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1 Objectives 
This report details three alternative solutions to reduce the frequency and duration of harmful 
algal blooms (HABs) in Ross Island Lagoon, located on the Willamette River, south of Portland, 
Oregon. Each solution is required to protect several confined aquatic disposal (CAD) cells buried 
under the southwest portion of the lagoon, avoid capture of the mainstem river in the lagoon, and 
maintain or enhance existing habitats, including critical shallow water habitat.  
 

2 Methods  
2.1 Hydraulic & Terrain Modeling 

Hydraulic conditions within the lagoon and the surrounding Willamette River were evaluated 
using a HEC-RAS 2D model. In order to model the proposed surface channel, elevation of the 
island was altered using ArcMAP and then imported into HEC-RAS. The location and 
orientation of the hydraulic channel was determined by modeling flow through culverts in 
HEC-RAS, positioned at the northwest and southwest bank of the lagoon. Southwest flow 
conveyance generated greater surface circulation. Three alternative surface channels were 
created with ArcMap to assess the impacts of channel geometry on velocity. Channel geometries 
varied by the internal angle between the parallel river transect and the perpendicular river 
transect (see Appendix A). The impact on stratification as a result of constricting the width of the 
channel was measured by examining the maximum velocities exiting the channel in HEC-RAS. 
Each channel was evaluated under three flow conditions specified in section 3. Changes in 
habitat area were tracked using ArcMAP. Shallow water habitat is defined as less than 20 ft. 
below the ordinary low water (OLW) surface (Prescott et al. 2016). For the Willamette River, the 
OLW is 4 ft and shallow water habitat is 16 ft. below sea level (Cox & Hamilton, 1975).  
 

2.2 Alternatives Analysis Calculations  

Each alternative will be evaluated on seven different criteria, documented in Table 1, below.  
 
Table 1. Alternative analysis evaluation criteria. 

Criteria Description Evaluated On 

Capital Cost Is the initial cost associated 
with excavating/constructing 

the solution reasonable? 

Using RS Means to estimate to estimate 
the cost by comparing to a similar case 

study (NRCS, 2011). For the 
non-hydraulic solution, the cost of each 

macrophyte raft. (dollar) 

Operation and 
Maintenance 

Is the cost associated with 
operating and maintaining the 
project site after the solution is 

implemented reasonable? 
 

Using RS Means to estimate the cost for 
operation and maintaining the site by 

comparing to a similar case study (NRCS, 
2011). (dollars, frequency) 
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Shallow Water 
Habitat 

How much shallow water 
habitat is displaced by 

implementing this solution? 

Total area that will be disturbed versus the 
amount that will be reallocated elsewhere. 
Ideal ratio would be a 1:1 ratio for acres 

lost to acres regained. Area will be 
estimated using ArcGIS. (acres 

lost/gained) 

   Effect on 
HAB 

 How effective will the solution 
be at reducing the frequency 
and duration of the harmful 

algal blooms? 

Calculated stratification disturbance 
(mixing depth achieved). The 

non-hydraulic solution will be evaluated 
based on calculated nutrient uptake 
efficiency for the lagoon coverage. 

(unknown, low, medium, high impact) 

Failure 
Likelihood  

How likely is the solution to 
fail under the conditions of a 

flood event? 
 

Analysis of flow patterns around the 
newly introduced conveyance for chance 

of erosion and scour. (unknown, low, 
medium, high impact) 

 

Risk to CAD 
Cells 

What is the likelihood that the 
CAD cells will be affected or at 

risk? 

 US Army Corps of Engineers likelihood 
scale. (probability) 

 

Benefit to 
Species 

What is the benefit to aquatic 
species? 

What is the benefit to aquatic species? 

 Unintended 
Impacts 

What are consequential impacts 
that the solution will have if 

implemented? 

Quantity and significance of unintended 
consequences. (list of unintended impacts) 

 
2.3 Failure Modes and Effects Analysis  

A failure modes and effects analysis (FMEA) was conducted for features included in each of the 
three alternative solutions. A FMEA serves as a metric for the viability of each alternative, by 
weighing the severity, likelihood, and detection of failure for each solution. 
 
3 Hydraulic Conditions of Lagoon 
Current hydraulic conditions were derived using a 2D HEC-RAS model, with upstream and 
downstream boundaries specified by cross-sections perpendicular to the river channel in 
locations where flow and channel dimensions are uniform. Hydraulic conditions for the channel 
were modeled as hydrographs with one hour intervals during December 16-24, 2018, August 
23-27, 2018, March 26-29, 2019, and April 9-15, 2019. Upstream boundary condition flows 
were modeled as flow hydrographs using USGS tidally filtered discharge data. Downstream 
boundary condition flows were modeled as stage hydrographs using USGS gage height data. 
Model parameters included a Manning’s number of 0.03, an energy grade line slope of 0.001, 
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and the theta implicit weighting factor for the model was 0.6. The Courant number for the model 
was set to a minimum of 0.45 and a maximum of 1 to reduce instability in computation intervals.  
 
4 Alternative Solution Details  
4.1 “No Action” Alternative  

The first alternative solution is to leave the lagoon unchanged and continue monitoring for 
HABs. This option would not alter the hydraulics of the lagoon and would preserve all current 
habitat area, including shallow water habitat.  
 
4.2 Biological Solution 
The second alternative is to use a floating treatment wetland to reduce nutrient levels within the 
lagoon and shade the water surface. Native aquatic plants are established on an anchored floating 
matrix with or without growth media (Tanner et al., 2019). Their roots descend below the water 
surface to uptake excess nutrients through bioaccumulation. This solution would not change the 
hydraulics of the lagoon or habitat area. The treatment wetland would be established in the 
deeper areas of the lagoon to minimize overshadowing shallow water habitat.  
 
The biological alternative aims to decrease excessive concentrations of nutrients in the lagoon, 
including nitrogen and phosphorous, as well as provide shading to decrease water temperatures. 
Artificial floating islands of aquatic macrophytes or plants such as canna, are able to remove 
nitrogen at 98.7% and phosphorous at 91.8% (Chen, 2009). Harvesting biomass of the 
implemented species can be an effective way of removing excess nutrients from the lagoon. To 
be successful in this biological approach, the concentrations of excess nutrients needs to be 
known. This will determine the species of plants most successful in removing nutrients, as well 
as the biomass of plants needed to remove sufficient concentrations of nutrients to prevent 
HABs. In addition, dissolved oxygen rates and water temperatures resulting from shading should 
be monitored to determine the impact to other aquatic species within the lagoon.  
 
4.3 Hydraulic Solution  
The third solution alters the hydraulics of the lagoon by constructing a surface channel in the 
southwest corner of the lagoon, combined with bank stabilization structures to reduce erosion. 
The location of the channel is shown below in Figure 1. The channel bisects a 76,500 sq. ft. 
forested area on one of the thinnest portions of the island that does not appear to contain wetland 
habitat.  
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Figure 1. Location of proposed surface channel.  

 
The surface channel provides a conduit for flow conveyance from the main channel of the 
Willamette River to Ross Island lagoon. The location of the channel is opposite the northeast 
lagoon opening which results in greater mixing from the collision of opposing flows. The 
hydraulic solution can mitigate harmful algal blooms by mixing the stratified layers. Three 
different channel geometries were investigated, documented in Appendix A. The first channel is 
rectangular, with a 300 ft. wide entrance in the Willamette River and a 300 ft. wide opening in 
the lagoon. The second channel is trapezoidal, with a 300 ft. wide entrance and a 210 ft. wide 
opening in the lagoon. The third channel has a 300 ft. entrance and a 122 ft. wide lagoon 
entrance. All three channels are 255 ft. long, with beds elevations 10 ft below sea level. The exit 
velocities and shear stresses were compared in Table 1 to examine the impact that constricting 
the cross sectional area would have on achieving the project objectives. Velocity was reported as 
the peak velocity of the velocity profile line located at the exit of the channel. Shear stress was 
reported as the peak shear of the shear profile line located at the center of the channel, 
perpendicular to the velocity profile line Figure 2. The maximum velocity under the August 
low-flow conditions was used to compare the mixing depth between channel alternatives. The 
mixing depth was calculated from the Richardson equation:  

y∂ = g(∂ρ)
ρ(Ri)(∂u )2

 
A dimensionless Richardson number (Ri) of 0.25 was used to define the stability of a parcel of 
water and represent the conditions where water is completely mixed. Since the slope of the reach 
is negligible and the slope of the channel is zero, the shear stress for each channel was reported 
as the maximum shear along the channel profile, under the April flood conditions. The median 
bed particle size was estimated from the classifications for the stability of bed sediments under 
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idealized conditions, provided by Fischenich (2001). Bed sediment size was approximated with a 
factor of safety of 2.  
 
Table 2. HEC-RAS results for channel alternatives  

 
 

 
Figure 2. Velocity and shear stress profiles for channel analysis under different flow conditions. 
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5 Alternative Solution Analysis  
 

Table 3. Cost analysis for each alternative. 

 

 

Amounts of pea gravel were calculated using the surface area of the channel. The amount of 
Australian Canna Lily required was calculated using a planting density of 1 plant per 10 square 
inches over 20% coverage of the lagoon (Chen, 2006). 
 

The biological solution was found to have removal efficiencies of 98.7% N and 91.8% P (Chen, 
2006). This study was done using plants with a density of 1 plant per 10 square inches. The 
density that we would be able to achieve in the lagoon would be nowhere this dense, and thus the 
practical removal efficiency of the macrophyte rafts would be lower than what has been 
researched. The biological solution will have no impact on pre-existing terrestrial habitat. The 
effects of a floating treatment wetland over shallow water habitat would need to be investigated. 
The treatment wetland may also be placed only above non-shallow water habitat, to minimize its 
impact on shallow-water species. 
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The hydraulic alternative will have a mixing depth of 1.35 feet in August, but much deeper 
mixing depths for other times of the year. For this reason, the mixing achieved in the lagoon will 
be effective during parts of the year but not so much during the summer months. 
 
Of the hydrological solutions, the first rectangular channel would create the most shallow water 
habitat, at around 76,500 sq. ft. However it would also disturb the most pre-existing shallow 
water habitat and remove the most terrestrial habitat. This alternative would benefit aquatic 
species the most, primarily fish, while remove potential nesting sites for birds. The second 
channel alternative would create 66,100 sq. ft. of shallow water habitat. The third channel 
alternative would create the least amount of shallow water habitat, at 53,900 sq. ft., but have less 
of an impact on existing terrestrial habitat. Because channel shallow water habitat will have 
higher flow than surrounding shallow water habitat, it will not contain wetland habitat.  
 
Salmonid will be benefited by providing inhabitable shallow water habitat once HAB are less 
frequent in the lagoon. Steelhead, sturgeon, amphibians, and water fowl will all be benefited by 
the HAB being reduced in frequency and duration since all these organisms are affected by the 
algae, and would benefit from the habitat that would be freed in the lagoon (NOAA, 2012) 
(Landsberg, 2002). 
 
In the case of the non-hydraulic solution, the macrophyte rafts will provide habitat for 
invertebrates which salmon, steelhead, sturgeon, and amphibians will benefit from, as they all 
feed on this food source (Williams et al., 2014).  
 
 

 
Figure 3. Alternatives analysis matrix for the determined evaluation criteria. 
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6 Failure Modes Analysis 
Evaluated using a PFMA, attached in Appendix C. The first alternative is to leave the lagoon 
unchanged and continue to monitor HABs. This option will not introduce any new potential 
modes of failure and is low-risk. HABs will likely continue to occur, as a lack of mixing and low 
velocities in the lagoon continue to contribute to high water temperatures, stratification, and 
excess nutrients.  
 
The biological alternative includes implementing artificial floating treatment wetlands to shade 
the lagoon and uptake excess nutrients in the water. Inadequate surface area covered would lead 
to insufficient decreases in water temperature, allowing the necessary warm temperatures for 
HABs to arise. In addition, low root surface area would result in insufficient removal of 
nutrients. Adjustments to locations of the floating devices, as well as monitoring for 
concentrations of nutrients and dissolved oxygen should be implemented to decrease the 
likelihood of HABs.  
 
The hydraulic alternative includes constructing a surface channel in the southwest corner of the 
lagoon. If subject to high shear forces and left with no bank or structural reinforcement, the 
channel may be susceptible to erosion during high flow events. A larger channel opening would 
redirect more volume into the lagoon, which can increase mixing. Further constriction of the 
channel exit would lead to higher velocities entering the lagoon. Adjustments that lead to greater 
flow have higher shear stresses, increased potential for erosion, and less natural habitat. 
Appropriately sized bed materials should line the channel to mitigate structural failure to support 
the bank structure. The likelihood of the channel failing due to erosion is low. 
 
7 Future Needs  
For the biological solution, trials runs would need to be conducted to determine if selected plants 
would survive year-round and how they would impact water quality parameters, like dissolved 
oxygen levels. Floating treatment wetlands are a relatively new technology that will need further 
refinement to achieve optimal nutrient removal rates. If concentrations of nutrients within the 
lagoon were provided, they could be used to determine the mass of plants needed and the exact 
area the wetland would cover.  
 
Moving forward with the hydrological alternative, more research is needed on the erosive effects 
of creating a surface channel and if stabilizing structures, such as engineered log jams or large 
boulders, are required. Site surveying would determine if there are any critical habitat features in 
the proposed channel location that would prevent construction.  
 

8 Alternative Solution Recommendation  
Our findings indicate that the hydraulic alternative is the most feasible solution, and was 
estimated to cost between $89,676 - $127,500. Of the three channels, the third channel produced 
the highest velocity during low flow. This channel also costs the least at $89,676 and disturbs the 
least amount of pre-existing terrestrial habitat.  
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Appendix A - Alternative Channel Dimensions 

 

 
Figure 1A. Channel 1 location (left) and dimensions (right). 
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Figure 2A. Channel 2 location (left) and dimensions (right). 
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Figure 3A. Channel 3 location (left) and dimensions (right).  
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Appendix B - HEC-RAS Channel Alternatives 

 

 

Figure 1B. Velocity contour map for the hydraulic solution alternative channel 3 

under the August low-flow hydrologic conditions. 
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Figure 2B.Velocity contour map for the hydraulic solution alternative channel 3 

under the April flood event hydrologic conditions. 
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Figure 3B. Shear stress contour map for the hydraulic solution alternative channel 

3 under the April flood event hydrologic conditions. 
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Figure 4B. Shear stress profile for the hydraulic solution alternative channel 3 

under the August low-flow hydrologic conditions. 

 

 

Figure 5B. Shear stress profile for the hydraulic solution alternative channel 3 

under the April flood event hydrologic conditions. 
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Figure 6B. Velocity profile for the hydraulic solution alternative channel 3 under 

the August low-flow hydrologic conditions.

 

Figure 7B. Velocity profile for the hydraulic solution alternative channel 3 under 

the April flood event hydrologic conditions. 
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(Fischenich, 2001) 
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