




sediment loads and turbidity, increased predation, and 
decreased macroinvertebrates.  

Studies to assess long-term impacts to resident fish 
communities and abundance were completed for the 
2002 Feasibility Study, which predicted an overall 
increase in native resident species and a decrease in 
non-native species following dam removal.  

6.1.5 Other Organisms/Overall Aquatic Ecosystem

The existing food web in the lower Snake River is 
largely governed by the deep, open water (or pelagic) 
environment, with a smaller contribution from the near-
shore (or littoral) region.  Water temperature, available 
nutrients, light, and hydraulic conditions are some of 

the main regulators of the phytoplankton (microscopic 
plants that are the primary producers in the system).  
Zooplankton (tiny invertebrate animals that float freely 
throughout the seas and other bodies of water) compose 
the main phytoplankton consumers and they, in turn, 
are consumed by plankton-feeding fish.  Aquatic insects 
are of lesser importance in the current system, and are a 
food source for bottom-feeding fish. 

If the current aquatic ecosystem is transformed to a 
riverine environment, the main components of the 
primary and secondary productivity would shift to the 
littoral (shoreline) regions.  The benthic algae (algae 
attached to the river bottom) would represent the 
base of the food chain and become an important food 
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source for zooplankton, benthic animals (e.g., crayfish, 
amphipods, oligochaetes), aquatic insects, and fish that 
consume benthic animals.  In a riverine environment, 
aquatic macrophytes would also become more 
important as shelter areas for insects and fish, provide 
bank stability, and promote nutrient recycling.

Effects of Sediment and Turbidity on the Aquatic 
Ecosystem

As noted earlier, the 2002 Feasibility Study 
documented an extensive evaluation of sediment, total 
dissolved solids, and turbidity maximum concentrations 
and durations upon stress and mortality across affected 
salmon stock life stages as a consequence of breaching 
multiple dams.  Many model-based studies of breaching 
actions across the United States and internationally 
(e.g., England and Japan) have occurred since 2002.  
Geological attributes and other geographical variables 
can be quite significant in influencing or driving 
breaching action outputs.  To date, no breach has been 
considered for a dam with a hydraulic head (measure of 
water pressure above a geodetic datum) as deep as that 
required for the lower Snake River dams.  However, 
the database of completed breaches and studies would 
be screened for geographic similarities.  It would then 
be incorporated into a current evaluation of turbidity 
changes as they relate to sources of salmonid mortality.

Effects of Contaminants in Sediment on the Aquatic 

Ecosystem

Contaminants of concern found in sediment sampling 
in the lower Snake River were dioxin toxic equivalent 
(TEQ), total dichlorodiphenyltrichloroethane (DDT), 
manganese, and sediment-bound nutrients (Feasibility 
Report/EIS 2002).  An analysis of the organic 
chemical constituents dioxin TEQ and total DDT 
showed that neither would exceed sediment quality 
criteria with dam breaching.  Inorganic manganese 
would not exceed health safety levels; however, there 
would be odor, taste, and aesthetic concerns in the 
lower Snake River and the Columbia River upstream 
of McNary Dam.

Prior to dam breaching, there should be a follow-up 
study similar to what was done in 2002 to examine 

quantities and concentrations of the inorganic and 
organic contaminants of concern.

6.2 Hydrologic Studies

Hydrologic and hydraulic studies facilitate project 
engineering and the evaluation of economic and 
environmental impacts of alternatives.  These studies 
are required to determine the functional design 
requirements of water resource projects, as well as 
establish basic design criteria.  

This section describes the appropriate studies for 
hydrologic analysis, channel stability assessment, 
sediment transport modeling, water quality assessment 
and other elements related to an evaluation of 
the removal of the four lower Snake River dams.  
Elements common to many hydrologic engineering 
reconnaissance studies include:  1) hydrologic 
engineering study objectives; 2) definition of the study 
area for hydrologic engineering analysis; 3) description 
of available information; 4) definition of existing 
flood hazard conditions; 5) definition of existing and 
expected with-project conditions; and 6) an initial 
project management plan for feasibility phase study.  In 
addition, the studies involving water discharge, channel 
morphology and sediment yield would need to account 
for the expected future effects of climate change.

The Corps currently has no defined methodology in 
place for hydrologic evaluations of dam removal.  
This study plan adapts methodology in the Corps’ 
hydrologic engineering guidance with recent 
developments by the general community of practice for 
dam removal engineering.

6.2.1 Hydrology

Hydrologic analysis defines the magnitude, timing, 
and variability of water discharge in the defined study 
area, which in this case would include the lower 
Snake River and McNary Reservoir on the Columbia 
River.  It examines the meteorology, climate, and 
runoff characteristics of tributary watersheds.  This 
analysis is necessary for an evaluation of channel 
capacity and sediment transport within the open lower 
Snake River channel.
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The change from a run-of-river reservoir operation to 
a natural-channel flow requires a re-analysis of basic 
hydrologic characteristics and criteria, emphasizing 
timing and variability of inflows from tributary basins, 
peak rates of discharge, stage variability, channel 
velocities, and the propagation of flood waves.  

Sediment transport rates in open channel systems 
are dependent on the duration and magnitude of high 
discharges.  A complete re-analysis of the hydrologic 
characteristics of the lower Snake River is warranted 
to avoid propagation of hydrologic errors through 
subsequent sediment and channel evolution analyses.

Many of the studies necessary to thoroughly analyze 
dam removal on the lower Snake River have already 
been done or are in process under the auspices of the 
PSMP.  Comprehensive watershed runoff and channel 
routing models have been developed; however, data 
gaps remain, and include the following:

Extensive meteorological and stream discharge data ■■
for the Snake River Basin has not been compiled in a 
form directly useable in hydrologic modeling.

No database of storm events has been assembled in a ■■
way that is useful for runoff modeling and routing.

Runoff characteristics and parameters (infiltration, ■■
curve number, unit hydrographs) of the tributary 
basis are poorly understood, and have not been 
documented in hydrologic studies.

Few stage-discharge measurements exist to calibrate ■■
hydraulic models of natural channel flows in the 
Snake and Clearwater Rivers.

Groundwater geology of the study region is ■■
complex, and groundwater inflows to the lower 
Snake River have not been adequately evaluated.

Hydrology data are essential for other elements of the 
study, and must be completed during Phase 1.  The 
following tasks are recommended:

Review and summarize past hydrologic studies and ■■
design memoranda.

Compile and summarize meteorological data for the ■■
Snake River Basin.

Compile and summarize stream discharge data and ■■
water temperature data for the Snake and Clearwater 
Rivers, as well as other tributaries.

Compile from appropriate regional sources a local ■■
meteorological dataset and rainfall frequencies for 
the lower Snake River project areas.
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Summarize existing reports on the effects of climate ■■
change on Snake River Basin water resources and 
incorporate those results into hydrologic forecasts 
used in the model analysis

Characterize stormwater and wastewater effluent ■■
discharges from the cities of Lewiston and Clarkston 
and the Potlatch Corporation plant at Lewiston.

Compute updated flood-frequency curves and flow ■■
duration statistics for the lower Snake River at each 
junction of the tributaries.

Develop hydrologic models of tributary basins not ■■
already modeled (i.e., Palouse and Tucannon River 
Basins).

Develop meteorological scenarios for representative ■■
conditions and calibration events for model simulations.

Determine the Probable Maximum Flood and Standard ■■
Project Flood discharges for each study reach.

Develop discharge time series for flood and sediment ■■
transport simulation.

6.2.2  Channel Investigations

Channel Hydraulic and Hydrodynamic Modeling

Flow conditions in the lower Snake River would 
alter drastically after dam removal.  Because there is 
no prototype channel available to test and observe, 
atypical conditions that would develop during the 
drawdown must be simulated.  For example, extreme 
events and environmental flows must be simulated 
in the lower Snake River to determine the flood and 
beneficial use impacts of dam removal.  Both one- and 
multi-dimensional models would be used to analyze 
varied river and flow conditions, and a full range of 
alternatives and configurations would be modeled.

To successfully model the lower Snake River 
conditions, the following data gaps must be filled:

A comprehensive, high-resolution bathymetric ■■
survey of the lower Snake River and the McNary 
Reservoir must be completed.

Hydraulic resistances of below water reservoir ■■
and channel surfaces need to be characterized for 
transitory and natural river flow conditions.

Discharge and velocity measurements are needed ■■
for model calibration in the open reaches of the 
reservoir.

Hydraulic and hydrodynamic models are essential for 
the sediment transport and channel evolution elements 
of the hydrologic analysis and, therefore, must be 
completed in Phase 1.  Tasks to be accomplished during 
Phase 1 include:

Compile, review, and summarize existing hydraulic ■■
models of the lower Snake River and the McNary 
Reservoir.

Compile and describe survey control information for ■■
study reaches.

Compile and summarize existing flow and velocity ■■
measures for study reaches.

Develop a high-resolution digital bathymetric dataset ■■
of the lower Snake River and the McNary Reservoir 
by conducting a multi-beam echo-sounding 
hydroacoustic survey.

Acquire water surface elevation measurements and ■■
acoustic Doppler discharge-velocity measurements 
for model calibration at selected locations within the 
study reaches.

Develop a description of physical characteristics of ■■
the study reaches, and assemble a modeling dataset 
of bathymetry, structural features, and hydraulic 
resistance.

Using input from the region, develop initial sediment ■■
modeling scenarios.

Develop one-dimensional, georeferenced hydraulic ■■
models of all study reaches for existing, transitional, 
and natural river conditions.

Develop two-dimensional, georeferenced ■■
hydrodynamic models of special interest segments 
(e.g., McNary Reservoir and the confluence of the 
Snake and Clearwater Rivers).

Calibrate the models with available data.■■

Develop final modeling scenarios.■■

Produce water surface profiles for further analysis.■■

Develop hydraulic model documentation reports.■■
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Channel Stability and Evolution

Channel stability is defined by the temporal change in 
the prevailing width, depth, longitudinal profile, and 
planform pattern of a channel because of an inequality 
between the supply and removal of sediment.  
Channel stability assessments are usually performed 
to establish the physical properties of an equilibrium 
channel for design and restoration work.  Geomorphic 
assessment is the means to apply the principles of 
channel stability and evolution to the engineering and 
management of rivers.  

Dam removal on the lower Snake River would change 
the flow regime from a relatively deep impounded 
channel to an open, natural-channel flow.  The 
sediment regime would change from almost no bed 
material load to a relatively high equilibrium sediment 
load.  It is also certain that accumulated sediments 
would remobilize, and the channel would adjust to a 
new equilibrium morphology.

The data required for a geomorphic assessment would 
be acquired through other pieces of the hydrological 
assessment.  The following tasks must be performed 
to achieve an effective geomorphic assessment, which 
would be completed during Phase 1:

Assemble existing data.■■

Define current channel forms and sediment features.■■

Define historical channel forms through an analysis ■■
of aerial photography and historical channel surveys.

Perform geomorphic analysis.■■

Classify stream reaches, and assess stability status at ■■
reach scale.

Predict the effects of climate change on the channel ■■
morphology of the lower Snake River

Predict channel response and morphological ■■
evolution to dam removal.

Define and quantify objectives for the post-breach ■■
channels.

Integrate results of geomorphic analysis into the ■■
engineering design.

Select hydrodynamic sediment transport equations ■■
and equilibrium relations appropriate to the river and 
conditions.

Design stable channel dimensions at the breach ■■
locations that mimic natural channel forms.

Use sediment transport models matched to the ■■
alluvial setting that incorporate existing geologic and 
artificial controls to predict morphological response 
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of the channel system to altered flow and sediment 
load conditions.

Use geomorphic analysis and sediment transport ■■
models to evaluate alternative dam removal 
strategies and sediment management plans, and 
develop preliminary designs of the channel sections 
at the breach locations.

Use geomorphic analysis, sediment transport models, ■■
and pier scour methods to evaluate scour at structures 
that would remain in the reformed river channel.

Use geomorphic analysis, sediment transport ■■
models, and stability analysis to evaluate the impact 
of river adjustment on the Lewiston levee system.

Integrate environmental features effectively into ■■
morphological and engineering aspects of the final 
project.

Evaluate maintenance requirements and optimize the ■■
design.

Consider and propose the scope of post-project ■■
appraisal and monitoring regime necessary to 
evaluate project performance.

Prepare reports for the geomorphic and channel ■■
stability analyses.

6.2.3 Sediment 

Watershed Sediment Yield 

Sediment yield analysis defines the rate, timing, and 
sources of sediment delivered by the watershed to 
downstream sources.  An estimation of sediment yield 
is necessary to characterize unmeasured sediment 
inflows to the lower Snake River system.  

Sediment yield would be evaluated for selected 
portions of the Snake River Basin.  Mean annual rates 
and seasonal rates of sediment load would be estimated 
for tributaries.  

Other than ongoing work for the PSMP, there have 
been no recent estimates of sediment yield for the 
lower Snake River Basin.  Most of the data required 
for the sediment yield analysis would be acquired in 
other elements of the hydrological assessment for the 
Feasibility Study.  Sediment loads for the Columbia 
River above Richland, the Yakima River, and the 
Walla Walla River remain to be determined to support 
analysis of sediment-related effects downstream of the 
lower Snake River projects.

To accurately perform a sediment yield analysis, it is 
necessary to accomplish the following tasks:

Estimate sediment yield in the tributary basins.■■

Estimate seasonal distribution and mean annual ■■
sediment loads for lower Snake River tributaries.

Review existing information, and estimate seasonal ■■
and annual sediment loads from the Columbia River 
above Richland, the Yakima River, and the Walla 
Walla River to the McNary Reservoir.

Sediment Characterization and Quality 

Breaching would result in free-flowing river reaches 
and former reservoir bottoms that would become 
vulnerable to erosion by higher water velocities 
and runoff events.  This would result in sediment 
movement.  Sediment, in the form of turbidity, has the 
potential to affect primary and secondary productivity, 
while some amounts of formerly unavailable nutrients 
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may be released into the water column.  In addition, 
sediment contamination may occur in some areas, and 
drawdown conditions may cause these contaminants to 
be re-suspended along with the sediment, and then be 
redistributed in the Snake and Columbia Rivers.  

Reservoir sediments have been characterized in 
previous studies.  Most of these investigations were 
linked to the Corps’ dredging authorities and projects, 
and focused predominantly on the area around the 
confluence of the Snake and Clearwater Rivers.  

A considerable amount of new sampling would 
be necessary throughout the lower Snake River to 
characterize the sediments and fully understand the 
redistribution of these sediments under drawdown 
conditions.  This sampling effort would have to follow 
protocols set forth in the most recent version of the 
Regional Sediment Evaluation Framework for the 
Pacific Northwest.  These guidelines include sampling 
frequency recommendations, methods, current 
chemicals of concern, and elutriate testing triggers, 
and place a greater emphasis on bioaccumulation and 
toxicity testing than has occurred in the past.  

The results of the chemical and biological sediment 
tests would be evaluated in two steps.  In the first step, 
the results would be compared to data from previous 

lower Snake River studies to identify any trends.  
Additionally, the data would be compared to peer-
reviewed literature and the predicted concentrations 
of total suspended solids in the system following 
breaching (this is the approach that was followed in the 
2002 Feasibility Study).  During the second step, the 
sediment chemistry and elutriate data would be merged 
with the most recent sediment transport model results.  
This effort would provide an estimate of sediment 
redistribution that was not completed as part of the 
previous study and take into greater consideration the 
amount of exposure resident and anadromous fish may 
experience to chemicals of concern.

Sediment Transport Modeling 

The removal of a dam substantially changes the way 
the water’s energy is expended along the river.  Energy 
is now consumed by power production, lockage, 
and controlled dissipation.  After dam removal, 
energy would be spent on turbulence and sediment 
remobilization in the recovering river channel.  The 
task of evaluating the exact physical response of a 
large river system to the removal of a dam is extremely 
complex, but should include the following:  1) 
defining the discharge and sediment inflow regimes; 

Landslide near Lewiston, ID

Logging road and landslide (Clearwater National Forest)

Upstream channel erosion 
(Pataha Creek)
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2) evaluating bed erosion and sediment transport rates; 
3) simulating bed mobility; 4) predicting short- and 
long-term channel adjustment, including the possibility 
of sediment and/or discharge conditions that exceed 
the level of channel stability; and 5) characterizing the 
uncertainty of these channel adjustments.

Over the past nearly 60 years, approximately 115 million 
cubic meters (150 million cubic yards) of sediment have 
been deposited upstream of the four lower Snake River 
dams, and much fine sediment has accumulated in Lower 
Granite Reservoir, the Palouse River mouth, and other 
locations.  If the dams were removed, a portion of this 
accumulated sediment would remobilize.  

Field studies and modeling work are in progress under 
the PSMP for parts of the Snake River Basin.  These 

would be extended and augmented to evaluate the 
impacts of dam removal.  The bathymetry surveys, 
sediment load measurements, bed sediment coring, 
and sediment transport modeling for the PSMP would 
be directly applicable to the dam removal study.  The 
Walla Walla District maintains an ongoing program to 
measure sediment ranges throughout the lower Snake 
River system.  Electronic instruments that continually 
track sediment load were installed and are operated by 
the USGS as part of the PSMP.  In addition, sediment 
analysis was done for the removal of Lewiston Dam, 
the 1992 drawdown of the Lower Granite pool, and 
the 2002 Feasibility Study.  However, despite a good 
level of available information, data gaps do exist.  To 
fill these gaps, it would be necessary to accomplish the 
following tasks:
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Provide more detailed bathymetry through a multi-■■
beam echo-sounding survey.  With the exception 
of the Lower Granite pool, the bathymetry of the 
lower Snake River is defined only by sediment range 
cross sections and short segments of high-resolution 
bathymetry near the dams.  

Resurvey all (approximately 300) sediment range cross ■■
sections so that an up-to-date comparison can be made 
with historical cross sections, and provide a check on 
the multi-beam echo-sounding bathymetry survey.

Characterize sediment load data for tributaries other ■■
than the Clearwater and Palouse Rivers.

Characterize the thickness, spatial variability, and ■■
grain-size distribution of the accumulated and 
original bed sediments throughout the lower Snake 
River, the upstream reaches of the Clearwater 

River, and the McNary Reservoir.  The exception 
is the Lower Granite Reservoir bed, which is being 
characterized through the PSMP.

Evaluate the stability and erosion resistance of below ■■
water bank and channel slopes.

Characterize the frequency and strength of turbidity ■■
currents in the McNary Reservoir.

Field work, synthesis of existing data, and modeling 
and analysis work would need to be completed during 
Phase 1.  To adequately model and analyze sediment 
transport in the lower Snake River, it would be 
necessary to accomplish the following tasks:

Develop a digital cross-section database of historical ■■
sediment ranges and conditions surveys.

Develop a database of existing sediment load data.■■

Compile information on past dredging operations ■■

S e d i m e n t  R e m o b i l i z a t i o n

Dam breaching could result in significant 
movement of sediments. It is estimated that 50 to 
75 million cy of existing sediments may be eroded 
and moved downstream.
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and volumes in the lower Snake and Clearwater 
Rivers, and the McNary Reservoir.

Compile information on past navigation shoaling ■■
for the lower Snake River and the Columbia River 
below McNary Dam.

Review and summarize previous studies of sediment ■■
transport in the lower Snake River.

Review and summarize studies and findings from ■■
similar investigations on other rivers.

Perform single-beam hydroacoustic survey of the ■■
304 established sediment ranges throughout the 
study reaches.

Acquire underwater sediment cores at the historical ■■
sediment range cross sections (except at Lower 
Granite) and special interest areas.

Perform a subbottom profiling survey of the lower ■■
Snake River reservoirs, McNary Reservoir, and 
the accessible reaches of the Clearwater and Snake 
Rivers to inventory the accumulated sediments and 
characterize the original bed material.

Measure the erodibility of underwater fine-grained ■■
sediment deposits with the Corps’ High Shear Stress 
Flume Mobile Laboratory (SEDflume).

Measure suspended and bed sediment load on ■■
the Snake, Clearwater, and Palouse Rivers if 
not continued for the PSMP, and begin the same 
measurements on the Tucannon River.

Develop a description of physical characteristics of ■■
the study reaches, and assemble a modeling dataset 
of bathymetry and sediment parameters.

Develop one-dimensional sediment models of the ■■
lower Snake River and McNary Reservoirs for the 
study of short- and long-term bed adjustment.

Develop two-dimensional sediment transport and ■■
particle tracking models of special interest areas in 
the lower Snake River and the McNary Reservoir.

Develop a draft sediment transport modeling report ■■
for ATR.

Develop final sediment transport report.■■

McNary Reservoir Evaluation 

The McNary Reservoir (Lake Wallula) would 
potentially receive large quantities of sediment and 
floating debris as the lower Snake River channel 
reformed during and after dam removal.  Even after 
the channel recovered, the full natural sediment and 
debris loads of the lower Snake River would continue 
to accumulate in the McNary Reservoir.  The effect 
of initial and persistent sediment loads and potential 
transport mechanisms, such as turbidity currents, on 
McNary Lock and Dam must be evaluated to predict 
the useful life of the reservoir and determine if dam 
operations must be controlled.  The effect of increased 
sedimentation on the flood capacity of the Tri-Cities 
levee system must also be evaluated, as should potential 
ice loads on McNary Dam.

To accurately evaluate the consequences of dam 
breaching on the McNary Reservoir, information on 
debris loads must be compiled.  Other data required for 
the assessment will be gathered through other pieces of 
the hydrological assessment and the PSMP.

Tasks that must be performed in Phase 1 include the 
following:

Determine current storage elevation curve for the ■■
McNary Reservoir.

Estimate the rate of sediment accumulation.■■

Estimate the useful life of the reservoir.■■

Evaluate the short- and long-term impacts on the ■■
flood capacity of the Tri-Cities levee system.

Describe and characterize sediment impacts on dam ■■
operations.

Evaluate possible sediment management or bypass ■■
options.

Assemble information about debris loads, and ■■
characterize impacts to McNary Dam.

Evaluate potential ice load impacts on McNary Dam.■■
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6.2.4 Water Quality 

Water temperatures in the lower Snake River are 
affected by seasonal and weather conditions; natural 
inflow; upstream storage project releases; and the 
surface area, volume, and configuration of the run-of-
river reservoirs themselves.  Reservoir temperatures 
have the potential to affect primary and secondary 
productivity, the growth rates of juvenile anadromous 
and resident fish, and the feeding rates of resident 
fish predators.  Greater spatiotemporal temperature 
data are available, and a more robust model has 
been developed.  This model can be used to enhance 
understanding of the temperature dynamics that would 
occur during and after dam breaching, and how those 
temperatures would compare to the Washington State 
water quality standards.

Water temperatures have been modeled previously 
using one-dimensional models (i.e., Water Quality 
for River-Reservoir Systems [WQRRS], River Basin 
Model – Region 10 [RBM-10], and Modular Aquatic 
Simulation System 1D [MASS1]).  The WQRRS model 
developed for the 2002 Feasibility Study indicated 
that water temperatures during low-flow years in the 
lower Snake River could reach higher summer peaks 
under natural river conditions than under the existing 
impounded river conditions.  The RBM-10 model 
developed by EPA found a greater likelihood that, 
without Dworshak augmentation, water temperatures in 
the lower Snake River would more frequently exceed 
the 68°F (20°C) benchmark with the dams in place than 
with the dams removed.  Exceedances would still occur 
with flow augmentation, but to a lesser extent.  The 
MASS1 modeling effort completed by Pacific Northwest 
Laboratory found that the primary difference between 
the current and natural river condition scenarios was that 
the reservoirs decrease water temperature variability, 
but shift the annual thermal cycle.  However, due to 
uncertainties in the simulation model, the authors 
concluded that the results showed only small differences 
between the current and natural river regimes.

Since the previous studies were completed in the 1990s, 
the CE-QUAL-W2 model has been implemented in 
the lower Snake River for the purpose of predicting 

temperature changes in that system resulting from cold 
water releases from Dworshak Reservoir (the primary 
emphasis has been the Lower Granite Dam tailwater).  
Additional vertical temperature strings have also been 
installed in the forebays of each dam that transmit 
real-time hourly data year-round to the Corp Water 
Management System database.  This laterally averaged 
two-dimensional model can, with some modifications, 
be used to quantify in-river water temperatures during 
and after dam breaching throughout the lower Snake 
River Basin.  Modifications to the CE-QUAL-W2 
model, decisions regarding specific model runs to 
perform, and completion of those runs would be 
completed during one year of engineering data analysis.  
Work on the water quality modeling would need to be 
coordinated among technical experts within the region.

6.3 Engineering Studies

The Feasibility Study would require a number of 
studies analyzing engineering issues related to dam 
breaching and its effects.  These would include 
techniques for conducting the dam breaching itself and 
modifications to other ancillary structures or operations 
related to the dams.  Pricing, schedule, and risk would 
also need to be evaluated, as outlined in this section.

6.3.1 Core Breaching Functions

Embankment Removal (Excavation Plan)

In the 2002 Feasibility Study, the Corps put extensive 
study into the requirements for breaching the four 
lower Snake River dams, including excavation of 
existing embankments and constructing levees to 
channel water around the concrete dam structures.  
In that study, the Corps developed a step-by-step 
process for excavation, and identified areas for 
stockpiling the excavated material.  Plans developed 
for the previous dam breaching scenario (breaching 
earthen embankments and mothballing the concrete 
structures) included drawings, excavation plans, 
material quantities, and equipment needs.  The Corps 
still considers these plans to be applicable to that 
scenario of dam breaching, with the exception of the 
items noted below.
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An area not adequately addressed in the 2002 
Feasibility Study was wet material handling.  This 
study component would include developing methods 
for stockpiling wet material, driving on wet material, 
and similar concerns that would be part of the 
excavation process.

If an alternate method for breaching is recommended, 
the Corps would develop comparable plans to support 
the recommendation, including soil testing and 
surveys at the proposed work site, bedrock mapping, 
topographic mapping, investigation and location of 
coffer cell locations (left over from dam construction), 
and a plan for stockpiling and handling wet material.

There is a possibility that breaching of any of the 
dams but Lower Granite Dam (the most upstream 
dam), in particular, may result in an uncontrolled 
collapse of the embankment prior to complete 
excavation in a controlled breach.  It is also possible 
that heavy equipment would not be able to work on 
the embankment materials during an excavation of the 
embankment.  If the clay core is saturated as the lateral 
support is removed, the slope might fail and result in 

Current Photograph of Lower Granite Dam

Site Condition During Construction of Lower Granite Dam That 
May Be Similar to the Breached Condition

an uncontrolled release of the remaining reservoir.  
This same saturated material may make for a working 
surface that would not support heavy equipment during 
excavation of the embankment.

To address these issues, each embankment would be 
explored and a study group would be formed to address 
the stability and excavation concerns.  A series of 
12 exploration drill holes would be drilled into each 
embankment core and the material would be tested 
for material type, moisture content, in-place density, 
and other applicable engineering characteristics.  A 
study group would be formed consisting of a dam 
breach expert and soils engineers with technical 
experience in slope stability and excavation techniques.  
This group would assess the adequacy of the breach 
design and determine if it is technically feasible to 
breach the embankment.  Should the existing design 
for a controlled breach prove unsafe, then the group 
would address other approaches to removing the 
embankments.
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Rock Sources

Rock riprap is used at many locations along the lower 
Snake River projects to protect and stabilize constructed 
features such as embankments and bridges.  The 2002 
Feasibility Study identified sites where rock riprap 
protection might be needed and provided an estimate 
of the amount and size of the rock required.  The study 
estimated that the drawdown of the four lower Snake 
River reservoirs would require about 750,000 cubic 
meters (1 million cubic yards) of riprap material for 
protection of embankments, drainage modifications, 
bridge abutments, channel construction, and general 
slope stability and erosion protection.  Material meeting 
the size and gradation requirements, ranging from 0.3 
meter (1 foot) to 0.8 meters (2.5 feet), is generally 
available from existing quarry sites in the Lower Granite 
Reservoir and other potential sites in the Ice Harbor and 
Lower Monumental Reservoirs.  Based on experience 
and the general practice of quarry development within 
the Lower Granite Reservoir area, about two and one-
half times as much material must be processed and can 
be used for riprap.  Quantity estimates for cost purposes 
would be developed during the Feasibility Phase.  
Specific locations of quarries would likely take place 
during development of plans and specifications. 

Slope Stabilization

A thorough study was performed to identify 
embankments that are above the reservoir level.  The 
amount of instability that can be expected for these 
structures is estimated; however, steep slopes and 
existing submerged embankments are difficult to 
quantify.  Another area that is difficult to estimate is 
silt buildup in the reservoir that would be unstable after 
drawdown and continue to erode as the river changed 
course and cut through these silt beds. 

Damage to the existing embankments can occur in two 
ways.  The primary concern for instability is due to the 
proposed rapid drawdown of the reservoir water surface.  
The rapid lowering of the water surface elevation would 
initiate displacement of the embankments and slopes by 
sliding and settlement (2002 Feasibility Study, Appendix 
D, Annex F).  Embankment or slope damage could also 
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occur by undermining from river erosion of the slope or 
embankment toe. 

The Feasibility Study would require a review of the 
information that is available on existing dam removal 
and stability within the reservoir.  After data review, 
additional visual surveys would be accomplished to 
determine areas where new or modified construction 
has taken place that may be affected by rapid 
drawdown.  A conceptual plan would be developed to 
address any unstable areas to ensure there is no danger 
to the public or loss of vital public assets. 

Further analysis of the topography and photographs 
of the channel prior to dam construction would be 
performed to identify and document any probable 
unstable slopes after drawdown that were not identified 
in the 2002 Feasibility Study.  

6.3.2 Schedule/Risk/Cost Engineering

Pricing, schedules, and risks associated with dam 
breaching were evaluated in the 2002 Feasibility 
Study.  This effort related to a wide variety of 

contractual activities, features, studies, demolition, 
and construction activities, as well as temporary fish 
support systems and features required during dam 
removal.  These 2002 studies would need to be re-
evaluated and updated in a future Feasibility Study.  
This would also include the evaluation of costs 
related to newly discovered elements, activities, 
and features when costs have not been previously 
identified or captured.

A wide range of planned modifications and mitigative 
actions would be necessary as a result of reservoir 
drawdown.  They would be integral parts of the 
drawdown implementation plan and would include a 
wide variety of temporary and permanent construction 
actions.  The construction costs presented in a 
Feasibility Study would be developed by the Walla 
Walla District Cost Engineering Branch Directory of 
Expertise.  The costs would be based on the scope of 
work, assumptions, and methodology presented in 
the engineering studies.  The following paragraphs 
summarize specific details concerning the basis of 
costs for each of the engineering efforts and the cost 
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summary tables for each effort.  The comprehensive, 
detailed cost estimates would be developed using the 
Corps’ Micro-Computer Aided Cost Estimating System 
(MCACES, specifically, the latest version of the M2 
software on file with the Walla Walla District Cost 
Engineering Branch of the Corps).

Components of construction include the following five 
cost elements: labor, permanent materials, construction 
equipment, subcontracts, and contractor’s expendable 
supplies.  The key ingredient in determining the cost 
of each of these elements is productivity of the work 
force and the construction equipment used to perform 
the various work activities.  Productivity rates for 
individual and specific construction activities, whether 
temporary or permanent, would be selected to reflect 
local weather, site conditions, work week hours, craft 
experience and availability, appropriate construction 
techniques, schedule sequencing, and experience 
gained on previous construction projects.

The Feasibility Study would require the completion of 
a formal cost and schedule risk analysis (CSRA), in 
accordance with ER 1110-2-1150, ER 1110-2-1302, 
and ETL 1110-2-573.  This includes the performance 
of risk studies both during the alternative formulation 
and evaluation phase, as well as development of the 
recommended National Economic Development 
(NED) and/or Locally Preferred Plans (LPP) for each 
of the four lower Snake River dams.  The CSRA 
process would include information gathering and risk 
identification processes, risk model development, 
cost estimating and scheduling market research, and 
performance of quantitative risk analysis using the 
Monte Carlo simulation technique.  Each site would 
require its own risk analysis process, due to the 
differing nature of each project location, construction 
and infrastructure, schedule, and breach feasibility 
level.  The CSRA effort would include coordinating 
and facilitating risk identification meetings; 
formulating project risk registers and qualitative 
analysis; developing quantitative risk study models 
specific to each project site; collecting and studying 
market and schedule trends, tendencies, and scenarios 
for each identified risk; completing Monte Carlo 

simulation and preparing appurtenant result data and 
reports; recommending contingency and management 
reserve levels per project; recommending financial and 
time management risk reduction measures; and drafting 
formal financial and time management risk assessment 
reports to be included in the main report appendices.

6.4 Economic Studies – National Economic 
Development

The Corps would conduct economic studies that fully 
evaluate the alternatives for dam breaching.  These 
analyses would be included in the Feasibility Study 
as a general summary in the main report; an appendix 
would document the full analysis.  

The analysis would conform to the guidelines 
established by the U.S. Water Resources Council in the 
publication Economic and Environmental Principles 
and Guidelines for Water and Related Land Resources 
Implementation Studies, as well as Corps ER 1105-2-
100.  This guidance recommends that the evaluation 
and display of the effects of proposed alternatives be 
organized into four accounts:  NED, Environmental 
Quality (EQ), Regional Economic Development (RED), 
and Other Social Effects.  These accounts are described 
below.  The Corps regulation requires documentation of 
the analysis of NED and Environmental Quality (also 
known as National Ecosystem Restoration [NER]).  For 
the Feasibility Study, the NED technical analysis would 
take place during Phase 1.  The analysis of effects 
within the framework of the other three accounts would 
be conducted in conjunction with the NEPA process in 
Phase 2.

The Feasibility Study would be based on using 
the NED as the governing economic analysis to 
determine which alternatives should be considered for 
recommendation.  The NED Plan displays changes 
in the economic value of the national output of goods 
and services, and measures economic efficiency at a 
national level.  It does not measure economic gains or 
losses of a region.  

Beneficial effects measured under the NED account may 
include increases in the economic value of the national 
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output of goods and services under actual or simulated 
market prices, the willingness of users to pay for the 
goods or services, net income associated with these 
changes, cost of the most likely alternative, the value 
associated with the use of unemployed or underemployed 
labor, and the value of output resulting from external 
economies caused by the proposed alternative.  Adverse 
effects measured are the opportunity costs of resources 
used in implementing the plan.

The components of the NED analysis to be conducted 
during Phase 1 are described below.  Discussion of 
efforts relating to Environmental Quality, Regional 
Economic Development, and Other Social Effects is 
included in Section 7.1.

Hydropower The effects of dam breaching on the power 
system would need to be analyzed during the Feasibility 
Study.  This would include both a power system analysis 
and a hydropower replacement analysis.

The Corps would work with the Bonneville Power 
Administration to develop a power system analysis 
(an NED element) that would measure economic costs 
associated with changes in hydropower production 
at the four lower Snake River dams.  Because the 
power generated by the four lower Snake River dams 
is marketed across the entire west coast, the scope of 
the analysis would include impacts to that geographic 

area.  The analysis would include enough detail to 
identify costs to BPA and its ratepayers.  This effort 
would include analysis of power values as the system is 
currently operated, effects of the various alternatives on 
power generation, effects of different water conditions 
on generation, and power reliability and capacity.  The 
analysis would report how changes in hydropower 
generation may affect other energy types, and the 
effects of alternate energy types on the environment 
and the market.  A price analysis would measure 
economic effects on the power market.

A hydropower replacement analysis (another NED 
element) would examine alternative power generating 
resources to replace the energy, capacity, and ancillary 
services that the lower Snake River dams currently 
provide to both the power system (e.g., power reserves, 
the ability to follow changes in loads, and regulation 
of generation) and the transmission system (e.g., 
voltage support for system stability and reliability).  
This effort would examine (1) costs associated with 
using replacement resources to fill all of these needs; 
(2) what it would take to implement alternative energy 
resources; and (3) the environmental impacts of 
alternative energy resources, such as carbon emissions 
from gas-fired power plants.
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Navigation An analysis of impacts to navigation on 
the Snake River was conducted as part of the 2002 
study, which quantified the direct economic effects of 
disruption of the barging system currently in place.  As 
part of the current study, the Corps would update the 
results of that study to current pricing indices. 

Recreation As part of the 2002 Feasibility Study, the 
Corps conducted a complete analysis of effects of 
dam breaching on recreation.  The results of that study 
would be updated to current pricing indices.

Irrigation and Water Supply Economic impacts of dam 
breaching to irrigation and water supply facilities and 
operations was evaluated in the 2002 study.  If and 
when the Feasibility study is implemented, the Corps 
would update the results of the previous study to 
current pricing indices.

Commercial Fishing The Corps conducted an evaluation 
of the effects of dam breaching to commercial fishing 
in the 2002 study.  The results of that evaluation would 
be updated to current price indices for the current study.

6.5 Geographic Information Systems 

Breaching the four lower Snake River dams would 
have large-scale regional effects on a wide variety 
of economic, environmental, and hydrologic subject 
matters.  Given current geospatial technologies aptitude 
for data management, analysis, and visualization, 
Geographic Information Systems (GIS) would 
be indispensable in the development, assessment, 
and evaluation of technical study alternatives, as 
well as restoration and long-term monitoring.  The 
development of a comprehensive geospatial data 
management plan for a detailed study would require 
extensive effort given the numerous and complex 
investigations required in the development of a decision 
document.  Specifically, detailed needs assessments 
would be conducted to determine the appropriate 
application of geospatial technologies with each 
functional business area.  The results of the assessments 
would then aid in the development of a concise 
geospatial data management and analysis plan.
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7.0	 PHASE 2 STUDY AND 
AUTHORIZATION DECISION 
PROCESS

The technical studies conducted during Phase 1 would 
be used by salmon policy leaders at the national level 
to make a decision whether the Corps would move 
forward with an overall evaluation study and NEPA 
compliance process.  This second phase of the study 
process would include technical studies and plans 
needed to support the public decision process for the 
Feasibility Study or for implementation of the decision.  
Phase 2 also would include all actions needed for 
compliance with the applicable environmental laws, 
and for the public process through which the NEPA 
document would be reviewed. 

7.1 Phase 2 Technical Efforts

If the technical studies conducted during Phase 1 
show that dam breaching is a reasonable alternative to 
address the decline of Snake River salmonid species, 
the Corps would move into the second phase of the 

study process.  Section 7.1 summarizes the hydrologic, 
engineering, biological, economic, environmental and 
related studies and plans that would be performed 
during Phase 2 of the Feasibility Study.

7.1.1 Hydrologic and Related Studies

The special conditions presented by dam removal 
would require modification of the existing Water 
Control Plans.  Many other items must also be 
addressed, including:

Annual operation of Dworshak Reservoir for ■■
juvenile and adult fish

Fish passage concerns, both upstream and ■■
downstream

Navigation challenges on the Columbia River ■■
presented by the removal of Snake River dams 
(potential increase in dredging operations)

Modification of Supervisory Control and Data ■■
Acquisition (SCADA) systems and stream gaging, 
both throughout and following the dam removal 
process
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Deviations to existing Water Control Plans may be used 
in lieu of creating new plans, as necessary, depending 
on the length of time required for dam removal.  It may 
be necessary to prepare Water Control Plans for retired 
dams, depending on the expected effects of probable 
maximum floods on any remaining portions of the 
dams that might be left in place.

To accommodate the changing conditions of the river 
system, Emergency Action Plans would also need to 
be modified throughout the dam removal process, as 
necessary.

7.1.2 Economic Analysis

As discussed in Section 6.4, the Feasibility Study 
would use the NED analysis as the primary economic 
analysis measure relative to which alternatives should 
be considered for recommendation.  The Feasibility 
Study would consider the benefits and adverse effects 
associated with all four accounts established by U.S. 
Water Resources Council, including Environmental 
Quality, RED, and Other Social Effects, prior to 
selection of a recommended plan.  Analyses for the 
latter three accounts would be conducted using current 
policy and guidance at the time the Feasibility Study is 
undertaken.

Environmental Quality (National Ecosystem Restoration)

The environmental quality analysis displays non-
monetary, qualitative effects on ecological, cultural, and 
aesthetic resources, including the positive and adverse 
effects of the proposed action.  Beneficial and adverse 
effects addressed in the Environmental Quality account 
include changes in ecological, aesthetic, and cultural 
attributes of natural and cultural resources.

An environmental quality analysis would include an 
incremental cost analysis to measure the environmental 
outputs against the costs.  With the cost-effective (CE) 
analysis, incremental cost analysis (ICA) would be 
completed that shows the best-buy solutions.  A best 
buy is designated by those cost-effective plans that 
have the greatest increase in output or benefit for the 
least increase in cost.  Both the CE/ICA and best-buy 
analysis would be completed using the Corps model 

IWR Plan.  The plan that reasonably maximizes 
environmental benefits related to costs is known as the 
NER Plan. 

Because of the challenge of dealing with non-
monetized benefits, the concept of significance of 
outputs plays an important role in ecosystem restoration 
evaluation.  Along with information from CE/ICA 
and information about acceptability, completeness, 
and effectiveness, information on the significance of 
ecosystem outputs would be used to determine whether 
the proposed environmental investment is worth its 
cost and whether a particular alternative should be 
recommended.

Regional Economic Development

The RED analysis shows changes in the distribution 
of regional economic activity such as income and 
employment associated with the proposed plan.  The 
Feasibility Study would model effects to the Lower 
Snake Region identified in Section 4.2, essentially 
Lewiston, Idaho, to Pasco, Washington.  Other regional 
effects, such as an analysis of effects to power supply 
and rates, would be modeled at a state level.

Other Social Effects

The Other Social Effects analyses would portray the 
effects of the proposed plans on social aspects such as 
community, health and safety, displacement, energy 
conservation, loss of life, and social justice issues.

7.1.3 Biological Analyses – Terrestrial Ecosystem 
Effects

Wildlife

Birds

The lower Snake River is used as a minor flyway 
and wintering area for various species of ducks and 
geese.  Some nesting by ducks and geese also occurs 
on New York Island and in backwater areas.  Ring-
necked pheasants, California quail, chukar, and doves 
also occur along the river, especially near intensively 
managed Habitat Management Units (HMUs).  A 
variety of non-game birds can also be found along the 
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river.  Killdeer, sandpipers, gulls, swallows, hawks, 
owls, eagles, osprey, and numerous songbirds are 
present.  Birds are not likely to be directly affected by 
removing the dams.

Mammals

Big Game Both mule and white-tailed deer can be found 
along the lower Snake River.  Deer use the reservoirs 
as a watering source in some locations.  Upon dam 
breaching, some of the river would become inaccessible 
for that purpose.  

Furbearers Beaver, muskrats, mink, coyotes, and 
raccoons are common along the river.  River otter are 
also present in some locations.  Dens are often located 
along the shoreline.  Effects to furbearers from dam 
removal are expected and would be identified through 
updating information from the 2002 Feasibility Study.  

Non-Game Species A variety of non-game species exists 
along the lower Snake River.  Small species such as 
mice, voles, shrews, and bats can be found along the 

shoreline.  Dam removal would not directly affect non-
game species, and no further study is recommended.  

Reptiles and Amphibians

Sixteen species of amphibians and reptiles have been 
documented in the study area, with two additional 
species likely there due to the presence of suitable 
habitat and documented presence in the vicinity.  
Amphibians and reptiles use a variety of habitats along 
the lower Snake River.  Emergent wetlands and riparian 
areas are especially important to amphibians, and 
some amphibians could be adversely affected by dam 
breaching.  

Vegetation

Riparian

Prior to construction of the dams, there were 
approximately 5,200 acres of riparian vegetation 
along the lower Snake River.  This included forb 
areas composed of species such as teasel, curly 
dock, and water hemlock; shrubland, represented 
by hawthorn, chokecherry, currant, and blackberry; 
scrub-shrub dominated by coyote and other willows; 
and forested areas dominated by black cottonwood 
and white alder.  Much of this vegetation was found 
in discontinuous stringers along the main river, at the 
bottom of the canyon.  Today less riparian habitat exists 
(approximately 2,100 acres). 
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Habitat Management Units

The Corps manages 54 HMUs along the lower Snake 
River.  These HMUs were established to compensate 
for lost wildlife habitat due to reservoir impoundments 
behind the Snake River dams.  Under the Lower Snake 
River Fish and Wildlife Compensation Plan, 30 areas 
were purchased and set aside for wildlife habitat 
mitigation.  Most of the HMUs are non-irrigated, but 
10 HMUs have irrigation systems either supplied by 
surface water intakes in the river or by groundwater 
wells.  Approximately 960 acres are irrigated.  

The irrigated HMUs include one or more wells or 
pumping stations for water supply.  There are currently 
8 HMUs being irrigated by 11 surface water pumping 
plants and 2 HMUs being irrigated by well-supplied 
water.  The table below identifies which HMUs are 
currently irrigated and would require water supply 
modifications if dam breaching were to occur.  

Irrigated HMUs along the Snake River

The major effect of drawdown on the HMUs would be 
the disruption of the existing irrigation systems.  The 
lower river water surface would render the river intake 
pumping systems inoperable and significantly affect 
the water wells.  No further site-specific evaluation is 
necessary.  An overall evaluation of the HMU program 
following dam removal would be undertaken in 
conjunction with the Feasibility Study.

Invasive Plants

If dam breaching were implemented, approximately 
14,000 acres that are currently inundated would be 
exposed and in need of revegetation.  These barren 
areas would be extremely susceptible to invasion by 
noxious weeds.  A shoreline revegetation plan was 
compiled for the 2002 Feasibility Study (Appendix D, 
Annex K).  In addition to this plan, the Corps would 
explore options for controlling noxious weeds after 
dam breaching.  

Implementation Planning

Lower Snake River Fish and Wildlife Compensation Plan

The Lower Snake River Fish and Wildlife 
Compensation Plan has been implemented since the 
1970s to mitigate losses to fish and wildlife along the 
lower Snake River from dam construction.  To this 
end, fish hatcheries were built, a game bird stocking 
program was started, habitat was improved, and land 
was purchased.  A large portion of the Compensation 
Plan focuses on compensation for lost riparian habitat.  

Restoration Plan

The Corps produced a Restoration Plan in the 2002 
Feasibility Study.  This Restoration Plan assumed 
breaching of the earthen embankments of the four 
lower Snake River dams, and estimated the amount 
of seeding and planting needed per reservoir location 
to restore native vegetative communities.  The 2002 
Restoration Plan estimated a 10-year effort for effective 
vegetation re-establishment.  

The Feasibility Study would build on the Restoration 
Plan produced in 2002.  The details of the future 
Restoration Plan would be dependent on the final 
alternative selected and the potential configuration 
of proposed breaching.  Where the 2002 Restoration 
Plan included only vegetative re-establishment, a 
future Restoration Plan might include in-water habitat 
features (e.g., constructed pools, riffles, and log jams) 
to optimize the benefits of habitat that might be created 
by breaching the lower Snake River dams.  A real 
estate analysis to determine the amount and status of 
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exposed property (previously inundated) would need to 
be completed prior to investment in a Restoration Plan.  
An adequate Restoration Plan would require research, 
monitoring, and evaluation coordinated with state and 
regional interests.

Monitoring and Adaptive Management 

A Monitoring and Adaptive Management Plan would 
be developed.  Adaptive management prescribes an 
iterative management process wherein management 
activities can be changed in relation to their efficacy in 
restoring or maintaining an ecological system in some 
desired range of conditions.  The adaptive management 
process would benefit from the active participation of 
regional stakeholders.    

The Corps would use an adaptive management strategy 
supported by monitoring.  Future decisions would then 
be adapted based on those monitoring results.  The 
adaptive management would focus on short-term (0 
to 5 years) and mid-term (5 to 10 years) management 
actions and system responses.  

It is difficult to predict exactly how the river system 
would respond to dam breaching.  Management actions 
such as in-stream habitat improvements and extra 
revegetation efforts could become necessary.  The 
sequence of dam removal is also unknown at this time.  
Monitoring and adaptive management would be used 
to help reduce environmental impacts as dam removal 
progresses.  

7.1.4 Cultural Resources

Any ground-disturbing action or building/structure 
alteration that would potentially occur in association 
with the technical studies undertaken for the Feasibility 
Study, including testing, construction actions, or 
modification of the dams for dam breaching studies, 
would require a National Historic Preservation Act 
(NHPA) Section 106 compliance review.  The Walla 
Walla District cultural resources team would interface 
with technical teams from States and Tribes during 
initiation of all technical studies to start the Section 106 
compliance process.  Completion of field investigations 
and reporting is a prerequisite for consultation.  Section 

106 consultation includes a mandatory 30-day review 
process with tribes and the State and Tribal Historic 
Preservation Offices.  All comments received must 
be addressed prior to initiation of ground-disturbing 
activities.

Identify and Evaluate Cultural Resources and Historic 
Properties

Cultural resource baseline information would be 
collected for inclusion in Feasibility Study documents.  
A literature review would be completed to compile, 
describe, and display all known cultural resources 
and historic properties in the study area, including 
traditional cultural properties (sites of religious or 
cultural significance).  This baseline information would 
include text and graphic displays defining the location 
and condition of known cultural resources and historic 
properties.  Additional information gathered about each 
resource and/or property would include, but would 
not be limited to, the status of National Register of 
Historic Places (NRHP) eligibility determinations, site 
elevation, and depth and extent of cultural deposits.  One 
or more of the lower Snake River dams might be 50 or 
more years old at the time of a possible breaching, and 
therefore potentially eligible for the NRHP. 

Determine Effects on Cultural Resources and Historic 

Properties

The Corps would identify high-probability areas for 
unknown cultural resources and all areas of probable 
impact for all four lower Snake River projects.  Sites, 
resources, and buildings/structures would be identified 
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Protection Plans for Cultural Resource Sites

A Protection Plan for significant cultural resources 
would be developed.  This plan would include the 
protection of sites during construction and evacuation 
of the reservoirs, following the evacuation process, and 
could include restoration activities.  Activities in the plan 
may involve law enforcement actions, construction of 
barriers, or excavation and removal of historic material 
from known sites.  Work would include long-term 
planning for curation of collections and compliance 
with all applicable laws.  The Protection Plan would be 
coordinated with local tribes and the State and Tribal 
Historic Preservation Offices, as required.

Archaeological Monitoring Plan

A Monitoring Plan would be developed to define the 
timing and duration of archaeological monitoring actions 
to be conducted during the dewatering of each reservoir.  
The Monitoring Plan would establish when monitoring 
would take place and the applicable documentation 
and reporting procedures.  The Monitoring Plan would 
also address the procedures, consultation actions, and 
reporting processes to be completed in the event human 
remains, burials, or cemeteries are exposed during 
construction or dewatering activities in each of the four 
existing reservoirs.

7.1.5 Other Environmental Studies

Air Quality

Dam breaching would affect local and regional air 
quality through several avenues, including emissions 
from equipment used in dam removal, fugitive dust 
from about 14,000 acres of previously inundated 
land that would be exposed, emissions from alternate 
transportation modes, and emissions from alternate 
power sources.  The Corps would re-evaluate the air 
quality impact analysis prepared for the 2002 Feasibility 
Study, and update the information and conclusions, as 
necessary, for inclusion in the Draft EIS.

on a GIS mapping database with associated site 
information.  The probable effects of the proposed 
project on cultural resources and historic properties 
would be presented.  A determination of effect finding 
for each cultural resource and historic property would 
be completed.  The finding would be based on current 
information, predictions about water elevation changes, 
and future actions.  Evaluations of cultural resources 
would be completed, as appropriate, and mitigation 
of adverse impacts would be proposed.  Information 
generated would be compiled in a report.  The Walla 
Walla District would consult with affected tribes and 
the State and Tribal Historic Preservation Offices using 
the generated reports and documents.  Any adverse 
effect determinations would be mitigated and treatment/
protection plans developed in consultation with State and 
Tribal Historic Preservation Offices.  Mitigation and/or 
protection measures would be addressed in a MOA.
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Aesthetics

Dam breaching would affect the aesthetics of the lower 
Snake River canyon.  The Corps would re-evaluate 
the aesthetics impact analysis prepared for the 2002 
Feasibility Study, and update the information and 
conclusions, as necessary, for inclusion in the Draft EIS.

7.1.6 Real Estate

A Real Estate Plan would be developed for the 
Feasibility Study.  For each alternative, the Real Estate 
Plan would include a gross appraisal.  Real estate issues 
to be addressed include the following:

Land disposition■■

Reserved rights■■

Leases, out-grants, and easements■■

Pump stations and appurtenances■■

Wells, utility crossings, and effluent lines■■

A Real Estate Plan was developed for the 2002 
Feasibility Study that outlined procedures and 
considerations.  Historical information about 
acquisition in the 2002 Real Estate Plan is still 
accurate and applicable.  Information related to land 
disposals would be updated.  Information concerning 
the number and type of leases, easements, and out-
grants would be updated, and impacts considered, in 
the alternative evaluation.  

7.2 Environmental Compliance

Breaching the four lower Snake River dams would 
require coordination with appropriate agencies, special 
interest groups, and the general public, and compliance 
with applicable environmental laws and regulations for 
construction of structural components and operational 
modifications.  Compliance requirements include 
the NEPA, Clean Water Act, ESA, FWCA, Pacific 
Northwest Electric Power Planning and Conservation 
Act, and various cultural resources laws.

Compliance activities would be required for all 
construction actions, including protection and 
restoration activities, modifications to operation of the 
Columbia and Snake River system, regional alterations 

to electrical power generation, and modifications to the 
navigation systems and transportation systems.    

7.2.1 National Environmental Policy Act of 1969

Federal agencies are required by NEPA to integrate 
environmental values into their decision making 
processes by considering the environmental impacts of 
proposed actions and reasonable alternatives to those 
actions.  The NEPA coverage for this project would 
likely include development of an EIS.  The following 
paragraphs describe the typical process the Corps 
would follow for preparing an EIS.

Early in the NEPA process, the Corps, as the lead 
agency, would determine whether to extend invitations 
to other Federal and state agencies and tribes to 
participate in the study as cooperating agencies.  Upon 
request by the Corps, any other Federal agency with 
jurisdiction by law is to be a cooperating agency 
unless other program commitments preclude their 
involvement.  Also, an agency may request the Corps 
to designate that agency as a cooperating agency.  
Cooperating agencies participate in scoping, develop 
information, prepare environmental analyses, and 
provide staff support.  
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Prepare Notice of Intent

The NOI is an official announcement, in writing, 
declared after the decision is made to prepare an 
EIS.  The NOI appears in the Federal Register, 
states the purpose and need of the proposed action, 
describes (if known) all practical alternatives, and 
refers to pertinent laws, agency missions, and other 
environmental documents that might influence the 
range of alternatives.  The NOI would also summarize 
the proposed scoping process, including (if known) 
the date and time of the initial public scoping 
meeting(s).

The Corps would prepare a draft NOI and circulate 
it for internal and Action Agency review.  The Corps 
would then incorporate comments and submit the final 
NOI for publication in the Federal Register.

Perform Scoping	

Scoping is the crucial start of the NEPA process.  
Scoping is used to determine the range of actions, 
impacts, and alternatives to be considered in the EIS.  
It involves public participation and meetings in and 
around the project impact area.  Scoping for this study 
would be conducted through several means, using 
in-house personnel and capabilities.  The Walla Walla 
District would mail scoping letters to a distribution 
list, inviting comments on the scope of the EIS and 
participation in scoping meetings.  Public scoping 
meetings would be held at several locations in the 
region.  Technical scoping meetings would be held 
with stakeholders such as ports, tribes, railroads, and 
local governments.  The Corps would collect all of the 
comments generated through the scoping process, and 
summarize them in a scoping report.

Prepare Draft EIS

Information gathered from the scoping process and 
hydrological, biological, and engineering studies 
would be utilized to develop a preliminary Draft EIS 
for internal review and ATR, and a final Draft EIS 
for public and agency review.  The Draft EIS would 
include a description of the existing environment, 
a description of alternatives, analysis of impacts of 

the viable alternatives, identification of the preferred 
alternative, discussion of necessary mitigation, and 
status of compliance with all Federal laws.  The Corps 
would file the Draft EIS with EPA, and distribute the 
Draft EIS to the established mailing list for public and 
agency review.  The Corps would also post the Draft 
EIS on its website.  The Corps estimates it would take 
about 2 years to prepare the Draft EIS, go through the 
internal reviews, and file the Draft EIS with EPA.

Respond to Public Comments on Draft EIS

The Draft EIS would be released for a minimum 45-day 
public review period.  The review period would begin 
on the date EPA publishes the Notice of Availability 
of the Draft EIS in the Federal Register in its list of 
weekly receipts.  Another set of public meetings would 
be held in the region to present the findings in the 
Draft EIS and take public comment.  Questions and 
comments collected during the review, and the Corps’ 
responses to the comments, would be placed in an 
appendix of the Final EIS. 

Prepare Final EIS

The Corps would prepare the Final EIS, based on 
information and comments received during the review 
of the Draft EIS and the other associated environmental 
reviews.  Changes would be made in the EIS to 
incorporate comments on the Draft EIS, as appropriate, 
address valid and/or significant issues raised, and 
evaluate any new information.  The Corps would 
develop a preliminary Final EIS for internal review and 
a Final EIS for public and agency review.  The Corps 
estimates it would take about 1 year from the date of 
the Draft EIS Notice of Availability to complete the 
Final EIS.  All other associated environmental reviews 
should be complete and incorporated into the Final 
EIS prior to filing with EPA.  The Corps would file the 
Final EIS with EPA, and distribute the Final EIS to the 
established mailing list for a 30-day waiting period, 
during which the public and agencies may submit 
comments.  The waiting period would begin on the date 
EPA publishes the Notice of Availability of the Final 
EIS in the Federal Register in its list of weekly receipts.  
The Corps would also post the Final EIS on its website.  
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Another set of public meetings would be held in the 
region, at the same locations as the meetings on the 
Draft EIS, to present the findings in the Final EIS and 
take public comment.  

Prepare Record of Decision

The final step in the NEPA process is the preparation and 
signing of a ROD.  The ROD explains the final decision 
made and summarizes the action to be taken, along 
with all mitigating requirements.  The ROD includes 
comments received on the Final EIS, responses to those 
comments, issues still not resolved, and identification of 
how those issues would be resolved.  The Corps would 
develop a draft ROD for internal review.  The Corps 
would distribute the signed ROD to the mailing list, and 
post the signed ROD on its website.

7.2.2 Clean Water Act

Actions identified in the EIS would likely require 
compliance with Sections 401, 402, and 404 of the 
Clean Water Act.  Section 401 requires an applicant for 
a Federal permit involving in-water discharge to obtain 
certification from the applicable state that the discharge 
meets state water quality standards.  Section 402 
regulates the discharge of pollutants into waterways 
through the National Pollutant Discharge Elimination 
System (NPDES).  These discharges include point 
source, non-point source, and stormwater.  Section 404 
requires a permit for the discharge of dredged or fill 
material into navigable waterways.  The Corps does not 
issue itself permits; therefore, for civil works actions, 
the Corps prepares an analysis of the discharge, but 
does not obtain a permit.

Prepare Section 404(b)(1) Evaluation

Discharge of fill material below the ordinary high 
water mark associated with construction activities and 
operational changes requires evaluation under Section 
404 of the Clean Water Act.  The preferred alternative 
would likely include placement of fill material in water.  
The Corps would need to prepare a Section 404(b)(1) 
evaluation for the preferred alternative to address the 
impacts to water quality and the aquatic environment 
from placing any fill material.  This evaluation would 

become an appendix to the Draft EIS.  

Request Section 401 Water Quality Certification

If an action includes activities subject to Section 404, 
the action is also subject to Section 401.  Because the 
preferred action would likely require review under 
Section 404, the Corps would need to request Section 
401 water quality certification from the appropriate state 
agencies (Idaho Department of Environmental Quality 
and/or Washington Department of Ecology).  The Corps 
would also issue a Public Notice advising all interested 
parties of the project, and soliciting comments and 
information necessary to evaluate the probable impact of 
the discharge.  Normally, the review period for the notice 
is 30 days.  This review period would be concurrent with 
the review period for the Draft EIS; however, the state 
agencies can have up to 1 year to respond to the Corps’ 
request for 401 certification, although normally they 
respond within 2 to 6 months.

Request Section 402 NPDES Permit

Activities connected to any preferred alternative 
involving dam breaching may be subject to 
the stormwater provisions of Section 402.  If 
deconstruction activities would disturb more than 1 
acre of land and there is the possibility that stormwater 
from that disturbed area could enter surface water, 
the action would likely be subject to Section 402 
and require an NPDES permit.  The Corps would 
likely request NPDES permits at this time rather 
than requiring construction contractors to obtain the 
permit.  The Corps would need to prepare an NOI and a 
Stormwater Pollution Prevention Plan, which would be 
included in the Draft EIS.

There is also the possibility that the dewatering of 
almost 14,000 acres of submerged shoreline may 
require an NPDES stormwater permit, because all of 
this land would be subject to stormwater runoff until 
soil stabilization measures were implemented.  The 
Corps would contact EPA to determine whether an 
NPDES permit would be needed.  If a permit were 
needed, the Corps would need to prepare an NOI and a 
Stormwater Pollution Prevention Plan, which would be 
included in the Draft EIS.
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7.2.3 Endangered Species Act

The ESA establishes a national program for the 
conservation of threatened and endangered species of 
fish, wildlife, and plants, as well as the habitat upon 
which they depend.  Section 7(a) of the ESA requires 
Federal agencies to consult with USFWS and NOAA 
Fisheries, as appropriate, to ensure that their actions 
are not likely to jeopardize the continued existence 
of endangered or threatened species or adversely 
modify or destroy their critical habitats.  The Corps 
would consult with both USFWS and NOAA Fisheries 
regarding the effects of the preferred alternative on 
listed species or their critical habitat.  

Prepare Biological Assessment

The Corps would likely need to prepare a BA for the 
implementation of the preferred plan, including all 
construction and operational changes necessary to 
modify the FCRPS hydropower system.  The Corps 
would obtain a current list of all potentially affected 

species from USFWS and NOAA Fisheries.  In the BA, 
the Corps would evaluate the effects of the preferred 
plan on those species and would include the results of 
the fish life-cycle model being developed by NOAA 
Fisheries for this effort.  The BA would be included in 
the Draft EIS.

Initiate Consultation

The Corps would initiate Section 7 Formal 
Consultation and Magnuson-Stevens Fishery 
Conservation and Management Act Essential Fish 
Habitat Consultation with NOAA Fisheries for all 
actions identified in the preferred plan or as a result of 
implementation of the preferred plan.  The Corps would 
also need to initiate Section 7 Formal Consultation 
with USFWS for all actions in the preferred plan.  The 
USFWS and NOAA Fisheries, in consultation with 
the Corps, would make a jeopardy and critical habitat 
determination.  Formal Consultation normally takes 
about 6 months to conclude, beginning with the date 
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USFWS and NOAA Fisheries receive the BA from the 
Corps, and ending when USFWS and NOAA Fisheries 
issue their respective BiOps.  The BiOps would be 
included in the Final EIS.

7.2.4 Fish and Wildlife Coordination Act

The FWCA requires consultation with USFWS and the 
appropriate state wildlife agency when any water body 
is impounded, diverted, controlled, or modified for any 
purpose.  The USFWS and state agencies charged with 
administering wildlife resources are to conduct surveys 
and investigations to determine potential damage 
to wildlife and the mitigation measures that should 
be taken.  The USFWS may provide a Planning Aid 
Report that:  1) provides the Corps with a description 
of the fish and wildlife resources that exist in, and are 
influenced by, the action; 2) identifies potential impacts 
to fish and wildlife that could occur from the proposed 
actions; 3) identifies significant data gaps and study 
need that the Corps needs to address in preparation of 
the study; and 4) identifies Federally listed threatened, 
endangered, and candidate species that could be 
impacted by the preferred alternative.  An FWCA 
Report, as required under Section 2(b) of the Act, 
outlining the USFWS position on the proposed plan, 
would then be provided.  

As part of this effort, USFWS would need to consider 
the effects of the preferred alternative on the Lower 
Snake River Fish and Wildlife Compensation Plan, 
which provides compensation for fish and wildlife losses 
associated with the four lower Snake River reservoirs 
and was developed in compliance with the FWCA.  

The Corps would develop and negotiate a scope of 
work, schedule, and budget for participation by the 
USFWS pursuant to the interagency cooperative 
agreement.  The Corps and USFWS would review and 
evaluate the product at the completion of each task 
under the scope of work.  The Coordination Act Report 
would be included in the Final EIS.

7.2.5 Cultural Resources Compliance 

Actions identified in the EIS would likely require 
compliance with several cultural resources protection 

laws including the NHPA, the Archaeological 
Resources Protection Act (ARPA), the Native American 
Graves Protection and Repatriation Act (NAGPRA), 
and the American Indian Religious Freedom Act 
(AIRFA), which are all discussed further below.

National Historic Preservation Act

The NHPA (16 United States Code 470) established 
the Federal policy of protecting historic properties 
in coordination with state and local governments.  It 
authorized the Secretary of the Interior to expand 
and maintain an NRHP and determine the criteria of 
eligibility for listing with the Register.  Amendments 
to Section 101 of the NHPA in 1992 explicitly 
allowed properties of traditional religious and cultural 
importance to be eligible for inclusion in the NRHP.  
Section 106 of the NHPA requires that a Federal 
agency consider the effects of agency undertakings 
on properties included in the NRHP or that may be 
eligible for inclusion in the NRHP, prior to approval of 
the undertaking.  The process is designed to integrate 
preservation concerns with the needs of Federal 
undertakings.  Study and consultation activities to be 
undertaken for Section 106 compliance were described 
previously in Section 7.1.5.

Archaeological Resources Protection Act

The ARPA supplements the 1906 Antiquities Act, 
and applies mainly to Federal land-managing 
agencies.  It prohibits the excavation or removal of 
archaeological resources from Federal or Indian 
lands without a permit from the land manager.  The 
ARPA imposes prohibitions on looting and vandalism, 
levies stiffer penalties for such activities than were in 
place previously, and prohibits interstate trafficking 
in cultural remains recovered from Federal lands.  
Finally, the ARPA furthers the cooperative protection 
of archaeological resources nationwide by Federal 
authorities, private individuals, and professional 
organizations.

Native American Graves Protection and Repatriation Act 

The NAGPRA establishes the rights of Native 
American groups to human remains and associated 
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cultural objects recovered from Federal 
or Indian lands.  It also establishes 
procedures and consultation requirements 
for intentional excavation or accidental 
discovery of Native American remains on 
Federal or tribal lands.

American Indian Religious Freedom Act

The AIRFA protects the rights of Native 
American people to believe, express, 
and exercise their traditional religions.  
It requires review (in consultation with 
Native American leaders) of Federal 
agency policies and programs to 
determine changes necessary to protect 
and preserve religious and cultural 
practices of Native Americans.

7.2.6 Other Applicable Environmental 
Laws, Regulations, and Executive Orders

Other applicable environmental laws, 
regulations, and EOs would be addressed 
in the EIS, as follows:

EO 12898 Environmental Justice■■

EO 11988 Flood Plain Management■■

EO 11990 Wetlands Protection■■

Farmland Protection Policy Act■■

Wild and Scenic Rivers Act■■

Council on Environmental Quality ■■
Memorandum of August 11, 1990, 
Analysis of Impacts on Prime or 
Unique Agricultural Lands

Land and Water Conservation Fund Act■■

7.3 Public Involvement Plan in 
Conjunction with NEPA Process

The Corps would develop a public 
outreach plan to guide public 
involvement activities throughout the 
entire study.  There are two primary 
objectives of this plan:  1) to ensure 
public participation and inclusion of a 

full range of public values into the planning and NEPA process; 
and 2) to inform the public regarding the output and results of 
the study.  The public outreach plan would include a website, 
newsletters/fact sheets, open houses, workshops, public meetings, 
hearings, maintaining mailing lists, and responding to inquiries/
comments.  

7.3.1 Develop and Maintain Mailing List

The Corps would develop a mailing list of all interested and 
applicable parties and periodically update the list for use 
throughout the planning and NEPA process.  The list would include 
Federal and state agencies; Federal, state, and local government 
offices; Federal, state, and local elected officials; stakeholders; 
tribes; organizations and interest groups; and interested public that 
have attended meetings or submitted inquiries.

7.3.2 Perform Outreach to Agencies, Tribes, and Other 
Stakeholders 

The Corps would perform public outreach during all phases of the 
study.  Technical workshops could be held during the technical 
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analysis phase to gather data and information on 
various subjects.  At least three series of public 
meetings would be held as part of the NEPA process.

7.3.3 Conduct Scoping Meetings/Workshops

The Corps would conduct public scoping meetings at 
the beginning of the EIS portion of the study.

7.3.4 Conduct Interim Status Meetings

The Corps may decide to have interim status meetings 
during preparation of the technical analyses and the 
Draft and Final EIS.  These meetings could focus on 
specific subjects or the Feasibility Study as a whole.  
The meetings could be held in some or all of the same 
locations as the scoping or public meetings for the 
Draft EIS.

7.3.5 Conduct Public Meetings/Hearings on Draft EIS

The Corps would conduct public meetings after the 
Draft EIS is distributed for public and agency review.  
These meetings could be informational, with the 
Corps answering questions and taking comments 
from the public; they could be public hearings where 
formal testimony is accepted; or they could be a 
combination of both.  

7.3.6 Conduct Final Public Meetings on Final EIS

The Corps would conduct public meetings after 
the Final EIS is distributed for review.  As with the 
meetings on the Draft EIS, these could be information 
meetings, public hearings, or a combination of both.

7.3.7 Website Maintenance and Preparation/
Distribution of Fact Sheets

The Corps would maintain a website for the study 
as a means of distributing information regarding the 
study and the NEPA process.  The Corps would use 
the website to post notices for the scoping meetings 
and meetings on the Draft and Final EIS.  Documents 
prepared as part of the NEPA process (i.e., the NOI, 
scoping summary, Draft EIS, Final EIS, and ROD) 
would also be posted on the website.

The Corps would prepare a series of fact sheets during 
the study process.  The Corps would distribute these via 
U.S. mail, e-mail, and posting on the website.
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P u b l i c  M e e t i n g s

The Corps would conduct public meetings after the Final EIS 
is distributed for review.  As with the meetings on the Draft 
EIS, these could be information meetings, public hearings, or 
a combination of both.
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8.0	 REGIONAL REVIEW AND COORDINATION

The Corps recognizes that coordination with regional stakeholders is a 
critical part of the decision process on breaching the four lower Snake 
River dams.  Regional cooperation shaped this Plan of Study.  This study 
plan was coordinated with the Action Agencies, Federal Caucus (made 
up of other federal agencies in the region), and the RIOG, made up of 
state, tribal, and regional cooperators.  These groups all reviewed the 
draft Plan of Study, and provided comments.  Many of the comments 
received were incorporated into this document.  If and when a trigger 
is tripped and it is determined that it is necessary to initiate studies 
for breaching the four lower Snake River dams, all of these regional 
cooperators would be engaged for their input and assistance in the 
process, as would many other stakeholders throughout the region.

8.1 Communication Plan

The Corps, and any cooperating agencies, would develop a 
Communication Plan to guide public involvement activities that support 
the Feasibility Study.  As discussed in Section 7, NEPA requires 
scoping and public review.  In addition to scoping meetings, the Corps 
would conduct stakeholder meetings and workshops to raise awareness 
and understanding of the issues, and provide opportunities for dialogue 
and involvement.  The Corps may use a combination of the following 
types of formats to meet this objective: 

Information meetings■■
Formal public meetings and hearings■■
Workshops■■
Briefings ■■
Tours■■
Speaking engagements■■
Electronic platforms (website, blogs, social networking sites)■■
Mailing list■■
Newsletters■■
News releases■■
Media broadcasts■■

The audience for these outreach efforts may include the following:

Elected officials■■
State and Federal agencies■■
Affected tribes■■
General public■■
Academia■■
Media■■
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8.2 Regional Implementation Oversight Group

The RIOG is a policy working group made up of regional 
entities.  The working group has collaborated on policy 
issues over the life of the BiOp remand, and the Corps 
will continue to work with the RIOG as the Corps works 
through issues associated with the FCRPS BiOp.  The 
Corps would coordinate the Feasibility Study analysis and 
recommendations with the RIOG using regular meetings 
over the life of the Feasibility Study.

8.3 Government-to-Government Consultation 
with Tribes

There are a number of American Indian tribes and 
bands whose interests and/or rights may be affected by 
alternatives proposed in the Feasibility Study.  

Federally recognized tribes have the right to set their 
own priorities and develop and manage tribal resources 
within the Federal government framework.  The Corps 
has a responsibility to help fulfill Federal responsibilities 
toward tribes when considering actions that may affect 
tribal rights, resources, and assets.  This is accomplished 
through government-to-government consultation.  EO 
13084 states that:

“Consultation is achieved through an effective 
communication process in which government officials 
engage in regular and meaningful discussions with 
representatives of Indian tribal governments.”

The Corps is committed to involving regional tribal 
governments in decisions that may affect them, and 
would consult formally to meet government-to-
government consultation requirements associated with 
the Feasibility Study.
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9.0	 FEASIBILITY STUDY COST ESTIMATE

The Corps prepared a Feasibility Study cost estimate that reflects 
fiscal year 2010 price levels, and is intended for informational 
purposes.  The preliminary estimate indicates an expected total 
cost of approximately $19.8 million.  This cost estimate includes 
a 35 percent contingency for risk and uncertainty.  Details of the 
cost estimate are included in Appendix A.  The cost estimate will 
be revised and updated to current price levels upon initiation of 
the Feasibility Study.  The cost estimate may also be adjusted in 
the future to reflect any changes in scope that may result from 
data and technical innovation or new available information.
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10.0   FEASIBILITY STUDY SCHEDULE

The Feasibility Study schedule reflects commitments made in the AMIP 
to conduct technical studies and analyses that will determine the necessity 
of proceeding with a decision process in the first 2 years, and following 
with a 3 year public decision process/NEPA process.  A representative 
schedule for the Feasibility Study is provided in Appendix B.  The 
specific dates in the representative schedule are intended only to give the 
reader an idea of activity durations and predecessors.  Execution of, and 
adherence to, this schedule is dependent on receipt of full project funding 
at the start of the project.
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Appendix A

Feasibility Study Cost Estimate
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Appendix B

Feasibility Study Schedule
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