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Optional Mitigation 
Several optional components of the intermediate-term plan should also be considered during 
the short-term time frame, and further investigated as preferable options. These include: 

• The current fishway could be extended to the upstream headwater in order to allow for 
the possibility of an integrally designed volitional fishway that fully bypasses the 
collection portion of the FCF. The implementation of this option depends on the long-
term plan. 

• The extensive list of proposed solutions for flow intake and internal components could be 
reduced if a separate source of clear water (free from unnaturally high sediment, but not 
from natal homing cues) can be identified and developed to supply the collection facility 
and fish ladder. 

Operations 
As described more completely in the technical memorandum (Appendix B), the FCF operations 
are limited not only by a lack of adequate physical facilities and proper maintenance, but by the 
limited human resources and material to properly operate it in order to achieve the desired 
results. It is difficult to describe specifically what operational improvements are necessary or 
preferred given the uncertain results of functional improvements, but we suggest at minimum 
the following considerations: 

• Develop a more well-controlled procedure for no-touch fish collection and transfer 
(supported by the previously described physical facilities); 

• Acquire, and have available, multi-purpose equipment such as a mobile crane for tasks 
such as fish brail lifting, fishway panel movement, and sediment removal assistance, and 
a small loader to assist with sediment removal from limited access areas; 

• A higher number of personnel to improve the number of fish that can be moved and to 
provide for a more intensive sediment maintenance effort; and 

• Develop a process for sediment removal and disposal (versus return of sediment to 
the river). 

The current facility operation, which has evolved to adapt to the limited resources and a 
physically dysfunctional facility, must be improved in tandem with any efforts to improve 
structural elements. This can be accomplished by setting performance standards, having more 
completely defined operation and maintenance procedures and having routine expert advice to 
optimize the benefit of the renovated trap-and-haul process. 

Costs 
The costs outlined below represent first order estimates based on professional opinion. 
Developing these figures to more detail relies upon more information of the physical conditions 
that each element would be required to handle, and subsequently further computation of 
necessary size, materials, and labor needs. Nevertheless these estimates are provided to frame 
the scale of resources that will be needed to accomplish the type of improvements listed in this 
report. 
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Once a project reaches a point where its size and location have been tentatively located and 
initial investigations associated with that project configuration have been completed, a cost 
estimate can be prepared. At a conceptual level, such as is the case with the intermediate-term 
plan, the cost estimate is at the most flexible level of accuracy. The estimate should be 
expected to change as the project becomes more well defined, becoming more comprehensive, 
more detailed and based on progressively more reliable information. While the construction cost 
is the primary component of the total cost, there are other significant costs associated with 
implementing the proposed project. Only the construction cost is addressed herein. We have 
identified the major items of construction; however, there is still a need to allow for items which 
are not identified or included in the project at this time in order to have a more complete 
estimate of total project cost. Accordingly, unlisted items and contingency items are also 
included in the construction cost estimate. As the project becomes more defined, the listed 
items become more comprehensive and reliable, and construction commencement moves 
closer, these allowances become smaller. Forward pricing has not been used and the reference 
date for costs is October 2009. Costs are provided in thousands of dollars and rounded to the 
nearest ten thousand dollars. Costs have not been listed for the optional elements such as 
development of a supplemental clear water source or for a full length fishway bypassing the 
FCF. 

Construction 
The construction cost summary provided herein is based on line items for the major 
components of construction, conceptual level evaluation supported by only minimal design 
sizing, and estimated quantities of items lumped together. The subtotal of the major component 
line items was used as the basis for a construction cost estimate. A line item for 
mobilization/demobilization was also added to the estimate.  

Since a conceptual cost estimate is based on major items of construction, a 10 percent 
allowance of the major component line items subtotal is made for unlisted items reflecting those 
items which are too small individually to be listed, but when considered together, constitute a 
significant enough cost to be included. A conceptual cost estimate also must allow for 
unknowns. On this project contingency includes allowance for modest changes in project scope, 
refinement of material quantities, unknown conditions, uncertainty in unit prices and similar 
details, which become better known as design and construction proceeds. To provide for this, a 
30 percent contingency on the major component line items sub-total is added.  

The construction items described under the intermediate term plan amount to $2.5 M for the 
FCF flow intake, $3.3 M for the FCF internal components, and $2.1 M for the FCF tailwater, for 
a total of $7.9 M, including the allowances for unlisted items and contingency. These estimates 
are more specifically described in Table 9. 
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Table 9 Construction cost estimates for the three main items of the intermediate-term plan (in 
thousands of dollars). 

Intake Renovation 
Mobilization & Demobilization  80  
Bulkhead current headworks and modify weir box  20  
New upstream headworks  250  
Two new sediment settling tanks in parallel  700  
Replumbing of headworks / weir box  100  
Rebuild sediment sluice / manifold   300  
Modify dam crest to contain gated sediment sluice  150  
Demolition, water handling and connections  150  
Unlisted items (10%)  180  
Contingency (30%)  520  

Subtotal  2,450  
Internal Renovation 
Mobilization & Demobilization  110  
Replumbing of collection, crowding, lock and delivery  200  
Parallel collection pool and crowder  500  
Parallel lock and delivery  500  
Site work, water handling, demolition and connections  200  
Parallel fishway extension along split route  500  
Fishway weirs new and replacement  110  
Misc. repair, replace and upgrade components  250  
Unlisted items (10%)  240  
Contingency (30%)  710  

Subtotal  3,320  
Tailwater Renovation 
Mobilization & Demobilization  70  
Access and clearing and grubbing  50  
Water handling  100  
Demolition  50  
Six weir-pool instream steps  1,200  
Restoration  50  
Unlisted items (10%)  150  
Contingency (30%)  460  

Subtotal  2,130  
 



 Page 63 

Lower Columbia Fish Recovery Board February 12, 2010 
AMEC Project No.: 8-915-16350-0  

Operation and Maintenance 
In order to provide for adequate personnel and direct costs to operate and maintain the 
renovated FCF, it is estimated that $300,000 per year will be needed. This breaks down into 
approximately $120,000 for 1.5 FTE (which actually consists of eight people, none of which are 
truly full time) and $180,000 for repair, replacement, routine operating expenses, and sediment 
hauling and disposal. A sinking fund for facility reconstruction or replacement in the future is not 
included in the annual cost. 

SPILLWAY 

As mentioned previously, the Corps has considered the possibility of constructing a fish channel 
within the SRS spillway that would accommodate upstream passage of returning salmonids. In 
the initial design process, the Corps evaluated several alternative configurations and developed 
the preferred alternative to the 90 percent completion stage. AMEC reviewed the design and 
provided feedback to the Corps as a technical memorandum (1 July 2009; Appendix A). 
Construction of the preferred alternative was originally scheduled for the summer of 2010; 
however, there is no guarantee that these modifications will be feasible given the other Corps 
activities in the watershed, or that funding will be available. The plan is currently on hold until 
broader basin-wide plans have been developed (J. Britton, USACE, personal communication). 
Our critique of the preferred alternative as presented in the tech memo is summarized here. 

The preferred alternative was to make improvements to the spillway that would direct and 
confine flow to a fish passage channel within the spillway chute in order to minimize the 
opportunity for false passage routes; reduce the height of the falls and cascades to a series of 
vertical drops measuring no more than 3 ft in height; and add thalweg pools to the channel so 
that fish are able to rest and orient themselves for leaping or swimming upstream. The designed 
channel would be superimposed on the most pronounced existing low-flow channel to minimize 
rock excavation. The river would be drawn into the channel a short distance upstream of the 
crest, then pass the crest through a new notch excavated in the rolled compacted concrete 
(RCC) steps. The channel would follow a central route through the spillway until passing 
through the existing notch in the RCC at station 30+00, after which it would shift to the left and 
travel along the south side to the bottom of the spillway. Along the route, two falls (one being the 
falls at the bottom) would remain in the channel but would be reduced in height for fish passage. 
The intent of this alternative is to convey the river through this channel for flows up to a design 
maximum flow rate, excluding water from other routes that may be impassable to fish.  

The “jumps and pools” channel design resembles a conventional “pool and weir” configuration, 
except that it requires fish to leap greater heights at certain locations than is normally the case 
in a pool and weir-type fish ladder. The fishway entrance appears to meet criteria for sufficient 
attraction flows (4 to 8 ft per second); however, not enough detail is available to determine 
whether the plunge pool depth below the first jump meets depth requirements (4 ft minimum; 
recommended 6 ft). The fish channel runs in the Corps’ design are shown to be a minimum of 
0.6-ft deep, rather than the recommended minimum depth of 1 foot, although hydraulic modeling 
shows that the one foot depth may be achieved anyway. More importantly, the prolonged, 
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relatively steep gradient of the channel (6%) is likely passable by fish at burst speed, but a 
sufficient number of well designed pools will be critical to allow resting. 

The pool dimensions in the Corps’ plan are unconventional, but from a plan view perspective 
meet the minimum criteria. Pools that do not produce a stilling or eddying effect on the flow will 
have relatively low value as resting and jump staging areas. The originally proposed pool depth 
of 1 ft has been increased to 3 ft, which is a definite improvement, but it is still lower than the 
desired minimum depth of 4 ft. Lacking adequate depth, a pool may not provide the hydraulic 
conditions a fish needs to leap over the drop at the head of the pool, even if the height of the 
drop is within the leaping ability of the target species of fish. 

Further design detail is needed as to how the fish channel exit is to be configured to exclude 
sediment while at the same time effectively directing flow into the fishway and guiding fish 
upstream. A compromise must be achieved between locating the fishway exit too much into the 
sediment plain, where the channel is actively moving and could close off the spillway exit, and 
too close to the spillway lip, where fallback might occur. 

Significantly more detail regarding the Corps’ preferred alternative, and our suggestions for 
enhancing the preferred alternative can be found in the technical memorandum “North Fork 
Toutle River Fish Passage at the Sediment Retention Structure: Comments on the Design 
Documentation Report and 90 percent Stage Drawings for Spillway Modifications” (Appendix A). 

SEDIMENT PLAIN 

Background 

Volcanic eruptions typically disturb fluxes of water and sediment in a river basin, and can result 
in sediment yields that exceed pre-eruption sediment yields by many orders of magnitude. The 
catastrophic eruption of Mount St. Helens in 1980 affected some basins more than others. 
Basins to the north of the volcano, including the Toutle River basin, underwent the most severe 
disturbance and the greatest accretion of loose sediment from deposition by a 2.5 km3 debris 
avalanche and a following direct blast (Pierson and Scott 1985), which covered the landscape 
with gravelly to silty sand tephra (<1 cm - >1 m) and flattened forest across approximately 
600 km2 of craggy terrain (Smith and Swanson 1987; McEwen and Malin 1989) (Figure 28). The 
avalanche deposit buried 60 km2 of the valley to a mean depth of 45 m and severed surface 
drainage between the lower and upper North Fork Toutle River watershed. 
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Figure 28 Effects of Mount St. Helens 1980 eruption and location of gaging stations. Stations: 
TOW—lower Toutle River, KID—lower North Fork Toutle River, SFT—South Fork Toutle River, 
MUD—Muddy River, GRE—Green River. SRS—Sediment Retention Structure (From: Major, 
Pierson, et al. 2000). 

The Toutle River basin has thus been dramatically altered by the eruption of Mount St. Helens. 
Measures were quite rapidly implemented to protect the public from flood, a hazard that 
continues to be exacerbated by changes to basin hydrology and reduced channel capacities as 
a vastly increased volume of sediment moves through the system. The Mount St. Helens (MSH) 
Project was designed to control the transport of large amounts of sediment downstream from 
the debris avalanche. The Sediment Retention Structure (SRS – Figure 28 above) of the MSH 
was constructed on the North Fork Toutle River in 1987, and has since provided a significant 
reduction in sediment volumes moving downstream and into the Cowlitz River. Operated as a 
reservoir, the SRS from 1987 to 1998 trapped over 100 million cubic yards of sand and silt 
eroded from the debris avalanche, this material now stored behind the SRS as a large sediment 
plain (Figure 29). 
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Figure 29 North Fork Toutle River Sediment Plain storing over 100 million cubic yards of 
sediment. 

In maintaining a congressionally authorized level of flood protection along the lower Cowlitz 
River, the SRS has itself presented a significant, anthropogenic, alteration to the North Fork 
Toutle River basin. The river now meanders through the lower four miles of the sediment-filled 
reservoir pool, exiting through a spillway and rock ramp (Figure 30). 
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Figure 30 Spillway (note fractured concrete apron) and rock ramp at SRS. 

While stream systems around Mount St. Helens are slowly recovering, elevated sediment loads, 
channel widening, and a lack of vegetation cover and large woody debris in the North Fork 
Toutle River all remain serious problems today. Fish gaining access to the sediment plain are 
currently faced with a complex system of meandering and often braided channels that frequently 
do not have sufficient depth and/or cover to facilitate safe passage to spawning tributaries. An 
additional challenge for fish is that while the sediment plain continues to aggrade, entrances to 
tributary systems are increasingly plugged (Figure 31). 
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Figure 31 Evolution of the sediment plain has restricted fish access to tributary channels. 

Stabilization of the sediment plain to facilitate development of a single and stable main channel 
could improve opportunities for fish passage by providing an established stream with somewhat 
stable, vegetated banks and sufficient water depth even at low flows to support fish access. 
Similarly, sediment plain stabilization may also create opportunities to reestablish mainstem-
tributary connections that are sufficiently stable to enable safe fish passage from a mainstem 
channel to spawning tributaries. Many agencies have considered and continue to deliberate 
about the challenge of restoring the sediment plain to mitigate for reduced fish access resulting 
from construction of the SRS, while balancing this need against ongoing flood control 
requirements. In particular the Corps has conducted a restoration reconnaissance of the 
sediment plain (USACE 2007) and is currently undertaking an ongoing sediment monitoring and 
analysis project which includes development of a system-wide sediment transport model. This is 
part of a long-term plan development that will be an addendum to a 1985 Decision Document 
outlining cost effective actions to maintain levels of flood protection through 2035, including 
mitigation for fish passage at the SRS and associated FCF. A draft of long-term alternatives 
(combination of measures) is expected from USACE in December 2009. Potential USACE 
activities linked with sediment plain stabilization are discussed in more detail below. 
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The aim of this report was to conduct a reconnaissance level assessment of opportunities for 
stabilizing the sediment plain, and challenges to these. The assessment is based on a project 
orientation and field trip to the SRS and sediment plain, meetings with the Corps Portland Office 
and Cowlitz Indian Tribe, and a review of related reports and scientific literature. 

North Fork Toutle River Basin Post-eruption Geomorphology and Hydrology 

The Mount St. Helens eruption covered the landscape with a blanket of tephra and killed the 
forest tree cover in a 550 km2 area. Following the eruption, rates of sheetwash, rill erosion, and 
plant cover were measured on tephra-covered hillslopes which had previously been subject to 
grass seeding and salvage logging (Collins and Dunne 1988). On rapidly-eroding hillslopes 
subject to grass seeding, plant cover was established only after erosion declined sharply. 
Logging of trees downed by the eruption and scarification of previously logged surfaces was 
found to have slowed erosion, although the effect was small because erosion rates had already 
slowed substantially by the time these two practices were implemented. Grass seeding has not 
been very effective at slowing erosion. Collins and Dunne (1988) also identified that even 
without deliberate conservation measures, processes which mechanically disturb a surface 
layer of low hydraulic conductivity (e.g., frost-action) can radically reduce runoff and erosion 
before revegetation has an important effect. Post-eruption adjustment of channel networks and 
their roughness characteristics together with the strong seasonal variability in regional climate 
have hindered a consistent or persistent shift in peak discharges. Vegetation recovery has also 
played a role. 

Hydrologic modeling studies conducted shortly after the eruption concluded that runoff peaks 
and volumes would increase (e.g., Lettenmaier and Burgess 1981). Predicted peak discharges 
of post-eruption unit hydrographs were found to be 50 percent greater and had rise times that 
were approximately 25 percent faster than pre-eruption unit hydrographs and magnitudes of 
floods of given frequencies were predicted to increase by 20–60 percent (Lettenmaier and 
Burgess 1981), with changes greatest for small to moderate-magnitude events. Hillslope 
storage and subsurface flow are generally the dominant components of forest hydrology in the 
Pacific Northwest. Post-eruption vegetation loss and greatly reduced infiltration have thus 
radically modified the amount of precipitation reaching the surface, and also the evaporative and 
infiltration losses, hillslope storage, subsurface flow, and the dynamics of snow accumulation 
and melt (which direct substantially more rainfall and snow melt to overland flow). These 
spatially complex basin disturbances have shaped a variety of potentially compensating effects 
that have interacted with and influenced hydrological responses. Major and Mark (2006) note 
that changes to water transfer on hillslopes and to flow storage and routing along channels have 
both enhanced and retarded runoff. For example, enhanced depression storage owing to 
accumulations of downed trees and other surface irregularities has partly counteracted 
landscape changes that have enhanced runoff.  

Following the 1980 eruption, the destructive North Fork Toutle River debris flow (Pierson and 
Scott 1985) scoured riparian corridors while straightening and smoothing the river channel and 
transforming it from a sinuous, gravel-bedded, pool-riffle system to a streamlined, sand-bedded 
system. These channel changes have had variable hydrologic and hydraulic impacts. 
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Straightening and smoothing of channels enhanced flow efficiency by reducing hydraulic 
roughness. In contrast, disruption of the upper North Fork Toutle River temporarily diminished 
channel flow (Major and Mark 2006). The debris-avalanche deposit blocked several channels 
tributary to the North Fork Toutle River (Janda, Scott, et al. 1981), and because of its irregular 
surface of mounds (Figure 32) and closed depressions it disrupted through-flow (Simon 1999). 
Development of channels on the debris-avalanche deposit began shortly after its deposition with 
the breach of ponds formed in depressions. This process was enhanced by water pumped from 
Spirit Lake and controlled releases from other lakes, by subsequent meltwater floods and debris 
flows from the crater, and by runoff erosion (Simon 1999). It took nearly three years to fully 
integrate a new drainage network across the deposit (Janda, Scott, et al. 1981). 

 

Figure 32 Incised lahar mound on the North Fork Toutle River (note Pile-Dike sediment 
stabilization structures to left, and tree plantings to right). 

Across the debris-avalanche deposit fledgling channels were initially affected by large debris 
flows. Ultimately the broad sediment plain has formed and channel response has followed 
complex cycles of incision, followed by substantial channel widening and bed aggradation, then 
further widening with little net change in bed elevation (Major, Pierson, et al. 2000; Major and 
Mark 2006). Steeper upstream reaches were incised and widened during the first year after the 
eruption, then have principally aggraded. Reaches downstream on gentler slopes initially 
aggraded and widened, and later became incised. Changes in post-eruption channel 
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geometries have thus varied based on position in the valley, and the nature of disturbance 
processes. 

Time scales of landscape evolution processes such as channel incision and drainage-network 
development are greatly reduced following catastrophic disturbances such as the eruption of 
Mount. St. Helens. The eruption, resulting debris flows, and deposition of sediment have 
created enormous imbalances between upstream sediment delivery and available transporting 
power. Renewal of fluvial networks by channel incision typically leads to further network 
development and an increase in drainage density as gullies migrate into previously non-incised 
surfaces. These imbalances create a significant challenge to implementing approaches to 
stabilize the sediment plain because the process dynamics are in many cases unpredictable, 
thus management measures will contain large performance uncertainties.  

However, attaining a stable ‘quasi equlibrium’ channel (Darby and Simon 1999) on the North 
Fork of the Toutle River seems to be a worthy pursuit despite these challenges. As discussed 
previously, a stable channel that has incised and then widened to achieve some equilibrium 
would offer greater possibilities for fish attempting to reach spawning tributaries upstream. 
Simon and Thorne (1996) attempted to predict stable channel geometries for the North Fork 
Toutle River using the minimum stream power approach (Chang 1984) and found this method to 
be unsuccessful (compared to measured 1991-2 channel geometries and bed material 
characteristics) because study reaches were found to be too unstable. Reaches of the North 
Fork Toutle River are not in regime, and movement towards a dynamic equilibrium will not be 
attained until a new floodplain has been formed by renewed channel incision, full retreat of lahar 
mounds (still abundant on the sediment plain - see Figure 32), and establishment of riparian 
vegetation and integration of large woody debris to limit the destabilizing effects of large floods 
(e.g., Simon and Thorne 1996). 

Channel adjustments are spatially and temporally organized and thus allow for reconnaissance-
level interpretation of past, present, and future channel processes, providing a tool for planning. 
The continuum of channel change can be segmented into stages, each described by controlling 
processes of adjustment. The foundation for a scheme to describe this is based on the notion 
that channel evolution is usually triggered by excess stream power relative to the upstream 
sediment load. Changes in channel evolution phase correspond to the crossing of geomorphic 
thresholds and associated processes. The Simon and Hupp (1986) channel-evolution model 
(Figure 33), identifies the equilibrium channel as an initial, pre-eruption stage (I), and the 
disrupted channel as an instantaneous condition (stage II). Rapid channel degradation of the 
channel bed ensues as the channel begins to adjust (stage III). Degradation lessens channel 
gradient and available stream power for a given flow over time at the same time as bank heights 
are increased and bank angles steepened by undercutting, and pore-water pressure induced 
failure near the base of the bank (Simon and Hupp 1986). 
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Figure 33 Stages of channel evolution (modified from Simon and Hupp, 1986). 

The degradation stage (III) is directly related to destabilization of the channel banks and leads to 
channel widening by mass-wasting processes (stage IV) once bank heights and angles exceed 
conditions of critical shear-strength of the bank material. The aggradation stage (V) becomes 
the dominant trend in previously degraded downstream sites as degradation migrates further 
upstream because the flatter gradient at the degraded site cannot transport the increased 
sediment loads emanating from degrading reaches upstream. This secondary aggradation 
occurs at rates roughly 60 percent less than the associated degradation rate (Simon 1992). 
Riparian vegetation becomes established on bank surfaces during this stage and serves as a 
positive feedback mechanism by providing roughness that enhances further deposition. These 
milder aggradation rates indicate that recovery of the bed will not be complete and that 
attainment of a new dynamic equilibrium (stage VI) will take place through further (1) bank 
widening and the consequent flattening of bank slopes, (2) the establishment and proliferation of 
riparian vegetation that adds roughness elements, enhances bank accretion, and reduces the 
stream power for given discharges, and (3) further gradient reduction by meander extension and 
elongation. Vertical adjustments, such as upstream degradation and downstream aggradation, 
represent the reduction in channel gradients with time (Simon and Hupp 1986). 

Recommendations 

• Participants in sediment plain restoration activities should recognize that the North Fork 
Toutle River is quite obviously not in regime, and that movement towards a more 
dynamic equilibrium and stable channel(s) will not likely be attained until renewed, 
significant channel incision occurs in association with establishment of riparian 
vegetation and integration of large woody debris to limit the destabilizing effects of large 
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floods. This process should be encouraged with ‘soft’ engineering solutions (discussed 
below) to maintain a consistent channel over time and to facilitate vegetation processes. 
Currently the existing ‘main’ channel has a tendency to avulse broadly across the 
sediment plain. 

• Adoption of an appropriate channel evolution model could provide a framework for 
planning and monitoring sediment plain stabilization activities. 

• The record of storms and associated flows that have occurred since the 1980 eruption 
provides a range of events that likely does not include expected extreme events with low 
frequencies of occurrence that could occur within the current planning horizon 
(i.e., before 2035). Assessments (including scenario modeling described below) should 
thus account for the magnitude and geomorphic effectiveness of more extreme events. 

Sediment Budget and Hydrologic/Hydraulic Modeling 

Understanding past and future rates of sediment supply and distribution to the sediment plain is 
critical for restoration efforts, providing a framework for identifying, screening and evaluating 
potential stabilization alternatives. Recent work conducted by a consultant to the Corps 
(Biedenharn 2009) has developed a DRAFT sediment budget (reviewed for this report) that 
attempts to identify the existing watershed sediment sources, pathways and sinks contributing 
the transport of the massive sediment load of Mount St. Helens 1980 eruption.  

The Biedenharn (2009) sediment budget estimates the volumes and transport rates of 
sediments in the Toutle watershed and the near and long-term range of possible effects on the 
Cowlitz and Columbia Rivers. The Corps’ Sediment Impact Analysis Method (SIAM) and HEC-
RAS computer models were used, directed by the Portland USACE District, to develop an 
existing conditions sediment budget. SIAM is a first-approximation screening tool that provides 
relatively quick estimates of the without- project conditions and similar estimates for a number of 
suggested management alternatives. SIAM treats a stream network as a series of user-defined 
sediment reaches. Sediment reaches are delineated based on observed locations of significant 
geomorphic change such as tributary locations, changes in channel gradient, planform and 
geometry, and shifts in sediment composition. Computations of sediment supply and transport 
are conducted on a reach-by-reach basis and are representative of the average annual 
conditions for each reach. 

SIAM outputs consist of local bed material balance, average annual transport capacities, bed 
material and wash material supplies, and local sediment supply totals for each sediment reach. 
Local bed material balance is defined as the difference in the bed material supply and the 
average annual transport capacity for a sediment reach. A negative local balance indicates 
excess transport capacity and thus erosion potential for a reach, whereas a positive local 
balance indicates excess supply and potential for deposition. For the Toutle River project, SIAM 
was implemented with HEC-RAS allowing for integration of sediment continuity concepts into 
stream rehabilitation, and providing a tool for assessing sediment continuity for a single, defined 
(scenario) condition. Because channel geometry was not updated based on erosion or 
deposition, the results of this study are only indicative of a single channel configuration for the 
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entire period of record being analyzed. This is a significant limitation. Since SIAM is a reach-
based model that uses reach-averaged parameters and produces reach-averaged results, 
information on specific locations of erosion/deposition cannot be determined. 

The primary SIAM output is a local (reach) sediment balance, which reports magnitude of the 
average annual tendency of a reach to fill or scour. The local bed material balance plot for two 
alternatives, reported by reach, is depicted in Figure 34 and 35. 

 

 

Figure 34 SIAM output: Local bed material balance (green=fill; red=scour). 
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Figure 35 SIAM output: Local bed material balance - color-coded contours of elevation change: 
blue depicts aggradation and brown depicts degradation. 

SIAM appears to provide a useful screening tool for evaluating the sediment budget of the 
Toutle River Drainage basin. However, such an off-the-shelf model may have limited utility for 
modeling the dynamics of long-term landform evolution. Detailed hydrological representation is 
important, but in the case of the Toutle River basin it seems that representation of topographic 
change (involving sediment mobilization and redeposition), is very important for developing a 
sound sediment plain stabilization plan. Such a modeling approach should also be able to 
consider the consequences for hydrological behavior involving feedbacks with topography.  

Geomorphologists have successfully used a modeling approach called Cellular Automata (CA) 
(e.g., Murray and Paola 1994; Coulthard, Lewin, et al. 2005). Wolfram (1984) identifies the five 
key factors that characterize CA models: (i) they consist of a discrete lattice of cells; (ii) they 
evolve in discrete time-steps; (iii) each cell takes on a finite set of possible variables; (iv) the 
value of each cell evolves according to the same deterministic laws; and (v) the laws for the 
cell’s evolution depend only on the local neighborhood of cells around it. Coulthard, 
Kirkby, et al.  (1999) have used this approach to combine numerous processes including the 
previous inherited channel geometry, vegetation, lithology, sediment supply, slope channel 
coupling, and the flashiness and shape of the flood hydrograph. This was achieved within a 
high-resolution spatial framework and was designed to simulate the dynamic response of an 
upland catchment and channels to a series of flood events. 
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Recommendations: 

• The Biedenharn Report (2009) authors note that channel geometry is not updated based 
on erosion or deposition, so the results are only indicative of a single channel 
configuration for the entire period of record being analyzed. However, the LiDAR DEM 
could be adjusted to reflect modeled/potential erosion or deposition and channel 
geometry extracted from these scenario configurations providing opportunities to 
conduct more varied assessments of sedimentation on the sediment plain.  

• Analysis of time-series and adjusted architecture hydraulic geometry data extracted from 
LiDAR data could be expanded to further evaluate serial trends in erosion/deposition via 
hydraulic and sediment transport modeling. It could also be used as a surface boundary 
condition for scenario assessments of geomorphic work and potential incision pathways 
on the sediment plain under various management plans.  

• Tighter coupling of the sediment volume behind the SRS with that eroded from the 
debris avalanche would provide useful calibration and validation data. 

• Develop a reach-by reach time series map sequence of locales for sediment 
aggradation, degradation, or transfer related to reach hydrology would provide a 
powerful management tool to assess dynamic versus stable reaches, etc. 

• Consider using alternative modeling approaches (e.g., a CA model). Modeling can be 
expensive but the outcomes of long-term modeling (both screening level and higher 
resolution modeling) will provide a more rigorous framework for sediment management 
operations. A sediment plain restoration needs to be viewed as a long-term project, thus 
a goal should be sustainable management action and planning which can be enhanced 
by long-term scenario modeling. Such a strategy requires a careful data collection plan. 

Climate Change and Sediment Plain Stabilization 

There are a number of different types of climate impacts on fluvial systems (Vandenberghe and 
Maddy 2001). These include direct climatic forcing (e.g., peak precipitation) and indirect forcing 
(e.g., permafrost). Vegetation, or lack of, can be considered a related forcing and should also be 
considered because it is generally the primary cause of fluvial incision or deposition during 
temperate or cold periods. Because climate change has implications for sediment management 
beyond the 2035 USACE management term for the sediment plain and SRS, it should be 
assessed so that any management decisions based on process modeling build in this risk 
element. Climate change models can be applied in ensemble or scenario fashion for strategic 
planning of future sediment and flood risk management. 
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Recommendations: 

• Climate forcings for the Pacific Northwest, and how they relate to sediment plain 
processes, need to be specified in more detail;  

• The role of other external controlling factors that are only indirectly or partially 
determined by climate should also be estimated, particularly the relationship between 
vegetation and channel stability;  

• Non-climatic factors also have to be considered. 

Sediment Plain Restoration Opportunities 

In the past year a number of sediment plain stabilization ideas and possibilities have evolved. 
The Corps has recently contemplated a number of concepts for floodplain stabilization and 
related flood hazard reduction for Cowlitz River communities threatened by reduction in channel 
capacity resulting from sedimentation. One of these is to dredge out part of the sediment 
storage area behind the existing SRS, creating a sump to catch more sediment and re-establish 
some of the dam’s sediment-catching ability. This might have few obvious environmental 
effects, but it is recognized that a major flow event could engulf the sump in a similar manner as 
the 1981 flood that damaged the original (pre-SRS) sediment retaining N-1 dam, eroding 
sediment from the sump back into the river.  

Another possible solution is to raise the spillway of the existing SRS, increasing sediment-
storage area behind the dam. However, the maximum the spillway can be raised without 
endangering the SRS itself is 20 ft. This option doesn’t gain much sediment-control unless the 
entire SRS is raised to increase sediment-storage capacity. Raising the SRS could be effective 
for sediment control but has little flexibility if sediment transport to the SRS ends up being lower 
than forecasted using sediment transport and sediment budget modeling. It would also result in 
reduced fish access by enhancing inundation of tributary streams behind the SRS. Watershed-
wide debris avalanche deposit stabilization by grading, seeding and riverbank protection has 
great potential value, but needs to be conducted in coordination with other long-term restoration 
efforts to be successful, including sediment plain and North Fork Toutle River stabilization.  

The concept that currently appears to hold the greatest currency with the Corps is construction 
of a series of small (10 to 20-foot tall) dams upstream of the SRS. The approach would be to 
terrace the valley to create a series of permanent sediment storage traps that could be added or 
raised to adjust to the flow of sediment. One approach might be to use earthen dams, while a 
‘soft’ (i.e., not concrete or rock-based) engineering strategy called GeoTubes has also been 
considered. GeoTubes are essentially long, fat (e.g., 6-ft diameter) synthetic tubes that are filled 
(pumped) onsite with a slurry of sediment and water (Figure 36). The tube then dewaters to 
leave a stable structure that is also quite easily removed (compared to concrete structures) if 
the application does not work or when the project is complete.  
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Figure 36 GeoTube grade control structure proposed by the Corps to promote sediment 
deposition in the North Fork Toutle River upstream of the SRS. 

The Corps has assessed this technology to provide a potentially low risk, adaptive 
management-based approach to building small scale sediment retaining structures for floodplain 
terracing. Low height structures would be built each year, as needed, to provide up to 8 mcy of 
shallow pools for sediment deposition for the following year. Figure 37 illustrates a suggested 
layout for this implementation, with the GeoTube terraces extending over much of the floodplain. 
This concept has merit from the perspective of sediment plain stabilization, though a major 
concern is that more sediment aggradation above the existing SRS would further block fish 
passage to tributaries. In addition, a major flow event could likely breach these structures in the 
same manner as the original N-1 dam was breached. The potential for sediment mixes to 
become hyporheic during high flows is strong, and such an erosive flow would seemingly cut 
through a synthetic fabric material quite readily, creating a significant maintenance concern. 
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Figure 37 Possible deployment of low head sediment retaining dams using GeoTube Technology 
(Source: U.S. Army Corps of Engineers, Portland). 

A suggested alternative to sediment plain-wide spanning retention structures is the use of an 
assemblage of structures including Pile-Dikes, GeoTubes and engineered large woody debris 
(ELWD) structures to encourage and enhance existing preferential flow paths that would be 
determined prior to deployment using detailed hydraulic modeling and estimates of spatially 
distributed stream power under scenario flow conditions (Aggett and McColl 2008; Aggett and 
Wilson 2009). The goal would be to direct low-moderate flows into a main channel flow ‘zone’, 
to encourage establishment of a well formed and potentially stable bank structures via some 
sediment retention and an aggressive revegetation planting program that will strengthen banks 
while enhancing roughness elements to reduce stream power in moderate-high flows.  

The ‘assemblage’ strategy recognizes the sediment plain dynamic is complex and that a ‘one 
size fits all solution’ is unlikely to be sufficient. It also provides an opportunity to monitor the 
performance and interrelationship between several structures understanding that one might be 
more effective than another for a specific flow, or that certain combinations, spacing and 
orientation of each may have quite different impacts in an aggrading reach, versus a reach that 
is eroding or transporting sediment. Figure 38 provides a conceptual design for this assemblage 
deployment. 
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Figure 38 Conceptual design for deployment of mixed channel stabilization assemblage. 
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Recommendations: 

• Develop/adapt a conceptual model of channel evolution to use as framework for 
planning sediment plain stabilization; 

• Conduct hydraulic and sediment transport modeling to determine reach dynamics; 
Adjust conceptual channel evolution model to a spatial framework; 

• Deploy assemblages of Pile-Dikes, GeoTubes, and ELWD structures, supported after 
some time by aggressive revegetation; and 

• Continue modeling and monitoring of assemblage performance, identify what is working, 
and use an adaptive approach. 

Use of GeoTubes in Proximity to the SRS Spillway to Trap Sediment 

A locally based retired engineer with experience working on the sediment plain, Lou Reebs, has 
provided useful recommendations for utilizing GeoTubes or similar technologies to capture 
sediment in the proximity of the SRS spillway (Figure 39). Specifically, use of GeoTubes to 
develop a channel local to the SRS would permit more ready access to fish immediately 
accessing the sediment plain. By developing and providing water of sufficient depth, in a single 
channel, to enable fish to begin their journey in the right direction, this design could help 
mitigate the potential for fish to almost immediately get stranded by taking a smaller channel 
that is ultimately impassable. 

 
Figure 39 Conceptual design sketch of low-flow channelization approach at SRS spillway 
(Source: Lou Reebs). 
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The recommendations included in this chapter call for a substantial amount of effort on the part 
of the several agencies involved in this watershed. The next steps will involve not only 
committing to a plan of action, but also identifying sources of funding. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The North Fork Toutle River has been characterized as one of the most sediment-laden rivers in 
the world, transporting as much sediment in one week of high flows as other rivers do over an 
entire year.  Avalanches, landslides and lahars triggered by the 1980 eruption of Mount St. 
Helens introduced enormous quantities of sediment, rocks and wood into the upper 14 miles of 
the North Fork Toutle River valley.  The Corps sought to prevent this material from being 
transported downstream by constructing a large, earthen dam across the lower North Fork 
Toutle River.  The Sediment Retention Structure, finished in 1989, was designed to impound 
water and slow velocities sufficiently for bedload and suspended sediment to settle out behind 
the dam.  The SRS functioned more-or-less as intended during the ensuing decade, but its 
trapping efficiency decreased significantly in the years following 1998 when flows were 
permanently diverted over the spillway.  The North Fork Toutle River continues to erode and 
transport large quantities of sediment downstream, where much of it settles out in low gradient 
reaches of the Toutle, Cowlitz and Columbia Rivers. 

The risk of downstream flooding has increased in recent years due to higher-than-expected 
rates of sedimentation in the lower Cowlitz River.  Beginning in 2007, the Corps began dredging 
the lower Cowlitz River to reduce the threat over the short-term.  Because dredging alone would 
not provide an adequate level of flood protection for downriver communities, the Corps is also 
developing a long-term sediment management strategy for the Cowlitz watershed (Kuhn 2009).  
Several sediment control alternatives are being considered (Table 1 above).  Some of these are 
directed at removing previously deposited sediment, mainly in the lower reaches of the Toutle 
and Cowlitz Rivers; others seek to intercept and sequester sediment higher up in the watershed 
before it can be mobilized and transported downstream.  Two alternatives in particular – raising 
the elevation of the SRS and spillway to increase its storage capacity, and deploying a series of 
grade control structures (GeoTubes®) in the sediment plain to encourage sediment deposition 
and channel incision – have the potential to significantly affect local fish passage conditions.  
For example, the first option would increase the gradient and/or length of the spillway, and the 
second option would increase the river gradient if the GeoTubes are successful at building the 
grade and straightening the river channel.  Both of these options would need to be carefully 
designed, evaluated and, if necessary, modified to ensure that local populations of anadromous 
fish are not adversely affected.   

When the Corps constructed the SRS, no provision was made for volitional fish passage 
through the spillway.  Corps engineers recently developed plans to construct a fish channel in 
the SRS spillway to enable volitional passage of fish through the structure (Corps 2009); these 
plans have been temporarily put on hold while the Corps evaluates its sediment control options.  
The Corps must consider the technical feasibility, cost and ability to reduce the risk of flooding 
downstream of the different sediment control alternatives in light of their potential to negatively 
impact the environment, in particular threatened and endangered species of fish and wildlife.   
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The alternatives under consideration would directly affect fish passage conditions within spillway 
and sediment plain, and might potentially block access to the lower reaches of Alder, Hoffstadt, 
Deer and Bear Creeks.  Because these streams contain some of the best remaining spawning 
and rearing tributary habitat in the upper watershed, their accessibility and quality would exert a 
strong effect on the abundance and distribution of local fish populations. 

Fisheries Management Issues 

Although the number of fish returning to the North Fork Toutle River has been declining for over 
60 years; the downward trend has accelerated during the post-eruption era.  Recent surveys 
suggest that the coho and steelhead populations in the North Fork are approaching critically low 
levels, and that drastic measures are required to stave off extinction.  Because both species are 
protected under the Endangered Species Act, the Corps must ensure that any actions they take 
to control sediment do not jeopardize their continued existence or adversely modify their critical 
habitat.  The FCF and SRS, as they are currently configured and operated, as well as any future 
measures to control sediment in the vicinity of the SRS, are subject to the requirements of the 
ESA.  Notwithstanding the importance of reducing the threat of flooding downstream, sediment 
control measures will need to avoid doing further harm to local coho and steelhead populations.  
The provision of safe and effective fish passage, either indirectly via collection and transport, or 
directly through the creation of natural channels or artificial fishways, is critical to the long-term 
persistence of these populations.   

Although coho salmon and steelhead trout have been the focus of salmon recovery efforts in the 
North Fork subbasin, anadromous cutthroat trout, chum salmon and spring and fall Chinook 
salmon historically returned in significant numbers to the system and are therefore also worthy 
of attention.  It is also likely that Pacific lamprey returned to the basin; the historical and present 
status and distribution of this species is unknown.  If present, all actions taken to protect and 
reintroduce salmonids to the North Fork Toutle River subbasin should also consider the needs 
of Pacific lamprey. 

Chum salmon were reported to have spawned in the Toutle River prior to the eruption of Mount 
St. Helen (Groot and Margolis 1991), but few have returned since.  There is no evidence to 
suggest that chum salmon spawned the North Fork Toutle River; what little is known of their 
historical distribution suggests that the majority of chum salmon spawned lower down in the 
system.  Few chum salmon currently return to the Cowlitz River basin.  For these reasons, we 
do not recommend that resources be expended at this time on the reintroduction of chum 
salmon to the North Fork Toutle River.   

Fisheries biologists from Weyerhaeuser Corporation and the Cowlitz Indian Tribe have found 
relatively high densities of cutthroat trout in North Fork tributaries, particularly in areas above 
known barriers to upstream passage.  The number of adult cutthroat captured at the FCF has 
declined dramatically in recent years, suggesting that local populations comprise mostly 
resident fish.  Anadromy confers distinct evolutionary benefits on trout populations, and is 
widespread among cutthroat trout populations in western Washington.  



 Page 84 

Lower Columbia Fish Recovery Board February 12, 2010 
AMEC Project No.: 8-915-16350-0  

Populations of resident trout retain the capacity to express anadromy for many generations, 
even if fish that express the anadromous life history form are no longer present.  However, the 
anadromous life history type is seldom regenerated once it is lost from a population (Bilby et al. 
2005).  Because anadromous cutthroat were prevalent in the historical North Fork Toutle River 
populations, and because there is a low probability that anadromy, once lost, would be 
reestablished, we recommend that all adult cutthroat trout captured at the FCF be transported 
and released above the SRS.  The design of the proposed fish fishway in the SRS spillway 
should be reviewed and revised, if necessary, to facilitate the upstream passage of cutthroat 
trout.  Fish passage success should be monitored and, if cutthroat trout appear to have trouble 
ascending the fishway, the structure should be modified. 

Both races of Chinook were also historically present in the North Fork Toutle River – fall 
Chinook, for example, were reported to spawn as far upstream as Coldwater Creek (Myers et al. 
2003).  From 1964 through 1979, an estimated 3,250 fall Chinook spawned the North Fork River 
above the Green River (WDFW 1992).  Like chum salmon, spring and fall Chinook are no longer 
extant in the North Fork subbasin.  However, the Lower Columbia Salmon Recovery and Fish 
and Wildlife Subbasin Plan (LCFRB 2004) identifies reaches upstream of the SRS as having the 
highest restorative potential for spring Chinook of any reach in the Toutle River system.   

Given the precarious status of the Lower Columbia River Chinook Salmon ESU, and the 
historical importance and present potential for Chinook production in the upper North Fork, 
fisheries managers should make their reintroduction into the Toutle River basin a high priority.  
Fall and spring Chinook from the Cowlitz Salmon Hatchery could serve as donor stocks; both 
are derived from populations that historically spawned throughout the Cowlitz River system, 
including the Toutle River.  Adult spring and fall Chinook from the Cowlitz Salmon Hatchery are 
currently released into the Cispus and upper Cowlitz Rivers above Cowlitz Falls Dam.  The 
majority of these fish appear to spawn successfully, as evidenced by the redd counts and the 
number of naturally produced Chinook smolts that are captured each year at the dam.  A similar 
reintroduction program could be initiated in the Toutle River basin.  Wild Chinook adults from the 
upper Cowlitz River or hatchery-produced fish (in excess of hatchery broodstock needs) could 
be captured at the hatchery and transported and released into areas of the Toutle River basin 
that historically supported Chinook salmon, including tributaries to the North Fork.  The use of 
fish captured at the Cowlitz Salmon Hatchery would be scaled back over time as natural 
escapement to the basin increased.  We recommend that fall and spring Chinook salmon be 
introduced into the North Fork Toutle River concurrent with implementation of measures taken 
to restore volitional passage in the system. 

Efforts to supplement natural production and improve fish passage in the North Fork Toutle 
River should be undertaken in conjunction with a program designed to restore and enhance 
spawning and rearing habitat in the basin.  Recent stream surveys have documented salmonid 
production in Alder, Deer, Hoffstadt, Bear, Coldwater and other tributaries to the lower North 
Fork upstream of the SRS.  However, no systematic assessment of the production potential of 
existing habitat has been undertaken, nor have opportunities to improve habitat conditions and 
expand salmonid production in the upper basin been systematically evaluated.  A subbasin-wide 
assessment should be conducted to determine the extent and quality of anadromous fish habitat 
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present above the SRS, and to identify opportunities and evaluate the feasibility of restoring 
access to suitable habitat and improving existing habitat within the mainstem North Fork and its 
tributaries.  This work should proceed without delay so that efforts to control sediment and 
restore fish passage and habitat can be coordinated and implemented concurrently. 

Fish Collection Facility 

The FCF was constructed a short distance below the SRS in 1989 so that returning adult 
salmonids could be trapped, transported around the facility, and release into streams in the 
upper North Fork Toutle River subbasin.  Although the FCF continues to be operated for this 
purpose, the facility has not fared well over time due to wear and tear caused by heavy 
sediment accumulations, and a lack of funding for operation and maintenance.  Biologists were 
concerned that the FCF, because it could not be adequately maintained or operated as 
intended, was preventing the successful collection of fish and was therefore a contributor to the 
observed declines in fish numbers.   

The findings of the present study corroborate these views.   

Although small sample sizes prevent us from making definitive statements, our telemetry data 
suggest that fewer than half of the coho salmon and steelhead trout that arrive at the FCF 
subsequently enter the facility and are captured and transported above the SRS.  A partial 
explanation is that the facility functions for only part of the time that salmon and trout are 
migrating upstream; we estimate that the FCF is not operational – either because there is no 
one there to operate it (e.g., on weekends) or because it is rendered inoperable by sediment 
accumulations – for almost 60 percent of time during the migration season.  The data suggest 
that some fish elect not to enter the facility and return downstream to spawn in other areas.  A 
significant number of tagged steelhead that entered the FCF were observed to swim up the 
ladder and into the holding vault, but then swam out of the vault, down the fish ladder, and back 
out the entrance.  This behavior graphically illustrates some of the shortcomings of the facility.   

We documented several structural and operational problems that, if not addressed in the near 
future, will eventually lead to complete failure of the FCF.  Until such time that volitional fish 
passage has been implemented and shown to be effective, the ability to capture fish at the FCF 
and transport them above the SRS and other known fish barriers will need to be improved.  To 
meet this need, we have recommended several modifications to the existing facility, as well as a 
number of operational changes that can be made over the short, intermediate and long-term. 

Short-term improvements to the FCF assume a three to five year time horizon, during which the 
most critical problems affecting the facility’s performance would be addressed.  Chief among 
these are the replacement of certain FCF components, implementing measures that would 
reduce the amount of sediment that enters and remains within the facility, and improving 
hydraulic conditions associated with the fish ladder entrance and within the fish ladder and fish 
collection pools.  Implementing these measures would cost approximately $0.5 M.  This cost 
does not include further monitoring and research, nor the planning and design of additional 
improvements to the FCF that we recommend be conducted over the next few years.   
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Exactly what should be done to ensure that the FCF operates satisfactorily over a longer period 
- that is, until the long-range vision of full volitional passage is fulfilled - cannot be specified due 
to uncertainty surrounding funding and management decisions.  Nevertheless, assuming that 
the Corps will carry out its plans to enable safe, volitional passage by fish of the SRS spillway 
and sediment plain, we recommend several “intermediate-term” actions.  These include further 
modifications to the structure to eliminate sediment problems; construction of another fish 
holding pool to increase capacity and allow operators to continue working while other parts of 
the facility are being cleaned; restoring the grade of the FCF tailwater pool to ensure that fish 
can access the fishway entrance; and improving FCF operations by increasing staff levels, 
acquiring additional equipment, and formalizing the operations process.  We estimate that it will 
cost up to $8.0 M to implement these recommendations.  

For fisheries managers, the explicit goal for the North Fork Toutle River is to reverse the decline 
in salmonid escapements to the subbasin, and to create the conditions necessary to sustain 
viable populations of fish and a healthy ecosystem over the long-term, subject to the constraints 
imposed by the harsh physical setting and the imperative that sediment inputs to the lower 
Cowlitz River be reduced.  The long-range vision calls for implementing actions that would result 
in greater retention of sediment in the North Fork Toutle River channel upstream of the SRS, 
while at the same time facilitating the safe, unimpeded passage of anadromous fish in both up- 
and downstream directions.  These are not mutually exclusive goals.  However, if they are to be 
achieved simultaneously, managers must take care to identify and address potential problems 
before, rather than after, final decisions are made and irreversible actions are taken.  If steps 
are taken to accommodate the interests of all parties, there is a good chance that recent 
declines in fish numbers can be reversed.   

The FCF will not be needed if volitional passage is restored throughout the North Fork Toutle 
River.  By enabling salmon and trout to move under their own power at times and under 
conditions of their choosing, we are allowing the expression of adaptive traits that have evolved 
to maximize survival in dynamic riverine environments.  Replacing the existing trap-and-haul 
system with a volitional passage system will reduce the stress and injury and delay associated 
with FCF operations.  It will also increase the probability that fish will spawn successfully.  At 
present, fish that elect to not enter the FCF and are forced to spawn in suboptimal areas 
downstream, and fish that are captured and transported to non-natal streams in the upper 
watershed probably experience lower reproductive success. 

SRS Spillway 

In response to the difficulties encountered at the FCF, the USGS, with assistance from AMEC 
and the Cowlitz Indian Tribe, undertook a series of radio-telemetry studies between 2005 and 
2007 to, among other things, determine the degree to which the SRS spillway posed a barrier to 
migrating adult salmonids.  The findings confirmed that adult coho salmon are unable to ascend 
the spillway, and that fewer than 1 in 3 (27 percent) steelhead that arrive at the base of the 
spillway are able to successfully navigate it (Kock et al 2007; USACE 2008). 

In 2007 the Corps announced that it would address the need for volitional passage through the 
SRS spillway under its existing project authority.  The draft “Mount St. Helens Sediment 
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Retention Structure Volitional Fish Passage Design Documentation Report” and a 90% 
engineering level design of the preferred fishway alternative identified in that report were 
published in 2008 and 2009 (USACE 2008, 2009).  The Corps’ decision to undertake this 
analysis, although welcomed, obliged us to shift the focus of our study away from further 
telemetry studies of fish movements through the spillway to a critique of the Corps plans and 
design drawings of the proposed fish passage channel.  

Based on our assessment of historical, existing and desired future conditions in the North Fork 
Toutle River as they relate to salmonid production, we fully support the Corps’ proposal to 
construct a fish passage channel in the SRS spillway.  We believe that the SRS spillway can be 
structurally modified to enable adult fish to volitionally navigate the spillway over the range of 
flows that typically occur during the salmon migration season.  The new fish passage channel 
can be constructed over the next 2-3 years at a reasonable cost, without need for mitigation, 
and without affecting the SRS’ ability to continue to retain sediment.  

In our comments we noted that the Corps’ design called for slightly shallower run and pool 
depths than are normally specified for fish passage, and that fish would be required to swim at 
burst speed over extended distances, but concluded that adult coho salmon and steelhead trout 
should still be able to ascend the fishway without undue difficulty.  We also noted that the 
orientation and location of the entrance and exit of the fish passage channel were critical to its 
performance.  To increase stability, the fishway entrance should be located near the left bank of 
the spillway.  It would be desirable to create a hydraulic barrier across the base of the spillway 
that induced fish to swim into the entrance of the fishway.  The exit of the fish passage channel 
should be located close enough to the spillway crest to minimize the possibility of being cut off 
from the North Fork channel, yet far enough away so that fish are unlikely to fall back down the 
spillway once they exit the fish passage channel. 

The existing gradient of the SRS spillway is 6.4 percent.  The spillway drops 140 feet over a 
distance of 2,200 feet.  If the Corps decides that, in order to be able to retain more sediment 
behind the dam, the SRS and spillway should be raised an additional 25 feet, the average 
gradient will increase to 7.5 percent, assuming the length of the spillway is left unchanged. 
Although the adults of most species of salmonids can navigate channels with slopes of 8 
percent or less, it is important to point out that elevating the spillway along its entire length to 
achieve an average gradient of this magnitude would be impractical.  If the Corps decides to 
raise the height of the spillway crest, it is much more likely that the gain in elevation would be 
achieved by steepening the spillway over a relatively short distance at its upper end.   

It is unreasonable to expect that adequate fish passage conditions can be maintained if the 
spillway gradient exceeds 8 percent, even if the jumps and other height discontinuities are 
eliminated.  For this reason, we recommend that the proposal to raise the height of the SRS and 
spillway be rejected unless volitional fish passage can be accommodated.   

The Corps apparently did not consider the possibility of integrating a structure for trapping fish in 
the fish passage channel they are proposing to build in the spillway.  After speaking with WDFW 
and Cowlitz Indian Tribe personnel, we understand that the ability to trap, enumerate, and if 
necessary, transport adult salmon to upstream areas is critical to the long-term viability of coho 
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salmon and steelhead populatons in the North Fork Toutle watershed.  There will be a 
continued need to trap and haul fish around the SRS until the new volitional fish passage 
channel has been demonstrated to be effective.  A long-term backup system is needed in the 
event that the proposed volitional upstream passage system fails, or barriers form in the 
sediment plain.  The new facility would have the added advantage of enabling WDFW and tribal 
biologists to selectively remove hatchery fish from the returning assemblage of fish.  Maintaining 
the genetic purity of indigenous salmonid populations is a key tenet of salmon recovery. 

Based on the foregoing arguments, we recommend that the Corps explore the feasibility of 
incorporating a short section of conventional fish ladder and an in-ladder adult fish trap at the 
downstream end of the fish channel.  The downstream end of the fish ladder would serve as the 
entrance to the fish passage channel; the fish ladder would bypass the falls at the base of the 
spillway; and the entire structure would be anchored to the spillway’s south wall.  The fish ladder 
would extend upstream only as far as is necessary to accommodate the fish trap and connect 
with a pool excavated in the fish passage channel.  A vertical slot fish ladder is recommended 
since it can accommodate a wide range of water surface elevation fluctuations.  To ensure that 
sediment does not build up in low velocity areas in the pools, and that the entire structure will be 
self-cleaning, the lower edges of the ladder baffles and weirs would be elevated several inches 
off the bottom of the ladder.  

The trap structure should be designed so that fish are able to migrate through it unimpeded it 
unless removable gates or pickets are intentionally put in place to create a trap.  It will be 
necessary to devise a mechanism for temporarily dewatering the holding pool and reducing 
velocities to acceptable levels in order to be able to remove the fish.  A lift on the back of a truck 
would be used to load netted fish into a live tank for transport.   

We believe that constructing a fish ladder and trap as part of the fish passage channel offers a 
practical and far less expensive alternative to rehabilitating and operating the existing FCF 
facility.  If this option is pursued, we advise against deconstructing the FCF until the new fish 
ladder, trap and fish passage channel have been fully tested. 

Sediment Plain 

Another prerequisite for constructing a volitional fish passage channel in the SRS spillway is 
that fish are able to successfully navigate the sediment plain.  The sediment plain is a highly 
variable environment that changes rapidly in response to episodic, flow-mediated sediment 
fluxes.  The North Fork Toutle River responds to the continual interaction of flow, sediment and 
channel slope by forming a meandering and, especially in the upper reaches of the sediment 
plain, a braided channel pattern.  The multiple channel threads and braid bars move around, 
often rapidly during flood events, but also progressively under non-flood conditions due to the 
lack of stable banks and incised channels within the sediment plain.  Even the “main” North Fork 
channel is prone to extensive lateral migration across the valley floor.   

The braided channels that traverse the sediment plain each convey a relatively small portion of 
the total flow and are wide relative to their depth, which is typically shallow.  Fish are often 
prevented from migrating upstream, especially under low flow conditions when channels split, 
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flows go subsurface and depths become impassable.  One of the objectives of the telemetry 
studies was to determine whether coho and steelhead could successfully migrate to spawning 
areas in tributaries and upper reaches of the North Fork Toutle River.  If radio-tagged fish were 
not able to pass through the sediment plain, we wanted to pinpoint the locations where they 
encountered problems.  Coho salmon were not detected above RM 30.0, presumably due to a 
barrier that existed at this location under the conditions that prevailed at the time of this study.  
Steelhead appeared to have greater success than coho in navigating and ascending the 
sediment plain and upper reaches of the North Fork Toutle River.  Their success might be 
attributable to their greater swimming prowess, or to higher flows that prevailed during the 
steelhead migration period.   

We inferred from these observations that the sediment plain poses significant challenges for 
upstream migrating coho and steelhead.  Since our sample sizes were too small to support a 
definitive conclusion, we encourage the collection of additional fish movement data before a 
commitment is made to modify the SRS spillway to allow for volitional fish passage.  In 
particular, more detailed measurements and modeling are needed to identify potential barriers 
to fish passage, particularly in low gradient areas and near tributary mouths.  

The sediment plain evaluation also sought to identify opportunities to improve hydraulic 
conditions within the North Fork Toutle River so that adult salmonids are able to rapidly migrate 
to tributaries and mainstem areas upstream.  If the Corps proceeds with its plan to construct a 
series of small dams (e.g., GeoTubes) upstream of the SRS to promote sediment deposition, 
the structures should be positioned to force low flows into a single channel that is sufficiently 
deep to enable fish to access tributaries and the upper reaches of the North Fork Toutle River 
under a range of flow conditions.  Habitat restoration (i.e., large wood placement and riparian 
vegetation planting) should be implemented concurrently to further stabilize and define the 
channel, and provide the hydraulic conditions that coho and steelhead require to reach their 
spawning grounds. 

We believe that GeoTubes and large wood can be used to promote the channel incision and 
widening necessary to achieve a single dominant channel that is in ‘quasi equilibrium’ (sensu 
Darby and Simon 1999) under expected flow and sediment regimes.  Further benefits will be 
secured if bars and terraces form that are stable enough for vegetation to flourish. A stable 
channel with a well established riparian system would make it easier for fish to navigate the 
sediment plain and access spawning areas upstream.   

In spite of the generally favorable impression imparted by the Geotubes concept, we have 
several concerns with the proposed approach.  One is that fish will have difficulty passing 
through the notches in the structures, especially after sediment has accumulated and caused 
the bed to aggrade.  If the GeoTubes function as planned, the North Fork Toutle River will 
traverse a series of low gradient terraces separated by short, steep channel sections that fish 
are likely to find difficult to negotiate.  Moreover, additional sediment deposition may eliminate 
important spawning habitat in the lower reaches of tributaries that enter the sediment plain. And 
finally, a major flow event is likely to breach these structures in the same manner as the original 
N-1 dam was breached. 
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It may be possible to address these uncertainties and improve the GeoTubes concept through 
research, modeling and monitoring.  Understanding past and future rates of sediment supply 
and distribution to the sediment plain is critical for restoration efforts.  To better our 
understanding, and increase the probability that our actions will have the desired effect, we 
recommend the following adaptive, modeling-based framework: 

• Develop/adapt a conceptual model of channel evolution to use as a framework for 
planning sediment plain stabilization; 

• Conduct hydraulic and sediment transport modeling to determine reach dynamics;  

• Adjust the conceptual channel evolution model to a spatial framework; 

• Deploy assemblages of “soft” structures (e.g., GeoTubes, Pile-Dikes, and large wood) in 
the sediment plain to promote sediment deposition and encourage the formation of a 
stable low-flow channel;  

• Further stabilize the system by aggressively planting newly formed terraces to limit the 
destabilizing effects of large floods; and 

• Continue modeling and monitoring system performance, identify what works and what 
doesn’t, and adjust efforts accordingly. 

The draft report by Biedenharn (2009) identifies sediment sources, pathways and sinks 
contributing to the transport of sediment to the Cowlitz and Columbia Rivers, including estimates 
of the volume and transport rate of sediment generated by the Toutle River.  Computations were 
conducted on a reach-by-reach basis.  The authors note that they did not update channel 
geometry based on erosion or deposition, so the results are based on a single channel 
configuration for the entire period of record being analyzed. This represents a serious limitation 
of the model.  To overcome it and allow for a more realistic assessment of the effects of 
modifying the sediment plain, we recommend adjusting the LiDAR DEM to reflect potential 
erosion, deposition and channel geometry under various restoration scenarios.  Adjusted 
architecture hydraulic geometry data extracted from LiDAR data could be expanded to further 
evaluate temporal trends in erosion/deposition via hydraulic and sediment transport modeling.  It 
could also be used as a surface boundary condition for assessments of geomorphic work and 
potential incision pathways on the sediment plain under various management scenarios.  A time 
series analysis of sediment aggradation, degradation, or transfer related to reach hydrology 
would provide a powerful, spatially explicit, management tool to evaluate sediment control 
alternatives and fish passage conditions. 

Sediment plain restoration requires a long-term commitment to data collection and analysis.  
The potential effects of climate change and other factors affecting the water and sediment 
regime in the North Fork Toutle River need to be analyzed in greater detail.  In the meantime, it 
is necessary to implement immediate actions to prevent the situation from becoming worse.  
The current system involving the FCF, SRS and sediment plain is only marginally functional, 
and wholesale improvements are needed to create a sustainable system that meets the multiple 
objectives of the watershed. 
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Next Steps 

The conclusions and recommendations included in this report build upon an extraordinary 
amount of effort by agencies and other entities involved in the management of the North Fork 
Toutle River watershed and its resources.  The field research component of this project was 
conceived and implemented with the goal of gathering information on the behavior and fate of 
upstream migrating salmon and trout, as it is affected by conditions at or in the FCF, the SRS 
spillway, and the sediment plain.  Radio-telemetry techniques were used to monitor fish 
behavior and identify passage problems associated with the FCF and the sediment plain 
upstream of the SRS.  This information was analyzed and applied in an engineering feasibility-
level assessment of the structural and functional characteristics of the FCF, SRS spillway, and 
sediment plain, so that conceptual level solutions for improving fish passage at these facilities 
and locations could be identified.  Due to the large degree of uncertainty inherent in the 
proposed actions, we recommend that a formal monitoring and adaptive management program 
be developed and implemented in conjunction with the engineering solutions discussed above.  
Assuming that safe fish passage is absolutely essential to the long-term persistence of local fish 
populations, the recommended course of action is deemed reasonable and prudent.   

The next steps will involve not only committing to a course of action, but also identifying sources 
of funding and the roles and responsibilities of various parties.  We recommend that 
representatives of the Corps, WDFW, Cowlitz Indian Tribe, Lower Columbia Fish Recovery 
Board, and other interested parties meet soon to define short- and long-term actions, develop a 
long-range budget and fundraising strategy, and agree on respective duties.  Ideally, the plans 
to reduce flooding risks and recover fish populations will be developed together.  We are 
hopeful that common solutions can be found that will achieve efficiencies while meeting multiple 
goals.  It is clear that a single-focus or small-scale approach will be unsuccessful if not 
coordinated with other management efforts in the basin. 
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