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Executive Summary 

The purpose of this assessment is to evaluate and summarize the geomorphology of the Lower 

Nooksack River corridor from Deming to Bellingham Bay.  The work is part of a larger effort to develop 

an integrated management plan to reduce flood risk, reduce system management costs, and improve 

salmon habitat on the river while supporting existing land uses in the floodplain. 

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 fine-grained recent sediment 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 century 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 the mid to late-1800s including systemic wood removal and channelization began to 

simplify the geomorphic character of the stream.  Progressive levee and armor construction to facilitate 

agricultural land uses and to protect roads, bridges and development in the floodplain following those 

earlier projects 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 to the concentration 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 corridor to a narrower band of erodible materials and an associated lack of availability of large 

wood for recruitment by the river.  Wood recruitment is currently largely characterized by repeated 

recruitment of young forest, which is insufficiently robust to support complex habitat in channels of 

amplified stream power.   

These geomorphic responses to human impacts have been complicated by a pre-historic 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 drops and demarcates a zone where maintenance of flood 

infrastructure is on-going.  Future flood management needs are likely to be significant given the 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 habitat.  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 within a broad scale geomorphic context, should 

support floodplain land uses while greatly improving biotic habitats.  These strategies are reach-specific 

and focus on measures that will demonstrably reduce costs, support flood risk reduction, and 

accommodate robust geomorphic processes that are critical in effective habitat generation and 

sustenance in this environment. 
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1 Introduction 

This assessment was performed by a team of geomorphologists from Applied Geomorphology (AGI), 

Element Solutions (Element), Northwest Hydraulic Consultants (NHC), and DTM Consulting (DTM).  AGI 

was the prime contractor, with a contract agreement with Whatcom County Flood Control Zone District. 

The purpose of the assessment is to evaluate the geomorphology of the river corridor as part of a larger 

effort to develop integrated flood hazard reduction and restoration strategies and projects that improve 

ecological function while supporting existing land uses.   

 

1.1 Study Components 

This project was contracted in December 2016.  The primary project tasks are as follows: 

1. Task 1:  Project Kickoff and Initial Field Review:  This task consisted of an initial meeting by the 

project team in February 2017 that included a reconnaissance field visit. 

2. Task 2:  Data Compilation:   Existing relevant information was compiled and reviewed, including 

imagery, raw data, GIS datasets, and reports.   

3. Task 3:  Geomorphic Analysis:   The geomorphic assessment of the project reach consisted of 

the collection, compilation, and analysis of geomorphic data.  This included a three-day field 

review on the river in late July 2017. 

4. Task 4:  Additional Geomorphic Analysis to Support Habitat Assessment:   Additional 

geomorphic analyses were performed specifically to support ongoing aquatic habitat 

assessments in the project reach.   

5. Task 5:  Additional Technical Support:  This task was included to allow additional analyses and 

project work by request. 

6. Task 6:  Evaluate Flood Control Strategies:  This task includes evaluation of the geomorphic 

response of the river to alternative flood control strategies.     

7. Task 7:  Reporting:  The results of work performed to date are compiled into this report and 

four accompanying appendices.   

 

1.2 The Project Team 

Whatcom County Flood Control Zone District retained Applied Geomorphology Inc (AGI) as the 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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• Karin Boyd, L.G., AGI – Project management, geomorphic analysis, and deliverable 

preparation 

• Paul Pittman, L. G., Element – Evaluation of geomorphic process and habitat formation 

• Andrew Nelson, L.G., NHC – Sediment transport 

• Tony Thatcher, DTM Consulting – GIS Support 
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2 Project Location and Physical Setting 

The Nooksack River basin encompasses about 825 square miles of the western flank of the Northern 

Cascades, and is the fourth largest drainage in Puget Sound (Figure 1).  The river basin has three main 

forks: the North, South, and Middle Forks of the Nooksack River.  The North and Middle Fork Nooksack 

drainages are fed by the glaciers of the west and north flanks of Mount Baker and adjacent peaks.  The 

South Fork Nooksack drains the foothills of the Twin Sisters Mountains and the southwest foothills of 

Mount Baker.  Mount Baker is an active stratovolcano that is about 30 miles due east of Bellingham, 

WA.  It is the highest peak in the Northern Cascades (10,781 ft), and the northernmost volcano in the 

conterminous United States (www.volcanoes.usgs.gov).  It is a relatively young volcano; the most recent 

major eruption occurred about 6,700 years ago, and was accompanied by a flank collapse that 

generated lahars (volcanic mudflows) that ran down the Nooksack River corridor.  There were renewed 

signs of volcanic activity in the mid-1970s, which resulted in increased monitoring on the mountain by 

the USGS (www.volcanoes.usgs.gov).   

Mount Baker remains heavily glaciated, and is known for record-setting heavy snowfall.  During the 

winter of 1998-1999, 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 641 inches of snowfall per year. Despite this tremendous snowfall, the glaciers on Mt. Baker 

are in retreat; this contributes to the Nooksack being the fourth largest watershed but the second 

largest sediment producer to the Puget Lowland (Czuba, J. et al., 2011).  When 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., 2011) (Figure 2).  

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 project area for this assessment extends from the confluence of the North and 

South Forks near Deming to the mouth of the river in Bellingham Bay (Figure 1). 

 

http://www.volcanoes.usgs.gov/
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Figure 1. Nooksack River basin showing Project Reach from Deming to Bellingham Bay. 

 

Figure 2.  Annual sediment load per square mile for major Puget Sound rivers (Czuba et al., 2011) 
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2.1 Geologic/Glacial History 

A more detailed 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 shown in Table 1. By the 

beginning of the Pleistocene, the major bedrock landforms of the North Cascades had largely formed.  

During the next few million years, however, the landscape was modified by multiple glaciations by the 

Puget Lobe of the Cordilleran Ice Sheet (Figure 3; Bovis, 1987).  These glacial advances have strongly 

influenced the modern geomorphology of the Nooksack River.  The last glaciation (Vashon), referred to 

as the Fraser Glaciation in the Bellingham area, reached its peak about 17,000 years ago, and during that 

time much of the area was scoured by ice. Meltwater channels inundated and deposited sediment 

across the Lower Nooksack River valley during the subsequent glacial retreat (Kovanen & Slaymaker, 

2015).  This retreat is called the Everson Interstade, during which time marine conditions predominated 

and a thick sequence of glaciomarine drift was deposited.  The 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 fossils (Figure 4).  

 

 

Table 1.  Geologic timeframes relevant to Nooksack River evolution. 
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Figure 3.  Extent of the Puget Lobe of the Cordilleran Ice Sheet during the latest ice advance; Bellingham is 

located in the top center of the rendering (Washington DNR). 

 

Figure 4.  Location of late Pleistocene glaciomarine deposition by marine-based 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 re-advance of the Cordilleran ice that resulted in the non-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 

overran the clay banks site in Upper Reach 4 (D. 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 Nooksack channel then developed as it downcut 

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

was sometime post-13,000 years ago (D. Clark, pers. comm., 2016).  

The Nooksack River currently flows through Quaternary glacial sediments draped across a broad low 

gradient valley, where long-term 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 local peat accumulations (Figure 5). 

 

Figure 5,  Simplified geologic map of project area showing Holocene-age geologic units adjacent to river corridor 

(Easterbrook, 1976). 
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2.2 Historic Flow Paths of the Nooksack River 

The mainstem Nooksack River expresses several geomorphic and hydrologic complexities due to shifts in 

streamflow routing that have occurred within geologic, recent, and modern time frames.  These routes 

include a primary Holocene flow path into the Sumas Basin and Fraser River, modern overflows to the 

Sumas Basin in the same area, and Lummi Bay connectivity in the 1800s.  

2.2.1 Flows into the Sumas Basin—late Holocene 

As described in Appendix A, there is evidence that the river flowed north into the Sumas Basin into 

British Columbia during the Late Holocene (Figure 6).  In fact, geologic and archaeological evidence 

indicates that the Nooksack River flowed through the Sumas Valley and into the Fraser River as recently 

as several hundred years ago (Maudlin and Stark, 2007; Cameron, 1989).  Since then, a major avulsion is 

interpreted to have occurred near Everson, rerouting the lower Nooksack River from the Sumas Valley 

and Fraser River watershed into a relict glacial outwash channel (Pittman and Maudlin, 2003; Hutchings, 

2004).   

 

 

Figure 6.  Nooksack River map showing drainage network prior to avulsion (left) and post-avulsion (right) 

avulsion site near Everson is circled. 
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2.2.1 The Everson Overflow  

One major aspect of the geomorphology of the Lower Nooksack River is the persistence of the Everson 

Overflow, which relates to the late Holocene avulsion event described above.  This overflow, which 

intermittently occurs on the north bank of the river at Everson, is located in the general area of the 

earlier avulsion, and marks a location where high flows overtop the banks of the Nooksack River and 

continue northward into the Sumas Basin and British Columbia (Figure 7).  The overflow is significant in 

that it affects downstream flooding both to the west in the Nooksack floodplain and to the north into 

the community of Sumas and into Canada.  

 

Figure 7.  Map showing area of Everson Overflow paths to Sumas Basin (Whatcom County) 

The overflow path begins at Everson Main Street and generally follows the Holocene age pre-avulsion 

path of the river, ending about 1900 feet downstream of the international border (Franz and others, 

2012).  Major overflows tend to be infrequent; KCM (1995) described a total of 18 documented 

occurrences of water overtopping the divide between 1803 and 1990 with the largest historic 

overtopping event likely occurring in January 1935 based on historic flooding accounts reported in the 

Sumas Prairie.  The most severe recent flooding occurred during the Veterans Day flood of November 

1990, when an estimated 5,925 cfs flowed through the Everson Overflow to Sumas (Franz, 2005).  

During that event, Sumas overflows flooded the TransCanada Highway for about 26 hours, with 
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reported damages in Canada reaching $1.5 million (unadjusted).  The City of Sumas reported $5.2 

million in damages (USACE, 1991). 

Determining the Nooksack River flow conditions that initiate overflows has proven challenging due to 

both data limitations as well as changing river conditions.  For example, initial estimates by KCM (KCM, 

1995) indicated that overflows were occurring at progressively lower discharges through time, becoming 

initiated when flows at Deming were about 40,000 cfs in the 1960s, 35,000 cfs in the 1970s, and at 

about 25,000 during the 1990 flood.  It is unclear whether this actually marks an increased frequency of 

overtopping due to sediment deposition at Everson, or if it reflects poor discharge estimates due to an 

unreliable rating curve. 

The KCM (1995) discharge estimates at Deming are quite different than those calculated by Franz 

(2005), who estimated historic flood magnitudes and flood frequencies for the Nooksack River at 

Ferndale, Everson Main Street, and Deming.  Franz (2005) concluded that the flood record at Deming 

was unreliable and likely to create large errors in discharge estimates and flood frequency 

determinations.  Furthermore, using the gage record downstream at Ferndale to directly determine 

overflow triggers and frequencies was inappropriate as well, as some of those flows were affected by 

overflows at Everson and some were not.  Ultimately, Franz (2004) applied an unsteady flow model of 

the river to predict the peak flow at Deming using calibrated data from the Ferndale gage (Franz, 2004).  

This relationship was then used to create an annual peak-flood series at Deming using the Ferndale data 

with the overflows taken into account.  Based on these results, the November 1990 event was given an 

estimated peak discharge of 62,920 cfs at Deming, and a return period of 50 years (Franz, 2005).  In 

contrast, KCM’s estimate of the 1990 flood peak was 35,100 cfs (KCM, 1995), which is about 56% of the 

peak estimated by Franz (2005). 

Franz (2005) concluded that, at that time, Everson overflows began as flows exceeded about 45,700 cfs 

at Deming.  He also concluded that the peak flow at Deming that initiates overflow at Everson Main 

Street has a return period of 7.6 years.  In contrast, KCM (1995) stated that overflow began in 1990 

when the Nooksack River reached between 25,000 and 28,000 cfs at Deming. 

The wide range in results described above demonstrates how difficult it is to estimate the Nooksack 

River flows necessary to initiate overtopping at Everson at any given time.  In an attempt to improve the 

accuracy of flow measurements upstream of Everson, the Deming gage was retired in October 2005, and 

a new gage was installed 4.7 miles downstream at the Mount Baker Highway Bridge (Nooksack River at 

North Cedarville, USGS 12210700).  This gaging station provides the most current discharge 

measurements upstream of the Everson overflow.   

Table 2 summarizes the data available for this assessment regarding overflow triggers at Everson.  Flood 

peaks were compiled from Ferndale, Deming (estimated by Franz, pre- 2005), and North Cedarville 

(measured post-11/25/2004); only those exceeding 30,000 cfs are included.  The overtopping records 

include identified events listed by Franz (2005) as well as reports from Whatcom County Flood Control 
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Zone District (Whatcom County, pers. comm).  These results are plotted in Figure 8, showing 

overtopping and non-overtopping events since 1945.   Also shown on Figure 8 is the 45,700 cfs 

overtopping threshold reported by Franz (2005).  The results of this data compilation suggest that the 

45,700 cfs threshold has been sustained through time, with the exception of the last two large events 

(Nov 2015 and Nov 2017), when the Everson Overflow was apparently activated at flows less than 

45,700 cfs. 

 

Table 2.  Nooksack River flood events exceeding 30,000 cfs at Deming or North Cedarville with observed 

overtopping events noted. 

Year 
Peak Discharge 

Ferndale 
Estimated Discharge 
Deming (Franz, 2005) 

Peak Discharge 
North Cedarville  Overtopping? 

  (cfs) (cfs) (cfs)   

1945              41,600                              49,857    

1951              55,000                              61,497    

1955              35,000                              43,339    

1961              30,800                              37,892    

1971              38,100                              46,817    

1975              46,700                              54,287    

1979              36,400                              45,154    

1983              34,200                              42,301    

1984              41,500                              49,770    

1986              36,000                              44,636    

1989              47,800                              55,476    

1990              57,000                              62,920    

1995              47,200                              52,830    

1997              38,100                              46,817    

2003              39,900                              48,380    

2004              42,300                                                       52,900   

2006              38,100                           56,300   

2009              51,700                           50,700   

2010              38,300                           44,900   

2011                           30,100   

2015              27,000                           40,800   

2017              22,300                           38,000   
*Only peaks over 30,000 cfs at Deming or North Cedarville are shown 
**Overtopping events from Franz (2005) and Whatcom County (pers comm) 
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Figure 8.  Overtopping events at Everson (circles) showing Nooksack River discharge (Deming or North 

Cedarville); uncircled triangles depict other flows over 30,000 cfs where no overtopping was documented.  

Preliminary 11/23/2017 discharge estimate ranges from 34,000 to 42,000 cfs. 

The estimated peaks at Deming listed in Table 2 are based on the correlations developed from an early 

flood model (Franz, 2005). Since then, Franz (2012) used an updated Flood Insurance Study model of the 

Lower Nooksack River to update his Everson Overflow calibration. The upgrades from the 2004 model 

included the integration of much better topography, including LiDAR and 2006 bathymetry.  Franz noted 

that the updated model also had much more data to use in calibration than had been available in 2004, 

including over 200 high-water marks, stage measurements at Everson, and floodplain gages.  The 

overflow calibration was performed using floods from 1990, 2003, 2004, 2006, and 2009, and flow data 

from both the Deming and North Cedarville gages.    As these data are better analyzed, better overflow 

trigger discharges may be developed. 

It is also important to recognize the uncertainties and temporal shifts in channel conditions at any given 

time.  For example, in his 2012 model calibration of Everson overflows, Franz noted that river movement 

created major challenges in building and calibrating a model between Lynden and Everson (Franz, 2012).  

Although lateral channel migration in this reach is minimal, calibration required shifting of the channel 

bed elevation from the model, and Franz (2012) wrote that “without an invert shift, the main channel of 

the Nooksack was unable to convey water at an elevation that would produce the observed overflow 

high-water marks and peak time-series stages at Everson Main Street”.  These changes in bed elevation 

also affect water surface elevations upstream at the Everson Overflow point an area where bank erosion 
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is more common, further complicating the calibration effort.  However, this calibration effort should 

help define overflow dynamics as the model continues to be updated and refined. 

The increased overflow activity in recent years is supported by unpublished data from a recent USGS 

study that identified 2006-2013 aggradation/degradation patterns based on a comparison of LiDAR 

surfaces and cross sections (Anderson, et. al., 2018).  The USGS results show that between Deming and 

Bellingham Bay, the greatest increase in mean bed elevation has occurred at the point of overflow at 

Everson, where, from 2006 to 2015, over a mile of channel showed average bed elevation increases of 

one to three feet (Figure 9).  The USGS has also evaluated specific gage trends at several locations 

throughout the watershed, and hypothesized that the temporal trends at the gages collectively depict 

changes that propagate downstream, and that a long wave length pulse of sediment, which is related to 

long-term climatic trends, could be affecting the stage and the relative discharge at which overflow 

occurs (Anderson, et. al, 2018).     

 

Figure 9.  Estimated mean vertical change in bed elevation from 2005/2006 to 2013/2015; red colors indicate 2-3 

feet mean increase.  Modified from USGS (Anderson et al, 2018). 

Figure 10 shows the Everson Overflow routes in terms of magnitude and location (Nooksack River 

International Task Force, 2003).   This interpretation of flow paths indicates that while the first overflows 

to initiate are closer to Everson, the strongest overflows are located upstream of the constriction 
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created by the Twin View Levee (large black arrows).  The map also shows relative elevations based on 

LiDAR data, with warm colors representing relatively high ground. 

In 2003, the Nooksack River International Task Force (NRITF) reported that north bank erosion at 

Everson was increasing the threat of an avulsion (major channel relocation) of the Nooksack River to 

Sumas and Abbotsford BC. This process was considered to have a 1 in 500 annual probability, but the 

NRTF was concerned that bank erosion was lowering the drainage divide between the Nooksack and 

Sumas basins, effectively lowering the divide, and increasing the likelihood of flows into the Sumas 

(Figure 10).  Selective bank stabilization projects have since been implemented to help arrest additional 

lowering of the drainage divide.  One of these projects, referred to as Riverberry, blocks a major 

floodplain channel that has been mapped as a historic avulsion node (Appendix A).  Farther 

downstream, the Van Dellen project is located on relatively high ground but was a location of major 

erosion concern in 1997 (NRITF, 2003).  The majority of the right bank is currently armored through the 

overflow reach, with the exception of about a 2,000 ft gap just downstream of the Van Dellen project.  

An assessment of the condition of this armor was unavailable for this effort. 

Ultimately, the main issue associated with the Everson Overflow is the potential for increased 

frequencies, volumes, and/or durations of overbank flows into the Sumas Basin and its communities due 

to changing conditions.  Although a complete avulsion may still be possible, it is a remote possibility 

relative to other issues at hand. 

The Everson Overflow area is probably the most complicated section of the Lower Nooksack River with 

respect to its intersecting influences of hydrology, hydraulics, geomorphology, and management. This 

area is described in this report as the geomorphic transition between Lower Reach 4 and Upper Reach 3, 

and is discussed in detail in later sections of this report.   
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Figure 10.  Relative Elevation Map of Everson Overflow reach showing armor, levees, and primary overflow 

paths in order of activation.  Overflow paths (black arrows) are from Nooksack River International Task Force 

mapped locations/magnitudes of overflows (NRITF, 2003). 
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2.2.2 Flows into the Lummi River and Lummi Bay—pre-1860 

Another important flow split is located below Ferndale as the river approaches Bellingham Bay.  In this 

area, the river has historically shifted between its current course into Bellingham Bay to the Lummi River 

into Lummi Bay.  Prior to 1860, the majority of the flow entered the Lummi River and Lummi Bay, but 

alterations to a large log jam called the Portage Jam shifted flows to the lower Nooksack River (TWC et 

al., 2015).  Currently, the Lummi River is mostly disconnected from the Nooksack River by a levee 

system, receiving occasional high flows through a culvert (USACE and WDFW, 2016).  Flow is currently 

initiated in the Lummi River when the Nooksack River exceeds approximately 9,600 cfs (TWC et al., 

2015).    

 

 

Figure 11.  Early boundary survey (1850s) showing main Nooksack River flow path into Lummi Bay (Brown and 

others, 2005). 

 

2.3 Flood History and Potential Impacts of Climate Change 

Most flooding on the Nooksack River occurs between late October and February, driven by heavy winds 

and rain falling on a transient low elevation snowpack often with soils near saturation from earlier storm 

events.  A workup of the flood history for the USGS Gaging station at Ferndale (USGS #12213100) is 

shown in Figure 12, as well as estimated peaks for many of those events at Deming (Franz, 2005) and 
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more recent data from the North Cedarville gage.  For all of the events except the 2009 flood, the flows 

at Ferndale are less than those upstream, reflecting the influence of Everson overflows and floodplain 

storage on flood peaks.    Franz (2005) calculated flood frequencies and peak flows at Deming and 

showed that since 1975, the estimated Q10 of 48,634 cfs was exceeded only during the November 

floods of 1990 and 2006. All of the annual peak floods occurred between late October and mid-January.  

The Everson Overflow gage is a seasonal gage height station that has been active between October 1 

and April 1 since 2013.  Although no Nooksack River floods have exceeded a peak flow of 30,000 cfs at 

Ferndale since December 13, 2011, there have been three overflow events recorded at Everson since fall 

2013 (Figure 13).  These events occurred in mid-December 2013, late February 2014, mid-November, 

2015, and mid-November, 2017. 

 

Figure 12.  Dates and magnitudes of annual peak discharges that exceeded a 2-year event at Ferndale, showing 

corresponding peaks at Deming (estimated by Franz, 2005) and North Cedarville. 

Although annual peak discharge helps provide a context for flood history, the Nooksack River is capable 

of multiple flood events in a given year that have the potential to do major geomorphic work on the 

system.  To assess the potential influences of multiple floods in a single year, the mean daily flow data at 

the Ferndale Gage were evaluated with respect to the dates during which the instantaneous 4-year flow 

was exceeded on a mean daily basis.  For the 40 years from 1975 to 2015, whereas there were 14 annual 

peak flow events that exceeded the 4-year discharge at Ferndale, there were 20 days during which the 

four-year flow was exceeded using the mean daily flow data (Figure 14).   These results show that the 

mean daily flows, which are typically lower than instantaneous peak discharges, exceeded the Ferndale 

4-year flood magnitude over six days during three discreet events between November 1989 and 

December 1990.  These sequential events represent the most intensive flood period on the river since 

1975 that had the capacity to impart a large amount of geomorphic work on the river system. 
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Figure 13.  USGS stage record for Nooksack River Overflow at Everson showing overflow events for the period of 

record. 

 

 

Figure 14.  Dates and magnitudes of mean daily flow events that exceeded the 4-year flood discharge, Nooksack 

River at Ferndale. 
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Other historic floods that caused extensive damage in the system include the floods of 1909, 1932, 

1935, and 1951 (KCM, 1995).  Of special note is the flood of February 27, 1932, which was estimated at 

49,300 at Deming (USGS 12210500).  Although flow records at Deming are considered largely unreliable, 

this flood is recorded as the historic peak event. KCM (1995) estimated this flood at a 100-year event, 

and reported that 4,500 cfs flowed through the Everson Overflow to Sumas.  This flood is important to 

the geomorphic evaluation, as the earliest air photos used in this assessment are from 1933. 

 

2.3.1 Potential Climatic Influences on Hydrology and Sediment Delivery 

Recent modeling of the hydrologic ramifications of climate change on streamflow in the Nooksack River 

basin projects increases in temperature and variable changes in precipitation, which will likely result in 

increased winter flow, decreased summer flows, decreased snowpack, and a shift in the timing of peak 

spring runoff to earlier in the year (Dickerson, 2010). 

In his thesis research at WWU, Ryan Murphy modeled the effects of climate change on late summer 

streamflow in the Nooksack River basin (Murphy, 2016).  His simulations, which were run through the 

end of the 21st century, predicted that more rain on snow events would more than double median 

winter stream flows by 2075.  In contrast, median summer flows are predicted to drop by more than 

half due to decreased area and volume of snowpack, with spring runoff occurring earlier than at 

present.  Glacial retreat will result in ice melt that currently plays a major role in sustaining summer 

baseflows in the North and Middle Forks.   As the glacial ice volume reduces, the ice melt contribution 

will drop dramatically in the latter half of the 21st century.    

A summary of the anticipated impacts of climate change on the Nooksack River as produced by 

Floodplains by Design and The Nature Conservancy is shown in Figure 15 (FbD and TNC, 2018).  The 

anticipated changes are substantial as they relate to precipitation, snowpack, flood magnitude and 

timing, and temperature.  They indicate an anticipated increase in typical annual peak stream flows from 

less than 25,000 cfs to 32,000 cfs (Figure 16) as well as a shift in the timing of the highest mean monthly 

flows from May to January.  Sea level rise is expected to increase the extent, depth, and duration of 

coastal flooding.  This summary is based on recent work by Mauger et al., (2015), Mastin et al., (2016), 

Miller et al., (2018) and Isaak et al., (2016).   
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Figure 15.  Summary of anticipated climate change impacts on the Nooksack River (FbD and TNC, 2018). 

 

Figure 16.  Projected changes in peak annual flows on Nooksack River from historic conditions (left) to the mid-

21st Century (right) (FbD and TNC, 2018) 
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Effects of climate change are likely to modify both sediment production and transport mechanisms in 

the Nooksack Basin due to increased increasing precipitation intensity and landcover changes. Increased 

surface erosion and mass wasting may occur in response to greater exposure of alpine slopes to 

precipitation and loss of glacial buttressing, and bank erosion is likely to increase with increased 

streamflow. Quantitative predictions of the change in sediment yield under climate change scenarios 

have not been produced for the Nooksack Basin, but flow and sediment modeling on the adjacent Skagit 

River, which has similar basin characteristics, have shown a possible six-fold increase in the total 

sediment load during the winter high-flow period by the 2080s (Lee, Hamlet, and Grossman, 2016). This 

would result in increased turbidity and suspended sediment concentrations, and increased bed material 

transport rates. Increased flow and bed material sediment transport would be expected to modify the 

channel geometry and planform and reduce lateral channel stability.  

As the Lower Nooksack River is geomorphically responsive to the amount, timing, and patterns of water 

and sediment delivery from upstream, these anticipated changes will require strong consideration in 

management strategy development and implementation, as well as planning for the long-term 

maintenance of structural options that are chosen. 

2.3.2 Pacific Decadal Oscillation (PDO) 

KWL (2008) noted that observed trends in peak flow on the Nooksack River since 1950 appear to 

correlate with shifts in the Pacific Decadal Oscillation (PDO).  The PDO is generated by changes in sea-

surface temperatures similar to El Niño, and the phenomenon affects precipitation in western North 

America.  Individual PDO phases tend to last about 23-35 years, creating 50-70 year cycles.  Cool PDO 

phases occurred from 1890-1924 and from 1947-1976, whereas warm PDO phases, which tend to 

coincide with increased peak instantaneous flows, occurred from 1977 through the mid-1990s.  The 

most recent shift occurred in 2014 and is currently in a warm phase.  Anderson and others (2018) 

showed that patterns of aggradation and degradation correlate to climatic trends, with persistent 

incision following cold wet periods, and aggradation following extended warm dry periods.   

 

2.4 Historic Land Use Changes 

Timber resources in the Nooksack basin drove Euro-American settlement in the mid-1800s, with some 

agricultural and mining development.  Floodplain clearing within the project area was very active by the 

1890s, and by 1925 almost all of the lower mainstem and delta forests had been converted to 

agriculture (Nooksack Tribe, 2016). 

Several groups of Native Americans had aboriginal territory in the Nooksack River basin, primarily the 

Nooksack, Semiahmoo, Skalakhan, and Lummi peoples (KCM, 1995).  Many winter villages were located 

in elevated areas near the Nooksack River, and the river was used as a trade and travel route, commonly 
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requiring overland portage around debris jams and rapids (KCM, 1995).  The tribes in the area were 

relocated to reservations following the Treaty of Point Elliot in 1855.  As part of the Indian Homestead 

Act, many Nooksack people were able to stake claims within their traditional lands in the 1870s (KCM, 

1995).  Lummi Nation and Nooksack Indian Tribe are currently the two federally recognized tribes within 

the watershed that have salmon co-management authority (shared authority) with the State of 

Washington for their usual and accustomed areas (U &A) including the Nooksack River watershed.   

The onset of non-Indian settlement began in the late 1820s when the Hudson’s Bay Company arrived at 

Fort Langley on the Fraser River to promote fur trading.  About 30 years later, the Fraser River gold drew 

thousands of miners to Nooksack territory, with miners arriving at Whatcom (now Bellingham) as part of 

their overland route to Canada (Howay, 1914).  In general, however, valley settlement was hampered by 

massive logjams on the river, dense forest, and marshy terrain.   

2.4.1 Wood Removal 

Shortly after the war of 1812, Secretary of War John C. Calhoun recommended that “the Corps of 

Engineers be directed to improve waterway navigation to facilitate movement of the Army while 

contributing to national economic development” (Burke, 2001).  This prompted extensive wood removal 

of rivers in the lower Mississippi River watershed over the next several decades.  When steamboats 

began arriving by the mid-1850s, interest grew in wood removal projects in the Pacific Northwest.  

Initially, several projects were undertaken to clear two large Skagit River logjams.  This was considered 

highly successful, and in 1883, a large snagboat named Skagit was built on Bainbridge Island; this boat 

spent years improving and maintaining navigation on the Skagit, Stillaguamish, Nooksack, Snohomish, 

and Snoqualmie Rivers (Burke, 2001).  According to Burke (2001), the Skagit snagboat was trapped by 

ice in the Nooksack River for nearly a month in 1907. 

Log jam removal was the first major human impact to the Nooksack River in the late 1870s to improve 

navigability.  Prior to that time, the river emptied into both Lummi and Bellingham Bays depending on 

logjams (USACE and WDFW, 2016; Figure 11).  The logjam removal allowed steamboat service and drove 

economic development.  Sawmills and canneries were developed, and major crossings were established 

at Ferndale, Guide Meridian Road, and Hannegan Road.  The railroad arrived in 1890, further driving 

development, including clear cutting of valley forests by 1914 (KCM, 1995).  The earliest log jams that 

were cleared were naturally forming.  As logging expanded in the basin, the river was used to transport 

the wood down river, creating massive jams that impeded navigation.  The logs were then collected at 

the mouth of the river at a piling boom, and jams in the 1890s and 1900s were at least in part caused by 

the booms (Collins and Sheikh, 2004). 
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Figure 17.  Snagboat Swinomish in Lake Washington, 1916 (Puget Sound Maritime Historical Society). 

The following timeline developed by Deardorff (1992) and other local historians describes the historic 

conditions on the Nooksack River and provides additional context as to the geomorphic history of the 

system.  

• Early 1800s: a logjam blocked the river's passage to Bellingham Bay and the river terminated via the 

Lummi River into Lummi Bay. To get past the jam, people had to exit their canoes and walk around.  

• 1877: People living along the river raised money to have the logjam removed and clear the channel to 

Bellingham Bay. Soon after, steamer traffic started up the river from Bellingham, and logging companies 

used it as a sluice.  

• 1890: Bellingham Bay Boom Co. constructed a piling boom across the channel in Bellingham Bay to 

collect logs as they came down. The U.S. Supreme Court later ruled that the boom illegally blocked the 

river's mouth, but by then the company was broke. Remnants of the boom still exist in the bay.  

• 1897: Logjams that formed at the mouth of the river blocked traffic. Congress approved spending 

$90,000 to clear the channel.  

• 1901: Despite efforts to remove the logjams, they kept growing, reportedly reaching more than a mile 

up the river.  
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• 1908: Newspapers reported the river's channel was once again clogged and that an unknown event 

had forced a new passage a mile east of the former outlet.  

Figure 18 shows a map of the extent of log jams mapped below Ferndale in 1903 and following removal 

in 1904. 

Between 1935 and 1940, the Works Progress Administration (WPA) spent $378,000 on Nooksack River 

improvements, most of which consisted of bank protection and clearing of snags (KCM, 1995).  

Subsequent to the mid-1900’s, continued land use changes included riparian clearing for agricultural 

development, draining, levee construction, and removal of large wood from the system (Figure 19). 

The influence of wood removal on river geomorphology cannot be understated.  According to Wohl 

(2014), “Removal of the natural wood rafts likely forced many rivers from a multi-thread planform with 

high channel-floodplain connectivity into an alternative stable state of single-thread channel with 

substantially reduced overbank flow, sedimentation, and avulsions.” 

 

Figure 18.  Map of lower Nooksack River log jam before clearing in June 1903 and following clearing in June 

1904; jam areas are highlighted in red (Collins & Sheikh, 2004). 
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Figure 19.  Burning of woody debris piles in Reach 4, 1971 (Whatcom County). 

2.4.2 Draining and Diking 

Impacts to the Nooksack River Delta have included the draining and diking of over half of its estuarine 

and tidally-influenced riverine wetlands in support of agricultural development (USACE & WDFW, 2016).  

Wetlands have been actively leveed, filled, and drained.  The floodplain has lost 64% of its tidal and 

estuarine wetlands since 1888, and more than half of the remaining acreage is hydrologically 

disconnected by dikes, roads, and tide gates.  Brown et al. (2005) noted that diking and agricultural 

development on the Lummi Bay delta has resulted in the loss of significant fish habitat in that area.  

Between Everson and Marietta, 31 square miles of floodplain sediment storage area that historically was 

dominated by freshwater wetlands have been isolated by dikes (Brown et al., 2005). 

Upstream of Ferndale, floodplain drainage systems are extensive.  Just southwest of Lynden, for 

example, Whatcom County Consolidated Drainage Improvement District #1 (CDID #1, 2011) is located 

on the Nooksack River floodplain and includes the Fishtrap Creek sub-basin (CDID#1, 2011).  The total 

area of CCID #1 is 1,588 acres, and it contains no natural watercourses, although some channels retain 

natural features such as meanders but have been cleared or dredged in the past.  To that end, it has 

almost seven miles of modified watercourses (Fishtrap Creek, Duffner Ditch and tributaries), as well as 

almost four miles of maintained constructed watercourses (Figure 20). There are 8 floodgates in CDID 

#1.  On the south side of the river, Consolidated Drainage Improvement District #21 (CDIC #21) 

encompasses 5,944 acres and with Scott Ditch as its primary watercourse.  Although no natural, 

unmodified, watercourses exist in CDID #21, it has almost 12 miles of modified (originally natural) 

watercourses, about 10 miles of which are actively maintained.  CDID #21 also has over 24 miles of 

constructed watercourse.     
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Figure 20.  Example Modified Natural Watercourse (CCID #1) 

 

 

Figure 21.  General Land Office Survey map (1872) showing broad historic wetland areas currently within CDID 

#1; note that Fishtrap Creek flows southwest through district entering Bertrand Creek (CDID #1, 2011). 
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2.5 Sediment Management 

As described in Section 2, the Nooksack River basin produces the largest amount of sediment per square 

mile of drainage area of all major Puget Sound rivers.  As a result of its high sediment load, the Nooksack 

delta has experienced the dramatic delta growth, due to both high rates of sediment delivery and low 

hydraulic energy in Bellingham Bay.  Bathymetric chart comparisons estimate 164 million cubic yards of 

deposition in Bellingham Bay between 1855 and 1992 (Brown et al., 2005).  Shoaling in the delta has 

been a long-term issue, as exemplified by the following quotes (Brown et al., 2005): 

“In view of the damage being done to the navigable waters of Bellingham Bay by the 
deposits brought down by the Nooksack River, the people of Whatcom as anxious to make 
the necessary surveys and restore the waters of that river to their original channel” (Wm. 
Prosser 1892, on the sediment accumulation in the bay following the channel avulsion 
from Lummi Bay). 

“Very extensive shoals or flats extend out from its mouth. A small boat cannot get into the 

river at low tide. The shoal portion of the channel extends from the swampy islands (south) 

of the mouth until well out toward deep water. Once inside the river it is deep enough as 

far up as (Ferndale)” (Gilbert 1887, from the coastal survey). 

 

Several decades ago, sand and gravel mining operations began to capitalize on the high sediment loads 

in the Nooksack River (Figure 22).  KWL (2008) compiled gravel removal records from 1960 to 1977, and 

the results show a pre- 1990 peak extraction rate of 150,000 yd3 per year in 1972, followed by a second 

major expansion during the early 1990s which peaked at over 250,000 yd3 per year in 1991.  Whatcom 

County reported in 1994 that river extraction occurred primarily on the bars of the Nooksack River 

between Deming and Lynden, and that as of March 1993 a total of 34 gravel bars had approved status 

for extraction (Whatcom County, 1994). Gravel mining ended in 1997.  No records have been compiled 

for any extractions prior to 1960. 

As the estimated annual gravel load is 125,000 yd3 per year (± 50,000 yd3, KWL 2008), the extraction 

volumes nearly met or exceeded the estimated load at least six times. 
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Figure 22.  1960-1997 annual gravel removal volumes, Nooksack River (KWL, 2008). 

 

In 1995, a channel capacity study of the river was performed to identify how much material would have 

to be removed to contain flood flows within the streambanks (KCM, 1995).  The study focused on the 

reach between Nugent’s Corner and Lynden (Lower Reach 4 and Reach 3).  The results used the Channel 

Improvement Option (CHIMP) of HEC-2, and simulated extractions that would keep various peak flows 

about 1.5 feet below the top of bank.  Results indicated that over the entire study distance between 

Lynden and Nugent’s Corner, excavations would range from 2.7 million cubic yards for a 5-year event to 

11.4 million cubic yards of extraction for a 100-year event.  This is more than ten times that maximum 

historic annual removal amount, which occurred prior to the listing of three Nooksack River salmonid 

species under the Endangered Species Act. 

As noted above in Section 2.3.1, sediment inputs to the Nooksack may increase in the future related to 

climate change and associated changes to hydrology, snow cover, mass wasting, and sediment transport 

capacity of the river. 

 

2.6 Fish Populations 

The Nooksack River has experienced major reductions in fish populations with human development.  

The basin supports nine species of salmonids that are represented by more than 20 distinct stocks, each 

of which are separated by their run timing and spawning location (USACE & WDFW, 2016). Three of the 
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anadromous species found in the Nooksack River system are listed as Threatened under the Endangered 

Species Act:  Puget Sound Chinook, Puget Sound winter and summer run steelhead, and Coastal/Puget 

Sound bull trout (USACE & WDFW, 2016).  Other anadromous salmonid species in the Nooksack 

watershed include riverine sockeye, coho, even-year and odd-year pink and chum salmon, resident 

rainbow trout, and coastal and resident cutthroat trout.  Runs of all of these species have suffered major 

declines from historic levels. 

The Nooksack Basin hosts the WRIA 1 Salmon Recovery Program, which is an effort that supports a 

vision of restoring self-sustaining salmonid runs to harvestable levels (www.salmonwria1.org).  The 

strategies being pursued by the program include securing fish passage, restoring habitat, integrating 

recovery needs with floodplain management and land use regulation, establishing in-stream flows, 

restoring estuarine and nearshore environments, restoring and reconnecting isolated habitats, and 

establishing a gene bank and broodstock program as an interim measure to preserve the unique genetic 

characteristics of South Fork Chinook. 

 

  

http://www.salmonwria1.org/salmonrecovery
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3 Other Relevant Planning Efforts and Studies  

The following section describes selected planning efforts and studies that are most relevant to this 

geomorphic assessment.   

3.1 Planning Efforts 

Numerous planning efforts on the Lower Nooksack River have been undertaken to help address severe 

flood damages that tend to be focused in this portion of the river.   

3.1.1 Comprehensive Flood Hazard Management Plan (CFHMP) 

The Lower Nooksack River CFHMP of 1999 was developed by the Whatcom County Flood Control Zone 

District (FCZD) to identify flood risks and opportunities to reduce those risks.  The plan is currently being 

updated to address and include agricultural and fisheries needs.  The Whatcom County River and Flood 

Division has developed a Floodplain Integrated Planning (FLIP) team to assist in those plan updates.  The 

FLIP team includes representatives from FCZD and sub-zone districts advisory committees, diking 

districts, watershed improvement districts, agency staff, local tribes, and technical experts. 

3.1.2 System-Wide Improvement Framework (SWIF) 

The SWIF effort began following the identification of levee deficiencies by the US Army Corps of 

Engineers (USACE) in 2011.  As the levees were enrolled in the USACE PL 84-99 program, Whatcom 

County has been working with local stakeholders to develop plans to address deficiencies, reduce flood 

risk, and improve habitat.  Results identified for Reach 1 and Reach 4 as part of the SWIF process have 

been leveraged in this report.  The SWIF plan was completed in 2017 and includes an initial step towards 

integrating salmon recovery needs into floodplain management. 

3.1.3 Nooksack River Watershed Vision and Implementation Strategies 

The members of the Interagency Coordination Team created to develop the SWIF spent several months 

preparing a watershed vision document that worked to improve system understanding of habitat 

limitations, identify specific restoration strategies and opportunities, identify how flood risk reduction 

strategies can integrate with ecosystem function, identify how habitat improvements can integrate with 

agriculture, and provide a community forum for collaboration. 

3.1.4 Water Resource Inventory Area (WRIA) 1 Salmonid Recovery Plan 

Work performed by the WRIA 1 Salmon Recovery Board has striven to re-attain healthy, sustainable 

populations that provide for a harvestable surplus of natural origin salmon in the Nooksack River basin.  

Restoration actions identified during restoration planning for the lower mainstem Nooksack River focus 

on restoring habitat diversity and key habitats, such as floodplain rearing. Possible actions may include 
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levee setbacks, installing instream habitat structure that also restore channel functions, and 

reconnecting and restoring floodplain rearing habitats. 

Near term (10-year) restoration projects identified in the recovery plan include the following (WRIA 1, 

2005): 

Upper Mainstem (Deming to Everson): 

• Acquire riparian and floodplain habitats 

• Restore riparian areas for shading 

• Restore riparian areas for wood recruitment 

• Set back levees and remove bank protection 

• Place large wood 

Lower Mainstem (Everson to Lummi River distributary): 

• Integrate floodplain management with habitat recovery:  Bertrand Creek area, Whiskey-

Schneider Creek area 

• Implement Best Management Practices on urban and agricultural lands 

• Restore mainstem channel complexity 

• Systematically integrate flood planning with habitat recovery 

Estuary:   

• Restore riverine-tidal blind channel network:  Marietta Slough 

• Setback levees on Left Bank of river between Slater Road and Ferndale 

• Restore channel complexity 

Mainstem Tributaries: 

• Restore tributary slough habitat to provide flood refuge for fry and overwintering juveniles 

• Perform small-scale riparian restoration using programs that do not compete with early chinook 

projects 

• Establish and manage for instream flows 

• Restore fish passage 

• Implement Forest and Fish Rules 

Specific strategies are provided for Whiskey-Schneider Creek, Kamm Creek, Fishtrap Creek, Bertrand 

Creek, Tenmile Creek, Anderson Creek, and Smith Creek (WRIA 1, 2005). 
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3.1.5 Nooksack River Delta Restoration (Puget Sound Nearshore Ecosystem 

Restoration Project) 

The Nooksack River Delta in Reach 1 has been identified as a key candidate area for restoration within 

greater Puget Sound due to its relatively undeveloped state and potential for restoring over 1,800 acres 

of tidal freshwater wetlands (USCOE and WDFW, 2016).  The project could include modifications to 

levees, roads, and other hydrological barriers to restore flow and sediment transport processes.  More 

specific conceptual management measures to be considered may include removal of armor and dikes, 

levee setbacks, riparian restoration, large wood placement, restoration of partial flow to Lummi River, 

and restoration of the Lummi River to promote a more consistent flow split.  The restoration plan calls 

for the removal of the Marine Drive levee and portions of the Rayhorst Levee downstream of Slater 

Road. It should be noted that these recommendations are conceptual in nature, have not been 

thoroughly vetted locally, and may be revised considerably following further analysis during the current 

planning process.  

WCFCZD sponsored a detailed alternatives analysis for Reach 1 downstream of the Lummi River 

diversion point. This is described in more detail in Section 3.2.4 below and serves as the basis for on-

going further analysis. 

 

3.2 Technical Evaluations 

There are several available technical evaluations that have provided insight into geomorphic processes.  

These relate primarily to sediment transport processes and patterns. 

3.2.1 USGS Sediment Storage and Transport 

The USGS has been working on a sediment transport evaluation of the Nooksack River basin in parallel 

to this geomorphic assessment (Anderson et al., 2018).  The USGS effort has focused on documenting 

recent changes in sediment storage, long-term bed elevation trends, rates of sediment transport, and 

factors influencing artificial drainage in the stream corridor.  Preliminary results of this analysis show 

that, since 2006, there has been active local aggradation on the order of up to three feet near Ferndale 

and Everson, whereas upstream of Nugent’s Corner the channel has incised (Figure 9 and Figure 23).  

Incision from Nugent’s Corner upstream is estimated to have generated a significant source of coarse 

sediment delivered to the lower river.   
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Figure 23.  Mean vertical change of active channel surface and water surface elevations from 2005/06-2013 

(Anderson et al., 2018). 

The USGS concluded that there are observable long-term trends in bed elevation change, with relatively 

consistent changes of about 1 foot per decade occurring in localized areas that can persist for decades.  

Additionally, specific gage analyses indicate that there is a lag time in bed elevation trends at all seven 

gages in the North Fork and mainstem river, suggesting the translation of a long “bed wave” 

downstream.  The rate of downstream migration of this bed wave varies from about 0.5 to 2.5 miles per 

year, depending on channel slope.  The patterns of aggradation, degradation, and bed wave migration 

correlates to climatic trends, particularly the PDO cycles with persistent incision following cold wet 

periods, and aggradation following extended warm dry periods. 
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As the USGS has postulated that the aggradation near Everson is in part due to downstream-translating 

trend that is moving through the system, reaches below Lynden should shift to an aggradational trend in 

the future. 

Anderson et al. (2018) estimated total suspended sediment loads at Ferndale to have ranged from 0.71 

to 1.17 million tons per year from WY2012 to WY2017, averaging 0.9 million tons per year.  Bedload 

fractions ranged from 6.3 and 7.8 percent, making the total load estimate 0.97 million tons per year.  

The total annual bedload estimate is 0.7 million tons per year, or about 54,000 cubic yards (with a range 

of 34,00 to 70,200 cubic yards).  

 

3.2.2 Upper Reach 4 Geomorphic Assessment 

The SWIF effort in Upper Reach 4 evaluated a series of levee setback alternatives and their potential 

impact on geomorphic form and process (AGI, 2016).  Results showed that setbacks could potentially re-

incorporate miles of isolated anabranching channel remnants into the active river corridor.  The work 

also indicated that reactivating such channels would reduce migration rates and floodplain turnover 

rates, while increasing the total floodplain turnover period and thus allow the establishment of a 

broader extent of mature riparian forest relative to current conditions. 

 

3.2.3 Lower Reach 4 Geomorphic Assessment 

The Lower Reach 4 Geomorphic Assessment was performed to evaluate the geomorphic physical 

processes in the reach as they relate to viable and functioning instream salmonid habitat (Element 

Solutions, 2015).  The report included analysis of geospatial data, published maps, and literature 

evaluated changes in channel length, island stability, channel migration processes, extents of pools and 

riffles, LWD recruitment, and logjam formation.  Results indicated that cumulative impacts from 

hydromodifications are the primary driver for impairing geomorphic processes that support salmon 

habitat in the subject reach. 

 

3.2.4 Lower Nooksack River Project:  Alternatives Analysis 

The Lower Nooksack River Project (LNRP) was developed to address flood risk and habitat degradation 

below Ferndale (TWC and others, 2015).  An alternatives analysis was performed to identify actions that 

would improve floodplain connectivity, habitat processes, and function for target species while reducing 

flood risk in the project reach.  A sequence of preferred project scenarios was developed, with the 

acquisition of flood-prone parcels and the removal of the Marietta levee proposed as immediate 

priorities.   Another action presented as an immediate priority is improving the reliability of ingress and 
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egress and emergency access at Slater road during floods.  Other scenarios evaluated include levee 

removals/setbacks, and rehabilitation of the Lummi River Diversion.  

The LNRP alternatives analysis included a geomorphic evaluation of the lower river prepared by 

Northwest Hydraulic Consultants (NHC, 2015).  Results of this assessment indicated that the Nooksack 

River delta has prograded about 1.5 miles into Bellingham Bay since the late 19th century.  This 

progradation has driven upstream aggradation due to the reduction in channel slope caused by delta 

growth; long-term aggradation rates between Ferndale and the active delta were estimated at 0.5 

inches per year, which represents about 16,000 cubic yards per year of total accumulation.  The report 

also indicated more rapid recent sedimentation, noting net aggradation of approximately 1.5 feet in the 

main channel between Ferndale and the delta since 2005. 

3.2.5 KWL Sediment Yield and Gradations 

High sediment loads coupled with a continual reduction in channel slope between headwater areas in 

the Cascades and Bellingham Bay have created complex spatial and temporal patterns of sediment 

transport through the project reach.  KWL’s estimated annual transport rate on the river is estimated at 

1 to 1.5 million tons of total sediment, making the Nooksack River the second largest single contributor 

of sediment to marine waters in northwest Washington.  This value is consistent with that of Czuba et al 

(2001), but slightly larger than the 0.9 million tons/year of total sediment recently estimated by the 

USGS (Anderson, et. al., 2018).  The Skagit River is the largest contributor with an estimated total load of 

2.8 million tons per year (Czuba et al., 2011). 

Sediment data were available from KWL reports (2005 and 2008).  The 2008 data show a consistent 

downstream fining trend in bar surface and subsurface data (Figure 24).  By comparing the two datasets, 

KWL concluded that there is a weak trend towards increasing surface armor development in the 

downstream direction, and that the river is intermediate between transport limited (supply equals or 

exceeds transport capacity) or supply limited (supply is less than the transport capacity).  Based on their 

analyses KWL estimated the average annual bedload input to the Lower Nooksack River at 125,000 yd3 

with an uncertainty of ± 50,000 yd3.  This is larger than the USGS 2012-2017 annual estimate of about 

54,000 yd3 of bedload delivery at Ferndale.  This discrepancy may reflect downstream sorting and coarse 

bedload storage in upper reaches between Deming and Ferndale.  However, KWL concluded that their 

results did not support the hypothesis that widespread and dramatic aggradation is occurring in either 

Reach 3 or Reach 4. 
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Figure 24.  KWL data from paired bar surface and subsurface samples collected from September 2005 through 

April 2006 (KWL, 2008). 

 

3.2.6 KWL Specific Gage Analysis 

KWL performed a specific gage analysis at Deming and showed that the stage corresponding to 1,500 cfs 

has fluctuated by almost 3 feet, with net degradation occurring over the past 30 years. (KWL, 2008).  The 

data suggest a general increasing trend into the mid- to late- 1960s, followed by a fairly steady drop in 

stage through at least 2001.  This timeframe of lowering specific gage in the early 1970s does match 

periods of extensive gravel extraction, however KWL concluded that the Deming Gage is located far 

enough upstream of the extraction areas that degradation is unlikely to have progressed that distance.  

KWL also considered the role of land-use related sediment pulses on the specific gage record at Deming, 

such as forestry practices or log jam removals. 

In comparing the specific gage analysis at Deming to one at Ferndale, KWL concluded that whereas the 

Deming gage shows net degradation over the past 30 years, the Ferndale gage has experienced 

aggradation until recently, and that the trends at Ferndale correlate better to flow trends (low flows 

causing aggradation and high flows causing degradation).  They conclude that factors that may be 

responsible include sediment supply, flow conditions, and gravel removals, but acknowledge that there 

is no clear explanation for the trends. 

The more recent work by the USGS (Anderson et al., 2018) provides additional insight regarding specific 

gage trends (Section 3.2.1). 
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4 Study Component Methods   

This document presents the results of three main assessment efforts, including baseline geomorphic 

trends (Appendix B), geomorphic characterizations to support aquatic habitat analyses (Appendix C), 

and an assessment of sediment transport and regime conditions (Appendix D).  The methods used for 

each of these project components are described below. 

4.1 Baseline Geomorphic Trends (Appendix B) 

The evaluation of temporal and spatial trends in the river corridor geomorphology was based primarily 

on GIS-based mapping of stream corridor features on historic and modern imagery, and analysis and 

summary of those datasets.  LiDAR data was also used for portions of the assessment, and field 

observations augment the interpretations.   A summary of the general approaches taken to generate 

and evaluate GIS datasets is shown in Table 3. 

Table 3.  Summary of GIS analysis approaches taken for geomorphic parameter assessment. 

Analysis GIS Datasets Method 

Low Flow Water 

Surface Slope 

2013 LiDAR Intersect LiDAR with 2013 Channel Centerline at 100-ft increments and 

plot profile.  Use best-fit line for average gradient. 

Channel Length 

and Sinuosity 

1872, 1933, 1955, 1976, 1994, 

2005, 2013, and 2016 Flowlines 

Valley Centerline 

Digitized primary channel centerline documents channel length.  

Sinuosity calculated as ratio of primary flowline length to valley 

distance. 

Valley centerline stationed at 100- ft increments 

Side Channel 

Length 

1933, 1955, 1976, 1994, 2005, 

2013, and 2016 Flowlines 

Flowlines include primary, anabranching, and secondary channels.  

Summarize by reach. 

Braiding 

Parameter 

1933, 1955, 1976, 1994, 2005, 

2013, and 2016 Flowlines 

Ratio of total channel length to primary channel length.  Summarize by 

reach. 

Active Stream 

Corridor Width/ 

Belt Width 

1933, 1955, 1976, 1994, 2005, 

2013, and 2016 Banklines 

Dissolve suites of banklines to define corridor footprint for each.  Place 

cross sections perpendicular to corridor axis every 1,000 feet. Intersect 

cross sections with each footprint and calculate width.   Summarize by 

reach. 

Historic Migration 

Zone (HMZ) Cover 

Types 

1933, 1955, 1976, 1994, 2005, 

2013, and 2016 Land Use/Land 

Cover 

Intersect all stream corridor footprints to define 1933-2016 Historic 

Migration Zone (HMZ).  Expand bankline mapping to extend across 

entire HMZ for each.  Summarize by reach. 
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Floodplain 

Turnover Rates 

1933, 1955, 1976, 1994, 2005, 

2013, and 2016 Land Use/Land 

Cover  

Intersect Land Use/Land Cover mapping at ~20-year increments (1933-

1955, 1955-1976, 1976-1995, and 1995-2016) to assess long-term 

turnover rates.  Use more recent time frames to quantify short-term 

rates (2005-2013 and 2013-2016). 

Agricultural 

Development and 

Agricultural Land 

Erosion 

1933, 1955, 1976, 1994, 2005, 

2013, and 2016 Land Use/Land 

Cover  

Intersect Land Use/Land Cover mapping at ~20-year increments (1933-

1955, 1955-1976, 1976-1995, and 1995-2016) to assess land use change 

and agricultural land losses to river at that time scale.   

Levee Extents Whatcom County NLD Dataset  Summarize lengths of levees by reach; normalize to bank length (2X 

centerline length).   

Levee Level of 

Protection (LOP) 

Whatcom County LOP Dataset Summarize bank/levee LOP by reach; normalize to bank length (2X 

centerline length). 

Levee 

Construction 

Rates 

Historic Mapping of Levees Assign minimum construction dates to visible levees using imagery.  

Summarize dated line features by reach.    

Levee Erosion 

Rates 

Historic Mapping of Levees Attribute mapped levees eroded out by river by first date levee is 

missing.    Summarize dated line features by reach.    

Bank Armor 

Extent and Failure 

Whatcom County Bank Armor 

Inventory (Shorelines_Riprap\ 

Inventory_Analysis_ 

PLN_wcpds_Riprap.shp) 

Attribute inventoried lines as existing or failed.  Summarized by reach.   
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4.2 Geomorphic Characterization to Support Future Habitat Analyses 

(Appendix C) 

The purpose of this evaluation was to identify and characterize selected geomorphic landforms and 

processes that can influence salmonid habitat availability, quantity, and quality.  This included the 

characterization of the low flow floodplain; riparian floodplain vegetation; instream conditions such as 

forested islands, backwater features and active channel areas; and large woody debris and logjam 

occurrence.  The analysis focuses on modern conditions.  The results are presented in their entirety in 

Appendix C; Table 4 summarizes the analyses and methods applied. 

 

Table 4.  Summary of methods used to generate geomorphic parameters in support of habitat assessment. 

Analysis Data Used Method 

Floodplain Connectivity 2- and 10- year modeled floodplain 

areas 

Summarize total areas inundated at the 2- 

and 10- year flows, 

Evaluate return flow pathways. 

Floodplain Isolation 2- and 10- year modeled floodplain 

areas 

Quantify areas isolated by levee and road 

systems in the 2-year flood model. 

LWD Recruitment Potential: 

Height Class Distribution 

2013 LiDAR   Estimate tree heights and summarize 

height class distributions by reach. 

LWD Recruitment Potential: 

Canopy Composition 

2013 LiDAR point return profiles Generate cross sectional lidar profiles to 

depict canopy composition; summarize 

composition by reach. 

Instream Conditions:  Forest 

Islands and backwaters 

2013 digital imagery and LiDAR DEM Map spatial extent of forested islands and 

backwater features; summarize by reach. 

Instream Habitat Area 2016 aerial imagery Map bankfull and low flow wetted 

channel area; summarize by reach. 

Large Woody Debris and 

Logjam Occurrence 

2016 aerial imagery Map LWD accumulations of 10 or more 

pieces within bankfull area with 

observable geomorphic signature; 

summarize by reach. 
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4.3 Hydraulics, Bed and Bank Material, Sediment Transport, and Regime 

Conditions (Appendix D) 

The goal of this portion of the assessment is to clarify fundamental physical processes that control the 

cross-section and profile geometry of the river.  The results are presented in their entirety in Appendix 

D; Table 5 summarizes the methodologies applied. 

 

Table 5.  Summary of methods used in evaluation of hydraulics and sediment. 

Analysis Data Used Method 

General Channel Hydraulics One dimensional Full Equations (FEQ) 

hydraulic model (2-, 5-, 10-, 25, 500-, 

and 100-year flows) 

Extrapolate results into two 

dimensional grids; summarize water 

surface slopes, channel depth, shear 

stress, and incipient mobility. 

Hydraulic Variability/Unsteady 

Conditions 

One dimensional Full Equations (FEQ) 

hydraulic model (2-, 5-, 10-, 25, 500-, 

and 100-year flows) 

Evaluate hysteresis conditions for 

water surface slope and shear stress.   

Sediment Mobility Patterns One dimensional Full Equations (FEQ) 

hydraulic model (2-, 5-, 10-, 25, 500-, 

and 100-year flows). Bed material 

grainsize distribution. 

Integrate incipient mobility and 

hysteresis into temporal and spatial 

mobility patterns assessment. 

Bed Materials Existing data—West (1987), KWL (2005), 

NHC (2015)  

2017 Field Data   

Summarize pebble count gradations 

and evaluate trends. 

Bank Materials and Vegetative 

Bank Stabilization 

Existing data – KWL (2008) 

Field observations of bank stratigraphy 

and vegetative reinforcement 

Summarize sand/gravel interface 

trends and facies distributions. 

Evaluate depth of root stabilization in 

terms of cover type. 

Regime and Planform 

Geometry 

Rational Regime Theory: input includes 

channel forming flow, slope, bed 

material gradations, critical shear stress, 

and bank strength parameter. 

Apply physically-based approach to 

predict channel dimensions as 

validated against a large empirical 

dataset. 
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5 Geomorphic Evolution of the Lower Nooksack River 

Between Deming and Bellingham Bay, the Nooksack River channel corridor has generally been managed 

as four distinct reaches (Franz et al., 2012).  The upstream-most section in the assessment reach is 

Reach 4, which extends from Deming downstream to Everson.  Reach 3 extends from Everson to Guide 

Meridian.  From this point, Reach 2 extends to the I-5 bridge, and Reach 1 flows to Bellingham Bay 

(Figure 25).  There is also a fifth reach, which extends northeast from Everson along the Sumas overflow 

corridor, however Reach 5 is not specifically addressed in this report.  The following section describes 

project area-scale aspects of river evolution, and more detailed reach-level descriptions are provided in 

Section 7.   

 

 

Figure 25.  Major Nooksack River reach delineations from Deming to Bellingham Bay.  
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5.1 General Geomorphic Setting 

Figure 26 shows a schematic diagram of the project reach from a watershed scale perspective.  As the 

river flows out of the Cascade foothills at Deming, channel confinement and channel slope both 

decrease, resulting in a watershed-scale tendency for sediment deposition in the lower energy regime 

(Figure 26 and Figure 27)  As the river flows through Everson, Lynden, and Ferndale, the slope continues 

to decrease and the channel develops more of a meandering planform below Everson, eventually 

entering a deltaic environment at Bellingham Bay.    

 

Figure 26.  Schematic representation of Lower Nooksack River in a Watershed Context (modified from Miller and 

Spoolman, 2012). 
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Figure 27.  Water surface profile for project reach from Deming (left) to Bellingham Bay (right). 

 

Although the general form of the Nooksack fits a watershed model of slope and energy condition trends 

down-river, there are aspects of the project reach that add some complexity to this model.  First, it is 

important to recognize that below Everson, the river is markedly young.  As described in Section 2.2.1, 

there is evidence that as recently as several hundred years ago, the Nooksack River flowed northward 

from what is now Everson into the Sumas Basin and Fraser River.  The avulsion resulted in a capture of 

the lower river into a relict glacial outwash channel feature at Everson and re-routing of the Nooksack 

River to Bellingham Bay.  As a result, this section downstream of Everson hosts a young channel that is 

continuing to evolve in response to both inputs from upstream and adjacent land uses.  Figure 28 shows 

this schematically, in that the lower sections of the river below Everson is flowing through minimally 

reworked glacial outwash deposits.  Deposits mapped as part of the glacial outwash plain are visible in 

the modern streambank just below the Guide Meridian Bridge (Figure 29). 

Secondly, the Everson overflow occurs in an area of naturally decreasing slope and sediment transport.  

The resulting shift in geomorphology may be affected by those overflows into the Sumas basin which 

export transport energy and overflow potential out of the Lower Nooksack River system. 
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Figure 28.  Lower Nooksack River watershed schematic showing relationship of historic flow path into Sumas 

Basin and new channel formation downstream. 

 

 

Figure 29.  View of left bank just below Guide Meridian showing exposure of glacial outwash deposits exposed 

in modern streambank. 
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5.2 Project Subreaches and River Mile Stationing 

As described above, the Nooksack River has generally been described and 

managed as four distinct reaches between Deming and Bellingham Bay 

(Franz et al., 2012).  For a more detailed evaluation of temporal and spatial 

trends, these reaches have been further subdivided into a total of nine 

subreaches (Figure 30 and Table 6).   

5.3 Summary of Geomorphic Trends 

The following section describes geomorphic trends on the river that are quantifiable with existing data.  

With the exception of primary channel length, geomorphic parameters have been quantified using a 

relatively recent 1933-2016 Historic Migration Zone (HMZ) footprint to allow air photo-based 

comparisons of channel and floodplain conditions. It is critical to note, however that the longer-term 

HMZ (1870-2016) was already modified by human influences by 1933 due to documented impacts such 

as to channelization, wood removal, and riparian clearing (Collins and Sheikh, 2004).   

With regard to longer-term channel lengths, the river experienced a net loss of 3.7 miles of primary 

channel length upstream of the delta since 1872, and the majority of that loss (2.5 miles) occurred prior 

to 1933.  The straightening that occurred prior to 1933 may have contributed to a shift in channel 

planform from meandering to braided below Everson in Upper Reach 3.   

As the total river length from Deming to the delta is about 33 miles, over 10% of the total channel length 

has been lost since the 1870s.  There has been an even greater loss of anabranching side channel length 

since the 1930s; upstream of Marine Drive, there has been a net loss of over 10 miles of anabranching 

channel length since 1933.  This has accompanied an overall narrowing of the active stream corridor or 

mean belt width.  The average width of the corridor has narrowed from 823 feet in 1933 to 602 feet in 

2016.  

Since the 1930s, cover types within the HMZ have shifted with an increasing dominance of established 

vegetation and loss of open bar area.  Upstream of Marine Drive, the extent of established woody 

vegetation has increased by 74%, and the extent of open bar area has dropped by about 50% since the 

1930s.  With this riparian encroachment onto open bar areas, the average patch size for established 

vegetation has increased from 5.6 acres in 1933 to 8.9 acres in 2016. 

Historic levee mapping shows that, since 1933, about 2.4 miles of levee and 1.7 miles of bank armor 

have been eroded out in the study reach.  River management infrastructure has isolated about 350 

acres of the HMZ since 1933, although about 50 acres of previously isolated HMZ have been 

reconnected due to armor and levee failure.  The greatest isolation of HMZ area occurs in Lower Reach 

4. 

Note: The River Mile stationing 

used for this project is derived from 

the 2013 LiDAR-based centerline. 
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Figure 30.  Nooksack River Subreach Boundaries. 
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Table 6.   General summary of Nooksack River project subreaches 

Reach Subreach Location RM 
Start 

RM 
End 

Length 
(mi) 

Sinuosity Slope 
(%) 

General Trends Observed 

Reach 4 Upper 
Reach 4 

North Fork 
Confluence to 
Nugent's 
Corner 

37.1 31.1 6.0 1.22 0.21% Loss of 1.6 miles anabranching channel length since 1933; 26% narrowing of active channel 
footprint.  Levees on north bank follow 24% of total bankline.  Increased rate of floodplain 
turnover through time, young forest recruited. 

Lower 
Reach 4 

Nugent’s 
Corner to 
Everson 

31.1 24.3 6.8 1.14 0.19% Transitional reach with tapering stream corridor and loss of slope into Reach 3 at Everson.  
Widest active stream corridor in project reach however has narrowed almost 50% since 1933.  
Riparian encroachment onto open gravel bars; over half of total bankline is armored.  Twice 
the rate of levee erosion as any other reach and high levee repair frequency. 

Reach 3 Upper 
Reach 3 

Everson to 
Pinch Point 
below Noon 
Road 

24.3 21.2 3.1 1.12 0.12% Low sinuosity and abruptly reduced slope relative to upstream.  Loss of primary and 
anabranching channel length since 1872.  Over 60% of the bankline is armored; armor failure 
is common.  The active belt width has narrowed by 46% since 1933. Area of major 
downstream reduction in sediment transport competence.  

Lower 
Reach 3 

Below Noon 
Road to Guide 
Meridian 

21.2 16.1 5.1 1.21 0.08% GLO maps show several large meanders now cut off; primary channel length has dropped 24% 
since 1872.  Levees follow 86% of bankline and 90% of banks are armored.  Extensive 
agricultural development within HMZ.  Most intensive repetitive levee maintenance in project 
reach. 

Reach 2 Upper 
Reach 2 

Guide 
Meridian to 
End of Devries 
Levee 

16.1 10.7 5.4 1.19 0.05% Highly confined with substantial loss of belt width since 1933.  Armor commonly old and root-
stabilized.  Several exposures of sandy outwash deposits in bank toe and mid-bank.  Glacial 
backswamp and peats also present. 

Lower 
Reach 2 

End of Devries 
Levee to I-5 

10.7 7.4 3.3 1.33 0.03% Most sinuous reach in project area; some narrowing of belt width.  Low levee extent however 
91% of the banks are armored. 

Reach 1 Upper 
Reach 1 

I-5 to Slater Rd 7.4 4.2 3.2 1.22 0.03% Almost 70% of bankline armored, 56% leveed.  Fine grained bank strata, low migration rates 

Middle 
Reach 1 

Slater Rd to 
Marine Drive 

4.2 2.0 2.2 1.11 0.02% Levees follow entire bankline with half of the levee extent providing >100year protection.  
Low sinuosity. 

Lower 
Reach 1 

Marine Drive 
to Mouth 

2.0 0.0 2.0 1.17 0.02% Nooksack River Delta:  No levees or armor.  Most rapid growth occurred between 1933 and 
1976, when delta expanded about 11 acres per year.  Recent expansion rates are less than 2 
acres per year. Persistent pattern of large wood blockage and sediment accumulation in 
principal distributary channels followed by avulsion and formation of new distributaries. 
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These results collectively document a system that has consolidated into fewer channels over the last 

century, which has in turn resulted in a narrowing of the active stream corridor.  As a result, wood 

recruitment is active, but the wood recruited is relatively young.  High energy conditions in the confined 

corridor have resulted in extensive levee repair requirements and localized flanking of armor.  Levee and 

armor projects have isolated large tracts of floodplain area and former side channels from common 

flows.  Local hydraulic discontinuities in the downstream direction have resulted in the formation of 

“pinch points” that strongly affect sediment transport capacities and continuity. 

5.3.1 Channel Length 

Historic mapping and air photos were used to measure the total length of the main river through time.  

The oldest mapping available was from the General Land Office Survey work of the late 1800s.  These 

maps generally show an anabranching channel form (multiple threads around large islands) upstream of 

Everson in Reach 4, and a single thread meandering channel between Everson and the delta (Appendix 

B).  Since the 1870s the general trend for several reaches on the river has been a loss of channel length, 

most of which occurred prior to 1933.  The exception to this is in Reach 1, where delta progradation into 

Bellingham Bay has resulted in a tripling of channel length since 1872. 

Figure 32 shows that, on a percentage basis, the most shortening occurred in Lower Reach 3 near 

Lynden.  This shortening has been attributed to engineered meander cutoffs that were undertaken to 

improve navigation (Figure 33).  Collins and Sheikh (2004) reported that several meanders had been cut 

off by 1910.  Appendix B contains mapped channel courses overlain on historic mapping for all project 

reaches. 

 

Figure 31.  Total main channel length through time by reach. 
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Figure 32.  Percent change in total main channel length since General Land Office Surveys of late 1800s. 

 

 

Figure 33.  Mapped channels from 1872 and 2016 in Lower Reach 3 near Lynden showing loss of channel length 

due to straightening. 

An important geomorphic implication of channel straightening projects is the associated steepening of 

the channel, increase in in-stream energy, and loss of area for sediment storage.  These changes can also 

impact channel pattern.  Beechie et al. (2006) developed discharge/pattern plots for forested mountain 



 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       52 
Final Report 

river systems of the Pacific Northwest.  If the approximated slope changes in Upper Reach 3 are placed 

on their plot for 1872 (0.0012) to 1933 (0.0015), the results show the potential for a shift from a lower 

gradient meandering pattern to a braided island pattern in 1933 (Figure 34).  This shift is shown in Figure 

35, where the mapped 1872 channel shows a relatively simple sinuous planform compared to the 1933 

braided condition.  As the 1933 photo was taken just after a major flood, these changes may in part be 

flood-driven, as bedload delivery will also contribute to that planform change.  NHC (2019) evaluated 

potential controls on the historical transition of Upper Reach 3 from a meandering to braided planform 

using the UBC Regime Model (Section 6.3). They found that the threshold slope for planform change is 

at about 0.0014, which is within the uncertainty for the historic reach slope.   Based on a sensitivity 

analysis using Monte Carlo sampling of input parameters, NHC (2019, Appendix D) concluded that the 

reach was historically very close to a transition from single to multi-thread planform.  The results also 

indicated that, as the best estimate of the slope change is just insufficient to force the planform change, 

either the real slope change was slightly greater or a change in one or more additional factors 

contributed to the change.  Sediment delivery during the 1932 flood may have been a factor.   

This consideration of how channel straightening may have affected river pattern in Upper Reach 3 

demonstrates its geomorphic sensitivity to both management strategies and natural events.   As 

described below, much of the side channel length present in 1933 his since been lost, and the main 

channel length has never been recovered.   

 

 

Figure 34.  Slope-discharge thresholds separating meandering from island-braided channels (lower line) and 

island braided from braided channels (upper line).  Nooksack Upper Reach 3 slope shift from 1872 to 1933 is 

plotted showing potential transition from meandering (1872) to island braided pattern with shortening (1933). 
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Figure 35.  Core of Upper Reach 3 showing shift from a meandering 1872 pattern to a braided channel with 

broad open bars in 1933.   Imagery is from 1933.  

 

5.3.2 Side Channel Length 

Side channels were mapped on historic and recent aerial imagery to capture changes in total side 

channel length through time.  Anabranching channels are those side channels that are separated from 

the main channel by vegetated islands.  These channels are continuous and active under bankfull flow 

conditions.  Secondary channels (also known as braided channels) are those flow paths that are 

separated from the main channel by unvegetated gravel bars.  Secondary channels can be more difficult 

to map because they may be discontinuous or poorly formed, and their visibility is a function of river 

stage.  However, both channel types have been mapped on the imagery suite, and the results show 

similar trends in terms of overall channel length. 

The historic GLO maps were not used to quantify the lengths of anabranching and secondary channels 

because of potential discrepancies in mapping detail on the GLO maps relative to the methodology 

applied to the imagery suite.  However, Collins and Sheikh (2004) carefully evaluated historic maps and 

concluded that between 1880 and the 1930s, the upper mainstem evolved from an anastomosing 

(anabranching) channel to a wider braided channel with extensive gravel bars, indicating that the river 

pattern was clearly altered by 1933. The authors concluded that even though the largest flood on record 

occurred in 1932, this was probably not the major driver for the shift to braiding above Everson.  Historic 

riparian logging was considered to be a driver in the change in channel form, as most of the native forest 
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had been burned or logged by the beginning of the 20th Century.  Other potential drivers for the 

morphologic changes evident by 1933 considered by Collins and Sheikh (2004) include reduced wood 

recruitment and consequent loss of wood jams, and a potential increase in coarse sediment load.   

Figure 36 shows that, for the entire river segment from Deming down to Marine Drive, there has been a 

fairly consistent trend of side channel loss for both anabranching and secondary channels since 1933.  In 

contrast, the total length of primary channel length has remained relatively consistent since the 1930s, 

although previous sections described substantial shortening prior to 1933.  Since 1933, there has been a 

net loss of 1.2 miles of primary channel, 9.6 miles of secondary channels and 10.1 miles of anabranching 

channel (Figure 37). 

Upstream of the delta, the vast majority of change in side channel length has been above Lynden in 

Reaches 3 and 4.  Figure 38 shows the total length of anabranching channels from Deming to Lynden 

since 1933.  The net losses since 1933 range from 0.4 miles of anabranching channel in Reach LR3 near 

Lynden to 4.0 miles of lost length in Reach LR4 between Nugent’s Corner and Everson (Figure 38). 

When evaluated in terms of side channel density, the analysis shows that Lower Reach 4, which extends 

from Nugent’s Corner to Everson, has the highest density of both active and de-activated anabranching 

channels (Appendix A). 

The implications of reduced channel length include consolidation of flow into the main channel, 

increased energy in the main channel, less wood storage, and less main channel habitat area. 

 

 

Figure 36.  Total length of primary, anabranching, and secondary channels through time, Reaches MR1-UR4. 
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Figure 37.  Total change in channel lengths above delta from 1933-2016. 

 

 

Figure 38.  Anabranching channel length through time for Reaches LR3 through UR4. 

 

It is important to note that, as described above, Upper Reach 3 below Everson had a meandering 

planform in the 1880s, and it appears that channel straightening and coarse bedload delivery 

contributed to its conversion to a multi-thread braided condition by 1933.  That indicates that the 

channel was already morphologically responding to human influences by 1933, which was manifested as 

an increase in 1872-1933 secondary channels.  Since then, the lengths of both secondary and 

anabranching channel length have dropped.  Figure 38 shows that the loss of anabranching channel 

length in Upper Reach 3 occurred abruptly between the late 1970s and early 1990s, and a review of 

aerial imagery captures that shift, which was also during a time of levee expansion and gravel mining 

(Figure 39).  
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Figure 39.  Loss of side channels and levee expansion in Upper Reach 3, 1976-1995. 
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5.3.3 Channel Belt Width 

Channel belt width was measured as the width of the band containing active channels at any given point 

in time (Figure 40).  Widths were measured at 1000-foot increments along the length of the river and 

summarized by reach (Appendix B).  Figure 41 shows measured belt widths upstream of Ferndale 

through time (reaches downstream of Ferndale were excluded due to lack of change as well as belt 

width complications in the delta).  The box and whisker plot shows the range of measurements taken, 

with the first and fourth quartiles shown as “whiskers”.  The mean value is marked as an “x”, and the 

median a horizontal line.  The circles are statistical outliers.  All reaches show a narrowing belt width 

since 1933, with the greatest percent loss occurring in Reach 3 (Figure 42).  Lower Reach 4, between 

Nugent’s Corner and Everson, consistently has the widest active belt width through time. 

 

 

Figure 40.  Channel belt measured perpendicular to centerline (Rowland et al, 2016). 
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Figure 41.  Box and whisker plot of belt width measurements (see plot explanation in text). 

 

 

Figure 42.  Percent change in mean channel belt width through time, reaches LR2 through UR4. 

 

Figure 43 shows that for the entire project area above the delta, the narrowing of the river’s belt width 

through time generally follows the trend of lost anabranching channel length; although since about 2005 

the loss rate of anabranching channel length has slowed while belt width has continued to narrow.  

Figure 44 shows an example of belt width contraction between 1933 and 2016 below Everson; the 

contraction extends downstream to about RM 19.0, which is about five miles below the Everson Bridge. 

The implications of reduced belt width include less side channel activity, less bankline habitat, less 

potential for logjam formation, and increased energy in fewer channels. 
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Figure 43.  Average belt width and total anabranching channel length through time from above delta to Deming 

(Reaches MR1 to UR4). 

 

5.3.1 Total Channel Area 

Total channel area was mapped through time as the total footprint of wetted channel and unvegetated 

bars.  The combination of lost side channel length and main channel shortening has resulted in a loss of 

total channel area for all reaches with the exception of Reach 1, which has expanded with delta 

progradation into Bellingham Bay (Figure 45 and Figure 46).  In reviewing the imagery, it appears that 

the recent uptick in channel area in Reaches 3 and 4 reflects relatively rapid channel migration from 

2013-2016 that left broad unvegetated bar surfaces in 2016.  It is unclear whether this indicates a shift 

in trend or a short-term condition.   

Some implications of reduced bankfull channel area include a loss of aquatic habitat area and an 

increase in in-stream energy. 
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Figure 44.  Active channel corridor mapping for 1933 (top) and 2016 (bottom) conditions showing loss of average 

belt width and side channel length just below Everson. 
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Figure 45.  Total channel area though time. 

 

 

Figure 46.  Percent change in total bankfull channel area, 1933-2016. 
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5.4 Cover Types 

Cover type mapping consisted of the mapping of general cover types on historic and recent imagery.  

The mapping categories include coarse land use categories of agriculture and development, and 

geomorphic/vegetation categories of channel, open bar, sub-mature (colonizing) vegetation, and 

mature vegetation.  The mapping extent is bounded by the 1933-2016 Historic Migration Zone (HMZ) 

boundary, which is defined by the collective footprint of all active channels and intervening floodplain 

areas.  This encompasses about 4,000 acres of channel and floodplain area.  The mapping shows that 

there has been a net conversion of open bar area to mature woody vegetation (Figure 47).  This riparian 

encroachment trend within the HMZ has been spatially and temporally consistent in all reaches above 

Ferndale, indicating that it is not purely a short-term flood-driven process but more systemic (Figure 48).  

Figure 48 also shows that there has also been major expansion of woody vegetation in Lower Reach 1 

due to delta progradation. 

 

Figure 47.  Mapped Historic Migration Zone (HMZ) cover types in acres from 1933 (top) and 2016 (bottom) 

highlighting conversion of open bar area to mature woody vegetation.  Note:  LR1 is excluded from plot. 
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Figure 48.  Trends in open bar (top) and mature vegetation (bottom) area through time for each reach.   

By intersecting the cover types polygons at ~20-year timeframes, the extent of mature vegetation 

polygons that retained that attribute ~20 years later were quantified.  In general, the approximate area 

that persisted as vegetated polygons has increased through time within the delta and above Lynden 

(Figure 49).  This supports the conclusion of narrower belt width activation in recent decades, with a 

reduced area of channel turnover. 
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Figure 49.  Acreage of mature vegetation polygons that retained MV attribute over ~20-year intervals. 

Figure 50 shows the differences in percent of HMZ turnover between the 1933-1955 and 1995-2016 

timeframes.  For these two timeframes, the rates of HMZ converted from non-channel to channel 

environments (erosion) have decreased in all reaches except for the delta (Lower Reach 1) and Upper 

Reach 4, which show a slight increase.   

The implications of lower turnover rate in includes a narrower active stream corridor and a less 

disturbed floodplain.  In Upper Reach 4, the increased turnover reflects high migration rates in a reach 

narrowly confined by armored revetments, levees and the south valley wall. 

 

Figure 50.  Percent of HMZ turnover during 1933-1955 and 1995-2016 timeframes by reach. 
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5.5 Levees and Bank Armor 

Whatcom County River and Flood provided datasets with levee locations and levee levels of protection.  

The levee mapping utilized is from the National Levee Database (NLD), hence does not necessarily 

include all levees on the river.  Mapped levees were cross-correlated to a maintenance database to 

identify the extent of recorded maintenance on levee segments.  Another dataset was provided from a 

bank armor inventory, although the inventory is not up to date as several sections of armor have clearly 

been eroded out.  Privately constructed revetments are not always included in the databases, so it is 

generally understood that the levee and armoring mapping underrepresents the total armoring and 

levees present.  The functional condition of the armor is also unknown.  That said, the data provide the 

best available information to estimate armoring extents and lengths of armor failure.   

A total of 33.8 miles of Nooksack River levees are recorded in the NLD database between Deming and 

Bellingham Bay (Appendix B).  Mapping on historic imagery indicates that about 2.4 miles of older levees 

have eroded out, with most loss in Lower Reach 4 upstream of Everson (Appendix B). 

The levee maintenance database was linked to line features in the GIS to help identify areas of intensive 

levee maintenance.  The database has records for about 47 miles of levee construction and 

maintenance.  Overlapping maintenance lines indicate up to 10 maintenance projects on individual 

levee segments.  Figure 51 shows that most reaches have some levee segments that have been repaired 

over five times, with a cluster of projects in Lower Reach 3 near Lynden.  Figure 52 and Figure 53 show 

examples of specific locations of concentrated levee repairs on the Sande-Williams and Twin View 

Levees respectively. The most recent project included for the Sande-Williams levee is a 2016 

rehabilitation project (# 716005).  Since then they requested the USACE conduct a flood fight during a 

flood in November 2018 to reinforce a section of the riprap that was compromised. The Twin View 

Levee currently has erosion problems at the constriction near Massey Road that will require near-term 

repairs (P Harris, pers comm). 

Mapped bank armor was evaluated in a similar fashion to the levees.  In some reaches, bank armor has 

been more broadly applied than levees, with intact armor protecting over 90% of the banklines in Lower 

Reach 2 and Lower Reach 3 (Figure 54).  

The air photo assessment indicates that about 9,000 feet or 4% of the inventoried armor had eroded out 

by 2016.  The failed armor is concentrated in Lower Reach 4 and Upper Reach 3 (Figure 55). Figure 56 

shows an example of flanked bank armor in the channel off of the Sande-Williams levee. 

Levees and armor have isolated about 350 acres of the 1933-2016 Historic Migration Zone from active 

river processes (Appendix B).  These areas are important in terms of stream corridor restoration 

potential, and are described in more detail in Chapter 7. 
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Figure 51.  Length of levees having over five repairs recorded by reach. 

 

 

Figure 52.  Concentrated levee repairs on the Sande-Williams Levee, Upper Reach 4. 
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Figure 53.  Concentrated levee repairs on Twin View Levee, Lower Reach 4. 

 

 

Figure 54.  Percent of armored bankline by reach (functional condition is unknown). 
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Figure 55.  Approximate extent of failed riprap by Reach. 

 

 

Figure 56.  Example of flanked armor in channel on lower end of Sande Williams Levee, Upper Reach 4 (RM 33.5) 
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5.6 Discussion of Temporal Trends and Human Influences 

The geomorphic trends described above reflect both natural physical setting and human influences that 

have affected geomorphic processes of the river.  This section will discuss our understanding of how 

those influences have intersected through the project reach.  

5.6.1 Channel Stability Concepts 

The size, shape, patterns, and rates of change on river channels can be affected by numerous influences 

that can reflect both natural and affected conditions.  Figure 57 shows how river pattern can be affected 

by slope, bank materials, flow patterns, and incoming sediment size and quantity.  This model is fairly 

appropriate for the project reach and helps explain the transition from a wide, multi-thread, highly 

dynamic coarse-grained system above Everson to a lower gradient single thread meandering channel 

downstream (right to left on the graphic).  That transition largely captures the large-scale geomorphic 

transitions seen between Deming and Bellingham Bay.  Figure 57 also highlights how changes in the 

controlling parameters due to natural processes and/or management can affect channel pattern and 

associated habitats.   

Another very important influence on channel form is the presence of large wood.  Wood in river systems 

will support multiple thread channels, dissipate stream power, trap sediment, protect floodplain 

vegetation, provide cover and create scour pools.   

 

Figure 57.  Example schematic drawing showing relationship of channel pattern to sediment and slope 

conditions (www.slideshare.net). 

http://www.slideshare.net/
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5.6.2 Linking Geomorphic Trends and Human Influences 

The trend data presented indicate that as the Nooksack River valley has been developed and altered, 

there has been a major shift in river geomorphology.  Most notably, the river corridor has narrowed and 

the extent of side channels has markedly dropped.  The main channel is several miles shorter than in the 

late 1800s.  The main drivers for these changes include wood removal, channel straightening, and 

construction of levees and bank armor.  All of these actions were intended to simplify the river into a 

narrower meander belt, focus flow, promote hydraulic efficiency through consolidation, improve 

navigability, increase usable land, and reduce flooding.  The result has been lateral confinement of the 

river into a narrower corridor, contraction of floodplain area subject to reworking, and less mature 

wood recruitment and storage to help drive the creation and maintenance of side channels.  One 

important consequence of these changes is a reduced means of energy dissipation within the channel as 

the flow is focused more fully into a primary thread.  A common result of increased stream power, 

which is the product of slope, flow, and weight of water in any given channel, is channel downcutting 

(Gartner, 2016; Figure 58).  However, alterations to incoming bedload sediment rate can also affect the 

sediment transport balance in stream channels, and on the Nooksack River incoming sediment load can 

be highly affected by climate (Anderson et al., 2018).  

 

Figure 58. Lane’s balance provides a useful conceptual framework for considering probable channel response to 

changes sediment delivery, slope, and flow (North Carolina State University). 

Stream straightening is a form of channelization that is intended to move water downstream faster to 

prevent streams from flooding and to improve navigation efficacy.  Physical dredging of a straightened 

channel typically includes widening and or/deepening when heavy machinery is used to excavate a new 

streambed.  Woody banklines are commonly excavated to widen the channel.  Bank armoring is 
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commonly directly associated with channelization to prevent streams from readjusting to their natural 

channel form.  These activities commonly create an imbalance of excess stream power (the right-hand 

of the scale shown in Figure 58) driving channel downcutting, armoring, and major loss of habitat.  The 

loss of 2.5 miles of channel length on the Nooksack River below Deming between 1872 and 1933 

appears to be related to channelization efforts.  The USFWS reported that channel straightening has 

contributed to Nooksack River simplification and loss of floodplain connectivity and function (USFWS, 

2010).  Other investigators have described channelization as a legacy impact (Nooksack Tribe, 2014). 

Channelization can also result from structures such as levees, embankments, revetments, bridges, 

floodplain fill, road prisms, railroads, etc.  Levees are constructed to increase the channel capacity of a 

river and they are commonly applied as a means to reduce flooding on the floodplain.  Similar to 

straightening, flow confinement within levee systems increases flow depths and velocities, which 

typically prompts levee armoring (Bolton and Shellberg, 2001). 

Another means of increasing stream power is wood removal.  Figure 59 shows a schematic portrayal of 

wood accumulations in large rivers as they traverse from steeper areas supporting braided channels 

(left) to single thread meandering lowland streams (right).  This concept can be broadly applied to the 

historic condition of the Nooksack River, with extensive wood accumulations and split flow above 

Everson transitioning to a lower gradient, meandering channel below Lynden.   

 

Figure 59.  Schematic drawing of large wood accumulations in large rivers from upland braided systems (left) to 

lowland ones (right)—this generally captures historic condition above Everson (left) and below (right) (Gurnell et 

al., 2002). 
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Figure 60. Conceptual model showing the interaction of wood jams and stream geomorphology (top) and 

implications of wood removal (bottom) (Wohl, 2014). 

 

The discussion above describes how activities of channel straightening, levee construction, and wood 

removal results in increased stream power in a river channel.  It is also important to consider potential 

changes regarding the volume and size of sediment delivered to the river.  As described in Section 3.2.1, 

recent specific gage analysis work on the Nooksack by the USGS (Anderson et al., 2018), indicated that 

there is a lag time in bed elevation trends at all seven gages in the North Fork and mainstem river, 
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suggesting the translation of a long “bed wave” downstream. The rate of downstream migration of this 

bed wave varies from about 0.5 to 2.5 miles to year, depending on channel slope.  Anderson and others 

(2018) showed that the patterns of aggradation, degradation, and bed wave migration correlate to 

climatic trends, with persistent incision following cold wet periods, and aggradation following extended 

warm dry periods.  On the upper North Fork, there is an approximately 20-year lag between climate 

signal and subsequent channel change.  Climate trends likely play a major role in sediment delivery and 

associated geomorphic processes.  Future climate change also has the potential to dramatically change 

the sediment loads due to increased sourcing and transport (Section 2.3.1). 

These relationships described above are important factors to consider in the evaluation of existing 

conditions, and in the development of potential restoration strategies that can help reduce maintenance 

costs of the levee system while optimizing channels stability and creation/maintenance of aquatic and 

riparian habitats.  Figure 61 shows the progressive loss of ecosystem benefits with conversion of a 

complex multi-thread channel system to a simplified main channel with perched or otherwise 

inaccessible side channels. Although this figure is in specific reference to beaver-dominated systems, the 

loss of ecosystem benefits with simplification due to wood removal or channelization are similar and 

thus relevant to the Nooksack River. 

The relationships described above are also an important consideration in the determination and 

regulation of the 100-year floodplain boundary, as the extent of flooding at a 100-year event can change 

substantially with a dynamic channel capacity.   
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Figure 61.  Reduced ecosystem benefits associated with conversion from a multi-thread anabranching channel 

form to a single thread condition (Beardsley, 2018). 

 

Drawing from the discussion above, Figure 62 through Figure 65 show a conceptualized trend showing 

the evolution of the river from the late 1800s to 2016.   

In the late 1800s, decades of work had already been performed on the system, primarily wood removal 

and possibly some channelization.  As the river entered the Puget Lowland at Deming it was likely 

aggradational due to a lack of confinement and reducing channel slope.  Historic mapping, relict channel 

forms, and work by Cameron (1989) support the hypothesis that Reach 4 was aggradational, forming an 

alluvial fan type feature below Deming.  Although human influences were underway, GLO mapping 

indicates that Reach 4 above Everson was likely anabranching, supporting multiple channels, dense 

wood, and extensive forested islands.  Avulsions would have been common.  Downstream of Everson, 

unimpeded channel movement allowed for sediment storage and active channel meandering as the 
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river corridor narrowed and the channel pattern shifted.  Below Lynden, the young newly-avulsed 

channel was forming, and with cohesive bank sediment, low slope, and relatively fine-grained sediment 

delivery, the channel was longer, meandering more than we see today.  Descriptions from the 1880s 

indicate that the Nooksack River delta was protruding rapidly into Bellingham Bay at this time in 

response to initial channel clearing and the Bellingham Bay avulsion away from Lummi Bay.  Collins and 

Sheikh (2004) describe rapid sedimentation in Bellingham Bay in the late 1800s, with over mile of sand 

flat progradation over 30 years. 

 

 

Figure 62.  General conditions of Lower Nooksack River, late 1800s. 
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By 1933, logjams had largely been cleared from the lower river, levee construction had begun and 

channel straightening and riparian logging/burning had taken place.  Floodplain wetlands had been 

drained and converted to agriculture.  Channel area increased relative to 1872 due to loss of floodplain 

integrity and major flooding (e.g. 1932).  Although sediment pulses delivered to the delta from early jam 

removal may have waned, sediment loads were still high due to upstream channel evolution.  Sediment 

delivery from Reach 4 to Reach 3 contributed to braiding in that mechanically steepened reach. New 

levees were concentrated below Lynden to improve conveyance and reduce flooding.  Bank armoring 

was probably very active during this time.    

 

Figure 63.  General geomorphic conditions of Lower Nooksack River, 1933. 
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By 1976 the river was 35% leveed and substantial losses of secondary and anabranching channels had 

taken place in Reach 4 (Figure 64).  Sand and gravel mining had been active in Reaches 3 and 4 for 

several years, with removals typically exceeding 50,000 cubic yards per year.  In Reach 4 belt width had 

narrowed due to levee construction and armoring (portions of the Deming, Sande Williams, Lee, and 

Bamboo-Willie levees were in place by then) but also due to wood removal, as Reach 4 was 

geomorphically susceptible to a major geomorphic response to wood removal due to its steep slope, 

erodible banklines and coarse bedload.  This was likely accompanied by some reach-scale downcutting 

and an increase in stream power.  Downstream, Reach 3 was especially affected by increasing 

confinement, converting from a 1933 braided planform to a relatively straight, highly confined channel 

with some relic braiding due to sustained high sediment loads delivered from upstream.  Most of the 

levee construction between 1933 and 1976 occurred downstream of Lynden to address flooding issues 

and improve agricultural land use.  As a result, sediment transport was likely fairly effective through the 

lower river.  The delta continued to rapidly prograde into Bellingham Bay. 

 

Figure 64.  General geomorphic conditions of Lower Nooksack River, 1976. 
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As of 2016 the river was approximately 51% leveed and 55% armored, with a loss of about 10 miles of 

both anabranching and secondary channel length since 1933 (Figure 65).  The belt width was further 

narrowed in Upper Reach 4 above Nugent’s Corner with levee expansion.  In this area, floodplain 

turnover rates increased due to rapid migration across an artificially confined valley bottom.  

Downstream in Lower Reach 4, migration rates were mitigated by long revetments that inhibited the 

river’s access to floodplain areas and turnover rates dropped as a result.  Vegetation continued to 

encroach on open bars, and the extent of floodplain area accessed by the river through lateral erosion 

decreased, isolating swaths of forest from erosion.  Sediment transport limitations in Upper Reach 3 

resulted in aggradation, as the increased energy imparted by historic straightening and confinement was 

not effective enough to mitigate natural loss of slope and robust sediment delivery from upstream.  

Below Lynden, it appears that the levee system was improved and/or expanded, with visual evidence of 

improvements on the Blysma, Vanderpol, and River Road levees since 1976.  Delta progradation rates 

dropped, however this may reflect deposition into deeper waters of Bellingham Bay along the delta 

front rather than reduced sediment delivery.  The cumulative impact of decades of delta progradation 

was to lower channel slope upstream, driving aggradation in Reach 1 (NHC, 2015). 

 

Figure 65.  General geomorphic conditions of Lower Nooksack River, 2016. 
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6 Current Conditions:  Sediment, Hydraulics, Sediment Transport, 

Floodplain Connectivity, and Riparian Vegetation 

The following section describes current conditions on the river with respect to sediment gradations, 

sediment transport, bank stability, floodplain connectivity, and riparian vegetation.  The intent is to 

capture those current conditions that, in conjunction with some understanding of the historic 

geomorphic trajectory (Chapter 5) can be leveraged to develop optimal strategies to restore those 

geomorphic processes that support the biological system while reducing infrastructure maintenance 

needs and costs.  More detailed discussion of these conditions can be found in Appendix C (Geomorphic 

Characterization to Support Future Habitat Analysis) and Appendix D (Hydraulics and Sediment 

Transport). 

6.1 Bed Material  

Measured sediment gradations fine in the downstream direction from cobble to sand dominance 

between Reach 4 and Reach 1 (Figure 66).  Key fining transitions occur in the lower portion of Lower 

Reach 4 (shift from cobble to gravel dominated) and between Upper and Lower Reach 3 (loss of cobble).  

The longitudinal rates of fining exceed what would be expected by particle abrasion, indicating that 

sorting processes dominate the downstream fining trend.  Also, the punctuated downstream fining 

suggests local competence limits, where local shear stress is not sufficient to move particles of a given 

size resulting in movement of the largest material into long-term storage and elimination of those grains 

from the continuous train of downstream sediment transfer. 

 

Figure 66.  Downstream trends in bed material. 
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6.2 Hydraulics and Sediment Transport 

The results of the hydraulic assessment (Appendix D) show a distinctly concave channel bed profile with 

water surface slopes dropping by an order of magnitude between Reach 4 (0.3%) and Reach 1 (0.02%).  

Water depths during the 2-year event increase downstream as well (Figure 67).  From a sediment 

mobility perspective, the increased depths are insufficient to offset the loss of gradient, and as such 

sediment transport competencies at a 2-year flood decrease in the downstream direction, from 

medium-size cobble mobilization upstream to only fine gravel mobility through Upper Reach 1. 

 

 

Figure 67.  Depth and water surface profiles for project reach showing general trends and constriction points 

(circled). 

Select local hydraulic controls modulate the overall downstream trend of declining shear stress, and 

therefore the overall pattern of sediment mobility. The most important of these are constrictions that 

form upstream backwaters with low shear stress during flood events. These occur at the lower edge of 

Upper Reach 3, just downstream of the Guide Meridian Bridge in Upper Reach 2, and at Main Street in 

Ferndale (Figure 67 and Figure 68). Of these, the connection to change in channel morphology and 
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grainsize is strongest at the site in Upper Reach 3, suggesting that this location is the key capacity 

limitation for the Lower River and an area where the channel likely shifts from a capacity-limited 

transport condition to a supply limited condition. This is likely a region of substantial movement of 

coarse sediment into long-term storage, potentially driving channel aggradation, growth of bars, and 

reciprocal bank erosion. Currently, an eroding bankline on the left bank upstream of the UR3 

constriction is approaching the Abbott Levee.  The pinch point just below Guide Meridian is formed by 

both a constriction in the natural valley topography and a levee that blocks the downstream movement 

of right overbank flow, while the constriction at Ferndale results from a combination of Pleistocene 

sediment and bridge infrastructure. Both of these produce strong upstream backwaters and shear stress 

reversal during higher floods but have little observable impact on the channel morphology, suggesting 

that common flows occurring without backwater development above the constrictions have the capacity 

to move material that might accumulate during larger floods.  

 

Figure 68.  Three primary hydraulic constrictions on river; left is UR3/LR3 transition, middle is just below Guide-

Meridian, and right is at Ferndale. See Figures 7 through 10 in Appendix C for complete geographic context.   
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It should be noted that there is a non-linear relationship between discharge and shear stress, and the 

constrictions create a strong hysteresis, where the shear stress on the rising limb may be very different 

than that on the falling limb, affecting sediment mobility through the hydrograph (Appendix D). 

Results of a boundary shear stress analysis indicates that sediment mobility remains relatively constant 

through Reach 4, and then plummets in the downstream direction through Upper Reach 3 near Everson 

(Figure 69). The boundary between Upper and Lower Reach 3 is an area of substantial competence 

limitation controlling downstream sediment conveyance; Upper Reach 3 is likely an area of active and 

substantial net movement of coarse sediment into long-term storage.  

The prominent constrictions just below the Guide Meridian Bridge at Lynden create substantial ponded 

backwater regions upstream. Sediment supplied to these areas from upstream is relatively fine-grained 

and readily flushed through as indicated by the high normalized shear stress. During larger flood flows a 

shear stress reversal probably limits sediment conveyance and may lead to aggradation during extreme 

floods —followed by later evacuation.  

The Ferndale constriction is created by a combination of Pleistocene sediment, bridge abutments, and 

levees.  The backwatered area upstream has an extreme shear stress reversal where increasing flow 

produces decreasing shear stress and, therefore, sediment mobility for all flows above the 2-year 

recurrence interval flood. For high flows, this is most pronounced well above Ferndale at the UR2/LR2 

boundary (Figure 69).  The highest shear stress in this area likely occurs during a flow substantially lower 

than the 2-year peak. Physical evidence —that is a general lack of bars and gently concave channel 

profile— does not suggest substantial sediment accumulation in this reach and so these lower flows are 

interpreted to have the capacity to ultimately convey the material that accumulates during floods.  

Below Ferndale, sediment mobility increases as the bed material shifts from gravel to sand. NHC (2015) 

interpreted the shift from gravel to sand to occur mostly in response to sand dropping out of suspension 

onto the bed and diluting gravel transport, as opposed to a competence limitation for downstream 

movement of fine gravel.  
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Figure 69: Comparison of channel hydraulics with bed material grainsize illustrating along-channel variability in 

sediment mobility. Pebble counts in blue, bulk samples in orange. (2015 and 2017 data only) 



 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       84 
Final Report 

6.3 Bank Material and Vegetative Bank Reinforcement 

Bank materials in Upper Reach 3 and Lower Reach 4 are characteristic of actively migrating gravel bed 

rivers, with a gravel toe overlain by a sand/silt cap that increases in thickness in the downstream 

direction (Figure 70 and Figure 71).  Root stabilization of these banks is weak, and reach-scale bank 

strength is negligible.  Downstream, bank materials are dominated by non-Nooksack River alluvium due 

to the historic avulsion into glacial meltwater channels (Figure 72).  The bank materials include poorly 

indurated recessional glacial outwash and more cohesive slackwater floodplain/lacustrine sediments.  

Natural bank strength in Lower Reach 3 and Reach 2 is notably higher as a result. 

   

 

Figure 70.  Observed pattern of facies distribution (top) and bank conditions (bottom). 
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Figure 71.  Typical bank materials, Reach 4 and Upper Reach 3 --note cobbles and gravels in bank. 

 

 

Figure 72.  Fine grained cohesive alluvium Reach LR2. 
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Results of the regime analysis indicate that the cross-sectional channel morphology in Lower Reach 3 

and areas downstream is relatively insensitive to past human modifications. The slightly increased slope 

due to channel straightening and placement of high-strength bank revetments have not substantially 

modified the hydraulic geometry of the channel. Instead, a the relatively deep and narrow channel 

results from naturally high bank strength and low channel gradient.  The hydraulic geometry of this 

reach would not be expected to change significantly in response to removal of the primary human 

modifications.   

In contrast, Reach 4 and Upper Reach 3 have both been highly impacted by human activities and have 

the potential to respond to future management.  These reaches are very sensitive to both bank strength 

impacts of revetments (or removal thereof) and wood loading and function. 

 

6.4 Floodplain Connectivity 

Today’s anthropogenically modified Nooksack River floodplain is no longer a natural system floodplain 

and modern floodplain conditions are vastly different than historic floodplain conditions (Collins and 

Sheikh, 2002). Past century land use, development and management actions have resulted in:  

• Reduced floodplain area and frequency of inundation;  

• Reduced vegetation cover, age and changes in species types;  

• Modified floodplain drainage networks and disconnected floodplain flow conveyance 

pathways.  

As a result, the conditions of the modern Nooksack River floodplain habitats are identified as a limiting 

factor in salmon recovery (Smith, 2002).  

Floodplain connectivity was evaluated using the hydraulic modeling outputs for the 2- and 10- year flood 
events, which were defined as important habitat-related flows.  Results show that in total, the 10-year 

floodplain is approximately 60% larger than the 2-year floodplain (Figure 73 and Appendix C).   

The most expansive floodplain area is in Reaches 2 and 3.  In these reaches the valley bottom is 

inundated from valley wall to valley wall during the 10-year modeled flood event.  That said, local 

isolation and connectivity barriers could affect floodplain refuge function for habitat.   

Modeled floodplain inundation maps can be found in Appendix C (Figure C-2 through Figure C-6). 
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Figure 73.  Total inundation areas by reach for the 2- and 10-year modeled flow events. 

 

The assessment of floodplain isolation focused on return flow pathways, because this condition was 

interpreted to have the most significant potential impact to habitat.  Specific to the Nooksack River, 

floodplain tributaries, side channels, and drainage ditches are the primary return flow pathways for 

overbank flooding.  The predominant floodplain tributaries and ditch networks in the study reach are: 

Smith (RM 29.3), Anderson (RM 28.2), Kamm (RM 18.1), Fishtrap (RM 13.2), Bertrand (RM 12.6), and 

Silver (RM 0.7) Creeks and Scott Ditch (RM 15.5).  In assessing connectivity, we identified that 

floodplains may be isolated by either 1) levees that reduce the potential for inundation or exchange of 

water between the river and floodplain, and 2) drainage control structures that affect the ingress/egress 

of fish to the floodplain because of passage limitations.  An example of the relationship between 

floodplain inundation and an impaired return flow pathway resulting in an “Isolated Floodplain” is 

shown in Figure 74.  Potential isolation conditions were interpreted from LiDAR topography and 

hydraulic modeling results; however, no field verification of connectivity was conducted.  No 

connectivity assessment was performed in Lower Reach 1 below Marine Drive because the floodplain is 

unlevied and has numerous distributary networks which connect directly to the sea and therefore has 

no isolation.    

While many of the larger floodplain tributaries have direct outlet connection with the mainstem 

Nooksack River, their banks are often leveed and connection between the floodplain and tributary may 

be impacted.  Agricultural floodplain drainage systems often have outlet connections that are managed, 

typically with a flap gate system.  These managed drainage networks likely reduce conveyance and may 

be fish passage barriers.  For this analysis, we assumed that all managed drainage connections to the 

Mainstem Nooksack limited fish access to the floodplain and impacted return flow pathways following 

flooding. Table 7 characterizes the approximate areas of disconnected 2-year floodplain based on our 



 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       88 
Final Report 

analysis assumptions.  Note that while the habitat assessment that is currently underway will be 

mapping the detailed connectivity of these floodplain and drainage networks, our preliminary analysis 

considers only the predominant connectivity pathways and potential for isolation evident in topographic 

mapping. 

On average, about 50% of the 2-year floodplain has been isolated by levees and drainage infrastructure.  

In Reaches 1, 2, and 3, overbank flows inundate broad depressional areas that run parallel to the 

channel, returning via ditch and drainage networks that may create passage barriers when floods 

recede.    

 

 

Figure 74.  Example relationship between floodplain inundation and an impaired return flow pathway resulting 

in an “Isolated Floodplain”. 
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Table 7.  Interpreted Isolated Floodplain Areas for 2-Year Flow Events by Reach. 

Reach 2-year Isolated Floodplain Area 

(acres) 

Percent of 2-year floodplain 

isolated 

Reach 1 63 24% 

Reach 2 912 92% 

Reach 3 667 77% 

Lower Reach 4 58 20% 

Upper Reach 4 91 48% 

 

Primary observations from the floodplain characterization include the following (see Appendix C for 

more detail): 

• Between a 2- and 10-year event, the total inundated floodplain area downstream of Deming 

expands by approximately 60%, from 2,596 acres to 4,151 acres.  

 

• Reaches 2 and 3 below Everson have the most expansive inundated floodplain area during 

relatively frequent flood events (2- and 10- year floods).  Overflow in these areas inundate 

broad depressional areas that run parallel to the channel and return flows organize into ditch 

and drainage networks that are routed back to the channel at the downstream ends of the 

depressional areas or infiltrate within the floodplain. 

 

• For more frequent events, the floodplain in Reach 4 is generally confined to the HMZ, however 

flows that exceed a 10-year event overtop the Everson overflow and enter the Fraser River 

watershed.  The HMZ flooding in Reach 4 concentrates in relict channel scars on the floodplain; 

these flows either return to the main channel, or if levees overtop, become isolated behind 

floodplain infrastructure, especially where that infrastructure is within the HMZ area. 

 

• On average, the estimated floodplain isolation by levee and drainage systems is about half of 

the 2-year floodplain, with most isolation in Reaches 2 and 4.   

 

• While valuable refuge habitat is created by floodplain overtopping below Everson, the 

connectivity of these areas appears impaired by the levee and drainage infrastructure that likely 
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isolate basins as floodwaters recede.  Upstream, the connectivity in Reach 4 during receding 

flows is better, even though the overall habitat area is less.  The major exception is in Upper 

Reach 4 where relic channels and side channels have been leveed.   

 

• Opportunities to improve floodplain connectivity and associated habitats may include overflow 

routing, improving downstream connections, and improving habitat and water quality 

conditions in the drainage network itself. 

 

6.5 Floodplain Vegetation and Height Class 

The composition of today’s Nooksack River floodplain vegetation is very different than the historical 

forest conditions that occupied this area over a century ago. Historically, the Lower Nooksack River 

mainstem riparian corridor basal areas were dominated by Sitka spruce (Picea sitchensis), black 

cottonwood (Populus tricocarpa), and western red cedar (Thuja plicata) (Collins and Sheikh 2004). When 

large trees were recruited by channel migration, they likely had the ability to anchor and initiate stable 

logjams as have been reported. Today, the forested areas within the Historic Migration Zone (HMZ) are 

predominantly young deciduous pioneering tree species of smaller heights and reduced basal areas; 

these smaller trees are less able to anchor and create stable logjams which is a common situation in 

larger single-thread channel systems such as the Nooksack River.  

Tree height was used to determine the potential for functional Large Woody Debris (LWD) that could be 

recruited and create stable logjams in Lower Nooksack River mainstem.  We assumed that the most 

probable source area for LWD recruitment within the study reach was the HMZ plus 200 feet and 

therefore utilized this as the area of assessment.   Reach maps showing tree height distributions can be 

found in Appendix C (Figure C-18 through Figure C-22). 

Figure 75 shows that the dominant vegetation class in the HMZ is agricultural ground cover, which 

occupies about 45% of the HMZ.  Pioneering (Type 1-Emerging and Type 2-Establishing) vegetation 

classes comprise significant portion of forested areas but are unlikely to contribute LWD that can 

function as stable key pieces for logjam formation.  Type 3 (Maturing) and Old Growth vegetation are 

the “best” source for potentially functional LWD, but currently comprise very little of the HMZ (<13% by 

area), and many of these areas have been isolated from recruitment potential by revetments or levees.  

It is anticipated that pre-disturbance conditions would have predominantly been comprised of Type 3 

and Old Growth forests as characterized in Collins and Sheikh (2002). 

Results of the tree height mapping indicated that greatest abundance of potentially functional LWD 

occurs in Reach 4 (Figure 76).  Furthermore, younger establishing trees are most prevalent tree size class 

across all reaches (Type 2 in Figure 76).   
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Figure 75.  Total Lower Nooksack River Mainstem tree height (ft) distributions by class (Ag= agricultural). 

 

Figure 76.  Distribution of Vegetation Height Class Areas by Reach. 
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In summary, Reaches 1 through 3 do not currently provide a viable source of major LWD production or 

recruitment, although projects that allow for increased disturbance and sediment exchange in these 

reaches could potentially improve bankline habitat as well as riparian generation/recruitment processes.  

On a larger scale however, the establishment of mature riparian forests in Reach 4 remains critical for 

providing LWD function that supports habitat.  

 

6.5.1 Tree Canopy Composition 

Floodplain forest composition can influence recruited LWD anchoring potential and habitat 

contributions as well as reduce erosion rates and support forested island formation.  Riparian forests 

within the HMZ are dominated by pioneering species (black cottonwood and to a lesser extent red 

alder).  While these are rapid and prolific growers, they are brittle and prone to rot.  Conifers such as 

western red cedar, Sitka spruce, Douglas fir, and deciduous trees such as big leaf maple are slower to 

reach maturity but more suitable as key pieces in logjam formation. 

Figure 77 shows a LiDAR point cloud profile that depicts emerging, establishing, and mature canopies 

based on height classes.  It also shows succession from black cottonwood (Zone A—approximately 10 

years old and 30 feet tall) to a more diverse assemblage that includes black cottonwoods and conifers 

emerging from the understory.  The more diverse age class in Zone B is approximately 50 years old.  In 

Zone 3, the forest has evolved beyond the pioneering canopy stage and includes mature conifers, big 

leaf maples, and a more robust shrub understory. 

In contrast, Figure 78 shows the relatively homogenous conditions that are typical of much of the HMZ 

forests in Reach 4.  These are typical of areas where turnover rates are high, leaving uniform age and 

stand heights. 

6.5.1 Forested Islands 

The number and extent of forested islands were assessed to help identify their potential contributions 

to aquatic habitat.  The largest occurrence of forested island is in Lower Reach 4, where seven mapped 

islands occupy 189 acres.  This is almost quadruple the extent in Upper Reach 4, where only 2 forested 

islands were mapped.  In terms of overall acreage Reach 1 has the greatest forested island area due to 

forested island formation between delta distributaries. 

Confinement and restriction of the floodplain/HMZ and hardened banks appear to negatively affect the 

potential for stable forested island formation.  A lack of large wood to anchor apex jams at the heads of 

islands is a direct consequence of these restrictions. 
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Figure 77.  LiDAR point cloud profile showing riparian succession through canopy transect. 

 

Figure 78.  LiDAR point cloud profile showing relatively homogenous black cottonwoods of similar age class. 

 

 

Figure 79.  Number and total acreage of forested islands by reach 
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6.6 Instream Habitat Area 

The total estimated 2016 bankfull area of the active channel is 1946 acres, which is approximately 3 

square miles (Figure 80; Appendix C).  About 65% of the total area is occupied by the low flow channel, 

indicating that the bankfull channel is relatively narrow.  As river stages rise and fall between low flow 

and bankfull conditions, the total area inundated is greatest in Reach 4, where approximately 47% of the 

total channel area is occupied by the low flow channel and potential habitat area increases when side 

channels become wetted as flows increase.  In terms of channel widths, Lower Reach 4 has both the 

widest average bankfull width and low flow width (Figure 81). In contrast, in Reach 2 the low flow 

channel width is on average only about 12 feet narrower than the bankfull channel width (Appendix C).  

 

 

Figure 80.  Total measured 2016 high flow channel and low flow channel areas, Mainstem Nooksack River. 

 

Figure 81.  Bankfull and low flow average channel widths, Reaches 2-4. 
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6.1 Large Woody Debris (LWD) Occurrence and Distribution 

In order to assess its influence on habit, LWD accumulations were compared between 2004 (woody 

pieces) and 2016 (logjams) to evaluate their abundance and persistence.  The 2016 mapping focused on 

logjams because of their habitat value, and also because the 2004 methods for mapping woody pieces 

could not be replicated by either field data and imagery analysis.  The intent for the 2016 logjam 

mapping is to effectively describe a meaningful metric for habitat, and to provide a baseline for future 

mapping. 

Reach maps showing LWD and log jam distributions in 2004 and 2016 can be found in Figures C-12 

through C-16 (Appendix C).  Figure 82 shows that Lower Reach 4 is persistently dominant with respect to 

both woody pieces (2004) and LWD jams (2016).  The patterns of wood distribution are the same in both 

years, reflecting the different channel types and recruitment potential in each reach.  The results of the 

mapping also showed that most logjams are transitory or persisted for less than a decade.  Most 

“stable” logjams are located along channel margins in stream segments with lower lateral migration 

rates or are related to side channels.  Logjams in Reach 1 correlated with occurrence of distributary 

channels. 

The 2004 data were collected by Whatcom County.  As the LWD mapping criteria used in that effort 

differs from the criteria used in 2016, the results are compared only to determine if there are spatial and 

temporal trends in LWD accumulation areas or patterns in logjam quantities.  See Appendix C for more 

detail. 

 

Figure 82.  Number of LWD pieces and jams by reach, 2004 and 2016 (as mapping criteria differed, the data are 

not directly correlative). 
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7 Reach Descriptions, Challenges and Opportunities 

The following section describes each reach in terms of geomorphic trajectory, current conditions, and 

associated challenges and opportunities.  The goal is to use this information to provide potential 

restoration alternatives that address causes rather than symptoms of impairment, reduce flood risk and 

reduce long-term maintenance costs, while supporting biotic health and a range of river corridor land 

uses including agriculture. Figure 83 shows a hierarchy of factors that influence stream habitat and 

biotic response (Skidmore et al., 2011).  The authors note that most contemporary restoration and river 

stabilization projects focus efforts near the bottom of this hierarchy, addressing primarily symptoms or 

responses, rather than causes.   In contrast, ecosystem health and species recovery will require greater 

focus on factors near the top of the hierarchy. Varying box shapes represent varying scale of influence 

and response, decreasing in area from landscape (rectangle) to watershed (oval) to reach (rounded 

rectangle) to site (octagonal).  Our approach herein focuses primarily on a reach scale, however higher 

hierarchies should be kept in mind as potential cascading influences (e.g climate change or fire). 

The general trends of geomorphology, hydraulics and sediment transport indicate that above the 

Holocene avulsion node at Everson, Reach 4 has the potential to provide a vibrant and complex mosaic 

of active channel threads and LWD-related habitat elements.  Limitations to the river attaining this 

condition stem primarily from historic wood removal, riparian clearing, levee confinement, and bank 

armoring.  As such, strategies identified in Reach 4 relate primarily to the alleviation of that confinement 

and promotion of the development of anabranching channels supported by LWD (Figure 84).  

Downstream of the avulsion node at Everson (Reach 3), sediment transport continuity becomes a major 

issue as the river “funnels” into a young and relatively flat channel.  This transition becomes a critical 

juncture between two very different channel histories and geomorphologies.  Potential restoration 

strategies in this area include the restoration of a more gradual transition zone between the channel 

types.  As Reach 3 is also an area where levees are designed to overtop, balancing sediment transport 

objectives with flood management will be an important consideration in further analyses (Figure 84).   

Strategies provided for Reaches 1 and 2 are generally related to optimization of floodplain and in-stream 

habitats to support fish migration, juvenile rearing, and potential spawning.  This includes optimizing 

floodwater overflow and return flow connectivity and local slackwater habitats in geomorphically 

passive margins along the main thread (Figure 84).  These types of strategies will be more specifically 

addressed in the ongoing habitat assessment. 

Some important considerations in this presentation of potential strategies include the following: 

• Climate Change:  Currently anticipated impacts of climate change on the system are described 

in Section 2.3.1.  Further exploration of the conceptual strategies provided below should include 

an evaluation of those anticipated changes as they become better understood. 

• Land Ownership:  For many of the strategies land ownership may require special attention. 
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• Landowner Willingness:  Several of the strategies put forth will clearly require landowner 

willingness for them to proceed.   

• Downstream Impacts:  Additional evaluation of these approaches will require careful 

consideration of the downstream influences (both good and bad). 

• Everson Overflow:  As the Everson Overflow becomes better understood, this will help inform 

specific approaches. 

• Habitat Needs:  A habitat assessment for the reach is currently in preparation, and more specific 

habitat-related recommendations will be forthcoming. 

 

Figure 83.  Hierarchy of factors influencing stream habitat and biotic response (Skidmore et al., 2011).  
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Figure 84.  Broad restoration strategic concepts for project reach. 

 

7.1 Upper Reach 4 (UR4):  Deming to Nugent’s Corner  

Upper Reach 4 (UR4) extends from the point where the river emerges from the Cascade foothills at 

Deming to Nugent’s Corner and includes 6.0 miles of the river (Figure 85).  The reach is tightly confined 

by the south valley wall and a series of levees and bank armoring on the north bank.  Since 1933, 1.6 

miles of anabranching channel has been lost in Upper Reach 4, and the mean width of the active 

corridor footprint has dropped by 26%.   

Levee maintenance requirements are notably high in UR4 especially where the levees hourglass the 

corridor to a narrow configuration or where the lower end of levees protrude into the corridor as 

“hooks” (AGI, 2014).  Where the Sande-Williams levee narrows the corridor at RM 33.8, at least 7 

maintenance events are recorded in the county database (Figure 52).  Between 1985 and 1995 about 
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1,500 feet of levee eroded out, primarily at those hooks, and riprap now sits in the middle of the river 

near the downstream end of the Sande-Williams levee (Figure 56).    

The results of regime analysis indicate that UR4 is highly susceptible to both wood removal and levee 

confinement (Appendix D).  Both of these impacts have occurred, resulting in an increased rate of 

floodplain turnover and young wood recruitment (Figure 86).  Anabranching channels in minimally-

accessed floodplain areas are perched above the main channel (AGI, 2014), indicating some downcutting 

which is consistent with recent specific gage analyses (Anderson et al., 2018) and LiDAR surface 

comparisons.  Beyond the currently active stream corridor, the persistence of mature woody vegetation 

in the HMZ has more than doubled since 1955, indicating a high potential for LWD recruitment with 

expanded floodplain access.  The substrate in UR4 is coarse (Figure 87) and armored and there appear to 

be no abrupt breaks in the sediment mobility pattern (Section 6.2).   The hydraulic conditions that 

promote efficacy of sediment transport also reduce the potential for wood storage; the LWD inventory 

in UR4 indicate that LWD storage, logjam formation, and forested island occurrences in this reach are 

impaired by the channel confinement, especially when compared to Reach LR4 downstream (Section 

6.1). 

Table 8 lists the primary drivers of geomorphic degradation in Upper Reach 4.  Upper Reach 4 hosts the 

Deming, Sande-Williams, Lee, and Bamboo Willie Levees, all of which are on the right (north) bank, and 

all of which narrow the migration zone of the river.  As the opposite side of the river is formed by the 

valley wall, the northside levees are the primary control of confinement, and thus their strategic 

relocation/extension/revision provides excellent opportunities for geomorphic and habitat restoration 

while addressing high flood infrastructure maintenance costs.  Additionally, reversing the historic trend 

of wood removal by strategically placing LWD jams at the heads of developing islands would facilitate 

the development and maintenance of anabranching channel while reducing overall stream power. 

By strategically reconfiguring levees through setback, extension, and removal of hooks, over three miles 

of currently minimally accessible anabranching channel could be reclaimed by the active steam corridor 

and the corridor footprint would increase by almost 30% (AGI, 2016).  Flood control would become 

more reliable with levee extensions that remove gaps and ultimately define the boundary of a managed 

channel migration area with a more geomorphically functional footprint than exists today.  With a 

broader footprint, active restoration of anabranching channels could improve connectivity, and the 

construction of apex jams at the heads of anabranch-forming islands could promote anabranch stability, 

sustainability, LWD recruitment, and aquatic habitat rejuvenation.  Lowering stream power would 

reduce bank erosion rates, slowing floodplain turnover and allowing for more mature forest 

development.  In addition, downcutting of this channel would be expected to be reduced or reversed 

which would then reduce the sediment transport and deposition issues affecting downstream reaches 

and reduce undermining of riprap along the banks within the reach. Expansion of the corridor would 

reduce levee and revetment maintenance costs especially where the frequency of river occupancy 

against levees is anomalously high due to confinement or levee orientation. 
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Figure 85.  2016 Air photo of Upper Reach 4 showing 2016 corridor, 1933-2016 Historic Migration Zone, riprap, and levees. 
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Figure 86.  Typical young forest recruitment in Upper Reach 4. 

 

Figure 87.  View downstream of an armored cobble bar surface, Upper Reach 4. 
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Table 8.  Primary drivers of geomorphic degradation and associated restoration strategies, Upper Reach 4. 

Driver Primary 
Consequence 

Secondary 
Consequence 

Opportunity/Strategy Location(s) Outcome 

Wood 
Removal 

Channel 
Consolidation 

Impeded Forest 
Maturation 
 
Loss of 
Anabranching 
Channels 
 
Reduced LWD jams 

Construction of LWD 
jams to promote local 
scour, anabranching 

Reach-Wide Expanded aquatic 
habitat 
 
Reduced flow energy 
 
Reduce levee repair 
costs 

Corridor 
Restriction by 

Levees 

Accelerated 
Migration 
Rates 
 
Downcutting 

Rapid Floodplain 
Turnover 
 
Impeded Forest 
Maturation 
 
Small Ineffective 
LWD sources 
 
Perching of 
Anabranching 
Channels 

Levee Reconfiguration 
and Expansion of 
Corridor 
 
Restoration of 
Anabranching Channels 
 
Channel Migration Area 
(CMA) Management 

Reach -Wide Reduced flow energy  
 
Reduced frequency of 
flow against levees  
 
Expanded aquatic 
habitat 
 
Improved LWD 
recruitment and 
efficacy 
 
Improved flood 
protection 
 
Reduced levee repair 
costs 

Levee 
Discontinuities 

High Avulsion 
Hazard North 
of River 
 
Non-Reliable 
Flood 
Protection 

Non-Strategic Levee 
Extensions 

Strategic Levee 
Extensions and 
Reconfigurations 

Deming to 
Sande-
Williams 
Levees 
 
Sande 
Williams to 
Lee Levees 

Improved reliability of 
flood infrastructure 

Improved level of 
flood protection 
 
Reduced avulsion risk 

Localized 
Levee 

Intrusion into 
Corridor 

("hooks") 

High 
Frequency of 
River 
Impingement 

High Maintenance 
 
Thalweg Deflection 
 
Clay Bank 
Involvement/Failure 

Reconfiguration of 
Hooks 

Lower End 
Sande-
Williams 
Levee 
 
Lower End 
Deming Levee 

Reduced levee repair 
costs 
 
Reduced deflection 
into Clay Banks 
(Sande-Williams) and 
potential to 
exacerbate landslide 
and avulsion hazards 
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7.2 Lower Reach 4 (LR4):  Nugent’s Corner to Everson 

Lower Reach 4 (LR4) extends from the Mount Baker Highway Bridge at Nugent’s Corner downstream to 

Everson (Figure 88).  It is 6.8 miles long, and relatively steep, wide, and forested.  It includes the Everson 

Overflow and Holocene avulsion nodes.  Although this is the least-confined reach in the project area, it 

has still been anthropogenically impacted.  Currently, bank armor and levees encroach into the Historic 

Migration Zone (HMZ), and the mean belt width has narrowed from 1600 feet in 1933 to 1300 feet in 

2016.  Reach LR4 is only 15% leveed, but about half of the bankline is armored (Figure 89).  Available 

data indicate that over 3,300 feet of armor has failed in the reach, which has inherently low bank 

strength and associated susceptibility to channel migration. 

Lower Reach 4 hosts the greatest extent of anabranching channels in the lower river (8.4 miles in 2016), 

however this follows a progressive loss of anabranching channel length from 12.4 miles in 1933.  This 

section of river has also experienced a progressive loss of open bar area commensurate with woody 

riparian expansion since the mid-1970s (Figure 90 and Figure 91). Figure 91 shows that in 1933, Lower 

Reach 4 was much more braided relative to current conditions, and the riparian expansion reflects a 

conversion of that braided channel type to more of a single thread channel with minor anabranches.  As 

described in earlier sections of this report, the 1933 condition was already disturbed, both by human 

impacts and the flood of record in 1932.  As a result, it should not be applied as a target or reference 

condition for geomorphology or habitat.  Rather, a geomorphically appropriate target condition would 

more appropriately be characterized as anabranching, with multiple channel threads flowing around 

forested islands. 

As the river corridor has become narrower due to simplification caused by wood removal, armor 

construction, and likely downcutting, floodplain isolation has resulted in an increased persistence of 

woody vegetation patches.  This provides a strong opportunity for LWD recruitment and anabranching 

enhancement in this reach, as LR4 has a high abundance of Type 3 forest (81-150 ft, Figure 92). 

The geomorphic trends in LR4 appear to be related to altered rates and patterns of channel migration 

due to bank armor and levee extents.  There are three main areas where this occurs. First, immediately 

below the Mount Baker Highway Bridge, the river is armored along the left bank for about a mile.  

Although this armor has promoted the growth of mature woody floodplain vegetation, it has also 

strongly controlled planform dynamics in the reach as the river emerges from the bridge constriction at 

Nugent’s Corner. Bankline comparisons from pre- and post- 1976 show this trend (Figure 93).  A similar 

effect is observable downstream near Syre Farm (Figure 94).  The association of limited planform 

complexity, and long residence times of the main channel against long extents of bank armor is 

consistent with results reported by Element Solutions (Element, 2014).  Adding roughness to these long 

revetments may discourage persistent channel entrainment on their margins, and strategic armor 

removal below the Mount Baker Highway Bridge could expand the active migration corridor to include 

broad swaths of mature forest on the west floodplain (Figure 93). 
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Figure 88.  2016 Air photo of Lower Reach 4 showing 2016 corridor, historic migration zone, riprap, and levees. 
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Figure 89.  Left bank armor consisting of concrete slabs, Reach LR4a. 

 

 

Figure 90.  Change extent of open bar and mature woody vegetation through time, Lower Reach 4. 
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Figure 91. Change in open bar area in Lower Reach 4 from 1933 (left) to 2016 (right). 

 

 

Figure 92.  Example area where the canopy heights exceed 80 feet in LR4. 
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Figure 93. Banklines from Lower Reach 4 just downstream of Nugent’s Corner showing complex migration 

patterns from 1906-1955 (top) and simplified planform with extensive left bank armoring post-1960 (bottom). 
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Figure 94. Banklines from Lower Reach 4 near Syre Farm showing complex migration patterns from 1906-1955 

(top) and simplified planform with extensive right bank armoring post-1976 (bottom). 
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During the 2017 field investigation, a rapidly developing anabranching channel was observed at RM 29.5 

(Figure 95).  This channel had widened from about 40 feet in 2015 to 150 feet in 2016, and was actively 

recruiting mature wood woody vegetation (Figure 96).  Growth of this single channel has entrained 

about 7 acres of forested area which is evident downstream (Figure 97).  About 1500 feet downstream 

of this developing anabranch, another anabranch has more recently developed, supported by wood 

accumulations at the head of the channel forming an apex jam (Figure 98).  This channel was part of a 

recent fish sampling effort and was found at that time to be about 20 feet wide, bounded by 

comparatively mature forest, and occluded at the upstream end by entrained logs creating a logjam 

(referred to here as an “apex jam”).  Field crews noticed pink carcasses below the channel outlet and 

dense redds in the channel. This pattern exemplifies that role that anabranching channels and wood 

recruitment plays in habitat formation, and also highlights that potential in Reach LR4.  

 

Figure 95.  2013-2016 anabranch development, Reach LR4b at RM 29.5. 
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Figure 96.  Relatively mature woody forest on left bank in developing anabranch, Reach LR4b. 

 

 

Figure 97.  View downstream of recently recruited wood accumulations, RM 28.5.  Note drift boat to left of 

photo. 
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Figure 98.  Google Earth image of recently developed anabranch at RM 28.7 that was described in 2018 as “solid 

pinks and redds”. 

 

At RM 25.5, the Twin View Levee marks an abrupt narrowing of the river corridor just upstream of 

Everson.  The levee protects an area of the HMZ that was reclaimed for agricultural purposes in the 

1930s.  This levee has been a site of frequent maintenance needs and needs maintenance now, likely 

due to its confining impact and high angle to the stream corridor (Figure 53).  The Everson overflows 

occur on the opposite bank in this area, making river management in this localized area critical.  This 

anthropogenic feature has been described as “the funnel” and shows pronounced declines in water 

surface slope with increasing discharge (Appendix D).  The maximum shear stress at this location occurs 

at a fairly low flow of about 20,000 cfs, indicating backwatering at higher flows.  However, boundary 

shear stress analysis indicates that the water surface slope is uncharacteristically steep through the 

funnel, and there is no indication from sediment mobility calculations that the constriction above and 

into the Everson bridge forms a significant blockage to the downstream conveyance of bed material 

(Appendix D).  As described below, however, sediment mobility plummets downstream of the bridge in 

Upper Reach 3.  
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Recommended strategies to address the primary limiting factors in Lower Reach 4 are shown in Table 9.  

These recommendations focus on the removal of potentially unnecessary armor and roughening of 

necessary armor from the left bank below the Mt. Baker Highway Bridge and realignment or 

modification of the Twin View Levee. 

 

Table 9.  Primary drivers of geomorphic degradation and associated restoration strategies, Lower Reach 4. 

Driver Primary 
Consequence 

Secondary 
Consequence 

Opportunity/Strategy Location(s) Outcome 

Planform 
Simplification 
due to Bank 
Armor and 

Levees 

Corridor 
Narrowing 
 
Floodplain 
Isolation 

Reduced Access 
to Mature 
Forest 
 
 
Lost 
Anabranching 
Channels 

Strategic Armor Removal 
and Armor Roughening 
 
Restoration of 
Anabranching Channels 
(construction of apex 
jams) 
 
Channel Migration Zone 
(CMZ) Management 
(provide for channel 
migration beyond historic 
area and future wood 
recruitment)  

Left Bank 
below Mt 
Baker 
Highway 
Bridge 

Improved 
Floodplain Access 
 
Anabranching 
Channel 
Formation 
through Wood 
Recruitment 
 
Increased 
instream habitat 
diversity 

Strong Levee 
Corridor 

Tapering at Twin 
View 

High 
Maintenance 
Needs 

Shear Stress 
Discontinuity 

Twin View Levee Setback Twin View 
Levee RM 
25.8 

Improved 
Sediment 
Transport 
 
Reduced 
Maintenance 
Costs  

 

7.3 Upper Reach 3 (UR3):  Everson to Constriction Below Noon Rd (RM 

21.1)  

Upper Reach 3 is 3.1 miles long and extends downstream from the Everson Bridge (Figure 99).  It is 

located below the Holocene avulsion node and is within a relatively young channel.  It is marked by a 

reduction in slope and a zone of major gravel and small cobble deposition (Figure 100), that has resulted 

in elevation of the channel in an alluvial ridge above the surrounding floodplain. The reach appears to 

have been historically straightened, losing about a quarter of its main channel length since 1872.   

In the 1872, Upper Reach 3 had a dominantly meandering planform with some anabranching (Appendix 

B Figure 9).  As described in Section 5.3.1, straightening of this reach in the early 20th century may have 

resulted in its conversion to a braided pattern due to steepening, which, coupled with the flood of 

record in 1932, resulted in a strong braided pattern documented in the 1933 imagery.  This is supported 
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by regime analyses that indicate that Upper Reach 3 is quite sensitive to change and management 

actions (Appendix D, NHC, 2019).   

Since 1933, the river corridor in Upper Reach 3 has contracted, and much of the 1872-1933 channel 

footprint is also isolated from the modern corridor.  The average belt width of 600 feet is currently 

about half of that in 1933, so much of the 1933-2016 Historic Migration Zone is isolated.  Bank strength 

is low (Figure 101), and the reach is 24% leveed and 65% armored.  Armor failure is common, as over 

4,000 feet of previously mapped armor has been eroded out (Figure 102).  The lower end of Reach UR3 

is marked by a major constriction/pinch point at the Abbot/Timon Road Levees (Figure 103).  This pinch 

point at the lower end of UR3 has persisted since at least the 1870s (Appendix B Figure 9), indicating 

that it is a natural constriction that has been exacerbated by the levee configuration.  Bank erosion on 

the left (south) bank just upstream from the pinch point is currently threatening the Abbot Levee and 

Abbot Road.  

Results of a boundary shear stress analysis indicates that sediment mobility remains relatively constant 

through Reach 4, and then plummets in the downstream direction through Upper Reach 3 (Appendix D). 

The boundary between Upper and Lower Reach 3 is an area of substantial competence limitation 

controlling downstream sediment conveyance; Upper Reach 3 likely an area of active and substantial net 

movement of coarse sediment into long-term storage.  As a result, Upper Reach 3 is a critical location to 

consider how to most effectively manage sediment transport patterns in the Lower Nooksack River. 

Table 10 shows recommended approaches to integrate improved geomorphic function and habitat with 

flood management. The Timon Road/Abbott levee marks a major interruption in sediment transport 

continuity, such that modification or removal of the constriction would better taper the corridor from 

UR3 to LR3.  However, right bank overtopping over the Timon River Levee would be affected by the 

reduction in backwatering and associated water surface elevations. In turn this would alter partitioning 

of flood flows between the main channel and floodplain flow paths downstream. Corridor reshaping 

would also allow more effective down-valley meander translation, which could shift pressure on levees. 

Channel migration area management is a critical component of strategy development in Reach UR3, 

where several installations of bank armor have failed. Providing a strategic migration corridor in this 

reach would potentially reduce the specific aggradation rate and allow the channel to return towards a 

more anabranching morphology. This more passive approach of strategic armor removal could be 

complemented by active creation of additional connected side channel length through a combination of 

excavation and construction of apex jams to decrease concentration of flood flow energy in the main 

channel, provide hydraulic diversity, and increase long term sediment storage capacity in the reach.  A 

sediment management pilot project concept was developed in this reach in 2013 to consider the 

geomorphic, habitat, and flood reduction impacts from a small sediment removal project (Element 

Solutions, 2013).  This area would be appropriate for further consideration of active sediment 

management. 
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Figure 99.  2016 Air photo of Upper Reach 3 showing 2016 corridor, historic migration zone, riprap, and levees. 
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Figure 100.  Right bank gravel bar showing fining relative to upstream. 

 

 

Figure 101.  Typical bank stratigraphy in Upper Reach 3 showing poor bank strength and limited vegetative 

reinforcement. 
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Figure 102.  Example of flanked armor (Upper Reach 3). 

 

Figure 103.  FEQ inundation mapping showing natural pinch point stabilized by Timon Road and Abbot Levees. 
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Table 10.  Primary drivers of geomorphic degradation and associated restoration strategies, Upper Reach 3. 

Driver Primary 
Consequence 

Secondary 
Consequence 

Opportunity/Strategy Location(s) Outcome 

Corridor 
Narrowing by 

Channelization 
and Bank Armor 

Loss of Belt 
Width 
 
Armor 
Failure 

Reduced 
Access to 
Mature Forest 
 
 
Lost 
Anabranching 
Channels 

Strategic Armor 
Removal and Armor 
Roughening 
 
Restoration of 
Anabranching Channels 
(through excavation 
and/or construction of 
apex jams) 
 
Channel Migration 
Zone (CMZ) 
Management 

Reach-Wide Improved Floodplain 
Access 
 
Anabranching Channel 
Formation through Wood 
Recruitment 
 
Improved Sediment 
Storage 
 
Increased quality edge 
habitat 

Corridor 
Narrowing by 

Levees Creating 
Pinch Point 

High 
Maintenance 
Needs 
 
Sediment 
Transport 
Discontinuity 

  Removal of Constriction Abbott/Timon 
Levees, RM 
21.1 

Improved Sediment 
Transport 
 
Reduced Maintenance 
Costs  
 
Reduced Overtopping of 
Timon Road Levee (may 
affect downstream levee 
overtopping) 

 

7.4 Lower Reach 3 (LR3):  Noon Road to Guide Meridian 

Lower Reach 3 is 5.1 miles long, extending from the constriction point at Noon Road to the Guide 

Meridian Bridge.  This reach has lost a quarter of its length since 1872, indicating historic channelization.  

Since 1933 the average belt width in the reach has dropped by about half to 300 feet (Figure 105).  

Sediment gradations show a continued downstream fining trend (Figure 106).  The reach is almost 

entirely leveed (86%) and armored (90%).  Much of the armor is decades old and may date back to the 

original channelization efforts (Figure 107 and Figure 108).  Floodplain connectivity is moderate in this 

reach although downstream return points are limited (Figure 109). 

Table 11 shows recommended approaches to integrate improved geomorphic function and habitat with 

flood management.  One specific opportunity is at RM 17.0, where remnants of a post-1933 cutoff swale 

is still evident on the floodplain and inundation maps (Figure 109 and Figure 110).  Removal of, or 

installation of a self-regulating floodgate in the downstream end of the Blysma Levee coupled with 

active restoration of the meander remnant could provide a local addition to backwater habitat extent 

and quality in LR3.   Overflows in the area could be routed through Scott Ditch to facilitate return 

upstream of the Guide Meridian Bridge.  Such a project would clearly impact local farmsteads, however, 

so any restoration in the reach would require a full feasibility assessment. 
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Figure 104.  2016 Air photo of Lower Reach 3 showing 2016 corridor, historic migration zone, riprap, and levees. 
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Figure 105. View downstream of narrow confined corridor, Reach LR3 (RM 18.5). 

 

 

Figure 106.  Typical gravel bar gradation, Lower Reach 3. 



 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       121 
Final Report 

 

Figure 107.  Historic (pre-1933) wingwall deflectors in Reach LR3, RM 20.0. 

 

 

Figure 108.  Old riprap with interwoven tree roots, RM 16.3. 
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Figure 109.  Floodplain connectivity in Lower Reach 3 at a 10-year flood. 

 

Figure 110.  Post-1933 meander remnant blocked by Bylsma Levee, RM 17.0. 

1933 

2016 
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Table 11.  Primary drivers of geomorphic degradation and associated restoration strategies, Lower Reach 3. 

Driver Primary 
Consequence 

Secondary 
Consequence 

Opportunity/Strategy Location(s) Outcome 

Floodplain 
Disconnection 
(natural and due to 
levees) 

Reduced 
Floodplain 
Access  

Impacted 
Floodplain 
Habitat 

Strategic Overtopping 
 
Levee and Armor 
Setbacks  

Overtopping in 
Locations of Poor 
Connectivity 
 
Levee Setbacks in Areas 
of High Sinuosity 

Improved Floodplain 
Access 
 
Improved Floodplain 
Habitat 
 
Increased Sediment 
Cycling/Storage 
 
Improved Edge  
Habitat 

Extensive Bank 
Armor 

Low Quality 
Edge Habitat 

 Integrated Bank 
Protection or  
Enhancement 

Reach-Wide Improved Edge 
Habitat 

Isolation of Side 
Channels, 
Tributaries and 
Sloughs by Levees 

Habitat Loss   Strategic Overtopping 
 
Enhancements to Habitat 
(e.g. Scott Ditch) and 
Connectivity to Prevent 
Stranding 

Reach-Wide Improved Floodplain 
Access 
 
Improved Floodplain 
Habitat 

Meander 
Abandonment due 
to Channelization 

Loss of 
Channel 
Length 

Lost Habitat 
Area and 
Quality 

Reactivation of 
Secondary Channels 

RM 17.0 Left Improved Extent and 
Quality of Aquatic 
Habitat used for 
Overwinter Rearing 

 

7.5 Upper Reach 2 

Upper Reach 2 extends from Guide Meridian downstream to the lower end of the Devries Levee, a 

distance of 5.4 miles.  Similar to Reach LR3 upstream, Reach UR2 is highly confined corridor that shows a 

marked loss in belt width, from an average of 392 feet in 1933 to 258 feet in 2016.  Just over 1,500 feet 

of inventoried armor has evidently been eroded out.  Much of the existing armor is old and stabilized by 

dense tree roots (Figure 112).  Some eroding bankline in Reach UR2 at RM 15.5 has exposed sandy 

glacial outwash channel deposits that are distinctly gray with stratified foreset beds deposited in a 

braided stream environment (Figure 113).  Just downstream the left bank is comprised of relatively 

cohesive sandy loams with well-preserved logs that extend into the river (Figure 114).  These deposits 

appear to be anoxic glacial backswamp deposits.  Peat fragments evidently mobilized from an eroding 

bank were also found on a bar downstream at RM 12.1.  There is still some wood delivery to Upper 

Reach 2 (Figure 116), and lateral sediment accretion onto armored streambanks is common. 

Floodplain disconnection in Reach UR2 is driven by both man-made levees and elevated depositional 

ridges (natural levees) on the channel margin that form a “hogback” which perches the river above the 

surrounding floodplain (Figure 117 and Figure 118). 



 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       124 
Final Report 

 

Figure 111.  2016 Air photo of upper Reach 2 showing 2016 corridor, historic migration zone (1933-2016), riprap, and levees. 
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Figure 112.  Old bank armor and stabilizing vegetation, RM 15.5. 

 

 

Figure 113.  Glacial outwash deposits, RM 15.5L. 
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Figure 114.  Well preserved wood in left bank, RM 15.3L. 

 

 

Figure 115.  Typical bar gradation, Upper Reach 2. 
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Figure 116.  In-stream wood accumulations, Upper Reach 2. 

 

Figure 117.  10-year floodplain connectivity, Reach UR2. 
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Figure 118.  Relative elevation modeling showing lighter colored “hogback” adjacent to river that contributes to 

floodplain isolation; yellow colors are relatively high elevations while blue shades are relatively low. 

 

Recommended strategies to improve floodplain access and associated habitat functions are shown in 

Table 12.  These strategies relate to floodplain connectivity, bank armor, and associated habitats.  This 

includes improving floodplain inundation extent via overtopping and active restoration of slackwater 

environments on geomorphically passive channel margins and at tributary confluences.  Existing armor 

could be rehabilitated/enhanced to provide better edge habitat where conditions are currently poor.  

Where channel sinuosity is high, levee setbacks may allow for unimpeded morphologic evolution of the 

channel to accommodate altered flows or sediment regimes in the future. 
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Table 12.  Primary drivers of geomorphic degradation and associated restoration strategies, Upper Reach 2. 

Driver Primary 
Consequence 

Opportunity/Strategy Location(s) Outcome 

Floodplain 
Disconnection 
(natural and due 
to levees) 

Reduced Floodplain 
Access  
 
Habitat Loss 

Strategic Overtopping 
 
Levee Setbacks  

Overtopping in Locations of 
Poor Connectivity or Historic 
Overtopping Sites 
 
Setbacks where Sinuosity is 
Highest (RM 12 to RM 13) 

Improved floodplain 
Access 
 
Improved Floodplain 
Habitat 
 
Improved 
Morphologic 
Resiliency 

Isolation of Side 
Channels, 
Tributaries and 
Sloughs by 
Levees 

Habitat Loss Strategic Overtopping 
 
Encourage Formation 
of Slackwater Habitats 

Reach-Wide 
 
Slackwater Habitat Creation 
at Tributary Confluences, 
Passive Margins 

Improved Floodplain 
Access 
 
Improved Floodplain 
Habitat 

Extensive Bank 
Armor 

Low Quality Edge 
Habitat 

Armor Rehabilitation or  
Enhancement 

Reach-Wide Improved Edge 
Habitat 

 

7.6 Lower Reach 2 (LR2) 

Lower Reach 2 lengthened by about 9% since 1872, primarily due to meander growth between RM 8.1 

and RM 9.1.  It is the most sinuous single thread reach in the project area.  The mean belt width in 2016 

was 230 feet, which is a 14% reduction from 1933.  Reach LR2 is only 6% leveed, but 91% of the banks 

are armored.  Much of the armor is old, and commonly buried by young fluvial deposits, which is 

indicative that the armor has relatively little impact on the channel form and that there is a hydraulic 

disposition for lateral accretion on the channel margins in this low energy environment. 

Recommended strategies to improve floodplain access and associated habitat functions are shown in 

Table 13.  These strategies include strategic overtopping of levees, levee setbacks, restoration of 

backwater habitats in geomorphically passive areas, and improvement of passage conditions and 

connectivity on existing drainage infrastructure.  One such area is located at RM10, where a small outlet 

channel and stacked double culverts in the Appel Levee have been replaced by twin culverts with self-

regulating flood gates that can be used to manage backwatering and provide fish passage into and out 

of the floodplain area known as “Lake Appel” (Figure 123) and the small tributary that flows from the 

hillside to the east.  Similar to upstream reaches, existing armor could be rehabilitated/enhanced to 

provide better edge habitat where conditions are currently poor.  Where channel sinuosity is high, levee 

setbacks may allow for unimpeded morphologic evolution of the channel to accommodate altered flows 

or sediment regimes in the future. 
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Figure 119.  2016 Air photo of Lower Reach 2 showing 2016 corridor, historic migration zone, riprap, and levees. 
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Figure 120.  View downstream of Lower Reach 2. 

 

Figure 121. Relative elevation modeling of Reach LR2; yellow colors are relatively high elevations while blue 

shades are relatively low. 
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Figure 122.  10-year floodplain inundation, Reach LR2. 

Table 13.  Primary drivers of geomorphic degradation and associated restoration strategies, Lower Reach 2. 

Driver Primary 
Consequence 

Secondary 
Consequence 

Opportunity/Strategy Location(s) Outcome 

Floodplain 
Isolation 
(natural and 
due to levees) 

Reduced 
Floodplain 
Access  

Altered 
Flooding 
Configuration 

Strategic Overtopping 
 
Levee Setbacks  

Overtopping in Locations 
of Poor Connectivity or 
Historic Overtopping 
Locations 
 
Setbacks Where 
Sinuosity is Highest (RM 
8.5 to RM 9.5) 

Improved 
Floodplain Access 
 
Improved 
Floodplain Habitat 

Isolation of 
Side Channels, 
Tributaries 
and Sloughs 
by Levees 

Habitat Loss Altered 
Flooding 
Configuration 

Strategic Overtopping 
 
Encourage Formation of 
Slackwater Habitats 
 
Installation of Self-Regulating 
Floodgates that Provide Fish 
Passage and Manage Backwater 
and Floodplain Drainage 

Reach-Wide 
 
Slackwater Habitat 
Creation at Tributary 
Confluences, Passive 
Margins 

Improved 
Floodplain Access 
 
Improved 
Floodplain Habitat 
 
Improved 
Slackwater Habitat 

Extensive 
Bank Armor 

Low Quality 
Edge Habitat 

 Integrated Bank Protection or  
Enhancement 

Reach-Wide Improved Edge 
Habitat 
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Figure 123.  10-year inundation at RM 10 showing small return flow channel through Appel Levee. Note that 

new self-regulating floodgates on large culverts may have been installed since the modeling was completed. 

 

7.7 Reach 1 

Reach 1 has recently had a thorough feasibility evaluation of a suite of restoration alternatives (TWC et 

al., 2015).  As a result, this section provides additional context rather than recommendations. 

Just downstream of the I-5 Bridge, Upper Reach 1 is 68% armored and 56% of the bankline is leveed 

(Figure 124).  Middle Reach 1 is completely leveed, and 50% of the bankline provides a level of 

protection exceeding a 100-year event.  Most of the levee extents were complete by 1976.  Much of the 

upper portion of the reach is armored, rendering 36% of the total bankline protected.  The reach is 

straight, with a sinuosity of 1.1.   

Lower Reach 1 is located downstream of Marine Drive and consists of the Nooksack River Delta.  It is 0% 

leveed and 0% armored.  The most rapid delta growth occurred between 1933 and 1976, when the delta 

extended into Bellingham bay at a rate of about 11 acres per year.  Progradation rates have dropped to 

less than 2 acres per year since 2005, however this may reflect bathymetric changes on the delta front.  

Most of the expansion has converted to woody vegetation with a prograding salt marsh and additional 

channel length.  The Nooksack River Delta has the least development and infrastructure of any of the 

large river deltas in Puget Sound.  As a result, it has been identified as a major restoration and 
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conservation opportunity, as restoration of the historic delta upstream from Marine Drive and of the 

Lummi River Distributary has been described as providing 25 percent of the Puget Sound Action 

Agenda’s 2020 estuarine habitat recovery goal in a single project (USACE and WDFW, 2016).  In addition 

to fisheries, the delta is important habitat for migratory birds of the Pacific Flyway. 

A feasibility evaluation of multiple action scenarios has been completed for Reach 1 (TWC et al., 2015).  

These alternatives include No Action, Marietta Levee removal, road and levee modifications on the left 

bank, road and levee modification on the right bank, and rehabilitation of the Lummi River diversion 

structure.  Scenarios were evaluated for flood risk, improvements to salmon and waterfowl habitat, 

feasibility considerations, and cost.  Several setback alignments were recommended for continued 

feasibility analysis and project refinement. This additional analysis is in-progress at the time this report 

was prepared.  A summary of the preferred project action scenarios is listed in Table 14.  

Levee reconfiguration in Reach 1 is a clear means of improving floodplain connectivity in an area that is 

characterized by extensive low elevation floodplain area that currently is infrequently flooded (Figure 

125 and Figure 126). 

Table 14.  Summary of preferred project action scenarios, Lower Nooksack River (THC et al., 2015).   

Opportunity/Strategy Description Comments 

Marietta (2A) Acquire properties in Marietta and remove structures 

Remove 3,000 feet of levee on left bank of Marietta 

Channel south of Marine Drive 

Eliminates areas of repetitive flood 

losses, increases wetlands 

Slater Road Bridge (3A) Raise Slater Road and install an overflow bridge at 

Tennant Creek to provide vehicular egress during a 100-

year flood 

Improves flood egress 

Right Bank Levee Removal and  

Southern Levee Setback (4D) or 

Western Levee Setback (4E)  

4D:  Remove 3,300 feet of levee on right bank north of 

confluence of Kwina Slough, Remove 2,340 feet of 

levee on right bank of Kwina Slough.  Construct setback 

levee 

4E:  Remove 3,330 feet of right bank levee north of 

confluence with Kwina Slough, and 3,710 feet of levee 

on right bank of Kwina Slough to Marine Drive.  

Construct Setback Levee. Raise/relocate roads. 

Eliminates potential levee 

overtopping along the entire right 

bank of the Nooksack River; 

Improved habitat connectivity and 

area 

Lummi River Diversion (5A) Rehabilitate Lummi River diversion structure to provide 

increased habitat in the Lummi River and/or reduce 

flood elevations in the Nooksack River. 

Minimal effect on Nooksack 

flooding, improved connectivity to 

Lummi Bay 
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Figure 124.  2016 Air photo of Reach 1 showing 2016 corridor, historic migration zone, riprap, and levees. 
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Figure 125.  Relative elevations in Reach 1; warm colors are relatively high elevations while blue shades are low. 

 

Figure 126.  10-year floodplain inundation, Reach 1 (results do not extend into delta). 
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8 Maintenance Considerations 

The following section presents a preliminary workup of project maintenance requirements as a function 

of active corridor width (measured as unrestricted 1933-2016 Historic Migration Zone) for three primary 

levees:  Deming, Sande-Williams and Twin View.  While three primary levees are presented here, this 

methodology may be applied to examine additional levees or levee segments of interest.  In order to 

evaluate the relationship between geomorphology and maintenance costs, each levee was segmented 

by their degree of corridor constriction as well as their angle of intersection with the corridor axis.  The 

divisions thus identify hooks, constrictions, and remaining levee segments.  The Twin View and Deming 

Levees were each divided into two segments, and the Sande-Williams Levee was partitioned into six 

segments (Figure 127).  

This evaluation is based on the integration of a GIS shapefile that identifies maintenance projects by 

location and length with a maintenance spreadsheet database, using project number as the main linking 

parameter.  Both datasets were provided by Whatcom County.  A few older projects were difficult to 

correlate between the two datasets, and these projects were evaluated using imagery where dates are 

missing and unit costs were costs are not recorded.  A recent 2016 Sande-Williams project was manually 

added to the dataset (Project #716005) to make things as current as possible.  The result is a GIS dataset 

that includes all cost information from the maintenance database linked to the original mapped project 

lines.   

Once the GIS line features were attributed by data in the maintenance database, those lines were 

segmented to match the levee partitions, producing a total of 66 project lines available for the analysis.   

Most of these projects have dates ranging from 1959 to 2008.   

The goal of the costing exercise is to assign 2018 dollar costs to each project.  The projects that had 

specific costs associated with them were assigned an annual 3% rate of inflation and then normalized to 

project length, resulting in a cost per foot range for individual projects from about $50 to over $700 in 

2018 dollars.  When maintenance lines extended into two levee partitions, the costs were prorated by 

length.  Projects that did not have a cost were assigned a $150/ft investment in 2018 dollars.  This 

resulted in a total estimated cost of $8.1 million in repairs over 42,239 feet of levee for the three levees, 

which averages to an estimated $192/ft for typical maintenance efforts (Table 15).  The total estimated 

long-term unit cost for maintenance performed to date on the 15,633 feet of levee evaluated is $520 

per foot. 

Because some older projects may be missing, and as the database is likely missing some flood-fight 

projects, the numbers presented below should be considered conservative. 
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Figure 127.  Levee segmentation for costing purposes, showing Deming (top), Sande-Williams (middle) and Twin 

View (bottom) 
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Table 15.  Results of cost analysis based on Whatcom County maintenance database. 

Levee Segment Total 

Length of 

Projects 

Total Est Cost Total 

Projects 

Est CMZ 

Width at Mid-

Point 

Length of 

Levee 

Est Cost 

Per foot 

Maintenance 

intensity 

 (ft) (2018 $)  (ft) (ft) (2018 $) (ft work/ft levee) 

Deming Non-Hook 7428 $2,022,941 9 1400 3700 $547 2.0 

Deming Hook 3073 $1,029,033 6 980 875 $1,176 3.5 

Uppermost SW 1333 $247,222 3 1200 1020 $242 1.3 

Upper SW Constriction 1866 $278,897 6 700 550 $507 3.4 

Middle SW 2740 $329,312 2 1800 1380 $239 2.0 

Middle SW Constriction 9001 $1,578,811 17 700 2300 $686 3.9 

Lower SW 1907 $238,748 4 1520 870 $274 2.2 

SW Hook 6599 $1,061,432 6 1000 2030 $523 3.3 

Upper Twin View 2947 $426,019 5 2450 1348 $316 2.2 

Twin View Constriction 5345 $909,907 8 590 1560 $583 3.4 

Total 42,239 $8,122,322  66  
 

15,633 
  

 

The results for each levee partition are shown in Figure 128 through Figure 130.  The Deming Hook has 

the highest cost per foot of any other segment ($1,176) as well as a high maintenance intensity (3.5 feet 

of documented maintenance per foot of levee).  The main (non-hook) Deming Levee is also relatively 

costly at $550/foot, although maintenance intensity has been relatively moderate, with 2.0 feet of 

maintenance performed per foot of levee (Figure 128).  

The Sande Williams Levee shows patterns of both cost per foot and maintenance intensity that correlate 

to the shape of the levee, which forms several constriction points (Figure 129).  Similarly, the Twin View 

levee also shows higher costs and maintenance intensity where it trends to the northeast, forming a 

constriction above Everson Bridge (Figure 130). 
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Figure 128.  Maintenance costs (cost/ft) and maintenance intensity (ratio of repair length to levee length), 

Deming Levee. 
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Figure 129.  Maintenance costs (cost/ft) and maintenance intensity (ratio of repair length to levee length), 

Sande-Williams Levee. 
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Figure 130.  Maintenance costs (cost/ft) and maintenance intensity (ratio of repair length to levee length) Twin 

View Levee. 
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The resulting estimated total cost and cost per foot for the levee segments are shown in Figure 131.  

Whereas the most expensive levee segment is the Deming Levee, the segmented Deming Hook has the 

highest cost per foot investment. 

The high total cost for the Deming Levee above the hook ($2 million) is largely driven by a 1990 repair 

(ID SCS-MBHS) and a 2008 project (#708003) when the levee sustained damages from the December 

2007 rainfall and snowmelt over 3,130 feet of its length.  These two projects totaled about $1.4 million.  

The high cost/per foot on the Deming Hook stems from those same two repairs (1990 and 2008) in 

combination with other repair projects in 1993, 1996, and 2007.  These five projects resulted in almost a 

million dollars’ worth of investment over about 875 feet of levee length, producing markedly high unit 

costs for the Deming Hook.   Other relatively high costs are evident at constrictions on the Sande 

Williams and Twin View Levees (Figure 131). 

 

Figure 131.  Estimated total investment (2018 dollars) in levee segments evaluated. 

 

In order to evaluate the influence of corridor constrictions on levee maintenance needs and overall 

costs, the data from each segment were plotted by corridor width.  Corridor widths were measured at 

the mid- point of non-hook segments, and at the narrowest constriction generated by hooks to capture 

the influence of their high angle to the stream corridor. If the levee segments are sorted in terms of 

corridor width (width of the unrestricted 1933-2016 Historic Migration Zone), the levee maintenance 

dataset indicates a higher intensity of maintenance (feet of maintenance per foot of levee) in areas 

where the corridor is constricted (Figure 132).  These trends persist when the maintenance frequency is 

normalized to estimated life of the levee and reported as feet of maintenance per foot of levee per 

decade of levee life (Figure 133). This figure also shows a notably high amount of maintenance done on 
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the upper extension of the Sande-Williams levee, which has a high value as it is a relatively recent 

project that has required maintenance. River corridor constrictions are also associated with a higher 

estimated cost per foot of levee investment (Figure 134).   

These results further indicate the value of corridor expansion and levee realignment to reduce 

maintenance costs while improving system resiliency and ecological function. 

 

Figure 132.  Levee segments sorted by corridor width showing reduced maintenance intensity in wider sections. 
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Figure 133.  Levee segments sorted by corridor width showing maintenance intensity normalized by decade of 

levee life. 

 

Figure 134.  Relationship between corridor width and cost per foot for select levee segments. 
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9 Conclusions 

This geomorphic analysis of the Lower Nooksack River extended from Deming to Bellingham Bay.  The 

following analytical approaches were taken to decipher the historic trajectory and current condition of 

the river:  

• Historic analysis to inform past and present geomorphic characteristics and trends,  

• Sediment transport analyses to understand the processes influencing current conditions,  

• Hydraulic modeling to understand the geomorphic conditions under a range of flows,  

• Physical processes characterization to understand the relationship between habitat and river 

management, and  

• River management evaluation to understand the approach, geomorphic response, and costs of 

past management.   

After a review and assessment of this information, the following conclusions can be made: 

1. The river system was substantially altered prior to the 1930s:  Riparian clearing, wood removal, 

and channel straightening resulted in geomorphic responses that included shifts in overall 

channel pattern, slope, and floodplain character.  This included loss of anabranching channels 

and local conversion of the channel to a braided pattern, which was likely exacerbated by the 

1932 flood of record. 

2. Since 1933, the river has continued to evolve in response to anthropogenic impacts and 

management actions following those initial impacts.  Major trends observed since that time 

include: 

• Increased confinement 

• Less floodplain sediment storage 

• Fewer side channels 

• Channel belt width narrowing 

• Contraction of the wetted channel area (channel plus open bar) 

• Expansion of floodplain vegetation 

• Less recruitment potential for large wood  

• Expanded levees and bank armoring 

• Isolation of historic migration area (HMZ) by levees and armor 

• Loss of aquatic habitat area, both main and side channels 

• Alteration of rearing habitat due to conversion of natural banks to riprap 

• Loss of active wood recruitment 
 

3. When compared to historic conditions, the Lower Nooksack River is has evolved to a higher 

energy channel flowing through a narrower, less complex corridor.  As the river naturally 

flattens and loses energy in the downstream direction, discontinuities in sediment transport 

competencies and flow conveyance create complex conditions with regard to flood, sediment, 

and habitat management.   
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Understanding the geomorphic evolution and current condition of the river is an important aspect of 

effective flood and habitat management.  To that end, we have identified both challenges and 

opportunities that integrate flood management and habitat restoration goals.  With careful planning, 

assessment and collaboration, many win-win opportunities exist.  We recommend a continued multi-

discipline, integrative approach to problem solving and planning next steps. 

  



 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       149 
Final Report 

10 References 

Anderson, S., C. Konrad, E. Grossman, and C. Curran, 2018.  Sediment storage and transport in the 

Nooksack River basin from 2006-2015, USGS Scientific Investigation Report, in review, 90p. 

Applied Geomorphology Inc (AGI), 2016.  Nooksack River Upper Reach 4 Geomorphic Assessment and 

Levee Setback Alternatives Development in Support of Whatcom County SWIF:  Report Prepared for 

Whatcom County Flood Control Zone District, Bellingham WA, 71p. 

Beardsley, M. 2018.  Restoring Stage 0 Beaver Streams in the Southern Rockies—Riparian Reconnect.  

2018 River Restoration Northwest Presentation, Skamania, WA. 

Bolton, S. and J. Shellberg, 2001.  Ecological Issues in Floodplains and Riparian Corridors:  White Paper 

submitted to Washington Department of Fish and Wildlife, Washington Department of Ecology, and 

Washington Department of Transportation.  University of Washington, Center for Streamside Studies, 

59p.  

Bovis, M.J., 1987.  The Interior Mountains and Plateaus, IN:  Geomorphic Systems of North America, 

Geological Society of America Centennial Special Volume 2, p. 469-515. 

Brown, M., M. Maudlin, and J. Hansen, 2005.  Nooksack River Estuary Habitat Assessment, Report 

Prepared for Salmon Recovery Funding Board, Office of Interagency Committee, 192p. 

Burke R., 2001.  Heritage of a Snagboat--The Story of W. T. Preston and her Crews, IN:  The Sea Chest: 

Journal of the Puget Sound Maritime Historical Society, p. 147-163.   

Cameron, V. 1989.  The Late Quaternary Geomorphic History of the Sumas Valley; M.S Thesis, Simon 

Fraser University, Department of Geography, 154p. 

Collins, B. and A. Sheikh, 2004.  Historical riverine dynamics and habitats of the Nooksack River:  Report 

Prepared for Nooksack Indian Tribe, Deming WA, 119p. 

Consolidated Drainage Improvement District #1 (CDID#1), 2011 (est).  Whatcom County Consolidated 

Drainage Improvement District #1 Drainage Management Plan:  Whatcom Conservation District, 24p. 

Consolidated Drainage Improvement District #1 (CDID#21), 2010 (est).  Whatcom County Consolidated 

Drainage Improvement District #1 Drainage Management Plan:  Whatcom Conservation District, 28p. 

Czuba, J.A., C. S> Magirl, C. R. Czuba, E. E. Grossman, C. A Curran, A. S. Gendaszek, and R. S. Dinicola, 

2011.  Sediment Load From Major Rivers into Puget Sound and its Adjacent Waters:  USGS Fact Sheet 

2011-3083, 4p. 

Dickerson, S.E., 2010.  Modeling the Effects of Climate Change Forecasts on Streamflow in the Nooksack 

River Basin:  M.S. Thesis, Western Washington University, 121p. 



 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       150 
Final Report 

Dragovich, J.D., D.K. Norman, R.A. Haugerud, and P.T. Pringle, 1997.  Geologic Map and Interpreted 

Geologic History of the Kendall and Deming 7.5-minute Quadrangles, Western Whatcom County, 

Washington:  Washington Department of Natural Resources, Division of Geology and Earth Resources 

Open File Report 97-2, June 1997. 

Eaton, B.C., R.G. Millar, and S. Davidson, 2010.  Channel patterns:  braided, anabranching and single 

thread:  Geomorphology 120 (3-4):  353-364. 

Element Solutions, 2015.  Nooksack River Lower Reach 4 Geomorphic Assessment: Technical 

Memorandum Prepared for the WRIA1 Salmon Recovery Board, 32p.  

Easterbrook, D. J., 1976.  Geologic Map of Western Whatcom County, Washington:  USGS Map I-854-B. 

Franz, D.D., 2004.  Lower Nooksack River Unsteady-Flow Model and Analysis of Initial Scenarios near 

Everson, Whatcom County, Washington:  Report prepared by Linsley, Kraeger Associates, LTD, February 

6, 2004. 

Franz, D.D., 2005.  Flood Frequency Analysis at Deming, Ferndale, and Everson:  Report prepared by 

Linsley, Kraeger Associates, Limited, April 12, 2005, 26p. 

Floodplains by Design (FbD) and The Nature Conservancy (TNC), 2018.  Climate Change in the Nooksack 

River:  A quick Reference Guide for Local Decision-Makers:  https://cig.uw.edu/our-work/decision-

support/floodplains-by-design/ 

Gartner, J. 2016.  Stream Power:  Origins, Geomorphic Applications, and GIS Procedures:  University of 

Massachusetts at Amherst Water Publications, 36p. 

Gurnell, A. M., H. Piegay, F. J. Swanson and S. V. Gregorys, 2002.Large Wood in Fluvial Processes:  

Freshwater Biology 47, 601-619. 

Howay, F.W., (1914) British Columbia from the Earliest Times to the Present Volume II the S.J. Clarke 

Publishing Company, Vancouver. 

Hutchings, R. M., 2004. Mid-Holocene River Development and South-Central Pacific Northwest Coast 

Prehistory:  Geoarchaeology of the Ferndale Site (45WH34), Nooksack River Washington:  MA Thesis, 

Western Washington University, 160p. 

Isaak, D.J.; Wenger, S.J.; Peterson, E.E.; Ver Hoef, J.M.; Hostetler, S.W.; Luce, C.H.; Dunham, J.B.; 
Kershner, J.L.; Roper, B.B.; Nagel, D.E.; Chandler, G.L.; Wollrab, S.P.; Parkes, S.L.; Horan, D.L. 2016. 
NorWeST modeled summer stream temperature scenarios for the western U.S. Fort Collins, CO: Forest 
Service Research Data Archive. https://doi.org/10.2737/RDS-2016-0033. Interactive Viewer available 
online at https://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html. 

https://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html


 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       151 
Final Report 

KCM, Inc. 1995.  Whatcom County, Lower Nooksack River Comprehensive Flood Hazard Management 

Plan-- Nooksack River Flood History:  Report Prepared for Whatcom County Transportation Services 

Department, Division of Engineering, River and Flood Control Section, Bellingham WA 98226, 47p. 

Kerr Wood Liedal (KWL), 2008.  Updated Sediment Analysis for Lower Nooksack River:  Report Prepared 

for Whatcom County Flood Control Zone District, 128p. 

Lee, S., A. Hamlet, and E. Grossman, 2016.  Impacts of Climate Change on Regulated Stramflow, 

Hydrologic Extremes, Hydropower Production, and Sediment Discharge in the Skagit River Basin:  

Northwest Science, V. 90, No. 1, p. 23-43. 

Mauger, G.S., J.H. Casola, H.A. Morgan, R.L. Strauch, B. Jones, B. Curry, T.M. Busch Isaksen, L. Whitely 

Binder, M.B. Krosby, and A.K. Snover, 2015. State of Knowledge: Climate Change in Puget Sound. Report 

prepared for the Puget Sound Partnership and the National Oceanic and Atmospheric Administration. 

Climate Impacts Group, University of Washington, Seattle. doi:10.7915/ CIG93777D. Available at 

https://cig.uw.edu/resources/specialVreports/psVsok/  

Mastin, M.C., Konrad, C.P., Veilleux, A.G., and Tecca, A.E., 2016, Magnitude, frequency, and trends of 

floods at gaged and ungaged sites in Washington, based on data through water year 2014 (ver1.1, 

October 2016): U.S. Geological Survey Scientific Investigations Report 2016–5118, 70 p., 

http://dx.doi.org/10.3133/sir20165118. 

Maudlin, M., T.Coe, N. Currence, and J. Hansen, 2002.  South Fork Nooksack River Acme-Saxon Reach 

Restoration Planning:  Analysis of Existing Information and Preliminary Recommendations, 127p. 

Maudlin, M., and A. Stark, 2007.  Analysis of Nooksack River progradation into Bellingham Bay, 

Washington using archival data sources:  GSA Cordilleran Section 103rd Annual Meeting Session No. 16, 

Booth #6. 

Miller, I.M., Morgan, H., Mauger, G., Newton, T., Weldon, R., Schmidt, D., Welch, M., Grossman, E. 2018. 

Projected Sea Level Rise for Washington State – A 2018 Assessment. A collaboration of Washington Sea 

Grant, University of Washington Climate Impacts Group, Oregon State University, University of 

Washington, and US Geological Survey. Prepared for the Washington Coastal Resilience Project. 

http://www.wacoastalnetwork.com/washington-coastal-resilience-project.html 

Miller, G. and S. Spoolman, Living in the Environment:  Cengage Learning, 576p. 

Murphy, R. 2016.  Modeling the Effects of Forecasted Climate Change and Glacier Recession on Later 

Summer Streamflow of the Upper Nooksack River Basin:  MS Thesis, Western Washington University, 

67p. 

Nooksack River International Task Force (NRITF), 2003.  April 2003 update:  

http://www.env.gov.bc.ca/spd/ecc/docs/2003April/Nooksack_ITF_ECC_April2003.pdf 

https://cig.uw.edu/resources/specialVreports/psVsok/
http://www.wacoastalnetwork.com/washington-coastal-resilience-project.html
http://www.env.gov.bc.ca/spd/ecc/docs/2003April/Nooksack_ITF_ECC_April2003.pdf


 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       152 
Final Report 

Nooksack Tribe, 2014:  Nooksack Indian Tribe: Rivers and Glaciers—Keeping salmon and the ecosystem 

healthy in light of climate change and distressed ecosystems:  Tribal Climate Change Profile, Nooksack 

Indian Tribe, July 2014, 6p. 

Nooksack Tribe, 2016.  2016 State of Our Watersheds Report:  Nooksack River Basin.  

Https://geo.nwifc.org/SOW/SOW2016_Report/Nooksack.pdf. 

Northwest Hydraulic Consultants (NHC), 2015.  Lower Nooksack River Project Alternatives Analysis 

Geomorphic Characterization:  Final report prepared for Whtacom County and The Watershed 

Company, 48p. 

Northwest Hydraulic Consultants (NHC), 2019.  Draft Nooksack River Geomorphic Assessment--  Detailed 

Upper Reach 3 Regime Analysis: Memo prepared for Karin Boyd, Applied Geomorphology, January 8, 

2019, 4p. 

Pittman, P., 2007.  Nooksack River Upper Reach 4 (Deming to Cedarville Bridge) Geomorphic 

Assessment:  Whatcom County Public Works, River and Flood Division, Bellingham, WA, 33p. 

Pittman, P. J. Maudlin, and B. Collins, 2003.  Evidence of a major late Holocene river avulsion:  Geological 

Society of America Abstracts with Programs, v. 35, no. 6, p. 334. 

Rowland, J.C., E. Shelef, P. A. Pope, J. Muss, C. Gangodagamage, S. Brumby, and C. Wilson, 2016.  A 

morphology independent methodology for quantifying planview river change and characteristics from 

remotely sensed imagery:  Remote Sensing of Environment, v. 184, p. 212-228. 

Skidmore, P.B., C. Thorne, B. Cluer, G. Pess, J. Castro, T. Beechie, and C. Shea, 2011.   Science Base and 

Tools for Evaluating Stream Engineering, Management, and Restoration Proposals:  NOAA Technical 

Memorandum NFMS-NWFSC-112, 254p.  

The Watershed Company (TWC), Land C LLC, Northwest Hydraulic Consultants, and Cardno, 2015.  

Lower Nooksack River Project:  Alternatives Analysis:  Report prepared for Whatcom County Flood 

Control Zone District, Bellingham WA, 93p. 

United States Army Corps of Engineers (USACE), 1991.  Flood Summary Report, Nooksack, Skagit and 

Snohomish River Basins, November 1990 events. 

USACE and WDFW, 2016.  Puget Sound Nearshore Ecosystem Restoration-- Final Integrated Feasibility 

Report and Environmental Impact Statement:  Report prepared in support of Puget Sound Nearshore 

Ecosystem Restoration Project, 327p. 

United States Fish and Wildlife Service (USFWS), 2010: Batched Nooksack Levee Repair Projects:  

Published letter to Colonel Michael McCormick, Seattle District Corps of Engineers July 15, 2010. 

https://geo.nwifc.org/SOW/SOW2016_Report/Nooksack.pdf


 

_________________________________________________________________________________ 

Lower Nooksack River Geomorphic Assessment       153 
Final Report 

Water Resource Inventory Area 1 Salmon Recovery Board (WRAI 1), 2005.  Water Resource Inventory 

Area 1 Salmonid Habitat Restoration Strategy, 96p. 

Whatcom County Planning and Development Services, 1994.  Whatcom County Natural Resources 

Report: Mineral Resources, 45p. 

Whatcom County Public Works, 2007:  Nooksack River Upper Reach 4 (Deming to Cedarville Bridge) 

Geomorphic Assessment, 32p. 

Wohl, E. and D. N. Scott, 2016.  Wood and sediment storage dynamics in river corridors:  Earth Surface 

Processes and Landforms, John Wiley DOI: 10.1002/esp3909. 

Wohl, E. 2014.  A legacy of absence:  Wood removal in US rivers.  Progress in Physical Geography v. 38 

(5), p. 637-663. 

 


