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Project Description: 
 
To restore salmon habitat in WRIA 1, this project constructed 28 engineered log jams (ELJs) in 
the mainstem South Fork Nooksack River, consisting of nine Type I ELJs (85x100x6'), nine 
Type II ELJs (55x80x6'), three Type III (Log reinforced riffle, channel spanning logjam), and 
four Type IV (self settling with a rock collar). Endangered early spring Chinook salmon and bull 
trout will benefit from 25 primary pools; more pools may develop indirectly as increased 
roughness causes dynamic equilibrium.   Scour pools provide thermal refugia (holding pools) 
from elevated South Fork water temperatures during summer spawning months in addition to 
pools for juvenile overwintering (rearing pools).  In addition, juveniles will benefit from 1.5 
miles of off channel rearing habitat by increasing connectivity with the floodplain and side 
channels.  All features are focused on enhancement of endangered Spring Chinook 
(Oncorhynchus tshawytscha) habitat by maximizing natural habitat-forming processes inherent 
in this reach of river.  
 
Background: 
 
Habitat degradation is considered the leading cause for the decline of WRIA 1 salmonid 
populations.  Current habitat conditions are substantially less productive than historical 
conditions.  Estimated current adult capacity for each Nooksack early Chinook population is less 
than 10% of historic capacity; similarly, estimated current adult productivity and life history 
diversity are less than 15% and 45% of historic levels, respectively (Mobrand, 2003).   
 
Temperature is a limiting factor for salmonid production in the South Fork during the hot, low-
flow summer and early fall months, primarily July through October (Mobrand 2003).  This is the 
time when adult Chinook are migrating up the river until they are ready to spawn, actively 
spawning, and during the incubating egg life stages.  The Larson’s reach is within the area 
(between RM 14.1 and RM 25.2) where the South Fork Chinook population is most severely 
impacted by high water temperatures because this is where most of the population spawns, holds, 



and incubates.  The reach is currently listed for temperature as a Category 5 (Polluted waters that 
require a TMDL) on the Washington States 303(d) list. 
 
Reduced habitat diversity and key habitat types have a high negative impact on South Fork 
salmonids. There is a general lack of complex pool and edge habitat in the South Fork (Doughty 
1987; Smith 2002).  Average pool depth in the South Fork has been widely reported as having 
decreased in recent years (e.g. Schuett-Hames et al. 1988, Maudlin et al. 2002). There is a lack of 
complex woody cover in the South Fork. Logjams, including channel-spanning jams, were 
historically abundant in the South Fork.  Morse (1883) describes the presence of logjams “across 
the river nearly every mile.” Current wood loading is low throughout the South Fork relative to 
historic conditions and there is a general lack of large, stable accumulations; the majority of 
wood is not interacting with the low-flow channel, where it could provide cover during summer 
months (Brown and Maudlin 2007).   
 
Loss and simplification of fry and over-wintering rearing habitat in the geographic area may also 
have affected SF Nooksack early Chinook diversity by reducing the relative abundance of 
yearling or parr migrant life history strategy relative to historical conditions. The lack of deep, 
complex pool habitat, which affects holding and rearing Chinook, is considered to be of greatest 
concern in the project reach. In a study of South Fork Chinook holding habitat in the South Fork, 
Schuett-Hames et al. (1988) found that >98% of Chinook held in areas with some cover 
(undercut bank, bedrock, wood, boulders, turbulence), although they preferred wood; Chinook 
selected the deepest depths available. Most (76%) of the juvenile Chinook counted during a 
snorkel survey of the Acme-Saxon reach (downstream of the Fobes project area) was associated 
with wood cover, including 51% with complex cover (Dewberry 2003). Loss and simplification 
of edge and floodplain habitat is also a concern. Loss of habitat complexity may also limit 
spawning in the reach; in Skagit River tributaries Chinook spawning abundances were inversely 
related to pool spacing (Montgomery et al. 1999). 
 
Project Goals and Objectives: 
The goal of the Larson’s Reach Phase 2 project is to restore salmonid spawning, rearing and 
holding habitat in order to recover self-sustaining salmonid runs to harvestable levels by 
addressing limiting factors of temperature and habitat diversity and quantity in the reach. 
 
Original project objectives: 

 Create 3 primary pool habitat units in cool water refuge areas. 
 Increase floodplain and side channel connectivity to up to 1.42 miles of off channel 

rearing habitat 
 Increase habitat quality and diversity by creating 20 primary pool habitat units 
 Increase stability of four existing mid-channel islands by constructing six logjams 

 
Methods: 
Development of the design: 
The key to every restoration project related to improving salmon populations, is first to have a 
clear understanding of the biological objectives and limiting factors.  LNR staff and the 
engineering firm contracted held a kick-off meeting/field reconnaissance with geomorphologists 
and biologists.  Documentation of the field reconnaissance was completed with photos, GPS 



points, and a field report compiled after gathering necessary data from all parties.  From that 
point, the contractor determined the historic context of the geomorphic and hydraulic conditions.  
In combination with the field investigation, a geomorphic desktop study was completed. This 
work assessed the context of the South Fork channel behavior and lead directly into the 
restoration approaches or techniques that were considered. The desktop assessment included the 
following: 

• Investigation of historic and current channel migration behavior 
• Identification of areas of active channel migration and erosion 
• Identification of stable channel islands and vegetated bars 
• Qualitative assessment of principle factors controlling project area erosion and deposition 
• Assessment of floodplain connectivity and utilization (Height Above Water -HAWs 

mapping) 
• Assessment of recent erosion and deposition (LiDAR comparison) 

 
These maps provide an accurate means of identifying the presence of side channels and low 
lying floodplain areas, assessing avulsion risks and prioritizing restoration potential.  Once a firm 
understanding of historic conditions was developed, alternatives were developed to meet 
objectives of the project within the context of current and future processes.  The heart of the 
approach to creation of successful long-term habitat restoration is process-based design.  
Understanding the physical and biological processes that create and sustain habitat is essential to 
successful restoration.  Design questions include “What are the factors that control the river’s 
hydraulics and the movement of sediment and wood? What are the forces acting on in-stream 
structures?” Stable structures (e.g., boulders, snags, logjams) alter hydraulics and can change the 
morphology, bed material, and habitat characteristics of the river and structures can be utilized to 
achieve the restoration objectives.   
 
During design of the project reach, a 2-D hydraulic model was utilized to evaluate flow within 
the Larson’s Phase 2 reach. Information from recent LiDAR data and topographic surveys was 
incorporated into the model to ensure it was representative of current conditions.  The hydraulic 
modeling was performed to model existing and proposed conditions and set up to focus on the 2-
year and 100-year flow events. This derived inundation extents as well as velocity magnitudes 
and vectors for varying flow events.   As part of preliminary and final design phase, the 
hydraulic model was used to evaluate the restoration elements and develop hydraulic data needed 
to design habitat enhancement features and ELJs to withstand the appropriate scour and 
hydraulic forces. The hydraulic analysis was also used to compare flow depths, flow velocities, 
and shear stresses within the project area for pre and post project conditions. The restoration 
concepts are reflected in the hydraulic model by modifying the existing or baseline model to 
reflect the with-project or proposed conditions. Initial hydraulic modeling was completed to 
review flows during the 2 year and 100 year flow events, which assists in the development of 
alternatives for the reach.   
 
LNR staff and WRIA 1 SRST members evaluated conceptual design and hydraulics and 
provided input to the consultant. The consultant then completed a geomorphic and hydraulic 
feasibility survey and report, and basis of design report. 
 



A wetland reconnaissance was completed February 2014 to evaluate the type of wetlands, 
presence/absence of the Oregon Spotted Frog, and impact of the proposed project on the 
wetlands.  This included access road crossings and enhanced side channel to improve 
connectivity with the floodplain.  The wetland specialist determined that the project would 
provide an overall benefit to the wetlands reviewed.  Impacts associated with access roads would 
temporarily impact three wetlands, but actions associated with the roads would occur during the 
dry season.   
 
After consultation with the landowner’s local representative, there was concern about impacts to 
the Larson’s bridge.  Modeling had showed no impact to the bridge, with velocities actually 
reducing erosion to abutments to the structure.  The landowner approved design elements below 
the bridge, but wanted to see additional work completed for the structures above and 
immediately below the bridge.  We also found out that the log storage area used for Phase 1 was 
not available, so we had to negotiate with Janicki Industries to use their Punkin Center as a place 
to store the logs. This facility is located off of Highway 20, about 30 minutes from the project 
site. 
 
 
Permitting/landowner agreement: 
 
A permitting meeting was held with all agencies in December 2013 to review the design and 
allow for any changes.  The new Geomorphologist started in July 2013, reviewed the preliminary 
design, and made some changes to the preliminary design.  This included moving and adding 
existing logjams to facilitate natural processes of aggrading the bed, as well as changes to ELJ 
type 3, known as the log reinforced riffle. After modeling hydraulic conditions with the proposed 
design, the design for the type 3 logjams was reinforced with layers of a triangle log structure.  
Three additional logjams were added to the design as well.   
 
 
We began to submit permits in April 2014. The final cost estimate with log schedule was 
provided by the engineer in April 2014. The request for bids for logs was sent out to local 
companies that provide wood for engineered logjam projects.  In May 2014, the request for bids 
for construction was sent out to contractors specializing in engineered logjams.  A pre-bid 
meeting was held at Larson’s in May 2014. The low bidder for both the logs and construction 
was a local contractor from Whatcom County, Harkness Contracting. 
 
In July 2014, we worked to obtain remaining permits and the landowner agreement.  A draft of 
the landowner agreement was requested early, but was not delivered to us until the last week in 
July.  It included elements not part of previous agreements, including an insurance requirement 
for the contractor beyond normal.  It took the contractor two weeks to obtain this insurance 
(logger’s broad form, for 2 million instead of 1 million).  The landowner did not allow us to 
stage equipment, build access roads or bring logs to the site until this agreement was signed, as 
well as provide proof of insurance.  Normally we would begin staging in mid-July and be ready 
to construct in-stream at the start of the fish window, which is usually August 1.  The LNR 
project manager worked with the Washington State Fish and Wildlife habitat biologist to work 
out new terms for the hydraulic permit.  The HPA was revised to allow in-water work through 



August 31, 2014 as long as any structure was not built adjacent to any active redd or was at least 
200 feet upstream of an active redd. Type 3 structures were not allowed to be constructed during 
this window.  
 
In March 2015, a memo on impact to Larson’s bridge was written by the consultant, which stated 
that the project should reduce velocities at the bridge.  In turn, this would reduce current scouring 
of the abutments.  The landowner reviewed the memo and agreed to allow the remainder of the 
project (above the bridge) to be completed. An addendum to the existing agreement was 
prepared. 
 
 
 
Construction: 
Summer 2014 
The contractor could not begin staging logs until 8/16/2014.  Fish exclusion began on 8/20/14, 
with construction starting on 8/22/14. Seven logjams were completed by 8/31/2014, which was 
far less than projected.  Per permit requirements, and with landowner concurrence, logs were 
removed from the floodplain but left within existing access roads. The log storage area at the 
Punkin center was cleaned up, as the contractor did not use it past summer 2014, saving 
considerably on rental costs.   
 
Summer 2015 
Final construction began the end of July 2015 with a modified design for some of the Type 4 
ELJs.  Due to limited funds, we made changes to vulnerable ELJs only, such as the one lost last 
year.  In addition, due to drought conditions, project construction was delayed partially due to 
DNR increasing the Industrial Fire Precaution Level (IFPL) to level 4 (general shutdown). While 
some landowners allowed access to the river to conduct monitoring, Sierra Pacific did not allow 
any access through its lands. This shut down operations for a few days in July. Most of the time 
we were operating under level 3, which limited the hours of operation and required specific 
equipment for extinguishing local fires caused by equipment operation. All levels required a fire 
monitor (one hour after ceasing equipment operation).  
 
The type 3 ELJ is a new concept to help restore deeply incised rivers.  The NSD design consisted 
of a triangle of logs, layered and held in place with pilings and rock collars.  They are designed 
to be buried over time; however the initial concern was fish passage for the first year.  The 
LNNR Timber Fish and Wildlife Manager (biologist) did not think that the structures would pose 
a passage problem but welcomed the opinion of the WDFW Habitat biologist.  With the 
contractor’s assistance, we were able to move rocks around to create gentler fish passage for 
Chinook.  See video for construction of the Type 3s. 
 
No Chinook were seen in the project reach, so we were allowed to continue work into 
September. Most of the work was outside of the wetted channel. During the summer of 2015, we 
constructed 21 engineered logjams, including 3 Type 3 (channel spanning logjams). One Type 4 
was not constructed due to enhancements made to the Type 4 design. 
 



During project construction in September, we had some rain, with flow at around 4,000 cfs at the 
Saxon gauge downstream.  This allowed us to see how the structures would perform during a 
moderate flow.  At the middle Type 3 ELJ, there was concern for the stability of the structure, so 
additional logs and rock were inserted while still providing fish passage.  In mid-September 
2015, there was another rain event, with flows between 5-9,500 cfs at the Saxon gauge.  
Unfortunately, two type 4 ELJs were lost, but racked up on logjams we constructed this year.  
The type 4 ELJs that were lost were of the original design and not modified. 
 
 
Results: 
 
Monitoring:   
After one type 4 failed during the first storm in November 2014, the engineer developed a new 
design, to include additional posts and logs with rootwads which will allow for increased 
stability during higher flows.   
 
Additional site visits were conducted by LNNR staff and NSD staff after construction in 2015 
(October – December). All three Type 3 ELJs were racking wood, as well as most of the Type 
1s.  Ropes were cut on all bundled logs for the failed Type 4s. Washington State DNR has asked 
that we locate the boulder pairs from the failed Type 4s and remove the cable from the river. 
 
Site specific observations: 
 
Site 2: 
Two bars are forming just downstream of 2-3-10. Two of the type 4s have shifted, and one has 
racked up on 2-1-4. Some bank erosion has occurred behind the two type 4s that have shifted. 
Erosion has also exposed a natural logjam at the toebank, on the left bank adjacent to 2-1-9.  
Natural logjams are partially blocking side channels on the left bank floodplain.  
 
Site 3: 
Some channel erosion and slight channel expansion in the newly excavated channels on the right 
bank. Five type 4 ELJs were lost, few logs and boulders remain. One type 4, adjacent to 3-3-13 
has shifted. 
 
Site 4: 
There is some channel erosion on the right bank adjacent to 3-3-21, as well as on the left bank 
adjacent to 4-2-23.  On the left bank floodplain above Larson’s bridge, the bar is aggrading 
between the 4-1-28 and 4-2-29.  There is about a foot of water in the left bank floodplain.  
 
See Larson’s monitoring memo dated 3-8-16 for additional information. 
 
Effectiveness monitoring is continuing, with habitat measurements to be completed in September 
2016.  Site visits were conducted in April and July 2016, to determine if there were safety issues, 
fish passage and extent of flood plain activation. Results are qualitative at this point, but 
activation of the floodplain could be seen which was beyond expectations, especially above 
Larson’s bridge.  Fish passage is good through and around the Type 3, channel spanning 



structures as determined by the LNR TFW biologist and the WDFW habitat biologist.  Initial 
results show that the channel bed is aggrading, 25 additional pools created (20 pools proposed), 
at least 1.5 miles of off channel habitat created (1.42 miles proposed), 42.5 acres of floodplain 
habitat connected (24.4 acres proposed).  
 
Conclusion/Recommendations 
The engineer suggested continual monitoring of the project area throughout the winter/spring of 
2016. During lower flows, we will also need to monitor the Type 3s for fish passage.  Initial 
observations cannot pinpoint one factor that contributed to the loss of five of the Type 4 ELJs. 
One lesson learned is that the design should consider depth of alluvium to clay layer; consider 
not using self-ballasting structure in these locations if the hydraulic model indicates a high 
likelihood of significant sliding forces. In addition, the design firm should conduct more test pits 
in the project area- upper/middle/lower. It is not cost effective to conduct a test pit for each ELJ. 
This was complicated by the fact that not all rocks met specifications; some were smaller than 
the minimum size. In addition, the length of cable exposed for some of the rock collars was 
longer than the specifications.  While the engineer is required to inspect one set of boulder pairs, 
we may require this for each type of boulder pair required. The engineer is also contemplating 
increasing the specificity of acceptable rock types, (hardness, types (lithology), density) with 
language which allows rejection for improper rock materials or breakage. 
 
Lessons learned: 
Design: 

 Consider depth of alluvium to clay layer 
o Consider not using self-ballasting structures (i.e. type 4 like structures) if 

hydraulic model indicates high likelihood of significant sliding forces. 
o Conduct more test pits in project area during design phase 

 Update type 4 design to ensure the structure is held together to act as a single element 
rather than loose pieces held in place with rock collars.  
o Binding the structure together will reduce the risk of failure by plucking  

 
Contracting: 

 Increase specificity of acceptable rock types (hardness, lithology, density) with language 
which allows rejection for improper rock materials or breakage. 
o Perhaps require contractor to weigh and mark each rock 

 Provide an inspection checklist to inspection staff with key elements to check off for each 
structure including numbers of each type and size of log, size of rock, length of cable 
for each rock set, number of rock collar sets etc.  
o As part of checklist, have final as-built photos collected.  
o Complete checklist prior to contractor demobilizing from that site and prior to 

payment for that structure. 
o Payment structure will need to be specifically listed in the contract bid specs and 

pointed out to the contractor.  
 After all permits have been acquired, list out specific permit requirements that apply to 

the contractor vs the permit holder (LNR).  
 
 



Construction: 
 Require the contractor to have a dedicated Project Manager who is not an equipment 

operator. This person is in charge of layout for the contractor, meeting design 
specifications, and ensuring that all deliverables and permits are complied with.  

o When LNR is providing this service to the contractor, it could become a potential 
liability issue. 

o LNR staff should be in charge of inspection and monitoring. 
 Develop a construction checklist to make sure we have all documents on hand from the 

contractor and all pre-planning activities are completed per permits and grant contracts. 
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LARSON’S REACH PHASE 2 RESTORATION: 
MONITORING OBSERVATIONS & LESSONS LEARNED 

MARCH 8, 2016 

 

I. PROJECT OVERVIEW 
 
Project Location 
The Larson's Reach Phase 2 In-stream Restoration Project is located between river miles 19.6 and 21.2 
on the mainstem of the South Fork Nooksack, including tributaries, in Hamilton, Washington (Skagit 
County). 
 
Background/Project Description 
The Larson’s Reach Phase 2 In-stream project was designed to address habitat factors which are limiting 
the recovery of South Fork Nooksack River Chinook salmon, bull trout, steelhead trout, and other 
salmonid species. These factors include elevated water temperatures, lack of key habitats, and low 
habitat diversity. The project constructed 28 engineered log jams (ELJs) in the mainstem South Fork 
Nooksack River, which is anticipated to benefit endangered early spring Chinook salmon and bull trout 
through the creation of deep primary pools with woody cover. In addition, juveniles will benefit from 
1.42 miles of off-channel rearing habitat by increasing connectivity with floodplain and side channels. 
 
Land Use History  
Throughout much of the Nooksack Basin, riparian wood recruitment has been altered or interrupted by 
land-use activities. Riparian forestry, road building, land clearing, bank hardening and invasive species 
have slowed, and in some cases halted, wood recruitment to the channel. With limited large wood being 
recruited to the channel, the formation and maintenance of stable wood accumulations has been 
greatly reduced, negatively impacting the ecosystem functions these log complexes once played. Active 
restoration of the riparian ecosystem has been initiated in the project reach, providing improved long-
term wood recruitment to the channel, and the current in-stream restoration project provides an 
immediate positive change in channel dynamics and geomorphology. The goal is not to create a static 
environment that mimics historic conditions, but rather an evolving and better functioning ecosystem 
that reflects the geomorphology of the river and floodplain (Gregory et al. 1991). Restoring habitat 
diversity by constructing logjams in the river should address near-term impacts facing a variety of 
species and life stages due to habitat degradation in an ecologically important reach of the river. This 
will help in the recovery process and complement long-term riparian changes that will again contribute 
large wood to the river. 
 
Goals and Objectives of the Project 
The goal of the Larson’s Reach Phase 2 project was to restore salmonid spawning, rearing, and holding 
habitat in order to recover self-sustaining salmonid runs to harvestable levels by addressing limiting 
factors of temperature and habitat diversity and quantity in the reach.  
 
Project Objectives:  

1. Create 3 primary pool habitat units in cool water refuge areas. 
2. Increase floodplain and side channel connectivity to up to 1.42 miles of off channel 

rearing habitat 

3. Increase habitat quality and diversity by creating 20 primary pool habitat units 

4. Increase stability of four existing mid-channel islands by constructing 6 logjams 



Construction occurred over two summers – 2014 and 2015. Construction in 2014 resulted in 7 ELJs being 
built, and construction in 2015 from July 27 to September 18 resulted in 22 ELJs being built and 2 side 
channels being excavated. There were several high flow events in 2015 that halted construction for days 
at a time, thereby extending the completion date. The final design planset is attached in Appendix A.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



II. AS-BUILTS 
 

 
Figure 1. Project as-built map – points represent GPS locations of outer posts of type 1 and 2 ELJs (yellow and red) and various points around type 4 ELJs 
(green), whereas the yellow and black lines represent structure outlines from final design plans.  



III. MONITORING OBSERVATIONS TO-DATE 
 

Hydrology & Geomorphology 
The 2015-16 winter has been wetter than average - the South Fork Nooksack River has experienced 9 
flows exceeding the 2-yr peak flow estimate (7,400 cfs scaled to Larsons) and 3 flows that have 
approached the 10-yr peak flow estimate (12,200 cfs scaled to Larsons) since construction was 
completed.  The Project Engineer and LNR Geomorphologist conducted a field reconnaissance of 
floodplain and side channel activation and channel changes on November 21, 2015 (see Figure 2) – 5 
days after this season’s peak flow to-date (November 17, 2015 – 14,800 cfs at Saxon Rd - 10,360 cfs 
scaled to Larsons). Please note that due to the very recent completion of the project (less than 6 
months) and inability to conduct quantitative monitoring during winter months, most of the data and 
information presented herein is inherently qualitative. 
 

 
Figure 2. Hydrograph of the South Fork Nooksack River at the Saxon Road Bridge USGS gage (USGS 12210000) from 
July 27, 2015 (start of construction) until January 25, 2016. Note that discharge values in the Larson’s reach are 
generally 70% of what is recorded at the Saxon gage.  
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Figure 3. Hydrograph from the South Fork from 8/15/15 to 2/11/16 at the Saxon Rd Bridge Gage (USGS 12210000) 
showing the 2, 10, and 100-yr peak flow estimates overlaid.  

 

 
Figure 4. Monthly mean discharge (mean of daily means) for the period 1934-2016 with maximum and minimum 
lines on either side.   
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Figure 5. Using the 1934-2016 monthly means, the residuals for the winter 2015-16 months (August to January) 
were determined (the 2015-16 value was subtracted from the 1934-2016 mean value for each month). November 
is where we saw 3 peaks near the 10-yr peak flow estimate and 4 above the 2-yr peak flow estimate, and was the 
month when most of the channel and structure changes occurred.   

 
 

 
*note that the current water year is not over yet so these numbers could rise 
 

Figure 6. To compare the flows experienced so far during the 2015-16 winter to historical patterns, the number of 
cumulative days above specific recurrence intervals (RI) experienced in the South Fork between 2008-2015 and 
2015-16 water years was compared (as the monthly mean metric is somewhat crude). Using instantaneous 15-
minute data, the number of 15-minute intervals above specific RIs (1, 2, 10, 100) were tallied, then transformed 
into a cumulative number of days. For the 2008-2015 period, the number of days was then divided by the number 
of years studied (7 years) to provide a per/year count (to more accurately compare to the 2015-16 year). 
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2008-2015 2015-16* 

RI 
Flow 
(cfs) 

per/yr cumulative 
days 

per/yr cumulative 
days 

1 3,400 12.40 13.83 

2 10,300 0.79 1.88 

10 17,100 0.04 0.00 

100 25,200 0.00 0.00 
*note that the current water year is not over yet so these numbers could rise 
 

Table 1. Table representation of Figure 6 showing the 4 RIs studies, associated discharges, and the cumulative 
number of days per/year above each RI.  

 
The magnitude and frequency of high flows experienced since construction was completed can be 
directly related to many of the channel responses and changes seen at Larson’s. The 2015-16 winter has 
been far wetter than average and is still not over. The following section will present expected and 
observed hydraulic and geomorphic changes in the reach based on pre-project modeling and post-
project monitoring and site visits. 
 
 
 
 
 
 
 
 



 
Figure 7. Anticipated changes in channel morphology, hydraulic pathways, and floodplain connection from project structures and activities based on pre-
project modeling and understanding of the site.  



 
Figure 8. Observed channel and hydraulic changes based on observations from the November 21, 2015 site visit. The “ELJ debris” points depict the locations of 
log racking bundles from Type 4 structures that unraveled. The “Accumulation of Large Woody Material (LWM)” layer characterizes areas of natural wood 
accumulation.     



A more detailed sketch of observed channel changes can be seen in Appendix B - field notes and 
sketches (drawn on final design plans) from the Project Engineer from the same November 21, 2015 
field visit. As seen from Figures 7 and 8, we have seen more than anticipated floodplain and side channel 
activation, wood recruitment and racking, and aggradation above the channel-spanning structures, 
discussed in more detail below.  
 
What’s Working:  

 Increased floodplain activation (frequency, magnitude, and duration) 

 Aggradation and fining of sediment above channel-spanning riffle structures 

 New and existing side channels engaged at or below bankfull flow (~3,000 cfs) 

 Increased hydraulic complexity – channel lengthening and lateral movement 

 Lots of wood racking on all Type 1,2, and 3 ELJs 

 More primary pools (to be determined during low-flow monitoring) 
 
This information is based mainly on visual observations, photo monitoring, and water levels from 
wetland piezometers. For example, the piezometer in the large river left floodplain upstream of Larsons 
Bridge showed that at the same storm discharge (~10,000 cfs), water depths on the floodplain were 
approximately 1 foot deeper post-project than pre-project. Visual flood indicators (vegetation, 
accumulated debris, high flow marks) allowed us to estimate floodplain activation. In addition, 
aggradation above the channel-spanning structures was noted but needs to be quantitatively 
corroborated once conditions allow it. Once flows drop enough (summer), LNR will continue more in-
depth and quantitative monitoring of the project reach including topography, water levels, and 
sediment (pebble counts). The following are sets of images meant to visually represent the positive 
channel and project responses discussed above. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



  
Floodplain sediment deposits in large river left floodplain above Larsons Bridge 
 
 

  
Image on left shows side channels A and B at their inlets (looking downstream at ~4,200 cfs scaled to Larsons) and image on right shows side channel B further downstream 
(looking upstream at ~1,000 cfs scale to Larsons) 

 
 
 
 
 



 
Flow indicators (fine sediment and matted vegetation) in existing right bank side channel just downstream of Phase 1 ELJ 2  
 

  
Looking downstream from Larsons Bridge before (left) and after (right) construction – note aggaradtion and fining of sediment along left bank and racked wood on structures 
 
 
 
 



  
Close up frontal view of type 2 structure (4-2-23) just below Larsons Bridge – note aggradation and wood racking 
 

  
Profile view of 4-1-25 just upstream of Larsons Bridge showing large amount of racked wood along upstream face 
 

 



  
Type 4 structure (4-4-26) in right bank side channel upstream of Larsons Bridge – note aggradation and fining of sediment, scour and flow deflection to left bank around edge, 
recruitment of bank tree from lateral erosion, and racked wood. The other type 4 in this side channel (4-4-27) is functioning very similarly. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Challenges: 

 7 type 4 structures have shifted or unraveled 

 Type 3 channel-spanning structures racking more wood than expected and some triangles have 
shifted/moved, creating different hydraulics than expected 

 Some of the Phase 1 ELJs have been partially scoured out 

 Side Channel A has shortcutted back to the mainstem, thereby reducing channel length  
 
In addition to what is working well, and due to the significant hydraulic and channel responses seen 
through the winter, there have also been challenges to structure integrity and anticipated outcomes. 
This section will describe what has happened (highlighted above) and what we know about why it 
happened. Also see the Project Engineer’s memo regarding the type 4 structure changes (Appendix C) – 
note that this memo was written before all structure changes had occurred (before the November 
storms). Also note that the preliminary design for the project called for improving the stability of some 
of the Phase 1 ELJs with additional ballast (as also recommended by the 2011 effectiveness monitoring 
report by the Nooksack Tribe), but there was concern from the Salmon Recovery Staff Team about 
eliminating pools and spawning sites nearby, so this was not done as part of the project. The following 
pages contain image sets visually representing some of the challenges listed above. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Type 4 structure (3-4-20) before and after high flow events in the fall of 2015 – logs have been completely transported away. 
 

 
Type 4 structure (3-4-18) before and after high flow events in the fall of 2015 – some logs and groups of logs still remain on site  
 



 
Type 3 structure (3-3-13) with 2 of the unraveled type 4 bundles from upstream racked on top. This wood helped recruit even more wood and has deflected and concentrated 
flows towards both banks – the left bank is eroding after the type 4 (3-4-12) shifted into the channel and opened up the left bank (not seen here), and the right bank triangles 
have shifted and have been squeezed down into the channel (not seen here).   
 



 
Type 3 structure (3-3-21) adjacent to type 2 structure (4-2-23) just downstream of Larsons Bridge. Image on left is post-construction but prior to high flow events, and image on 
right shows massive amounts of wood racked up on both structures after multiple high flow events in November 2015. Due to racking on type 3, ~85% of flows are being 
deflected into left split around island, much more than anticipated (approximately even split anticipated), thereby funneling most of the flow between the two structures. This 
has resulted in increased flow velocities and energies through this narrow funnel and led to some of the type 3 triangles being undercut and shifted/squeezed, and potentially 
contributed to unraveling of the type 4 structures just downstream in the left split. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Scouring out of ballast and shifting of logs in Phase 1 ELJ 4 (just downstream of 3-3-13). 
 
 
 
 
 
 
 
 
 
 
 



 

 
Yellow dashed line shows new flowpath taken by side channel A – shortcutting back into the mainstem instead of continuing on into the floodplain and meeting up with side 
channel B. The new flowpath channel bottom is approximately 1-2 ft lower than the constructed channel, so the original alignment still gets wetted (just at higher flows than 
before and with less water). 

 



Potential Causes: 
The following are potential physical mechanisms that contributed to unraveling of the type 4 structures 
(per the Project Engineer’s initial observations and interpretations). As the process was most likely 
multifactorial, it will likely be difficult to ascertain with great precision what exactly caused each 
individual structure to shift/unravel.  
 

 Insufficient ballasting – some of the structures seemed to have rocks smaller then specified 

and/or some individual rock collar pairs missing.   

 Failure by plucking – with the combination in some structures of undersized rocks and loose 

rock collars due to excessive cable length, the river-ward side of structures may have been 

plucked apart by flows piece by piece.  

 Sliding – the thin layer of alluvium may have allowed the structure to slide downstream over the 

clay layer.  

 Settling – the thin layer of alluvium may also not have allowed the structure to settle into the 

bed and scour a pool as intended 

 Overloading – it is likely that logs and/or whole log bundles from structures unraveling upstream 

washed downstream and impacted the face of subsequent structures. This additional wood 

would have increased the upstream area (flow obstruction) of the structure, putting larger 

forces on it than designed. If the racking bundles were caught under the retention logs, this 

would have nearly doubled the buoyant force exerted on the retention logs, causing the 

structure to lift. Such lift would have then allowed the structure to rotate in the flood flows. 

The following are additional factors that likely contributed to unraveling of the type 4 structures and to 

the other challenges listed previously: 

 Uneven flow split below Larsons Bridge – more water than anticipated (~85% of mainstem flow) 

is being pushed into the left split around the island by wood that has racked on 3-3-13, which 

likely exposed the type 4 structures to greater hydraulic forces than modeled.  

 Contractor schedule/timeline 

o Due to paperwork being turned in late by the landowner in 2014 (and also requiring the 

contractor to obtain more and difficult to obtain insurance bonds), many fewer 

structures than planned were built in 2014, resulting in many more than designed 

needing to be built in the 2015 construction season. 

o The contractor also did not have a permanent dedicated on-site Project Manager to 

coordinate between LNR and construction crew, which led to inefficiencies and 

communication issues.  

o Contractor cited LNR oversight as slowing him down during the first half of construction 

 Staffing Capacity  - main person often alone to monitor 2-3 structures being built 

simultaneously over a mile of river while also manning water quality monitoring and other 

miscellaneous tasks (photo monitoring, coordinating with permitting agencies and LNR staff 

etc.) 

 

 



 Changes to Preliminary Design 

o Originally there were 26 not 29 ELJs planned 

o Several type 1 and 2 structures were replaced with the type 4 structures  

 Very wet winter – as discussed in detail in the hydrology section previously 

 

IV. LESSONS LEARNED 
 
Design: 

 Consider depth of alluvium to clay layer 
o Consider not using self-ballasting structures (i.e. type 4 like structures) if hydraulic 

model indicates high likelihood of significant sliding forces. 
o Conduct more test pits in project area during design phase 

 Update type 4 design to ensure the structure is held together to act as a single element rather 
than loose pieces held in place with rock collars.  

o Binding the structure together will reduce the risk of failure by plucking  
 
Contracting: 

 Increase specificity of acceptable rock types (hardness, lithology, density) with language which 
allows rejection for improper rock materials or breakage. 

o Perhaps require contractor to weigh and mark each rock 

 Provide an inspection checklist to inspection staff with key elements to check off for each 
structure including numbers of each type and size of log, size of rock, length of cable for each 
rock set, number of rock collar sets etc.  

o As part of checklist, have final as-built photos collected.  
o Complete checklist prior to contractor demobilizing from that site and prior to payment 

for that structure. 
o Payment structure will need to be specifically listed in the contract bid specs and 

pointed out to the contractor.  

 After all permits have been acquired, list out specific permit requirements that apply to the 
contractor vs the permit holder (LNR).  

 
Construction: 

 Require the contractor to have a dedicated Project Manager who is not an equipment operator. 
This person is in charge of layout for the contractor, meeting design specifications, and ensuring 
that all deliverables and permits are complied with.  

o When LNR is providing this service to the contractor, it could become a potential liability 
issue. 

o LNR staff should be in charge of inspection and monitoring. 

 Develop a construction checklist to make sure we have all documents on hand from the 
contractor and all pre-planning activities are completed per permits and grant contracts 

 
 
 
 
 
 



Budget Considerations: 

 When a project is covering more than one project area, make sure that there are at least two 
staff  on site during construction (one could be the engineering consultant) to monitor activities 

 Engineers should include more time for construction services in their cost estimate - the 
engineers are ultimately the ones who must make the decision to approve a structure or 
changes in the field. 

o Including a post-construction review with report 

 Travel time to these sites is extensive and wears staff out. LNR may want to consider 1) having 
staff camp out on site or nearby;  2) include costs to stay at a nearby motel; or 3) stay with 
someone locally. 

 Include funding for rental of a satellite phone. 

 Convert to digital field reports to save time  
 
 

V. NEXT STEPS 
 

Continued Monitoring 
LNR will conduct first year low-flow summer monitoring in 2016 (topography, water levels, pebble 
counts) and continue effectiveness monitoring of the project as part of their overall ELJ effectiveness 
monitoring program. Data collected from these efforts will help determine project performance and 
inform potential adaptive management and/or maintenance and repair actions that may be sought. 
 
Adaptive Management 
This is an important element as we want to ensure that our investment in the reach is upheld and that 
habitat gains are realized – potential actions are likely small-scale compared to the overall project. LNR 
will consult with the Project Engineer in summer/fall of 2016 after additional monitoring has been 
completed and conditions characterized to solicit input on potential and specific adaptive management 
actions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


