the industrial area at Cherry Point. Localized shading in these areas will reduce
growth and/or survival of eelgrass beds. Outside of these areas, alterations to light levels and
impacts on eelgrass or benthic algae are likely minor due to the relatively small number of
overwater structures.
The lack of overhanging vegetation and extent of shoreline modifications in some areas may
be limiting the distribution of spring and summer spawning forage fishes in this WMU.
However, herring and surf smelt are known to occur in the vicinity of Birch Point, Point
Whitehorn and Cherry Point.

16.1.5 SHORELINE REACH-SCALE INVENTORY – FRESHWATER
Freshwater shorelines in the Birch Bay WMU include Lake Terrell and lower Terrell Creek.
The lower 3.1 miles of Terrell Creek are jurisdictional shoreline. Terrell Creek was
inventoried in two reaches. Lake Terrell was inventoried in five reaches totaling 6.2 miles
(Figure 16-11).
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Figure 16-11. Freshwater Shoreline Inventory Reach Numbers and Endpoints,
Birch Bay WMU

The maps depicting key attributes of the freshwater shorelines in this WMU are provided in
the MAP FOLIO.
Link to Cherry Pt reach MAP FOLIO

16.1.5.1 Built Environment
Existing land cover and land use patterns along Terrell Creek consist of dense, single family
residential development (0.1 to 0.25-acre lots) with commercial development in the lower
portions of the stream (Reach 1). Park land and partially developed low density (5 to 10-acre
lots) rural residential development is located in Reach 2. All of Reach 1 and portions of
Reach 2 flow parallel to Birch Bay. The downstream portion of Reach 2 flows through Birch
Bay State Park. Zoning along Terrell Creek is Urban Medium Density Residential (six units
per acre) with Neighborhood Commercial in Reach 1 and Rural in Reach 2.
There are two bridges (Alderson Road and Jackson Road), pedestrian bridges, and three
waterline crossings of Terrell Creek in Reach 1. Residential roadways parallel both banks of
the stream in Reach 1 as well.
Birch Bay State Park is located in Reach 2 and borders on Reach 1. The park provides
camping, fishing, beach activities, and an interpretive trail (Terrell Marsh Trail) along Terrell
Creek. There are no historic properties along Terrell Creek listed on federal, state, or local
historic registers.
Regulated critical areas along Terrell Creek include frequently flooded areas, critical aquifer
recharge areas and wellhead protection zones, and wetlands in all reaches. Habitat
conservation areas (bald eagle in Reach 2) are located in both reaches. Geologically
hazardous areas include seismic hazard areas.
The lower portion of Terrell Creek (Reach 1) has been modified by some bulkheads and
channelization between developed roads and parcels.
The Washington Department of Ecology (2004) designates Terrell Creek as Category 1
(meets tested standards) for fecal coliform and pH.
Under existing zoning and comprehensive plan land use designations, residential
development is likely to continue, although there are few undeveloped lots in the lower reach.
The area is included in the Birch Bay UGA.
16.1.5.2 Riparian Conditions
Urban land use along Reach 1 of Terrell Creek encroaches into the riparian zone, and riparian
cover is urban and grass. The downstream end of Reach 2, before the stream turns inland, has
dense medium-sized conifers on the right bank and grass on the left bank. Upstream, the
stream flows through an emergent (reed canarygrass) wetlands border by mixed stands of
medium-sized hardwoods. Although these forest stands have high LWD recruitment
potential, they typically are set back from the stream, which limits the probability that trees
would fall into the active channel. Shading is low throughout both reaches.
16.1.5.3 Instream Conditions
Reach 1 of Terrell Creek is estuarine in nature and flows parallel to the Birch Bay shoreline,
separated by only a natural berm. Urban land use along Reach 1 of Terrell Creek encroaches
into the riparian zone, and riparian cover is mainly herbaceous species. The stream is
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channelized to accommodate dense residential development on the right bank, limiting the
potential for both existing function and restoration.
Reach 2 flows through Birch Bay State Park. The lower portion continues to parallel Birch
Bay and is likely estuarine in nature especially at high tides, although the demarcations
between estuarine, tidal, and freshwater zones on the stream are uncertain. The downstream
end of Reach 2, before the stream turns inland, has dense medium-sized conifers on the right
bank and grass on the left bank. Upstream, the stream flows through an emergent (reed
canarygrass) wetlands border by mixed stands of medium-sized hardwoods. Although these
forest stands have high LWD recruitment potential, they are typically set back from the
stream, which limits the probability that trees would fall in the active channel. Shading is low
throughout both reaches. The right bank is less confined by encroaching development. A
slough with what appears to be tidal influence is present in this portion of the reach and
reconnects to the main channel downstream in Reach 1. The presence of this slough and
associated wetlands suggests a larger degree of ecological function than in Reach 1. The
upper portion of Reach 2 turns east into a large emergent wetland that extends upstream of
the park. The channel is moderately sinuous and has a number of side channels and
backwater areas, particularly within the park.
16.1.5.4 Biological Resources
Salmonids
Chinook salmon are known to use the Birch Bay nearshore habitats, and the estuarine portion
of Terrell Creek is presumed to be used for juvenile foraging and possibly rearing during
migration to sea (Reach 1; Nooksack Natural Resources et al. 2005). Chinook salmon
spawning does not occur in Terrell Creek (BP 2002). Like Chinook, bull trout are presumed
to use Terrell Creek only for foraging and/or overwintering (BP 2002 citing Huddle 2002).
Coho and chum salmon were historically abundant in Terrell Creek and used habitat for
spawning and rearing according to known life history traits. However, these populations have
suffered substantial declines. Efforts are underway to rehabilitate habitat and re-establish
viable chum and coho salmon populations. Sea-run and resident cutthroat trout are known to
use Terrell Creek, and winter steelhead trout are presumed to use Terrell Creek (Nooksack
Natural Resources et al. 2005). Steelhead use of Terrell Creek is potential/presumed/historic
(Nooksack Natural Resources et al. 2005).
Other Aquatic and Terrestrial Species
WDFW identifies the following priority habitats/species within the jurisdictional shoreline of
Terrell Creek: a bald eagle breeding territory in the western portion of Reach 1 and most of
Reach 2; urban natural open space, in Reach 2; and important waterfowl (regular large
concentrations) wintering habitat (WCPDS 2005).
Non-native and Invasive Species
Upland weeds documented along the jurisdictional reaches of Terrell Creek include spotted
(Reaches 1 and 2) and meadow knapweed (Reach 1) (Weed Board 2005). While there were
no site-specific records for Terrell Creek, it is likely that reed canarygrass is found within the
WMU. No aquatic invasive weeds have been documented within the Terrell Creek
jurisdictional shoreline (Ecology 2005b; Weed Board 2005).
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16.1.6 Lake Terrell
Lake Terrell is approximately 438 acres with approximately 6.25 miles of shoreline. The lake
drains to the north through a non-jurisdictional stretch of Terrell Creek. The lakeshore is
inventoried in five reaches.
16.1.6.1 Built Environment
Most of the Lake Terrell shoreline is surrounded by the Lake Terrell Wildlife Area. Reaches
2 through 5 have areas of agricultural use. Small portions of Reach 2 have low density rural
residential development, set back from the lake shore. The shoreline of Lake Terrell is zoned
Recreation with small areas of Rural zoning (one unit per 5 acres).
There are no bridges or other utilities along the Lake Terrell shoreline. The Lake Terrell
Wildlife Area, managed by WDFW, surrounds the shoreline. The Wildlife Area provides
access for hunting, fishing, and wildlife viewing. There is one dock and a boat launch in
Reach 3. Portions of the Wildlife Area are managed for agriculture. There is one hazardous
waste site in Reach 3.
Regulated critical areas around Lake Terrell include critical aquifer recharge areas and
wetlands. Habitat conservation areas around the lake are waterfowl concentrations in Reach
1, urban natural open space in Reach 2 and common loon in Reaches 3 and 4. Geologically
hazardous areas include seismic hazard areas in all reaches.
Ecology’s 2004 Water Quality Assessment lists all reaches of Lake Terrell. All reaches are
designated as waters of concern (303(d) category 2) for total phosphorus. All reaches are
designated Category 1 (meets tested standards) for 4.4’-DDE, 4.4’-DDT, endrin aldehyde,
4.4’-DDD, gamma-BHC (lindane), heptachlor, heptachlor epoxide, alpha-BHC, aldrin,
hexachlorobenzene, beta-BHC, endrin, endosulfan sulfate, beta-endosulfan, alphaendosulfan, total PCBs, mercury, and chlordane.
Based on existing zoning and comprehensive plan land use designations, future development
along Lake Terrell would be similar to the existing land use pattern.
16.1.6.2 Riparian Conditions
Lakeshore vegetation is mainly forest or shrub with small patches of emergent cover. The
shoreline is essentially undeveloped with little or no human encroachments.
16.1.6.3 Biological Resources
Salmonids
Anadromous salmonids do not have access to Lake Terrell due to an impassable barrier at the
outlet to Terrell Creek. WDFW has routinely planted triploid rainbow and cutthroat trout in
the lake for a recreational fishery.
Other Aquatic and Terrestrial Organisms
Lake Terrell provides important breeding habitat for priority species including bald eagles,
wood ducks (Aix sponsa), and common loons (Gavia immer), and is one of only a few Western
Washington common loon breeding sites (Richardson et al. 2000). Large numbers of waterfowl
are found at Lake Terrell in the winter, spring, and fall. Mapped urban natural open space in the
shoreline zone is associated with WDFW’s 1,500-acre Lake Terrell Wildlife Area, a popular
waterfowl and upland game bird hunting area (WDFW 1999b).
Largemouth bass, yellow perch, and bullhead catfish (Ameiurus nebulosus) also provide
recreational fishing opportunities in Lake Terrell (WDFW 2005b).
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Non-native and Invasive Species
Purple loosestrife, an aggressive non-native aquatic plant, has been documented within Lake
Terrell (Ecology 2005b) and reed canarygrass has been observed there as well. Non-native
fishes planted in Lake Terrell include largemouth bass, brown bullhead, yellow bullhead, and
yellow perch (WDFW Undated).

16.2 SHORELINE REACH-SCALE INVENTORY – NEARSHORE
Marine shoreline reaches within the Birch Bay WMU include Birch Point, Birch Bay, Birch
Bay State Park, and Cherry Point. Within Birch Bay, the area between the ordinary high water
mark and the line of extreme low tide and the associated shorelands are shorelines of statewide
significance. In other reaches, areas waterward of extreme low tide are shorelines of statewide
significance, while intertidal areas and associated shorelands are shorelines of the state. Terrell
Creek is the only freshwater shoreline of the state that discharges to Birch Bay.
The Birch Bay WMU marine shoreline was inventoried in four reaches totaling
approximately 19 miles (Figure 16-20). These include Birch Point (MR 4), extending from
Semiahmoo Spit to Birch Bay; Birch Bay (MR 5); Birch Bay State Park (MR 6); and Cherry
Point (MR 7), extending from Birch Bay to the Lummi Indian Reservation. The northernmost
extent of the Birch Point reach is in the City of Blaine near Semiahmoo Spit.
Maps depicting the key features of the marine shoreline in this WMU are provided in the
MAP FOLIO.
Link to Birch Pt, Birch Bay, Birch Bay State Park marine reach MAP FOLIO

Link to Cherry Pt marine reach MAP FOLIO
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Figure 16-20. Marine Shoreline Inventory Reach Numbers and Endpoints,
Birch Bay WMU

16.2.1.1 Built Environment
Existing land use patterns along the Birch Bay WMU marine reaches are predominantly
residential, with a mix commercial waterfront, recreational, agriculture and industrial
development. Land use in the Birch Point reach is moderate to low-density single-family
residential development. Parcel sizes generally range from 0.25 to 1.5-acres with 50 to
100 feet of waterfront. Less dense residential development (2 to 5-acre parcels with 200 to
400 feet of waterfront) and some larger undeveloped parcels are located in the westernmost
portion of Birch Point. The Birch Bay reach has the densest development: predominantly
developed smaller single-family residential properties (0.15 to 0.5-acre lots with 50 feet of
waterfront) on the north and south ends of the bay. The middle portion of the Birch Bay
reach, north of the mouth of Terrell Creek, contains a marina and a mix of multi-family
residential, commercial, and resort development (including condominiums, RV parks,
restaurants, etc.). The Birch Bay State Park reach is less developed, but has roadways and
parking areas parallel to the shoreline. The north end of the Cherry Point reach is very similar
to Birch Point (moderate to low-density single family residential development). The Cherry
Point reach is predominantly comprised of larger parcels that are undeveloped or in
agriculture. Industrial facilities with loading piers, including a petroleum refinery, and port
facilities are located in the southern portion of the Cherry Point reach. The County considers
the existing industrial facilities at Cherry Point to be indurtial facilities of statewide
significance.
Land cover along the Birch Bay marine reaches is predominantly a mix of forest, wetlands,
and grasslands in most reaches. Areas classified as developed are mostly concentrated in the
Birch Bay reach (37 percent of the reach). Wetlands are most prevalent in the Cherry Point
reach (44 percent of the reach). Zoning and future land use designations for the
16-14
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unincorporated portion of the Birch Point reach is a mix of urban low density residential (four
units per acre) and rural (one unit per 5 acres). The north end of the reach is in the City of
Blaine and its UGA, and the east end is in the Whatcom County Birch Bay UGA. The Birch
Bay and Birch Bay State Park reaches are zoned for urban residential medium density
residential (six units per acre) with mixed commercial in the Birch Bay reach only. Both
reaches are within the Whatcom County Birch Bay UGA. The Cherry Point reach is
predominately zoned Heavy Industrial, with areas zoned Rural (one unit per 5 acres) and
urban low density residential (four units per acre) in the north portion of the reach. The
northern most portion of the reach is in the Whatcom County Birch Bay UGA. The majority
of the reach is in the Whatcom County Major Port/Industrial UGA.
Transportation facilities are primarily residential and other roads paralleling the shoreline.
Roads and railroads serving the industrial facilities are located in the Cherry Point reach.
Underground pipelines associated with the refinery (natural gas, oil, and finished fuel) are
also located in the Cherry Point reach.
The most prominent public access and recreational site is Birch Bay State Park, which
provides access to approximately 1.25 miles of marine shoreline in Birch Bay. Other sites
include undeveloped properties owned by Whatcom County (Birch Point, Cottonwood
Beach, Birch Bay Access, and Aldergrove Overlook). These sites have been identified for
development of trails, parking, and overlook facilities. The Birch Bay Village Marina is
privately owned. Two additional areas have been previously identified as potential
acquisition sites for public access and recreation along the Cherry Point reach. These sites are
known as Unick Road Access and Cherry Point Beach.
There are no properties or structures listed on national or state historical registers along the
Birch Bay marine reaches. The Gischer House is in the vicinity of the Birch Bay reach
shoreline. The house is listed on the Whatcom County Historic Register. Generally, areas
along marine shorelines, specifically along bays and harbors, have a high probability for
archaeological resources.
Regulated critical areas along the Birch Bay reaches include critical aquifer recharge
potential in all reaches. Wetlands are mapped in Birch Point (25 percent) and Cherry Point
(64 percent) reaches. Habitat conservation areas are mapped in all reaches, including habitat
areas for bald eagle, seabirds, and harbor seal; eelgrass beds in all reaches; kelp beds in all
reaches except Birch Bay; commercial and recreational shellfish areas in all reaches; and
spawning areas for forage fish (sandlance, smelt, and herring). Marine landslide hazard areas
are mapped in all reaches except Birch Bay State Park. Low and low to moderate seismic
hazard areas are mapped in all reaches; moderate to high seismic hazard areas are mapped in
the Cherry Point reach as well.
Shoreline modifications are present throughout the Birch Bay marine reaches, with the
exception of Birch Bay State Park. Modifications are most concentrated in the Birch Bay
reach. Approximately 43 percent of the reach has bulkheads (not including Birch Bay Village
marina); there are ninety-three piers (all of which are inside the marina) and many jetties
(fourteen per mile). Birch Point and Cherry Point reaches have approximately 7 to 8 percent
bulkheads, and there are large piers and other over-water structures in the Cherry Point Reach
associated with the industrial facilities.
Ecology’s Facility Site database indicates that there are four hazardous materials sites located
in the vicinity of the Birch Bay reach. They are identified as the Birch Bay landfill transfer
station, and three underground storage tanks. The Birch Bay sewage treatment plant is in the
Birch Bay State Park. There are three sites in the Cherry Point reach, an underground storage
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tank within 1,000 feet of the shoreline at Intalco, a state cleanup site at the Intalco beach
landfill, and a hazardous waste generator identified as the Energy Whitehorn Generating
Station.
Ecology’s 2004 Water Quality Assessment 303(d) designates Semiahmoo Bay in the vicinity
of the north end of the Birch Point reach as a water of concern (303(d) category 2) for
ammonia-N.
Future development along the Birch Bay marine reaches could increase the density and
intensity of land uses in the future. Residential areas are not likely to change significantly, as
they are predominantly built out. Areas in the designated Birch Bay UGA may experience infill, redevelopment, or more dense development in the future. The most significant potential
change in future land use would be a transition from undeveloped and agricultural uses to
more intense industrial and port related facilities as the Cherry Point reach develops. This
area is in the Major/Port Industrial UGA.

16.2.2 Birch Point
16.2.2.1 Physical Environment
This shore segment consists of parts of net shore-drift cells WH-2-4 and WH-2-5.
Cell WH-2-4 originates just 0.25 miles north of Birch Point and exhibits northeasterly
transport. It terminates well beyond the limits of the reach, at the north end of Semiahmoo
Spit. A divergence zone is found south of cell WH-2-4. Net shore-drift shifts to southwesterly
transport south of the divergence zone. This drift cell terminates at the jetty that marks the
entrance to Birch Bay Village marina.
Eroding bluffs that contribute sediment to the nearshore, commonly referred to as Feeder
Bluffs, were identified throughout the reach, comprising a total of 76 percent of the Birch
Point reach. 55 percent of these eroding bluffs are contributing sediment at a moderate rate,
while 21 percent of the eroding bluffs are delivering substantial quantities of sediment to the
nearshore on a more frequent basis. Forty-nine landslide areas were observed along the Birch
Point reach bluffs, comprising 38 percent of the shoreline. Bluff toe erosion was mapped
along the 60 percent of the Birch Point reach. Segments exhibiting no or minimal sediment
input are considered transport zones and represent approximately 12 percent of the reach.
Accretion shoreforms accounted for only 4 percent of the Birch Point reach.
A typical nearshore profile in this reach is comprised of a 60 to 80 foot bluff with signs of
active or past bluff retreat, such as toe erosion or landslides and recently recruited LWD
along beach. Beyond intermittent colluvium at the toe of the bluff, a small storm berm is
likely to occur in the uppermost beach. Beachface material is largely a mix of gravel and
coarse sand that gradually fines to a sandy low tide terrace.
16.2.2.2 Biological Resources
Habitats in this reach are primarily bluffs and narrow beaches of sand, coarse sand and
gravel. Small areas of interdunal/backshore coastal wetland marshes occur along about
25 percent of the shoreline, primarily along Semiahmoo Spit. Eelgrass occurs along 100
percent of this reach and is mixed with green algae, (including Sargassum) along about 80
percent of the reach. Beaches, intertidal flats and associated eelgrass beds are narrow along
this reach compared to their extent in Drayton Harbor or the Birch Bay reach. Beaches along
this entire reach support spawning by Semiahmoo Bay and Cherry Point herring stocks. In
addition, surf smelt spawning is mapped along the entire reach, with the exception of a small
area at Birch Point. Habitat conservation areas include a harbor seal haul out area just north
of Birch Point, and sparse, scattered kelp beds to the north of Birch Point. Recreational
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shellfish beds, primarily hardshell clams and Dungeness crab, also occur along most of this
reach.
A pocket estuary occurs near the marina but is considered to be Not Properly Functioning
(Redman et al. 2005). Japanese knotweed is becoming widespread along the marine shore and
populations of invasive smooth cordgrass have been found in Birch Bay (Barry Wenger,
personal communication).

16.2.3 Birch Bay
16.2.3.1 Physical Environment
Net shore-drift is from south to north throughout most of the Birch Bay reach. The drift cell
that the majority of this shore reach falls within originates at the eroding bluffs at Point
Whitehorn. From Point Whitehorn sediment is transported north where it terminates and
converges with another drift cell exhibiting easterly transport. Large woody debris
accumulations along the northern beaches are indicative of the accretionary nature of the
Cottonwood portion of the reach. These same accretionary processes lead to the development
of the historic marsh complex located near the Birch Point golf course. Filling of the marsh
for development has substantially reduced the area of the marsh, as well as degraded much of
the remaining marshland. West of the marsh, net shore-drift travels east to west originating at
the easterly jetty of the Birch Bay Village Marina entrance. Easterly drift continues beyond
the eastern jetty, however most sediment cannot bypass the jetties. As a result Birch Bay
Village Marina partially mitigates impacts from the jetties through periodic sediment
bypassing at the time of each maintenance dredge.
The Birch Bay shore reach is largely accretionary in nature. Geomorphic mapping conducted
by Coastal Geologic Services, Inc. in 2005 categorized 94 percent of the beaches within the
reach as accretion shoreforms, or depositional beaches at one time. Modifications accounted
for the only other “shoretype”, representing 6 percent of this nearshore reach.
A typical nearshore profile of the beaches within the Birch Bay shore reach consists of either
a low elevation backshore with patchy dune vegetation or an intertidal beach sloping up to a
bulkhead. Waterward, the profile extends out to a broad sand flat. Northern beaches are more
accretionary than southerly beaches with a small storm berm occurring at the uppermost
beach. Beach sediment is typically pebbly, coarse sand to medium sand, becoming finer
moving both north and waterward.
16.2.3.2 Biological Resources
Habitats along this reach are predominantly no-bank beaches, shallow tidal sand flats, with
scattered areas of fringing interdunal/backshore marshes. Recreational and commercial
shellfish areas occur throughout the bay. Currently, Birch Bay is listed as threatened by the
DOH (2005), indicating that water quality management is a high priority in this reach. Birch
Bay supports waterfowl concentrations, spawning areas for Semiahmoo and Cherry Point
herring stocks, as well as smaller areas of Pacific sandlance and surf smelt spawning at either
end of the reach. Intertidal vegetation is dominated by eelgrass beds along 82 percent of the
shoreline, with smaller amounts of green algae. Sargassum is mapped along 15 percent of the
shoreline in this reach.
A pocket estuary is located on the Cottonwood portion of the reach and although it is rated At
Risk; this estuary provides feeding, refuge and osmoregulatory functions for juvenile
salmonids (Redman et al. 2005).
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16.2.4 Birch Bay State Park
16.2.4.1 Physical Environment
The Birch Bay State Park shore reach is also within the larger Birch Bay drift cell (from Point
Whitehorn to the northeast to northernmost Birch Bay). The bluffs at Point Whitehorn are the
only significant sediment source for the beaches of all of Birch Bay continuing north up to
the Birch Bay Village area. Jacobsen (1980) mapped a broad zone of drift divergence at
western Point Whitehorn and the area just south of Point Whitehorn. This suggests that the
initial sediment source for this cell is both Point Whitehorn, and to a lesser degree during
southerly wind periods, the area immediately south of Point Whitehorn. This is consistent
with the mapping by Bauer (1974), who termed Point Whitehorn as an “overlapping sector
boundary.”
The eroding bluffs at Point Whitehorn deliver substantial sediment to this drift cell. The
broad sand flats, spits and prograding shoreline are evident of this process. The beaches
within this reach mark the beginning of the accretionary beach that makes up much of Birch
Bay. Ninety-four percent of the beaches in this reach are accretionary in nature (accretion
shoreform), while the remaining 6 percent are transport zones, exhibiting neither erosive nor
depositional characteristics.
This no-bank shore reach hosts abundant dune and marsh vegetation as well as a backshore
lagoon. Shoretypes in this reach include estuarine, and the broad sandy beaches of the spit.
Moving down-drift (north) the backshore widens, enabling more backshore marsh and dune
habitat to develop and large woody debris to accumulate. Beach sediment becomes
increasingly fine moving north, grading from gravel (with cobble) to sand. The lower beach
is composed of broad sand flats that extend along virtually the entire length of Birch Bay.
16.2.4.2 Biological Resources
Habitats in this reach are primarily beaches with low or no banks, extensive sand flats, and
backshore marsh wetlands and estuarine wetlands at the mouth of Terrell Creek. Birch Bay
State Park is one of the largest recreational shellfish areas in the state. Mixed eelgrass and
Sargassum extend along most of the reach (94 percent), with sparse kelp beds beginning to
appear at the edge of the reach near Point Whitehorn. Eelgrass beds in this reach support
herring spawning, and Pacific sandlance and surf smelt spawning occurs along the beach to
the west of Terrell Creek mouth. Terrell Creek is mapped as a pocket estuary that provides
feeding, refuge, and osmoregulatory functions for juvenile salmonids.

16.2.5 Cherry Point to Sandy Point
16.2.5.1 Physical Environment
Net shore-drift in the Cherry Point reach largely takes place within drift cell WH-3-8, however
in the northernmost portion of the reach, the origin of cell WH-2-7 is found. A 0.75 divergent
zone located just south of Point Whitehorn delineates the two drift-cells. Cell WH-3-8 exhibits
southerly net shore-drift and terminates at the artificial marina entrance channel at Sandy Point.
Sediment sources are abundant within this drift cell, accounting for approximately 54 percent
of the Cherry Point shore reach. Feeder bluff exceptional areas (bluffs that are delivering
considerable quantities of sediment to the nearshore at regular intervals) make up 9 percent of
those sediment sources, while the other sediment sources are feeder bluffs (moderate supply
and return interval). Primary sediment sources are predominantly found near the northern end
of the reach, near the drift cell’s origin. Forty-nine recent landslide areas were identified in
the reach, cumulatively representing 18 percent of the shore reach. Toe erosion was also
observed taking place along 38 percent of the Cherry Point reach.
16-18
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Transport zones, with negligible erosion or deposition, accounted for 20 percent of the reach,
while Accretionary shoreforms or those areas of past deposition comprised 18 percent of the
reach. Modifications that directly effect nearshore geomorphic processes were noted along
9 percent of the reach.
General beach character in this shore reach consists of moderate to high bluffs with broad
storm berms, which likely buffer wave erosion. The berm crest was composed of pebble and
granule with minor cobble while the upper foreshore was dominated by pebble and cobble
with substantial amounts of sand in most locations. The lower foreshore/high tide beach were
cobble and pebble dominant with sand and boulders. Beach material along the low tide
terrace was typically composed of finer sediment with cobble and boulder lag deposits.
Active bluff erosion contributes large woody debris to the upper beach.
16.2.5.2 Biological Resources
Habitats in this reach are dominated by bluff, beach and backshore areas with coarse
substrates – primarily pebble and cobble with some sand and boulders. Subtidal beach
terraces are relatively narrow. Areas of coastal wetland marshes occur along the shore at Gulf
Road and along Neptune Beach. Small pocket estuaries occur where streams drain to the
nearshore just west of Gulf Road and north of the Intalco dock. Bull kelp beds extend in a
narrow band along most of the reach, covering about 61 percent of the shoreline. Bull kelp is
most extensive from just south of Point Whitehorn to the Intalco dock, but become more
sparse towards Sandy Point. Mixed eelgrass and Sargassum occur as small, scattered patches
along almost the entire shoreline (80 percent of the shoreline) from Point Whitehorn to Sandy
Point.
Forage fish spawning habitat occurs along this reach, including the entire reach for Cherry
Point herring stocks, and small areas north of Cherry Point between Power Plant Road and
Sandy Point for surf smelt. Pacific sandlance spawning is mapped in the same general area as
surf smelt, but at fewer, scattered locations. Habitat concentration areas are mapped for
commercial and recreational shellfish along most of the reach, and seabirds and a harbor seal
haul out area south of Point Whitehorn.

16.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating
SEDs.

16.3.1 Landscape-scale Restoration and Conservation
Infiltration/recharge and groundwater appear to be relatively intact in the Birch Bay WMU,
and protection of these mechanisms will be important for maintaining existing baseflow
function. Controlling discharge from Lake Terrell to mange lake water levels, however, may
impact the current baseflow regime in Terrell Creek, potentially overriding groundwater
influence. Planed restoration actions should be reviewed for consistency with the Lake Terrell
Management Plan.
The loss of historic wetlands, particularly in Semiahmoo and Birch Bay, provide
opportunities for restoration. Restoring these areas could improve water quality processes,
which may have a positive effect on nearshore areas. Existing wetlands offer opportunities
for habitat improvements via enhancement of existing vegetation communities, especially
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riparian wetlands within the Birch Bay and Fingalson Creek drainages which have many
existing wetlands worthy of protection and/or enhancement.
Alterations to nearshore processes in the Birch Bay WMU are largely related to
anthropogenic structures, which are known to impede alongshore movement of sediment and
negatively affect adjacent beaches, and sediment impoundment by bulkheads. These
structures are primarily located in the Birch Bay and Cherry Point reaches. Response to these
alterations can be seen in down-drift erosion control problems resulting from depleted
sediment supplies. Full restoration of these processes is only possible by removing the
structures. Where removal is not an option, efforts to reduce impacts or perform
compensatory mitigation may be partially effective alternatives. Such alternatives include
sediment bypassing and/or beach nourishment to replenish sediment starved beaches.
Constructing additional structures and bulkheads at feeder bluffs should be prohibited to
assure conservation of nearshore sedimentary processes and circulation.
Conservation of sediment sources that supply large accretionary beaches and marshes, such
as Semiahmoo Spit, Birch Bay and the Gulf Road pocket estuary should be a focus.
Protecting the uncommon coastal wetlands (as found at Gulf Road) would also protect habitat
value. Conservation of the remaining marine riparian areas would also benefit nearshore
dependent species.
Table 16-1 characterizes the degree of process intensity and alteration for the various
drainages. This information can be used to prioritize restoration and conservation according
to individual or multiple processes.

16.3.2 Reach-scale Restoration and Conservation
The potential for restoration in Reach 1 of Terrell Creek is limited because of urban
development densities. The upper end of Reach 1 contains the only unchannelized portion of
the stream, and provides the only tidally influenced off channel habitat. This area has high
value ecologically, and would benefit from protection against future encroachment and
channelization.
Reach 2 is protected by its location in a state park. Associated wetlands, however, appear to
be relatively monocultural. The potential for restoring diverse native plant communities
appears to be high in this reach.
Like Reach 2 of Terrell Creek, most of Lake Terrell is protected by existing comprehensive
plan zoning designations, and its status as a natural area. Given the importance placed on the
lake for its natural/recreational functions, expansion of existing shoreline protections to the
entire shoreline is appropriate.
Reach-scale nearshore restoration in the Birch Point reach of the Birch Bay WMU should be
focused on restoring and conserving sediment sources for beaches and nearshore habitats.
Areas mapped as modified in recent feeder bluff mapping impound sediment that would
otherwise be contributing sediment to the beach system. This includes a limited number of
sites. Existing mapped feeder bluff segments should be conserved to prevent further
degradation of habitats. Revisiting building setbacks in the Semiahmoo area to consider
greater setbacks in this erosional area may reduce future problems.
Restoration in the Birch Bay reach should be focused on removing old and failing structures,
possibly in conjunction with large-scale beach nourishment. This would include removing
groins and bulkheads along Birch Bay Drive to restore upper beach and backshore habitats.
Outfalls should also be examined to see if they can be lowered or covered as they are acting
as groins. Other restoration goals for this reach would be to restore historic marsh areas
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where possible and to create a riparian buffer along the Birch Bay shore. Removing
bulkheads, including unpermittited bulkheads, between Birtch Bay State Park and Point
Whitehorn is recommended.
Conservation of the beach and backshore area should be the main focus for the Birch Bay
State Park reach, and should be consistent with State Parks policy. As road damage may
occur in the future, moving the road landward if possible (wetlands/stream are landward in
some areas) would help restore natural processes and reduce future conflicts.
The Cherry Point reach has a number of conservation and restoration opportunities.
Conservation of remaining feeder bluff segments in the Cherry Point reach should be given
highest priority as these are the primary sediment sources for both Sandy Point and Birch Bay
beaches. The bluffs in the vicinity of Point Whitehorn are the sole sediment source for the
miles of accretionary shoreform and valuable habitat in Birch Bay and Birch Bay State Park
reaches. Numerous bulkheads (many apparently unpermitted) are located near Point
Whitehorn, which provide a restoration opportunity on the drift cell basis. A larger
opportunity for restoration in the Cherry Point reach includes re-introducing impounded
sediment on the north side of the pier base fills through excavating and bypassing the
accreted sediment south of the two southern industrial piers at Cherry Point (which could also
create coastal wetlands in the backshore). When and if the marina entrance channel at Sandy
Point is dredged, sediment could be bypassed to the south. Existing coastal wetlands should
be restored and conserved at the pocket estuary at Gulf Road and at Neptune Beach.

16.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs for Terrell Creek and Lake Terrell (Table 16-2). Ecological functions are high in the
estuarine and tidally influenced reaches of Terrell Creek, and protection and restoration of
these areas should be high priorities. However, encroaching development in Reach 1 reduces
the potential for restoration somewhat and existing zoning and land use suggest that Urban
Resort and Shoreline Residential designations are appropriate for developed portions of the
reach. Although reaches 1 and 2 have similar ecologic functions, Reach 2 has less impairment
and more potential for restoration/protection. Lake Terrell also has relatively intact functions
and good potential for protection/restoration, since it is predominately public land.
Recommended marine SEDs are mostly a mixture of Shoreline Residential, Urban Resort,
Rural, and Cherry Point Management Unit depending on existing zoning and land use
(Table 16-3). Urban Conservancy and Conservancy designations are reserved for protecting
resources near Birch Point, the mouth of Terrell Creek, and near Gulf Road.
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Table 16-1. Summary of Restoration and Protection Potential by Drainage Area, Birch Bay WMU.
Process Intensitya
Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Canopy
Cover

Process

LWDRP

Alteration

Storage

Process

Inputs

Alteration

Storage

Process

Surface
Erosion

Alteration

Mass
Wasting

Process

Groundwater

Heat/Light

Alteration

Snowmelt
and
Runoff

LWD

Process

Surface
Water
Storage

Water Quality

Alteration

Infiltration
&
Recharge

Sediment

Process

Mechanism

Hydrology

Semiahmoo

↑

↔

↑

↑

↓

↓

↑

↔

↓

↓

↓

↑

↑

↑

↓

↑

↑

↑

↔

↑

↓

↑

High potential for restoration, but potential influence on freshwater aquatic resources is
limited. Water quality management is high priority, but potential for process-based
restoration may be limited.

Birch Bay

↓

↑

↑

↓

↓

↓

↔

↔

↓

↓

↓

↑

↑

↓

↓

↑

↑

↓

↔

↑

↓

↑

Wetlands are more intact in Birch Bay than in Semiahmoo but may not occur between
the resource (Birch Bay) and altered source areas. Focused restoration and protection
opportunities are likely available, however.

Intensity

Potential for Restoration and Protection

Terrell Creek

↓

↓

↑

↔

↓

↓

↓

↓

↓

↓

↓

↔

↑

↔

↓

↔

↑

↔

↑

↑

↑

↑

Lower Terrell Creek likely has the most non-marine ecological function in the WMU and
existing conditions should be protected. Riparian-scale restoration is limited near the
mouth but is possible upstream of there. Process-based restoration in upstream
contributing areas could further improve function in the stream.

Lake Terrell

↔

↓

↑

↔

↓

↓

↓

↓

↓

↓

↓

↔

↑

↔

↓

↑

↑

↔

↑

↑

↑

↑

Water quality restoration is the priority in this drainage, starting with wetland and
riparian restoration. Each will indirectly improve at least 2 other processes as well.

Fingalson Creek

↓

↓

↔

↔

↓

↓

↓

↓

↓

↓

↓

↔

↔

↔

↓

↔

↔

↔

↑

↑

↑

↑

Water quality restoration is the priority in this drainage, starting with wetland and
riparian restoration. Each will indirectly improve at least 2 other processes as well.

Cherry Point

↓

↔

↑

↑

↓

↓

↓

↓

↓

↓

↓

↓

↑

↑

↓

↑

↑

↑

↔

↑

↓

↑

Aquatic resources occur primarily in the form of wetlands in the Cherry Point drainage.
Feeder bluffs and acretionary shoreforms along Cherry Point; eelgrass, kelp and forage
fish resources present in nearshore areas

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Functional responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Table 16-2. Preliminary SED Recommendations, Birch Bay WMU, Terrell Creek, and
Lake Terrella

Reach

Existing
SEDs

Recommended SEDs
Left Bank

Right Bank

Comment

Terrell Creek
Reach 1

Conservancy/
Urban/
Urban Resort

Urban
Conservancy/
Urban Resort/
Shoreline
Residential

Urban Resort/
Shoreline
Residential/
Conservancy

Urban Conservancy on
undeveloped left bank near
stream mouth and right bank
just downstream of State Park;
otherwise Shoreline Residential
and Urban Resort depending on
existing zoning and land use.

Reach 2

Conservancy/
Natural

Natural (up to
Birch Bay Dr.)/
Conservancy
(water ward of
road)

Conservancy/
Natural

Designations intended to
protect parkland, which is
completely undeveloped in and
adjacent to shoreline in upper
reach where Natural
designation is recommended.

Lake Terrell

a

Reach 1

Conservancy

Reaches 2
through 4

Natural

Reach 5

Natural/
Conservancy

Natural

Mostly WDFW-owned
shoreline that is managed for
wildlife and fish resources.
High focus for management of
natural resources indicates
necessity for Natural
designation along entire
shoreline.

All areas below OHWM are designated Aquatic
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Table 16-3. Preliminary SED Recommendations, Birch Bay WMU, Marine Reachesa

a

16-26

Reach

Existing
SEDs

Birch Point

Recommended SEDs

Comment

Conservancy

Shoreline Residential/
Conservancy/Urban
Conservancy

Densely developed residential areas
on north side of Semiahmoo are
recommended for Shoreline
Residential, but adjacent to and
south of Birch Point are less
developed and suitable for
Conservancy

Birch Bay

Rural/
Natural/
Urban
Resort/Urban

Shoreline
Residential/Urban Resort/
Urban Conservancy

Urban Conservancy is appropriate
for mouth of Terrell Creek,
otherwise developed shorelines
warrant designations consistent
with zoning.

BB State
Park

Conservancy

Conservancy/Natural
(Land ward of Birch Bay
Dr)

State park reach is relatively high
functioning.

Cherry
Point

Conservancy/
Cherry Point

Shoreline
Residential/Conservancy/
Cherry Point MU

Designations recommended to
match zoning and existing
development patterns

All areas below OHWM are designated Aquatic
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17. DRAYTON HARBOR WMU
The Drayton Harbor WMU is a 56.7 square mile coastal watershed located in the northwest
corner of the County that includes the City of Blaine. The WMU lies west of the lower
mainstem Nooksack River and Bertrand Creek and is isolated from the Nooksack system
Shorelines of the state include the Drayton Harbor marine shoreline including the nearshore
area and associated wetlands, and two major tributaries: Dakota Creek and California Creek.
Semiahmoo Spit shelters the harbor from Georgia Strait 7.

17.1 LANDSCAPE ANALYSIS
17.1.1 Aquatic Resources and Contributing Area
In addition to Drayton Harbor and its two major tributaries, there are a few small streams that
drain directly to the harbor (Map 17-1). Other aquatic resources include a large impoundment
on the North Fork Dakota Creek and the Beaver Ponds in the headwaters of the North Fork
Dakota Creek. Wetlands are abundant throughout the WMU and comprise 16 percent of total
land area—21 percent of the land cover if mudflats are included (Nelson et al. 1991).

17.1.2 Process Controls
17.1.2.1 Geology
The Drayton Harbor WMU is partitioned into three distinct areas of surficial geology. The
Boundary Upland lies along the north extreme of the WMU. It is approximately 10 miles
long and 3 miles wide, and is composed of fine-grained glaciomarine drift mantled by
3 to 10 feet of sand and gravel. To the south, the Custer Trough, through which Dakota Creek
drains, is an extension of the Sumas outwash plain. Farther south, the California Creek
drainage transitions to Sumas Stade and Bellingham drift deposits that are mostly finegrained but include an area of coarse-grained terrace deposits west of Kickerville Road and
south of the California Creek.
The underlying geology of the Drayton Harbor WMU marine shores are predominantly
composed of glaciomarine drift deposited during the Everson Interstade in the Pleistocene epoch
(roughly 11,300 - 13,500 years ago). This geologic unit is characterized by moderately to wellsorted gravel, sand, silt and clay (Lapen 2000). Emergence (beach) deposits, largely consisting of
reworked Everson glaciomarine drift, are found along the southeastern shore of Drayton Harbor
east of the southern end of Semiahmoo Spit (Lapen 2000). This unit is comprised of loose,
moderately to well-sorted gravel with local boulders and fine to medium sand.
Fluvially derived sediment from nearby Dakota and California Creeks also provides small
quantities of beach sediment to the Drayton shore. The geology of Semiahmoo spit is
different from previously mentioned geologic units as it is composed of Quaternary beach
deposits, which were transported and deposited through northward net shore-drift. Sediment
in the spit consists of moderately to well-sorted coarse sand. Tide flat deposits consist of
sand, silt and clay, and local gravel.

7

All marine shorelines seaward of extreme low tide are also shorelines of statewide significance.
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17.1.2.2 Topography/ Bathymetry
The Boundary Upland reaches an elevation of 500 feet, and areas of high relief are located
along the transition from the Boundary Upland to the Custer Trough. The Custer Trough
typically lies below 100 feet in elevation to the east, falling to sea level over about 8 to
10 miles from the eastern edge of the WMU.
Bathymetry of the Drayton Harbor WMU largely consists of the extensive mud and sand tide
flats within Drayton Harbor as well as the large nearshore sand bars west of Semiahmoo Spit,
which can be considered part of larger Semiahmoo Bay. Bathymetry within Drayton Harbor
is quite shallow, with the majority of the harbor between 0 feet MLLW and MHHW. The
exception to this is the west-central portion of harbor, which has depths of up to –20 feet
MLLW. The inlet to Drayton Harbor has water depths that range from 30 to 66 feet MLLW.
The west side of Semiahmoo Spit is fronted by sand flats, which gradually narrow moving
south. Water depths drop off beyond the sand flats, exhibiting a gradual transition to deeper
water at the south end of the spit. The transition to deeper water is more abrupt moving north
toward the Drayton Harbor inlet.

17.1.3 Climate
Precipitation levels are generally consistent throughout the WMU; mean annual precipitation
ranges between 45 inches near Drayton Harbor to 55 inches in the eastern portion of the
WMU. The majority of precipitation falls as rain between the months of October and March,
and runoff is greater during these months. In addition, peak events are rainfall driven and
occur at the greatest frequency during winter months.
17.1.3.1 Land Use/Land Cover
Agriculture (54 percent) is the primary land use in the Drayton Harbor WMU and is
particularly dense in the South Fork Dakota Creek and in the middle and Upper California
Creek drainages (see Map 3-14). The City of Blaine makes up most of the land area near
Drayton Harbor. Most of the land use in this area and along the I-5 corridor is urban
residential and open space, but some commercial land uses are also present.
Forested areas and other open space comprise 21 percent of the WMU, most of which lies
north of I-5 in the Dakota Creek drainage. Forest cover is most dense on the Boundary
Upland, particularly in the North Fork Dakota Creek drainage. Some pockets of forest also
remain in the California Creek basin and south of the harbor.

17.1.4 Landscape Processes, Alterations, and Responses – Freshwater
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations for freshwater environments. The process-intensive areas and
areas of alteration were identified based on GIS overlays using the approach described in
Section 2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE
MAP FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Drayton landscape MAP FOLIO
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17.1.4.1 Hydrology
Process-intensive Areas
Although the Boundary Upland surficial deposits are glaciomarine in origin, the 3-foot thick
mantle of sand and gravel overlying the finer deposits has a high infiltration/recharge
capacity. Infiltrated water tends to flow horizontally at the contact with finer-grained soils
underlying the coarse mantle, and this is an important area for supporting baseflow in Dakota
Creek and its tributaries. Other large tracts of soil with high infiltration capacity are located
along the boundary between upper Dakota Creek and California Creek and along the upper
mainstem and South Fork Dakota Creek (Map 17-2). Other areas with high infiltration
capacity are found in Upper California Creek and the southern shoreline of Drayton Harbor.
The Upper California Creek drainage also contains areas with high surface water storage
capacity. Much of the Custer Trough adjacent to the Boundary Uplands also provides storage
capacity. North Fork Dakota Creek also has areas of high storage potential, particularly in the
area of the Beaver Ponds.
Groundwater is conditioned by geologic controls in the Drayton Harbor WMU. The western
extent of the Sumas-Blaine surficial aquifer is coincident with the recessional outwash
deposits in the Custer Trough and extends most of the way to the harbor. Silt and clay
deposits in California Creek mark the boundary of the surficial aquifer. A smaller,
discontinuous aquifer is also perched on glaciomarine deposits on the western lobe of the
Boundary Upland.
Elevations in the WMU are not high enough to support rain-on-snow zones.
Indicators of Alteration
Impervious surfaces that can alter infiltration processes are concentrated near Blaine (both
east and west side of Drayton Harbor) and along the I-5 corridor, but the soils in these areas
have low infiltration capacity. Intensive infiltration areas south of Drayton Harbor, and the
upper California-Dakota drainage boundary contain significant areas of impervious surface
(Map 17-3).
Agricultural land uses do not directly affect infiltration/recharge mechanisms, but can impact
groundwater flow and runoff patterns. Many of the historic wetlands that provided important
storage still exist, but stream hydrography shows that many existing wetlands in agricultural
areas in the South Fork Dakota Creek, lower Haynie Creek, and upper California Creek
drainages are ditched, reducing their potential for storage. Many wetlands in these areas have
been lost as a result of draining (Map 17-4). Subsurface storage of water in shallow soils
typical of the WMU is also susceptible to impairment resulting from construction-related
grading and soil removal (Booth 2000; John Thompson, personal communication of October
10, 2005).
The water right records indicate approximately 14,400 acre-feet allocated annually in this
WMU, nearly 50 of the approximately 200 water right records are for surface water
diversions. Over 80 percent of the consumption is for agricultural purposes.
Response to Alterations
Historic discharge data is not available for California and Dakota Creeks, so effects of
process alteration on peak flows are not well documented. Ecology (2004) lists California
Creek as impaired for streamflow based on information presented in Smith (2002), and
Ecology has closed future water rights allocations (year-round) in the WMU (Blake and
Peterson 2004).
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17.1.4.2 Sediment
Process-intensive Areas
Like most lowland areas in the County, relief is low and gradients sufficient to catalyze
intensive mass wasting and surface erosion are few. Some landslide potential exists along the
transition between the Boundary Upland and the Custer Trough, and where bluffs border
southern Drayton Harbor (Map 17-5). Areas with high potential for surface erosion are found
in the northeast corner of the WMU in the vicinity of the Beaver Ponds.
Indicators of Alteration
Increased sediment supply in this WMU generally occurs in response to land uses that disturb
soils such as urban development, till agriculture, and land uses that catalyze the delivery of
sediment to streams such as road construction. High levels of impervious surfaces coupled
with vegetation removal can increase the volume and velocity of runoff, which can cause
erosion and sedimentation.
Intersecting roads and streams are concentrated in and around Blaine and along the I-5
corridor in the California Creek drainage (Maps 17-5.5 and 17-6). These areas are also likely
to support the majority of the urban development in the WMU. Till agriculture constitutes the
primary sediment alteration in the South Fork Dakota Creek drainage and the lower Haynie
Creek drainage. Although agriculture is common in the California Creek drainage, land cover
maps show that most of the area is pastureland, which is not a significant source of sediment
relative to till agriculture.
The Beaver Ponds area remains mostly forested, so surface erosion processes are not highly
altered. One area of erosive soils occurs in the City of Blaine and may be a source of
increased surface erosion, but it is not adjacent to susceptible aquatic resources.
Surface water storage areas highlighted in the hydrology section are also important for
retaining sediment.
Response to Alterations
Data regarding sediment impacts in Drayton Harbor WMU are limited. EDT models suggest
that that fine sediment conditions range from at risk to impaired with quantities between
11 to 18 percent in California Creek and 18 to 30 percent in Dakota Creek, well above
NOAA Fisheries’ threshold for properly functioning conditions 8. Smith (2002) cites older
studies stating that spawning gravel is limited in California Creek, but whether this condition
is linked directly to altered sediment process or is simply a result of overarching watershed
controls (e.g., fine-grained soils and surficial deposits, low gradient) is uncertain. The
presence of reed canarygrass likely plays a role in redistributing sediment, but effectiveness
relative to impaired historical sediment traps such as LWD, beaver ponds, bar deposits, and
overbank deposition is unclear.
17.1.4.3 Water Quality
Process-intensive Areas
Areas described in the hydrology section as important for surface water storage are also
important for nutrient and contaminant uptake from standing water. In addition, wetlands and
riparian areas in South Fork Dakota Creek, Haynie Creek, and throughout California Creek
also support intensive contaminant uptake/removal from shallow groundwater. Hyporheic
8

Citing Washington Timber Fish and Wildlife Cooperative Monitoring Evaluation and Research
Committee, 1993. Watershed Analysis Manual, Washington Department of Natural Resources

17-4

June 2006│ 558-1687-004
17. DRAYTON HARBOR WMU

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

zones along the tributary mainstems and low-order tributary channels also support extensive
nutrient cycling and contaminant filtering (Map 17-7).
Indicators of Alteration
Many of the wetlands that historically served as important contaminant storage areas have been
filled or drained in areas where increased nutrient and pathogen inputs occur. These are the
same areas identified in the hydrology section and are typically associated with agricultural land
uses in Haynie Creek, South Fork Dakota Creek, and Upper California Creek.
Other indicators of alteration include stream channelization, which has likely impaired
hyporheic function in lower Dakota Creek, which has a large floodplain and soils that are
highly conducive to hyporheic flow. GIS mapping does not show channel modifications in
this area, but land use near the harbor indicate a high probability of channel modification.
Sources of increased nutrient and pathogen inputs are present throughout. The upper Drayton
Harbor watershed is dominated by agriculture, and dairies and fertilizer are primary
contributors to nutrient loading and bacterial contamination, especially in South Fork Dakota
Creek. Rural residential areas with on-site septic systems are the dominant sources in the
middle watershed, and on-site septic systems and high-density residential contribute waste
and fertilizer derivatives near Drayton Harbor. The highest density of on-site septic systems
occurs in the Blaine UGA (Map 17-8).
Response to Alterations
Shellfish contamination is a primary response of water quality process alterations in Drayton
Harbor. Shellfish area closures are very common as a result of fecal coliform contamination
and occurred as early as 1952.
South Fork Dakota Creek is a 303(d)-listed area of concern for fecal coliform based on
samples near the upper extent of shoreline jurisdiction. Data submitted to Ecology from
samples taken near the mouth of California Creek did not indicate excess fecal coliform
concentrations, but samples taken downstream of Custer exceeded 303(d) criteria. South Fork
Dakota Creek is also a 303(d) area of concern. USU (2001) states that both California and
Dakota Creeks likely contribute to fecal coliform contamination in Drayton Harbor. Year
2004/5 monitoring results show that sampling sites on California Creek and Dakota Creek
met Ecology’s Class A geometric mean standard, but California Creek failed to meet the 90th
percentile standard. Samples taken at Lift Station 5 (City of Blaine outfall), and two points on
Cain Creek also failed to meet both the Class A geometric mean and 90th percentile standards
for fecal coliform (NWIC 2005).
Other responses to water quality alteration in Drayton Harbor include evidence of algal
blooms (Frankenstein 2000 as reported in Stanley et al. 2005), indicating increased nutrient
inputs. In addition, potentially toxic levels of nitrate were sampled in North Fork Dakota
Creek (Dickes 1992), and fish kills have resulted from water quality contamination in both
the north and south forks of Dakota Creek (Nelson et al. 1991). USU (2001) indicates that
nitrogen and phosphorous loading are heightened beyond acceptable levels in the watershed,
but nutrient levels are much higher in California Creek than in Dakota Creek.
High levels of cadmium also occur in both sediments and surface water in Dakota Creek. The
WRIA 1 groundwater study identifies the upper mainstem as having impaired nitrate
concentrations, exceeding EPA limits for annual maximum concentration in 5 of 11 years
during the 1990s and showing “probable” human influence the other 6 years (USU 2002).
DBCP is also identified in increased concentrations in the South Fork Dakota Creek drainage.
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17.1.4.4 Organic Inputs
Process-intensive Areas
Historically, streams in the Drayton Harbor WMU recruited LWD primarily from riparian
areas as hillslope inputs are limited to a few scattered areas in the northern part of the WMU,
on the south shore of the harbor, and along Haynie Creek. Therefore, riparian zones (the areas
within approximately 200 feet of the OHWM) are the process-intensive areas for LWD
recruitment in this WMU (Map 17-9).
Indicators of Alteration
Information on LWD recruitment potential is not available for non-Nooksack drainages, but
alterations to LWD processes can be inferred from land use and land cover. In areas with
landslide potential, forest cover remains mostly intact. Forests comprise a large proportion of
land cover in the upper drainages of Dakota Creek, but forest cover in the Dakota Creek
drainage near the harbor and most of the California Creek drainage (Map 17-10) is sparse.
Although the broad-scale loss of forest cover in the WMU suggests low LWD recruitment
potential, aerial photographs of riparian areas adjacent to Dakota and California Creeks
suggest that conditions are more intact that expected. High resolution aerial photos from 2004
indicate that the California Creek shoreline has a mix of low and high recruitment potential,
while recruitment potential along the Dakota Creek shoreline is moderate. Similar data are
not available for tributaries and portions of Dakota and California Creeks upstream of the
jurisdictional shoreline.
LWD recruitment potential in the South Fork Dakota and California drainages is also affected
by channel modification, which reduces LWD recruitment via bank erosion/channel
migration. Recent aerial photographs show that riparian cover remains relatively intact in the
Dakota Creek jurisdictional shoreline but is more disturbed in the California Creek
jurisdictional shoreline.
Response to Alterations
No data are available concerning LWD densities in this WMU. LWD densities are expected
to be low overall since recruitment potential is altered, but densities in California and Dakota
Creeks may be slightly better since the riparian areas are relatively intact.
17.1.4.5 Heat/Light
Process-intensive Areas
Areas important for heat and light processes are similar to those described above for organic
matter. Upstream areas have a greater effect than downstream areas and have a broader
influence throughout the watershed.
Indicators of Alteration
Impairments are similar to those described for organic matter.
Response to Alterations
Smith (2002) identified warm water temperatures in Dakota Creek as a salmonid limiting
factor, but Ecology (2004) does not list Dakota Creek as impaired or an area of concern for
temperature. NWIC (2005) reported water temperature samples taken on Dakota Creek and
California Creek in 2004/5 met Ecology standards for Class A waters.
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17.1.5 Landscape Processes, Alterations, and Responses – Nearshore
This section inventories nearshore process-intensive areas, areas where processes have been
altered, and responses to process alterations. The reader is advised to review the maps
referenced below for a thorough understanding of the material presented. The nearshore
characterization provided below will be used in conjunction with the freshwater
characterization and marine reach inventory data to identify restoration and protection
opportunities and will be integrated with SMP planning.
17.1.5.1 Circulation
Process-intensive Areas
Surface water currents in Drayton Harbor generally flow eastward into the harbor during a
flooding tide. Ebb tidal current flow moves west out Drayton Harbor inlet toward the middle
of Semiahmoo Bay. Surface currents then move southwest toward Birch Point, traveling
farther on the spring than the neap tide (Schwartz 1976).
Spring flood tides generate strong tidal currents, which move eastward into Drayton Harbor
inlet flooding the tidal flats there. The rising tide inundates the tide flats of Semiahmoo Bay
prior to entering Drayton Harbor. The most significant flood tidal current parallels the length
of the spit and flows into Drayton Harbor (Schwartz 1976). A field investigation of surface
currents in Semiahmoo Bay and Drayton Harbor performed by Schwartz (1976) speculated
the presence of a slow clockwise circulation of the surface water within Drayton Harbor.
Ebbing tidal currents flow west out the Drayton Harbor inlet into central Semiahmoo Bay,
then flow southwest and join the waters of the Strait of Georgia (Schwartz 1976).
Indicators of Alteration
Alterations to the circulation patterns within Drayton Harbor likely took place when the
industrial area associated with the Blaine marina was constructed. This structure extends
approximately 3,705 feet from the historic Drayton Harbor shoreline, creating a major barrier
to nearshore processes.
Response to Alterations
Narrowing of the tidal inlet at this location increased the rate at which the surface currents
flow through the inlet, which may have lead to scouring of the channel. The jetty and fill area
construction essentially segregated Drayton Harbor from adjacent Semiahmoo Bay to a
greater extent. This altered the conditions of circulation and the distribution of different water
masses (varying temperature and salinity) conditions within Drayton Harbor and resulted in a
more protected, lower-energy environment.
17.1.5.2 Nutrient Dynamics
Process-intensive Areas
Nutrient dynamics within Drayton Harbor are influenced by nutrient inputs, tidal circulation
and exchange with waters of Semiahmoo Bay, and nutrient cycling in the shallow water
environments of Drayton Harbor. Nutrient inputs to Drayton Harbor are associated with
surface water runoff primarily from Dakota and California Creeks, and groundwater inputs to
coastal waters.
Patterns of tidal circulation and the enclosed nature of Drayton Harbor suggest that
circulation and water exchange is more limited in the southwestern and southeastern corners
of Drayton Harbor than in the northern portions where tidal flow enters and exits the harbor.
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Areas of intensive nutrient cycling and/or retention include freshwater and estuarine wetlands
along the lower reaches of California and Dakota Creeks, as well as the extensive intertidal
sand and mud flats in Drayton Harbor. Wetlands in the lower reaches of Dakota and
California Creeks were historically extensive and relatively large areas of wetlands remain.
Although about 64 percent of the Drayton Shore reach is mapped as wetlands, many
historical wetlands along the nearshore and in the upper portions of the watershed have been
lost due to draining and filling. Areas with intact wetlands adjacent to streams are important
locations for physical retention and uptake of nutrients due to surface water and groundwater
storage functions, prolonged residence times of surface and groundwater, and uptake by
wetland vegetation. Nutrient cycling on tidal flats occurs through uptake of nutrients by algae
and algal-based food webs, and extensive nutrient cycling occurs by benthic infauna,
especially shellfish.
Indicators of Alteration
Loss of estuarine and freshwater tidal wetlands and channelization of lower reaches of
Dakota Creek, has reduced the capacity and opportunity for nutrient retention and cycling in
wetlands. Sources of increased nutrient inputs include moderate-density residential
developments with on-site septic systems, elevated levels of fertilizers in stormwater runoff
from residential and urban areas in the City of Blaine, and agricultural areas along the south
shore between California Creek and the City of Blaine.
Shoreline modifications associated with the Blaine marina have constricted the opening
between Semiahmoo Bay and Drayton Harbor, resulting in a more enclosed, low energy
environment. This is likely to increase the residence time of water in the harbor and results in
increased concentrations of nutrients during some periods of the year.
Overwater structures affecting light levels for benthic algae or eelgrass will affect uptake
rates and cycling of nutrients. Overwater structures are currently relatively limited along this
reach (thirteen structures or two per mile).
Response to Alterations
Increased levels of nutrients have likely resulted in algal blooms in Drayton Harbor, which
has exceeded 303(d) listing criteria for algal blooms. Alga blooms can negatively impact
eelgrass by shading and by direct competition for nutrients. In addition, elevated nutrients in
the water column can negatively impact eelgrass by enhancing growth of algae attached to
eelgrass leaves; greatly increased growth of these algae can reduce growth and survival of
eelgrass plants.
Shellfish area closures have occurred due to elevated levels of fecal coliform in Drayton
Harbor. Currently, portions of the harbor are closed and other portions are conditionally
closed to shellfish harvest due to elevated fecal coliform.
17.1.5.3 Sediment Transport
Process-intensive Areas
The shores of Drayton Harbor are relatively low wave energy as they are largely protected
from high-energy waves by the barrier beach of Semiahmoo Spit. The area was mapped as
having “no appreciable net shore-drift” by Jacobsen (1980) as discussed above.
Indicators of Alteration
The jetty and filled industrial area associated with the City of Blaine marina reduce wave
energy and also provide a local wave shadow. Wave energy is reduced to such a large extent
by these barriers that shore drift is negligible throughout the entire Drayton Shore reach.
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Historic T-sheets show spits across the mouths of Dakota and California Creeks, indicating
limited but appreciable net shore-drift within Drayton Harbor. From this one can conclude
that nearshore geomorphic processes have been altered within Drayton Harbor.
Maximum (measured) fetch within Drayton Shore is limited to approximately 2.5 miles. The
greatest fetch is from the northwest, concurrent with commonly occurring summer winds.
Response to Alterations
Wave energy during northwesterly storms is likely dampened within Drayton Harbor due to
the fill extending from the Blaine shore and the Blaine marina structures.
17.1.5.4 Heat/Light
Process-intensive Areas
Drayton Harbor is dominated by shallow water areas, and tidal sand and mud flats, especially
along the eastern and southern portion of the harbor. These high-light environments support
extensive eelgrass beds and tidal flat algal production, with their associated food webs.
Shallower areas warm earlier in the spring and have higher light levels than adjacent, deeper
water eelgrass beds. These shallow areas provide an early spring source of prey items for
salmonids at a time when deeper habitats are not productive.
In addition, shallower warmer areas support higher growth rates for salmonids and other
juvenile fish. These shallower areas are likely to be especially important for salmonid species
or life history types that enter the nearshore early in the spring (Redman et al. 2005).
Indicators of Alteration
Overwater structures associated with shoreline development, primarily within Blaine, affect
light levels reaching the shallow intertidal and eelgrass beds. Overwater structures are not
extensive along this reach.
Response to Alterations
Most of the overwater structures on the Drayton Shore reach are within the City of Blaine.
Outside of Blaine, alterations to light levels and impacts on eelgrass or benthic algae are
likely minor due to the relatively small number of overwater structures.

17.2 SHORELINE REACH INVENTORY – FRESHWATER
Dakota Creek and California Creek are freshwater shorelines of the state within the Drayton
Harbor WMU. Both streams discharge into Drayton Harbor (Figure 17-11). Maps depicting
key features of the freshwater shoreline are provided in the map folio.
Link to Drayton reach MAP FOLIO
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Figure 17-11. Freshwater Shoreline Inventory Reaches,
Drayton Harbor WMU

17.2.1 Dakota Creek
The jurisdictional extent of Dakota Creek includes approximately 6.2 miles, from its mouth at
Drayton Harbor to its upstream jurisdictional limits near Custer School Road. Dakota Creek
was inventoried in nine reaches ranging in length from 0.34 to 1.11 miles.
17.2.1.1 Built Environment
Land use patterns along Dakota Creek transition from developed intensive land uses
associated with the City of Blaine and the I-5 corridor (Reaches 1 and 2) to less intensive and
less developed rural large lot residential and agricultural land in the upper reaches (Reaches 3
through 9). The City of Blaine is on the right bank of Reach 1 and contains medium density
residential development as well as commercial and industrial uses near the I-5 corridor.
Reach 2 and the left bank of Reach 1 are zoned low-density Urban Residential (4 units per
acre) and are also within the City of Blaine’s designated UGA. Reaches 3 through 8 are
zoned Rural (one unit per 10 acres) and currently contain a mix of developed and
undeveloped rural residential lots, agricultural uses, and forested open space. Reach 9 has a
similar pattern but also contains land upstream of Custer School Road zoned Agriculture.
There are several bridge crossings of Dakota Creek. Most transportation facilities and bridge
crossings are located in Reach 1, which includes I-5 and the Burlington Northern Santa Fe
Rail Road crossings. Reach 5 contains a bridge crossing (Giles Road) and a Bonneville Power
Administration overhead powerline crosses Dakota Creek at the break between Reaches 5
and 6. Reach 8 contains two bridge crossings. Waterline crossings are located with most
bridge crossings on Dakota Creek.
There are currently no developed parks, trails, or designated open space areas providing
public access to Dakota Creek. Previous planning efforts by the Whatcom County Parks and
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Recreation Department identified one publicly owned, undeveloped property in Reach 4
providing access to Dakota Creek. There are no properties or structures listed on national,
state, or local historical registers located along Dakota Creek.
Regulated critical areas along Dakota Creek include frequently flooded areas (100-year
floodplain) and wetlands in all reaches. Mapped wetlands are extensive along Dakota Creek,
occupying 50 to 90 percent of all reaches. Reaches 2 through 8 are mapped as high
susceptibility for aquifer recharge; Reaches 1 and 9 are mapped as moderate to high
susceptibility aquifer recharge areas.
Shoreline modifications along Dakota Creek are not extensive. A few surface water
diversions are located in Reaches 7 and 8. Ecology’s Facility Site database indicates that one
submerged dam is located in Reach 3 of Dakota Creek. There are no dikes or levees along
Dakota Creek and its banks have not been significantly altered with riprap or bulkheads.
Ecology’s Facility Site database indicates that one hazardous materials site is located in the
vicinity of Reach 1. This site is known as the Blaine Shipyard and is classified as a state
clean-up site.
Reaches 6 through 8 are listed as impaired (303d category 5) streams by Ecology (2004) for
fecal coliform. The lower reaches of Dakota Creek (Reaches 1 through 3) are listed as “waters
of concern” (303d category 2) for temperature, dissolved oxygen, and pH. Stream Reaches 1, 8,
and 9 are listed as Category 1 (meets tested standards) waters for fecal coliform.
Under the existing zoning and comprehensive plan land use designations, the most intensive
future development would likely occur in Reaches 1 and 2, where adjacent land is zoned for
residential (4 units per acre) and is within the City of Blaine’s UGA. Most lots in Reach 2 are
currently 5 to 10 acres and subdivision development could occur in the future. In the upper
reaches of Dakota Creek (Reaches 3 through 9) future development would likely include infill of large lot rural residential properties and potential conversion of agricultural uses to
rural residential.
17.2.1.2 Riparian Conditions
Riparian vegetation in Reaches 1 through 5 is primarily coniferous and mixed forest and
recruitment potential is moderate to good depending on the stand density and tree size. The
right bank of Reach 4, which supports a young, mixed stand, has low near-term recruitment
potential. Forested riparian corridors in these reaches tend to be wide (commonly >100 feet
on each bank), but residential development limits forest cover in some areas. Reach 1 and
Reach 8 in particular have experienced more encroachment from residential development and
associated clearing. Although forest stands are still the dominant land cover, forested riparian
widths range from 50 to 100 feet. In addition, the right bank of Reach 6 is the only reach that
is predominately non-forested. Although forested areas still exist in Reaches 7 through 9,
small stem size suggests near-term recruitment potential is low. However, if protected, the
mixed and deciduous stands could provide long-term recruitment potential.
17.2.1.3 Instream Conditions
EDT modeling predicts that approximately 38 percent of the reaches contain primary pool
habitat, which does not include pool tailouts and backwater pools. Assuming additional lower
quality pool habitat is available, the stream appears to have a functional amount of pool
habitat.
EDT modeling suggests that substrates in shoreline reaches contain between 18 to 30 percent
fines, which would significantly impair ecological functions such as spawning, pool
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formation and hyporheic exchange. Data regarding substrate, pool frequency or LWD
densities in Dakota Creek were not found.
17.2.1.4 Biological Resources
Salmonids
Chinook, chum, and coho salmon and cutthroat trout have been documented in all of the
shoreline reaches of Dakota Creek (Nooksack Natural Resources et al. 2005). Chinook
salmon are part of the Nooksack system hatchery-based fall run but likely reproduce naturally
in Dakota Creek (Nooksack Natural Resources et al. 2005). Coho salmon are part of the
North Sound stock present throughout the entire Nooksack system and are the most widely
distributed species in the drainage. Chum salmon are part of the Samish/Independent stock
and is a hybrid stock unique from Nooksack stocks (Nooksack Natural Resources et al.
2005). Streamnet (2005) indicates that most salmon spawning occurs upstream of shoreline
jurisdiction, but spawning could also occur to some extent throughout most of the shoreline
upstream of tidally influenced reaches. Native char are presumed to be present in the Dakota
Creek shoreline and tributary reaches (Nooksack Natural Resources et al. 2005).
Other Aquatic and Terrestrial Organisms
WDFW identifies high quality riparian habitat along Dakota Creek from Reach 1 to Reach 5
and also along Reach 9 (WCPDS 2005). No specific species of concern are in the Dakota
Creek freshwater shoreline (WCPDS 2005).
Non-native and Invasive Species
While there were no site specific invasive or noxious weed records for Dakota Creek, it is
likely that reed canarygrass, widespread throughout Western Washington and the County, is
found at disturbed sites within the shoreline zone (Weed Board 2005).

17.2.2 California Creek
The jurisdictional extent of California Creek includes approximately 4.1 miles, from the
mouth at Drayton Harbor to its upstream jurisdictional limit north of the Burlington Northern
Santa Fe Rail Road near Creasy Road. California Creek was inventoried in eight reaches
ranging in length from 0.17 to 0.83 miles.
17.2.2.1 Built Environment
Like Dakota Creek, land use patterns along California Creek transition from the intensive
land uses near the downstream end (Reaches 1 and 2), to less intensive and less developed
rural large lot residential and agricultural land uses in the upper reaches (Reaches 3 through
8). Reach 1 and the right bank of Reach 2 are zoned low-density Urban Residential (four
units per acre). The left bank of Reach 2 is zoned Rural (1 unit per 10 acres). The left bank of
Reach 1 contains a developed subdivision with 0.25-acre lots. The right bank of Reach 2
contains an undeveloped but platted subdivision as well. All of the adjacent land in Reaches 1
and 2 are in the City of Blaine’s designated UGA. Reaches 3 through 8 are zoned Rural (one
unit per 10 acres) and currently contain a mix of developed and undeveloped rural residential
lots, agricultural uses, and forested open space. Reach 8 is largely undeveloped and contains
agricultural land uses related to dairy and livestock. Transportation facilities include bridge
crossings in Reaches 1, 2, 4, and 7. Holtzheimer Trail Road is located adjacent to California
Creek on the right bank of Reach 5. Waterline crossings are located in Reaches 1, 5, 6, and 7.
Overhead powerline crossings (Puget Sound Energy) are located in Reaches 5 and 7.
There are currently no developed parks, trails, or designated open space areas providing
access to California Creek. Previous planning efforts by the Whatcom County Parks and
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Recreation Department identified one site on the right bank of Reach 2 for potential
acquisition and development of parking facilities and a trail. There are no properties or
structures listed on national, state, or local historical registers located along California Creek.
Regulated critical areas along California Creek include frequently flooded areas (100-year
floodplain) and wetlands in all reaches. Mapped wetlands are extensive along California
Creek, occupying 75 to 95 percent of all reaches. All reaches are mapped as moderate
susceptibility for aquifer recharge.
Shoreline modifications along California Creek are not extensive. There are no dikes or
levees along the stream and its banks have not been significantly altered with riprap or
bulkheads.
Ecology’s Facility Site database indicates that one hazardous materials site (an underground
storage tank (UST)) is located in the vicinity of Reach 1.
The Department of Ecology (2004) classifies Reach 8 of California Creek as a impaired
(303d category 5) water body for fecal coliform and Reaches 1 and 2 as Category 1 (meets
tested standards) waters for fecal coliform.
Under the existing zoning and comprehensive plan land use designations, the most intensive
future development would likely occur in Reaches 1 and 2, where adjacent land is zoned for
residential (4 units per acre) and is within the City of Blaine’s UGA. Most lots in Reach 2 are
currently 5 to 10 acres and additional subdivision development could occur on the right bank
in the future. In the upper reaches of California Creek (3 through 8) future development
would likely include in-fill of large lot rural residential properties and potential conversion of
agricultural uses to rural residential.
17.2.2.2 Riparian Conditions
Reach 1 of California Creek is urbanized, and riparian function is limited. Although sparsely
distributed, conifers and deciduous trees occur on the right bank, with the forested width less
than 50 feet. Conditions improve slightly in Reaches 2 and 3, where the left bank of Reach 2
is medium-sized conifers. However, shrub habitat dominates the remainder of the two
reaches. Reach 4 has high recruitment potential on the right bank, but small to medium-sized
conifers extend only 50 to 100 feet from the streambank, and landscaping extends almost to
the streambank along most of the left bank. The forested area on the right bank of Reach 4
connects to a large forested corridor (dissected by roads) that starts on the right bank of
Reach 5 and extends in an arc westward out of the shoreline, ending near the mouth of the
stream. Otherwise, riparian function in Reach 5 is impaired by encroaching land use, which
limits the riparian corridor to 50 to 100 feet on either side of the stream. Reaches 6 and 7 pass
through a deciduous forest of medium-sized trees that provides moderate recruitment
potential. Although this forest zone continues along the left bank of Reach 9, the right bank
transitions to agricultural land to within 25 feet of the streambank.
17.2.2.3 Instream Conditions
EDT modeling for California Creek indicates that pools make up 18 percent of the total
habitat area—about half the pool habitat found in Dakota Creek. Substrate condition is better,
but fines make up a greater proportion of substrate than is optimal for salmonid spawning
habitat. No data regarding LWD densities are available for California Creek.
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17.2.2.4 Biological Resources
Coho salmon and cutthroat trout have been documented in California Creek (Nooksack Natural
Resources et al. 2005). Coho salmon are part of the North Sound stock present throughout the
entire Nooksack system.
NWIFC (2002) does not report the presence of chum salmon in California Creek, but
Streamnet (2005) show the species distributed at approximately the same extent as the
jurisdictional shoreline. Chum salmon are part of the Samish/Independent stock and is a
hybrid stock unique from Nooksack stocks (NNR 2004).
Both chum and Coho salmon are less widely distributed in California Creek than in Dakota
Creek, although they can be found throughout the jurisdictional shoreline. Streamnet (2005)
indicates that most salmon spawning activity occurs upstream of the shoreline jurisdiction,
but it is likely that spawning also occurs to some extent throughout most of the shoreline
upstream of tidally influenced reaches.
Native char are presumed to be present in the jurisdiction shoreline and in isolated reaches in
Upper California Creek and certain tributaries (NNR 2004).
Other Aquatic and Terrestrial Organisms
WDFW identifies high quality riparian habitat along all of the shoreline reaches of California
Creek (Reach 1 to Reach 8) (WCPDS 2005). However, no important non-salmonid specific
habitat is identified in the California Creek shoreline.
Non-native and Invasive Species
Upland noxious weeds documented by the Weed Board within the California Creek shoreline
zone include tansy ragwort and spotted knapweed (Centaurea biebersteinii) in Reach 1 and
Reach 8, respectively (Weed Board 2005). It is likely that reed canarygrass, widespread
throughout Western Washington and the County, is present along California Creek (Weed
Board 2005). No invasive aquatic weeds have been documented within the California Creek
shoreline zone.

17.3 SHORELINE REACH INVENTORY – NEARSHORE
The Drayton Harbor marine shoreline extends generally from the Blaine Marina in the City of
Blaine to the tip of Semiahmoo Spit (Figure 17-20). The City of Blaine is located along the
north and west portions of Drayton Harbor, including Semiahmoo Spit. The municipal areas
of Drayton Harbor were not inventoried.
Within Drayton Harbor, the area waterward of the extreme low tide is a shoreline of
statewide significance (RCW 90.58.030(2)(e)(iii)). Intertidal areas and associated shorelands
along Drayton Harbor are shorelines of the state. Dakota Creek and California Creek are
shorelines of the state that discharge to Drayton Harbor.
The inventoried portion of Drayton Harbor extends from the mouth of Dakota Creek to the
harbor side of Semiahmoo Spit, including a portion of the City of Blaine (one reach, referred
to as Drayton Shore, approximately 5.5 miles). Marine reach maps are provided in the MAP
FOLIO.
Link to City of Blaine, Drayton Shore, Semiahmoo Spit marine reach MAP FOLIO
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Figure 17-20. Marine Shoreline Inventory Reaches,
Drayton Harbor WMU

17.3.1 Drayton Shore
17.3.1.1 Built Environment
Existing land use along Drayton Shore is predominately moderate to low-density singlefamily residential development. Parcel sizes range from 0.15 to 5-acres with 50 to 300 feet of
waterfront. Agriculture and some undeveloped properties are located along the south portion
of the harbor, between the mouth of California Creek and the western portion of the City of
Blaine that extends to Semiahmoo Spit. Land cover along Drayton Shore is classified as
predominately wetland (41 percent) and a mix of forest (30 percent) and grassland
(22 percent). The westernmost half of the reach (45 percent) is within the City of Blaine. The
unincorporated portion of the reach is zoned low-density Urban Residential (4 units per acre)
and is in the City of Blaine’s designated UGA.
There are no significant transportation facilities or utilities in the Drayton Shore reach.
Drayton Harbor Road parallels the shoreline. Existing public access and recreational sites
include Semiahmoo Park in the City of Blaine. Two additional areas have been previously
identified as potential acquisition sites for public access along the Drayton Shore reach. One
site is near the mouth of California Creek. The property has been identified as a potential
location for acquisition. The second site is along Drayton Harbor Road, east of the City of
Blaine municipal boundary. The site is owned by Whatcom County and has been identified as
a potential location for development of parking and a viewpoint. There are no properties or
structures listed on national, state, or local historical registers along the Drayton Shore reach.
Generally, areas along marine shorelines, especially along bays and harbors, have a high
probability for archaeological resources.
Regulated critical areas along the Drayton Shore reach include wetlands, habitat conservation
areas, and geologic hazard areas. Mapped wetlands are extensive near the mouth of California
Creek and adjacent to the south shoreline of the harbor, occupying 64 percent of the reach.
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Habitat conservation areas are mapped in the reach. These include habitat areas for bald eagle
and seabirds, eelgrass beds, and spawning areas for forage fish (sandlance, smelt, and
herring). Landslide hazard areas and low, low to moderate, and moderate to high seismic
hazard areas are mapped within the reach as well.
Shoreline modifications along the Drayton Shore reach (including the portion in the City of
Blaine) include bulkheads (approximately9 percent of the reach), thirteen over-water
structures (two per mile) and jetties (two per mile).
Ecology’s Facility Site database indicates that two hazardous materials sites are located in the
vicinity of the Drayton Shore reach (as noted above for Dakota Creek). One is identified as
the Blaine Shipyard state clean-up site, near the mouth of Dakota Creek. The second is
identified as an underground storage tank (UST) near the mouth of California Creek.
The Washington Department of Ecology’s Water Quality Assessment (2004 303(d))
designates Drayton Harbor in the vicinity of the Drayton Shore reach as Impaired by a nonpollutant (303(d) category 4C) for fish habitat and as Category 1 (meets tested standards) for
fecal coliform.
Future development along the Drayton Shore reach could increase the density of existing land
use patterns in the future. All of the Drayton Shore is in the City of Blaine’s UGA. While
wetlands and other critical areas may limit the potential for future development, the existing
zoning would allow in-fill, subdivision development, and transition of agricultural to
residential land uses.
17.3.1.2 Physical Environment
Beach types found within the Drayton Reach are fairly homogenous in character and consist of
accretionary estuarine beaches that are low gradient with fringing marsh vegetation. Marine
riparian vegetation cover is low and was identified along 23 percent of the reach shoreline.
Marine riparian vegetation in the reach typically consists of a narrow band between the beach
and Drayton Harbor Road, which runs adjacent to the beach throughout most of the reach.
A typical cross-section of the nearshore in the Drayton Shore reach consists of low elevation
upland with sparse rural character development that crosses Drayton Harbor Road, which is
(intermittently) lined with cobble and boulders. Waterward of this shore protection, shrubs
and halophytic vegetation mark the transition to the marine environment. Beach sediment
primarily consists of sand and finer sediment with numerous drop stones resulting from the
underlying geology (previously mentioned). The beachface then grades to the extensive
mudflats and shallow water habitats that make up most of Drayton Harbor.
17.3.1.3 Biological Resources
Marine biological resources in the Drayton Shore reach include seabird nesting areas,
eelgrass beds, and sandlance, surf smelt and Pacific Herring spawning areas. The Drayton
Harbor tidal flats and wetlands are habitat for waterfowl at all seasons, and the Semiahmoo
sand spit supports nesting seabird colonies (Anchor 20001). During migrations, Drayton
Harbor is a stopover point for seabirds and waterfowl between the two large major deltas
along the migration route, Fraser River delta and Skagit Bay.
Eelgrass beds cover about half the area of Drayton Harbor and occur along about 80 percent
of the Drayton Shore reach. Black Brant forage extensively on these beds during their
migration. The Harbor is recognized as one of the preeminent birding locations in the
country. Pacific herring spawning areas are also extensive along this reach and correspond to
the mapped distribution of eelgrass beds. Drayton Harbor is part of the greater Semiahmoo
Bay spawning area (Stick 2004).
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Pacific sandlance and surf smelt spawning areas are limited within Drayton Harbor, most
likely occurring along small stretches of beach along the Drayton Shore reach west of the
mouth of California Creek. Both species of forage fish also spawn along the beaches of the
Semiahmoo spit.
Small estuarine/marsh areas occur at the mouths of Dakota and California Creeks where
deposition of fluvial sediments and tidal currents create small areas of tidally influenced,
brackish to freshwater wetlands. As evidenced by the occurrence of sand spits at the mouths
of these streams in historical maps (T-sheets), estuarine/marsh habitats may have been more
extensive in these areas when net shore drift processes and wetlands were intact.

17.4 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions (Table 17-1), and preliminary recommendations are made
for updating SEDs.

17.4.1 Landscape-scale Restoration and Conservation
Freshwater
The landscape analysis indicates that process-intensive areas are widespread throughout the
WMU. The mainstem Dakota Creek and Upper California Creek in particular appear to have
a high density of process-intensive areas. The extent of alteration appears greatest in Upper
California Creek and the lower Haynie and South Fork drainages of Dakota Creek. These
areas may have been altered to such an extent that the opportunities for full process-based
restoration are limited; however, scattered opportunities undoubtedly exist. Looking
downstream of these highly altered areas, Dakota Creek appears to be in better condition,
possibly because intact riparian corridors and storage areas (wetlands) have mitigated
upstream impacts.
The headwaters of the Dakota Creek drainage, including lower Dakota Creek, Haynie Creek,
and the North Fork Dakota Creek, have process-intensive areas with low levels of alteration
and warrant protection. Infiltration and storage zones in these areas may be particularly
important to supporting baseflow in soils with high transmissivity.
Urbanization near Drayton Harbor limits the potential for process-based restoration, and sitespecific management responses to specific problems are probably more feasible within the
Blaine city limits and UGA.
Table 17-1 characterizes the degree of process intensity and alteration for the various
drainages. This information can be used to prioritize restoration and conservation according
to individual or multiple processes.
Nearshore
Major alterations to nearshore processes in the Drayton Harbor WMU are largely related to
the jetty and industrial fill structure associated with the City of Blaine marina. Restoration of
the processes affected by this structure is only possible by physically removing this structure.
Although full restoration is highly unlikely, a number of other restoration opportunities exist
with the WMU.
Alterations to nearshore processes with reasonable possibility for restoration include
modification of the California Creek causeway, restoration of marine riparian areas, removal
of creosote pilings (including bulkheads composed of creosoted wood), removal of
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unnecessary bulkheads, and removal of debris in intertidal areas. The absence of marine
riparian vegetation likely degrades water quality in the Drayton Harbor WMU, as marine
riparian vegetation is known to provide water pollution abatement function (Brennan and
Culverwell 2004). Water pollution abatement is of particular value to beaches in the vicinity
of urban, agricultural, and golf course uses in close proximity to tribal, commercial, and
recreational shellfish beads.

17.4.2 Reach-scale Restoration and Conservation
Freshwater
The landscape analysis highlights opportunities for restoring and protecting important process
areas within the WMU, including areas within the jurisdictional shoreline. Reach-scale
restoration and conservation activities should be consistent with those findings. Specifically,
the landscape analysis recommends focusing restoration in California Creek, where wetland
and riparian restoration will likely have a positive influence on water quality in both the
stream and Drayton Harbor.
GIS mapping shows that wetlands associated with the California Creek shoreline still exist,
so restoration would consist primarily of riparian planting. Riparian conditions are more
disturbed in California Creek, which has more opportunities for riparian planting than Dakota
Creek. The most obvious opportunities for riparian restoration are found in Reaches 2, 5 and
8. Reaches 5 and 7 of Dakota Creek also have disturbed riparian areas with the potential for
restoration. However, protecting existing forest cover, particularly conifer stands such as
those found in Reach 8, is of utmost importance for long-term LWD recruitment potential.
Instream habitat conditions are thought to be degraded throughout both shoreline streams.
Channelization and loss of tidal sloughs appears to be common in the lower reaches of both
Dakota and California Creeks, and creating additional off channel estuarine and tidal habitat
appears feasible in the lower reaches of both streams. For example, Loomis Trail Road runs
along the right bank of Reach 2 and appears to present a barrier between the stream and an
associated wetland. An opportunity exists here to reconnect the wetland and improve
hydrology, storage potential, and habitat access.
Upstream of tidal influence, low incidence of quality pool and riffle habitat afflict both
streams. Wood placement and/or channel lengthening (increasing sinuosity) may improve
these conditions and provide short-term, functionally based restoration. Reach 5 of California
Creek appears to provide the best opportunity for combined channel realignment, off channel
habitat creation, riparian planting, and instream structure placement.
Nearshore
Reach-scale nearshore restoration assessment in the Drayton WMU is focused upon the
portion of the Drayton Shore reach that falls outside the City of Blaine’s jurisdiction. Within
this area exist several opportunities for nearshore restoration and conservation.
Removal of creosote pilings including soldier pile bulkheads, would provide a suite of
benefits to the nearshore environment. These opportunities exist at a degraded soldier pile
bulkhead (scoured away on landward side) located northwest of Dakota Creek, and at
creosote piles located near the Semiahmoo Spit marina (in the City of Blaine).

17-18

June 2006│ 558-1687-004
17. DRAYTON HARBOR WMU

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

Table 17-1. Summary of Process Intensity and Alterations by Drainage Area, Drayton Harbor WMU.
Process Intensity and Degree of Alteration

Canopy
Cover
Alteration

LWDRP

Process

Heat/Light

Alteration

LWD

Process

Storage
Alteration

Alteration

Inputsa
Process

Alteration

Storage
Process

Alteration

Surface
Erosiona
Process

Alteration

Mass
Wasting
Process

Alteration

Groundwater
Process

Snowmelt
and
Runoff

Water Quality

Process

Sediment

Alteration

Alteration

Surface
Water
Storage
Process

Alteration

Area

Infiltration
&
Recharge
Process

Mechanism

Hydrology

Process

Process

Potential for Restoration and Protection

Blaine

↔

↔

↔

↑

↓

↓

↓

↔

↓

↓

↓

↑

↔

↑

↓

↑

↔

↑

↔

↔

↓

↓

Alterations near the Drayton Harbor shoreline may limit potential for process-based
restoration. Functional improvements may be more achievable in certain instances, such
as the management of fecal coliform sources and storage/transport mechanisms.
Mapping information identifies important areas to be protected in and around Blaine.

Lower Dakota

↑

↓

↔

↓

↓

↓

↔

↔

↓

↓

↓

↓

↔

↓

↓

↔

↔

↓

↑

↔

↔

↓

Significant amounts of forest cover in lower Dakota Creek indicate potential protection
areas. These areas may serve as a buffer between upstream impairments and the harbor.

Haynie

↑

↑

↑

↔

↓

↓

↔

↓

↓

↓

↓

↓

↑

↔

↓

↓

↑

↔

↑

↓

↑

↓

Upper Haynie is mostly intact, while agriculture land uses in the lower watershed
indicate potential alteration of sediment and water quality and potentially riparian
processes. Numerous opportunities exist for improving the function of storage areas.

Upper Dakota

↔

↔

↔

↓

↓

↓

↑

↑

↓

↓

↓

↓

↔

↓

↓

↑

↔

↓

↑

↑

↑

↔

Riparian wetlands still exist but may have altered vegetative cover. These areas provide
important benefits that mitigate inputs in the upstream end of this area and in the South
Fork Dakota Creek.

NF Dakota

↓

↔

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↓

↓

↑

↓

↑

↔

↑

↓

This is the most intact drainage in the WMU and has high potential for protection that
could influence multiple processes, including infiltration/recharge.

SF Dakota

↓

↑

↑

↔

↓

↓

↑

↑

↓

↓

↓

↑

↑

↔

↓

↑

↑

↔

↑

↑

↔

↑

One of the most impaired areas in the watershed and potentially a significant source of
fecal contamination. Potential for restoration may be limited due to the extent of
alteration, but restoration performed in upper and lower Dakota Creek would mitigate
source inputs from South Fork Dakota drainage.

Lower California

↓

↔

↑

↓

↓

↓

↔

↓

↓

↓

↓

↔

↑

↓

↓

↔

↑

↓

↑

↔

↔

↓

Alterations are less intense but occur over a broad area. Intact process-intensive areas
likely mitigate land use impacts both in this area and in upper California Creek.

↔

Highly altered area, including both source and storage alterations. Riparian condition is
poor, and impervious areas are also present. Restoration possible, but riparian restoration
in lower California Creek would mitigate alterations to all processes except organic
matter.

Upper California

↔

↑

↑

↑

↓

↓

↔

↔

↓

↓

↓

↑

↑

↑

↓

↑

↑

↑

↑

↑

↑

↑ High Intensity; High alteration
↓ Low Intensity; Low alteration
↔ Moderate intensity; Moderate alteration
Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration a. Function responses to alteration of these processes tend to be less dependent on the level of
process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.

b

Areas of high alteration exist in Canada, but process-intensity is unknown. Process-intensive Areas within the delineated areas have moderate degrees of alteration (i.e., lack of forest cover but limited impervious area)
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Numerous bulkheads, some of which protrude well into the intertidal, are located between
California Creek and Dakota Creek. Most of these structures are composed of rock but some
are composed of concrete, including very recent construction located immediately north of
the mouth of California Creek. Other structures located south of Dakota Creek zigzag (saw
tooth shape) across the upper foreshore. In general, these bulkheads appear unnecessary
because of the relatively low wave energy. A large platform and foundation exists across the
intertidal immediately east of the mouth of Dakota Creek. This entire structure could be
removed to restore the beach and fringing marsh.
A simple restoration opportunity exists near the intersection of Drayton Harbor Road and
Harbor View Road (along the Willamette Meridian). This restoration opportunity entails
removing a dilapidated dock that stretched across the beach on three adjacent properties as
well as miscellaneous building materials from the intertidal.
As outlined in the marine reach restoration synthesis above, restoration of degraded and
absent marine riparian areas should be conducted to enable the many functions that the
ecotone provides to both nearshore and terrestrial systems. In areas where roadways run
adjacent to beaches and preclude the presence of marine riparian buffers, road setbacks
should be considered to enhance habitats and reintroduce sediment sources. Relocating (or
converting to pedestrian/bike use) Drayton Harbor Road from California Creek to Shintaffer
Road should also be evaluated since Lincoln Road is the primary east-west arterial. In
addition culverts connecting the bay with adjacent salt marshes/wetlands should be evaluated
to determine if they can upgraded to improve tidal interaction.
Conservation of existing marsh and scrub-shrub habitat adjacent to beaches should be a high
priority.
Vegetated marine riparian buffers should be restored wherever possible along the shoreline of
the Drayton Shore reach to provide water quality, shore stabilization, LWD, shade, and
organic matter (leaf litter, terrestrial insects) to the nearshore. In areas where roadways run
adjacent to beaches and preclude the presence of marine riparian buffers, road setbacks and
riparian vegetation planting should be considered to enhance habitats and reintroduce
sediment sources. Existing marsh and scrub-shrub habitat adjacent to beaches should be
preserved.

17.4.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for updating SEDs (Tables 17-2
and 17-3). The right bank of Reach 1 is in the incorporated City of Blaine and is not within
County jurisdiction. The remainder of Reaches 1 and 2 are within the Blaine UGA, and the
Urban Conservancy designation is designed specifically for such areas. Conservancy
designations in Reaches 3 through 9 are recommended to protect existing processes and
ecological functions while sustaining existing agricultural and residential land uses. The
recommended designations are consistent with existing SEDs in Reach 3 but would revise the
designations in Reaches 4 through 9 to a more protective designation.
Along California Creek, Urban Conservancy designations in Reaches 1 and 2 are consistent
with the Blaine UGA. Rural designations in Reaches 3 through 5 and in Reach 8 are
recommended to sustain existing residential land uses while protecting moderately impaired
processes and ecological functions. Conservancy designations are recommended for Reaches
6 through 8 to protect forested riparian areas while sustaining existing residential and
agricultural land uses.
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Urban Conservancy designations in Reaches 1 and 2 are inconsistent with the existing SEDs
but are consistent with land use and existing ecological functions. Designations in Reaches 3
through 5 and the right bank of Reach 8 are consistent with existing SEDs, but the Conservancy
designation in Reaches 6, 7 and the left bank of Reach 8 is more protective than the existing
Rural designation.

Table 17-2 Preliminary SED Recommendations, Drayton Harbor WMU, Dakota and
California Creeks
Recommended SED
Reach

Existing SED

Left Bank

Right Bank

Comment

City of Blaine;

Urban
Conservancy

City of Blaine

Unincorporated shoreline is
within Blaine UGA (lowdensity urban), but requirement
for protecting and
enhancing/restoring extensive
wetlands and estuarine/tidal
environment.

Dakota Creek
Reaches 1

Rural

Reach 2

Conservancy

Urban
Conservancy

Urban
Conservancy

Shoreline is within Blaine
UGA (low-density urban), but
requirement for protecting and
enhancing/restoring extensive
wetlands and estuarine/tidal
environment.

Reach 3

Conservancy

Conservancy

Conservancy

Significant instream and
riparian function along all
reaches.

Reaches 4
through 9

Rural

Conservancy

Conservancy

Significant instream and
riparian function along all
reaches.

Reaches 1 and
2

Rural

Urban
Conservancy/
Shoreline
Residential

Urban
Conservancy

Shoreline within Blaine UGA
(low-density urban), but
requirement for protecting and
enhancing/restoring extensive
wetlands and estuarine/tidal
environment.

Reaches 3
through 5

Rural

Rural

Rural

Rural residential zoning with
moderately to severely
impaired function. Extensive
riparian wetlands add
additional CAO protection.

Reaches 6 and
7

Rural

Conservancy

Conservancy

Intact riparian corridor with
contiguous forest outside

California Creek
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Table 17-2 Preliminary SED Recommendations, Drayton Harbor WMU, Dakota and
California Creeks
Recommended SED
Reach

Existing SED

Left Bank

Comment

Right Bank

shoreline.
Reach 8

Rural

Conservancy

Rural

Continuation upstream of
Reach 6/7 forested tract on left
bank; severe agricultural
encroachment on right bank.

Table 17-3. Preliminary SED Recommendations, Drayton Harbor WMU, Marine Reaches

Reach

Drayton
Shore

Existing
SED

Rural

Recommended SED
Comment

Urban Conservancy (waterward of
road);
Shoreline Residential

Areas watererward of road have
more protective designation,
ladward of road is consistent with
extsiting land use.

Recommended marine SEDs are Shoreline Residential and Conservancy based on existing
ecological conditions and land use (Table 16-3). Conservancy designations protect wetlands
near the creek mouths.
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18. SUMAS RIVER WMU
The Sumas River WMU is part of the Fraser River basin. It is located north of the mainstem
Nooksack River between the Lynden North and North Fork WMUs and encompasses
approximately 82 square miles, roughly two thirds of which are within Whatcom County (the
remainder are in Canada). The cities of Sumas and Nooksack occur within this WMU.
Although topographically separated from the Nooksack River system (by levees), the Sumas
River WMU includes a portion of the historic Nooksack floodplain. During flood events, the
Nooksack River sometimes flows north into Canada via the Sumas River. The Sumas River
and portions of three of its major tributaries─Johnson Creek, Breckenridge Creek, and Saar
Creek are the only shorelines of the state in this WMU.

18.1 LANDSCAPE ANALYSIS
18.1.1 Aquatic Resources
The Sumas River and the shoreline streams noted above are the primary aquatic resources in
the WMU. Other named tributaries include Swift, Dale, Goodwill, and Kinney creeks (Sumas
River); Heath Ditch, and Squaw, Pangborn, and Bone Creeks (Johnson Creek); and Collins
and Elkins Creek (Breckenridge Creek) (Map 18-1). The WMU contains a few small lakes
including Lost Lake (at the headwaters of Collins Creek) and Pangborn Lake, which is part of
a large organic wetland complex in the Johnson Creek drainage. There are also numerous
other wetlands associated with streams or found along stream corridors.

18.1.2 Process Controls
18.1.2.1 Geology
The Sumas River WMU has three northwest-southeast trending bands of unique surficial
geology. The northwestern portion is characterized by outwash deposits with an extensive
network of wetlands. The central band running from Sumas to Nooksack is located on an
outwash terrace of fine-grained drift containing sporadic deposits of alluvium,
undifferentiated outwash, and till. Till also forms a swath separating the terrace deposits from
the Huntington sedimentary bedrock and Chilliwack sedimentary and metamorphic bedrock
that comprise Sumas Mountain in the eastern portion of the WMU (Easterbrook 1973).
18.1.2.2 Topography
Topography generally follows surficial geology. The eastern part of the WMU has high relief
with elevations of approximately 2,700 feet on Sumas Mountain. Moving west the landform
falls off quickly to the lowlands. The Sumas River lies only 27 ft. above sea level where it
crosses into Canada.
18.1.2.3 Climate
Precipitation along Sumas Mountain averages around 70 inches annually, but drops off with
elevation to around 50 inches in the lowlands. Snowfall and rain-on-snow events are common
on Sumas Mountain, but rainfall is the dominant form of precipitation in the lowlands. Most
precipitation falls from October through January, but snowmelt drives runoff patterns in early
summer.
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18.1.2.4 Land Use/Land Cover
The Sumas River WMU supports intense agricultural land uses, which occupy almost the
entire land area in the lowland region. Forest practices are the dominant land use in the
upland area of Sumas Mountain. Most of the higher elevations are coniferous forest, with
mixed and predominately deciduous forests at lower elevations (see Map 3-14).

18.1.3 Landscape Processes and Alterations
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations noted in the literature. The process-intensive areas and areas
of alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Sumas landscape MAP FOLIO

18.1.3.1 Hydrology
Process-intensive Areas
The rain-on-snow zones in high elevations of the Sumas River tributary drainages (which
flow off Sumas Mountain) are process-intensive areas for peak runoff (Map 18-2). Processintensity is lower in the transition from the mountain to the lowlands, although some
important infiltration areas are present. The coarse outwash deposits of the lowlands support
a number of hydrologic mechanisms. Johnson Creek and Saar Creek have large floodplains
with high storage potential. The Pangborn Lake area in the Johnson Creek drainage contains
areas important for both infiltration and storage. Johnson Creek also receives runoff from the
Nooksack River during events that overtop the river’s levees. Although the Sumas River has
a wide floodplain, it does not support multiple mechanisms to the same extent as Johnson
Creek. However, a large infiltration area lies west of the floodplain where the lowland meets
the glaciomarine terrace.
Indicators of Alteration
Forest practices on the slopes of Sumas Mountain have altered forest cover, but there is
relatively little bare land/immature vegetation in rain-on snow zones so the effects of forest
clearing on peak flows may be less pronounced than in the high elevation areas of the
Nooksack basin (e.g. North Fork WMU) (Map 18-3).
Impervious surfaces are not very extensive in the Sumas River WMU, except locally in the
municipalities of Nooksack and Sumas. These cities do not overlie areas of high
infiltration/recharge potential, so effects of impervious area on baseflow and groundwater
recharge are expected to be low compared to other areas where urban development occurs on
important permeable deposits (e.g. City of Lynden in the Lynden North WMU).
Several mining operations, including near Pangborn Lake, northeast of Nooksack, and near
the Sumas River north of Minaker Road lie on infiltration/recharge zones, but the impact of
these activities on infiltration/recharge is unclear. Other infiltration/recharge areas are zoned
rural residential or agriculture and are typically non-forested agricultural fields.
Surface water storage mechanisms in this WMU are highly impaired, particularly in the
Johnson Creek drainage (Map 18-4). Johnson Creek and its major tributaries, including Bone
Creek, Pangborn Creek, and the North Fork Johnson Creek, have been modified along their
18-2
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entire length to improve drainage. This reduces storage potential and floodplain function.
Ditching is evident in almost all areas mapped as historic depressional wetlands, and vast
areas of these wetlands on the Johnson Creek, Sumas River, Bone Creek, and Saar Creek
floodplains and in the Pangborn Lake area have been filled or drained. Wetlands just east of
the Kamm Slough drainage in the Lynden North WMU have been maintained leaving the one
area in the WMU that has limited alteration.
Response to Alterations
No documentation of significantly impaired peak flows was found for the Sumas WMU.
However, Ecology has closed this WMU to additional water rights, which suggests that
summer low flows are impaired throughout the watershed.
18.1.3.2 Sediment
Process-intensive Areas
Outside of Sumas Mountain, slopes steep enough to be highly unstable are relatively scarce in
the WMU. A relatively high percentage (16 to 23 percent) of the Swift Creek drainage
contains unstable slopes, but other drainages have low frequencies of unstable slopes, so
process-intensive areas for mass wasting are limited (Map 18-5).
The Sumas WMU does contain a number of areas with naturally high erosion potential, the
largest of which is the Nooksack overflow area in the upper Johnson Creek and Sumas River
drainages. Other smaller areas on the floodplains of this stream and river also have high
erosion potential.
Indicators of Alteration
Road density in the drainage most at-risk for mass wasting (Swift Creek) is <2 mi/mi2. Road
densities are moderate (2.1 to 3.0 mi/mi2) in the Dale and Saar Creek drainages and over
3.1 mi/mi2 in the lower Sumas/Breckenridge Creek drainage (Map 18-5.5). All of these
drainages extend into the lowlands and it is difficult to determine to what extent the road
network impacts the portions of these upper drainages where landslides are most likely to
occur.
In the lowlands, most of the areas with high risk for surface erosion have been cleared of
forest cover and/or converted to agriculture land, the majority of which is cultivated
(Map 18-6). Because of the predominance of high impact land uses, surface erosion is
believed to be altered throughout the WMU, but particularly so in high-risk areas.
Response to Alterations
Reports of how streams in the Sumas River WMU have responded to sediment impairment
are scant. David Evans and Associates (1998) reports excess fine sediments in the lower
reaches of the Sumas River and its major tributaries that contribute to pool infilling and
spawning gravel degradation. Smith (2002) attributes a sediment plug translating down the
Sumas River to a large landslide in Swift Creek.
18.1.3.3 Water Quality
Process-intensive Areas
Historically, wetlands in the Sumas River WMU provided substantial water quality function,
storing and transforming nutrients and pathogens. Large wetland complexes in the lower
Johnson Creek drainage, the Johnson Creek floodplain, Upper Squaw Creek, and near Mud
Slough were particularly important for removing nutrients from both surface and
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groundwater. Lower Swift Creek is one area that contained wetlands with all three
contaminant storage mechanisms (surface water, groundwater, and hyporheic storage).
The Nooksack River and Sumas River floodplains and the Sumas/Johnson headwaters
contain areas of important hyporheic function. The largest wetland complexes are those
encompassing the boundary of Johnson Creek and Kamm Slough in the Lynden North WMU,
but groundwater water quality function is likely limited here. Peat deposits in the Pangborn
Creek drainage likely support extensive groundwater nutrient transformations (Mitchell et al.
2005). Sumas River riparian wetlands are still mostly intact and provide a sink for nutrients
and contaminants (Map 18-7).
Indicators of Alteration
As indicated in the hydrology section, a majority of the wetlands in the Sumas WMU have
been filled and/or drained (see Map 18-4). From a water quality standpoint, Saar Creek and
Johnson Creek appear to have been impacted most. Although some wetlands that support
surface water quality functions remain, most of the wetlands that supported groundwater
quality function have been lost. In addition, channelization of the Johnson Creek drainage and
tributaries likely limits hyporheic exchanges.
As the dominant land uses in the Sumas WMU lowlands dairies and till agriculture are the
primary sources of nutrients and fecal coliform (Mitchell et al. 2005), as well as contaminants
such as pesticides. The presence of shallow groundwater and loss of groundwater quality
functions described above suggest that groundwater and surface water may be contaminated
with nutrient and fecal coliforms. Similar land uses in Canada also deliver nutrients via
groundwater (Mitchell et al. 2005) (Map 18-8).
Areas of dense rural residential development are not apparent in the WMU, although sparsely
scattered onsite septic systems rim the foot of Sumas Mountain and extend east along
Sorenson, Alm, and Lindsay Roads. These systems are also potential sources of pathogen
contamination. Both the Cities of Everson and Sumas have wastewater treatment systems.
Response to Alterations
Water quality functional responses in the Sumas River watershed include elevated fecal
coliform and dissolved oxygen in surface waters, both of which impair water quality across a
broad array of stream reaches (Ecology 2004). Pangborn Creek, Clearbrook Creek, Sumas
River at the Canadian border and downstream of Collins Creek, three reaches of Squaw
creek, seven reaches of Johnson Creek, and Sumas Creek have impaired fecal coliform levels
(Ecology 2004). The same reaches in the Sumas River, Johnson Creek, and Sumas Creek
have impaired dissolved oxygen levels (Ecology 2004). A TMDL was established in 2000 for
fecal coliform and dissolved oxygen in the Johnson Creek drainage. A TMDL was also
established in 1996 for chlorine, ammonia-nitrogen, and BOD in the Sumas River drainage.
NWIC (2004) reports that dissolved oxygen still regularly fails to meet Ecology water quality
criteria. Recent evidence suggests that fecal coliform contamination in the Sumas River is
declining (George Boggs, personal communication of May 11, 2005; NWIC 2004); however,
recent monitoring suggests a mixed record in regard to meeting TMDL standards. Sampling
conducted on the Sumas River and Squaw, Johnson and Pangborn Creeks all met the
geometric mean standard for fecal coliform, but only Johnson Creek met the 90th percentile
standard (NWIC 2005). Pangborn Creek samples failed to meet both the geometric mean and
90th percentile TMDL standards (NWIC 2005). Dissolved oxygen concentrations at sites on
these four streams also exceeded Ecology Class A water quality criteria.
The WRIA 1 groundwater study reports that the Sumas River WMU has some of the highest
nitrate concentrations in the County, exceeding EPA limits for annual maximum
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concentration in 8 of 11 years during the 1990s (USU 2002; Mitchell et al. 2005). In addition,
data from groundwater wells show increased levels of the pesticide ethylene dibromide in the
Johnson Creek drainage (USU 2002). Mitchell et al. (2005) also reports that surface water
nitrate concentrations in Pangborn Creek and Johnson Creek suggest anthropogenic
influence.
18.1.3.4 Organic Inputs
Process-intensive Areas
Intensive areas for LWD recruitment in the Sumas watershed historically included areas
adjacent to stream channels and bank erosion/channel migration zones. Potentially unstable
slopes along Sumas Mountain also likely contributed wood via mass wasting mechanisms.
Hillslope sources would have been especially important in headwater tributaries (Map 18-9).
Indicators of Alteration
Most forest cover in the lowland portion of the WMU has been lost and recruitment potential
is presumed to be low in most stream reaches. Most headwaters on Sumas Mountain are in
coniferous forest, although timber production has resulted in a range of seral stages. Forest
cover in the transition from Sumas Mountain to the lowlands has been converted to deciduous
and mixed forest stands. Coniferous forest in the Saar Creek drainage near the Canadian
border has been replaced with mixed and deciduous forest along the length of the drainage.
Based on available forest cover and land use information, LWD recruitment potential is
inferred to be low in lowland areas. Recruitment potential may be higher on streams draining
Sumas Mountain, and hillslope sources not adjacent to the stream may contribute LWD from
debris flows, but the presence of deciduous-dominated forest and forest practices indicate
impairment, although perhaps not to the extent that other lowland areas (e.g., Lynden North)
are impaired for LWD recruitment (Map 18-10).
Response to Alterations
The lower reaches of lowland streams generally have low LWD densities (Smith 2002 citing
David Evans and Associates 1998). The upper reaches of tributaries like Johnson Creek and
Sumas Creek have generally higher LWD densities than lowland reaches. No information is
available for other Sumas Mountain drainages, but they are likely similar to conditions in
Sumas Creek and potentially better given what appears to be more extensive areas of
coniferous forest.
18.1.3.5 Heat/Light Inputs
Process-intensive Areas
Process-intensive Areas for heat/light inputs are similar to LWR recruitment described above.
Indicators of Alteration
Canopy cover and associated shade hazard alterations are analogous to organic matter input
impairments. In this case, they are highly impaired in the lowlands and improve in the
foothills and on Sumas Mountain. Deciduous and mixed forests may be more effective at
providing shade than LWD, so foothills areas that have been converted from conifer forest to
hardwoods still provide important temperature control. Thus, it appears that Saar Creek and
the Sumas River have mostly intact heat/light inputs. Heat/light inputs on Johnson Creek and
other tributaries that lie exclusively in the lowlands likely have a higher degree of
impairment.
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Response to Alterations
Ecology (2004) reports that temperatures on the Sumas River and Sumas Creek are below
regulatory thresholds but provides no information for other tributaries such as Johnson,
Breckenridge, Swift, or Dale Creeks. NWIC (2005) reports that samples from Sumas River,
and Pangborn, Johnson, and Squaw Creeks all met Ecology’s Class A temperature standard.

18.2 SHORELINE REACH-SCALE INVENTORY
The Sumas River and three tributaries to the river (Johnson Creek, Breckenridge Creek, and
Saar Creek) are shorelines of the state within the Sumas River WMU. The Sumas River flows
north into Canada joining the Fraser River approximately 18 miles from the Canadian border.
Reach maps are provided in the MAP FOLIO.
Link to Fazon Lake, Sumas South, Upper MS reach MAP FOLIO

Link to Sumas, Johnson, Saar reach MAP FOLIO

18.2.1 Sumas River
The jurisdictional extent of the Sumas River includes approximately 18.6 miles, from
Hopewell Road, south of the City of Nooksack to the Canadian border. The Sumas River
flows parallel to the much larger upper mainstem Nooksack River for several miles. In this
area, the Sumas River is within about one half-mile of the Nooksack River. The river was
inventoried in 12 reaches ranging in length from 0.44 to 5.73 miles.

Figure 18-11. Shoreline Inventory Reach Numbers and Endpoints,
Sumas River WMU
18-6
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18.2.1.1 Built Environment
Existing land cover and land use patterns along the Sumas River consist predominantly of
agricultural uses. Agriculture is mainly dairy with some row crops and livestock. Reach 3
includes an area of single-family residential on the left bank in the City of Sumas. Reach 10
has an area of small lot residential on the left bank in the City of Nooksack. Reach 12 has an
area of undeveloped forest land. Sand and gravel quarries are located on the right bank of
Reaches 5, 9, and 10. Zoning and comprehensive plan land use designations are
predominantly Agriculture. Portions of Reaches 3 and 4 are within the City of Sumas.
Portions of Reaches 9 through 12 are within the City of Nooksack. Reaches 9 through 12
include residential designations and Reach 12 has a Rural Forestry designation.
There are no public parks or access points along the Sumas River. An undeveloped privately
owned property on the right bank in the City of Nooksack was previously identified as a
potential river access location for acquisition and development of a parking area and boat
launch.
There are numerous bridge crossings of the Sumas River—Jones Road in Reach 1; Rock
Road in Reach 3; Telegraph Road and Morgan Road in Reach 5; North Pass Road in Reach 6;
Telegraph Road in Reach 8; four crossings of Lindsey Road and one of Gillies Road in Reach
9; Breckenridge Road in Reach 10, South Pass Road in Reach 11; and Massey Road and Oat
Cole Road in Reach 12. There is a PSE powerline crossing in Reach 1 and waterline
crossings in Reaches 3, 4, 6, 9, 10, 11, and 12. There are three wastewater outfalls in Reach 9
and a stormwater outfall in Reach 12. A natural gas storage facility is located on the right
bank of Reach 1.
Regulated critical areas along the Sumas River include wetlands, frequently flooded areas,
and critical aquifer recharge areas in all reaches. Wellhead protection zones are located in
Reaches 2 and 12. Habitat conservation areas are limited to band-tailed pigeon in Reach 9,
and Reach 11, and great blue heron in Reach 1. Geologically hazardous areas include seismic
hazard areas and volcanic hazard areas in all reaches. Reach 1 has an area of landslide hazard.
Shoreline modifications in the Sumas River include diversions in all reaches except Reaches
3, 10, and 11. There are 11 diversions in Reach 9. There are no areas of active bank erosion
mapped in the Sumas River. There are two hazardous waste sites in Reach 2 and one in
Reach 5.
The Ecology 303(d) list (2004) designates portions of the Sumas River as impaired (303d
category 5) waters for dissolved oxygen (Reaches 1 and 2) and fecal coliform (Reaches 1, 2,
and 9). Reaches 2 and 3 are designated as Category 4A (impaired, but has TMDL) waters for
fecal coliform. Reaches 3 through 5 are designated as waters of concern (303d category 2) for
dissolved oxygen. Reaches 1, 2, and 9 are designated as Category 1 (meets tested standards)
for pH. Reach 9 is also designated as Category 1 (meets tested standards) water for ammoniaN, temperature, and dissolved oxygen.
Under existing zoning and comprehensive plan land use designations, future land use patterns
along the Sumas River are not likely to change significantly. Portions of Reaches 3 and 4 are
within the Urban Growth Area of the City of Sumas and are likely to become more developed
in the future, as are portions of Reaches 10 through 12, which are within the Nooksack UGA.
18.2.1.2 Riparian Conditions
Riparian conditions along all reaches of the Sumas River shoreline are generally poor.
Agricultural fields make up the vast majority of the riparian zone. Typically there is a 25-foot
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wide buffer of shrubs and/or emergent plants (likely reed canarygrass) adjacent to the stream.
In some areas, small hardwoods are present in the riparian zone, but these areas typically
make up less than 25 percent of each reach. Reaches 6 (both banks) and Reach 7 (left bank
only) contain a subdominant amount of mixed forest, and these reaches are the only ones with
a significant amount of high LWD recruitment potential. Reaches 3 and 10 are considered to
have moderate LWD recruitment potential along 25 to 50 percent of the banks. Portions of
Reaches 5 and 6 have been recently restored via riparian planting.
18.2.1.3 Instream Conditions
The Sumas River gradient averages approximately 0.08 percent across all reaches and flows
through an unconfined valley. The river has a high sinuosity averaging approximately 2
across all reaches, although Reaches 3 through 6 have a noticeably lower sinuosity than other
reaches. Although the channel planform is similar to that of the lower Nooksack, overall
reach morphology is somewhat different. Sediment supply does not appear to be sufficiently
greater than transport capacity for the Sumas River to develop an elevated meander belt that
lies above the floodplain. Instead, the stream probably developed its sinuous morphology as a
result of a historically equilibrated supply-transport mechanism and highly stable, well
vegetated banks that limited migration, particularly avulsions. These characteristics are
indicative of the Rosgen Type E channel (Rosgen 1994) that is part of the pool-riffle process
domain (Montgomery and Buffington 1994). This type of stream also generally has a very
low width:depth ratio.
Little quantitative observational data were found regarding instream conditions. EDT
modeling estimates that only 3 percent of the wetted area in Reaches 1 and 2 is pool habitat, a
figure that increases to 10 percent for the remaining reaches. EDT modeling also predicts
11 to 18 percent fines in Reaches 1 through 4 and >30 percent fines in Reaches 5 through 12.
Both of these estimates are greater than optimal for spawning areas. Because the Sumas River
is very low gradient, substrate fines would be expected to be naturally high. However, the
level of fines estimated in Reaches 5 through 12 indicates impaired sediment supply. No data
on LWD density are available, but pictometry does not show significant amounts of instream
LWD. The lack of LWD perpetuates low pool frequency and high fine content.
While sediment supply has increased, channel morphology remains relatively intact. Areas of
active bank erosion appear limited; thus sinuosity and the low width:depth ratio have been
preserved. Maintaining bank stability is key to protecting sinuosity and the very low
width:depth ratio and will facilitate restoration of instream habitat conditions via sediment
control and increased LWD recruitment.
18.2.1.4 Biological Resources
Salmonids
There are “occasional observations” of fall Chinook salmon through Reach 8 of the Sumas
River, and the stock is presumed to be present up to and including Breckenridge Creek
(NWIC 2004; Nooksack Natural Resources et al. 2005) (Table 18-1). Fall Chinook salmon
have also been documented throughout the Saar Creek shoreline (NWIC 2004; Nooksack
Natural Resources et al. 2005). The historic range of fall Chinook salmon is presumed to
include most of the Sumas River and Johnson Creek (Nooksack Natural Resources et al.
2005). Early Chinook salmon do not utilize shorelines in the Sumas River WMU (Nooksack
Natural Resources et al. 2005).
Bull trout/dolly varden have not been documented in Sumas WMU shorelines. Migratory
forms potentially move upstream from the Chilliwack River to forage, but it is unlikely that
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bull trout use shoreline habitat for spawning or rearing (Nooksack Natural Resources et al.
2005).
Table 18-1. Known and Presumed Current Salmonid Distribution,
Sumas River Inventoried Shoreline Reaches.a,b

Sumas River

1-8 9-10

All 1-11

All

Saar Creek

1-3

All All

1-3

All

All

Johnson Creek
Breckenridge
Creek
a

All

All

All

All

Cutthroat

1-10

1

All

1-3

1-2

All

1-2

All

1-2
1-2

All

Sources: NNR et al 2005 It is assumed that most species found in the mainstem South Fork can also be found in adjacent tributary
mouths. This table reports use upstream of the mouth.

b

Reaches inside national forest boundary were not inventoried.

c

NP = Not Present.

Coho salmon are the mostly widely distributed anadromous salmonids in the Sumas WMU,
and their known range includes all shoreline reaches. Presumed and historic ranges extend
well beyond the extent of shoreline jurisdiction (Nooksack Natural Resources et al. 2005).
Chum salmon are nearly as widely distributed. Their range is known to include all shoreline
reaches on the Sumas River, Saar Creek, and Breckenridge Creek, but it does not extend
beyond Reach 2 of Johnson Creek. The distribution on Johnson Creek is likely similar to
historic conditions (Nooksack Natural Resources et al. 2005). It appears that chum use
Johnson Creek to access North Fork Johnson Creek for spawning (Nooksack Natural
Resources et al. 2005) but may spawn in Johnson Creek as well (Nooksack Natural Resources
et al. 2005).
Winter steelhead trout have been documented in the Sumas River up to Reach 11, where they
access the non-shoreline Swift Creek (Nooksack Natural Resources et al. 2005). Steelhead
trout have also been documented in all shoreline reaches of Saar Creek and are presumed to
also extend into the Breckenridge Creek shoreline (Nooksack Natural Resources et al. 2005).
Reach 3 of the Sumas River and Reach 2 of Saar Creek mark the extreme upper distribution
of even-year sockeye salmon with a stream-type life history (Nooksack Natural Resources et
al. 2005). Historic distribution is not presumed to extend beyond this point. The existing or
historic range of pink salmon does not include Sumas WMU shorelines (Nooksack Natural
Resources et al. 2005).
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Known
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Known
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Presumed

Known

Presumed
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Anadromous and resident cutthroat trout are presumed to be found in all shoreline reaches,
but rainbow trout occur in only a single reach in Saar Creek upstream of the jurisdictional
shoreline (NWIC 2004; Nooksack Natural Resources et al. 2005).
Other Aquatic and Terrestrial Species
Within the shoreline jurisdiction of the Sumas River, high quality riparian habitat is found
within Reach 3 and Reach 12, which also includes habitat for great blue herons (WCPDS
2005). Important habitat for band-tailed pigeons has been mapped along Reach 9 of the
Sumas River (WCPDS 2005).
Non-native and Invasive Species
Tansy ragwort, an upland species often associated with agricultural lands, has been found
along the Sumas River (Reach 3). Reed canarygrass is also expected to occur throughout the
WMU. Purple loosestrife, an aggressive non-native aquatic plant, has been documented
within the Sumas River jurisdictional shoreline of Reach 12 (Weed Board 2005).

18.2.2 Sumas River Tributaries
Johnson Creek is a left bank tributary that flows into the Sumas River between Reaches 1 and
2 near the City of Sumas. Five reaches of Johnson Creek totaling approximately 7.9 miles
were inventoried.
Breckenridge Creek is a right bank tributary that flows into the Sumas River between
Reaches 10 and 11 near the City of Nooksack. Two reaches of Breckenridge Creek were
inventoried, totaling approximately 3.6 miles.
Saar Creek is a right bank tributary of the Sumas River that flows into the river in Canada.
Saar Creek was inventoried in four reaches, totaling approximately 5.9 miles.
18.2.2.1 Built Environment
Johnson Creek
Johnson Creek Reaches 1 through 3 flow through the City of Sumas. Existing land cover and
land use patterns along Reaches 1 and 2 of Johnson Creek are mainly low to medium density
residential with some agriculture. There is some commercial development in Reach 2 within
the City of Sumas. Reach 3 is undeveloped or fallow land with commercial development on
the left bank. The right bank consists of undeveloped forestland, the Burlington Northern
Railroad corridor, and commercial development. Reaches 4 and 5 are mainly agriculture with
associated residences. Zoning and comprehensive plan land use designations are compatible
with existing land uses. Reaches 1 through 3 are primarily designated Urban with some
agriculture. Reaches 4 and 5 are primarily designated Agriculture with some Urban and
Rural.
There are no public parks or access points along Johnson Creek. A 200-acre parcel in Reach 3
is owned by the WDNR. There are no historic properties listed on federal, state, or local
registers along Johnson Creek.
There are bridge crossings in all reaches of Johnson Creek—Heron Lane in Reach 1; Sumas
Avenue and Cherry Street/SR 9 in Reach 2; the Burlington Northern Railroad and Front
Street/SR 9 in Reach 3; the Burlington Northern Railroad, Garrison Road/SR 9, Flannegan
Road, and Nooksack Road in Reach 4; and Clearbrook Road in Reach 5. There are powerline
and waterline crossings in Reaches 3 and 4.
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Regulated critical areas along Johnson Creek include wetlands, frequently flooded areas, and
critical aquifer recharge areas in all reaches. Geologically hazardous areas include seismic
and volcanic hazard area in all reaches.
Shoreline modifications in Johnson Creek include nine diversions in Reach 4 and three
diversions in Reach 5. There are no areas of active bank erosion mapped in Johnson Creek.
There are four hazardous waste sites in Reach 3.
Ecology’s 303(d) list (2004) designates Reaches 1 through 5 of Johnson Creek as Category
4A (impaired, but has TMDL) waters for dissolved oxygen and fecal coliform. Reaches 2 and
3 are also designated as Category 1 (meets tested standards) waters for temperature and pH.
Under existing zoning and comprehensive plan land use designations, future land use patterns
along Johnson Creek are not likely to change significantly. Portions of Reaches 4 and 5 are
included in the Urban Growth Areas for Sumas and Everson and are likely to develop with
more urban uses.
Breckenridge Creek
Existing land cover and land use patterns along Breckenridge Creek are predominantly
agriculture (primarily dairy). There is some low density residential (1 to 10 acre lots) in both
reaches. There is an area of undeveloped forested land in Reach 2. Zoning and
comprehensive plan land use designations are compatible with existing land uses –
Agriculture and Rural.
There are no public parks or access points along Breckenridge Creek. There are no historic
properties listed on federal, state, or local registers along Breckenridge Creek.
Goodwin Road and South Pass Road cross Breckenridge Creek in Reach 2. There are no
utility crossings.
Regulated critical areas along Breckenridge Creek include wetlands, frequently flooded areas,
and critical aquifer recharge areas in all reaches. Habitat conservation areas include bald
eagle and cavity-nesting ducks located in Reach 2. Geologically hazardous areas in
Breckenridge Creek are seismic hazards in both reaches, volcanic hazards in Reach 1, and
landslide hazards in Reach 2.
Shoreline modifications in Breckenridge Creek include two diversions in Reach 2. There are
no areas of active bank erosion mapped in Breckenridge Creek. There is one hazardous waste
site in Reach 2.
Ecology’s 303(d) list (2004) does not designate Breckenridge Creek for water quality
violations.
Under existing zoning and comprehensive plan land use designations, future land use patterns
along Breckenridge Creek may change significantly. Reach 1 and portions of Reach 2 are
within the Urban Growth Area of the City of Nooksack and will likely develop.
Saar Creek
Existing land cover and land use patterns along Reaches 1 and 2 of Saar Creek are mainly
agriculture (predominantly dairy). Reaches 3 and 4 are largely undeveloped forested land
with low density rural residential (10 acre or larger lots). Zoning and comprehensive plan
land use designations are primarily Agriculture in Reaches 1 and 2 and Rural in Reaches 3
and 4 with some Rural Forestry.
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There are no public parks or access points along Saar Creek. There are no historic properties
listed on federal, state, or local registers along Saar Creek.
Jones Road, Lenhart Road and Rock Road cross Saar Creek in Reach 1 and Hillview Road
crosses Reach 2. There is a PSE powerline crossing in Reach 1, two waterline crossings in
Reach 1, one waterline crossing in Reach 2, and a wastewater outfall in Reach 3.
Regulated critical areas along Saar Creek include wetlands and critical aquifer recharge areas
in all reaches. Reaches 1 and 2 are frequently flooded areas. Habitat conservation areas
(peregrine falcon) are located in Reach 1. Geologically hazardous areas include seismic
hazards in all reaches, volcanic hazard areas in Reaches 1 through 3, and landslide hazard
areas in Reach 4.
Shoreline modifications in Saar Creek include one diversion each in Reaches 3 and 4. There
are no areas of active bank erosion mapped in Saar Creek.
There are no water quality violations listed on the Ecology 303(d) list (2004) for Saar Creek.
Under existing zoning and comprehensive plan land use designations, future land use patterns
along Saar Creek are not likely to change significantly. Reaches are designated Agriculture,
Rural, and Rural Forestry.
18.2.2.2 Riparian Conditions
Johnson Creek has similar riparian conditions to the Sumas River shoreline: Agriculture
encroaches into the riparian zone and generally limits riparian vegetation to 25 to 50 feet on
either side of the stream. Vegetation is usually grass, shrubs, or small trees. The left bank of
Reach 1 is predominately medium-sized hardwoods, and the banks of Reach 3 are mostly
lined with young alder. Only Reach 1 has any significant length of shoreline with moderate
LWD recruitment potential.
Breckenridge and Saar Creeks both have a more intact riparian corridor than the other two
shoreline streams in the WMU. Reach 1 of Breckenridge Creek is mostly forested, and dense
stands of hardwoods are the dominant cover. However, mixed stands of medium-sized trees
are the subdominant riparian cover, and LWD recruitment potential is moderate to high.
Agriculture encroaches upon the riparian corridor in Reach 2; however, mixed medium-sized
trees are the subdominant cover. Saar Creek flows through agricultural lands in its lower two
reaches, and riparian cover is mostly pasture and fields with a narrow vegetated bank on
either streambank. Reaches 3 and 4 are located on the Sumas Mountain foothills, and
agriculture gives way to rural residential and forestry land uses. Riparian cover in these
reaches as almost exclusively mixed forest that extends well outside the riparian zone.
18.2.2.3 Instream Conditions
Like the riparian corridor, stream morphology and existing habitat conditions in Johnson
Creek are very similar to the Sumas River. The channel has approximately 0.07 percent
gradient and is sinuous with a very low width:depth ratio. Observational data is limited to a
qualitative boat survey from lower Reach 4 downstream. This survey states that instream
habitat is homogenous in Reach 1 and 2 and lower Reach 4, but Reach 3 has substantial pool
and backwater habitat as well as some potentially spawnable riffles. EDT modeling estimates
that pool habitat accounts for <10 percent of the wetted area, and substrates are 11 to 18
percent fines in all reaches.
Reach 1 of Breckenridge Creek and the lower portion of Reach 2 lie on the outwash plain and
are similar in character to the Sumas River and Johnson Creek. Reach 2 begins to climb
toward Sumas Mountain near its upstream terminus. Gradient in the upper portion of the
reach increases to about 2 percent, and the valley is much more confined, ranging around
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approximately 100 feet before reaching the valley wall. No observational habitat data were
found for Breckenridge Creek, but EDT modeling estimates that 10 percent of the wetted area
is pool habitat and >30 percent fine content in the substrate.
Saar Creek is similar to Breckenridge Creek in that the reaches can be partitioned into two
morphological types. The first two reaches lie on the outwash plain and have less than
0.1 percent gradient. These reaches appear to be highly modified and have lost much of what
was likely a sinuous channel. Reach 2 has been almost completely straightened. The upper
two reaches flow through the terrace deposits along the foot of Sumas Mountain and thus
have a higher gradient and more confined valley. Reach 3 in particular flows along a path cut
through bedrock by a glacier, resulting in a 4 percent gradient and semiconfined valley.
Reach 4 flows north, parallel to the western edge of the outcropping, and gradient is a more
moderate 1 to 2 percent. EDT modeling of Saar Creek estimates that pool habitat is almost
non-existent and substrate fine content is between 11 and 18 percent.
18.2.2.4 Biological Resources
Salmonids
Information on anadromous salmonids is provided in the table above and section 18.3.1.4
Other Aquatic and Terrestrial Organisms
Johnson Creek includes high quality riparian habitat in all of the jurisdictional reaches and
also includes important habitat for bald eagles and trumpeter swans in Reach 5 and Vaux’s
swift (Chaetura vauxi) in Reach 2 (WDFW 1999; WCPDS 2005). Important foraging habitat
for peregrine falcons has been documented along Reach 1 of Saar Creek (WCPDS 2005).
Non-native and Invasive Species
Tansy ragwort has been found in the uplands within the shoreline zone of Reach 4 on
Johnson Creek (Weed Board 2005). No non-native or invasive aquatic species have been
recorded within the jurisdictional shoreline of Sumas River tributaries.

18.3 SYNTHESIS
The following sections describe potential management actions based on inventory
information. Programmatic restoration and conservation opportunities are highlighted based
on existing ecosystem processes and functions, and preliminary recommendations are made
for updating SEDs (Table 18-2).

18.3.1 Landscape-scale Restoration and Conservation Opportunities
As with the entire County, the level of process intensity and impairment are closely tied to
geology and landform. The lowlands, which contain most of the jurisdictional shoreline, have
high process intensity but are also highly altered. The areal extent of impairment is vast in the
lowlands, and the potential for protection is very limited. Lowland drainages have similar
degrees of alteration, thus prioritizing between different drainages is difficult. The North Fork
Johnson Creek and the headwaters of Saar Creek are two areas where many processes are
relatively intact, and there are extant wetlands that support multiple processes. Since
ecological functions are less degraded in these areas, they are good candidates for protection
and conservation. Upper Johnson Creek also retains some ecological function, but process
alteration is still extensive. Restoration in these areas may be more effective in creating highquality habitat than other more altered areas in which ecological functions are more degraded.
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The mainstem Sumas River lies on the lowland outwash plain as well, and processes are
severely impaired. Opportunities for restoration are extensive, including enhancing existing
riparian wetland habitat that have a high potential for hyporheic function and nutrient cycling.
The same is true for Johnson Creek, which has good potential for wetland restoration.
Protecting existing peat wetlands in Johnson Creek is critical for continued nitrogen
transformation mechanisms.
Processes in the Sumas headwaters, including the headwaters of Saar Creek, are much less
altered because they are located on Sumas Mountain, where development is limited and
source inputs are less altered. Forest practices have altered sediment and hydrologic processes
to some extent, but the level of alteration appears to be relatively low.
The transitional foothill area is an important management area that is not conducive to
agriculture but supports residential and other development. This area contains lower-gradient
streams that still have significant process and ecologic function and are relatively unaltered.
Protection of important areas in this zone would minimize further degradation of the valley
floor.
18.3.1.1 Reach-scale Restoration and Conservation Opportunities
Recommendations for restoring shoreline areas are very similar to those suggested at the
landscape-scale. Because water quality is a primary concern in the WMU, restoration of
water quality improvement mechanisms is a priority. This includes riparian zones and
riverine wetlands. Shoreline reaches with associated wetlands should be prioritized to
improve hyporheic function, riparian filtering, and wetland-associated chemical cycling all at
once. Because of the extent of land use alterations and limited existing riparian function, such
opportunities are ubiquitous in the lowlands.
Priorities switch to protection in Sumas tributary shorelines that lie on the Sumas Mountain
foothills. These shorelines are relatively intact and should be protected to limit further water
quality deterioration as well as to protect habitat, which may be limited in lowland streams
due to channelization.

18.3.2 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 18-3). Generally, most reaches in the lowlands are highly degraded.
Recommended SEDs are based on existing zoning (Agriculture) and/or planned land uses.
The upper reaches of Breckenridge Creek and Saar Creek are less impaired. Although
landscape processes do not occur as intensely in these adjacent areas, ecological functions are
inferred to be more intact than in lowland reaches, justifying the recommendation for the
more restrictive Conservancy designation.
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Table 18-2. Summary of Process Intensity and Alterations by Drainage Area, Sumas WMU
Process Intensitya
Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Process

Alteration

Canopy
Cover

Process

LWDRP

Alteration

Storage

Process

Inputs

Alteration

Storage

Process

Surface
Erosion

Alteration

Mass
Wasting

Process

Groundwater

Heat/Light

Alteration

Snowmelt
and
Runoff

LWD

Process

Surface
Water
Storage

Water Quality

Alteration

Infiltration
&
Recharge

Sediment

Process

Mechanism

Hydrology

Johnson Creek

↑

↔

↑

↑

↓

↓

↑

↑

↓

↓

↑

↑

↑

↑

↓

↑

↑

↑

↑

↑

↑

↑

Lower Saar Creek

↓

↔

↔

↑

↓

↓

↑

↑

↓

↓

↔

↑

↔

↑

↓

↑

↔

↑

↑

↑

↑

↑

Lower Sumas River

↑

↔

↔

↑

↓

↓

↑

↑

↓

↓

↓

↑

↔

↑

↓

↑

↔

↑

↑

↑

↑

↑

Intensity

Sumas Mountain

↓

↓

↓

↓

↑

↓

↓

↓

↔

↔

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↓

Potential for Restoration and Protection

Water quality considerations are clearly a high priority in all the lowland drainages,
including Johnson Creek, the mainstem Sumas River, and Saar Creek. Management
actions such as the TMDL Implementation Plans and Farm Plans to address these issues
are ongoing. Wetland restoration, particularly peat bogs, and riparian enhancement are
key to improving water quality function as well as improving the function of other
processes.
Sumas Mountain is relatively undeveloped, although forest practices are present farther
upslope and rural residential development is encroaching into the foothills. Protecting
mostly intact riparian zones from disturbance associated with residential development
should be a primary goal of SMP implementation, particularly to prevent new sources of
water quality impairment in the already impaired lowlands

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Table 18-3. Preliminary SED Recommendations
Proposed SEDs
Reach

Existing SEDs

Left Bank

Right Bank

Comment

Sumas River
Reaches 1
through 8

Rural

Resource

Resource

Reach 2 and part of the Reach 3
right shoreline are City of
Sumas.

Reach 9

Rural

Resource

Resource
/Rural

Rural on portions of the right
bank zoned low-density rural
residential. Resource for
mineral resource areas within
shoreline jurisdiction.

Reach 10

Rural

Resource/
Rural

Resource/
Rural

Parts of the shoreline are in the
City of Nooksack. The upper
shoreline is in the Nooksack
UGA, so Rural is
recommended.

Reaches 11 and
12

Rural

Resource/
Rural

Resource/
Rural

Most of left shoreline is in City
of Nooksack. Remaining area is
part of a UGA long-term
planning area but is zone
agricultural.

Reach 1

Rural

Rural

Rural

Rural residential land use.
Small portion of reach is in
Nooksack UGA and Rural is
recommended.

Reach 2 – Lower

Rural

Resource

Resource

Agricultural land

Reach 1

Rural

N/A

Resource

Left bank is City of Sumas

Reach 2-3

N/A

N/A

N/A

City of Sumas

Reaches 3-5

Rural

Resources

Resources

Reaches 1 and 2

Rural

Resource

Resource

Agricultural land

Reach 3

Rural/
Conservancy

Resource/
Conservancy

Resource/
Conservancy

Consistent with existing
designations

Breckenridge Creek

Johnson Creek

Saar Creek
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19. SAMISH RIVER WMU
The Samish River drains a small area of south-central Whatcom County between Lake
Whatcom and the South Fork Nooksack River WMUs. It is part of the Skagit River
watershed (WRIA 3) and drains to Samish Bay in Skagit County. Most of the Samish River
watershed lies in Skagit County; only the upper reaches lie in Whatcom County. The river
flows from the headwaters in the valley near Saxon south between Anderson Mountain and
Lyman Hill across the county line near the community of Wickersham. The Samish River is
the only shoreline of the state in this WMU.

19.1 LANDSCAPE ANALYSIS
19.1.1 Aquatic Resources
Numerous headwater tributaries drain from bedrock outcroppings to the Samish River. The
only major tributary in the upper basin (i.e., in Whatcom County) is Ennis Creek, which
originates in Skagit County and flows west-northwest into Whatcom County before entering
the Samish River. The river flows through an underfit outwash valley that supports a broad
floodplain and the vast majority of wetlands in the WMU. No lakes were identified in the
WMU.

19.1.2 Process Controls
19.1.2.1 Geology
The Samish River WMU is characterized by a glacial outwash valley through which the river
drains and has deposited alluvium. The valley contains large deposits of Pangborn muck.
Metamorphic bedrock (phyllite) outcroppings surround the valley to the southeast, southwest,
and northwest. The South Fork Nooksack valley lies to the northeast.
19.1.2.2 Topography
Bedrock outcroppings surrounding the river valley result in relatively high relief, and
hillslope processes dominated these areas. To the south, Anderson Mountain and Lyman Hill
reach elevations of approximately 3,300 and 4,100 feet, respectively 9, while Snub Hill to the
northwest is less than 2,500 feet. Consequently, relief is lower on Snub Hill, and certain
characteristics such as soil depth and water transport and subsurface water storage potential
may differ.
19.1.2.3 Climate
Precipitation in the Samish River WMU varies between 55 inches in the valley to as much as
90 inches in the vicinity of Lyman Hill. Precipitation is dominated by rainfall, but snow is
common in higher elevations. Most precipitation falls between October and January.
19.1.2.4 Land Use/Land Cover
Forestry is the primary land use in the montane areas, which are predominately owned and
managed by WDNR. These areas are a patchwork of forest of varying stand age. Coniferous
forest remains in the upper elevations near the Skagit County border but trend toward mixed
stands and non-forest (i.e., recent cuts and scrub/shrub land) between higher elevations and

9

Elevations are within Whatcom County. Elevations may be higher to the south as ridges continue to
climb.
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the valley bottom. The northeastern corner of the WMU around Snub Hill is heavily managed
for timber and has a much higher density of recent cuts and recently reseeded areas.
There are extensive wetlands on the river valley. However, agricultural areas predominate to
the north near the South Fork Nooksack WMU. Areas of residential development occur
closer to Skagit County in and surrounding Wickersham.

19.1.3 Landscape Processes, Alterations, and Responses
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations for freshwater environments. The process-intensive areas and
areas of alteration were identified based on GIS overlays using the approach described in
Section 2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE
MAP FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Samish River landscape MAP FOLIO

19.1.3.1 Hydrology
Process-intensive Areas
In this WMU, the Samish River floodplain and the extensive wetlands with coarse soils on
low slopes (southeast side) of the valley have a high infiltration capacity. These areas are
important for groundwater recharge and baseflow maintenance. The floodplain is also
important for attenuating peak flows. In addition, the higher elevation areas in the northwest,
southwest and southeast corners of the WMU are important rain-on-snow zones
(Map 19-2).
Indicators of Alteration
The loss of hydrologically mature vegetation in rain-on-snow zones indicates that natural
surface runoff patterns have been altered (Map 19-3). Nonforested areas are the dominant
land cover in the Snub Hill rain-on-snow zone. Coniferous forest remains throughout most of
the rain-on-snow zone on Anderson Mountain and to a lesser extent on Lyman Hill. All three
areas are used for timber production, but Anderson Mountain is less altered. Remaining forest
in all three rain-on-snow areas is likely in a variety of seral stages. Areas between the rain-onsnow zones and the valley bottom have been converted to nonforest cover.
The Samish River valley is relatively intact and intensive use is limited by the natural extent
of wetlands, most of which have not been filed or drained (Map 19-4). Wickersham has a
high percentage of impervious area, but total impervious area in the WMU is less than three
percent. There is no evidence of large-scale river modification along the upper reaches,
however railroad tracks run parallel to the river and may impact hydrologic interactions
between the river and nearby riparian wetlands.
Groundwater consumption for residential use is common in the upper Samish River basin
especially near Wickersham. The level of withdrawal does not significantly augment streamflows
because much of the extracted water is returned via septic systems (Greenberg et al. 2002).
Response to Alterations
Greenberg et al. (2002) modeled flow alterations in the upper basin. The analysis includes
areas in Skagit County upstream of the Friday Creek confluence as well as in Whatcom
County. Results show a 1 percent or less decrease in the 50 percent exceedance flow,
implying that mean annual runoff has not changed significantly as a result of land use.
19-2
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However, the 50 percent exceedance flow in August has decreased from 1 to 4 percent,
implying that baseflow has been altered to a greater extent than flows at other times of the
year. The 80 percent exceedance flows (a surrogate for mean flow during low flow years)
decreases up to 4 percent annually and up to 11 percent in August, suggesting that land use
impacts to baseflow are more noticeable during dry years.
No information regarding changes to peak flows was found.
19.1.3.2 Sediment
Process-intensive Areas
Steep gradients in headwater streams are the most apparent natural source of sediment in the
Samish River WMU as there are no mapped surface erosion areas and the percentage of the
watershed with unstable slopes is low (Map 19-5). The majority of these slopes occur on
Lyman Hill. Anderson Mountain also contains high relief, but the northern slopes that lie in
Whatcom County are less steep than those farther south in Skagit County. Alluvial fans and
the extensive array of riparian and depressional wetlands on the valley bottom store much of
the sediment delivered to tributary streams.
Indicators of Alteration
GIS data indicate that road density in the Samish River WMU is approximately 3.1 to 5.0
mi/mi2, which is above the NOAA threshold for properly functioning conditions (Map 19-5.5).
Smith (2002) reports road densities between 2 to 3 mi/mi2 in the Samish River drainage which
includes areas outside the study areas. According to the land cover map, forest practices appear
to be most prevalent in the northwest portion of the WMU around Snub Hill; however,
landslide potential is limited in this area due to lower relief.
Although some road crossings are present in the valley, major public roads do not appear to
have major influence on fine sediment delivery to streams. Highway 9 runs the length of the
Samish valley but is usually well away from the river. Highway 9 and other roads do cross
tributaries in a number of locations (Map 19-6).
Response to Alterations
Smith (2002) reports that sediment supply rates are one and a half to two times greater than
natural conditions in the Samish River drainage. However, this figure includes the entire
Samish River drainage above Friday Creek, much of which is outside the WMU study area.
The proportion of sediment that is attributable to the study area is unknown. Also, no data
regarding instream substrate condition were found.
19.1.3.3 Water Quality
Process-intensive Areas
There are not many areas that provide nutrient removal/transformation in this WMU
(Map 19-7). The most important areas for nutrient cycling may be small headwater streams,
riparian wetlands, and the hyporheic zone along the floodplain (not shown on GIS maps).
Indicators of Alteration
Water quality alterations are primarily due to increased nutrient and pathogen source inputs,
yet these impairments are not widespread. Low-order streams have been affected by forest
practices, and the change in forest cover from coniferous to deciduous (i.e., alder along
streams) has probably increased nitrogen supply. Farming and residential land uses on the
valley floor that could be expected to increase nutrient supply are limited.
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The primary source of increased fecal bacteria is residential onsite septic systems, which are
scattered throughout river valley. The unincorporated community of Wickersham contains the
highest density of onsite septic systems (Map 19-8). Animal production and farming do not
appear to be significant sources of fecal contamination.
No significant sources of toxins and metals were identified in the WMU.
Response to Alterations
The Samish River has significant water quality impairments, most of which occur below
Friday Creek, well outside the study area. Ecology (2004) does not identify any water quality
impairments within the WMU. Hallock (2001) reported elevated levels of fecal coliform at
Ecology station 03B080 near Thunder Creek, approximately 3 miles downstream of the
county line. Samples used to justify listing were obtained in 1994 and 1995.
19.1.3.4 Organic Inputs
Process-intensive Areas
LWD recruitment sources on the Samish River were historically included the riparian zones
which are subject to treethrow and bank erosion/channel migration. Unstable slopes and mass
wasting sources likely deliver LWD to tributaries draining Anderson Mountain and Lyman
Hill (Map 19-9).
Indicators of Alteration
Ubiquitous palustrine wetlands associated with the upper Samish River are currently a
mixture of marsh and swamp. The historic distribution of forest cover in these wetlands is
unknown; therefore it is difficult to determine changes in LWD recruitment potential in the
river valley. Based on available forest cover and land uses, we can infer that recruitment
potential is low in lowland areas. Recruitment potential may be higher on streams draining
Anderson Mountain, but cover is mostly deciduous and forest practices have altered seral
stages so LWD recruitment is likely impaired.
Response to Alterations
No information regarding instream LWD densities is available for the upper Samish River.
19.1.3.5 Heat/Light Inputs
Process-intensive Areas
Solar radiation is controlled by canopy cover adjacent to streams, so riparian areas are
important for heat/light processes. Stream temperatures are most highly correlated to
temperature directly upstream, so forested areas in headwater areas influence temperatures in
more of the stream than downstream canopy cover.
Indicators of Alteration
Information regarding riparian canopy cover is not available for the Samish River. Canopy
cover is expected to be similar to the natural condition given the lack of land use alteration in
the valley bottom. Riparian conditions in tributaries and headwaters drainages may be more
altered as a result of timber harvest, but forest cover remains healthy in most areas. Heat/light
processes associated with streams draining Anderson Mountain are likely relatively intact, as
most logged areas have regenerated. However, much of the Ennis Creek drainage on Lyman
Hill and streams draining Snub Hill flow through scrub shrub and grass vegetation. Increased
water temperature via solar radiation likely occurs in these areas and is transmitted
downstream to the river.
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Response to Alterations
Ecology (2004) does not list temperature impairments in the WMU, and samples at the
monitoring station near Thunder Creek in Skagit County meet state criteria for water
temperature.

19.2 SHORELINE REACH-SCALE INVENTORY
The only jurisdictional water body in the Whatcom County portion of the Samish River
WMU is one reach of the Samish River, approximately 0.59 mile (Figure 19-11). Reach maps
are provided in the MAP FOLIO.
Link to South Fork, Mirror Lake River reach MAP FOLIO

Figure 19-11. Samish River Shoreline Inventory Reach

19.2.1 Samish River
19.2.1.1 Built Environment
Existing land cover and land use patterns along Reach 1 of the Samish River are
predominantly undeveloped and agriculture, with some forest land and large lot rural
residential development. Zoning along Reach 1 is primarily Agriculture with some Rural and
Rural Forestry.
Wickersham Road crosses Reach 1 and the Burlington Northern Railway parallels the reach
on the right bank. There is no public access to the reach. There are no shoreline modifications
inventoried in Reach 1.
Regulated critical areas along Reach 1 of the Samish River are frequently flooded areas,
critical aquifer recharge areas, a Wellhead Protection Zone, wetlands, landslide hazard areas,
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and seismic hazard areas. The Samish River also crosses the designated Chuckanut wildlife
corridor, a locally important habitat conservation area in Whatcom County.
There are no Ecology (2004) Water Quality Assessments (303(d) list) designations for the
Samish River included in the Whatcom County database.
Under existing zoning and comprehensive plan land use designations, Reach 1 of the Samish
River is unlikely to change. The area is designated Agriculture, Rural, and Rural and
Commercial Forestry.
19.2.1.2 Riparian Conditions
The riparian corridor is undeveloped and is likely to remain so due to extensive riparian
wetlands. These wetlands are a primary determinant of cover because they limit the growth of
most conifer species. Consequently, riparian forest cover is medium-sized hardwoods with
isolated pockets of conifers that occur on upland hummocks. In the lower reach, forest cover
gives way to emergent vegetation including reed canarygrass. At its widest, emergent
vegetation is approximately 100-foot wide and is bordered by small alder trees.
19.2.1.3 Instream Conditions
The Samish River is very low gradient and flows through an unconfined valley. Width:depth
ratio is low, indicating channel stability. Pictometry review indicates mostly glide habitat
with few pools and no LWD in the parts of the channel that are visible. Conditions may be
different in areas where forest cover obscures the channel. Numerous side channels are also
visible, and offchannel habitat is probably common given the extent of riparian wetlands and
the lack of channel modifications. However, many of these side channels and possibly the
main channel likely become choked with reed canarygrass during the growing season.
Qualitative field observations of similar areas on the Samish River in Skagit County indicate
as such. Quantitative instream habitat data were not found for the Samish River shoreline.
19.2.1.4 Biological Resources
Salmonids
Chinook salmon and native char presence is not documented or presumed in that portion of
the Samish River shoreline lying within Whatcom County. Pink and sockeye salmon
distributions do not include the Samish River shoreline either (WDFW 2002; Ecology 2005).
Coho salmon distribution extends upstream of shoreline jurisdiction, including a portion of
the tributary Ennis Creek below an impassable falls. Coho salmon apparently primarily use
Ennis Creek for spawning, but rearing juveniles typically move into the Samish River for
rearing, including upstream of the Samish River-Ennis Creek confluence (Note: this reach is
outside jurisdictional shoreline).
Chum salmon also spawn in Samish River, but distribution does not extend beyond the
jurisdictional shoreline at the mouth of Ennis Creek (WDFW 2002).
Winter steelhead spawn and rear throughout and upstream of the Samish River shoreline as
well as Ennis Creek (WDFW 2002). Cutthroat trout stock status is unknown but this stock is
presumed to have a distribution similar to that of winter steelhead (WDFW 2000).
Other aquatic and Terrestrial Species
All of the shoreline zone of Reach 1 is included within the Chuckanut Wildlife Corridor,
designated by the County as a habitat of local importance (WCPDS 2005). The river valley
provides habitat for small mammals such as mink and otter and is an excellent feeding and
resting area for migratory waterfowl.
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Non-native and Invasive Species
While there were no site specific records for the Samish River, it is likely that reed
canarygrass, widespread throughout Western Washington and the County, is found at most
disturbed sites within the WMU (Weed Board 2005). No aquatic invasive weeds have been
documented within the Samish River jurisdictional shoreline (Ecology 2005).

19.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating SEDs.

19.3.1 Landscape-scale Restoration and Conservation
Impairments appear to be limited in the Samish River WMU. Forest practices on Snub Hill
are more intense than other areas, but process-intensity is low, and restoration may have a
limited impact on the WMU compared to other areas of the county. Hillslope processes are
more intense to the south, and restoring sediment and hydrology mechanisms may be
addressed concurrently, particularly in Ennis Creek, which provides important habitat for
salmonid populations.
The valley bottom of course supports the highest intensity of processes and is not highly
altered. Restoration opportunities are available, but identification of opportunities for
resource protection may be a higher priority.

19.3.2 Reach-scale Restoration and Conservation
The Samish River shoreline is mostly undeveloped, and conservation of intact floodplain
areas will protect habitat near the upper extent of anadromous salmon distribution. Despite
that lack of intense development, vegetation communities appear to have been altered, and
control of reed canary grass and other invasive species should be undertaken to return the
riparian corridor to a more natural state.
Water quality, while not known to be degraded within the shoreline, is degraded farther
downstream outside the County. Therefore, management of nutrient and fecal bacteria from a
relatively dense field of on-site septic systems associated with the town of Wickersham may
influence downstream water quality. Again, floodplain/riparian vegetation restoration would
be a tool to accomplish this.

19.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs. The limited number of impairments in the watershed indicate that ecologic functions
in the shoreline are mostly intact. However, potential for restoration does exist, and a
Conservancy designation is recommended to protect the significant existing ecological
functions. The recommended designation is similar to the existing Conservancy designation.
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Table 19-1. Summary of Process Intensity and Alterations by Area, Samish River WMU
Process Intensitya

Alteration

Process

Alteration

↓

Process

↓

Alteration

↑

Process

↓

Canopy
Cover

Alteration

↓

LWDRP

Process

↓

Storage

Alteration

Process

↔

Inputs

Heat/Light

Process

Alteration

↓

Storage

LWD

Alteration

Process

↑

Surface
Erosion

Water Quality

Process

Alteration

Mass
Wasting

Process

Groundwater

Alteration

Snowmelt
and
Runoff

Process

Samish River valley

Surface
Water
Storage

Alteration

Intensity

Infiltration
&
Recharge

Sediment

Process

Mechanism

Hydrology

Alteration

Process

↓

↓

↔

↓

↓

↔

↔

↓

↑

ND

↑

ND

↔
Snub Mountain

↓

↓

↓

↓

↑

↔

↓

↓

↓

↑

↓

↓

↓

↓

↓

↓

↓

↓

↑

Anderson Mountain

↓

↓

↓

↓

↑

↓

↓

↓

↔

ND

↓

↓

↓

↓

↓

↓

↓

↓

↑

Lyman Hill

↓

↓

↓

↓

↑

↓

↓

↓

↔

ND

↓

↓

↓

↓

↓

↓

↓

↓

↑

Altered peak flows resulting from forest conversion in ROS zones are likely and present
an opportunity for restoration through reforestation. Based on overall land cover, riparian
corridors are predicted to have significant non-forested areas, restoration of which would
mitigate both sediment and hydrology impacts resulting from forest practices.

↔

Forests are more intact in this area dominated by hillslope processes. Protection of
riparian corridors and ROS zones will limit additional alteration of sediment and
hydrology, and protect instream habitat. Opportunities for restoration likely already
exist, particularly in areas actively managed for forestry.

↔

Forests are more intact in this area dominated by hillslope processes. Protection of
riparian corridors and ROS zones will limit additional alteration of sediment and
hydrology, and protect instream habitat. Opportunities for restoration likely already
exist, particularly in areas actively managed for forestry.

↑
↔
↑

Protect hydrology; long-term vegetation and short-term instream habitat restoration on
Samish River floodplain.

↔
↑

↔

Potential for Restoration and Protection

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.

June 2006 │ 558-1687-004
19. SAMISH RIVER WMU

19-9

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

20. LAKE SAMISH WMU
The Lake Samish WMU is in the southwestern corner of Whatcom County between the Lake
Whatcom, Bellingham Bay, and Samish Bay WMUs. The basin is situated between
Chuckanut and Lookout Mountains and drains south to Skagit County. Shorelines of the state
in this WMU include Lake Samish, Friday Creek, and Cain and Reed Lakes.

20.1 LANDSCAPE ANALYSIS
20.1.1 Aquatic Resources
The Lake Samish WMU is dominated by lentic systems. Lake Samish is the preeminent water
body in the basin, but two smaller chain lakes also drain to the Samish River via Silver Creek in
the southeast corner of the WMU. Reed and Cain Lakes have a surface area less than 100 (Cain
Lake is 72 acres), while Lake Samish is 810 acres. Lake Samish drains into Friday Creek, only
a small portion of which flows through Whatcom County before entering Skagit County. Other
small lakes in the WMU include Squires Lake, which lies halfway between Friday Creek and
Cain Lake, and the Mud Lakes, which are impounded along a stream draining to the western tip
of Lake Samish. The geology of the WMU naturally limits the extent of wetlands, but lacustrine
fringe wetlands are present surrounding Reed and Cain Lakes.

20.1.2 Process Controls
20.1.2.1 Geology
Lake Samish lies in a depression between Chuckanut Mountain to the west and Lookout
Mountain to the east. The lake overlies the contact between Chuckanut sedimentary bedrock
to the north and Darrington Phyllite to the south. The Reed and Cain Lake drainage lies on
undifferentiated Fraser drift, and a spur of the Chuckanut formation separates the drainage
from Lake Samish.
20.1.2.2 Topography
Relief is steep in areas surrounding Samish Lake. Chuckanut and Lookout Mountains rise to
approximately 1,500 feet and 2,500 feet above the lake level, respectively. Steep slopes and
hillslope processes also affect the northern edges of Reed and Cain Lakes, and the shape of
the former indicates the presence of debris flow deposits.
20.1.2.3 Climate
Precipitation around Lake Samish averages approximately 70 to 80 inches annually, an
amount that increases at higher elevation to as much as 130 inches/year on Lookout
Mountain. Snowfall is common but not typically persistent, and patterns of rainfall dominate
basin hydrology.
20.1.2.4 Land Use/Land Cover
The mountainous nature of this WMU limits land uses, and forest practices comprise more
than 75 percent of the existing land use (Greenberg et al. 2002). About 10 percent of the Lake
Samish WMU has been converted to residential use, while agriculture and
commercial/industrial uses are scarce. Residential development is generally limited to areas
along the Samish, Reed, and Cain Lake shorelines. The Interstate 5 corridor also runs along
the east shoreline of Lake Samish.
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20.1.3 Landscape Processes and Alterations
This section inventories process-intensive areas, areas where processes have been altered, and
responses to process alterations. The process-intensive areas and areas of alteration were
identified based on GIS overlays using the approach described in Section 2.3.1.2. As a result,
the reader is advised to review the maps PROVIDED IN THE MAP FOLIO for a thorough
understanding of the material presented. The landscape characterization provided below will
be used in conjunction with the reach inventory data to identify restoration and protection
opportunities and will be integrated with SMP planning.
Link to Lake Samish landscape MAP FOLIO

20.1.3.1 Hydrology
Process-intensive Areas
Lake Samish is similar to Lake Whatcom in that geologic features confine it to a relatively
small drainage area. Streams in the WMU are short and steep and have limited potential for
groundwater recharge to support baseflow (Map 20-2). The geology of the region also limits
surface water storage via wetlands, but the lake supports 33,100 acre-feet of potential storage.
Wetlands near the lake outlet provide some storage functions along the Friday Creek stream
corridor. Rain-on-snow zones are limited to the upper elevations of Lookout Mountain.
Indicators of Alteration
Forest practices are limited mostly to slopes outside the rain-on-snow zone, and these areas
are a combination of mixed, deciduous, and coniferous forest. Coniferous forest still remains
in the rain-on-snow zones, but the proportion of stands of different seral stages is unknown.
Land cover data show evidence of recent cutting and transitional areas in the Reed Lake
headwaters and other headwaters in the Lake Samish drainage (Map 20-3). These conditions
may alter peak flow patterns in lake tributaries, which also contribute to peak events
downstream in Friday Creek and the lower Samish River.
Surface water withdrawals account for 40 percent of the consumptive use in the Samish
Basin 10, and most of this consumptive use is from Lake Samish, which comprises most of the
three hundred and ten surface water rights in the entire Samish basin. Lake Samish
wastewater is not returned to the drainage via septic systems but is exported out of the area to
Skagit County for treatment. Residences around Reed and Cain Lakes consume groundwater,
and some portion of the water is returned to the system via septic systems.
Response to Alterations
No information is available to characterize responses to alteration in tributary streams.
Current consumptive use in Lake Samish is decreasing median monthly discharge at the
outlet by up to 17 percent during summer low flow periods (July – September) (Greenberg et
al. 2002). Streamflow at the Lake Samish outlet in low flow years has decreased by up to
67 percent (0.3 cfs to 0.1 cfs) during the month of August. These conditions contribute to
flows downstream that are insufficient to sustain optimal flows for salmonid species during
low flow periods, including early October (Greenberg et al. 2002). However, flows naturally

10

The majority of the Samish basin lies in Skagit County and is not part of the landscape
characterization. However, the information presented provides insight into the relative impact of water
consumption in the Lake Samish WMU to downstream resources such as Friday Creek and the lower
Samish River.
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do not support optimal levels of habitat during these periods. The proportional impact of Lake
Samish hydrologic alterations to non-optimal habitat conditions downstream is unclear.
20.1.3.2 Sediment
Process-intensive Areas
Most sediment is delivered to the lakes via landslides and debris flows that route sediment
down stream channels draining Lookout Mountain and areas along the northern edge of the
Lake Samish shoreline. The areas are underlain by Chuckanut bedrock, which is more prone
to episodic mass wasting events than Darrington phyllite along the southern edge of Lake
Samish. Evidence of landslide activity is apparent from the crescent shape of Reed Lake,
which suggests large amounts of sediment deposition along the western shoreline. Landslide
activity is more limited near the Lookout Mountain ridgeline, where relief lessens to some
extent. However, slopes along the ridge are still sufficiently steep to support surface erosion
in areas with erosional soils (Map 20-5).
Indicators of Alteration
Discrete data are limited regarding road densities and the extent of forest practices in the
Lake Samish drainage. Smith (2002) cites data from Lunetta (1997) that reports a road
density equaling approximately 3.5 mi/mi2 in the Friday Creek WMU. However, road
densities in the Reed and Cain Lake drainage (>3 mi/mi2) are significantly higher than that of
Lake Samish (<1 mi/mi2). However, these figures are for the entire drainages; GIS data show
road densities of >5 mi/mi2 for this WMU (Maps 20-5.5 and 20-6). Road densities in those
hillslope areas expected to contribute the majority of sediment to Lake Samish tributaries are
not known.
Response to Alterations
Although sedimentation rates have been modeled, the specific sources of excess sediment
have not been identified in most areas, and more field-based assessments are needed
(Smith 2003). The modeled sediment supply rates in these WMUs range from 150 to 199
percent over natural rates (Smith 2002 citing unpublished data from Beechie and Feist,
NMFS). Information regarding the impact to streams in the WMU is not available.
20.1.3.3 Water Quality
Process-intensive Areas
Because of the geology of the WMU, most water quality processes occur in Lake Samish,
where materials are stored and recycled over longer periods of time. Some nutrient cycling
may occur in streams, but their steep, confined valleys and short length limit the potential for
cycling. (Map 20-7).
Wetlands areas that may buffer water quality impairments are limited in the WMU. However,
the Friday Creek floodplain and riparian corridor contain a significant amount of wetlands
that help improve water quality.
Indicators of Alteration
Non-forestry land use in the WMU is primarily limited to areas along lake shorelines.
Therefore, major water quality impairments to tributary streams are not likely. Developed
lake shorelines are likely the primary sources of any increased levels of nutrients, toxins, and
fecal matter in Samish, Reed and Cain Lakes. Wastewater from areas around Lake Samish is
routed out of the WMU to Burlington for treatment; therefore, it does not pose a threat to
ecological or drinking water resources in Lake Samish. Residential development around Reed
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and Cain Lakes are rural and use onsite septic systems, which may contribute to poor water
quality in those lakes (Map 20-8).
Response to Alterations
Ecology (2004) lists PCBs as the only water quality impairment in Lake Samish based on
data reported by Seiders (2002) that show fish tissue concentrations exceeding the EPA
National Toxics Rule criterion. Lake Samish is listed as an area of concern for Mercury, but
sources and trends in mercury concentrations are likely similar to those reported for Lake
Whatcom. Both PCB and mercury are persistent and are likely residual concentrations not
recently received by the water body. Lake Samish meets Ecology’s water quality standards
for other toxics and phosphorus parameters.
Ecology (2004) lists Friday Creek as impaired for fecal coliform, but the impaired stream
segment is well downstream of the study area, near the confluence with the Samish River.
Nonetheless, conditions in the WMU, particularly in the Reed and Cain Lake drainage may
contribute to downstream water quality impairment. No information regarding water quality
conditions are available for Reed and Cain Lakes, but previous 303(d) lists showed no water
quality impairment for phosphorous.
20.1.3.4 Organic Inputs
Process-intensive Areas
LWD in tributary streams in the Lake Samish WMU was historically recruited from areas
adjacent to stream channels via treethrow and mass wasting. The unconfined valley through
which Friday Creek flows limits recruitment from mass wasting, and treethrow and channel
migration are the primary mechanisms for recruiting wood (Map 20-9).
Indicators of Alteration
Conversion of forest cover from coniferous to deciduous and from late seral to early- and
mid-seral stages has likely limited the quantity and effectiveness of LWD delivered to stream
channels. Forest cover in the Friday Creek riparian corridor is mostly intact except near the
mouth of Lake Samish, but early- to mid-seral deciduous stands comprise the majority of
forested areas (Map 20-10).
Response to Alterations
No information is available regarding wood densities in Lake Samish WMU streams (Smith 2002).
20.1.3.5 Heat/Light Inputs
Process-intensive Areas
Solar radiation is controlled by canopy cover adjacent to streams that filter sunlight. Stream
temperatures are most highly correlated to temperature directly upstream, so forested areas in
headwater areas influence temperatures in more of the stream than would downstream canopy
cover. Friday Creek water temperatures are influenced by Lake Samish and are naturally higher
than groundwater-fed streams. However, inflows from riparian wetlands as groundwater moves
from the lake and upwells downslope mitigate this influence to some degree.
Indicators of Alteration
Some canopy cover has been lost to residential development in the Friday Creek drainage, but
forest cover is intact downstream of the Lake Samish outlet. Transitional areas and early seral
forest stands also contribute to increased insolation in lake tributaries; however, no discrete
data is available regarding canopy cover in riparian corridors.
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Response to Alterations
Ecology (2004) reports that Friday Creek meets state water quality standards for instream water
temperature. Data are not available for tributaries to Lake Samish, Reed, and Cain Lakes.

20.2 SHORELINE REACH-SCALE INVENTORY
The Lake Samish WMU includes the following shorelines of the state: Lake Samish, Friday
Creek, Cain Lake, and Reed Lake (Figure 20-11). The Samish West WMU extends generally
from Lake Samish south to the Whatcom/Skagit County border. Reach maps are provided in
the MAP FOLIO.
Link to Lake Samish, Reed & Cain Lakes, South Lake Whatcom reach MAP FOLIO

Figure 20-11. Shoreline Inventory Reach Numbers and Endpoints,
Lake Samish WMU

20.2.1 Lake Samish and Friday Creek
The jurisdictional extent of the Lake Samish shoreline includes approximately 8.61 miles of
shoreline. The lake is approximately 814 acres. Lake Samish was inventoried in 6 reaches.
Friday Creek has one reach that is 0.26 mile long.
Lake Samish is part of Lake Management District # 1, which was established as part of the
effort to manage instream flows in the Samish River watershed. The Lake
SamishManagement Unit includes the area from the outlet of Lake Samish (at Nulle
Road Bridge) to the headwaters of all tributaries to the lake. While appropriations from the
Lake Samish Management Unit are not subject to the instream flows established in WAC
173-503A-050, Friday Creek flows must be augmented with Lake Samish water to ensure a
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flow of 2.0 cfs as measured downstream from the Nulle Road Bridge (River Mile 9.1). Flow
augmentation must start when the flow measured downstream from the Nulle Road Bridge
drops below 2.0 cfs, as determined by the Department of Ecology.
20.2.1.1 Built Environment
Lake Samish
Existing land cover and land use patterns along Lake Samish consist of densely developed
single-family residential uses (0.25 to 0.5-acre lots with 50 to 150 feet of waterfront)
(Reaches 1, 2, 5, and 6); larger lot (2 to 10 acres) partially developed properties in Reaches 3
and 4; and waterfront park and recreational facilities (Reaches 2, 3, and 6). Zoning along the
Lake Samish shoreline is predominantly Rural Residential and Rural with areas of Recreation
in Reaches 3, 4, and 6. There are small areas of Rural Forestry in Reaches 3 and 4.
Lake Samish Drive crosses the western portion of the lake from (forming the boundary
between Reaches 1 and 2, and Reaches 3 and 4). Roadways paralleling the shoreline include
West Lake Samish Drive (Reach 1), Roy Road (Reach 2), North Lake Samish Drive
(Reach 4), and East Lake Samish Drive (Reach 6). There is an overhead powerline (PSE) and
a fuel conveyance line crossing the lake along the bridge.
Samish Park is located in Reaches 3 and 4 on the north side of the lake and East Lake Samish
Park is located in Reach 6 on the east side of the lake. Other developed parks and recreational
resources include a Camp Lutherwood facility on the west end of Reach 2 and a public boat
launch in Reach 6 north of East Lake Samish Park. There are no historic properties along
Lake Samish listed on federal, state, or local historic registers.
Regulated critical areas along Lake Samish include frequently flooded areas, critical aquifer
recharge areas, moderate to high susceptibility Wellhead Protection Zones and wetlands in all
reaches. Habitat conservation areas are located in all reaches (waterfowl concentrations for all
reaches except Reach 3 and bald eagle in Reach 1). Geologic hazard areas include landslide
hazard areas in all reaches, and seismic hazards in Reaches 1, 5, and 6.
Shoreline modifications along Lake Samish include private docks and piers on most
developed properties, and the boat launch in Reach 6. Portions of all reaches are bulkheaded,
ranging from 3 percent (Reaches and 4) to 25 percent (Reaches 2 and 5).
The Ecology’s 303(d) list (2004) designates Lake Samish as impaired (303d category 5) for
total PCBs and a waters of concern (303d category 2) for mercury. Several Category 1 (meets
tested standards) water quality parameters are listed in Lake Samish: 4,4’-DDD, 4,4’-DDE,
4,4’-DDT, aldrin, alpha-BHC, alpha-endosulfan, beta-BHC, beta-endosulfan, chlordane,
endosulfan sulfate, endrin aldehyde, gamma-BHC (lindane), heptachlor, heptachlor epoxide,
hexachlorobenzene, and total phosphorus.
Under existing zoning and comprehensive plan land use designations, land use patterns along
Lake Samish are not likely to change significantly. The shoreline is primarily designated as a
Suburban Enclave and may likely infill existing development patters. Portions of Reaches 3,
4, and 6 are designated Public Recreation and there is a small amount of Commercial
Forestry in Zone 3 and Rural Forestry in Zone 4.
Friday Creek
Friday Creek is the outlet of Lake Samish and flows from the lake’s south end to the Samish
River in Skagit County. The inventoried reach in Whatcom County is 0.26 mile in length.
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Existing land use along Friday Creek is partially developed large lot (2 to 10 acres) rural
residential. The shoreline of Friday Creek is zoned Rural (1 unit per 2 acres). There is one
bridge crossing over Friday Creek at Nulle Road. There is no public access to the Friday
Creek shoreline. Regulated critical areas along Friday Creek include wetlands and seismic
hazard areas. There are no Ecology 2004 Water Quality Assessment (303(d)) listings for
Friday Creek in Whatcom County.
Based on existing zoning and comprehensive plan land use designations, future development
along Friday Creek would be similar to the existing land use pattern. The area is designated
as Rural.
20.2.1.2 Riparian Conditions
High density rural residential land uses in Reaches 1, 2, 5 and 6 limit forested riparian cover.
Most land cover is impervious area or landscaping. Forest cover in these reaches generally
occurs on the landward sides of roads that separate forested areas from the lakeshore. Reach 6
contains some forested open spaces, but these areas are a small percentage of the total reach.
Reaches 3 and 4 are low-density rural residential development. Forested riparian cover is
more common in these reaches, and is dominant in Reach 3. However, Reach 4 riparian forest
is separated from the lake by North Lake Samish Drive, and residential lots limit forest cover
to a greater extent than in Reach 3.
Dense, medium-sized hardwoods account for most of the riparian cover along Friday Creek.
Clearing associated with low-density residential development is present on both banks at the
very upper and lower ends of the reach.
20.2.1.3 Instream Conditions
Friday Creek has a 0.2 percent gradient and lies in an unconfined valley. No evidence of
significant bank erosion or hardening was observed on the pictometry. The upper portion of
the reach is heavily influenced by Lake Samish, and the stream coalesces into a channel only
near the downstream end. Even in the downstream end, however, the stream channel is wide,
shallow and slow moving. No evidence of riffles or other fast-moving water was observed
through pictometry data analysis.
20.2.1.4 Biological Resources
Salmonids
Although found throughout the Skagit system, Chinook salmon and native char do not extend
up into the Whatcom County portion of the Lake Samish WMU (WDFW 1998; WDFW
2002). Similarly, neither pink nor chum salmon use habitat in the Lake Samish WMU.
Coho salmon migrate into Lake Samish and are known to use three of its tributaries as well as
Friday Creek for spawning. Each of the three Lake Samish tributaries has a natural or
artificial barrier near the mouth (WDFW 2002). Coho salmon also migrate as far as the
mouth of Reed Lake to spawn but not beyond (WDFW 2002). A purportedly passable dam at
the mouth of Reed Lake may be a factor limiting the migration of the poor-jumping species.
Juveniles generally migrate downstream of the lake to rear, but it is possible that they spend
some time rearing in Lake Samish.
Sockeye salmon also migrate to Lake Samish and spawn in its tributaries, including one not
used by coho salmon for spawning (Ecology 2005). However, sockeye salmon distribution is
not known or presumed to extend to Reed and Cain Lakes (Ecology 2005). Juveniles
generally migrate downstream of lake to rear (Ecology 2005), but it is possible that they
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spend some time rearing in Lake Samish. Sockeye salmon are not included in the most recent
SaSI Stock Reports (WDFW 2005).
Winter steelhead and anadromous and resident cutthroat trout also migrate up to the mouth of
Samish and Cain Lakes to spawn (WDFW 2002; Ecology 2005).
Other Aquatic and Terrestrial Species
Priority habitats within the shoreline zone of Lake Samish include bald eagle habitat and
waterfowl concentrations within all of the Lake Samish reaches; WDFW-designated high
quality riparian habitat within Reaches 1 and 6; urban natural open space along Reaches 2
and 3; and osprey (Pandion haliaetus) habitat along the southern end of the lake
(WCPDS 2005).
South Lake Samish and Friday Creek lie within the Chuckanut Wildlife Corridor, a Countydesignated habitat of local importance (WCPDS 2005). Friday Creek also provides important
bald eagle habitat (WCPDS 2005).
Non-native and Invasive Species
Eurasian milfoil, an aggressive, invasive aquatic weed has been found in Lake Samish (Weed
Board 2005). While there were no site specific records for the Lake Samish, it is likely that
reed canarygrass, widespread throughout Western Washington and the County, is found at
most disturbed sites within the WMU (Weed Board 2005). Non-native fishes planted in Lake
Samish include largemouth and smallmouth bass and yellow perch (WDFW Undated).

20.2.2 Cain and Reed Lakes
20.2.2.1 Built Environment
Cain Lake is located to the east of Lake Samish and south of Lake Whatcom. Reed Lake
flows into Cain Lake from the north. The two lakes are inventoried together. The shoreline of
Cain Lake totals 2.30 miles and the shoreline of Reed Lake totals 2.26 miles. Cain Lake is
approximately 71 acres and Reed Lake is approximately 25 acres.
Existing land use along both lakes is dense single-family residential development
(0.25 to 0.5 acre lots with 50 to 150 feet of waterfront). Although the land is developed more
densely, the area surrounding both lakes is zoned Rural (1 unit per 2 acres).
Residential roadways parallel the shoreline of both lakes. There is one bridge (Glenhaven
Drive) crossing Reed Lake. There is no public access to the lakes, although there is a private
community recreation site at the north end of Cain Lake.
Approximately 11 percent of Cain Lake and 5 percent of Reed Lake have been bulkheaded.
Most residential lots have private docks or piers on Cain Lake. There is one hazardous waste
site along Cain Lake.
Regulated critical areas along Cain Lake and Reed Lake include Wellhead Protection Zones,
wetlands, and the Chuckanut Wildlife Corridor. Geologically hazardous areas for Cain Lake
are landslide hazard and seismic hazard. Reed Lake has seismic hazard areas and alluvial
fan/landslide hazard areas.
There are no Ecology 2004 Water Quality Assessment (303(d)) listings for Cain Lake or
Reed Lake.
Under existing zoning and comprehensive plan land use designations, the Cain and Reed
Lake area is not likely to change significantly in the future. Residential subdivision
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development surrounding the lake is largely built out. The area is designated for
Resort/Recreational Subdivisions and Rural.
20.2.2.2 Riparian Conditions
Cain and Reed Lakes are characterized by a patchwork of landscaping and various types of
forest vegetation within the riparian zone. Cain Lake is a combination of mixed and
coniferous forest of varying size, but forest cover is sparse. Forest cover is most dense on the
western lakeshore.
Landscaping is more prevalent along Reed Lake, but the southeast shoreline is mostly
forested, including some large conifers. The north and west shoreline is predominately grass
and small to medium-sized alders.
20.2.2.3 Biological Resources
Salmonids
Coho salmon rearing and migration occur in Cain Lake but not Reed Lake (the dam acts as a
barrier). Winter steelhead and sea-run cutthroat trout are also found in Cain Lake and its
outlet, Silver Creek (Nooksack Natural Resources et al. 2005). Cain Lake is likely used for
rearing and migration, while most spawning likely occurs in Silver Creek, a nonjurisdictional shoreline.
Other Aquatic and Terrestrial Organisms
The reaches of Reed and Cain Lake are within the Chuckanut Wildlife Corridor, a County
designated habitat of local importance (WCPDS 2005). Cain Lake also contains rainbow
trout, largemouth bass and perch (WDFW 2005b)
Non-native and Invasive Species
Non-native or invasive species have not been recorded within the jurisdictional shoreline of
the Cain and Reed Lakes tributaries.

20.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating
SEDs.

20.3.1 Landscape-scale Restoration and Conservation
Forest practices dominate the steep lake basins in the Lake Samish WMU, and more intense
rural and urban development is associated with lacustrine shorelines. Tributary streams may
be impacted by forest practices, but the process-intensity of sediment and hydrology is low,
and the level of impairment is also low to moderate. Tributary streams may be more impacted
at the riparian-scale, particularly in lower reaches that pass through more developed areas.
Limited information is available on the condition of these streams, but given the importance
of some of these streams as salmonid spawning areas, they may be a focus of restoration
efforts in both forestry lands and along the lakeshore.
The use of Lake Samish as a drinking water source is also of primary concern. Wastewater is
transported out of the system, minimizing alterations to water quality, but also reducing
potential groundwater discharge to Lake Samish and Friday Creek, which studies show to
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have impaired baseflow. The relationship between consumption, water quality, and baseflow
is likely to be a focal point for management in Lake Samish and Friday Creek.
The array of processes in Lake Samish is analogous to that in Reed/Cain Lakes. While
alteration of upland processes is comparable for all the lakes, Reed/Cain Lakes have a higher
degree of water quality alterations because of the type of land use. Managing water quality
impairments that result from the dense septic field around the lakes will likely take precedent.
However, the level of impairment and limited process-intensity may make restoration
difficult; site-based functional improvements are probably more viable.

20.3.2 Reach-scale Restoration and Conservation
Restoring lacustrine wetlands along the Lake Samish shoreline is a direct way to improve
natural maintenance of water quality. Unfortunately, such wetlands are relatively limited, but
restoration of those available is possible, particularly along the north shore. Otherwise,
management of input sources will be necessary to protect water quality. The same is true for
Reed and Cain Lakes, which are already highly developed as well.
Opportunities for restoring riparian vegetation and instream habitat in Friday Creek are
present. Associated wetlands and the floodplain hydrology appears to be hydrologically intact
and should be protected (Note: primary hydrology alteration occurs upstream, outside the
Friday Creek shoreline).

20.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 20-2). Recommended SEDs are consistent with the land use intensity along the
shorelines and are for the most part consistent with existing SEDs. Differences include
recommended Conservancy designations for rural open space in Lake Samish Reach 6 and
Rural and Shoreline designation for the Reed/Cain Lakes shoreline.
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Table 20-1. Summary of Process Intensity and Alterations by Area, Lake Samish WMU.
Process Intensitya

Samish Lakeshore

↓

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↓

↓

↔

↓

↓

Canopy
Cover

↓

↔

↓

Alteration

LWDRP

Process

Heat/Light

Alteration

LWD

Process

Storage
Alteration

Alteration

Inputs
Process

Alteration

Storage
Process

Alteration

Surface
Erosion
Process

Alteration

Mass
Wasting
Process

Alteration

Groundwater
Process

Snowmelt
and
Runoff

Water Quality

Process

Sediment

Alteration

Alteration

Surface
Water
Storage
Process

Alteration

Intensity

Infiltration
&
Recharge
Process

Mechanism

Hydrology

Process

Process

Potential for Restoration and Protection

↔

Water quality considerations along the Lake Samish shoreline are a concern both
ecologically and as a drinking water source. Management of source inputs is a priority
along the shoreline.

Lookout Mountain

↓

↓

↓

↓

↔

↓

↓

↓

↓

ND

↔

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↓

Forest practices are the dominant land use, but hillslope sediment and hydrology
processes are limited. Protection/restoration of these few areas would prevent
degradation of tributary streams, but influence on Lake Samish would be limited.

Samish West

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↑

↓

Forest practices are the dominant land use, but hillslope sediment and hydrology
processes are limited. Protection/restoration of these few areas would prevent
degradation of tributary streams, but influence on Lake Samish would be limited.

Reed/Cain Lakes

↓

↑

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↓

↓

↓

↑

↓

↓

↓

↔

↓

↔

Residential development is extensive along both lakes, although process-intensity is
limited. Primary concern for restoration is contamination of water quality from OSSs.

↔

Hydrology of Friday Creek is predicated by Lake Samish, and consumption requires
management in the context of minimum flow requirements. Riparian wetlands also
important for habitat and water quality maintenance of upstream (i.e., Lake Samish)
sources. Opportunities for riparian-scale restoration are abundant.

Friday Creek

↓

↓

↔

↓

↓

↓

↓

↓

↓

↓

↓

↓

↔

↓

↓

↔

↔

↓

↑

↑

↑

Red: High restoration potential: Moderate to high process intensity with high degree of alteration
Blue: Moderate restoration potential: -- Moderate to high process intensity with moderate degree of alteration; OR low process intensity with high degree of alteration
White: Low restoration potential: Low process intensity with low to moderate degree of alteration
Gold: High protection potential: Moderate to high process intensity with low degree of alteration
a

Function responses to alteration of these processes tend to be less dependent on the level of process-intensity, which is historically low in Whatcom County. Therefore, the assessment of restoration potential is based primarily on the degree of alteration.
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Table 20-2. Preliminary SED Recommendations, Lake Samish,
Cain Lake, Reed Lake and Friday Creek

Reach

Existing
SEDs

Recommended SEDs
Left Bank

Right Bank

Comment

Lake Samish
Reach 1

Urban

Shoreline Residential

High-density residential land
use and zoning

Reach 2

Urban/
Conservancy

Shoreline Residential/
Conservancy

Conservancy designation to
north is consistent with lowdensity rural residential land
use and degree of riparian
intactness

Reaches 3
and 4

Conservancy

Conservancy

Conservancy designation to
north is consistent with lowdensity rural residential and
open space land uses

Reach 5

Urban

Shoreline Residential

Reach 6

Urban

Shoreline Residential/
Conservancy

Friday Creek

Conservancy

Reed Lake

Rural/
Conservancy

Rural/Shoreline Residential

Cain Lake

Rural/Natural

Shoreline Residential/Natural
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Conservancy

Conservancy designation for
areas zoned open space
Potential for instream
restoration; limited riparian
encroachment
Moderate density residential
land use, including significant
adjacent residential land use.
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21. SAMISH BAY WMU
The Samish Bay WMU consists of a very small area in the southwest corner of the County;
most of the watershed is in Skagit County. There are no freshwater shorelines in the
Whatcom County portion of this WMU. The short segment of marine shore that abuts this
WMU is covered in Chapter 15-Bellingham Bay WMU.
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22. CAMPBELL RIVER WMU
This WMU consists of a very small area in the northwest corner of the County; most of the
watershed is in Canada. There are no freshwater or marine shorelines in this WMU.
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23. SKAGIT RIVER
A portion of southeastern Whatcom County drains to the Skagit River basin (WRIA 3).
Whatcom County’s portion of the Skagit watershed is wholly contained within the North
Cascades National Park and/or Ross Lake National Recreation Area, which are managed by
the federal government. Shorelines of the state within this watershed include the Skagit River
below Newhalem Creek 11, Ross Lake, Diablo Lake and Baker Lake. These shorelines are also
considered to be shorelines of statewide significance. In general, land use along these
shorelines is not subject to the County’s SMP.

23.1 LANDSCAPE ANALYSIS
The landscape analysis and shoreline inventory for the Skagit River WMU are based on
existing information. The GIS datasets used for the other WMUs does not include sufficient
data to conduct a landslide analysis and inventory for the Skagit River WMU.

23.1.1 Aquatic Resources
Whatcom County contains most of the Skagit River headwaters, although the basin does
extend into Canada. Both the Skagit River and Baker River, the Skagit’s lone major tributary
whose source is in Whatcom County, have been dammed. The Baker River has two dams; the
lower dam lies in Skagit County, but the impoundment (Shannon Lake) just extends into
Whatcom County. The upper Baker dam creates 3,616-acre Baker Lake. The upper Skagit
River has three dams, all of which lie in Whatcom County. The lower dams create small
impoundments less than 1,000 acres, but upstream Ross Dam creates the 11,674-acre Ross
Lake, which extends into Canada. Tributary streams feeding these rivers and impoundments
are steep, mountainous streams, many of which are glacial in origin. Landform limits the
development of riverine wetlands. However, the landscape is dotted with numerous alpine
lakes, which have formed in natural bowls and abandoned circques or have been impounded
by landslides.

23.1.2 Process Controls
Geology is composed of uplifted, folded bedrock, which creates high elevations and steep
slopes. Elevations range from approximately 450 feet at the bottom of Upper Baker Dam to
approximately 6,000 feet at the peaks of taller mountains.
Precipitation is high, averaging more than 45 inches per year depending on elevation and
falling predominately in the form of snowfall during the winter months.
Developed or managed land is limited in the WMU because much of it lies within national
wilderness, recreation and/or parklands. The most notable development is the four
impoundments, one on the Baker River and three on the Skagit River. Most of the developed
lands lie in close proximity to these artificial impoundments, which provide important
recreational opportunities.
23.1.2.1 Hydrology
Rain-on-snow events drive peak runoff events in this mountainous WMU, although snowmelt
in late spring marks the highest sustained average runoff rates. Landform limits the (natural)
potential for storage (in floodplains and wetlands) and groundwater recharge, although some
storage occurs in naturally impounded lakes.
11
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Rain-on-snow zones are relatively unaltered in most areas because much of the existing land
is protected from development. Forest practices would be the most likely mechanism to have
altered the rain-on-snow mechanism to the west of Baker Lake. However, empirical modeling
performed by Beamer et al. (2000) indicated limited alteration in this area (protected lands to
the west were not modeled).
Artificial impoundments have a major influence on hydrologic patterns downstream of
Whatcom County, increasing the hydrologic storage capacity tremendously. Historical flows
of greater than 200,000 cfs were not uncommon on the Skagit River, a level that has not been
reached by post-dam flows (Beamer et al. 2000). In fact, the magnitude of 2- to 100- year
floods has decreased by approximately 50 percent since the installation of the dams
(Beamer et al. 2000). The impoundments influence hydrology during other times of year as
well, including spring runoff and summer baseflows.
23.1.2.2 Sediment
Mass wasting areas are prevalent throughout all drainages in the WMU and are the primary
sources of sediment to aquatic resources. Natural sediment supply rates around Baker Lake
are 20 to 50 percent of supply rates in the rest of the WMU (Map 2-9 in Beamer et al. 2000).
Baker Lake could be expected to be the area most altered by forestry management, but
Beamer et al. (2000) does not identify this area as having impaired sediment supply.
Nonetheless, USFS has identified roads with a high risk of causing landslides, a number of
which occur west and north of Baker Lake (Beamer et al. 2000).
Impoundments trap much of the sediment delivered downstream from tributaries, so any
alterations to impoundment tributaries would not be translated downstream. Indeed, a more
likely scenario is that the natural downstream sediment supply has been diminished due to
sediment deposition in Baker, Diablo, and Ross Lakes.
23.1.2.3 Water Quality
Information on water quality mechanisms and alterations is limited in the Skagit River
WMU, and Ecology (2004) does not list any water bodies with impaired water quality
(Ecology 2004).
23.1.2.4 Organic Inputs
Sources of organic matter typically originate close to the aquatic resource. However, in steep
mountain streams such as those that are characteristic of the WMU, coarse organic matter can
also be expected to include hillslopes lying a significant distance from streams that deliver or
transport organic matter via mass wasting events such as landslides and debris flows.
Based on land use, conditions in most riparian corridors are expected to be relatively intact.
Those areas in the Baker River drainage subject to forest management may have some
instances of impaired riparian function. Beamer et al. (2000) assesses a limited number of
riparian corridors in the Baker River drainage, concluding that a majority of reaches on
surveyed streams have a functioning riparian zone. However, many streams are not included
in the report’s analysis, and most have some percentage of moderately to highly impaired
riparian zones (e.g., Bacon Creek, Diobsud Creek) (Beamer et al. 2000). However, the survey
includes only reaches accessible by anadromous salmonids.
23.1.2.5 Heat/Light Input
Landform and climate controls limit the influence of heat/light inputs in the Skagit River
WMU. Areas with impaired riparian function, if present, likely do not lead to water
temperature increases that would significantly impair biologic communities.
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23.1.3 Shoreline Inventory
This report does not inventory shorelines within federal lands, which includes most of the
Skagit River WMU. However, the WMU contains a number of water bodies that are
shorelines of statewide significance, and the shoreline conditions of these important resources
will be briefly described. Shorelines of statewide significance include Baker Lake
(3,616 acres), Diablo Lake (910 acres), Ross Lake (11,674 acres), and the Skagit River up to
approximately Newhalem Creek.
23.1.3.1 Built environment
The artificial lakes are to a large extent unimproved except for that development associated
with the dam structures and recreational facilities. The north and west sides of Baker Lake are
accessible from Baker Lake Road, which leads to four developed campsites, three of which
also have boat launches. The east and south sides of the lakes are undeveloped and accessible
via only unimproved forest roads and foot trails.
Highway 20 runs along the Skagit River, the southern Diablo lakeshore, and a short section of
Ross Lake before turning east over the Cascade Range divide. The highway provides access
to a campground and boating on the Skagit River, sections of which have been armored to
protect the road.
Both Diablo Lake and Ross Lake lie within the Ross Lake National Recreational Area
(NRA). Boat launches exist on both sides of Diablo Lake, which also has three developed
campgrounds. Ross Lake has 19 developed campgrounds, all but six of which lie on the east
shore. The campgrounds are accessible via boat or trail. Ross Lake Resort is the only
commercial development in the NRA; it is located near the dam on the west side of the lake.
23.1.3.2 Biological Resources
Salmonids
WRIA 1 map themes contain salmonid distribution maps based on WDFW (1998, 2000, and
2002) SaSI Reports. Information contained in these maps is described below for inventoried
shorelines.
Management programs undertaken at the upper and lower Baker Dams pass early and late
Chinook, Coho, and sockeye salmon to spawn upstream in Baker River. Coho salmon and
sockeye salmon also spawn in other smaller tributaries of Baker Lake. Sockeye salmon have
a lake-type life history, and both they and coho salmon are known to rear in Baker Lake.
The sockeye salmon run is a natural population adapted to the naturally formed Baker Lake
present before it was enlarged by the artificial impoundment. A small kokanee population
appears to be sustained in Baker Lake, although spawning specimens are limited to 40 to 100
per year (Gustafson et al. 1997). Kokanee appear to be a combination of natural reproducers
and residual individuals from the sockeye salmon population (Gustafson et al. 1997).
Early Chinook, Coho, sockeye, chum, and pink salmon spawn in the Skagit River up to
approximately Newhalem Creek. Summer and winter steelhead are able to migrate farther
upstream, but migration is blocked at the Gorge Lake Dam. Native char are found throughout
the Baker Lake and upper Skagit River drainages both downstream and upstream of all dams,
including Diablo Lake and Ross lake and their major tributaries.
Anadromous coastal cutthroat trout distribution ends before reaching Whatcom County, but
resident populations likely occur throughout the system, including jurisdictional shorelines.
Rainbow trout are the primary recreational fishing attraction of Diablo and Ross Lakes.
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23.2 SYNTHESIS
Management of resources in this WMU is generally outside of County jurisdiction. Most of
the land is protected and process alterations are limited. In the Baker River drainage there
may be opportunities to manage the impact of forest roads on mass wasting and hydrology
mechanisms and to improve hydrology by regulating timber harvest in rain-on-snow zones.
However, the alterations to these processes appear limited, and restoration actions may be
best targeted for other more impaired areas.

23.2.1 Preliminary SED Recommendations
A Conservancy designation is recommended for all shorelines within the Skagit River WMU,
which is consistent their location on federal lands and their primary intended use, recreation.
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24. PORTAGE ISLAND AND LUMMI PENINSULA WMU
This WMU includes the southeast side (Bellingham Bay side) of the Lummi Peninsula and
Portage Island, which are entirely within the boundaries of the Lummi Indian Reservation
and not subject to County jurisdiction.

24.1 LANDSCAPE ANALYSIS
24.1.1 Aquatic Resources
There are no named streams on Portage Island or the Lummi Peninsula, but are several small
intermittent streams that drains directly to Bellingham Bay. Wetlands are present on the
Peninsula, and on Portage Island (Map 14-1).

24.1.2 Process Controls
24.1.2.1 Geology
The southeast portion of the Lummi Peninsula is mostly fine-grained glacial outwash with a
fringe of coarse-grained outwash along the boundary with the Lummi Bay WMU. The
surficial geology of the Lummi Peninsula - Portage Island WMU marine shores is comprised
of three different geological units. Bellingham drift, which is glaciomarine drift, is the most
common unit and underlies much of the eastern shore of the Lummi Peninsula. This geologic
unit is characterized by moderately-to well-sorted gravel, sand, silt and clay (Lapen 2000). A
small region located at the northern end of the Lummi Shore reach is composed of glacial
outwash deposited during the Sumas Stade of the Fraser glaciation (approximately
11,500 years ago). Sediment in this unit is typically composed of well-sorted gravel with
some boulders, sandy gravel, minor gravelly to medium coarse sand, and sand to silt. Portage
Island is mapped as consisting of undifferentiated glacial deposits deposited during the
Vashon Stade of the Fraser Glaciation (approximately 13,600 years ago), but appears to
contain Bellingham drift with older units likely beneath it. Sediment in the Portage Island
bluffs are predominantly sand and silt with gravel and lesser amounts of clay (Johannessen
and Chase 2002). Professional and academic geologists disagree on the exact origin of the
units on Portage Island.
Quaternary beach deposits are found throughout much of the low elevation shores of the
WMU, most notably on Portage Island. These modern beach deposits typically consist of
moderately-to well-sorted coarse sand and gravel and locally consist of sand and silt in tidalflat deposits.
24.1.2.2 Topography/Bathymetry
Moving from the east shore to the interior of the Lummi Peninsula, elevations increase
somewhat gradually from sea level to about 180 feet. The topography of Portage Island is
different: there is a low depression (elevation ~20 feet) in the center of the Island bordered by
slopes on the east and west sides. The highest elevations on the island (~200 feet) are along
the east shore.
Bathymetry of the Lummi Peninsula - Portage Island WMU can be characterized as having
broad shallow areas (less than 10 fathoms or 60 feet) that extend far offshore (up to 3.5 miles)
with several mud/sand flats including those around the north side of Portage Island and near
the Nooksack River Delta.
Portage Island is a tombolo. A narrow band of shallow water stretches between Portage
Island and the Lummi Peninsula during high tides. The Portage is fully exposed at tidal
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elevations below +4.0 feet MLLW. Water depth between the two landmasses measures only
1.5 fathoms or 9 feet. Very shallow waters are also found within Portage Bay, which averages
only 0.5 fathoms or 3 feet in depth. Low relief bathymetry continues around the east and
south shore of the Island, excluding a shoal that extends southeast from the south end of the
Island. Shallow water is also found across Hale Passage on the west sides of the Island.
Low relief bathymetry continues up the Lummi Peninsula with adjacent Nooksack River
Delta sand flats extending into Bellingham Bay. The north end of the Peninsula has the
greatest width of shallow intertidal and subtidal delta, measuring up to 2.5 miles from the
uplands.
24.1.2.3 Climate
Shores within the WMU are predominantly exposed to the south, making them vulnerable to
wind waves during predominant and prevailing winter storm conditions. Maximum measured
fetch from the individual nearshore reaches in the Lummi Peninsula - Portage Island WMU
range from 15 to 17 miles to the south-southwest. A greater indirect fetch to northwest
Portage Island through Hale Passage up the Strait of Georgia measures 25 miles, though wave
energy is likely to diminish considerably through the narrow passage. Additionally, because
predominant storm conditions originate from the south, southerly exposure is more influential
to local nearshore processes. Storms that occur during high water typically cause waveinduced erosion (bluff toe erosion), which often has a destabilizing effect on local bluffs.
24.1.2.4 Land Use/Land Cover
Land use on the southeast side of the Lummi Peninsula is primarily rural residential with
densities of 1 to 3 units per acre along the shoreline and 1 unit per 5 acres in the interior.
Land cover is deciduous forest with pockets of wetland, shrub land, and grassland. Portage
Island land cover is more mixed with deciduous forest, conifer forest, and wetlands being
somewhat equally represented (see Map 3-14 in Chapter 3).

24.1.3 Landscape Processes, Alterations, and Responses – Freshwater
This section inventories process-intensive areas for freshwater resources, areas where
processes have been altered, and responses to process alterations noted in the literature. This
is intended as a brief overview since the WMU has no freshwater shorelines. The processintensive areas and areas of alteration were identified based on GIS overlays using the
approach described in Section 2.3.1.2. As a result, the reader is advised to review the maps
PROVIDED IN THE MAP FOLIO for a thorough understanding of the material presented
(Note, this WMU is shown on the same map series as Bellingham Bay and Lummi/Eliza
Island. The landscape characterization provided below will be used in conjunction with the
reach inventory data to identify restoration and protection opportunities and will be integrated
with SMP planning.
Link to Lummi Peninsula landscape MAP FOLIO

24.1.3.1 Hydrology
There are relatively few process-intensive areas for hydrology on the southeast side of the
Lummi Peninsula. Historic wetlands located generally between Cagey and Smokehouse
Roads provided important surface water storage areas and there is a small infiltration area
near the southeast tip of the peninsula (Map 14-2). In contrast, nearly all of Portage Island is
considered a process-intensive area for infiltration/recharge due to the undifferentiated glacial
deposits.
24-2
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Infiltration and recharge mechanisms appear largely unaltered on the Peninsula and on the
Island due to the relative lack of impervious cover (Map 14-3). However, current mapping
shows that a significant percentage of the water storage areas on the Peninsula have been
filled or drained (Map 14-4).
24.1.3.2 Sediment
This part of the Lummi Peninsula is not a major process-intensive area for sediment inputs
(Map 14-5). Mass wasting processes are not a factor here because of the low relief and there
are no mapped surface erosion areas. Mass wasting processes may be slightly more important
on Portage Island where unstable slopes account for 1 to 8 percent of the area.
High-impact land uses are not expected to be a major cause of sediment impairment in this
WMU (Map 14-5.5). Overall road density is moderate (3.1 to 5 mi/mi2) on the Peninsula and
low on the Island and there is not an extensive drainage network to facilitate transport of
sediments to aquatic resources (Map 14-6).
As reported previously, some depressional wetlands on the Peninsula have been filled or drained.
These wetlands would have historically served a sediment storage function as well as water
storage functions. Given the relatively limited potential for sediment delivery, the loss of these
sediment storage areas may less of a concern for sediment processes than hydrologic processes.
24.1.3.3 Water Quality
The historic wetland areas noted above are the primary process-intensive areas for nutrient
removal/transformation in this WMU. This includes the historic wetland complex between
Cagey and Smokehouse roads on the Peninsula and the wetland in the center of Portage
Island (Map 14-7). These wetlands primarily function to remove nutrients from surface
waters. Wetlands near the southeast corner of the Peninsula have potential to remove
nutrients from both surface water and groundwater.
There are relatively few nutrient and pathogen sources in this WMU. Residential
development is relatively low density and there are no major agricultural operations.
Pathogen loading is not a major concern a concern considering the low density of onsite
septic systems and the existence of a sewer system (Map 14-8).
24.1.3.4 Organic and Heat/Light Inputs
There is only one small stream on the east side of the Peninsula, so organic mater recruitment
and heat/light processes are not major drivers of freshwater functions in this WMU.

24.1.4 Landscape Processes, Alterations, and Responses – Nearshore
This section inventories process-intensive areas for nearshore resources, areas where
processes have been altered, and responses to process alterations noted in the literature. As
with the freshwater characterization, the analysis provided below will be used in conjunction
with the reach inventory data to identify restoration and protection opportunities and will be
integrated with SMP planning.
24.1.4.1 Circulation
Process Intensive Areas
Net surface water currents in the Lummi Peninsula - Portage Island WMU generally flow
south to southern Bellingham Bay and Portage Bay. Flood currents follow a general pattern
of northeasterly flow through Bellingham Channel and into Bellingham Bay and then
counterclockwise around Portage Island. On the west side of Portage Island, flood tidal
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currents flow north in Hale Passage and ebb tidal currents flow in opposite directions. Ebb
tidal flow travels northeast through Portage Channel then south-southwest out of Bellingham
Bay. The strongest currents appear to flow through Hale Passage during both the flood and
ebb tide cycle (Canadian Hydrographic Survey 1999).
The base of the Brant Spit complex has been at an elevation lower than MHHW in recent
years and the low elevation area has been located in different portions of the spit in past
decades (Johannessen and Chase 2002). Also, the channel north of this large bar/spit has
shown adjustments over past decades, likely affecting circulation and flushing in Portage Bay
(Johannessen and Chase 2002).
Indicators and Response to Alterations
Alterations to the circulation patterns within the Lummi Peninsula - Portage Island WMU are
minimal.
24.1.4.2 Nutrient Dynamics
Process Intensive Areas
Nutrient dynamics in the Lummi Peninsula – Portage Bay marine reaches are dominated by
oceanic nutrient inputs from the Georgia Straits, circulation patterns within Bellingham and
Portage Bays, terrestrial and fluvial inputs from several small streams and the Nooksack
River, and nutrient cycling within the shallow waters of the bay. Limited circulation and
flushing in Portage Bay could temporarily elevate nutrient and/or pathogen concentrations
following increased inputs from terrestrial or fluvial sources; cause eutrophication; and/or
deplete nutrients following algal blooms.
Areas of intensive nutrient cycling and/or retention include freshwater and estuarine wetlands
on Portage Island, as well as the extensive intertidal sand and mud flats in Portage and
Bellingham Bays. Areas with intact wetlands adjacent to streams (both within and outside the
WMU) are important locations for physical retention and uptake of nutrients due to surface
water and groundwater storage functions, prolonged residence times of surface and
groundwater, and uptake by wetland vegetation. Nutrient cycling on tidal flats occurs through
uptake of nutrients by algae and algal-based food webs, and extensive nutrient cycling occurs
by benthic infauna, especially shellfish.
Indicators and Response to Alteration
Sources of nutrients and pathogens include low to moderate density residential development
along the Lummi Shore and agricultural areas (outside the WMU) that are drained by the
Nooksack River. While there are few direct sources of pathogen loading in this WMU, fecal
coliform from sources outside the WMU are transported to nearshore areas via the Nooksack
River. Lack of marine riparian vegetation adjacent to the shoreline along the Lummi Shore
may result in decreased retention of nutrients in this area.
Areas of the weakest circulation in Portage Bay are susceptible to elevated nutrient and/or
pollutant levels due to poor flushing. The outer area of the Nooksack delta in Bellingham Bay
adjacent to Portage Island has been designated Category 1 (meets tested standards)
(ammonia-N and temperature) and waters of concern (303(d) category 2) for fecal coliform,
pH, and dissolved oxygen by Ecology’s Water Quality Assessment (2004 303d).
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24.1.4.3 Sediment Transport
Process Intensive Areas
Sediment transport in the Lummi Peninsula - Portage Island WMU consists of nine drift cells;
one of which is not completely encompassed within the WMU. Note that Johannessen and
Chase (2002) revised net shore-drift mapping in an attempt to correct earlier mapping that
appeared to have too many short drift cells that actually appear to be connected. Net shoredrift travels north towards the Nooksack River along much of the east side of the Lummi
Peninsula (cell 21; WH-4-21). A small region exhibits southerly drift along the peninsula
(cell 20; WH-4-20), originating south of a narrow divergence near Hermosa Beach.
Net shore drift travels north across the west side of Portage Island (cell 14; WH-4-14). This
cell originates at the eroding bluffs at Point Frances, along the southern shore of Portage
Island and continues up the west side of the intertidal bar called The Portage to terminate at
Gooseberry Point, located within the adjacent WMU. From Point Francis, drift also travels
north up the east side of the Island (cell 15; WH-4-15) and bifurcates into two pathways, with
one continuing north-northwest to Brandt Island, and the other to Brandt Point. Within the
shores of Portage Island, on the leeward side of Brant Point, net shore-drift travels from south
to north (cell 16; WH-4-16). From the western end of Portage Bay, drift travels south, then
west, along Neontawanta Beach (cell 17; WH-4-17). A small area of negligible drift occurs
just west of Neontawanta Beach, before southwesterly drift again resumes and terminates in
the southwest corner of The Portage (cell 18; WH-4-18), where it converges with a cell along
the east shore of The Portage (cell 19; WH-4-19).
Indicators and Response of Alterations
Major impediments to net shore-drift in this WMU are limited to the Lummi Shore Road
area. However, there are a number of small areas where rockery has been used to curb bluff
erosion, thereby reducing the volume of sediment input to the nearshore. Waterward
protrusions of the large rock revetment that runs along approximately 2 miles of Lummi
Shore Road, locally known as “truck turnarounds”, tend to collect sediment on the up-drift
(southwest) end of each protrusion, while erosion occurs along the down-drift (northeast) side
of the truck turnarounds.
24.1.4.4 Heat/Light
Process-intensive Areas
Shallow water bays and no-bank beaches with extensive intertidal and shallow subtidal flats
dominate marine shorelines of the Lummi Peninsula-Portage Bay WMU. In particular, the
very shallow water areas of Portage Bay and the area between Portage Bay and the Lummi
Shore, and the moderately shallow flats of the adjacent Bellingham Bay are naturally high
light environments. These high light environments support extensive eelgrass beds, tidal flat
algal production, and their associated food webs. The shallower areas towards the landward
edge of the bay warm earlier in the spring and have higher light levels than adjacent, deeper
water eelgrass beds, promoting early spring blooms of benthic diatoms and other algae. These
shallow areas provide an early spring source of prey items for salmonids at a time when
deeper habitats are not as productive. Portage Bay and Bellingham Bay waters warm earlier
and remain warmer in summer than adjacent areas due to very wide flats with very to
moderately shallow water that extends up to 3.5 miles offshore. These flats may be important
habitat, due to warmer temperatures and more abundant prey, for early migrating salmonid
fry that arrive in the nearshore early in the spring.
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In addition, shallower warmer areas support higher growth rates for salmonids and other
juvenile fish. These shallower areas are likely to be especially important for salmonid species
or life history types that enter the nearshore early in the spring (Redman et al. 2005).
Indicators of Alteration
Modifications due to overwater structures are minimal and insignificant. Shoreline
modifications (bulkheads and rockery) along the Lummi Shore reach are more extensive
(61percent).
Response to Alterations
Bulkheads and revetments along the Lummi Shore have likely altered the morphology and
sediment of the upper beach in this area, potentially reducing the amount of forage fish
spawning habitat. Areas with extensive shoreline modification along the Lummi Shore also
do not support marine riparian vegetation, resulting in reduced shade and organic matter
inputs, as well as higher temperatures and greater light levels on the upper beach.

24.2 SHORELINE REACH-SCALE INVENTORY
The shoreline reaches described in this section are within the Lummi Indian reservation and not
subject to County jurisdiction. Portage Island shoreline was inventoried in two reaches totaling
7.8 miles (Figure 24-11). These are referred to as Portage Island (MR 17; the west, south, and
east shorelines of the Island) and Portage Bay (MR 18). The eastern shoreline of the Lummi
Peninsula was inventoried in one reach, approximately 4.5 miles in length (MR 19). The
western and southern shorelines of the Lummi Peninsula were inventoried as Gooseberry Point
(Marine Reach 12), discussed in the Lummi Bay WMU chapter (Chapter 15).

Figure 24-11. Shoreline Inventory Reach Numbers and Endpoints,
Lummi Peninsula- Portage Island WMU
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The maps depicting the key physical and biological attributes of the Lummi PeninsulaPortage Bay shoreline reaches are provided in the MAP FOLIO:
Link to Gooseberry Pt, Portage Bay, Portage Is, Lummi Shore Reach MAP FOLIO

24.2.1 Built Environment
Portage Island is undeveloped and zoned by the Lummi Nation as Open Space. Portions of
the island have been platted as 1.5 to 10-acre lots. Most of the island is within the Lummi
Indian Reservation. Land cover is classified as a mix of wetland (41 to 56 percent), forest
(30 to 34 percent), grassland (6 to 17 percent), and intertidal shoreline (5 to 8 percent).
Within this WMU, the Lummi Peninsula consists of predominantly forestry but also
developed single-family residential properties (0.2 to 2-acre lots), with a few larger areas of
undeveloped shoreline. Lummi Zoning for this part of the reservation is Forest and
Residential.
Transportation facilities on Portage Island are limited to unimproved two-track roadways
paralleling the shoreline in the Portage Island reach. Lummi Shore Road parallels the Lummi
Shore shoreline.
There are no developed public accesses or recreational sites on Portage Island or along the
Lummi Shore shoreline. All of the tidelands along the Lummi Indian Reservation are closed
except to enrolled members of the Lummi Nation unless authorization is given by the Lummi
Indian Business Council.
There are no properties or structures listed on national or state historical registers on Portage
Island or the Lummi Shore. Generally, areas along marine shorelines, specifically along bays
and harbors, have a high probability for archaeological resources.
Mapped critical areas along the Portage Island and Lummi Shore reaches include critical
aquifer recharge areas, and extensive wetlands along the Portage Island reaches (61 to
65 percent); and fewer wetlands along the Lummi Shore (only 5 percent). Habitat
conservation areas are mapped in all reaches, including habitat areas for bald eagle and
waterfowl concentrations; eelgrass beds in all reaches; commercial, subsistence, and
ceremonial shellfish areas in all reaches; and spawning areas for forage fish (sandlance and
herring in all reaches; smelt along the Lummi Shore reach). Marine landslide and tsunami
hazard areas are mapped in all reaches; seismic hazard potential is mapped on Portage Island.
The shoreline of Portage Island has not been modified with hardened banks or construction of
over-water structures. Approximately 61 percent of the Lummi Shore reach has bulkheads.
Ecology’s Facility Site database does not indicate the presence of any hazardous materials
sites in the vicinity of Portage Island or the Lummi Shore reach.
Ecology’s 2004 Water Quality Assessment (303(d) list) designates outer Bellingham Bay in
the vicinity of the south shoreline of Portage Island as Category 1 (meets tested standards) for
Ammonia-N and Temperature; and water of concern (303d category 2) for fecal coliform,
pH, and dissolved oxygen.
Under existing county zoning and comprehensive plan land use designations, the land use
patterns on Portage Island and the Lummi Shore are not likely to change significantly as a
result of future development. Portage Island will likely remain undeveloped. Undeveloped
areas along Lummi Shore may experience in-fill, and other areas may experience
redevelopment in the future.
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24.2.2 Portage Island
24.2.2.1 Physical Environment
This shore segment encompasses two drift cells that diverge from Point Francis, and travel
north along the east and west sides of the island to terminate at the north ends of the island
(east and west). Sediment sources are abundant through this reach (Johannessen and Chase
2002), much of which was mapped as feeder bluffs by Bauer (1974). Sediment sources
extend from the base of Brant Spit to the southwest point, near the coastal wetland complex
located along the western side of the Island. 55 percent of this shore reach is comprised of
feeder bluffs. The western portion of the island is largely comprised of accretion shoreforms,
however a small stretch of low elevation feeder bluff can be found at the base of the isthmus
that connects Portage Island to the Lummi Peninsula. Both large spits that extend from the
northeast point of Portage Island are accretionary in nature and continue to prograde each
year (Johannessen and Chase 2002). In total, accretion shoreforms account for approximately
45 percent of the Portage Island shore reach.
A typical nearshore profile of a feeder bluff in this reach is comprised of 100 to 180 foot high
bluffs with signs of active toe erosion and/or landslides and recently recruited LWD along the
beach. Beyond temporary colluvium deposits, a small cobble storm berm is likely to occur in
the uppermost beach. Beachface material is largely a mix of gravel and cobble that gradually
fines to a sandy low tide terrace. Accretion shoreforms in the Portage Island reach typically
consist of broad, diverse coastal wetlands where several different vegetation types are found,
including; standing water, marsh, scrub shrub, and mixed conifer habitats. Marsh eventually
grades to dune vegetation, and driftwood increases in abundance. A storm berm is found
along the upper beachface. Overall mapped sediment is typically composed of the following
mixture of sediments: 58.8 percent mixed fines; 15.9percent mixed coarse material,
12.9 percent cobble, 7 percent gravel, 5.4 percent sand (Ecology 1978).
24.2.2.2 Biological Resources
Shoreline vegetation is dominated by extensive eelgrass beds in the shallow flats and
intertidal areas along the western shore of the island. Limited areas of spit berm/marsh
vegetation occur along the northwest tip of the island, western shore, and on Brant Spit. Salt
marsh vegetation occurs on Brant Spit.
Commercial, subsistence, and ceremonial shellfish beds occur along the northern and eastern
portions of Portage Island. Herring spawning occurs along all shores of Portage Island and
Pacific sand lance spawning may occur at the northwest tip of the island, between Portage
Island and Portage Point on the Lummi Peninsula. Habitat conservation areas are mapped for
bald eagle, waterfowl concentrations, and harbor seal.

24.2.3 Portage Bay
24.2.3.1 Physical Environment
An area of net shore-drift convergence is located along the southeast side of The Portage, just
west of Neontananta Beach. This broad low elevation beach is an accretion shoreform.
Moving east towards Neontawanta Beach, feeder bluffs were mapped by Bauer (1974) along
the low bank shore. Further east in the southern-most part of Portage Bay are two substantial
accretionary shoreforms within which a large marsh and stream are found. North of this area
uplands gradually increase in gradient, eroding and supplying more sediment to the
(northerly) down-drift shore.
The two large spits/bars on the northeastern flank of Portage Island are dynamic accretion
shoreforms that experience intermittent overwash and gradual (northwesterly) migration into
24-8
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Portage Bay. The North Spit/Brant Flats bar/spit has been consistently prograding towards the
Lummi Peninsula (Johannessen and Chase 2002).
A typical nearshore profile of the beaches within the Portage Bay shore reach consists of
either a low elevation backshore with extensive backshore that typically includes a coastal
wetland, or moderately low bank slowly eroding bluffs, with substantial overhanging
vegetation. Beach sediment consists of 75.1 percent mud, 14.9 percent mixed fines,
7.6 percent gravel, and 1.9 percent sand.
24.2.3.2 Biological Resources
Extensive and continuous eelgrass beds in the shallow flats between Portage Island and the
Lummi Shore dominate shoreline vegetation in Portage Bay. The Portage Bay – Portage
Island complex consists of extensive eelgrass beds intermixed with dune, spit berm, and salt
marsh vegetation in a intertidal/coastal wetland complex. Herring spawning habitat occurs
throughout Portage Bay where eelgrass beds occur.
Commercial and recreational shellfish beds occur in Portage Bay and extend into the area
between Portage Bay and Lummi Shore. Pacific sand lance spawning may occur between
Portage Bay and Portage Point on the Lummi Peninsula. Habitat conservation areas are
mapped for bald eagle and waterfowl concentrations.

24.2.4 Lummi Shore
24.2.4.1 Physical Environment
Net shore-drift is predominantly northerly throughout this shore reach, excluding a small cell
of southwesterly drift along Hermosa Beach. Sediment sources were scattered throughout the
length of the now-rocked portion of Lummi Shore Road, which are typically low-medium
elevation bluffs. Bauer (1974) mapped 37 percent of the Lummi Shore reach as feeder bluff,
however this number may be low as bluff erosion observed over a wide area prior to the
revetment construction (Johannessen pers. com.). All of the feeder bluff has since been
armored, but intermittent beach nourishment occurs as partial mitigation for construction of
the revetment (Johannessen and Chase 2005). Accretion shoreforms represent a considerably
smaller portion of the reach (7 percent). The remaining shore is modified (approximately 66
percent), typically in the form of a large rock revetment (elevation +8 to +18 feet MLLW)
along much of Lummi Shore Road.
The low bank shore in the southern portion of the reach is also largely modified. A typical
shore-profile consists of a low elevation bluff or bank that is largely fronted by a riprap
revetment above MHHW. Drift logs accumulate in front of the revetment in places. The
upper beach is typically comprised of finer sediment (mostly sand) than the mid-tide beach. A
broad low tide terrace is found waterward of most of the beaches. These sand and mud flats
extend far waterward into Portage Bay. Beach sediment in the reach is comprised of
69.3 percent sand, 17.7 percent mud, 7.1 percent mixed fines, 5.7 percent mixed coarse
material, and 0.2 percent gravel
24.2.4.2 Biological Resources
Shoreline vegetation consists of an area of eelgrass beds between Portage Point and a point
east of Hermosa Beach. Marine riparian vegetation is limited in areas with bulkheads and
revetments and where Lummi Shore Road is adjacent to the shore. Herring spawning occurs
along the portion of shoreline with eelgrass beds. Pacific sand lance and surf smelt spawning
is mapped at scattered locations along the Lummi Shore from Portage Point to east of Fish
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Point. Commercial and recreational shellfish beds and a bald eagle habitat conservation area
occur along the western portion of Lummi Shore.

24.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating
SEDs.

24.3.1 Landscape-scale Restoration and Conservation
The major alterations to nearshore processes found in the Lummi Peninsula - Portage Island
WMU are mostly along Lummi Shore Road. The most substantial alteration is the nearly
2-mile long riprap revetment that runs along Lummi Shore Road. The greatest impact
resulting from this shore modification is sediment impoundment. Moderate interruptions in
longshore drift also result from the protruding truck turnarounds. The revetment may also
induce beach erosion through wave reflection/ scour. Relocating this road, which was
considered in the 1990s but rejected due to cost and logistical concerns, and removing the
revetment would be the only way to eliminate these impacts to nearshore processes.
Continued nourishment of beaches may help to prevent and restore degraded beach habitat
resulting from sediment impoundment.
Conservation of sediment sources that supply large accretionary beaches and marshes is a
high priority. This includes the extensive beaches, marshes, and spits on Portage Island, The
Portage, and the few remaining sediment sources that are not impounded along the Lummi
Peninsula. Conservation of remaining marine riparian areas is also recommended.

24.3.2 Reach-scale Restoration and Conservation
Reach-scale restoration of nearshore areas in the Portage Island reach is not a high priority
due to the relatively unaltered condition of the island’s outer shores. No bulkheading or other
modifications are present in this area. Conservation of the Portage Island reach would help
protect the function of marsh areas and existing feeder bluffs, especially those along the south
and west shore of the island, as well as marine riparian areas.
The same is true for Portage Bay reach whish is mostly unaltered. Conservation of the large
marshes, particularly in the southern portion of the bay, and limited feeder bluffs is a high
priority. Also conservation of the healthy marine riparian areas should be a focus.
In the Lummi Shore reach, restoration potential appears limited, unless the recent large
revetment can be altered. The ideal nearshore restoration scenario would be to relocate the
road further inland and remove all or portions of the riprap revetment. Ensuring that beach
nourishment is continued should be a priority. Also, portions of the protruding truck
turnarounds could be modified to allow longshore drift to continue and to minimize downdrift erosion, which has been occurring (Johannessen and Chase 2005). Other restoration
could be focused on replacing marine riparian vegetation where possible. Removing the fairly
abundant derelict drift nets, debris, and other foreign material from the Lummi Shore Road
beaches would provide a direct benefit. Enhancing the revetment/ bank with riparian
plantings may provide habitat benefits.
Another opportunity involves repairing a ~500-foot-long portion (called the “Section 14”
portion) of the Corps revetment along Lummi Shore Road, which used undersized rock and
did not have a deeply buried a toe. The upper intertidal beach in this area is now completely
exposed, impacting potential forage fish habitat. The revetment rock is repeatedly toppling on
24-10
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to the beach and would be best replaced with larger, more durable rock (not limestone), and
relocated landward on the order of 5 to 15 feet.
Conservation potential in the Lummi Shore reach is more limited, and should be focused on
maintaining conditions favorable to the abundance of surf smelt spawning habitat.

24.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs for the Lummi Peninsula - Portage Island WMU (Table 24-1). Much of the shoreline is
under the jurisdiction of the Lummi Nation. Recommended SEDs on County-regulated shores
include Rural with small pockets of Shoreline Residential and Natural.
Table 24-1. Preliminary SED Recommendations, Lummi Peninsula-Portage Islanda
Reach

Portage Island

Existing
SEDs

Tribal

Recommended SEDs

Tribal

Largely undeveloped with
intact functions, sensitive
areas including eelgrass,
shellfish beds, forage fish
spawning, feeder bluffs

Tribal/Natural

Largely undeveloped with
intact functions; sensitive
areas including eelgrass,
shellfish beds, forage fish
spawning, coastal
wetlands/salt marshes,
waterfowl concentrations

Shoreline Residential/Tribal/
Rural/Natural

Functions are degraded
along Lummi Shore Road
(shoreline stabilization,
loss of estuarine fringe
wetlands, and lack of
marine riparian
vegetation); land uses are
primarily undeveloped,
low to moderate density
residential. Some herring
and surf smelt spawning
areas and eelgrass (esp. in
the southern portion of the
reach).

MR 17

Portage Bay
MR 18

Lummi Shore
MR 19

a

Natural/
Tribal

Rural/
Conservancy/
Tribal

Comment

All areas below OHWM are designated Aquatic
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25. LUMMI/ELIZA ISLANDS
Lummi and Eliza Islands are located southwest of the Lummi Peninsula. Hale’s Passage
separates Lummi Island from the Peninsula. Bellingham Bay is to the east and Georgia Strait
is to the west. Lummi Island is on of the largest islands in Puget Sound/Georgia Basin.
Lummi Island has no freshwater shorelines but has over 20 miles of marine shoreline. Eliza
Island also has no freshwater shorelines and has approximately 3 miles of marine shore.

25.1 LANDSCAPE ANALYSIS
25.1.1 Aquatic Resources
There are no named streams on Lummi Island, but there are a few small lakes/ponds and
small surface waters on the north half of the Island. Eliza Island has no streams or surface
waters (Map 25-1). Wetlands are present on both islands. On Lummi Island, most wetlands
occur on the north half of the island. On Eliza Island, wetlands are concentrated in the
depressional area west of the landing strip.

25.1.2 Process Controls
25.1.2.1 Geology
Geologically, Lummi Island can be divided into two basic units. The north part of the island
is glaciomarine drift overlying Chuckanut sandstone with scatted volcanic outcrops. The
south part of the island is sedimentary rock. Eliza Island geology is undifferentiated glacial
deposits on the east edge with alluvium in the center and sedimentary rock on the western and
southern tips.
Surface geology greatly influences the geomorphic character of the nearshore as well as the
materials that make up the beach in the Lummi Island WMU. The surficial geology of northcentral and some of northwestern Lummi Island is largely of glacial origin, including
Quaternary glaciomarine drift and emergence beach deposits, with eroding bluffs and broad
beaches similar in composition to portions of northern Whatcom County. These units are
comprised of loose, moderately to well-sorted grave; sand and local boulders; and fine to
medium sand. The glaciomarine drift unit contains abundant fine sediment as well.
Quaternary beach deposits are found along the low elevation shores of Lummi Point and at
Village Point. These modern beach deposits typically consist of moderately to well-sorted
coarse sand and gravel. Locally, these deposits include sand, silt, and clay in tidal-flat
deposits.
The geology of several small pockets in the northwestern end of Lummi Island and in the
southern portion of the county are considerably older and predominantly bedrock. Several of
these bedrock units are typically associated with the geology of the San Juan Islands.
Geology found in these areas was deposited between the early Jurassic and Cretaceous
periods. Northern Lummi Island bedrock geology is predominantly composed of Chuckanut
sandstone (Padden member) of the Chuckanut Formation, though smaller segments of
intrusive igneous rocks of the Fidalgo ophiolite, rhyolite dikes, and marine and
metasedimentary deposits associated with the Lummi Formation contribute to the varied
geology of this area. Southern Lummi Island geology is almost exclusively comprised of
metasedimentary and metavolcanic rocks of the Lummi Formation. Beach sediment in these
areas is in much shorter supply due to the less erosive nature of the bedrock substrate,
resulting in narrower beaches and fewer backshore areas.
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25.1.2.2 Topography/Bathymetry
Topography of Lummi Island follows geology; the north half of the island has relatively
gentle slopes with elevations ranging from about 100 to 350 feet. The south half of the island
has high relief with elevations reaching 1,500 feet on Lummi Peak. Eliza Island has a
moderate slope on the east side of the Island (~60 feet elevation), with lowlands to the west
(sea level to 20 foot elevation). The southern tip of the island is knob-like (90 foot elevation).
The bathymetry surrounding Lummi Island is generally shallow within Hale Passage, ranging
from 2 to 7 fathoms (12 to 42 feet) throughout most of the Pass. A narrow belt of deeper
water ranging from 12 to 17 fathoms (72 to 102 feet) is found at the most narrow point of the
channel between Lummi Island and Lummi Peninsula. Shallower waters are also found north
of Lummi Island, however waters quickly deepen along the western shore of the Island.
Shallow waters are also found along central-western Lummi Island, from Village Point to
approximately one mile north of Lummi Rocks. South of Lummi Rocks, deep water is found
closer to shore. The greatest water depths within the WMU, measuring 41 to 51 fathoms
(246 to 306 feet), are found in this region.
25.1.2.3 Climate
Lummi Island is exposed to both the northwest and south, though fetch is far greater to the
northwest. The maximum measured fetch from the individual marine reaches in this WMU is
consistently from the northwest and ranges from 31.5 miles at southeast Lummi Island to
118 miles at northwest Lummi Island. Winds originating from the northwest are common
during summer and infrequent severe winter windstorms can originate from the north. During
storm conditions, these shores are vulnerable to wind wave-induced erosion. Fetch from the
south is 10 miles to Fidalgo Island and 13 miles to southern Padilla Bay. Predominant storms
conditions in the region come from the south resulting in these shores being exposed to
moderate wave-induced erosion, which often has a destabilizing effect on local bluffs.
25.1.2.4 Land Use/Land Cover
Land use on Lummi and Eliza Islands consists of rural residential development, undeveloped
forested land, agriculture, and recreation areas open space. There are limited commercial uses
associated with the Lummi Island ferry terminal. Forest cover is still prevalent on these
islands.

25.1.3 Landscape Processes, Alterations, and Responses – Freshwater
This section inventories process-intensive areas for freshwater resources, areas where
processes have been altered, and responses to process alterations noted in the literature. This
is intended as a brief overview since the islands have no freshwater shorelines. The processintensive areas and areas of alteration were identified based on GIS overlays using the
approach described in Section 2.3.1.2. As a result, the reader is advised to review the maps
PROVIDED IN THE MAP FOLIO for a thorough understanding of the material presented.
The landscape characterization provided below will be used in conjunction with the reach
inventory data to identify restoration and protection opportunities and will be integrated with
SMP planning.
Link to Lummi Eliza Island landscape MAP FOLIO
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25.1.3.1 Hydrology
The north half of Lummi Island is an important area for infiltration/recharge and to a lesser
extent water storage mechanisms (Map 25-2). The south half of the island does not support
hydrology mechanisms to the same degree. Eliza Island provides areas for infiltration and
recharge and has a small area for water storage that corresponds to the alluvial deposits.
Development and impervious surfaces are not very extensive on these islands and wetland
losses have been minimal, so the process-intensive areas for hydrology are not highly altered
(Map 25-3 and 25-4).
25.1.3.2 Sediment
Neither Lummi nor Eliza Islands are major process-intensive areas for sediment inputs (Map
25-5). Mass wasting processes are not a factor due to low relief and an absence of mapped
surface erosion areas.
The lack of high-impact land uses and low road densities minimize the potential for sediment
impairments in this WMU (Map 25-5.5 and Map 25-6).
25.1.3.3 Water Quality
GIS data show scattered wetlands that may remove/transform nutrients from surface waters,
but interactions with deeper groundwater are limited (Map 25-7). Onsite septic system
densities on the north half of Lummi Island are an indicator of potential increases of pathogen
inputs, but in general there are few sources of nutrient or pathogen contamination here
compared to other areas of the County (Map 25-8).
25.1.3.4 Organic Inputs and Heat/Light
There are no major streams on either island so organic inputs and heat/light processes are not
major determinants of aquatic resource function (Maps 25-9 and 25-10).

25.1.4 Landscape Processes, Alterations, and Responses – Nearshore
25.1.4.1 Circulation
Process Intensive Areas
During flood tides, surface water currents in the Lummi Island WMU generally flow
northeast through Hale Passage and Rosario Strait-Strait of Georgia between Lummi and
Orcas islands. Ebb tides reverse the same general pattern, along the eastern shore of Orcas
Island and southeast through Hale Passage at the south end of Lummi Island and converge
with south-southwesterly flowing currents exiting Bellingham Bay. The strongest currents
appear to be near Lummi Point in Hale Passage and near Village Point on the northwest shore
of Lummi Island (Canadian Hydrographic Survey 1999). The weakest currents occur along
the southwestern shore of Lummi Island where Rosario Strait is wider.
Spring flood tides generate strong tidal currents, which travel northwest along the shores of
western Lummi Island north to the Strait of Georgia. Similar to ebb-tidal currents, the
strongest currents in the Lummi WMU are observed just west of Village Point on western
Lummi Island and near Lummi Point along Hale Passage. Weaker currents are observed
along southeast Lummi where flooding waters disperse to fill the tide flats of Bellingham and
Samish Bays (Canadian Hydrographic Survey 1999).
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Indicators and Response to Alterations
Alterations to the circulation patterns within the Lummi Island WMU are minimal. Very few
nearshore structures within the WMU have the ability to alter surface currents due to their
size. Only four structures are found in the WMU. Each structure is found on the eastern side
of the Island. These structures do not project waterward very far, and are often in the shadow
of a headland. Thus surface currents are not likely to be altered by these structures.
Process Intensive Areas
Due to the proximity of deeper waters, strong tidal currents, and exposure to greater wind and
wave energy, the waters adjacent to Lummi Island are generally well-mixed and not subject
to stratification, nutrient limitation, nutrient concentration or eutrophication. Nutrient
limitation is more likely to occur, and may occur briefly during the growing season in years
with weak oceanic upwelling and larger inputs of freshwater from the Nooksack and Fraser
River systems during early summer snowmelt (Newton and Van Voorhis 2002). Nutrient
inputs from terrestrial sources likely are not significant along Lummi Island shorelines. The
uplands are predominantly forested with low density rural/residential or undeveloped land
cover and large areas of shoreline with relatively intact marine riparian vegetation.
In general, Lummi Island reaches lack the large tidal flats or estuarine wetlands that provide
nutrient retention and nutrient cycling functions. However, the presence of freshwater
wetland areas in the uplands adjacent to Lummi Island marine shorelines suggest that nutrient
retention and cycling functions in freshwater wetlands are relatively intact, limiting nutrient
inputs from surface water runoff in these areas.
Indicators and Response to Alterations
Due to the processes described above, there are currently few indicators of process alterations
for nutrient dynamics along Lummi Island marine reaches. The shallow waters of Hale
Passage would be more susceptible than other Lummi Island waters to enhanced nutrient,
pollutant or pathogen inputs. Ecology’s Water Quality Assessment (2004, 303(d)) lists the
Hale Pass area as “waters of concern” (303(d) category 2) for fecal coliform. However,
strong tidal flushing would limit nutrient concentrations in this area.
25.1.4.2 Sediment Transport
Process Intensive Areas
Sediment transport in the Lummi Island WMU consists of 4 drift cells (using updated CGS
net shore-drift mapping that combined several previously mapped shorter cells) and 2 areas of
negligible drift. From the northern end of Lummi Island, net shore-drift travels south to
Village Point, where it converges with another drift cell exhibiting northerly drift. Northerly
drift to Village Point occurs along much of the central-western shore of Lummi Island,
however the quantity of net shore-drift sediment is limited due to common bedrock exposures
and lesser volumes of unconsolidated units. A long reach with negligible net shore-drift
encompasses all of southern Lummi Island on both the eastern and western shores. On the
east side of the Island negligible drift occurs up Hale Passage to Sunrise Cove. Just north of
Sunrise Cove northerly net shore-drift, of limited volume, begins with a cell running to the tip
of Lummi Point. Southerly net shore-drift converges at Lummi Point, with a 0.75 mile reach
to the north with bedrock shores and negligible littoral drift near Point Migley.
Indicators and Response to Alterations
Several types of nearshore alterations can have deleterious effects on coastal processes;
including obstructions to net shore-drift and sediment source impoundment (e.g. bulkheads),
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as well as intertidal fill and mineral extraction. A total of four piers were inventoried within
the Lummi Island WMU, three of which are within the southern Lummi Island marine reach.
Bulkheads were observed with the greatest frequency (18 percent) in the Hale Passage marine
reach, while south Lummi Island has the fewest bulkheads (1 percent). Northern Lummi
Island has bulkheads along 4 percent of the shore.
Obstructions to sediment transport, such as groins and jetties, are typically intended to control
erosion by trapping sediment on the up-drift side of the structure. However, such structures
commonly exacerbate erosion, particularly down-drift where wave refraction causes bank
toe/backshore erosion. Sediment impoundment caused by bulkheads reduces bluff sediment
input, thus precluding sediment delivery to the nearshore. This in turn reduces the overall
quantity of sediment within the nearshore system. Loss of beach sediment can lead to beach
lowering, sediment coarsening, and subsequent habitat degradation. Adjacent beaches are
often impacted by these structures due to wave refraction around the end of a structure, which
can cause erosional hot spots. This process is typically called “end effects”.
The Lummi Island rock quarry run by Ace Rock has removed significant quantities of rock
from uplands adjacent to the rock shore area near Smugglers Cove on the east shore of the
island. Rock fill has been placed along a greatly simplified shore in addition to installation of
a barge dock and dolphins.
25.1.4.3 Heat/Light
Process Intensive Areas
The Lummi Island reaches are characterized by narrow shallow intertidal areas with deeper
waters close to shore. As a result, Lummi Island reaches for the most part lack the highly
productive, shallow, high-light, and warmer water environments found in Drayton Harbor,
Birch, Lummi, Bellingham and Portage Bays. In some limited areas, the shallow waters of
Hale Passage, along the eastern shore of North Lummi Island to Echo Point, and on the
western shore from about Lover’s Bluff to Baker’s Reef, more extensive areas of sandy
intertidal beaches and flats occur.
Indicators and Response to Alterations
Shoreline modifications, which can affect the maintenance and light levels of shallow water
habitats, are minimal along most of the Lummi Island reaches. Exceptions include bulkheads
along the Hale Passage reach (18 percent) and North Lummi Island (4 percent), as well as one
overwater structure in the Hale Passage reach. Because these modifications are limited,
response to these alterations is also likely to be limited. However, overwater structures and
bulkheads occur in the areas most likely to support eelgrass and forage fish spawning and
may affect light levels in eelgrass beds and forage fish spawning habitats in those locations.
Roads adjacent to the shore along North Lummi Island (West Shore Drive, Nugent Drive, and
Seacrest) limit the extent of marine riparian vegetation along portions of these shorelines.
Areas with reduced riparian vegetation and cover may experience greater temperatures and
light levels and reduced organic matter input.

25.2 SHORELINE REACH-SCALE INVENTORY
The area surrounding Lummi and Eliza Islands waterward of the extreme low tide are
shorelines of statewide significance (RCW 90.58.030(2)(e)(iii)). Intertidal areas and
associated shorelands of Lummi and Eliza Islands are shorelines of the state. There are no
freshwater shorelines of the state on Lummi Island or Eliza Island.
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The Lummi Island marine shoreline was inventoried in three reaches totaling approximately
23 miles (Figure 25-11). These include Hale Pass (MR 13), extending from Lummi Point to
Sunrise Road; South Lummi Island (MR 14); and North Lummi Island (MR 15). Eliza Island
was inventoried in one marine reach (MR 16, approximately 3.4 miles) (Figure 25-11). Reach
maps are provided in the MAP FOLIO.
Link to South Lummi Island, Eliza Island marine reach MAP FOLIO

Link to North Lummi Island, Hale Pass marine reach MAP FOLIO

Figure 25-11. Shoreline Inventory Reach Numbers and Endpoints,
Lummi / Eliza Islands

25.2.1 Built Environment
Generally, the existing land use pattern on Lummi Island consists of low-density residential
development on the north half of the island, and undeveloped forested land on the south-half of
the island. The densest development is located on the east shoreline of the island, along Hale
Pass (Marine Reach 13). This reach is predominantly with developed single-family residential
and recreational home properties (0.1 to 1-acre lots with 50 to 200 feet of waterfront), with
neighborhood commercial development centered around the ferry terminal. The south Lummi
Island shoreline (Reach 14) is predominantly undeveloped forested land, with low-density
residential development at the north end of the reach along Hale Pass, and a partially developed
denser subdivision (0.5 to 1-acre lots) further south along Hale Pass (Lummi Island Scenic
Estates). The north Lummi Island shoreline contains a mix of partially developed single-family
residential properties (0.5 to 5-acre lots) and agriculture, with a small area of multi-family and
recreational condominium development at the northern tip of the island. Zoning and
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comprehensive plan land use designations on the north-half of the island are Rural (Rural
Residential Island). Designations on the south-half of the island are Rural Forestry and the
existing quarry along Hale Pass is designated as Mineral Resource land.
Land cover along the Lummi Island marine reaches is predominantly forest, ranging from
45 percent along north Lummi Island to 83 percent along the south. Wetlands (7 to 32 percent)
and grasslands (3 to 17 percent) make up most of the remaining land in the reaches. Areas
classified as developed are most concentrated in the Hale Pass reach (6 percent of the reach).
Existing land use on Eliza Island consists primarily of single-family residential or
recreational homes on 0.5 to 1-acre lots with approximately 100 feet of waterfront. Private
community parkland with a pier is also located on the island. Eliza Island has been developed
as a unique district, having its own Comprehensive Plan goals and policies and its own
zoning designation (Eliza Island). Land cover on the island is a mix of forest (41 percent),
wetlands (34 percent), and grassland (16 percent).
Transportation facilities on Lummi Island are primarily other small, residential roads
paralleling the shoreline (Nugent Road and Seacrest Road along Hale Pass; West Shore Drive
and Nugent Drive along north Lummi Island), and the ferry terminal along Hale Pass.
Transportation facilities on Eliza Island are limited. One industrial wastewater outfall is
located in the south Lummi Island reach, serving a gravel mining operation south of the
Lummi Island Scenic Estates subdivision.
Public access sites on Lummi Island include the ferry dock and adjacent beach, a campground
owned by WDNR, and Reil Harbor Beach. Point Migley has been identified by previous
Whatcom County Parks planning efforts as potential acquisition site for development of
parking and a viewpoint. There are no public recreational facilities on Eliza Island.
There are four structures listed on historical registers located in the vicinity of the north
Lummi Island marine shoreline. These include the Lummi Island Beach Store, a Washington
State Register Site; and the Coxan House, Carlisle Cannery Site/Wright House, and Lummi
Island Congregational Church, which are Whatcom County Historic Register sites. There are
no properties or structures listed on national, state, or local historical registers on Eliza Island.
Generally, areas along marine shorelines, specifically along bays and harbors, have a high
probability for archaeological resources.
Regulated critical areas along the Lummi Island and Eliza Island reaches include low to
moderate aquifer recharge potential and wellhead protection zones with moderate to high
susceptibility for contamination. Wetlands are mapped in all reaches, ranging from 14 percent
along south Lummi Island to 38 percent along Eliza Island. Habitat conservation areas are
mapped in all reaches, including habitat areas for bald eagle, red-necked and western grebe,
peregrine falcon, harlequin duck, black brandt, and harbor seal; eelgrass and kelp beds in all
reaches; commercial and recreational shellfish areas in all reaches except north Lummi Island;
and spawning areas for forage fish (sandlance in Hale Pass and herring in all Lummi Island
reaches). Marine landslide, seismic, and tsunami hazard areas are mapped in all reaches.
Shoreline modifications along the Lummi Island marine reaches include bulkheads and overwater structures. Bulkheads are most prevalent along Hale Pass (18 percent). Over-water
structures are docks and piers; the largest structures are associated with the ferry terminal
along Hale Pass and the gravel mine along south Lummi Island. Shoreline modifications on
Eliza Island are limited to one community pier.
Ecology’s Facility Site database indicates that there are two hazardous materials sites located
in the vicinity of the north Lummi Island reach. These are located along the west shoreline of
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the island and are identified as underground storage tank (UST) sites associated with a former
marina and a US Coast Guard facility.
The Ecology Water Quality Assessment (2004) (303d list) designates Lummi Bay and Hale
Passage in the vicinity of the Hale Pass reach as “waters of concern” (303d category 2) for
fecal coliform.
Under existing zoning and comprehensive plan land use designations, the land use patterns on
Lummi and Eliza Islands are not likely to change significantly as a result of future
development. Areas in north Lummi Island may experience in-fill development, or
redevelopment. A transition from undeveloped and agricultural uses on the west shoreline of
north Lummi Island to residential uses could occur. In-fill development in the Lummi Island
Scenic Estates subdivision on south Lummi Island could also be expected.

25.2.2 Hale Passage
25.2.2.1 Physical Environment
The Hale Passage shore segment consists entirely of net shore-drift cell 26 (WH-4-26/WH-427 by the Washington State Department of Ecology), which exhibits northerly transport from
Sunrise Cove to Lummi Point. Much of the shore within this drift cell is medium or high
bluff, excluding one accretionary beach located mid-reach immediately north of the cable
crossing from Portage Point. The most active feeder bluffs are found adjacent to and north of
Sunrise Cove. In total, feeder bluffs represent 32 percent of the shore reach (Bauer 1974).
The bluffs here are largely composed of abundant fine grain sediment, with some coarse
sediment (gravel to boulders). The accretion shoreform consists of a berm built across a small
indentation in the shore, where a small marsh-dune complex has developed. Accretion
shoreforms account for 18 percent of the Hale Pass shore reach. A shell midden also
distinguishes this beach as culturally significant to the Lummi Nation.
A typical nearshore profile in this reach is comprised of medium height bank shoreline in the
northern portion of the reach or moderately high bluffs south of the ferry dock with signs of
active erosion, such as toe erosion or landslides and recently recruited LWD along the beach.
Beyond colluvium, a small storm berm often occurs at the uppermost beach. Beachface material
is largely sand (77.3 percent) with some gravel (7.6 percent) and mixed fines (11.5 percent).
25.2.2.2 Biological Resources
Shoreline vegetation along Hale Passage includes eelgrass beds extending continuously from
Lummi Point to just north of Echo Point, becoming more sparse along the southern end of
this reach. Very limited areas of spit berm vegetation and bull kelp (southern portion) occur
in this reach as well.
Forage fish spawning and commercial and recreational shellfish beds occur along the
intertidal beaches in this reach. Herring spawning is mapped along the entire reach, consistent
with the distribution of eelgrass beds. Surf smelt and Pacific sand lance spawning occur in
limited areas as well, particularly in the vicinity of the ferry dock. Commercial and
recreational shellfish beds are concentrated in the area of Echo Point to north of Burnstead
Spit. Bald eagle, and red-necked and western grebe habitat conservation areas are also
mapped along the southern end of this reach.

25.2.3 South Lummi Island
25.2.3.1 Physical Environment
Net shore-drift in South Lummi Island is largely negligible; however, north of the Lummi
Rocks, a short length of shore exhibits northerly net shore-drift (cell 30; WH-4-32). The rest
25-8
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of the shore was mapped as no appreciable drift due to the prevalence of bedrock
(WH-4-26/4-30). Feeder bluffs account for only 4 percent of the South Lummi Island reach.
The shore in this region is largely composed of boulders, which have fallen from the steep
slopes of southwestern Lummi Island, eroding rock cliffs and a few small pocket beaches
(Schwartz et al. 1991). North of Lummi Rocks, is a small region described as where the
mountainous southern half of Lummi Island meets the flat northern portion, where
northwesterly drift is observed. This drift cell is composed of several beaches separated by
minor headlands, with sediment fining northward from cobbles to gravel.
A typical nearshore profile of the beaches within the South Lummi Island reach consist of
high relief backshores with a narrow beach and deep water offshore. Beach sediment is
variable within the reach, with 34 percent bedrock, 32 percent boulders, 23 percent mixed
coarse material, and 8 percent mixed fines. Northern beaches are more geomorphically active
than southern beaches due to greater sediment supply.
25.2.3.2 Biological Resources
Shoreline vegetation along South Lummi Island reflects the prevalence of bedrock, boulders,
and cobble substrate along shores with narrow beaches and deep water just offshore. Bull
kelp (45 percent) and Sargassum (70 percent) are the dominant vegetation types along this
shoreline with kelp intermixed with Sargassum along the eastern shore and bull kelp
dominating along the western shore around Lummi Rocksand Baker’s Reef. Small areas of
eelgrass occur in the embayment south of Echo Point, in Smuggler’s Cove, Inati Bay, and
Reil Harbor on the eastern shore. Along the western shore, eelgrass occurs in thin beds and
replaces bull kelp as the dominant vegetation to the north of Lummi Rocks.
Commercial and recreational shellfish beds occur from north of Smuggler’s Cove to Reil
Harbor along the eastern shore and at Lummi Rocks. Herring spawning occurs along the
eastern shore from Echo Point to just north of Smuggler’s Cove. Habitat conservation areas
are mapped for bald eagle, peregrine falcon, and harlequin ducks along this reach. Harbor
seal haul out areas are mapped at Lummi Rocks. The southern upland portion of Lummi
Island is mapped as PHS (Urban Natural Open Space) and as the WDNR Lummi Island
Natural Resource Area.

25.2.4 North Lummi Island
25.2.4.1 Physical Environment
Net shore-drift in the North Lummi Island shore reach is comprised of converging drift cells
29 and 26 (WH-4-33 and WH-4-32). Cell 29 exhibits southerly drift starting 0.75 miles south
of Point Migley and terminates at Village Point. This cell displays an anomalous quality of
“reverse grading”, where beach sediment becomes coarser in the direction of drift. This
anomaly apparently occurs when low energy waves move finer particles in the reverse
direction to that of high-energy waves that move sediments and are responsible for the net
shore drift direction (Schwartz et al. 1991). In this case, these combined processes result in
the beach broadening, with a well-developed storm berm to the south. Cell 29 originates at
Lummi Rocks, which falls within the South Lummi Island marine shore reach. This cell
exhibits northerly drift and converges at Village Point. Large blocks and cobbles of green
breccia, eroded from the headland at southernmost Legoe Bay, are found along the beach
after drifting northwest. Beaches and backshores widen moving north, toward the
accretionary beach at Legoe Bay.
Two different commonly occurring nearshore profiles are found in this shore reach. Higher
relief backshores are found from the south end of the reach to Lover’s Bluff, north of Village
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Point to south of Fern Point, and north of Fern Point just south of Point Migley. These high
relief shores typically encompass slowly eroding bluffs, composed of emergence beach
deposits and glaciomarine drift, with bedrock outcrops of Chuckanut sandstone in the
intertidal. Together these higher relief shores or “feeder bluffs” represent 56 percent of the
shore reach. Lower relief shorelines are typically composed of recent beach sediment,
commonly comprised of gravel and cobbles. These relatively recent beach deposits fringe a
marine terrace. A former lagoon and existing freshwater pond and marsh are located in Legoe
Bay (Bauer 1974). These beaches exhibit a low level of nearshore connectivity due to
bedrock outcrops that restrict littoral drift to waterward of the outcrops or intermittently over
the outcrops. These beaches were considered accretionary shoreforms by Bauer (1974), and
make up approximately 24 percent of the North Lummi Island shore reach. The Village Point
marina partially blocks net shore drift processes.
25.2.4.2 Biological Resources
Shoreline vegetation along North Lummi Island reflects the narrow backshores,
predominance of boulders/bedrock, mixed coarse and gravel substrates with deep waters just
offshore. The predominant vegetation consists of thin beds of eelgrass from Lummi Point to
Migley Point and then scattered, discontinuous bands of eelgrass north of Fern Point, north of
Village Point, along Legoe Bay, and south of Lover’s Bluff to Baker’s Reef. The widest
extent of eelgrass occurs in the areas of mixed coarse and sand substrates from Lover’s Bluff
to north of Baker’s Reef. Scattered bull kelp and Sargassum occurs from Point Migley to
Village Point. Limited areas of spit berm/salt marsh vegetation occur adjacent to Village
Point and Legoe Bay. Marine riparian vegetation is largely intact in much of this reach,
except in areas where roads or development are adjacent to the shore (e.g., Village Point).
Herring spawning is mapped along the northern tip of the island from Lummi Point to Legoe
Bay. Bald eagle, harlequin duck, and black brant habitat conservation areas are mapped in
this reach from Lummi Point to the east end of Legoe Bay and harbor seal haul out areas
occur at Seal Rock off Point Migley.

25.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating SEDs.

25.3.1 Landscape-scale Restoration and Conservation
Very few alterations to nearshore processes are present within the Lummi Island WMU;
however, those that exist are largely related to anthropogenic structures and sediment
impoundment due to bulkheads that impede and reduce littoral drift. Response to these
alterations can be seen in down-drift erosion control problems resulting from depleted
sediment supplies. Full restoration of these processes is only possible by removing the
structures. Where removal is not attainable, efforts to reduce impacts or perform
compensatory mitigation may provide partial mitigation. Such alternatives include sediment
bypassing or beach nourishment to replenish sediment starved beaches. Constructing
additional structures should be prohibited to assure conservation of nearshore sedimentary
processes and circulation.
Conservation of sediment sources that supply accretionary beaches and marshes should be the
goal of protecting nearshore resources. Prevention of further filling of coastal wetlands
should also be a conservation goal. Marine riparian vegetation is relatively intact along these
reaches. Existing marine riparian vegetation should also be protected.
25-10
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25.3.2 Reach-scale Restoration and Conservation
Reach-scale nearshore restoration in Hale Passage should be focused on restoring sediment
sources that are “locked up” behind bulkheads when feasible. Due to limited coarse-grained
sediment in the banks, conserving remaining feeder bluff sources would contribute to
protection of beach habitats. Areas with overwater structures adjacent to the ferry terminal
should be investigated for potential mitigation of shading and disturbance due to ferry
operations adjacent to forage fish spawning areas.
Restoration in the south Lummi Island reach does not seem necessary since the area does not
have appreciable net shore-drift for the most part and habitats are associated with the
prevalent rocky shore. Most of this shore is not available for development of housing due to
state ownership and very steep slopes. The one exception to this is the rock quarry at
Smuggler Cove run by Ace Rock, which is on State WDNR property. The shore could be
restored through removal of fill and riparian restoration to resemble the rocky shore prior to
site development.
The north Lummi Island reach presents more opportunities for conservation and restoration
than other reaches in this WMU. The area immediately east of Village Point would benefit
from removal of relict structures in backshore/marsh environments with marsh restoration.
The road setback in this area is non-existent, as the beach has eroded and a seawall was
constructed in a portion of the area by Whatcom County in recent years. Removal of a failed
solid fill pier, large rock groin, concrete debris and derelict piles in the western portion of
Legoe Bay would benefit the nearshore. Derelict piles (likely creosoted) could also be
removed from eastern Legoe Bay. There is significant room for habitat enhancement at
Lummi Point on the northeast part of the island. Any bulkheads that are not necessary for
protection of houses could be scaled back or moved landward where possible and picnic
structures over what would be active beach could be removed, particularly on the east end of
the spit. Also riparian planting could be enhanced.

25.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs for Lummi and Eliza Islands (Table 25-1). Recommended SEDs are a mixture of
Shoreline Residential, Urban Resort, and Rural, with Urban Conservancy and Natural in
select high quality areas.
Table 25-1. Preliminary SED Recommendations, Lummi/Eliza Island WMUa
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Reach

Hales Passage
MR 13

South Lummi Is
MR 14

North Lummi Is
MR 15

Eliza Island
MR 16

a

Existing
SEDs

Recommended
SEDs

Conservancy/
Rural

Rural

Somewhat degraded functions. Mostly
single family residential (1 unit/3 acres);
moderate to high density, some
commercial (ferry terminal). Bulkheads
18 percent; herring spawning and some
eelgrass. Feeder bluffs around Sunrise
Cove and small area of marsh vegetation
adjacent to less densely developed
uplands.

Natural/
Conservancy

Natural/Conservancy
/Shoreline
Residential

Functions intact for the most part;
sensitive areas with little or no
degradation include kelp beds, harbor seal
haul out, peregrine falcon/bald eagle
nesting; some eelgrass and herring
spawning on the eastern shore in the
northern portion of this reach. Mostly
undeveloped forested and rural uplands.

Natural/
Conservancy

Rural/Conservancy/
Shoreline Residential

Functions largely intact or somewhat
degraded in localized areas. Some rural
density residential, very small area of
higher density/multi-family residential;
mostly agricultural/rural. Limited
shoreline modifications, roadway along
shore with no or minimal setback (esp.
near Village Point marina), limited
riparian vegetation in areas of shoreline
modifications. Some loss of wetlands in
the adjacent uplands, but significant
remaining wetland area; scattered kelp
and eelgrass, herring spawning, bald
eagle/sea birds

Natural/
Conservancy

Conservancy/Natural

Largely unaltered, relatively intact
functions; sensitive areas with low levels
of degradation include feeder bluffs that
contribute to forage fish spawning and
eelgrass habitats

Comment

All areas below OHWM are designated Aquatic
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26. POINT ROBERTS
The Point Roberts peninsula protrudes south from mainland Canada into the open waters of
Boundary Bay. This 5-square mile portion of Whatcom County is located roughly 14 miles
west of Blaine and is accessible by boat or by car through Canada. Point Roberts has
7.3 miles of marine shoreline and no freshwater shorelines of the state 12.

26.1 LANDSCAPE ANALYSIS
26.1.1 Aquatic Resources
There are no named streams on the Point Roberts peninsula, but several small surface waters
drain directly to Boundary Bay. Wetlands are abundant, and like the surface streams, occur
primarily on the west side of the peninsula (Map 26-1).

26.1.2 Process Controls
26.1.2.1 Geology
The underlying geology of the Point Roberts peninsula is relatively diverse with a number of
differing geologic units within the small peninsula. The geology is largely glaciomarine drift
and glacial outwash gravels from the Pleistocene epoch with several modern (Holocene)
deposits including beach, peat and landslide deposits. Modern beach and peat deposits are
found along low elevation shores in the southwest corner of the peninsula as well as
waterward of the bluffs near Lily Point. Beach deposits typically consist of moderately to
well-sorted coarse sand and gravel and locally, sand, silt and clay in tidal-flat deposits. Peat
deposits are of more lacustrine character; comprised of peat, muck, silt, clay and organic
matter (Logan 2003). Quaternary landslide deposits are found just south of Boundary Bluff as
well as at Lily Point (Logan 2003). Alluvial deposits derived from the Fraser River are found
along the northeast shore, in the vicinity of Maple Beach.
The upper strata of the bluffs of Point Roberts are predominantly composed of glaciomarine
drift that was deposited during the Everson Interstade in the Pleistocene epoch (roughly
11,300 - 13,500 years ago). This geologic unit is comprised of sorted sand, silty sand and silt,
with local lenses of gravel (Logan 2003). Outwash gravel also deposited during the Everson
Interstade deposited during the Pleistocene epoch is found at higher elevations throughout
Point Roberts. Undifferentiated Pleistocene deposits make up the bluffs of eastern Point
Roberts south of Maple Beach. This is comprised of undifferentiated till, sand, gravel, silt and
clay, with abundant beach-quality sand and gravel (Johannessen and Chase 2005). Quaternary
beach deposits are found along the low elevation shores of southwest Point Roberts and
accretion shoreforms of southeast Point Roberts.
26.1.2.2 Topography/Bathymetry
Point Roberts is located along the eastern shore of the Strait of Georgia, just south of the
Fraser River Delta. Relief is very low on the peninsula. The south-trending peninsula also
marks the western edge of Boundary Bay. Prior to recent progradation of the Fraser River
Delta, the Point was likely an island. Shallow waters, as well as sand and mud flats extend
increasingly waterward towards the north end of the landform. Much of Boundary Bay is
shallow, measuring less than 10 fathoms (60 feet) up to 2 miles offshore. Additionally, a
shallow erosional remnant of an earlier extension of the uplands extends southeast from Lily

12

All marine shorelines seaward of extreme low tide are also shorelines of statewide significance.
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Point. Waters of the Strait of Georgia are deep closer to the southwestern shore of Point
Roberts.
26.1.2.3 Climate
Point Roberts receives about 40 inches of precipitation per year. Shores on Point Roberts are
considerably exposed to the southeast and northwest, making them vulnerable to wind waves
during predominant and prevailing southeasterly winter winds as well as the prevailing
northwesterly summer winds. Infrequent severe winter windstorms can also originate from
the northwest. Maximum measured fetch from the individual nearshore reaches on the Point
Roberts peninsula range from 43 miles (southeast) within the Lily Point reach to 96 miles
(northwest) from the Lighthouse Park reach. The most substantial fetch to the southeast
extends to southern Padilla Bay, while northwest fetch stretched up the Strait of Georgia.
Fetch from the south is considerable (approximately 20 to 45 miles) in most reaches.
However, at the west shore (Boundary Bluff and part of the Lighthouse reach), the northwest
fetch is likely to be of greater influence to net shore-drift. Storms that occur from either
direction during high tides will typically cause wave-induced bluff toe erosion, which often
has a destabilizing effect on local bluffs.
26.1.2.4 Land Use/Land Cover
Land use on Point Roberts consists primarily of residential development with small pockets
of commercial development, and open space. Land cover is mixed forest, shrub and
herbaceous areas interspersed with residential development.

26.1.3 Landscape Processes, Alterations, and Responses – Freshwater
This section inventories process-intensive areas for freshwater resources, areas where
processes have been altered, and responses to process alterations noted in the literature. This
is intended as a brief overview since Point Roberts has no freshwater shorelines and most of
the greater Point Roberts watershed is in Canada 13. The process-intensive areas and areas of
alteration were identified based on GIS overlays using the approach described in Section
2.3.1.2. As a result, the reader is advised to review the maps PROVIDED IN THE MAP
FOLIO for a thorough understanding of the material presented. The landscape
characterization provided below will be used in conjunction with the reach inventory data to
identify restoration and protection opportunities and will be integrated with SMP planning.
Link to Point Roberts Landscape MAP FOLIO

26.1.3.1 Hydrology
Point Roberts is an important area for infiltration/recharge and water storage mechanisms
(Map 26-2). Approximately three quarters of the peninsula has high infiltration/recharge
potential due to the underlying outwash deposits. The west half, and especially the southwest
corner, of the peninsula has a number of areas with high storage capacity. There are no large
streams on Point Roberts; therefore floodplains are not an important hydrologic mechanism.
Development and the associated conversion of pervious surfaces to impervious areas have altered
historic hydrologic processes on Point Roberts (Map 26-3). The most noticeable concentrations of
impervious surface (>30 percent) overlying important infiltration/recharge areas are in Maple
Beach, the residential areas north of Lighthouse Point, and around the marina. In most other areas
of the peninsula impervious surface is estimated to be 11 to 30 percent.

13

26-2

A complete assessment of landscape conditions in Canada is beyond the scope of this study.
June 2006│ 558-1687-004
26. POINT ROBERTS

Shoreline Master Program Update
Shoreline Inventory and Characterization
Whatcom County

Point Roberts retains much of its historic wetland area, but wetland loses are apparent near
Lighthouse Point, north of marina, and in the center of the peninsula between Tyee and Mill
Roads (Map 26-4). The basin is closed to future water rights allocations suggesting baseflows
have been altered in the drainage (Nooksack Natural Resources et al. 2005).
26.1.3.2 Sediment
With the exception of the feeder bluffs along portions of the marine shore, Point Roberts is
not a major process-intensive area for sediment inputs (Map 26-5). Mass wasting processes
are not a factor here because of the low relief and there are no mapped surface erosion areas.
High-impact land uses are not expected to be a major cause of sediment impairment on Point
Roberts (Map 26-5.5). Although there are some areas of moderate intensity development
(residential and commercial) and overall road density is high (5.1 to 100 mi/mi2) there is not
an extensive drainage network to facilitate transport of these sediments to aquatic resources
(Map 26-6).
Continued build-out along the marine shoreline may deliver increasing amounts of sediment
to Boundary Bay. Sediment delivery from these areas may be correlated to degraded water
quality (see Section 26.1.5.3).
As reported previously, many depressional wetlands on the peninsula have been filled or
drained. These wetlands would have historically served a sediment storage function as well as
water storage functions. Given the relatively limited potential for sediment delivery, the loss
of these sediment storage areas may not be as much a concern for sediment process as it is for
hydrology.
26.1.3.3 Water Quality
Because of the shallow confining layer characteristic of areas with surficial sand lenses,
interactions with deeper groundwater are limited (Gersib 2000). However, depressional
wetlands on Point Roberts have historically provided nutrient removal and pathogen retention
functions (Map 26-7).
Residential development and the loss of wetlands that provide water quality functions are
indicators of water quality alterations on Point Roberts. Residential areas are sources of
potential nutrient loading and delivery of contaminants. Pathogen loading is a concern
considering the density of onsite septic systems (Map 26-8).
26.1.3.4 Organic Inputs and Heat/Light Inputs
There are no major streams on Point Roberts, so freshwater organic inputs and heat/light
processes are not major issues.

26.1.4 Landscape Processes, Alterations, and Responses – Nearshore
This section inventories process-intensive areas for nearshore resources, areas where
processes have been altered, and responses to process alterations noted in the literature. The
process-intensive areas and areas of alteration were identified based on GIS overlays using
the approach described in Section 2.3.1.2. As with the freshwater characterization, the
analysis provided below will be used in conjunction with the reach inventory data to identify
restoration and protection opportunities and will be integrated with SMP planning.
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26.1.4.1 Circulation
Process Intensive Areas
Surface water flood tide currents in the Point Roberts area generally flow northwest from
southern Point Roberts and north into Boundary Bay. Ebb tidal currents flow southeast along
southern Point Roberts and south out of Boundary Bay to converge with waters of the Strait
of Georgia out of Point Roberts. The strongest surface currents appear to be near Lighthouse
Park at the southwest tip of Point Roberts (Canadian Hydrographic Survey 1999). While the
weakest currents appear to be in the shallow protected waters of northwest Boundary Bay and
in close proximity to Boundary Bluffs, where the Point Roberts peninsula and two large
industrial piers protect the shore from tidal currents (Canadian Hydrographic Survey 1999).
Spring flood tides generate strong tidal currents, which travel northwest up the Strait of
Georgia. North of Lily Point, off the eastern shore of Point Roberts, tidal currents are of
lesser magnitude and are directed to the north. Ebb tidal flow moves south from Maple
Beach, then redirects to the east and southeast off Lily Point, where waters appear to be under
the influence of a large counter-clockwise rotating gyre located near the convergence of
Boundary Pass with the Strait of Georgia (Canadian Hydrographic Survey 1999).
Indicators and Response of Alterations
Major alterations to the circulation patterns within the Point Roberts area are associated with
the two large industrial causeways located north of the US/Canada border. The Tsawwassen
ferry causeway extends approximately 2 miles southwest into the Strait of Georgia to the
international boundary. The Deltaport facility pier extends over 3 miles into the Strait of
Georgia. The two facilities are solid causeways with piers at the waterward end that result in
dramatic reductions and alterations to nearshore tidal currents in the area. The causeways
shield local shores from waves and currents and also alter the mixing of Georgia Strait Fraser
River estuarine water masses, thereby changing temperature, salinity, and nutrient inputs.
Additional nearshore structures including the Point Roberts Marina jetties and breakwater,
and the solid fill located along southwest Point Roberts have localized effects on circulation
most notably in the upper beach. However, the response from these alterations is much more
subtle than the alterations mentioned above.
26.1.4.2 Nutrient Dynamics
Process-intensive Areas
Nutrient dynamics in the Point Roberts reaches are influenced by nutrient inputs, tidal
circulation and exchange with waters of Boundary Bay and the Fraser River estuary, and
nutrient cycling in the shallow water environments of Boundary Bay. Nutrient inputs are
associated with oceanic upwelling and surface water runoff primarily from the Fraser River
system, and to a lesser extent streams discharging into Drayton Harbor.
Areas of intensive nutrient cycling and/or retention would have historically included the
freshwater and estuarine marsh complex in the vicinity of the Point Roberts marina. In
addition, the intertidal sand flats and generally shallow waters of Boundary Bay are areas of
active nutrient uptake and cycling. Areas with intact wetlands adjacent to coastal lagoons and
shorelines are important locations for physical retention and uptake of nutrients due to surface
water and groundwater storage functions, prolonged residence times of surface and
groundwater, and uptake by wetland vegetation. Nutrient cycling on tidal flats occurs through
uptake of nutrients by algae and algal-based food webs, and extensive nutrient cycling occurs
by benthic infauna, especially shellfish.
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Indicators and Response to Alteration
No water quality impairments are listed for the Point Roberts reaches in Ecology’s Water
Quality Assessment of 2004. Loss of estuarine and freshwater tidal wetlands in the location
of the marina has reduced the capacity and opportunity for nutrient retention and cycling in
those wetlands. Due to limited marine riparian vegetation along the more developed portions
of this reach (e.g., Lighthouse), the capacity for riparian areas to retain nutrients from
terrestrial sources is also limited. Sources of increased nutrient inputs to marine waters of the
Point Roberts reach include moderate-density residential developments with on-site septic
systems, elevated levels of fertilizers in stormwater runoff from residential areas, and Fraser
River discharge that drains agricultural areas.
Overwater structures affecting light levels for benthic algae or eelgrass will affect uptake
rates and cycling of nutrients. Overwater structures are relatively limited in Point Roberts,
with the exception of the Lighthouse reach (twenty-six structures or 7 per mile).
26.1.4.3 Sediment Transport
Process Intensive Areas
Sediment transport in the Point Roberts WMU consists of 2 net shore-drift cells. Both cells
originate at a divergent zone located at the eroding bluffs at Lily Point. The eastern drift cell
extends from Lily Point to the north, to beyond the Canadian Border into Boundary Bay. It is
unknown whether research has been conducted on net shore-drift along the Canadian shores
of Boundary Bay. The western drift-cell exhibits westerly, then northerly drift along the
southern and western shores of Point Roberts. Northerly drift likely continues north past the
US/Canada border and terminates at the prograding accretionary beach on the southern side
of the Tsawwassen Ferry Causeway (Bauer 1974).
Indicators and Response of Alterations
Generally, there are two different kinds of nearshore alterations that can have deleterious
effects on coastal processes; these include obstructions to the wave regime/net shore-drift and
sediment source impoundment (e.g. bulkheads).
The Deltaport and Tsawwassen ferry terminal causeways have had dramatic effects upon
Point Roberts sediment transport. With the construction of the Tsawwassen ferry terminal
causeway, the west shore of Point Roberts is in the wave shadow of the causeway and
southward net shore-drift has ceased. Prior to the construction of the Tsawwassen ferry
terminal causeway in the 1960s, net shore-drift along the Boundary Bluff area appeared to be
to the south (Johannessen 1999). A large cuspate foreland (spit) formed from the convergence
of drift cells at Lighthouse Park. One spit prograded from north to south along the west shore
of Point Roberts with sediment derived from recession of Boundary Bluff near the
international border. A second spit prograded from west to east along the south shore
(Johannessen 1998). Sedimentation landward of the spit gradually shoaled the embayment to
form a marsh east of the old spit, as shown in mapping from 1888 (US Coast and Geodetic
Survey 1888). The mudflat was reportedly “developed as pasture” by constructing a dike
across the south edge of the mudflat in the 1930s. The dike appears to have been located in
the general vicinity of the current south shore of the Point, where it can still be seen today.
Therefore, the low elevation accretion shoreform that includes the park was formed by
convergence of two distinct net shore-drift cells.
Without sediment transport from the western shore, Lighthouse Park has experienced
substantial erosion in recent decades. Erosion rates of 2.0 to 2.6 feet per year have been
documented for the southwest point (Johannessen 1998). A beach nourishment project was
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installed in 1998 in the southeast portion of Lighthouse Park that experienced significant
erosion in its first (storm-prone) year and has performed well since (see Ecology 2001
oblique 010524-113416) (Johannessen and Chase 2004).
Bulkheading (sediment impoundment) was mapped by Whatcom County along 4 percent or
1,545 feet, of the Point Roberts WMU shoreline. There are two jetties and a single breakwater
associated with the Point Roberts Marina entrance. Obstructions to sediment transport, such as
groins and jetties, are typically intended to control erosion by trapping sediment on the up-drift
side of the structure. However, such structures commonly exacerbate erosion particularly downdrift, where sediment is prevented from traveling due to the obstructive structure. The loss of
beach sediment can cause beach lowering and sediment coarsening; thus, leading to habitat
degradation. Adjacent beaches can also be altered due to waves refracting around such
structures, which can result in an erosion hot spots. Efforts to reduce the effects of the jetties
and breakwater at Point Roberts include a sediment-bypass program, required by the US Army
Corps of Engineers. However, sediment bypass has not occurred in all years and in recent years
there has been a problem with bypassed sediment being placed well above the reach of the
waves precluding its redistribution further west alongshore (which is the intent of the required
bypassing; Johannessen 2001). A permit was reissued to the marina with direction to push
sediment waterward during the year by WDFW (2002).
26.1.4.4 Heat/Light
Process-intensive Areas
Point Roberts marine waters are dominated by the relatively shallow water areas of Boundary
Bay, with shallow and broad tidal and sub-tidal sand flats. These high-light environments
support eelgrass beds and tidal flat algal production, with their associated food webs.
Shallower areas warm earlier in the spring and have higher light levels than adjacent, deeper
water eelgrass beds. These shallow areas provide an early spring source of prey items for
salmonids at a time when deeper habitats are not productive.
In addition, shallower warmer areas support higher growth rates for salmonids and other
juvenile fish. These shallower areas are likely to be especially important for salmonid species
or life history types that enter the nearshore early in the spring (Redman et al. 2005). In
general, shallow nearshore waters and eelgrass beds associated with Point Roberts and
Boundary Bay are likely important rearing areas for both Fraser River and Puget Sound
juvenile salmonids (Redman et al. 2005).
Indicators and Response to Alteration
Overwater structures associated with shoreline development, primarily within the Lighthouse
reach, affect light levels reaching the shallow intertidal and eelgrass beds. Overwater
structures are not extensive along this reach. However, in the vicinity of the marina and more
developed portions of the Lighthouse and Maple Beach reaches, impacts to nearshore
vegetation from overwater structures is likely to be significant.

26.2 SHORELINE REACH-SCALE INVENTORY- MARINE
The areas along Point Roberts waterward of extreme low tide are shorelines of statewide
significance. Intertidal areas and associated shorelands along Point Roberts are shorelines of
the state. No freshwater shorelines of the state discharge along the Point Roberts shoreline.
The Point Roberts marine shoreline was inventoried in four reaches totaling approximately
8.42 miles (Figure 26-11). These include (from east to west) Maple Beach (MR 25), Lily
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Point (MR 26), Lighthouse (MR 27), and Boundary Bluff (MR 28). Reach maps are provided
in the MAP FOLIO.
Link to Boundary Bluff, Lighthouse, Lily Point, Maple Beach Marine Reach MAP FOLIO

Figure 26-11. Shoreline Inventory Reach Numbers and Endpoints,
Point Roberts

26.2.1 Built Environment
Existing land use patterns along the Point Roberts marine reaches are primarily dense singlefamily development. The residential developments are generally 0.1 to 0.5-acre lots with
50 feet of waterfront except in the Boundary Bluff area where lots are 0.25 to 2-acres with
50 to 150 feet of waterfront. The Lily Point reach has large areas of undeveloped forested
land and low-density rural residential development along Lily Point. Lighthouse and
Boundary Bluff reaches have limited areas of condominiums. There are commercial and
marina developments in the Lighthouse reach. The Boundary Bluff reach contains park land
and undeveloped land on the north end.
Land cover along the Point Roberts reaches is predominantly forested in the east (Maple
Beach and Lily Point reaches). Maple Beach and Lighthouse reaches have the most
developed land (32 and 40 percent). Zoning designations for the Point Roberts marine
reaches are primarily Rural Residential with areas of Resort Commercial in the Maple Beach,
Lighthouse, and Boundary Bluff reaches; and Recreation in the Lighthouse and Boundary
Bluff reaches.
Residential roads parallel the shoreline in all marine reaches. Bay View Drive parallels the
Maple Beach reach and Marine Drive parallels the Boundary Bluff reach.
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Public access to the Maple Beach reach is provided at Maple Beach. There is no public access
to the Lily Point reach. There is public access to the Lighthouse reach at Gulf Road,
Lighthouse Point Beach, and Point Roberts Marina. Monument Park provides access to the
Boundary Bluff reach.
Boundary Marker #1 in the Boundary Bluff reach is on the National Register of Historic
Places. Generally, areas along marine shorelines, specifically along bays and harbors, have a
high probability for archaeological resources.
Regulated critical areas along the Point Roberts marine reaches include critical aquifer
recharge areas and wetlands in all reaches. Point Roberts also has several habitat conservation
areas including bald eagle in all reaches except Maple Beach, harbor seal in Lily Point, and
great blue heron in Boundary Bluff; and eelgrass beds in all reaches except Maple Beach.
Spawning areas for forage fish are located in all reaches (sandlance in the Maple Beach and
Lily Point reaches, and smelt and herring in all reaches except Maple Beach). Marine
landslide hazards areas are mapped in all reaches.
There are extensive shoreline modifications in all Point Roberts marine reaches except Lily
Point and Boundary Bluff, which only have 13 and 7 percent bulkheads respectively. The
Maple Beach reach has approximately 79 percent bulkheads. The Lighthouse reach has the
most shoreline modifications with 39 percent bulkheads, twenty-six over-water structures
(seven per mile), two jetties per mile, and a breakwater at the entrance to the marina.
Ecology’s Facility Site database indicates that there are two hazardous materials sites located
in the vicinity of the Lighthouse reach. These include a hazardous material generator and a
property with an underground storage tank (UST).
There are no 303(d) list (Ecology 2004) designations in the vicinity of the Point Roberts
shoreline.
Future development along the Point Roberts marine reaches is unlikely to change although
there could be residential infill development in some areas. The dominant comprehensive
plan land use designation is Resort/Residential Subdivision in all reaches. The Lighthouse
and Boundary Bluff reaches also have areas designated for Public Recreation.

26.2.2 Maple Beach Reach
26.2.2.1 Physical Environment
This shore segment falls within net shore-drift cell 2 (WH-1-2). This cell originates at the north
end of the low elevation accretion shoreform at southern Maple Beach and is entirely
bulkheaded. Houses/cabins are found landward of the seawall in the south portion, and a county
road and houses are landward of the seawall (2,100 feet long) in the central and northern parts
of the reach. The reach exhibits northerly transport past the Canadian border at Boundary Bay.
North of the border the shore transitions to multiple recurved spits and shallow water in
northern Boundary Bay. This unit is exclusively accretionary in nature. Littoral drift delivers
sediment along these beaches from the southern eroding bluffs near Lily Point.
A typical beach profile in the Maple Beach marine reach ranges between a narrow fine grain
beach fronting the concrete seawall ([2001 Ecology oblique no. 010524–113950]) to a beach
with a broad storm berm located up to 90 feet waterward of private residential bulkheads
fronting houses and cabins. The areas with a wide berm contain abundant old drift logs and
backshore vegetation atop pebble, cobble, and sand. Beach sediment was mapped as sand
(90.5 percent) with some mixed fines (4.8 percent) and artificial material (4.7 percent)
(Ecology 1979). Landward of the storm berm is a relatively flat backshore at a lower
26-8
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elevation than the storm berm. Throughout the reach, there is a broad low tide terrace with
expansive sand flats.
26.2.2.2 Biological Resources
Shoreline vegetation in this reach is dominated by extensive eelgrass beds in the shallow, mixed
fine/sand flats that extend eastward from the shore. Herring and sand lace spawning areas are
mapped in this reach, as well as bald eagle habitat. Marine riparian vegetation is very limited in
this reach due to the extent of bulkheading, roads, and development along the shore.

26.2.3 Lilly Point
26.2.3.1 Physical Environment
The Lily Point reach encompasses all the bluff shore of east and south Point Roberts. Central
to the Lily Point marine reach are two diverging net shore-drift cells. One runs north to the
Maple Beach reach and the second (cell 1) runs west into the Lighthouse reach. The Lily
Point reach is quite exposed and vulnerable to wave attack from both the southeast and south.
The drift divergence encompasses the southeastern tip of the point. Recent geomorphic
studies performed by CGS in 2005 mapped exceptionally erosive sediment sources along
32 percent of the Lily Point shore reach ([2001 Ecology oblique no. 010524–133758=bluff
with slides]). Feeder bluffs eroding at a more moderate rate comprised 25 percent of the Lilly
Point reach, while accretion shoreforms represent 34 percent of the marine reach. Few
transport zones were documented and 9 percent of the shore sediment is impounded due to
bulkheading.
Recent landsliding was evident along the majority of this segment with very large bowl
shaped historic slide scarps evident in other places. This was especially true along the
southeast face of Lily Point where landslides and toe erosion were prevalent (Johannessen
and Chase 2005).
The high tide beach in this reach is different in nature than the other segments within Point
Roberts, with the upper high tide beach composed of sand with pebble and lesser amounts of
cobble and the mid to lower high tide beach composed largely of boulder and cobble with
sand. Ecology (1979) reports that beach sediment is largely sand (85.5 percent) with some
mixed fines (13.7 percent) and artificial material (0.8 percent). Many areas of the high tide
beach north of Lily Point have exposed silt and clay beds of the underlying
glacial/interglacial deposits showing through the veneer of beach sediment. This indicated an
erosional beachface and progressive downcutting into underlying geologic units (Johannessen
and Chase 2005). The low tide terrace is composed of a variety of sediment sizes including
large boulders. A large cobble and boulder bar extends toward the southeast from
southernmost Lily Point. This feature appears to be very stable due to the large nature of the
clast size, on the order of 6 to 12 inches diameter and greater. The bar form is covered with a
variety of algae species and barnacles. In addition to this large bar, a broad shoal extends to
the east of it, which contains very large boulders that are visible at mean lower low water
(Johannessen and Chase 2005).
26.2.3.2 Biological Resources
Shoreline vegetation north of Lily Point includes eelgrass beds that extend into the Maple
Beach reach. From Lily Point west the intertidal vegetation along this shoreline is scattered
bull kelp and Sargassum. Herring spawning is mapped along the entire reach, with herring
spawning habitat being more extensive north of Lily Point. Surf smelt and Pacific sand lance
spawning is also mapped west of Lily Point at scattered locations and is most likely to occur
in the area between the Lily Point and Lighthouse reaches. Commercial and recreational
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shellfish beds are mapped off Lily Point. Habitat conservation areas for bald eagle (entire
reach) and harbor seal (off Lily Pont) are also mapped for this reach. Marine riparian
vegetation is limited on the western end of this reach where shoreline development is more
extensive.

26.2.4 Lighthouse
26.2.4.1 Physical Environment
Net shore-drift in the Lighthouse shore reach is east to west along the southern shore of Point
Roberts, then continues around the point at the lighthouse and goes northward to the base of the
Tsawwassen ferry terminal causeway, beyond the Canadian border. Prior to construction of the
causeway, the natural net shore-drift direction on the west shore of Point Roberts appears to
have been to the south, as discussed above in the Indicators and Response of Alterations
section. The loss of sediment from the north has led to erosion, also described above.
The construction of the Point Roberts Marina in 1977 and 1978 involved construction of an
entrance channel that blocks the natural net shore-drift cell (Johannessen 1998). The entrance
channel has a massive rubble mound jetty on both the east and west sides, that were
constructed out to MLLW. To maintain juvenile salmon migration and other habitat
functions, WDFW regulations prohibit the construction of jetties below MLLW alongshore.
A detached rubble mound breakwater was constructed approximately 200 to 450 feet
waterward of the ends of the jetties ([Ecology 2001 oblique 010524 through 113652]). The
detached breakwater was constructed to block incoming wave energy. The navigation
channel entrance was dredged to – 12 feet MLLW.
A sediment-bypass plan was implemented upon construction of the channel entrance which
involves dredging sediment that has accumulated on the east side of the east jetty and
discharging it on the west side of the west jetty (Johannessen 1998). This has been conducted
almost every year since 1977. According to a memo from project engineer Jeff Layton, between
1977 and 1991, approximately 2,500 and 4,000 cubic yards of sediment was bypassed annually
in this fashion. Maintenance dredging of the navigation channel has also occurred several times
and is planned for the coming years. Bypassing here has greatly reduced serious coastal erosion
that would have otherwise occurred without bypassing; however, it has not mitigated all
negative impacts to the beach system. A percentage of net shore-drift sediment approaching the
east jetty has accumulated in the intertidal and shallow subtidal area that has not been bypassed
(Johannessen 2001). In addition, some amount of net shore-drift sediment is likely lost to
deeper water as it drifts beyond the outer end of the east jetty. The wave shadow created in the
lee of the west jetty seems to have caused the accumulation of sediment at the upper beach, as
well as in the lower intertidal and shallow subtidal area.
This shore reach is exclusively an accretion shoreform (96 percent), excluding the modified
portions of the shore (4 percent). It is a no bank shore with abundant dune and marsh
vegetation as well as a backshore lagoon. Historically, a much larger lagoonal marsh complex
was located within the backshore (US Coastal and Geodetic Survey 1874). Shoretypes in this
reach include estuarine, and the broad sandy beaches of the spit. Beach sediment is largely
composed of sand (68.6 percent) with considerable artificial material (28.2 percent) and
minor quantities of mixed fines (3.2 percent) (Ecology 1979). Moving down-drift (north), the
backshore widens, enabling more backshore marsh and dune habitat to develop and large
woody debris to accumulate. Beach sediment becomes increasingly fine moving north,
grading from gravels with some cobbles to sand. The lower beach is composed of broad sand
flats, which extend virtually along most of the length of Point Roberts.
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26.2.4.2 Biological Resources
Shoreline vegetation along the Lighthouse reach is a mix of scattered, sparse eelgrass beds,
intermixed kelp and Sargassum, and small areas of spit berm/marsh vegetation along the dunes
and backshore. A pocket estuary is mapped in the vicinity of the marina (Redman et al. 2005),
representing a remnant of the more extensive estuarine/salt marsh wetland complex that was
originally associated with the lagoon and marsh. This pocket estuary is rated as Not Properly
Functioning due to the extent of shoreline development, bulkheads and overwater structures.
Herring spawning habitat is mapped along the entire reach, with surf smelt and Pacific sand
lance spawning just east of the marina, and along the shoreline to either side of the
southwestern most point. Commercial and recreational shellfish beds are mapped off the
western portion of the reach.

26.2.5 Boundary Bluff
26.2.5.1 Physical Environment
The Boundary Bluff shore reach falls within drift cell 1 (WH-1-1) and exhibits westerly drift
along the southern shore of Point Roberts, then continues north beyond the Canadian border
to the southern side of the Tsawasssen ferry terminal causeway. As previously mentioned in
the physical processes of the Lighthouse shore reach, prior to the construction of the
Tsawwassen ferry terminal causeway net shore-drift was likely to the south.
Currently, sediment from the bluffs in the reach supply sediment to the accretionary beaches
north of the Canadian border, while sediment derived from Lily Point area bluffs is
transported alongshore. Recent mapping by Coastal Geologic Services identified
approximately 35 percent of the shore reach as nearshore sediment sources. The remaining
shores within this reach were mapped as transport zones; neither accreting nor eroding.
A typical beach profile within the Boundary Bay reach has a bluff of 60 to 140 feet high
fronting a narrow backshore area with a storm berm and some LWD. Bluff vegetation is
typically a mix of deciduous and Douglas fir trees. There is evidence of scattered toe erosion
and landsliding in the reach. A sand and gravel high tide beach (foreshore) fronts wide sand
flats with broad nearshore bars. Beach sediment is mapped as sand (98.8 percent) with only
minor quantities of mixed fines (1.2 percent).
26.2.5.2 Biological Resources
Shoreline vegetation is predominantly eelgrass, although beds are patchy (Anchor 2001).
Herring spawning is mapped throughout the reach, with surf smelt spawning occurring along
the very southern and northern portions of the reach on sand and gravel high tide beaches.
Habitat conservation areas for bald eagle and great blue heron are also identified here. Marine
riparian vegetation occurs along much of the reach, particularly in the very north and south
ends where shoreline development is less extensive and roadways are not as close to the
shore.

26.3 SYNTHESIS
The following describes potential management actions based on inventory information.
Programmatic restoration and conservation opportunities are highlighted based on existing
ecosystem processes and functions, and preliminary recommendations are made for updating SEDs.
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26.3.1 Landscape-scale Restoration and Conservation
Alterations to nearshore processes on the Point Roberts peninsula are either very large in
magnitude, and likely irreversible, or more site-specific opportunities. Potential opportunities
are largely related to piling and relict structure removal, as well as enforcing the sediment
bypassing program around the Point Roberts marina jetties. Failing to perform these
recommended tasks will likely result in functional habitat degradation, and down-drift
erosional problems resulting from depleted sediment supplies. Construction of additional
shore structures and bulkheads along shores identified as sediment sources should be
prohibited to assure conservation of nearshore net shore-drift processes and circulation.
Long-term monitoring of the greater Lighthouse Park area and Boundary Bluffs should also
be performed to maintain awareness of the changes to these landforms that are likely related
to long-term sediment supply alterations caused by the Deltaport and Tsawwassen ferry
terminal causeways.
Other programmatic restoration opportunities involve prevention of further wetland loss and
restoration of wetlands where feasible to provide surface water storage and water quality functions.

26.3.2 Reach-scale Restoration and Conservation
Opportunities for nearshore restoration in the Maple Beach reach of the Point Roberts
peninsula are limited unless portions of the bulkhead are to be removed in the future. The
entire reach contains a vertical face bulkhead, the majority of which is in the form of concrete
seawall, with an impaired road immediately adjacent to the wall. Small lengths of the seawall
footing have been exposed in recent years (Johannessen and Chase 2005) such that removal is
unlikely. One opportunity exists in the County seawall area where an outfall crosses the
beach near the end of Elm Street. It is not known if the water receives any treatment, and this
should be determined to see if the water needs treatment. The outfall structure, short groin,
and the old pilings could be at least partially removed to create beach area and remove the
foreign material. Conservation opportunities are very limited in this reach due to the abovementioned degree of bulkheading.
Reach-scale restoration opportunities in the Lily Point reach include site-specific removal of
derelict structures and possible acquisition of properties along the toe of the bluff if they
become damaged during coastal flooding events. Removal opportunities are present at the
large accretion shoreform located just northeast of Lily Point, where an old cannery was
located (Bauer 1974). Pilings, slag piles, and various debris such as concrete pieces could be
removed from the intertidal and backshore. A row of houses/cabins with revetments is
present west of Lily Point that both cover a portion of the beach and cause sediment
impoundment. Acquisition of these properties and restoration should be a long-term goal.
This area would also benefit from restoration of marine riparian vegetation. Conservation is
key in the Lily Point reach, particularly as it pertains to maintaining and protecting high value
feeder bluffs (exceptional feeder bluffs; unbulkheaded) that supply all of the sediment for the
Maple Beach reach. The same applies to the accretion shoreforms in the reach, particularly in
the southern half of the reach, which are undeveloped and offer great recreational
opportunities, as pointed out by Bauer (1974).
The Lighthouse reach receives all net shore-drift sediment from sources further east and
conservation of the net shore-drift process is essential to maintaining nearshore habitats and
property throughout the reach. Efforts should focus on ensuring that sediment bypassing at
the Point Roberts Marina is performed according to permit conditions, some of which require
that sediment be pushed into the active foreshore. Site-specific restoration opportunities
include removal of the old telephone building and associated shore defense structures from
the southwest point of the County Park. This includes a soldier pile bulkhead and a boulder
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and debris revetment. Other derelict structure removal opportunities in the reach include two
large sets of abandoned piles north of Lighthouse Park that are in the intertidal (including by
the west end of Gulf Road). Efforts could be made to restore filled backshore marshes and
restore hydrologic connectivity with the marine environment.
Similar to the Lighthouse reach, the Boundary Bluff reach is dependent on net shore-drift
sediment from the Lily Point reach, and preservation and restoration of sediment input is also
a priority here. Restoration in the reach should be focused on site-specific removal of rock
bulkheads in the southern and central portion of the reach, where erosion does not appear to
be substantial. Conservation of healthy marine riparian vegetation, which offers morning
shade to the upper intertidal, should be carried out.

26.3.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs for Point Roberts (Table 26-1). Recommended SEDs are a mixture of Shoreline
Residential, Urban Resort, and Rural, with Urban Conservancy or Natural in select high
quality areas.
Table 26-1. Preliminary SED Recommendations, Point Robertsa
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Reach

Maple Beach
MR 26

Lilly Point
MR 26

Lighthouse
MR 27

Boundary Bluff
MR 28

A

Existing
SEDs

Recommended SEDs
Left Bank

Right Bank

Comment

Natural/
Rural/ Urban

Shoreline Residential

Dense single family residential.
Sediment movement functions
impaired – extensive shoreline
modification (bulkheads); limited
riparian vegetation where road
parallels shoreline; some sand
lance spawning

Natural/
Conservancy/
Rural

Shoreline Residential/
Natural/Conservancy

Dense residential on the west end;
largely undeveloped (rural
residential) in the east of the reach.
Functions largely intact, few
shoreline modifications, few roads
along shoreline, riparian
vegetation, extensive wetlands (48
percent), eelgrass beds, sand
lance/surf smelt/herring spawning,
harbor seal

Rural/
Conservancy/
Urban/ Urban
Resort

Shoreline Residential/
Conservancy/Urban/
Urban Resort

Some impairment of functions –
shoreline modifications (bulkheads,
over water structures, breakwater at
marina); some roads adjacent to
shoreline. Small estuary and marsh
near marina (not properly
functioning). Mix of dense single
family, multi-family and
commercial

Natural/
Conservancy/
Urban/ Rural

Natural / Conservancy/
Shoreline Residential

Undeveloped (north end) and
single/multi family residential. Few
shoreline modifications
(bulkheads); processes largely
intact, eelgrass beds, surf smelt and
herring spawning, extensive
wetlands, fringing marshes

All areas below OHWM are designated Aquatic
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27. FRASER RIVER WMU
Although the Fraser River lies completely in Canada, headwater tributaries such as the
Chilliwack River drainage reach south into the United States and Whatcom County north of
Mt. Baker and the North Fork Nooksack River WMU. There is only one area in this WMU
that is subject to shoreline jurisdiction; it is a short reach of Coultus Creek (also known as
Frost Creek) located near the US/Canada border north of Bald Mountain and northeast of
Black Mountain.

27.1 LANDSCAPE ANALYSIS
27.1.1 Aquatic Resources
Aquatic resources are primarily limited to streams, which may have associated wetlands
where landforms act to trap surface water and snowmelt. There are also a number of alpine
lakes that are likely created by debris flow dams, the largest of which are Tomyhoi Lake and
Hanging Lake.

27.1.2 Process Controls
The Fraser WMU drains the North Cascades Mountains, which are primarily of sedimentary
bedrock. Rapid folding of the bedrock has resulted in steep slopes and high elevations
throughout the WMU. Numerous peaks of approximately 6,500 feet elevation dot the
landscape, falling off to approximately 3,000 feet where streams reach the Canadian border.
Precipitation ranges from approximately 75 inches per year in lower elevations to over
100 inches in higher elevations to the east. Most precipitation falls as snow during winter
months and runs off during the spring snowmelt.
27.1.2.1 Land Use/Land Cover
Over 80 percent of the Fraser River WMU lies within Mt. Baker-Snoqualmie National Forest,
Mt. Baker Wilderness, and North Cascades National Park. These areas are expected to be
relatively pristine and are composed of unmanaged, mid- to late-seral timber. The taller peaks
within the WMU are alpine. The westernmost drainage, Cultus (Frost) Creek, lies outside of
the national forest boundary, and forestry is the primary land use.

27.1.3 Landscape Processes and Alterations
This analysis is based mainly on existing information, not detailed GIS datasets as with most
of the other WMUs. Available GIS data was not sufficient to conduct landscape
analysis/inventory for the Fraser River WMU.
27.1.3.1 Hydrology
GIS data shows very little in the way of hydrologic processes in the Fraser system.
Headwater stream reaches that lie in Whatcom County are confined with few or no associated
wetlands and floodplains, but lower elevations are within rain-on-snow zones. Loss of forest
cover in areas subject to forest practices and altered channel morphology resulting from
reduced LWD inputs (if present) may compress stormflow attenuation, but hydrology
mechanisms within Whatcom County likely have limited impact on overall basin hydrology.
27.1.3.2 Sediment
Landslide hazard is very high (31 to 40 percent unstable slopes) throughout most of the
WMU except Cultus Creek drainage, where landslide hazard is still considerable
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(23 to 31percent unstable slopes). Road density figures are not available within the national
forest/national park drainages but are expected to be low due both existing land use and
inaccessibility. Much of the Cultus Creek drainage – which lies outside the national forest
boundary – has been logged. However, road densities are low (<2 mi/mi2), suggesting limited
alteration to mass wasting.
27.1.3.3 Water Quality
No process-intensive areas or potential artificial source inputs were identified in the Fraser
WMU; water quality is not identified as a critical issue.
27.1.3.4 Organic Inputs
LWD and other organic materials are delivered to the steep headwater streams via treethrow
and mass wasting. Existing intact forest cover within the national forest and national park is
generally mid- and late-seral conifers, indicating very high LWD recruitment potential.
Outside federal lands, logging in the Cultus Creek drainage has clearcut young forest stands.
This indicates potentially impaired near-term LWD recruitment potential, although the
morphology of these smaller headwater streams would be influenced by relatively small
pieces of LWD.
27.1.3.5 Heat/Light Inputs
Land cover suggests that heat/light inputs to headwater streams are not altered, or are
minimally altered. Even in the Cultus Creek drainage, which experiences heavy logging,
existing forest land cover indicates adequate shading.

27.2 SHORELINE REACH-SCALE INVENTORY
Shorelines of the state include Cultus Creek, Damfino Creek and its tributary Quartz Creek,
Tomyhoi Creek, Silesia Creek, Ensawkwatch Creek, Chilliwack River, and Depot Creek. The
only lacustrine shoreline is Beaver Lake; these waters are all within the national forest. Cultus
Creek is the only inventoried shoreline because it is the lone stream lying within County
jurisdiction (outside federal lands).

27.2.1 Cultus Creek
27.2.1.1 Riparian Conditions
Cultus Creek is rimmed by deciduous shrubs and/or small trees with a transition to upland
forest 25 to 50 feet from the streambank. Forest stands are predominately dense stands of
small conifers that are part of actively managed forest. Near-term LWD recruitment potential
is low while shade hazard is at least moderate, although slope aspect may limit insolation
even in the absence of tall trees.
27.2.1.2 Instream Conditions
No SSHIAP morphological data or EDT habitat estimates are available for Cultus Creek.
Smith (2002) did not identify any information regarding stream habitat conditions in Cultus
Creek, and no other direct observational data were found.
27.2.1.3 Biological Resources
According to literature sources (Nooksack Natural Resources et al. 2005; WDFW 2002;
WDFW 2000; WDFW 1998), Cultus Creek does not support salmonids, including rainbow
trout, cutthroat trout or char. However, some uninventoried shoreline reaches within the
national forest/national park are known to support stocks of bull trout, coho, sockeye,
steelhead, and rainbow and cutthroat trout. With the exception of rainbow trout, which occur
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in Silesia Creek, these stocks are known to occur in the Chilliwack and may potentially occur
in other tributaries (Nooksack Natural Resources et al. 2005)
Little information is available regarding other native species. Invasive species have not been
documented, but disturbance in the drainage suggests that invasive flora may potentially occur.

27.2.2 Restoration and Conservation
Hillslope mechanisms dominate the WMU, and managing existing roads and protecting areas
from increased road density would limit downstream impacts while permitting existing uses.
Actions on Cultus Creek could include protection a 200-foot riparian corridor to encourage
long-term LWD recruitment.

27.2.3 Preliminary SED Recommendations
The landscape analysis and reach inventory provide the basis for recommending updated
SEDs (Table 23-1).
Table 27-1. Preliminary SED Recommendations,
Chilliwack River and Associated Lakes and Streams
Reach

Existing
SEDs

Recommended
SEDs

Chilliwack
River

Conservancy

Conservancy

Beaver Lake

Natural

Natural

Cultus Creek

Undesignated

Conservancy

Quartz Creek

Conservancy

Conservancy

Damfino Creek

Conservancy

Conservancy

Tomihi Creek

Conservancy

Conservancy

Silesia Creek

Conservancy

Conservancy

Ensawakwatch
Creek

Conservancy

Conservancy

Depot Creek

Conservancy

Conservancy
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Comment

No changes to existing SED designations.
Conservancy is recommended for Cultus
Creek, which was not previously listed as a
shoreline. The designation is consistent with
existing land use and presumed ecological
conditions.
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