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Executive Summary

The purpose of this assessment is to evaluate and summarize the geomorphology of the Lower
Nooksack River corriddrom Deming to Bellingham Bay. The worgast of a larger effort to develop
an integrated management plan to reduce flood ridduce system management cosasd improve
salmon habitat on the river while supporting existing land uses in the floadplai

Between Deming and Bellingham Bay, the Nooksack River traverses a relict coastal plain and glacial
landscape, continuously losing gradient and hydraulic energy. Channel perimeter materials transition
from coarse bedload gravels to figgained recent ediment and glacial outwash and drift material. As

a result, the bed and bank materials fine in the downstream direction and the channel pattern
transitions from a complex dynamic anabranching condition to a low energy meandering planform.

Over a centty of development within the floodplain and banks of the Nooksack River has resulted in
major changes in channel form and process between Deming and Bellingham Bay. Initial navigability
related projects in thenid to late-1800s including systemic wood renal and channelization began to
simplify the geomorphic character of the stream. Progressive levee and armor construction to facilitate
agricultural land useand to protect roadsbridgesand development in the floodplain following those
earlier projecs have contributed to a temporally consistent and measurable trend of geomorphic
simplification since at least the 1930s. This has included active stream corridor narrowing and channel
consolidation which resulted in continued passive narrowing due tatimeentration of stream power

into fewer channels. This in turn has both actively (due to structures such as levees) and passively (due
to channel response such as downcutting) isolated broad swaths of forested floodplain, relegating the
stream corridoito a narrower band of erodible materials aad associatedack of availability ofarge

wood for recruitment by the river Wood recruitment is currently largely characterized by repeated
recruitment of young forest, which is insufficiently robust to soggomplex habitat in channels of
amplified stream power.

These geomorphic responses to human impacts have been complicated bystpréc avulsion that
segments the river into a more established system above Everson to a younger developing system
below. As a result, the transition area between Everson and Lynden is a critical component of overall
sediment transport continuity and flood management. One major constriction below Everson marks a
location where sediment transport capacity dragusd demacates a zone where maintenance of flood
infrastructure is orgoing Future flood managemenheeds are likely to be significagiventhe nature
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of the shift in sediment transport capacity and the associated transition from an anabranching to single
thread channel pattern

The intersection of a complex geomorphic setting with a multitude of human impacts has resulted in a
system that is costly to maintain, dynamic and difficult to predict, and performing below optimal
geomorphic function for supporting hdht. Floodplain management on the river has been highly
effective in terms of adopting strategies of strategic overflow and levee setback. However, there are
additional potential projects that, when integrated withabroad scale geomorphic contesthauld

support floodplain land uses while greatly improving biotic habitats. These strategies arespesiic

and focus on measures that will demonstrably reduce costs, support flskdeduction and

accommodate robust geomorphic processes that aricatiin effective habitat generation and
sustenance in this environment.
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1 Introduction

This assessmemtas performed by a team of geomorphologists from Applied Geomorphology (AGI),
Element Solutions (Element), Northwest Hydraulic Consultants (MHEPTM ConsultindpTM) AGI
was the prime contractor, with a contract agreement with Whatcom Co#igd Control Zone District
The purpose of the assessment istmluate the geomorphology of the river corridas part of a larger
effort to developintegrated flood hazard reducth and restoration strategieand projectghat improve
ecological function while supporting existing land uses.

1.1 Study Components
This project was contracted in December 20I®e primary project tasks are as follows:

1. Task 1: Project Kickoff and IratiField Review:This task consisted of an initial meeting by the
project team in February 2017 thatcludeda reconnaissance field visit.

2. Task2: Data Compilation Existingelevant information wagompiled and reviewed, including
imagery, raw dataGGIS datasetandreports.

3. Task3: Geomorphic Analysis The geomorphic assessment of the project reach consisted of
the collection, compilation, and analysis of geomorphic ddtais included a threday field
review on the river in late July 2017.

4. Task4: Additional Geomorphic Analysis to Support Habitat AssessmeAtditional
geomorphic analyses were performed specifically to support ongoing aquatic habitat
assessments in the project reach.

5. Task 5: Additional Technical Suppoithis task was included to allow additional analyses and
project work by request.

6. Task 6: Evaluate Flood Control Strategidsis task includes evaluation of the geomorphic
response of the river to alternative floambntrol strategies.

7. Task 7: ReportingThe results of work performed to datege compiled into this reporaind
four accompanying appendices

1.2 The Project Team

Whatcom Countylood Control Zone Districttained Applied Geomorphology Inc (AGI)faes prime
contractor for this effort. AGI developed subcontractors with Element Solutions, Northwest Hydraulic
Consultants, and DTM Consulting. Primary team members include:
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1 Karin BoydL.G. AGI¢ Project management, geomorphic analysis, and deliverable
preparation

1 Paul Pittmanl.G.,Element¢ Evaluation of geomorphic process and habitat formation

Andrew Nelsonl..G. NHC¢ Sediment transport

1 Tony Thatcher, DTM Consultigg1S Support

=
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2 Project Location and Physical Setting

The Nooksack River basin encompasses about 825 squareohtheswvestern flank of the Northern
Cascades, and is the fourth largest drainage in Puget S&igut€1). The river basin has three main
forks: the North, South, @hMiddle Forks of the Nooksack Riv&he North and Middle Fork Nooksack
drainages are fed by the glaciers of the west and north flanks of Mount Baker and adjacent Peaks
South Fork Nooksack drains the foothills of the Twin Sisters Mountains asduti@vest foothills of
Mount Baker.Mount Baker is a activestratovolcano that is about 30 miles due east of Bellingham,
WA. ltis the highest peak in the Northern Cascades (10,781 ft), and the northernmost volcano in the
conterminous United States (wwwolcanoes.usgs.gov). It is a relatively young volcano; the most recent
major eruption occurred about 6,700 years ago, and was accompaniedliéikacollapse that
generatedahars (volcanic mudflows) that ran down the Nooksack River corridor. Thereameneed
signs of volcanic activity in the mi®70s, which resulted in increased monitoring on the mountain by
the USGShfww.volcanoes.usgs.apv

Mount Baker remains heavily glaciated, and is known for setting heavy snowfall. During the
winter of 19981999, the Mt Baker Ski Area, located 8 miles northeast of the volcano, recorded 1,140
inches of snowfall, which is a world record for snowfall in one season. The Mount Baker Ski Area
averages 64inchesof snowfall per yearDespite thigremendoussnowfall, the glaciers on Mt. Baker

are in retreat thiscontributes to the Nooksack being tiieurth largest watershed but theecond
largestsedimentproducer to the Puget Lowland (Czuba, J. et al., 20@8/Hen calculated as annual yield
per square mile of drainage area, the Nooksack River is the highest sediment producer of the major
Puget Sound rivers (Czuba et al., 20Figyre2).

As the upper forks of the Nooksack River reach a confluence near the toe of the mountain front they
rapidly lose gradient, forming the mainstem Nooksack River which traverses the Puget Sound Lowlands
to Bellingham Bay. The projeamtea for this assessment extends from the confluence of the North and
South Forks near Deming to the mouth of the river in BellinghamBgyrel).
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North Fork

Project Reach

Middle Fork

South Fork

Figurel. Nooksack River basin showing Project Reach from Deming to Bellingham Bay
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Figure2. Annual sediment load per square mil®r major Puget Sound rivers (Czulkeaal., 2011)
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2.1 Geologic/Glacial History
A moredetailed description of the geologic history of the area can be found in Appendix A.

The geologic timeframes relevant to the evolution of the Nooksack River are shdwblgl. By the
beginning of the Pleistocene, the major bedrock landforms of the North Cascades had largely formed.
During the next few milliogears, however, the landscape was modified by multiple glaciations by the
Puget Lobe of the Cordilleran I18&eet Figure3; Bovis, 1987). These glacial advances have strongly
influenced the modern geomorphology of the Nooksack Ri¥ke last glaciatiorfVashon)referredto

asthe Faser Glaciation in the Bellingham are@ached its peak about 17,000 years agaq during that
time much of the area was scoured by .iddeltwater channelsnundated and deposited sediment
acrosghe LowerNooksack River valley during thebsaequent glacial retregiKovanert Slaymaker

2015) This retreat is called the Everson Interstade, during which time marine conditions predominated
and a thick sequence of glaciomarine drift was depositBlde glaciomarine drift, which comprises the
clay bank exposures of Reach 4, consists of up to 200 feet of poorly to moderately sorted and poorly
compacted clay, silt, sand, and gravels with marine fo$sisie4).

Tablel. Geologic timeframes relevant to Nooksack River evolution.

Epoch Sub-epoch Approx. Age (before present)
Pleistocene 2.5Mto 11,700
Holocene (early) 11,700 to ~5,000
Holocene Holocene (late) ~5,000 to present
Modern or Anthropocene (Simon et al, 2015) ~150 years to present
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Figure3. Extent of the Puget Lobe of the Cordilleran Ice Sheet during the latest ice advance; Bellingham is
located in thetop center of the rendering (Washington DNR).
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Figure4. Location of late Pleistocene glaciomarine deposition by marbeesed ice sheet (Kovanen and
Slaymaker, 2015)
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Following the Everson Interstade, glacial rebound drove uplift, erosion, and downcutting by rivers into

the glaciomarine deposits. Dragovich and others (1997) suggest that the Nooksack River valley was then
impacted by a minor southward +&dvance of theCordilleran ice that resulted in th@on-conformable
deposition of moraines and glacial outwash over the glaciomarine deposits. This is referred to as the
Sumas advance, which is thought to have dammed up the Nooksack River valley near Deming and
overranthe clay banks siten Upper Reach @. Clark, pers. comm., 2016). The location of the eastern
edge of the ice is not clearly understood, however it appears it may have gotten close to modern

Deming, but not to the South Fork Valley. The modern Nodékslagnnel then developed as it downcut

into the glacial sediments only after the Sumas ice began to retreat and undammed the valley, which

was sometime posl3,000 years ago (D. Clark, pers. comm., 2016).

The Nooksack River currently flows through Quateyrglacial sediments draped across a broad low
gradient valley, where lonterm deposition along the main river corridor has locally perched the
channel above the surrounding floodplain. The majority of the bounding geology is Sumas stage
outwash with lecal peat accumulationg={gure5).

Figure5, Simplified geologic map of project areslhowingHoloceneage geologic units adjacent to riveorridor
(Easterbrook, 1976).
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