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CHAPTER 3 - AFFECTED ENVIRONMENT AND ENVIRONMENTAL CONSEQUENCES
3.1 INTRODUCTION AND BACKGROUND

This chapter presents both the affected environment and environmental consequences, as
required by the National Environmental Policy Act (NEPA). It is organized by resource topic,
with the status of the affected environment described first, followed by the impacts of each
alternative described within each resource section. Each resource has defined the area of
analysis consistent with where that resource may experience effects.

The affected environment sections provide a description of different aspects of the human
environment that may be affected by the No Action Alternative and four Multiple Objective
Alternatives (MOs). The environmental consequences sections provide a description of the
impact assessment methodologies, and potential direct and indirect effects. Many natural
resources are of importance both currently and historically to Native American tribes. As such,
effects to these resources, and relationships to tribal interests, are discussed within each
applicable resource section as well as in sections such as Indian Trust Assets (ITAs), Tribal
Perspective and Tribal Interests, and Cultural Resources.

Effects can be short-term or long-term, and beneficial or adverse. The analysis focuses only on
those resources of the human and natural environment which are likely to be affected by the
alternatives under consideration. The time scale used for the comparative analysis of the four
MOs to the No Action Alternative is a 25-year period from 2020 to 2045. For the purposes of
conducting the economic analysis, a 50-year period of analysis is used to better capture the full
array of changing costs and investments, and represent the total costs, benefits, and tradeoffs
being evaluated in each of the MOs. This economic analysis also would be able to distinguish
between short-term impacts that may occur during the implementation of alternatives, with
initial investments, versus the long-term effects that would occur after implementation is
completed. For comparing effects of each alternative, the assumption for analysis in the
environmental impact statement (EIS) is that any alternative would be implemented
immediately after the Records of Decision (RODs) are signed, recognizing certain structural and
mitigation measures may take time to implement. This side-by-side temporal evaluation
provides a better point of comparison of effects to resources to inform the analysis and
agencies’ decisions.

There are other factors that influence the effects to resources, and could change the
significance determinations of effects. The influence of climate change could exacerbate effects
of an alternative on a resource when cumulatively considered. This is presented in Chapter 4,
Climate. The mitigation development process, and proposed mitigation to avoid, minimize, or
replace resources, is presented in Chapter 5, Mitigation. Described separately from direct and
indirect effects, cumulative effects further considers the effects of each MO in the context of
reasonable foreseeable future actions and climate change. This analysis is included in Chapter
6, Cumulative Effects.
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Consistent with the Council on Environmental Quality’s (CEQ’s) Implementing Regulations for
NEPA (40 Code of Federal Regulations [C.F.R.] § 1502.16), adverse environmental effects that
cannot be avoided, the relationship between short-term uses of the environment and the
maintenance and enhancement of long-term productivity, and any irreversible or irretrievable
commitments of resources involved in implementation, are presented in separate sections at
the end of this chapter.

The CEQ regulations for implementing NEPA (40 C.F.R. § 1508.8) define the following impact
categories:

e Direct Effects: caused by an action included in an alternative and occurring at the same time
and place.

e Indirect Effects: caused by an action included in an alternative but would occur later in time
or farther removed in distance.

e Cumulative Effects: caused from incremental impact of an action added to other past,
present, and reasonably foreseeable future actions.

Effects are described as either beneficial or adverse. Beneficial effects or impacts result in a
positive change in the condition of the resource when compared to the No Action Alternative.
Adverse effects or impacts result in a negative change in the condition of the resource when
compared to the No Action Alternative. Impacts are also described in terms of duration.
Temporary or short-term effects would not persist for the duration of the management action
or would only occur for a limited time after implementation of the action (or both). Temporary
impacts can be reoccurring such as in the case of flow actions that occur at different intervals
over time. Long-term effects would be permanent or continuous over the period of analysis.

Finally, impacts are described in relation to their significance. The CEQ regulations require
consideration of both context and intensity when determining the significance of an effect on a
resource. Context means considering the extent of the effect such as in a national, regional, or
local setting (see 40 C.F.R. § 1508.27(a)).

The following factors can be considered in determining the intensity or severity of an effect (40
C.F.R. § 1508.27):

e Impacts that may be both beneficial and adverse. A significant effect may exist even if the
Federal agency believes that on balance the effect will be beneficial.

e The degree to which the proposed action affects public health or safety.

e Unique characteristics of the geographic area, such as proximity to historic or cultural
resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or ecologically
critical areas.

e The degree to which possible effects on the human environment are uncertain or involve
unique or unknown risks.
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e The degree to which the action may establish a precedent for future actions with significant
effects or represents a decision in principle about a future consideration.

e Whether the action is related to other actions with individually insignificant but
cumulatively significant impacts. Significance exists if it is reasonable to anticipate a
cumulatively significant impact on the environment. Significance cannot be avoided by
terming an action temporary or by breaking it down into small component parts.

e The degree to which the action may adversely affect districts, sites, highways, structures, or
objects listed in or eligible for listing in the National Register of Historic Places (NRHP) or
may cause loss or destruction of important scientific, cultural, or historic resources.

e The degree to which the action may adversely affect an endangered or threatened species
or its habitat that has been determined to be critical under the Endangered Species Act
(ESA).

e Whether the action threatens a violation of Federal, state, or local law or requirements
imposed for the protection of the environment.

The following descriptors are used in the body of this chapter to describe the level of effect to
the various resources affected by the MOs, as compared to the No Action Alternative:

e No Effect: The action would result in no effect as compared to the No Action Alternative.

e Negligible Effect: The effect would not change the resource character in a perceptible way.
Negligible is defined as of such little consequences as to not require additional
consideration or mitigation.

e Minor Effect: The effect to the resource would be perceptible; however, it may result in a
small overall change in resource character.

e Moderate Effect: The effect to the resource would be perceptible and may result in an
overall change in resource character.

e Major Effect: The effect to the resource would likely result in a large overall change in
resource character.

The rationale for why an impact is considered to fall under one of the preceding intensity
descriptors is included in each resource section. Statements of significance are supported by
text describing the context and intensity of the impact.

This section also provides information relevant to the decision process for selecting the
Preferred Alternative, described in Chapter 7. The analysis investigates the potential for
activities associated with the four MOs to affect the various resources and provides a
comparative assessment of each alternative’s expected effect on the environment. The
assessment of environmental effects is based on a comparison of the No Action Alternative and
related MOs; in this case, the four MOs that were brought forward from the alternative
development process (Chapter 2) are compared to the No Action Alternative.
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The analysis considers the following factors to determine whether effects are negligible, minor,
moderate, or major:

e Context: The geographic scope of the effect or size of the population affected, for example
whether effects are localized to a project site or would occur broadly across the region.
e Intensity: Relative magnitude of the effect as compared with the No Action Alternative.

e Duration: Persistence of the effect over time. The analysis considers whether effects are
short term (such as those limited to a construction period) or long term.

3.1.1 Assumptions

The effects analysis of each resource is based on best available existing information including,
but not limited to, the following: quantitative modeling, studies, and reports relevant to the
project area, and co-lead agency expertise.

Estimated condition under the No Action Alternative and MO conditions is based on
extrapolation of current trends and consistent with current laws, regulation, and policies.

For purposes of comparing MOs and developing preliminary costs, the EIS assumes that (1)
operations under the MOs, including the measures in MO3 that include lower Snake River
projects embankment breach, would be initiated at the signing of the RODs and (2) the
construction period for these structural measures would occur over 2 consecutive years.

The analysis considers the following assumptions for implementation of dam breach:
e Lower Granite and Little Goose Dams would be breached in year 1, followed by Lower
Monumental and Ice Harbor Dams in year 2.

e Drawdown rate of 2 feet per day maximum evacuation rate for safety purposes and to
prevent damage to infrastructure adjacent to each reservoir.

e Construction (demolition) to begin in August (low water) and last through January to reduce
safety risks and minimize impacts to ESA-listed fish.

e Embankment excavation duration ranges from 28 to 60 days, depending upon site
conditions at each location.

e Modifications at the dams could begin prior to start of excavation.

Given the uncertainty over if, or when, Congress might authorize dam breach in MO3, these
assumptions were necessary to establish a reference condition to evaluate the likely effects of
MOS3.

3.1.2 Resources Screened from Further Analysis

Consistent with 40 C.F.R. § 15017(a)(3), land use was screened from further analysis because it
was not identified as a significant issue during the scoping process, was not anticipated to have
adverse or beneficial changes with implementation of any MO, and thus was not analyzed as a
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stand-alone resource. Where direct and indirect land-use impacts surfaced during the analysis
of impacts to other resources, such as for water supply (Section 3.12), potential changes in land
use are described in that section.

3.1.3 Summary of Environmental Consequences

Table 3-1 summarizes the expected effects on resources analyzed for each of the MOs, as
compared to the No Action Alternative. The remainder of this section discusses the evaluations
that resulted in these expectations.
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Table 3-1. Summary of Expected Effects by Multiple Objective Alternative

the current 2016 operating rules and
constraints.

Grand Coulee, and Dworshak dams, with
major differences from the NAA occurring
in some high and low forecast years. The
largest changes typically occur in winter
and spring months, with the exception of at
Dworshak Dam where the changes occur in
the summer. Minor changes in operating
levels occur at the four lower Snake River
projects and the four lower Columbia River
projects. There are no changes in minimum
and maximum reservoir levels at any of the
reservoirs.

Moderate changes in river flow can occur
on the Kootenai River downstream of Libby
Dam in the winter and early spring, and
minor changes occur on the Flathead River
below Hungry Horse Dam in the winter,
early spring, and late summer. Moderate to
major flow changes can occur immediately
downstream of Dworshak Dam and on the
Clearwater River in August and September,
leading to minor to moderate changes
through the lower Snake River and
negligible to minor changes through the
lower Columbia River. Changes to seasonal
storage result in relatively large flow
changes below Grand Coulee Dam, but the
percent change in total flow is negligible to
moderate.

Dworshak dams, with major change
occurring during some high and low
forecast years at Libby and Dworshak. The
largest changes typically occur in late
winter through the spring months. Lower
Snake dams and John Day can be operated
at slightly higher pools in the spring through
summer months. There are no changes in
minimum and maximum reservoir levels.
Moderate changes in river flow can occur in
the Kootenai River below Libby, with a
notable increase in November and
December and decreases in January and
May. On the Flathead River below Hungry
Horse Dam and the Clearwater River below
Dworshak Dam, major flow increase can
occur in January followed by minor
decreases in flow through the spring. These
changes are diluted to minor or moderate
changes in the rivers downstream (e.g., the
Pend Oreille River, lower Snake River, and
lower Columbia River). Minor increases in
flow can occur below Grand Coulee in the
winter, followed by negligible decreases in
the spring and summer.

major change occurring during some high
and low forecast years at Libby Dam. There
are negligible changes to Lake Roosevelt
water levels and no changes at Dworshak
Dam. John Day Dam has a minor increase in
water levels in the spring, otherwise no
changes. There are no changes in minimum
and maximum reservoir levels at the
storage projects, but water levels in the
four lower Snake River dams are
dramatically lowered as the step-reservoir
system is converted to a free-flowing river
reach.

Moderate changes in river flow can occur in
the Kootenai River below Libby, with
notable increases in November and
December and decreases in January and
May. Minor changes in flow occur on the
Flathead River below Hungry Horse Dam in
the winter, early spring, and late summer.
Below Grand Coulee Dam, there are minor
increases in November and December river
flow, and minor decreases later in the year,
particularly in dry years. These translate to
very minor to negligible decreases further
downstream below McNary Dam.

On the lower Snake River, changes to flow
amounts would be minor since the four
lower Snake River dams are run-of-river
projects, not storage projects. However,
without the reservoirs, the water particle
travel time through the reach could be
reduced by an order of magnitude.

Resource NAA Mo1 MO2 MO03 MO4
Hydrology and |Same or similar to affected environment. Moderate changes in reservoir levels can Moderate changes in reservoir levels occur |Moderate changes in reservoir levels occur |Moderate changes in reservoir levels can
Hydraulics All CRS projects are modeled to represent |occur seasonally at Libby, Hungry Horse, at Libby, Hungry Horse, Grand Coulee, and |at Libby and Hungry Horse dams, with occur seasonally at Libby, Hungry Horse,

and Grand Coulee dames, in high and low
forecast years. Major changes are in the
summer during low water years at Grand
Coulee, Hungry Horse, Albeni Falls, and
Libby dams to support McNary Dam
augmentation. Minor changes occur in the
lower Snake River projects and the four
lower Columbia River dams, respectively, in
the spring-summer months.

Moderate changes in river flow can occur in
the Kootenai River in the winter and spring
months. Minor changes in flow occur on
the Flathead River below Hungry Horse
Dam in the winter, early spring, and late
summer. In low water years, moderate flow
changes occur below Libby and Hungry
Horse Dams in the summer, and at Albeni
Falls Dam in June and September. Below
Grand Coulee Dam, flow changes are
typically negligible but minor changes are
common in lower flow years. Minor flow
changes can occur through the lower
Columbia River in lower water years,
especially in May through July.
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Resource NAA MO1 MO2 MO3 MO4
River Negligible change from affected Minor change in depositional patterns with |Minor change in depositional patterns with |Due to the Breach Snake Embankments Minor change in depositional patterns in
Mechanics environment. temporary head-of-reservoir deposits temporary head-of-reservoir deposits measure, four run-of-river reservoirs would [the Columbia River and Spokane River

shifting downstream into Lake Roosevelt,
although available deposit volume is
limited.

Minor decrease in the amount of sediment
passing the Clearwater River at the
confluence of the Snake and Clearwater
Rivers.

Minor amount of coarsening of bed
sediment at the head of Lake Roosevelt.
Minor (less than 1% change) in average
annual volume of sediment depositing in
the Snake River FNC and LCR FNC.

For the other metrics, the effects would be
negligible.

shifting downstream into Dworshak
Reservoir.

Minor amount of coarsening of bed
sediment at the head of Lake Roosevelt.
Minor (less than 1% change) in average
annual volume of sediment depositing in
the Snake River FNC and LCR FNC.

For the other metrics, the effects would be
negligible.

be drawn down and converted to a riverine
environment. The current reservoirs
contain fine sediment deposits that would
partially erode leaving margin sediment on
high terraces behind. The new river bottom
after breaching would initially become finer
and gradually coarsen over the long term.
The change in the overall geomorphic
character would occur on the Snake and
Clearwater rivers within the backwater
extents of Lower Granite Reservoir
downstream to the confluence with the
Columbia River.

Potential for a major increase in the
amount of sediment passing downstream
of the Snake River into the Columbia River
above McNary.

Potential for major increase in amount of
material depositing in McNary Reservoir.
Dredging would stop in the lower Snake
River. Minor increase in average annual
volume of sediment passing into the lower
Columbia below McNary.

Effects at the remaining storage project
would be negligible.

entering Lake Roosevelt. Minor change in
head of reservoir sediment mobilization
with deposits becoming coarser in John Day
Reservoir.

Minor change in shoreline exposure at
Hungry Horse Reservoir. Minor amount of
bed sediment coarsening in Lake Roosevelt
and reaches upstream to the U.S.-Canada
border. Minor amount of bed sediment
coarsening in Snake River downstream of
Ice Harbor Dam. Minor amount of bed
sediment coarsening in Columbia River
from the Snake River confluence to Wallula,
Washington.

Minor amount of bed sediment coarsening
in Columbia River at the upstream end of
John Day Pool. Minor amount of coarsening
in Columbia River between John Day Dam
and Skamania, Washington.

Minor amount of coarsening of bed
sediment at the head of Lake Roosevelt.
Minor (less than 1% change) in average
annual volume of sediment depositing in
the Snake River navigation Channel and LCR
FNC.
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Resource

NAA

MO1

MO2

MO3

MO4

Water Quality

Same or similar to affected environment.

Minor increase in spill and associated TDG
levels at Libby Dam due to the project’s
draft and refill operations.

Overall negligible water quality effects in
Regions A, B, and D, with the exception of
minor reductions in TDG below Grand
Coulee Dam in Region B.

In Region C, moderate adverse effects to
water temperature and negligible effects to
TDG and other water quality parameters
would occur.

In Region A and B, negligible to minor
improvements to water quality would
occur. In Regions C and D, negligible effect
to water temperatures would occur. In
Regions C and D, frequency of exceeding
state TDG water quality standards would
decrease.

Overall minor effect on water quality in
Region A.

Negligible to minor overall water quality
effect in Region B.

Major short-term adverse effect on water
quality due to the mobilization of sediment
during dam breaching. Long-term beneficial
effect on water quality in Region C,
including major reductions in TDG and
nighttime and fall water temperatures.
Temperatures would still exceed water
temperature standards in the summer
during hot weather events.

Moderate short-term adverse effect on
water quality, particularly in McNary
Reservoir due to the mobilization of
sediment during dam breaching. Long-term
negligible to minor beneficial effect on
water quality in Region D.

Negligible to minor adverse water quality
effects in Regions A and B. Negligible to
major increase in TDG levels in Regions C
and D, depending on project. Minor to
negligible effects to water temperature in
Regions Cand D.

Anadromous
Fish

Same or similar to affected environment.

Models predict that returns of salmon and
steelhead would be similar to the NAA or
slightly higher. Elevated temperatures
during summer months would have a
negligible to minor adverse effect on Snake
River sockeye, fall Chinook and steelhead.
In addition, MO1 could have minor adverse
effects to chum, and minor beneficial
effects for lamprey. These effects on
anadromous fish are generally expected to
be beneficial with negligible to minor
changes as compared to the NAA.

Lower spill would, generally, increase travel
time, transportation, and the number of
powerhouse encounters for juvenile
outmigrants. Models used in the EIS show
different levels of results. CSS modeling
predicts major decreases in survival and
adult returns, and major increases in travel
time, and powerhouse passage, which
would lead to major adverse effects relative
to the NAA. By contrast, NMFS modeling
predicts minor decreases in survival, and
minor increases in travel time and
powerhouse passage, but increases in
transport result in minor increases in adult
returns. Minor beneficial effects for
lamprey. These modeled changes under
MO2 range from minor beneficial effects to
a major adverse effect depending on
species and latent mortality assumptions.

In general, anadromous species not
migrating to or from the Snake River may
see minor changes in passage through the
lower Columbia River, while effects to
Snake River anadromous species are
expected to be a major beneficial effect
after short-term major adverse effects from
breaching the four lower Snake River dams
stabilize. Minor beneficial effects for
lamprey are expected.

The degree to which the alternative affects
anadromous fish varies widely between to
the two models used to evaluate benefits.
The CSS model predicts the potential for
large increases in anadromous salmon and
steelhead returns, but the Life Cycle Model
predicts that unless latent mortality effects
are reduced by more than 10%, the net
impact to Snake River Chinook salmon is
estimated to be adverse. This potential
adverse effect is also possible for Snake
River steelhead based on recent
observations of beneficial effects of
transport. Snake River sockeye may benefit
from reduced levels of transport. Minor
beneficial effects for lamprey are expected.
Overall, predicted effects from this MO
range from moderately adverse to major
beneficial effect and also vary widely by
species.
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Resource

NAA

MO1

MO2

MO3

MO4

Resident Fish

Same or similar to affected environment.

While MOL1 results in both beneficial and
adverse effects on resident fish, overall,
these effects are expected to be negligible,
minor, or in some cases localized moderate
as compared to the NAA.

MO2 has minor to major adverse effects in
some localized areas due to change in
water elevation and flows. Effects in the
lower Columbia River would be minor.

Breaching of the four lower Snake River
dams would have major long-term
beneficial effects to resident fish in the
Snake River; however, during the
breaching, major short-term adverse effects
would occur. Effects outside of the Snake
River would be similar to MO1.

MO4 has effects ranging from minor to
major adverse for resident fish. Changes in
upper Basin flow levels and reservoir
elevations, particularly in low-flow years
are particularly impactful. Region B would
also see moderate to major effects,
particularly in dry years when Lake
Roosevelt would be drawn down deeper
and summer outflows would increase. In
Regions C and D, resident fish would be
affected by increased TDG.

Vegetation,
Wetlands,
Wildlife, and
Floodplains

Same or similar to affected environment.

Minor effects to wildlife, vegetation, and
wetlands associated with operation of Libby
Dam and negligible effects for other areas
in Region A.

Minor adverse effects to wildlife habitat
and wetland vegetation for Lake Roosevelt.
Negligible effects to other areas in Region
B.

Minor (Dworshak) and negligible change
(lower Snake River) to habitat, vegetation,
and wildlife in Region C.

Negligible effects to habitat, vegetation,
and wildlife in Region D.

Negligible effects on floodplains in Regions
B and C, with minor effects in Region A and
D below Bonneville Dam.

For special status species, there would be
negligible effects.

Moderate effects to Region A.

Minor effects to vegetation, wetlands,
habitat, and wildlife in Lake Roosevelt.
Negligible effects in other locations in
Region B.

Negligible effects in Regions C. Minor
effects in Region D.

Minor effects on floodplains in Regions A
and B. Negligible effects in Region C, with
minor effects in Region D below Bonneville
Dam.

For special status species, there would be
negligible effects.

Moderate adverse effects on wetlands,
vegetation, habitat, and wildlife in Region
A.

Negligible effects in Region B.

In Region C, vegetation, habitat, and
wildlife along the existing shorelines would
either be lost or wildlife would change how
they utilize the area; however, new
vegetation and habitat types along new
shoreline would be added associated with
dam breaching, resulting in negligible
beneficial effects and major adverse
effects.

Negligible effects in Region D.

Negligible effects on floodplains in Regions
A, B, and D, with major beneficial effects in
Region C below Dworshak Dam.

For special status species, there would be
negligible effects to all except California sea
lion and Steller sea lion where they may
increase their activity at Bonneville and The
Dalles Dam. Negligible to minor beneficial
effects for Southern Resident Killer Whale
DPS.

Moderate adverse effects on wetlands,
vegetation, habitat, and wildlife in Region A
and D.

Minor effects in Region B.

Negligible effects on wildlife and habitats in
Region C. Moderate effects on floodplains
in Regions B and C, with minor effects in
Region D below John Day Dam.

For special status species, there would be
negligible effects.
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Resource NAA MO1 MO2 MO3 MO4

Power Same or similar to affected environment. Long-term, moderate, adverse effects on Long-term, moderate beneficial effects on |Long-term, major, adverse effects on power |Long-term, major, adverse effects on power
Generation Power rates may change over time if there |power costs and rates. system reliability. costs and rates. costs and rates.

and are reductions in regional fossil fuel Hydropower generation from the CRS Hydropower generation from the CRS Hydropower generation from the CRS Hydropower generation from the CRS

Transmission

generation as many coal plants in the
region are slated for retirement.

projects would decrease by 130 aMW
(roughly enough to power 100,000
households annually). The FCRPS, which
includes the CRS would lose 290 aMW of
firm power available for long-term, firm
power sales to preference customers under
critical water conditions. The reduction in
generation would reduce power system
reliability, requiring replacement power
resources that could cost up to $160 million
per year. Bonneville’s PF wholesale power
rates would experience upward rate
pressure from 4.5% to 8.6%. (Cost
uncertainties could cause upward pressure
on the PF rate by up to 14%.) Regional
average residential retail rates for power
would experience upward rate pressure
from between +0.65% and +0.79%
depending on the applicable scenario, but
the effect would be larger for public power
customers and range up to +7.6% for
residential end users in some counties.
These effects could be greater if fossil fuel
generation is reduced under the NAA.

projects would increase by 450 aMW
(roughly enough to power 330,000
households annually), and the FCRPS would
gain 370 aMW of firm power available for
long-term firm power sales. This would
improve power system reliability and
reduce electricity costs. Bonneville’s PF
wholesale power rates would decrease
about 0.8%. (Cost could cause upward
pressure on the PF rate by up to 1.3%.)
Retail electricity rates would remain similar
to the NAA. (If collecting fish for transport
at McNary Dam were accomplished with a
more cost-effective measure instead of
with a powerhouse surface passage
structure, Bonneville’s wholesale PF rate
would experience downward rate pressure
by about 3.2% and retail rates would also
experience downward pressure.) The
reliability benefits of MO2 would be greater
if fossil fuel generation is reduced under the
NAA.

projects would decrease by 13%, or 1,100
aMW (roughly enough to power 800,000
households annually). The FCRPS would
lose 730 aMW of firm power available for
long- term firm power sales. The reduction
in generation would reduce power system
reliability, requiring replacement power
resources that would cost around $400
million per year with zero-carbon
replacement resources, and potentially
twice as large given cost uncertainties.
Bonneville’s PF wholesale power rates
would experience upward rate pressure by
8.2% to 21%. (Cost uncertainties could
cause upward pressure on the PF rate by up
to 50%.) The loss of hydropower generation
at Ice Harbor would require that a
transmission reinforcement project be in
place prior to breaching of the dams, which
would cost about $94 million. Regional
average residential retail rates for power
would experience upward rate pressure
between +1.7% and +2.8%, depending on
the applicable scenario, but the effect
would be larger for public power customers
and range up to +14% in some counties.
These effects would be greater if fossil fuel
generation is reduced under the NAA.

projects would decrease by 16%, or 1,300
aMW (roughly enough to power 1 million
households annually). The FCRPS would
lose 870 aMW of firm power available for
long- term firm power sales. The reduction
in generation would reduce power system
reliability, requiring replacement power
resources that would cost around $580
million per year with zero-carbon
replacement resources, and potentially 50
percent higher given cost uncertainties.
Bonneville’s PF wholesale power rates
would experience upward rate pressure by
15% to 25%. (Cost uncertainties could
cause upward pressure on the PF rate by up
to 40%.) Regional average residential retail
rates for power would experience upward
rate pressure between +2.9% and +3.3%,
depending on the applicable scenario, but
the effect would be larger for public power
customers and range up to +18% in some
counties. Effects could be greater if fossil
fuel generation is reduced under the NAA.

Air Quality and
Greenhouse
Gases

Air quality would most likely improve and
GHG emissions be reduced over time due to
current trends in decarbonization.

Negligible to potentially minor, long-term
effects on air quality and GHG emissions.
Effects could be adverse or beneficial
depending on whether fossil fuel or
renewable resources replace reduction in
hydropower generation.

Short-term minor adverse effects in Region
D from localized construction activities.

Minor beneficial air quality and GHG
emissions effects from increased
hydropower generation.

Long-term, moderate, adverse effects on air
quality and GHG emissions from increased
fossil fuel power generation, particularly in
Region D and in Montana and Wyoming,
even assuming resources replacing
hydropower are renewables. Minor
increases in emissions in Regions Cand D
from increased commercial truck and rail
transport to replace barges.

Short-term moderate adverse effects from
localized construction activities in Region C.

Long-term, moderate, adverse effects on
air quality and GHG emissions from
increased fossil fuel power generation,
particularly in Montana and Wyoming, even
assuming resources replacing hydropower
are renewables. Short-term, minor, adverse
effects from localized construction activities
in Regions A, C, and D.
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Resource NAA MO1 MO2 MO3 MO4
Flood Risk Same or similar to affected environment. No increases in flood risk are anticipated as |No increases in flood risk are anticipated as |No increases in flood risk are anticipated as |Minor to negligible changes in flood risk are
Management a result of MO1. Minor decreases in flood |a result of MO2. Minor decreases in flood |a result of MO3. Under MO3, the draining |anticipated as a result of MO4. Minor
risk are possible in some areas, especially |risk are possible in some areas, especially |of Lower Granite Reservoir and breaching |decreases in flood risk are possible in some
due to winter events in Region D. due to winter events in Region D. of the lower Snake River dams would result |areas, especially due to winter events in
in no anticipated change in flood risk. Region D.
Navigation Same or similar to affected environment. MO1 would result in negligible adverse MO2 would result in negligible adverse MO3 would result in major adverse effects |MO4 would result in negligible adverse
and effects (cost increase) for deep draft effects (cost increase) for deep draft related to elimination of commercial effects (cost increases) for deep draft

Transportation

navigation and shallow draft navigation.
Negligible adverse effects to the cruise line
industry. Moderate adverse effect would
occur to the Inchelium-Gifford Ferry at Lake
Roosevelt in wet years.

navigation and a minor beneficial effect
(cost decrease) for shallow draft navigation.
Negligible adverse effects to the cruise line
industry. Moderate adverse effect would
occur to the Inchelium-Gifford Ferry at Lake
Roosevelt in wet years.

navigation on the lower Snake River, also
including cruise ships. Costs of shipping
would increase 10% to 33% on average
region-wide. Investments in infrastructure
may be required. Additional dredging would
be required in the McNary pool to access
port facilities for 2 to 7 years. Reductions in
regional economic benefits to port cities
where cruise line expenditures would have
occurred; redistribution of regional
demands for material handlers. Adverse
effects to accident rates; increased highway
traffic and congestion. Minor adverse effect
would occur to the Inchelium-Gifford Ferry
at Lake Roosevelt in wet years.

navigation and minor beneficial effects
(cost decrease) for shallow draft navigation.
Negligible adverse effects to the cruise line
industry. Moderate adverse effects would
occur to the Inchelium-Gifford Ferry in wet
years.

Recreation

Same or similar to affected environment.

Negligible to minor effects on water-based
recreation with the exception of localized,
moderate adverse effects to recreation
fishing along the Clearwater River in August
and September. Overall, however, effects
to quality of recreation experience related
to fishing, hunting, wildlife viewing,
swimming, and water sports at river
recreation sites would be negligible.

Negligible to minor effects on water-based
recreation. Adverse short- and long-term
effects of MO2 on recreation would be
minor. Minor adverse effects to quality of
recreation experience for fishing, hunting,
wildlife viewing, swimming, and water
sports associated with changing river
conditions in river segments below
reservoirs.

Negligible to minor effects to water-based
recreation visitation and quality in Region
A, B, and most of D. Major adverse effects
to water-based recreation at the four lower
Snake River projects in Region C, as well as
water-based recreation in Lake Wallula
(Region D). Some of the adverse effects to
reservoir recreation may be replaced to
some extent over time, by increased river
recreation activities, higher quality
recreational experience for fishing, hunting,
wildlife viewing, and river-based recreation
activities.

Minor to major localized adverse effects to
water-based recreation. At Lake Roosevelt
minor effects are expected during a typical
year, and major localized water-based
recreation access effects during dry water
year. Major adverse effects could occur in
low water years at Lake Pend Oreille due to
accessibility issues at private docks and
marinas. Changes in the quality of
recreational experience are anticipated to
be potentially adverse as well as beneficial.

Water Supply

Same or similar to affected environment.

MO1 does not have any measures that
would affect the ability to deliver water to
meet current water supply as compared to
the NAA. Major beneficial effects to water
supply are expected in Regions A and B due
to an addition of approx. 1.2 MAF total
water from Hungry Horse and Lake
Roosevelt, and a minor amount from Rufus
Woods.

MO2 does not have any measures that
would affect the ability to deliver water to
meet current water supply. MO2 does not
have measures to increase water supply.

Measures implemented under MO3 could
have major beneficial effects in Regions A
and B. However, MO3 could affect delivery
of current water supply in Region C, and is
expected to result in major effects.
Measures implemented under MO3 are
expected to have minor effects in Region D.

Overall, MO4 is expected to result in minor
adverse effects to water supply in Region D.
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Resource NAA MO1 MO2 MO3 MO4
Visual Short-term minor and moderate visual The operational measures under MO1 Same as MO1. Operational measures would have a similar |The operational measures under MO4
quality effects associated with operational |would have a similar effect as the NAA. effect on the view shed and to viewers as  |would have a major effect on Lake
measures. The effects to the casual There would be a moderate effect to visual the NAA and the overall effect would be Koocanusa, Hungry Horse Reservoir, Lake
observer would be minimal; however, quality from new fish passage structures minor. Modifications to lower Snake River |Pend Oreille, and Lake Roosevelt. For all
sensitive viewers would experience and minor effect from modifications of projects would result in a major visual other reservoirs, the visual quality effect,
moderate effects. existing structures in Region D and the quality short-term effect. Effects to viewers |and effect to all viewer groups would be
Effects from structural measures would lower Snake River projects in Region C. depend on their perspective of these similar to NAA. Structural measures would
have a minor effect. changes, which would be either beneficial |have the same effect as MO1
or adverse. Long-term effects to the
viewers would be minor within the channel
of the Columbia River, but could be
moderate at Lake Wallula. All other
structural measures would have a minor
overall effect.
Noise Same or similar to affected environment. Negligible to minor noise effects from Same as MO1. In Regions A, B, and D, noise effects would |Negligible to minor noise effects from
structural and operational measures. be similar to those in MO1. In Region C, structural and operational measures.
breaching of the dams would result in
temporary moderate noise effects from
construction activities.
Fisheries Commercial fishing and ceremonial and MO1 is anticipated to result in negligible to | The fish analysis predicts that MO2 would Commercial and ceremonial and subsistence |MO4 may result in beneficial or adverse

subsistence fishing for anadromous fish
would continue to contribute substantially
to the economy of the region, as well as to
the social fabric and culture of both tribal
and non-tribal communities. Adult and
juvenile migration and survival of
anadromous species, and the fisheries that
depend on them, would continue to be
limited by conditions in the Columbia River
Basin. Ceremonial and subsistence fishing for
resident species would continue to play a
critical role in maintaining tribal culture and
community, particularly for tribes in the
upper basin, and the survival of the species
on which these fisheries depend would
continue to be limited by existing conditions.

minor adverse effects on commercial and
ceremonial and subsistence fisheries for
anadromous fish species as compared to the
NAA. As a result, social welfare effects,
regional economic effects, and other social
effects are likewise anticipated to be
negligible to minor. Potential localized
adverse effects on resident fish may result in
some negligible to minor adverse effects on
ceremonial and subsistence fisheries across
all regions.

generally result in moderate adverse effects
to both anadromous and resident fish
species across all regions, although there
may be some minor to major adverse effects
in localized areas. To the extent that the
predicted effects result in decreased
abundance of these species, and a
decreased opportunity for commercial and
ceremonial and subsistence harvest of these
species, minor to moderate adverse social
and cultural effects may be anticipated
under MO2.

fisheries targeting anadromous fish species
across all regions may see major beneficial
effects in the long term. Ceremonial and
subsistence fisheries targeting resident
species in Region C may see long term
benefits, while those in Region A may
experience some moderate adverse effects.

socioeconomic effects to commercial and
ceremonial and subsistence fisheries,
depending on whether the quality or
number of fish caught in these fisheries
increases or decreases. In addition,
moderate to major adverse effects to
resident fish species under MO4 may result
in moderate to major adverse effects on
the value derived from ceremonial and
subsistence fisheries for those species.
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Resource NAA MO1 MO2 MO3 MO4
Cultural Ongoing major effects to cultural resources, |Ongoing major effects to cultural resources. |Ongoing major effects to cultural resources. |Ongoing major effects to cultural resources. |Ongoing major effects to cultural resources.
Resources same or similar to affected environment. Additional major effects to cultural Additional major effects to cultural Potential for additional major adverse Additional major effects to cultural
resources at Hungry Horse, Lake Roosevelt, |resources at Dworshak and Lake Roosevelt. |effects to cultural resources compared to  |resources at Lake Roosevelt, John Day, and
and Dworshak reservoirs. There is the There is the potential for major effects to  |the NAA in the lower Snake River due to Hungry Horse. Additional moderate effects
potential for major effects to the sacred the sacred site, Kettle Falls, if changes in potential exposure of 14,000 acres at the remaining lower Columbia River
site, Kettle Falls, if changes in reservoir reservoir elevations result in increased currently inundated. The exposure of the projects due to additional drawdown. There
elevations result in increased looting. looting. traditional cultural properties would allow |is the potential for major effects to Kettle
for traditional uses that have not been Falls (sacred sites) if changes in reservoir
possible since the dams were built. There is |elevations cause increased looting. Changes
also the potential for additional major in reservoir elevation at Albeni Falls may
adverse effects to cultural resources at result in a decrease of access to Bear Paw
Hungry Horse Reservoir. Rock, which may result in less tribal
visitation or access to the site.
Indian Trust  |Same or similar to affected environment. Negligible to minor beneficial effects to Minor to major adverse effects to tribal Major beneficial effects to tribal interests |Uncertain effects to key tribal interests and

Assets, Tribal
Perspectives,
and Tribal
Interests

tribal interests and resources (anadromous
and resident fish) with some localized
minor to moderate adverse effects to
resident fish. No direct or indirect effects to
ITAs.

interests and resources, especially
anadromous fish. No direct or indirect
effects to ITAs.

and resources for lower river and Snake
River Basin tribes. Dam breaching and
restoring free flowing sections of river is
discussed favorably in many tribal
perspective submittals. Negligible to minor
effects for upper basin tribal interests and
resources. No direct or indirect effects to
ITAs.

resources, specifically anadromous fish, and
moderate to major adverse effects to upper
basin tribal resources such as resident fish,
wildlife, wetlands, and vegetation. No
direct or indirect effects to ITAs.
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Resource

NAA

MO1

MO2

MO3

MO4

Environmental
Justice

Same or similar to affected environment

Water quality changes would have a
moderate disproportionate adverse effect
on low-income and minority subsistence
fishermen but is mitigated down to
negligible. Water quality effect on tribes is
mitigated down to a minor adverse
disproportionate effect. Fish changes would
have had a moderately adverse and
disproportionate effect on tribes, but was
mitigated to negligible effects. Power rate
changes have a negligible effect on low-
income, minority or tribal populations.
Navigation and transportation changes
would have had a disproportionately high
and adverse effect on tribes, but would be
reduced to negligible impacts. Cultural
resource changes would have had a
disproportionately high and adverse effect
on tribes, but would be mitigated to
negligible. This alternative has an overall
minor adverse and disproportionate effect
on environmental justice populations.
Through analysis considering effects
detailed in Chapter 3, Affected Environment
and Environmental Consequences; Chapter
4, Climate; Chapter 5, Mitigation; and
Chapter 6, Cumulative Effects there would
not likely be a disproportionately high and
adverse effect on environmental justice
populations from MO1.

Regions C and D would experience
decreases in the salmon and steelhead
populations, both would be major adverse
effects, but would be mitigated to
negligible. Vegetation, wildlife, wetlands,
and floodplains would have moderate
adverse effects in Region A that are
mitigated to negligible. Navigation and
transportation changes would have had a
disproportionately high and adverse effect
on tribes, but was reduced to negligible
from proposed mitigation. Cultural resource
effects would have a moderately adverse
and disproportionate effect to tribes, but
was mitigated to negligible. This alternative
has no disproportionately high and adverse
effect on environmental justice
populations. Through analysis considering
effects detailed in Chapter 3, Affected
Environment and Environmental
Consequences; Chapter 4, Climate; Chapter
5, Mitigation; and Chapter 6, Cumulative
Effects there would not likely be a
disproportionately high and adverse effect
on environmental justice populations under
MO2.

Fish changes would have a short term
disproportionately high and adverse effect
on tribes, low-income populations, and
minorities, which are mitigated. Long term
fish effects on these groups would be
beneficial effects. Vegetation, wildlife,
wetlands, and floodplains had moderate
disproportionate adverse effects in Region
A. Region C had disproportionately high and
adverse effects before mitigation.
Mitigation for Regions A and C lower effects
to negligible. In Region C beneficial effects
on floodplains below Dworshak Dam may
produce disproportionate moderate
beneficial effects. Navigation and
transportation changes for loss of ferry
service would have had a
disproportionately high and adverse effect
on tribes, but was reduced to negligible
effects. Navigation effects for commercial
navigation and cruise ships are minor
adverse and disproportionate effects.
Water supply effects on irrigated farmland
is a moderate adverse and disproportionate
effect. Viewshed effects on tribes would be
moderate beneficial effects. Cultural
resource changes would have had a
disproportionately high and adverse effect
on tribes, but was mitigated to a minor
adverse effect. Assuming that mitigation is
successful, this alternative may have an
overall moderately beneficial effect on
environmental justice populations. Through
analysis considering effects detailed in
Chapter 3, Affected Environment and
Environmental Consequences; Chapter 4,
Climate; Chapter 5, Mitigation; and Chapter
6, Cumulative Effects there would not likely
be a disproportionately high and adverse
effect on environmental justice populations
from MO3.

Water quality may have a
disproportionately high and adverse effect
before mitigation for Regions C and D.
Effects are mitigated to negligible. Fish
effects would have had a
disproportionately high and adverse effect
on tribes, low-income populations, and
minorities, but are proposed to be
mitigated to negligible effects. Vegetation,
wildlife, wetlands, and floodplains had
moderate adverse disproportionate effects
in Regions A, B, C, and D that are mitigated
to minimal to negligible. Navigation and
transportation changes would have had a
disproportionately high and adverse effect
on tribes, but was reduced to negligible
effects. Water supply would have minor
disproportionate adverse effects. Cultural
resource changes would have had a
disproportionately high and adverse effect
on tribes, but was mitigated to negligible.
Minor disproportionate adverse effects, no
disproportionately high and adverse effects
are expected on environmental justice
populations. Through analysis considering
effects detailed in Chapter 3, Affected
Environment and Environmental
Consequences; Chapter 4, Climate; Chapter
5, Mitigation; and Chapter 6, Cumulative
Effects there would likely not be a
disproportionately high and adverse effect
on environmental justice populations under
MO4.
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Resource NAA MO1 MO2 MO3 MO4

Total Annual- |$1,055 million $1,076 million Low estimate = $1,109 million Low estimate = $896 million Low estimate = $1,001 million
Equivalent High estimate = $1,162 million High estimate = $1,001 million High estimate = $1,106 million
Federal Costs

for the

Alternatives
(2019 dollars)*

Note: aMW = average megawatt; Bonneville = Bonneville Power Administration; CRS = Columbia River System; FCRPS = Federal Columbia River Power System; FNC = Federal navigation channel; GHG = greenhouse gas; LCR FNC = Lower Columbia River Federal
Navigation Channel; MO1, 2, 3, 4 = Multiple Objective Alternative 1, 2, 3, 4, NAA = No Action Alternative; NMFS = National Marine Fisheries Service; PF = Priority Firm; TDG = total dissolved gas.
* This discussion of costs represents only direct expenditures. It does not represent costs to Bonneville in the form of lost revenues from reduced hydropower generation (discussed in Section 3.7). It also does not include potential mitigation actions that are

identified in Chapter 5 that could be implemented by other entities besides the co-lead agencies.
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3.2 HYDROLOGY AND HYDRAULICS
3.2.1 Introduction and Background

The term hydrology and hydraulics (H&H) is commonly used in a general manner to discuss the
guantity, movement, or behavior of water. The hydrologic and hydraulic characteristics
discussed in this H&H Affected Environment and Environmental Consequences sections relate
to surface water conditions: flow rates in rivers, and water levels in reservoirs and rivers.

The section describes the climate of the CRS, the characteristics of the river system organized in
four separate regions, how reservoirs in the CRS are operated together, and water level
characteristics on a reach-by-reach basis.

3.2.1.1 Columbia River Basin Description

The Columbia River drains approximately 258,000 square miles. The drainage area comprises
most of Washington, Oregon, and Idaho; the western quarter of Montana; the southeastern
corner of British Columbia; and small portions of Wyoming, Nevada, and Utah. Although only
15 percent of the river’s basin lies in Canada, 38 percent of the average annual flow volume (as
measured at The Dalles, Oregon) originates in Canada. In addition, up to 50 percent of the peak
flood waters in the lower Columbia River between Oregon and Washington originate in Canada
and result from snowmelt in the upper Columbia River Basin. Its average annual runoff is 198
million acre-feet (Maf), as measured at the river’s mouth.

The Columbia River originates in British Columbia, Canada, and flows 1,204 miles through
Canada and the United States to the Pacific Ocean (456 miles in British Columbia and 748 miles
in the United States)?! (Figure 3-1). The river begins in Columbia Lake on the west slope of the
Rocky Mountain Range in British Columbia and enters the United States in the northeastern
corner of the state of Washington. The river then flows south and west, then southeasterly to
its confluence with the Snake River near Richland, Washington. It turns westward for 320 miles,
forming the Washington-Oregon border before flowing into the Pacific Ocean near Astoria,
Oregon. Its largest tributary, the Snake River, travels 1,038 miles from its source in Yellowstone
National Park in Wyoming before joining the Columbia River.

Major tributaries of the Columbia River include the following:

e The Kootenai River, which originates in British Columbia, Canada, and flows through
Montana and Idaho before joining the Columbia River in British Columbia.

e The Flathead River, which originates in British Columbia and Montana and flows through
Montana, draining into the Clark Fork River, which flows into Lake Pend Oreille.

e The Pend Oreille River, which originates at the outlet of Lake Pend Oreille and flows through
Idaho and Washington before joining the Columbia River in British Columbia.

e The Yakima, Spokane, Okanogan, Wenatchee, and Methow Rivers in Washington.

! River miles and reach lengths from the Corps’ Columbia River Basin modeling schematic.
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e The Snake River, which originates in Wyoming and flows primarily through Idaho.
Tributaries of the Snake River include the Clearwater River and the Salmon River.

e The John Day River and Deschutes River in Oregon, which join the Columbia River upstream
of John Day Dam and The Dalles Dam, respectively.

e The Willamette River in Oregon; the MOs do not include any specific actions that would
require the Willamette projects (in most subsequent cases in this chapter, “project” is used

to collectively refer to a dam and its associated reservoir) to operate outside their normal
ranges.

Figure 3-1. Columbia River Basin

Note: Many dams besides the 14 CRS projects are shown here to illustrate the complex system of dams in the
Columbia River Basin.
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Where the river meets the coast, saltwater intrusion from the Pacific Ocean extends
approximately 23 river miles upstream from the mouth; tidal effects can be experienced on the
Columbia River up to Bonneville Dam, located 146 river miles inland.

3.2.1.2 Columbia River Basin Climate

The climate in the Columbia River Basin ranges from a moist, mild maritime condition near the
mouth of the river to a relatively cool desert climate in some of the inland valleys of eastern
Oregon and southern Idaho. The Columbia River Basin is influenced by a modified west coast
marine and continental climate, which varies with elevation and proximity to mountain ranges.

In the mountainous regions, most of the precipitation falls during the late fall and winter
months, though there can also be wet springs and early summers as heavy rains and
occasionally severe thunderstorms affect the region. The headwaters of the Columbia River and
its major tributaries are in high-elevation and snow-dominant watersheds. Snow-dominant
watersheds are sufficiently cold in the winter to allow for precipitation to fall in the form of
snow and for that snow to accumulate and remain until temperatures rise in the spring and
summer. High-elevation summers tend to be short and cool, while the lower-elevation interior
regions are subject to greater temperature variability.

The north-south Cascade Range, the Blue and Wallowa Mountains of northeast Oregon, and the
Rocky Mountains at the eastern and northern boundaries of the basin strongly influence climate
in the Columbia River Basin. The basin has dramatic elevation changes ranging from sea level to
more than 10,000 feet in the high mountains. The Cascade Range separates the coast from the
interior of the basin and has a strong influence on the climate of both areas. The basin is
generally cooler and wetter on the western side of the Cascades and warmer and drier to the
east toward the Rocky Mountains. The two important runoff patterns in the basin are the
snowmelt runoff in the interior east of the Cascade Range and the rainfall runoff of the coastal
drainages west of the Cascades. Marine influences are strongest during the winter and cause
most of the winter snowfall when warm moist air from the Pacific Ocean is cooled as it is forced
to ascend over mountainous terrain in the upper basin or when there is frontal contact with
Arctic air masses.

Most of the annual precipitation in the basin occurs in the fall through early spring, with the
largest share falling as snow in the mountains. This moisture, stored during the winter as
snowpack, is released as snowmelt in the spring and early summer. Stream flow in the
Columbia River typically begins to rise in mid-April, reaching a peak flow during May or early
June. About 60 percent of the natural runoff in the basin occurs during May, June, and July. The
Columbia River has an average annual runoff volume at its mouth of about 198 Maf and an
average annual flow of 273,500 cubic feet per second (cfs).

Chapter 4 provides an overview of projected changes in future regional climate and assesses
how these projected changes may impact resources and the effectiveness of the MOs. Refer to
Section 4.1.2 for projected changes in climate compared to the historical period for the
Columbia River Basin including air temperature, precipitation, snowpack, and streamflow.
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3.2.2 Area of Analysis

The area considered in this hydrology and hydraulics evaluation is the CRS reservoirs and the
river reaches downstream. The modeling of the system for this analysis is described in Appendix
B, Hydrology and Hydraulics (H&H Appendix), and Appendix |, Hydroregulation. The order of
discussion goes from upstream locations to downstream locations, and is organized by the
physiographic NEPA regions shown in Figure 3-2.

3.2.2.1 Columbia River Basin Region Descriptions

The CRS consists of subbasins, each having distinct topographic, meteorological, and/or
hydrologic characteristics. These subbasins are grouped into four regions, Regions A to D that
are referred to throughout this EIS. The 14 Federal projects in the CRS and their locations are
shown in Figure 3-2.

Figure 3-2. Columbia River Basin Regions (Regions A, B, C, and D)

3-19
Hydology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

REGION A

This region includes the portions of the Kootenai and Pend Oreille River Systems that are within
the United States. The majority of the Kootenai River System and the Pend Oreille River System
region is mountainous, with the Continental Divide forming much of the eastern boundary; the
Selkirk Mountains, the north and western boundary; and the Selway-Bitterroot Mountains, the
southern boundary. The Cabinet and Purcell Mountains are located in the region. The elevation
ranges over 9,000 feet between the mountain peaks and the valley floors scattered throughout
the region.

The Kootenai(y) River System is an international system that begins in the Rocky Mountains in
British Columbia. From the headwaters, the river flows 173 miles to the U.S.-Canada border,
where it flows another 163 miles through Montana and Idaho and loops back to the
U.S.-Canada border. From the U.S.-Canada border, the Kootenay River (Canadian spelling) flows
another 105 miles in Canada before entering the Columbia River near Castlegar, British
Columbia. The Kootenai(y) River has five major tributaries, including the Fisher and Yaak Rivers
in the United States; Goat and Duncan Rivers in British Columbia; and the Moyie River, which
begins in Canada and enters the Kootenai River near Moyie Springs, Idaho.

The following dams are located within the Kootenai River System: Libby, on the Kootenai River
in Montana; Goat on the Goat River in British Columbia; Kootenay Canal Plant, Corra Linn,
Upper Bonnington, Lower Bonnington, Slocan, and Brilliant on the Kootenay River in British
Columbia; and Duncan Dam on the Duncan River in British Columbia.

The Pend Oreille River System includes over 1,000 miles of river among the North Fork, Middle
Fork, South Fork, and mainstem Flathead Rivers, as well as the Clark Fork, Thompson, Pend
Oreille, and Priest Rivers. The North, Middle, and South Fork Flathead Rivers join to form the
Flathead River, which flows into the Clark Fork River after passing through Flathead Lake.
Flathead Lake is a natural lake, but its elevation is mainly controlled by Seli’s Ksanka Qlispe’
(SKQ; formerly known as Kerr) Dam. The Clark Fork River is joined by Thompson River before
flowing into Lake Pend Oreille, which flows into the Pend Oreille River. The Pend Oreille River is
joined by the Priest River and then turns north, flows into British Columbia where it is called the
Pend-d’Oreille (Canadian spelling), and empties into the Columbia River.

There are nine dams in the Pend Oreille River System in the United States: Hungry Horse, on the
South Fork Flathead River; SKQ Dam on the Flathead River; Thompson Falls, Noxon Rapids, and
Cabinet George on the Clark Fork River; Priest Lake on Priest River; and Albeni Falls, Box
Canyon, and Boundary on the Pend Oreille River. On the Pend-d’Oreille River in Canada, there
are two: Waneta and Seven Mile.

There are three CRS dams in Region A: Libby Dam, Hungry Horse Dam, and Albeni Falls Dam.
REGION B

Region B includes the Spokane River System and the middle Columbia River in the United
States. The region is bounded on the north and west by the Cascade Range and borders the
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Pend Oreille basin on the east; the Columbia River Plateau dominates the southern landscape in
the region. The highest point in the region is in the Cascade Range at approximately 9,500 feet,
and the lowest elevation occurs along the Columbia River near Priest Rapids Dam at
approximately 400 feet.

The Spokane River System includes the Spokane (140 river miles), St. Joe (44 river miles), and
Coeur d’Alene (33 river miles) Rivers. The St. Joe and Coeur d’Alene Rivers flow into Lake Coeur
d’Alene, located in northern Idaho, and outflow from the lake forms the Spokane River. Lake
Coeur d’Alene is a natural lake, but its elevation is mainly controlled by Post Falls Dam, which is
located approximately 8.5 miles downstream from the lake’s outlet. There are six dams on the
Spokane River below Lake Coeur d’Alene: Post Falls, Upper Falls, Monroe Street, Nine Mile,
Long Lake, and Little Falls Dams.

The middle Columbia River has seven major tributaries: the Wenatchee, Chelan, Methow,
Okanogan, Sanpoil, Spokane, and Kettle Rivers. There is a diversion from the Columbia River
into Banks Lake in this region. Several non-Federal dams are in Region B. On the Columbia River
these dams are Priest Rapids Dam, Wanapum Dam, Rock Island Dam, Rocky Reach Dam, and
Wells Dam.

There are two CRS dams in Region B: Grand Coulee Dam and Chief Joseph Dam.
REGION C

Region C begins just downstream of Ice Harbor Dam, located approximately 9 miles upstream
from the confluence of the Snake and Columbia Rivers, and continues upstream along the
Snake River to Hells Canyon Dam, located along the Idaho-Oregon border. The region includes
the Clearwater River and its tributaries, with Dworshak Dam located on the North Fork
Clearwater River. The region is bounded on the east by the Idaho-Montana border, where the
Bitterroot and Rocky Mountains dominate the landscape, and on the southwest by the Wallowa
and Blue Mountains. The rolling hills and prairies of the Columbia River Plateau dominate the
northwest portion of the region. Region C has a mostly semi-arid or desert climate.

The major Snake River tributaries in Region C include the Clearwater, Grande Ronde, Imnaha,
and Salmon Rivers.

There are five CRS dams in Region C: Dworshak Dam, Lower Granite Dam, Little Goose Dam,
Lower Monumental Dam, and Ice Harbor Dam.

REGION D

Region D contains portions of the lower Columbia River Basin, with the furthest downstream
dam on the Columbia River being Bonneville Dam. Upstream of Bonneville Dam, the Columbia
River is not influenced by tides; downstream of Bonneville Dam, it is.

The reach of the Columbia River from Priest Rapids Dam to Bonneville Dam, most of which is in
Region D, is approximately 250 river miles long. The contributing drainage area to the reach is
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approximately 38,150 square miles. The landscape is diverse, with the Cascade Range on the
west; the Blue, Wallowa, and Ochoco Mountains along the south and east; and the Columbia
River Plateau defining the middle and northern portion of the drainage area. Five major
tributaries join this reach: the Deschutes River, Snake River, John Day River, Umatilla River, and
Yakima River.

The reach that is tidally influenced extends from Bonneville Dam (the most downstream dam
on the Columbia River) to the mouth of the Columbia River, where it empties into the Pacific
Ocean. This reach is approximately 150 river miles long. Excluding the Willamette Region, the
contributing drainage area to the reach is 7,340 square miles. It is bounded by the Cascade
Range on the north and east, the Willamette River Valley on the south, and the Pacific Ocean
on the west.

The principal tributaries joining the Columbia River downstream of Bonneville Dam are the
Willamette River, Lewis River, and Cowlitz River. High flows on these three tributaries generally
occur during winter storms, from November to March, and account for most of the local runoff
below Bonneville Dam.

There are four CRS dams in Region D: McNary Dam, John Day Dam, The Dalles Dam, and
Bonneville Dam.

3.2.3 Affected Environment

3.2.3.1 Reservoir System

Since the 1880s, numerous dams—both Federal and non-Federal—have been authorized and
built in the basin for flood control, hydropower, fish and wildlife conservation, navigation,
recreation, irrigation, municipal and industrial water supply, and water quality.

A figure depicting the range of flows at The Dalles is provided in Figure 3-3, with an overlay of
unregulated and observed (regulated) flows from water year 2017. The average annual flow
volume at The Dalles is 134 Maf, and the average annual flow is approximately 185,000 cfs?. The
term “unregulated” is used to describe what the runoff in the river would be without dams?3.
From the figure depicting the range of flows at The Dalles, an annual recurring pattern can be
seen, with peak flows occurring in late spring. The figure also shows that during the late spring
and early summer, the range of flows between the minimum and maximum lines is greater than
any other time of year. This means that there is more variability in natural flows in the system
during this time of year than at any other time. The overlay of observed flows for water year
2017 shows the effect of regulation by storage dams in the system. Water year 2017 had a
higher than average annual runoff volume of 164 Maf. Despite having a higher than average

2 The most recent 30-year period is from 1981 to 2010; these averages are updated decennially and the next
update will occur in 2021 for the 1991 to 2020 period.

3 Unregulated streamflow is calculated by removing the effects of reservoir regulation from observed timeseries.
This systematic reconstruction of unregulated historical flow has been developed for 1928 to 2008 in the 2010
Modified Flows dataset. See the Appendix B, Part 4, Hydrologic Data Development, for further detail.
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runoff volume, it is still a typical depiction of how the timing of streamflow on the Lower
Columbia Reach is affected by upstream storage dams.

The water levels behind storage dams are lowered during the winter months through early
spring to make room to prepare to capture high spring runoff; during this period day to day
reservoir discharge is also managed to support other purposes. During the winter, reservoirs
are also sometimes drafted to maintain minimum flow or stage requirements downstream of
each reservoir or in the lower Columbia River. In the late spring through early summer, flows
begin to increase and reservoirs are operated to manage flood risk downstream of each
reservoir, as well as in the lower Columbia River, and to refill. During the summer and into early
fall, reservoirs are drafted to provide additional flow for fish.

Figure 3-3. Columbia River Stream Flows as Measured at The Dalles, Oregon, October 2016—
September 2017

Note: Figure source is U.S. Entity and Canadian Entity (2017), simplified by the U.S. Army Corps of Engineers
(Corps) for clarity.

3.2.3.2 Water Levels Between Projects

Water levels throughout this system are strongly influenced by the many dams, to the extent
that the water surface profile throughout the study area can largely be described as a series of
reservoirs. There are only a handful of relatively steep stretches of river that are above the
influence of a downstream dam and/or reservoir. Figure 3-4 shows water surface profiles for
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most of the major rivers evaluated in this study for changes in water levels. The rivers are
divided into hydraulic reaches, each of which has an assigned reach number, and they are
shown here to introduce the reader to the numbering convention and geographic extent of
each reach. Several technical teams involved with Columbia Rivers System Operations (CRSO)
EIS environmental consequences evaluations use this reach numbering system to describe
effects that would be associated with the various MOs.

Figure 3-4. Water Surface Profiles for the Columbia River System Hydraulic Model Reaches

Water levels at a given location will fluctuate seasonally with the hydrologic cycle, typically
dominated by high flows during the spring and early summer, also called the “freshet,” and
dam operations which are typically lower in the winter months and higher following the
freshet. Depending on the location within a given reach, the changes in water level will be
influenced by either changes in the forebay elevation held at the downstream dam, changes in
the outflow from the upstream project, or a combination of the two. To facilitate discussion of
impacts to water levels from changes in reservoir operations, three profile types are
established: flat pool, free-flowing, and transitional. These are depicted in Figure 3-5 and
described below:

e A reservoir may be considered “flat,” for practical purposes, where the water level is
influenced solely by and, in most cases, is equal to the forebay elevation. The extent of the
reservoir that is “flat” is related to the size of the dam, the shape and slope of the river
channel, and the flow through the reach.

3-24
Hydology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

e The upstream portions of some reaches are considered to be “free-flowing.” In these zones,
water levels are outside the influence of the downstream reservoir operations but change
with changes in the flowrate in the channel, which is typically dominated by outflow from
the upstream dam. Note, the use of the term “free-flowing” is not to be confused with
other interpretations related to natural or unregulated rivers.

e Most reaches will have a zone between the flat pool and free-flowing zones where the
water level can be influenced by both the water level held in the forebay at the
downstream project and the amount of flow coming into the reservoir. For this study, this
part of the profile is called the “transitional” zone.

Figure 3-5. Water Surface and Ground Surface Profiles of Typical Hydraulic Reach, and the
Three Zones of Influence

Each of the hydraulic reaches has a unique water surface profile. The water surface profile is
made from the calculated water surface at various locations throughout a reach. The water
surface elevation (WSE) at any given location is related to the downstream boundary, such as
dam forebay elevations, the channel geometry (bed slope, roughness, conveyance area, etc.),
and the given flow condition. More detailed discussion of the H&H conditions in each reach is
provided in the H&H Appendix (Appendix B, Part 1, Data Analysis), but Table 3-2 summarizes
the key elements related to the water surface profile for each reach. Figure 3-6 is provided to
show the location of reaches.*

41t should be noted that definitive boundaries of these zones for a given reach are not provided as it depends on
the precision of a given analysis and metric of interest; however, general zone extents are provided to help
describe the shape of a given reach’s water surface profile and where changes in flow and water level will likely
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Figure 3-6. Map of Hydraulic Reaches Showing the Zones of Influence

Note: Flat pool (blue); free flowing (yellow); transitional (green); Reach 1, which is tidally influenced, is shown in
red.

impact water levels. Also, most of the apparently flat reaches are actually slightly sensitive to discharge during high
flow conditions, particularly if they coincide with low pool conditions, and should therefore be considered
transitional.
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Table 3-2. Reach-by-Reach Profile Summaries

Pend Oreille RM 16 to 33

CRSO Region |Reach [Reach Extents Profile Description (e.g., flat pool, free-flowing sections, constrictions)
A. Kootenai, |R30Y |Libby Dam to Crossport, Idaho Entire reach is free flowing, i.e., above influence of Kootenay Lake downstream.
Flathead, Kootenai RM 157 to 219 Includes Kootenai Falls (Kootenai RM 191)
Clark Fork, . .
pend Oreille R29 |Crossport, Idaho, to U.S.-Canada Border Water levels influenced by Kootenay Lake, especially below Bonners Ferry, Idaho
Kootenai RM 103 to 157 (RM 150).
R28 [Hungry Horse to SKQ Reach begins at bottom of Flathead Lake (RM 79.437) above constriction above
Flathead RM to 79 to 158 SKQ Dam.
includes Whitefish River The upper end of Flathead Lake is at roughly RM 110 and the estuary extends for
another 20 meandering miles upstream on the Flathead River.
Free-flowing reaches exist above roughly RM 133 on the Flathead River and RM 3
on the Whitefish River.

R27  |SKQ to Thompson Falls Thompson Falls is a run-of-river dam.

Clark Fork RM 72 to 110 and Flathead RM 0 to 74 Free-flowing reach along both Clark Fork and Flathead reaches.

R26 |Thompson Falls to Noxon Flat pool may occur during low-flow periods.

Clark Fork RM 35 to 72
R25 [Noxon to Cabinet Gorge This run-of-river reservoir extends the length of the reach.
Clark Fork RM 15 to 34 Flat pool may occur during low-flow periods.

R24  |Lake Pend Oreille Lake Pend Oreille is not modeled via detailed methods. Transitional reaches exist
from Albeni Falls Dam to Sandpoint, Idaho, and along from the Clark Fork River
confluence to Cabinet Gorge Dam. A flat pool is assumed for the reservoir above
Sandpoint, Idaho, to the Clark Fork confluence.

R23  |Albeni Falls to Box Canyon This run-of-river reservoir extends the length of the reach, but a major

Pend Oreille RM 33 to 89 constriction at RM 33.7, a half-mile above the Box Canyon Dam, can produce a
relatively sharp jump in WSEs during high-flow conditions.

R22 [Box Canyon to Boundary Dam A flat pool can be assumed for only first mile of the reach, but almost the entire

length of the reach can be flat during low-flow conditions.
There is a major constriction around RM 25.8 that can produce a relatively sharp
jump in WSEs during high-flow conditions.
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CRSO Region |Reach |Reach Extents Profile Description (e.g., flat pool, free-flowing sections, constrictions)
B. Middle R21 |U.S.-Canada Border to Grand Coulee Roosevelt Lake operation can change pool levels by 50 to 80 feet annually.
Columbia Columbia RM 597 to 748 Flat pool can be assumed for 100 to 130 miles above the dam, depending on the
season.
R20 [Grand Coulee to Chief Joseph This run-of-river reservoir extends the length of the reach.
Columbia RM 546 to 597 Flat pool may occur during low-flow periods.
R19 |[Chief Joseph to Wells This run-of-river reservoir extends the length of the reach.
Columbia RM 516 to 546 Flat pool may occur during low-flow periods.
R18 |Wells to Rocky Reach This run-of-river reservoir extends the length of the reach.
Columbia RM 475 to 515 Flat pool may occur during low-flow periods.
R17 Rocky Reach to Rock Island This run-of-river reservoir extends the length of the reach.
Columbia RM 454 to 475 Flat pool may occur during low-flow periods.
R16 |Rock Island to Wanapum This run-of-river reservoir extends the length of the reach.
Columbia RM 415 to 453 Flat pool may occur during low-flow periods.
R15 |[Wanapum to Priest Rapids This run-of-river reservoir extends the length of the reach.
Columbia RM 397 to 415 Flat pool may occur during low-flow periods.
R14% |Priest Rapids to Richland, Washington Sometimes referred to as the “Hanford Reach,” this reach is mostly free flowing.
Columbia RM 335 to 397 The lower few miles can be influenced by Lake Wallula above McNary Dam.
C. Lower RO9 Dworshak to Lower Granite Lower Granite Lake extends almost 40 miles to Lewiston, Idaho, and the Snake
Snake Snake RM 107 to 178 and Clearwater RM 0 to 45 confluence with the Clearwater.
Reservoir levels can influence Snake River water levels as far RM 145, 10 miles
upstream of the confluence with the Clearwater.
Free-flowing reach on the Clearwater River starts about 5 miles above confluence
with Snake River.
RO8 |Lower Granite to Little Goose This mostly run-of-river reservoir extends the length of the reach.
Snake RM 70 to 106 Flat pool may occur during low-flow periods.
RO7 Little Goose to Lower Monumental This mostly run-of-river reservoir extends the length of the reach.
Snake RM 41 to 69 Flat pool may occur during low-flow periods.
RO6 Lower Monumental to Ice Harbor This mostly run-of-river reservoir extends the length of the reach.

Snake RM 9 to 40

Flat pool may occur during low-flow periods.
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CRSO Region |Reach |Reach Extents Profile Description (e.g., flat pool, free-flowing sections, constrictions)
D. Lower RO5 [Richland, Washington, and Ice Harbor to McNary Lake Wallula extends approximately 27 miles past Pasco, Washington.
Columbia Columbia RM 291 to 335 and Snake RM 0 to 8 Includes Snake and Yakima River reaches for a short distance above their
confluences with the Columbia.
A flat pool can extend from the dam for 20 to 40 miles depending on flow
conditions.
RO4 McNary to John Day Reservoir mostly run-of-river but pool can fluctuate over 10 feet.
Columbia RM 217 to 291 The lower 25 miles can be assumed flat year-round, and flat pool may extend the
entire reach during low-flow periods.
R0O3 |John Day to The Dalles Mostly run-of-river reservoir extends the length of the reach.
Columbia RM 192 to 217 Flat pool may occur during low-flow periods.
RO2 [The Dalles to Bonneville Mostly run-of-river reservoir extends the length of the reach.
Columbia RM 146 to 191 Reach is relatively channelized with a notable constriction a couple of miles
above dam (“RM 147).
RO1 [Below Bonneville Free-flowing reach from Bonneville Dam (RM 146) to RM 30 near Tongue Point,

Columbia RM 30 to 146

Oregon.

Includes Willamette River below Oregon City Falls (RM 26), Cowlitz River below
Castle Rock, Washington (RM 19) and other smaller tributaries.

Tidal influence extends all the way to Bonneville Dam and partially up the major
tributaries.

Note: RM = river mile.
1/ Reach 30 is combined with Reach 29 in hydraulic model “R29_30” or just “R29”.
2/ Reach 14 is combined with Reach 5 in hydraulic model “R5_14” or just “R05”.
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3.2.4 Environmental Consequences
3.2.4.1 Methods

The term H&H is used in a general manner to discuss the quantity, movement, or behavior of
water. Hydroregulation is the process water managers use to make decisions about routing
water through a series of dams in a river system. Computer hydroregulation modeling, also
called reservoir operations modeling, was used to simulate operations for the system of dams
in the Columbia River Basin.

Two hydroregulation models were used to simulate operations in the basin in support of the
H&H analysis: Hydro System Simulator (HydSim) and Hydrologic Engineering Center Reservoir
System Simulation (ResSim) software (Corps 2013b). The models mesh together through
multiple steps to simulate operations in the Columbia River Basin.

The ResSim model provided flood risk management (FRM) constraints as inputs to the HydSim
model. Conversely, the HydSim model provided the Columbia River Treaty operation for the
Canadian projects to ResSim. In addition, HydSim modeling provided the lack-of-market
information that was layered on the ResSim output to provide daily spill flow. Since both
models produced flows and elevations for the CRS projects, their outputs were compared to
verify that they were providing similar results. Details of how the models worked together are
described in Appendix |, Hydroregulation. The CRS ResSim Model is the last modeling step from
which daily flow and reservoir elevations are taken for analysis and use by other technical
teams. While operations important for determining water conditions on a seasonal and even
daily basis are generally modeled, certain operations such as load shaping or turbine preference
are not captured in the model.

The ResSim model for the CRS is a model that simulates reservoir releases and river flows over
a wide variety of hydrologic conditions. River and reservoir levels in the system are sensitive to
forecasted water supply volume each year, and this uncertainty is reflected in the
hydroregulation modeling approach used for the MOs. Details on the hydroregulation modeling
approach are provided in the H&H Appendix (Appendix B, Part 3, Columbia River System HEC-
WAT and HEC-ResSim Model Documentation).

The inputs used to drive the model include hydrologic datasets based on the historically
observed 80-year period of record (1929 to 2008), as well as synthetic hydrologic datasets to
represent extreme winter and spring flood events. Details on the input hydrology and runoff
volume forecasts used to drive the model are provided in the H&H Appendix (Appendix B, Part
4, Hydrologic Data Development).

The modeling process used 80 years of historical hydrology plus 26 larger synthetic years to test
reservoir operations. Because seasonal water supply forecasts are the biggest factor in
reservoir operations, each year of hydrology was run multiple times, each time with a different
sequence of seasonal water supply forecasts. For example, the hydrology for the year 1994 gets
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simulated many times, but the seasonal runoff volume forecast used in the simulation is unique
each time that 1994 is run. Sampling of volume is done because the runoff volume forecast is a
driver for many reservoir operations, playing a major role in the resultant river flows over the
operational water year.

Computer hydroregulation modeling is conducted for planning studies in which operational
scenarios, or rules, are tested over many years of data. Each alternative has a fixed rule set, so
that when the model is computed each event is handled with the same rule conditions without
human interference to prefer different conditions. Real-world reservoir operation is complex;
different information is available to the water manager for decision making, and decisions are
shaped by an individual water manager’s experience and risk tolerance. Water managers also
adapt operations, as possible within constraints, to an operation that meets the goals of system
users given the specific conditions of that particular water year>. Operation changes of this
nature are not possible to represent in a planning model, nor are they desirable, as they would
make comparing different MOs substantially more challenging and likely skew the results
towards the personal/professional opinions of what should happen.

The hydroregulation modeling produces regulated streamflows and reservoir elevations, which
are used to develop summary figures and tables to describe water conditions at locations of
interest. Figures include summary flow hydrographs, summary elevation hydrographs, and
elevation duration plots. Key results are presented and described in the effects sections. The
H&H Appendix (Appendix B, Part 1, Data Analysis) contains a more comprehensive set of
figures and tables, including an in-depth discussion of what they show.

With each alternative, there are several measures that were not included in the
hydroregulation modeling, either because the measures are not operational in nature or
because the reservoir operations model is not configured to simulate a given measure. For
example, the hydroregulation modeling results presented here do not incorporate hourly, daily,
or weekly load shaping which may occur at some dams. Load shaping increases project power
generation during peak power demand and decreases power generation during low demand
while passing the necessary water through the dams for the day and month flow and elevation
objectives. Load shaping causes outflow from a dam to generally be higher during the weekdays
and lower on the weekends. Load shaping within a day causes dam outflows to generally be
higher during the morning and evening during peak power demand, and lower during the
overnight period. The extent to which load shaping occurs, including sometimes not at all,
depends on the project and the time of year. Effects on power generation and transmission are
discussed in Section 3.7.3.

Water surface profiles and mid-reach water levels (between projects) were produced for the
study area. Details on the procedures used to develop these results are contained in the H&H
Appendix (Appendix B, Part 6, Stage-Flow Transformation Documentation, and Appendix B, Part

5 Examples of real-time operation flexibility can include how the system may operate for fish (e.g., chum salmon
spawning and incubation by changing Bonneville Dam downstream stage levels), or other purposes (e.g., summer
drawdown patterns at Libby Dam for habitat restoration work downstream of the dam on the Kootenai River).
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1, Data Analysis). The reservoir elevations, regulated streamflows, water surface profiles, and
mid-reach water levels produced for the MOs support the effects analyses for other resource
areas described throughout the EIS.

Summary hydrographs were also produced for the study area. A hydrograph is a graph showing
an indicator of water flow (such as stage or discharge) over time. One time span commonly
used for hydrographs, when there is need to see how water conditions change through all
seasons of a year, is the water year. A water year runs from October 1 through September 30. A
summary hydrograph is an especially useful way to display information because it shows the
expected range and likelihood of water levels (or flow) at a given location for each day of the
water year. The curves on a summary hydrograph do not represent a single water year. Rather,
each curve represents the percentage chance of exceeding the corresponding water level (or
flow) on a given day. Five exceedance levels are shown: 1 percent, 25 percent, 50 percent, 75
percent, and 99 percent.® Select summary hydrographs are presented here in Chapter 3, and a
more comprehensive set of summary hydrographs and other figures, with accompanying
discussion, is provided in the H&H Appendix (Appendix B, Part 1, Data Analysis).

In addition to the summary hydrographs described above, a different figure is also used to
show how each alternative would affect water conditions in different types of water years. For
this purpose, figures showing median hydrographs based on water year type are used to
describe effects at Libby, Hungry Horse, Albeni Falls, Grand Coulee, Dworshak, and McNary
Dams. The plots group water years into “dry,” “average,” and “wet” years based on the April to
August water supply issued on May 1, then take the median flow or elevation for each day
within the group. Water years are categorized with respect to the forecasted seasonal runoff
volume percentile: dry years represent the lowest 20 percent, average years represent
forecasts between 20 percent and 80 percent, and wet years represent forecasts greater than
80 percent (same as the highest 20 percent). The figures for Libby, Hungry Horse, and Dworshak
Dams use their own local basin forecast volumes for the water year categorization. The figures
for Albeni Falls, Grand Coulee, and McNary Dams use The Dalles Dam forecast volumes for the
water year categorization.

The range of forecast volumes for each category, derived from the 5,000 water years of runoff
volume forecasts that were simulated, is shown in Table 3-3 below.

Table 3-3. Water Year Type by Seasonal Forecast Volume

Probability Dworshak Hungry Horse Libby The Dalles
Category Range (%) (kaf) (kaf) (kaf) (kaf)
Dry p<20 <1,931 <1,433 <5,096 <71,462
Average 20<p <80 1,932-3,349 1,433-2,305 5,101-7,647 71,466-102,298
Wet p >80 >3,349 >2,306 >7,647 >102,336

Note: kaf = thousand acre-feet; p = probability

6 As an example, if the 25 percent curve on a summary hydrograph says the flow on May 1 is 10 thousand cubic
feet per second (kcfs) that means that flow on May 1 has a 75 percent chance of being lower than 10 kcfs and a 25
percent chance of being higher than 10 kcfs.
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While median hydrographs of dry, average, and wet years look similar to summary
hydrographs, they provide different, useful information. Summary hydrographs analyze a single
day over all years together, and so provide the probability of a specific occurrence, on a specific
day, over all modeled hydrologic events. In contrast, the median hydrographs of dry, average,
and wet years, group years by the May forecast value and then calculate the median value for
each day. Thus, they can give an indication of how a measure or combination of measures
would affect different types of years.

Figure 3-7 summarizes major groupings of operational measures for the No Action Alternative
at five CRS storage projects and is a useful reference for what types of operations occur at
these dams throughout the year. For further reading on the implementation of these
operational measures in hydroregulation modeling, refer to the H&H Appendix (Appendix B,
Part 3, Columbia River System HEC-WAT and HEC-ResSim Model Documentation).

Throughout this EIS, reservoir water levels at the CRS dams are expressed in the National
Geodetic Vertical Datum of 1929 (NGVD29).” River flows are expressed as volumetric flow rate
in kcfs. Mid-reach water levels are expressed as a stage in feet above a specified datum,
typically North American Vertical Datum of 1988 (NAVD88). River miles and reach lengths are
from the Corps’ Columbia River Basin modeling schematic.

7 Notes on NGVD29 and NAVDS88: The Corps Engineering Regulation 1110-2-8160, Policies for Referencing Project
Elevation Grades to Nationwide Vertical Datums, dated March 1, 2009, establishes the Corps policy for referencing
project elevation grades to the current nationwide vertical datums, which at this time is NAVD88. Many of the CRS
projects were constructed based on the mean sea level datum, which is equivalent to NGVD29, the same datum
used by all of the Corps projects in the Columbia River System. Individuals involved with the CRS rely heavily on
this datum for all operations, and the datum is considered a legacy datum. The Engineering Regulation recognizes
that the use of a legacy datum is critical to long-term H&H analyses, flood maps, and operations manuals, but that
the relationship between the legacy and current datums should be documented and kept current. For the purpose
of this EIS main report, the NGVD29 datum is used unless otherwise noted. As of 2019, the NGVD29 datum is lower
than the NAVD88 datum by the amounts listed in Table 6-1, Vertical Datum Adjustment, located in the H&H
Appendix (Appendix B, Part 3, HEC-ResSim/WAT Documentation).
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Figure 3-7. Seasonal Operations at Major Columbia River System Storage Dams

3-34
Hydrology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

3.2.4.2 Effects (Summary)

Table 3-4 provides a high-level summary of the effects the MOs would have on hydrologic
conditions in the study area, based on hydroregulation modeling. The key indicators used to
describe hydrologic conditions are reservoir elevations and regulated streamflows. Bold font is
used to call out indicators where there is a difference from the No Action Alternative.

Though it is not strictly a hydrologic effect, the effect the MOs would have on the ability to
conduct drum gate maintenance at Grand Coulee Dam is also presented in this section, as the
drum gate maintenance is directly tied to the water level of Lake Roosevelt, the reservoir
behind Grand Coulee Dam. Drum gate maintenance is planned to occur annually during March,
April, and May but is not conducted in all years. The reservoir must be at or below elevation
1,255 feet NGVD29 for 8 weeks to complete drum gate maintenance. The key indicator for this
metric is the percentage of years when drum gate maintenance would be possible. Drum gate
maintenance at Grand Coulee would be possible in 65 percent of years under the No Action
Alternative, and would not be affected by any of the MOs.

Other dam maintenance activities affected by water levels (including discussion of the
metrics/indicators for ability to conduct maintenance) are discussed in the H&H Appendix
(Appendix B, Part 1, Data Analysis) and/or Appendix D, Water and Sediment Quality. These
include maintenance of the 57-inch butterfly drum gate intake valves at Grand Coulee Dam,
maintenance of the selective withdrawal structure at Hungry Horse Dam, and general power
plant maintenance activities.
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Table 3-4. Summary of Effects of Multiple Objective Alternatives Based on Hydroregulation Modeling

Indicator

NAA

MO1

MO2

MO3

MO4

Lake Koocanusa

Dec 31 elevation

Dec 31 elevation

Dec 31 elevation

Dec 31 elevation

Dec 31 elevation

Jan, and Feb is 14,
18, 9, and 6 kcfs,
respectively

Median monthly
outflow for Jul, Aug,
and Sep is 11, 10, and
8 kcfs, respectively

is 15, 13, 11, and 10 kcfs,
respectively (higher than
NAA in Nov, Jan, and Feb;
lower than NAA in Dec)
Median monthly outflow
for Jul, Aug, and Sep is 11,
10, and 8 kcfs,
respectively (about the
same as NAA)

is 19, 20, 5, and 5 kcfs,
respectively (higher than
NAA in Nov and Dec;
lower than NAA in Jan
and Feb)

Median monthly outflow
for Jul, Aug, and Sep is 10,
9, and 7 kcfs, respectively
(lower than NAA)

is 19, 20, 5, and 5 kcfs,
respectively (higher than
NAA in Nov to Dec; lower
than NAA in Jan to Feb)
Median monthly outflow
for Jul, Aug, and Sep is 11,
9, and 7 kcfs, respectively
(lower than NAA for Aug
to Sep)

(Libby Dam generally between generally at 2,420 feet generally at 2,400 feet generally at 2,400 feet generally at 2,420 feet
Reservoir) 2,426.7 feet and (higher than NAA for (lower than NAA) (lower than NAA) (higher than NAA for
2,411 feet most years) April 10 elevation April 10 elevation most years)
April 10 elevation April 10 elevation between 2,392 and 2,333 | between 2,392 and 2,333 | April 10 elevation
between 2,410 and between 2,407 and 2,332 | feet in the middle 50% of | feet in the middle 50% of | between 2,408 and 2,332
2,325 feet in the feet in the middle 50% of | years (narrower band years (narrower band feet in the middle 50% of
middle 50% of years years (narrower band than NAA) than NAA) years (narrower band
Median elevation for | than NAA) Median elevation for Jul, | Median elevation for Jul, | than NAA and about the
Jul, Aug, and Sep: Median elevation for Jul, Aug, and Sep: 2,448, Aug, and Sep: 2,448, same as MO1)
2,448, 2,452, and Aug, and Sep: 2,450, 2,453, and 2,451 feet, 2,453, and 2,451 feet, Median elevation for Jul,
2,450 feet, 2,453, and 2,451 feet, respectively (about 0-1 respectively (about 0-1 Aug, and Sep: 2,446,
respectively respectively (about 1-2 foot higher than NAA) foot higher than NAA) 2,448, and 2,445 feet,
feet higher than NAA) respectively (about 2-5
feet lower than NAA)
Libby Dam Median monthly Median monthly outflow Median monthly outflow Median monthly outflow Median monthly outflow
outflow outflow for Nov, Dec, | for Nov, Dec, Jan, and Feb | for Nov, Dec, Jan, and Feb | for Nov, Dec, Jan, and Feb | for Nov, Dec, Jan, and Feb

is 11, 13, 10, and 10 kcfs,
respectively (lower than
NAA in Nov to Dec;
higher than NAA in Jan to
Feb)

Median monthly outflow
for Jul, Aug, and Sep is 14,
10, and 8 kcfs,
respectively (higher than
NAA for Jul)
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Indicator

NAA

MO1

MO2

MO3

MO4

Hungry Horse
Reservoir?

April 10 elevation
between 3,529 and
3,506 feet in the
middle 50% of years
Median elevation for
Jul, Aug, and Sep:
3,559, 3,556, and
3,552 feet,
respectively

Median elevation for
Jan, Feb, Mar: 3,539,
3,532, and 3,525
feet, respectively

April 10 elevation
between 3,525 and 3,500
feet in the middle 50% of
years (lower than NAA)
Median elevation for Jul,
Aug, and Sep: 3,559,
3,555, and 3,548 feet
respectively (lower than
NAA for Jul to Aug)
Median elevation for Jan,
Feb, Mar: 3,532, 3,526,
and 3,519 feet,
respectively (lower than
NAA)

April 10 elevation
between 3,523 and 3,498
feet in the middle 50% of
years (lower than NAA)
Median elevation for Jul,
Aug, and Sep: 3,559,
3,556, and 3,552 feet,
respectively (same as
NAA)

Median elevation for Jan,
Feb, Mar: 3,535, 3,524,
and 3,517 feet,
respectively (lower than
NAA)

April 10 elevation
between 3,525 and 3,499
feet in the middle 50% of
years (lower than NAA;
about same as MO1)
Median elevation for Jul,
Aug, and Sep: 3,559,
3,555, and 3,548 feet
respectively (lower than
NAA for Jul to Aug; all
same as MO1)

Median elevation for Jan,
Feb, Mar: 3,531, 3,526,
and 3,518 feet,
respectively (lower than
NAA)

April 10 elevation
between 3,524 and 3,499
feet in the middle 50% of
years (lower than NAA;
similar to MO1)

Median elevation for Jul,
Aug, and Sep: 3,558,
3,553, and 3,546 feet,
respectively (lower than
NAA; lower than MO1)
Median elevation for Jan,
Feb, Mar: 3,531, 3,526,
and 3,518 feet,
respectively (lower than
NAA)

Hungry Horse
Dam outflow

Median monthly
outflow for Jul, Aug,
and Sepis 3.4, 2.7,
and 2.7 kcfs,
respectively

Median monthly
outflow for Jan, Feb,
and Maris 2.6, 2.7,
and 2.7 kcfs,
respectively

Median monthly
outflow for Apr, May,
andJunis 5.4, 5.7,
and 4.3 kcfs,
respectively

Median monthly outflow
for Jul, Aug, and Sep is
3.4, 3.2, and 3.2 kcfs,
respectively (higher than
NAA for Aug to Sep)
Median monthly outflow
for Jan, Feb, and Mar is
2.6, 2.6, and 2.6 kcfs,
respectively (similar to
NAA)

Median monthly outflow
for Apr, May, and Jun is
4.7,5.3, and 3.9 kcfs,
respectively (lower than
NAA)

Median monthly outflow
for Jul, Aug, and Sep is
3.1, 2.6, and 2.6 kcfs,
respectively (lower than
NAA for Jul to Sep)
Median monthly outflow
for Jan, Feb, and Mar is
5.5, 2.8, and 2.5 kcfs,
respectively (higher than
NAA for Jan to Feb)
Median monthly outflow
for Apr, May, and Jun is
4.5,5.6, and 2.7 kcfs,
respectively (lower than
NAA)

Median monthly outflow
for Jul, Aug, and Sep is
3.4, 3.2, and 3.2 kcfs,
respectively (higher than
NAA for Aug to Sep; all
same as MO1)

Median monthly outflow
for Jan, Feb, and Mar is
2.6, 2.6, and 2.5 kcfs,
respectively (similar to
NAA)

Median monthly outflow
for Apr, May, and Jun is
4.4,5.2, and 3.9 kcfs,
respectively (lower than
NAA)

Median monthly outflow
for Jul, Aug, and Sep is
3.8, 3.7, and 3.7 kcfs,
respectively (higher than
NAA; higher than MO1)
Median monthly outflow
for Jan, Feb, and Mar is
2.5, 2.6, and 2.5 kcfs,
respectively (similar to
NAA)

Median monthly outflow
for Apr, May, and Jun is
4.6, 5.3, and 4.0 kcfs,
respectively (lower than
NAA)
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Indicator NAA MO1 MO2 MO3 MO4
Lake Pend Median elevation for | Median elevation for Jun, | Median elevation for Jun, | Median elevation for Jun, | Median elevation for Jun,
Oreille? Jun, Jul, Aug, and Jul, Aug, and Sep: 2,061.0, | Jul, Aug, and Sep: 2,061.0, | Jul, Aug, and Sep: 2,061.0, | Jul, Aug, and Sep: 2,060.5,

Sep: 2,061.0, 2,062.3,
2,062.3, and 2,061.6
feet respectively

In lowest 40% of
years, Jul and Aug
elevation is 2,062.3
feet

2,062.3, 2,062.3, and
2,061.6 feet, respectively
(same as NAA)

In lowest 40% of years, Jul
and Aug elevation is
2,062.3 feet (same as
NAA)

2,062.3, 2,062.3, and
2,061.6 feet respectively
(same as NAA)

In lowest 40% of years, Jul
and Aug elevation is
2,062.3 feet (same as
NAA)

2,062.3, 2,062.3, and
2,061.6 feet respectively
(same as NAA)

In lowest 40% of years, Jul
and Aug elevation is
2,062.3 feet (same as
NAA)

2,062.3, 2,062.3, and
2,061.1 feet, respectively
(lower than NAA for Jun
and Sep)

In lowest 40% of years, Jul
and Aug elevation ranges
2,059.6-2,061.2 feet
(lower than NAA)

Lake Roosevelt
(Grand Coulee
Dam Reservoir)

Median elevation for
Dec and Jan 1,288
and 1,287 feet,
respectively

April 10 elevation
between 1,271 and
1,245 feet in the
middle 50% of years
Median elevation for
Jul, Aug, and Sep:
1,289, 1,282, and
1,282 feet,
respectively

Median elevation for Dec
andJan 1,283 and 1,281
feet, respectively (lower
than NAA)

April 10 elevation
between 1,268 and 1,244
feet in the middle 50% of
years (lower than NAA)
Median elevation for Jul,
Aug, and Sep: 1,289,
1,281, and 1,282 feet,
respectively (similar to
NAA)

Median elevation for Dec
andJan 1,283 and 1,282
feet, respectively (lower
than NAA)

April 10 elevation
between 1,270 and 1,244
feet in the middle 50% of
years (lower than NAA)
Median elevation for Jul,
Aug, and Sep: 1,289,
1,281, and 1,280 feet,
respectively (similar to
NAA for Jul to Aug; lower
than NAA for Sep)

Median elevation for Dec
andJan 1,288 and 1,288
feet, respectively (similar
to NAA)

April 10 elevation
between 1,271 and 1,245
feet in the middle 50% of
years (same as NAA)
Median elevation for Jul,
Aug, and Sep: 1,289,
1,281, and 1,282 feet,
respectively (similar to
NAA)

Median elevation for Dec
andJan 1,282 and 1,279
feet, respectively (lower
than NAA)

April 10 elevation
between 1,270 and 1,244
feet in the middle 50% of
years (lower than NAA)
Median elevation for Jul,
Aug, and Sep: 1,286,
1,279, and 1,279 feet,
respectively (lower than
NAA)
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Indicator

NAA

MO1

MO2

MO3

MO4

Grand Coulee
Dam outflow

Median monthly
outflow for Dec, Jan,
and Feb is 97, 108,
and 126 kcfs,
respectively

Median monthly
outflow for Mar, Apr,
May, Jun, Jul, and
Aug is 93, 97, 138,
150, 134, and 102
kcfs, respectively

Median monthly outflow
for Dec, Jan, and Feb is
101, 109, and 124 kcfs,
respectively (higher than
NAA in Dec; similar to
NAA in Jan; lower than
NAA in Feb)

Median monthly outflow
for Mar, Apr, May, Jun,
Jul, and Aug is 91, 93, 132,
145, 129, and 99 kcfs,
respectively (lower than
NAA)

Median monthly outflow
for Dec, Jan, and Feb is
108, 107, and 123 kcfs,
respectively (higher than
NAA in Dec; similar to
NAA in Jan; lower than
NAA in Feb)

Median monthly outflow
for Mar, Apr, May, Jun,
Jul, and Aug is 88, 95, 134,
148, 133, and 101 kcfs,
respectively (lower than
NAA)

Median monthly outflow
for Dec, Jan, and Feb is
100, 103, and 126 kcfs,
respectively (higher than
NAA in Dec; lower than
NAA in Jan; same as NAA
in Feb)

Median monthly outflow
for Mar, Apr, May, Jun,
Jul, and Aug is 91, 92, 132,
145, 129, and 99 kcfs,
respectively (lower than
NAA)

Median monthly outflow
for Dec, Jan, and Feb is
99, 110, and 122 kcfs,
respectively (higher than
NAA in Dec and Jan;
lower than NAA in Feb)
Median monthly outflow
for Mar, Apr, May, Jun,
Jul, and Aug is 91, 92, 136,
149, 133, and 100 kcfs,
respectively (lower than
NAA)

Dworshak
Reservoir

Median elevation for
Jan, Feb, Mar, Apr,
and May: 1,527,
1,521, 1,518, 1,519,
and 1,554 feet,
respectively

Median elevation for
Jun, Jul, Aug, and
Sep: 1,596, 1,589,
1,555, and 1,522
feet, respectively

Median elevation for Jan,
Feb, Mar, Apr, and May:
1,527,1,521, 1,518,
1,519, and 1,554 feet,
respectively

(same as NAA)

Median elevation for Jun,
Jul, Aug, and Sep: 1,595,
1,583, 1,552, and 1,530
feet, respectively (lower
than NAA in Jun to Aug;
higher than NAA in Sep)

Median elevation for Jan,
Feb, Mar, Apr, and May:
1,519, 1,505, 1,492,
1,501, and 1,544 feet,
respectively

(lower than NAA in Jan to
Apr; same as NAA in May)
Median elevation for Jun,
Jul, Aug, and Sep: 1,590,
1,585, 1,553, and 1,522
feet, respectively (lower
than NAA in Jun to Aug)

Median elevation for Jan,
Feb, Mar, Apr, and May:
1,527,1,521, 1,518,
1,519, and 1,554 feet,
respectively

(same as NAA)

Median elevation for Jun,
Jul, Aug, and Sep: 1,596,
1,589, 1,555, and 1,522
feet, respectively (same
as NAA)

Median elevation for Jan,
Feb, Mar, Apr, and May:
1,527,1,521, 1,518,
1,519, and 1,554 feet,
respectively

(same as NAA)

Median elevation for Jun,
Jul, Aug, and Sep: 1,596,
1,589, 1,555, and 1,522
feet, respectively (same
as NAA)
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Indicator

NAA

MO1

MO2

MO3

MO4

Dworshak Dam
outflow

Median monthly
outflow for Jan, Feb,
Mar, Apr, and May is
2.1,5.1,6.2,9.6, and
3.5 kcfs, respectively
Median monthly
outflow for Jun, Jul,
Aug, and Sep is 4.8,
10.7,10.2,and 5.0
kcfs, respectively

Median monthly outflow
for Jan, Feb, Mar, Apr,
and May is 2.1, 5.1, 6.3,
9.6, and 3.5 kcfs,
respectively (similar to
NAA)

Median monthly outflow
for Jun, Jul, Aug, and Sep
is6.4,12.3,5.2,and 6.8
kcfs, respectively (higher
than NAA in Jun, Jul, and
Sep; lower than NAA in
Aug)

Median monthly outflow
for Jan, Feb, Mar, Apr,
and May is 8.8, 7.1, 4.8,
7.7, and 4.5 kcfs,
respectively (higher than
NAA in Jan to Feb and
May; lower than NAA in
Mar to Apr)

Median monthly outflow
for Jun, Jul, Aug, and Sep
is 2.7, 10.5, 9.8, and 4.9
kcfs, respectively (lower
than NAA in Jun, Jul, and
Aug; similar to NAA in
Sep)

Median monthly outflow
for Jan, Feb, Mar, Apr,
and May is 2.1,5.1, 6.2,
9.6, and 3.5 kcfs,
respectively (same as
NAA)

Median monthly outflow
for Jun, Jul, Aug, and Sep
is 4.8,10.7,10.1, and 5.0
kcfs, respectively (similar
to NAA)

Median monthly outflow
for Jan, Feb, Mar, Apr,
and May is 2.1, 5.1, 6.2,
9.6, and 3.5 kcfs,
respectively (same as
NAA)

Median monthly outflow
for Jun, Jul, Aug, and Sep
is4.9,10.7,10.2,and 5.0
kcfs, respectively (similar
to NAA)

Lower Granite
Dam Reservoir¥/

Normal operating
range 733.0-738.0
feet

1-foot MOP range
(733.0-734.0 feet)
from Apr 3 to Aug 31
Modeled elevation
733.5 feet Apr 3 to
Aug 31

1.5-foot MOP range from
Apr 3 to Aug 31 (733.0—
734.5 feet) (broader
range than NAA, up to
0.5 foot higher)

Normal operating range
year-round (733.0-738.0
feet), no MOP (broader
range than NAA from Apr
3to Aug31)

Dam breached

1.5-foot MOP range from
Mar 15 to Aug 15 (733.0-
734.5 feet) (broader
range than NAA, up to
0.5 foot higher)

Little Goose
Dam Reservoir®/

Normal operating
range 633.0-638.0
feet

1-foot MOP range
(633.0-634.0 feet)
from Apr 3 to Aug 31
Modeled elevation
633.5 feet from Apr 3
to Aug 31

1.5-foot MOP range from
Apr 3 to Aug 31 (633.0—
634.5 feet) (broader
range than NAA, up to
0.5 foot higher)

Normal operating range
year-round (633.0-638.0
feet), no MOP (broader
range than NAA from Apr
3to Aug31)

Dam breached

1.5-foot MOP range from
Mar 15 to Aug 15 (633.0—
634.5 feet) (broader
range than NAA, up to
0.5 foot higher)
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Indicator NAA MO1 MO2 MO3 MO4
Lower Normal operating 1.5-foot MOP range from | Normal operating range Dam breached 1.5-foot MOP range from
Monumental range 537.0-540.0 Apr 3 to Aug 31 (537.0— year-round (537.0-540.0 Mar 15 to Aug 15 (537.0—

Dam Reservoir®

feet

1-foot MOP range
(537.0-538.0 feet)
from Apr 3 to Aug 31
Modeled elevation
537.5 feet from Apr 3
to Aug 31

538.5 feet) (broader
range than NAA, up to
0.5 foot higher)

feet), no MOP (broader
range than NAA from Apr
3to Aug31)

538.5 feet) (broader
range than NAA, up to
0.5 foot higher)

Ice Harbor Dam
Reservoir¥

Normal operating
range 437.0 to 440.0
feet

1-foot MOP range
(437.0-438.0 feet)
from Apr 3 to Aug 31
Modeled elevation
437.5 feet from Apr 3
to Aug 31

1.5-foot MOP range from
Apr 3 to Aug 31 (437.0to
438.5 feet) (broader
range than NAA, up to
0.5 foot higher)

Normal operating range
year-round (437.0 to
440.0 feet), no MOP
(broader range than NAA
from Apr 3 to Aug 31)

Dam breached

1.5-foot MOP range from
Mar 15 to Aug 15 (437.0
to 438.5 feet) (broader
range than NAA, up to
0.5 foot higher)

McNary Dam
outflow

75% of the time, the
monthly average
outflow for May, Jun,
and Jul exceeds 231,
217, and 146 kcfs,
respectively

75% of the time, the
monthly average outflow
for May, Jun, and Jul
exceeds 226, 216, and
146 kcfs, respectively
(lower than NAA in May
to Jun; same as NAA in

July)

75% of the time, the
monthly average outflow
for May, Jun, and Jul
exceeds 229, 213, and
146 kcfs, respectively
(lower than NAA in May
to Jun; same as NAA in

July)

75% of the time, the
monthly average outflow
for May, Jun, and Jul
exceeds 225, 213, and
142 kcfs, respectively
(lower than NAA)

75% of the time, the
monthly average outflow
for May, Jun, and Jul
exceeds 234, 226, and
153 kcfs, respectively
(higher than NAA)
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Indicator

NAA

MO1

MO2

MO3

MO4

Lake Umatilla
(John Day Dam
Reservoir)*

Normal operating
range: 262.5-265.0
feet from Oct 1 to
Nov 14, 262.0-266.5
feet from Nov 15 to
Dec 31, 262.0-265.0
from Jan 1 to Mar 14,
262.5-265.0 feet
from Mar 15 to Apr 9
1.5-foot MIP range
(262.5-264.0 feet)
from Apr 10 to Sep
30

Full operating range
for FRM 257.0-268.0
feet

1.5-foot MIP range from
Apr 1to May 31 (263.5—
265.0 feet) (up to 1 foot
higher and earlier start
than NAA)

2.0-foot MIP range
(262.5-264.5) from Jun 1
to Sep 30 (broader and
higher range than NAA)

Operating range goes up
to 266.5 feet year-round
except as needed for FRM
(broader range than
NAA)

Operating range goes up
to 266.5 feet year-round
except as needed for FRM
(broader range than
NAA)

1.5-foot range (261.0-
262.5 feet) from Mar 25
to Aug 15 (lower than
NAA)

Note: MIP = minimum irrigation pool; MOP = minimum operating pool; NAA = No Action Alternative.

1/ When MO1 and MO3 were modeled, the initial Hungry Horse Reservoir levels at the start of each water year were erroneously set lower than intended. The
expected elevations from October through May would actually be 1 to 3 feet higher than shown in this table for those two MOs.

2/ The typical summer elevation range for Lake Pend Oreille is 2,062.0 to 2,062.5 feet NVGD29. It is represented as 2,062.25 feet NGVD29 in the HEC-ResSim
model, so appears as 2,062.3 feet NGVD29 in this table.

3/MO1, MO2, and MO4 changes are not reflected in ResSim modeling.

4/ MO02 and MO3 changes are not reflected in ResSim modeling.
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The amount of water spilled at each project was modeled using a spill allocation methodology
described in the H&H Appendix (Appendix B, Part 2, Spill Analysis). Table 3-5 summarizes the
spill operations for the MOs. Further details and modeling results from the extended year
dataset (water years 2008 through 2016) are presented and discussed in the H&H Appendix

(Appendix B, Part 2, Spill Analysis).

Table 3-5. Summary of Spill Operations

Project Alternative |Start Date |[End Date Spill Operation
Bonneville |NAA April 10 June 15 100 kcfs
(Region D) June 16 August 31 Alternating between 85/121 kcfs day/night and 95 kcfs
in 2-day treatments
MO1 (Base) |April 10 June 15 100 kcfs
June 16 August 31 95 kcfs
MO1 (Test) |April 10 June 15 122-126 kcfs (120%/115% TDG)
June 16 August 31 95 kcfs
MO2 April 10 July 31 50 kcfs (minimum limit of gate spill flow)
MO3 April 10 June 15 122-155 kcfs
June 16 July 31 Alternating between 85/121 kcfs day/night and 95 kcfs
in 2-day treatments
MO4 March 1 August 31 223-252 kcfs (125% Gas Cap)
October1 |November 30 |8 kcfs (Spillway Weir Notch)
The Dalles NAA April 10 August 31 40% Total Outflow
(Region D)  |MO1 (Base) |April 10 August 31 40% Total Outflow
MO1 (Test) |April 10 June 15 96 kcfs (120%/115% TDG)
June 16 August 31 40% Total Outflow
MO2 April 10 July 31 40% Total Outflow (Limited by 110% TDG, 19-29 kcfs)
MO3 April 10 June 15 118-147 kcfs (120 % TDG)
June 16 July 31 40% Total Outflow
MO4 March 1 August 31 229-246 kcfs (125% Gas Cap)
October 1 |November 30 |8 kcfs (Spillway Weir Notch)
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Project Alternative |Start Date |End Date Spill Operation
John Day NAA April 10 April 26 30% Total Outflow
(Region D) April 27 July 20 Alternating between 30% and 40% in 2-day treatments
July 21 August 31 30% Total Outflow
MO1 (Base) |April 10 June 15 32% Total Outflow
June 16 August 31 35% Total Outflow
MO1 (Test) |April 10 June 15 110 kefs (120%/115% TDG)
June 16 August 31 35% Total Outflow
MO2 April 10 July 31 30% Total Outflow (Limited by 115% TDG due to
dangerous eddies when spill < 30% total outflow, 40—
78 kcfs)
April 10 July 31 8 kcfs (Powerhouse Bypass)
MO3 April 10 June 15 147-155 kcfs (120% TDG)
June 16 July 31 30% Total Outflow
MO4 March 1 August 31 200-208 kcfs (125% Gas Cap)
March 1 August 31 8 kcfs (Powerhouse Bypass)
October1 |November 30 |8 kcfs (Spillway Weir Notch)
McNary NAA April 10 June 15 40% Total Outflow
(Region D) June 16 August 31 50% Total Outflow
MO1 (Base) [March 1 August 31 8 kcfs (Powerhouse Bypass)
April 10 June 15 48% Total Outflow
June 16 August 31 57% Total Outflow
MO1 (Test) [March1 August 31 8 kcfs (Powerhouse Bypass)
April 10 June 15 164 kcfs (120%/115% TDG)
June 16 August 31 57% Total Outflow
MO2 April 10 July 31 14-22 kcfs (ASW flows override 110% TDG)
April 10 July 31 8 kcfs (Powerhouse Bypass)
MO3 April 10 June 15 172-189 kcfs (120% TDG)
June 16 July 31 50% Total Outflow
March 1 August 31 8 kcfs (Powerhouse Bypass)
MO4 March 1 August 31 266—272 kcfs (125% TDG)
March 1 August 31 8 kcfs (Powerhouse Bypass)
October1 |November 30 |8 kcfs (Spillway Weir Notch)
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Project Alternative |Start Date |End Date Spill Operation
Ice Harbor¥ |NAA April 3 April 27 45 kcfs day/gas cap night
(Region C) April 28 July 13 Alternating between 45 kcfs/gas cap day/night and
30% in 2-day treatments
July 14 August 31 45 kcfs day/gas cap night
MO1 (Base) [March1 August 31 4 kcfs (Powerhouse Bypass)
April 3 June 20 30% Total Outflow
June 21 August 6 30% Total Outflow
MO1 (Test) [March1 August 31 4 kcfs (Powerhouse Bypass)
April 3 June 20 86 kcfs (120%/115% TDG)
June 21 August 6 30% Total Outflow
MO2 April 3 July 31 7-11 kcfs (ASW flows override 110% TDG)
April 3 July 31 4 kcfs (Powerhouse Bypass)
MO4 March 1 August 31 118-129 kcfs (125% TDG)
March 1 August 31 4 kcfs (Powerhouse Bypass)
October1 |November 30 |2 kcfs (Spillway Weir Notch)
Lower NAA April 3 June 20 33 kcfs (Waiver Gas Cap)
Il\//lonumental June 21 August 31 17 kcfs
. MO1 (Base) |April 3 June 20 26 kcfs
(Region C)
June 21 August 6 17 kcfs
MO1 (Test) |April 3 June 20 33 kcfs (120/115% TDG)
June 21 August 6 17 kcfs
MO2 April 3 July 31 7-12 kcfs (110% TDG, ASW flows override in July)
MO4 March 1 August 31 99-104 kcfs (125% TDG)
March 1 August 31 4 kcfs (Powerhouse Bypass)
October1 |November 30 |2 kcfs (Spillway Weir Notch)
Little NAA April 3 August 31 30% Total Outflow
Goose! MO1 (Base) |April 3 August 21 30% Total Outflow
(Region C)  f\101 (Test) |April 3 June 20 30 kefs (120/115% TDG)
June 21 August 21 30% Total Outflow
MO2 April 3 July 31 7.2-23 kcfs (110% TDG, ASW flows override in July)
MO4 March 1 August 31 82-83 kcfs (125% TDG)
March 1 August 31 4 kcfs (Powerhouse Bypass)
October1 |November 30 |2 kcfs (Spillway Weir Notch)
Lower NAA April 3 June 20 20 kcfs
Granite"/ June 21 August 31 18 kcfs
(Region C) V101 (Base) |April 3 June 20 20 kefs
June 21 August 18 18 kcfs
MO1 (Test) |April 3 June 20 35 kcfs (120%/115% TDG)
June 21 August 18 18 kcfs
MO2 April 3 July 31 7-16 kcfs (110% TDG)
MO4 March 1 August 31 73-74 kcfs (125% TDG)
March 1 August 31 4 kcfs (Powerhouse Bypass)
October1 |November 30 |2 kcfs (Spillway Weir Notch)
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Project Alternative |Start Date |End Date Spill Operation
Priest All April 16 August 23 24 kcfs
Rapids® Alternatives |August 24 |November 15 |2.8 kcfs
(Region B) November |November 30 |1.8 kcfs
16
December 1|December 31 |0.2 kcfs
January 1 |January 31 0.2 kcfs
February 1 |March 15 1.1 kcfs
March 16  |April 15 1.8 kcfs
Wanapum? |All April 16 August 23 20 kcfs
(Region B)  |Alternatives |august 24 |November 15 |3.4 kcfs
November |November 30 |1.7 kcfs
16
December 1|December 31 |0.8 kcfs
January 1 [(January 31 0.8 kcfs
February 1 |March 15 1.2 kcfs
March 16  |April 15 1.7 kcfs
Rock Island? |All July 1 August 15 20% Total Outflow
(Region B)  |Alternatives |aygust 16 |August 31 6.3% Total Outflow
April 15 April 30 9.3% Total Outflow
May 1 May 31 10% Total Outflow
June 1 June 30 18% Total Outflow
Wells? All April 12 August 26 If Chief Joseph Total Outflow greater than 140 kcfs,
(Region B)  |Alternatives 6.5% total outflow. Otherwise, 10.2 kcfs.
Libby All - - No fish spill
(Region A)  |Alternatives
Hungry All - - No fish spill
Horse Alternatives
(Region A)
Dworshak All - - No fish spill
(Region C) Alternatives
Albeni Falls |All - - No fish spill
(Region A)  |Alternatives
Grand All - - No fish spill
Coulee Alternatives
(Region B)
Chief Joseph |All - - No fish spill
(Region B)  |Alternatives

Note: ASW = adjustable spillway weir
1/ Under MO3, the four lower Snake River projects (Ice Harbor, Lower Monumental, Little Goose, and Lower
Granite) would be breached; therefore, no spill operations exist for these projects.

2/ These dams on the middle Columbia River are not CRS projects, but are included in this table for completeness

in describing fish spill operations.

The effects associated with each MO are discussed in the subsequent H&H Environmental
Consequences sections (Sections 3.2.4.4 through 3.2.4.7). The effects associated with the No
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Action Alternative are discussed in Section 3.2.4.3, with additional detail on the No Action
Alternative also included in Sections 3.2.4.4 through 3.2.4.7 where each MO is discussed. As
MO1, MO2, MO3, and MO4 are each discussed, the operational measure (or measures) which
would result in changes from the No Action Alternative are identified to the extent possible. For
a comparison of model results from the various alternatives, see the H&H Appendix (Appendix
B, Part 1, Data Analysis) for additional discussion and a comprehensive set of tables and plots.

3.2.4.3 No Action Alternative
REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS
Lake Koocanusa (Libby Dam Reservoir) Elevation

The reservoir behind Libby Dam is called Lake Koocanusa. The summary hydrograph showing
Lake Koocanusa elevations for the No Action Alternative is shown in Figure 3-8. In this and
other summary hydrographs presented for reservoirs, the 1 percent exceedance level
represents the highest elevations; 99 percent represents the lowest. For instance, looking at
the figure below, one can see that on June 1, the 99 percent exceedance level curve
corresponds to an elevation of about 2,330 feet NGVD29. That means there is a 99 percent
chance the reservoir will be higher than 2,330 feet NGVD29 on June 1, and 1 percent chance it
will be lower than 2,330 feet NGVD29 on June 1.

There would not be much variability in water levels in October and November. In December,
the range of the reservoir water level begins to spread, as the end of December FRM elevation
for Libby Dam is based on a seasonal water supply forecast that is issued at the beginning of
December. The range of possible reservoir elevations widens further in the subsequent winter
months, lasting into the early spring. The drawdown of the reservoir level that occurs in the
winter and early spring months is guided by variable discharge storage regulation procedure
(VarQ) FRM requirements, and also by minimum outflow requirements. The reservoir usually
begins refilling by April or May and reaches its peak elevation in July. Libby Dam releases water
and drafts over the summer to help meet flow objectives in the lower Columbia River for
juvenile anadromous fish migration. The elevation objective at the end of September is either
elevation 2,449 feet NGVD29 or elevation 2,439 feet NGVD29. The elevation objective of 2,439
feet NGVD29 applies in the driest 20 percent of years,® based on the May issued April to August
water supply forecast at The Dalles. In all other years, the elevation objective of 2,449 feet
NGVD29 applies.

8 This driest 20 percent of years is based off the most recent 30-year period statistics developed by the National
Oceanic and Atmospheric Administration (NOAA).
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Figure 3-8. Lake Koocanusa Summary Hydrograph for No Action Alternative
Libby Dam Outflow

A summary hydrograph showing outflow from Libby Dam for the No Action Alternative is shown
in Figure 3-9.

Outflow in October is typically less than 5 kcfs. It increases in November and usually increases
again in December, though not always. From January through March, the range of outflow from
Libby Dam can be quite wide, as seen in the difference between the 25th percentile and 75th
percentile lines on the Figure 3-9 summary hydrograph. By about mid-May, there is usually a
pronounced increase in Libby Dam outflow for several weeks to provide flows for Kootenai
River white sturgeon. Following the pronounced increase, the outflow gradually decreases over
the remaining months of the water year. In addition to outflows for Kootenai River white
sturgeon in the late spring, operations are also guided by meeting minimum bull trout flow
requirements from May 15 through September 30, and also the end of September reservoir
elevation objective for anadromous fish migration on the lower Columbia River.
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Figure 3-9. Libby Dam Outflow Summary Hydrograph for No Action Alternative

Bonners Ferry Flow

A summary hydrograph showing the flow at Bonners Ferry, Idaho, for the No Action Alternative
is shown in Figure 3-10.

Bonners Ferry is located along the Kootenai River, approximately 70 river miles downstream of
Libby Dam. The general pattern throughout most of the water year is similar to that for Libby
Dam outflow. In the late spring and early summer, flows at Bonners Ferry are consistently much
higher than the Libby Dam outflow, when the spring freshet adds more local runoff to the
Kootenai River downstream of Libby Dam.
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Figure 3-10. Bonners Ferry Flow Summary Hydrograph for No Action Alternative
Hungry Horse Reservoir Elevation

A summary hydrograph showing Hungry Horse Reservoir elevations for the No Action
Alternative is shown in Figure 3-11.

There is not much variability in water levels at the start of the water year. Over the next several
months, the range of the reservoir water level begins to spread, as Hungry Horse is operated to
meet minimum flows and continues to draft depending on inflow conditions. The range of
possible reservoir elevations widens further in the subsequent winter months, lasting into the
early spring. The drawdown of the reservoir level that occurs in the winter and early spring
months is guided by VarQ FRM requirements. In real time, however, the reservoir may also be
deeper than the VarQ FRM elevation to operate for power, so long as there is a 75 percent
chance of being at the elevation objective on April 10 (this is referred to as a variable draft
limit). The reservoir is also deeper than the VarQ FRM elevation when needed to meet
minimum flows for bull trout on the South Fork Flathead River and on the mainstem Flathead
River at Columbia Falls. The reservoir typically experiences the deepest draft point in late April
or early May to satisfy VarQ FRM requirements. The reservoir usually begins refilling in early
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May and reaches its peak elevation in late June to early July. Hungry Horse Dam releases water
and drafts over the summer to help meet flow objectives in the lower Columbia River for
juvenile anadromous fish migration. The elevation objective at the end of September is either
elevation 3,550 feet NGVD29 or elevation 3,540 feet NGVD29. The elevation objective of 3,540
feet NGVD29 applies in the driest 20 percent of years®, based on the May issued April to August
water supply forecast at The Dalles. In all other years, the elevation objective of 3,550 feet
NGVD29 applies. In dry years, the need to satisfy local minimum flow requirements can cause
the reservoir to be lower than its end of September elevation objective.
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Figure 3-11. Hungry Horse Reservoir Summary Hydrograph for No Action Alternative

Hungry Horse Dam Outflow

A summary hydrograph showing outflow from Hungry Horse Dam for the No Action Alternative
is shown in Figure 3-12.

% This driest 20 percent of years is based off the most recent 30-year period statistics developed by NOAA.
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Figure 3-12. Hungry Horse Dam Outflow Summary Hydrograph for No Action Alternative

Outflow from October through January is usually less than 3 kcfs, to support local minimum
flows in the South Fork and mainstem Flathead River. The range grows from February through
April to satisfy FRM elevations guided by VarQ. By the beginning of May, the reservoir usually
begins to refill, and outflow generally decreases over the remaining months of the water year.
Hungry Horse Dam will operate for local FRM, reducing outflows, as long as there is enough
space in the reservoir to manage the remaining runoff.

From January through April, the reservoir level is adjusted for FRM space requirements. The
amount of reservoir draft or space is dependent on inflow forecasts. The objective of the FRM
season is to provide enough space in the reservoir for system FRM operations in the lower
Columbia River, and also to provide local flood protection in the mainstem Flathead River near
Columbia Falls, Montana.

Columbia Falls Flow

A summary hydrograph showing the flow at Columbia Falls, Montana, for the No Action
Alternative is shown in Figure 3-13. Columbia Falls is on the mainstem of the Flathead River,
approximately 11 river miles downstream of Hungry Horse Dam.
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Figure 3-13. Columbia Falls Flow Summary Hydrograph for No Action Alternative

The general pattern throughout most of the water year is similar to that for Hungry Horse Dam
outflow. In the late spring and early summer, flows at Columbia Falls are considerably higher
than the Hungry Horse Dam outflow, when the spring freshet adds more local runoff to the
forks of the Flathead River.

Lake Pend Oreille Elevation

A summary hydrograph showing Lake Pend Oreille elevations for the No Action Alternative is
shown in Figure 3-14. For this alternative as well as the MOs evaluated, the Lake Pend Oreille
levels presented are for the level at Hope, Idaho.
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Figure 3-14. Lake Pend Oreille Summary Hydrograph for No Action Alternative

In the Lake Pend Oreille elevation summary hydrograph, the 99 percent, 75 percent, median,
and 25 percent lines are on top of each other from October through late March, and remain
close or identical to each other through the remainder of the water year. The lake level is
consistently drawn down each fall and does not have a wide range of elevations in the winter
months for the vast majority of water years. Elevated runoff, such as that caused by rain events
in the fall or winter months, can drive the lake level up, as reflected in the 1 percent line,
representing the maximum elevation. Actual fall and winter lake levels are driven by several
factors: system FRM storage, the minimum control elevation related to kokanee salmon, and
flexible winter power operations. The highest lake level occurs in the late spring or early
summer. The maximum elevation is usually achieved on July 1 and maintained until September
1, at which point the lake level begins to drop. The level of Lake Pend Oreille is controlled by
Albeni Falls Dam most of the year, with the exception of the late spring/early summer when a
natural riverbed constriction upstream of Albeni Falls Dam limits how much water is able to exit
the lake.

3-54
Hydrology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS
Lake Roosevelt (Grand Coulee Dam Reservoir) Elevation

The reservoir behind Grand Coulee Dam is called Lake Roosevelt. The summary hydrograph
showing Lake Roosevelt elevations for the No Action Alternative is shown in Figure 3-15.
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Figure 3-15. Lake Roosevelt Summary Hydrograph for No Action Alternative

There is little variability in water levels in the fall, as the Grand Coulee Project is operated to fill
from the end of August elevation objective for flow augmentation to 1,283 feet NGDV29 by the
end of September for resident fish purposes. The project continues to fill through October to as
high as 1,288 feet NGVD29 in preparation for winter power operations and to support chum
salmon spawning and incubation below Bonneville Dam. Over the winter months the range of
reservoir water level begins to spread, and this generally continues through about mid-spring.
Different objectives determine reservoir operations during this period: meeting system FRM
requirements, generating power, and providing ecosystem flows (managing flows for chum
salmon below Bonneville Dam, and for fall Chinook salmon at Vernita Bar). Grand Coulee Dam
operates for multiple purposes throughout the year, including FRM, power, and operations for
various fish species. The drawdown of the reservoir level that occurs in the winter and early

3-55
Hydrology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

spring months is guided by FRM requirements. The reservoir may also be deeper than the FRM
elevation to operate for power, so long as there is an 85 percent chance of being at the spring

elevation objective on April 10 to augment spring flows for migrating juvenile salmon and
steelhead (this is referred to as a variable draft limit and is based on interpolation between
FRM elevations). The time at which the reservoir begins to refill depends on the Columbia River
Basin runoff conditions each year, typically beginning in April or May, and reaching at or near
full pool in early July. Reservoir levels gradually drop over July and August, as the project is
operated to augment flows to assist migrating juvenile anadromous fish in the lower Columbia

River.

Grand Coulee Dam Outflow

A summary hydrograph showing outflow from Grand Coulee Dam for the No Action Alternative

is shown in Figure 3-16.
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Figure 3-16. Grand Coulee Dam Outflow Summary Hydrograph for No Action Alternative

The months with highest flows are generally May and June, and the months with the lowest
flows are generally September and October. As a multi-purpose project, there are multiple
reasons for the releases at Grand Coulee Dam throughout the water year, which are broadly
categorized in Figure 3-7. One of the purposes not portrayed in Figure 3-7, water supply, does
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not impact reservoir elevations but does impact outflows. Water is pumped out of Lake
Roosevelt at Grand Coulee Dam to Banks Lake, which directly impacts the flows downstream.
Further information on how Grand Coulee Dam operations are modeled is provided in the H&H
Appendix (Appendix B, Part 3, Columbia River System HEC-WAT and HEC-ResSim Model
Documentation).

Middle Columbia River below Grand Coulee Dam

Chief Joseph Dam is a run-of-river project located downstream of Grand Coulee Dam. The
elevation of the reservoir behind Chief Joseph Dam, known as Lake Rufus Woods, is fairly
consistent through the entire calendar year, and outflows closely match those from Grand
Coulee Dam. The reservoir elevation at Chief Joseph Dam ranges between 950.0 and 956.0 feet
NGVD29. Table 3-6 shows the median values of monthly average flows at locations in the
middle Columbia River for the No Action Alternative.

Table 3-6. Middle Columbia River Monthly Average Flows (kcfs) for No Action Alternative

Location OCT | NOV | DEC JAN FEB | MAR | APR | MAY | JUN JUL AUG SEP
Lake Roosevelt Inflow?/ 64 82 92 95 100 65 69 131 166 133 98 75
Grand Coulee 59 91 97 108 126 93 97 138 150 134 102 63
Chief Joseph 58 91 96 108 127 94 98 139 150 135 103 63
Wells 59 93 98 110 129 95 101 150 163 141 105 65
Priest Rapids 60 96 102 115 133 100 108 162 178 147 108 68

1/ “Lake Roosevelt inflow” is the term used for flow in the Columbia River just downstream of the U.S.-Canada
border (about 151 river miles upstream of Grand Coulee Dam).

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Dworshak Dam

A summary hydrograph showing Dworshak Reservoir elevations for the No Action Alternative is
shown in Figure 3-17.

The water year generally begins with a reservoir elevation of about 1,520 feet NGVD29.
Although there is a wide spread between the 99 percent chance and 1 percent chance
exceedance lines for much of the year, the typical seasonal pattern is best understood from
viewing the span between the 75 percent chance and 25 percent chance exceedance lines.
From October through January, the water level in the reservoir can increase or decrease. The
range of possible reservoir elevations widens further in the subsequent winter months, lasting
into the early spring. The reservoir level in the winter and early spring months is guided by FRM
requirements, and also by minimum outflows. The reservoir begins refilling in the spring and
usually reaches its full pool elevation of 1,600 feet NGVD29 by July 1. The reservoir level is
drawn down over the summer months to provide cool water to the Snake River, provide flows
for salmon migration, and meet the flows per the agreement between the United States and
the Nez Perce Tribe, ending at an elevation of 1,520 feet NGVD29 on September 30.
Throughout the entire water year, the reservoir levels behind Dworshak Dam are the result of
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the operations for multiple purposes, broadly categorized in Figure 3-7. Further information on
how Dworshak Dam operations are modeled is provided in the H&H Appendix (Appendix B, Part
3, Columbia River System HEC-WAT and HEC-ResSim Model Documentation).
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Figure 3-17. Dworshak Reservoir Summary Hydrograph for No Action Alternative
Dworshak Dam Outflow

A summary hydrograph showing outflow from Dworshak Dam for the No Action Alternative is
shown in Figure 3-18.

Flows usually remain low from October through December. The flow in the winter months is
generally higher than the fall, as the reservoir is drafted for FRM purposes. Outflow is generally
reduced by May so that the reservoir can refill by the beginning of July. In July and August,
outflow, typically ranging from 10 to 13 kcfs, is released for flow augmentation and water
temperature moderation in the lower Snake River Basin. Releases during the month of
September, while the reservoir is between 1,535 and 1,520 feet NGVD29, are made to provide
water for salmon migration and to meet flows per the Agreement between the United States
and the Nez Perce Tribe. The release is shaped to gradually reduce flows to minimum outflow
of 1.6 kcfs over the course of the month.
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Figure 3-18. Dworshak Dam Outflow Summary Hydrograph for No Action Alternative
Clearwater River below Dworshak Dam and the Lower Snake River

Water released from Dworshak Dam passes through the four lower Snake River dams that
operate as run-of-river projects: Lower Granite Dam, Little Goose Dam, Lower Monumental
Dam, and Ice Harbor Dam. For the No Action Alternative, the lower Snake River dams are
operated to their MOP range from April 3 through August 31; otherwise there is little change in
their reservoir elevations through the calendar year. Table 3-7 shows the median values of
monthly average flows at locations in the lower Snake River Basin for the No Action Alternative.
Outflows from Dworshak Dam contribute to flows in the lower Snake River but are a smaller
portion of the total flow than releases from the Hells Canyon Complex during fall, winter, and
spring.

Table 3-7. Lower Snake Basin Monthly Average Flows (kcfs) for No Action Alternative

Location OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP

Dworshak 1.6 1.6 1.6 2.1 5.1 6.2 9.6 3.5 4.8 10.7 | 10.2 | 5.0

Spalding, ID 3.4 4.5 4.7 5.9 106 | 155 | 26.8 | 33.4 | 28.7 | 17.0 | 122 | 6.5

Snake + Clearwater | 19.7 | 20.9 | 23.9 | 283 | 39.0 | 47.2 | 69.7 | 94.4 | 96.4 | 479 | 29.2 | 226

Lower Granite 19.8 | 21.0 | 23.7 | 28.4 | 393 | 48.0 | 71.8 | 95.6 | 97.4 | 48.6 | 29.1 | 225

Ice Harbor 20.2 | 214 | 245 | 294 | 42.0 | 50.7 | 73.0 | 95.4 | 97.2 | 48.4 | 28.1 | 21.2
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REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS

Lower Columbia River Reservoirs

McNary, John Day, The Dalles, and Bonneville Dams are referred to as the four lower Columbia
River dams. They generally operate as run-of-river projects. For the No Action Alternative, John
Day Dam is modeled operating to its MIP level from April 10 through September 30 but may
provide some FRM space during winter or spring floods. Otherwise, there is little change in the
reservoir elevations through the calendar year for any of the four lower Columbia River dams.
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Figure 3-19. John Day Dam Operating Range for No Action Alternative
Note: John Day may be operated between 257 feet and 268 feet NGVD29 for FRM purposes. These limits are not
shown on this figure in order to show greater detail in the vertical scale.

Lower Columbia River Flows

Because McNary Dam is a run-of-river project, McNary Dam outflow is equivalent to the
combined flow of the Columbia River though Region B and the Snake River through Region C. A
summary hydrograph showing outflow from McNary Dam for the No Action Alternative is
shown in Figure 3-20. Flows are generally highest in May and June.
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Figure 3-20. McNary Dam Outflow Summary Hydrograph for No Action Alternative

Outflow patterns from McNary Dam generally persist through the three dams downstream,
though there are tributaries that join the Columbia River downstream of McNary Dam and
some shaping of flows by John Day Dam occurs during winter flood operations. On an hourly
basis, river flows can increase or decrease dramatically for hydropower generation. Table 3-8
shows the median values of monthly average flows at locations along the lower Columbia River
for the No Action Alternative.

Table 3-8. Lower Columbia River Monthly Average Flows (kcfs) for No Action Alternative

Location OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP
Columbia + Snake 83 122 | 134 | 151 | 181 | 157 | 188 | 260 | 288 | 199 | 140 91
McNary 85 124 | 136 | 154 | 182 | 159 | 192 | 260 | 285 | 198 | 141 93
John Day 85 125 | 140 | 156 | 185 | 165 | 198 | 267 | 288 | 197 | 141 93
The Dalles 90 130 | 146 | 163 | 192 | 172 | 206 | 273 | 293 | 202 | 146 97
Bonneville 91 135 | 152 | 170 | 199 | 179 | 213 | 275 | 296 | 204 | 149 99
Columbia + Willamette | 108 | 178 | 225 | 252 | 267 | 233 | 260 | 314 | 319 | 216 | 159 | 111
Columbia + Cowlitz 115 | 196 | 257 | 282 | 295 | 255 | 283 | 334 | 336 | 226 | 165 | 117

SUMMARY OF EFFECTS

Under the No Action Alternative, all CRS projects are modeled to represent the current
operating rules and constraints. The eight run-of-river dams (Ice Harbor, Lower Monumental,
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Little Goose, Lower Granite, Chief Joseph, Bonneville, The Dalles, and McNary) are each
operated with water levels that are within a seasonal elevation range. The hourly, daily, and
weekly water level will vary within that range to meet multiple operating purposes. While this
hourly and daily fluctuation in water level and reservoir release can affect river flow, it does not
result in major seasonal shifts of river flow and the shape of the flow hydrograph. Some water
is diverted from these reservoirs to meet water supply needs.

Five of the storage dams (Libby, Hungry Horse, Albeni Falls, Grand Coulee, and Dworshak) are
operated in, generally, a seasonal cycle and do affect the shape of the hydrograph. The cycle
starts in the early winter with each reservoir slowly lowering its water level (referred to as
drawdown) to meet many purposes: to generate hydropower, to allow capture of winter rain
events, to prepare to capture forecast spring snowmelt runoff, and to provide water for fish
species. The amount that reservoir water levels are lowered depends on many factors including
existing temperature and precipitation as well as on forecasts (predictions) of the amount of
snowmelt that is expected later that year. Storage reservoirs usually reach their lowest level in
late March or April. Once snow begins to melt and flow into the rivers in late spring and early
summer, the reservoirs begin to capture the snowmelt runoff and increase their water level.
They do this in order to prevent flooding as well as to fill the reservoirs for summer. In the late
spring and early summer, flow in all rivers in the basin is usually at its highest due to natural
snowmelt. As spring runoff begins to decrease, reservoir water levels increase to close to full
and remain there for varying periods of time after which they slowly begin to lower their water
elevation and release water to provide higher flows in the river than would occur naturally in
the late summer into early fall. Some water is diverted from these reservoirs to meet water
supply needs. Towards the end of fall, the operating cycle of storage reservoirs begins again.

John Day Dam is a storage reservoir but it is often operated more like a run-of-river project,
within seasonal water elevation ranges. It can, however, lower its WSE, when necessary, to
prepare to capture water from winter or spring floods.

3.2.4.4 Multiple Objective Alternative 1

As the effects of MO1 are presented, they will be displayed along with the No Action
Alternative to illuminate the timing and magnitude of differences in water conditions between
it and the No Action Alternative. The operational measure (or measures) from MO1 which
would result in changes from the No Action Alternative are identified to the extent that this is
possible based on experience with system operation and hydroregulation modeling. However,
because the measures were combined into an alternative that was then modeled, isolating the
effect a single measure would have is not possible in many cases. Further supporting details are
included in the H&H Appendix (Appendix B, Part 1, H&H Data Analysis).

REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS
Lake Koocanusa (Libby Dam Reservoir) Elevation

Under MO1, the Modified Draft at Libby, December Libby Target Elevation, and Sliding Scale at
Libby and Hungry Horse measures would have a direct effect on Libby Dam operations.
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Reservoir water levels in Lake Koocanusa would differ from the No Action Alternative, as shown
in Figure 3-21.

Figure 3-21. Lake Koocanusa Summary Hydrograph for Multiple Objective Alternative 1

MO1 would have the same end-of-November target reservoir elevation as the No Action
Alternative. However, over the course of December, the reservoir elevations for MO1 would
differ from those under the No Action Alternative due to the December Libby Target Elevation
measure, which calls for an end-of-December target elevation of 2,420 feet NGVD29 in all
years. Most of the time, this would make the reservoir elevation on December 31 higher than
the No Action Alternative; however, in about the driest 30 percent of forecast years at Libby
Dam (those forecasted to have an April to August runoff volume of 5.67 Maf or less), the
reservoir elevation on December 31 would be lower than the No Action Alternative.

From December 31 through mid-February, reservoir levels would generally be higher under
MO1 than they would be for the No Action Alternative, though for the driest forecast years, the
reservoir would be lower (shown in Figure 3-22).

The Modified Draft at Libby measure would begin influencing reservoir elevations after
December 31, and its effects are best understood by looking at the spring, when the lowest
reservoir elevation typically occurs. While the December Libby Target Elevation measure
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generally delays the lowering of the reservoir, it is the Modified Draft at Libby measure that
causes the spring reservoir elevation to be lower than the No Action Alternative when the
seasonal water supply forecast is less than 6.9 Maf at Libby Dam. This is not the case for all
years, though, as demonstrated by the 75 percent exceedance lines for MO1 and the No Action
Alternative. There, the case is the opposite; the reservoir elevation under MO1 would be higher
than that for the No Action Alternative through about the first half of spring.

The Modified Draft at Libby measure would result in a general increased likelihood of reservoir
refill in all water year types. For MO1, there would be a 51 percent chance of the reservoir
reaching elevation 2,454 feet NGVD29 or higher (within 5 feet of the full pool elevation of 2,459
feet NGVD29) by July 31, as compared to a 39 percent chance for the No Action Alternative. The
peak reservoir elevation would usually be achieved in July or early August.

During the months of August and September, the reservoir elevation for MO1 would generally
be about one to four feet higher than for the No Action Alternative. The reason for this is the
Modified Draft at Libby measure, which tends to increase the peak refill elevation, and the
Sliding Scale at Libby and Hungry Horse measure which calls for a sliding scale end-of-
September target elevation that would be dependent on the Libby Dam water supply forecast,
rather than the system-wide water supply forecast at The Dalles. The Sliding Scale at Libby and
Hungry Horse measure targets a higher elevation than the No Action Alternative in the wettest
25 percent of years.

Reservoir water levels in Lake Koocanusa under MO1 would differ from the No Action
Alternative to varying extents, depending on the water year type. Median hydrographs of the
reservoir level for dry, average, and wet years are shown in Figure 3-22.

Finally, the three panels in Figure 3-23 show monthly elevation duration curves for July, August,
and September, respectively. The curve for MO1 is plotted along with the curve for the No
Action Alternative in each month, showing that the reservoir level would be higher in each of
the 3 months for MO1. In July, this is attributable to the Modified Draft at Libby measure, which
tends to increase the peak refill elevation. In August, the higher reservoir levels are attributable
to a combination of the Modified Draft at Libby and Sliding Scale at Libby and Hungry Horse
measures. In September, the higher reservoir levels are attributable to the Sliding Scale at Libby
and Hungry Horse measure, which has fewer years drafting to 2,439 feet NGVD29 than the No
Action Alternative (due to the change in forecast location), and the wettest years only needing
a draft to 2,454 feet NGVD29.
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Figure 3-22. Lake Koocanusa Water Year Type Hydrographs for Multiple Objective Alternative 1

Figure 3-23. Lake Koocanusa Summer Elevations for Multiple Objective Alternative 1

Libby Dam Outflow

Under MO1, the Modified Draft at Libby, December Libby Target Elevation, and Sliding Scale at
Libby and Hungry Horse measures would have a direct effect on Libby Dam outflows. The
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outflows would differ from the No Action Alternative in a variety of ways throughout the year.
Figure 3-24 shows median hydrographs for Libby Dam outflow in dry, average, and wet years.

Figure 3-24. Libby Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 1

The change in average monthly outflow throughout the water year is presented in Table 3-9. A
range of exceedance percentiles is presented because in some months, the direction and
magnitude of change varies depending on whether one looks at flows more likely to be
exceeded (99 percent exceedance, 75 percent exceedance) or flows less likely to be exceeded
(25 percent exceedance, 1 percent exceedance).

Average outflow from Libby Dam under MO1 would differ from the No Action Alternative:

e In December, the median value of the monthly average outflow would decrease by 4.4 kcfs
due to the December Libby Target Elevation measure. The flows at the 25 percent and 1
percent exceedance levels (higher flows) would also decrease, while the flows at the 75
percent and 99 percent exceedance levels would increase.

e InJanuary, February, and March the median value of the monthly average outflow would
increase by 1.7, 3.3, and 1.6 kcfs, respectively. These outflow increases are caused by the
reservoir being lowered at a faster rate under MO1 than the No Action Alternative for many
years, caused by the December Libby Target Elevation measure as well as the Modified Draft
at Libby measure.
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In April and May, the median value of the monthly average outflow would decrease by 0.6
kcfs and 0.7 kcfs, respectively. However, Figure 3-24 shows that outflows would be higher in
April and May for wet years and lower for dry years. These changes are related to the VarQ
update that is part of the Modified Draft at Libby measure that would account for future
volume releases and refill the reservoir more aggressively.

In June and July, the median value of the monthly average outflows would be similar to the
No Action Alternative. However, in late June and July of dry years, the outflow would
increase by about 3 kcfs under MO1 from that in the No Action Alternative because under
MO1, there would be less space to fill due to more aggressive planned refill of the reservoir.

In August and September, the median value of the monthly average outflow would
decrease by 0.7 and 0.2 kcfs, respectively. The Sliding Scale at Libby and Hungry Horse
measure, which calls for a sliding scale end-of-September target elevation based on the
Libby Dam water supply forecast and a higher elevation target in the wettest 25 percent of
years, is the primary cause of these changes.

Table 3-9. Libby Dam Monthly Average Outflow for Multiple Objective Alternative 1 (as
change from No Action Alternative)

Exceedance

Probability | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP
- 1% 49 | 235 | 220 | 271 | 258 | 23.0 | 208 | 227 | 226 | 229 | 17.8 | 120

[t
g’ S 25% 47 | 162 | 189 | 183 | 200 | 122 | 99 | 192 | 171 | 143 | 121 | 88

« =
2| ;2 50% 47 | 143 | 177 88 | 63 | 55 | 70 | 164 | 142 | 115 | 103 | 7.9
2T 75% 47 | 120 | 99 | 56 | 40 | 40 | 44 | 140 | 129 | 90 | 90 | 68

=
o 99% 47 | 70 | 82 | 43 | 40 | 40 | 40 | 116 | 88 | 71 | 71 | 60
1% 06 | 04 | 18 | 14 | 08 | 02 | 11 | 1.0 | 09 | 03 | 23 | 05
o _ 25% 00 | 12 | -49 | 11 | 15 | 32 | 04 | 09 | 06 | 00 | -08 | -01

[7,]
5 % 50% 00 | 02 | 44| 17 [ 33 | 16 | -06 | 07 | 03 | 00 | -07 | 02

L =
o 75% 00 | 04 | 27 | 02 | 05 | 02 | 01| 22|02 00 ] 00| 02
g 99% 00 | 04 | 35 | 05 | 00 | 00 | 00 | 55 | 09 | 07 | 07 | 01
= 1% 12% | 2% | 8% | 5% | 3% | 1% | 5% | -4% | 4% | 1% | -13% | 4%
) 25% 0% | 7% | -26% | 6% | 7% | 26% | 4% | -5% | -3% | 0% | -7% | -1%
S < 50% 0% | 2% | -25% | 19% |WB2%0| 29% | -8% | -4% | 2% | 0% | -7% | -3%

v L
- 75% 0% | 4% | 27% | 3% | 12% | 4% | 1% | -16% | -1% | 0% | 0% | -2%
99% 0% | 5% | 43% | 12% | 0% | 0% | o% |AW%eN 10% | 10% | 9% | 1%

Note: Ave. = average; mo. = monthly. Values for the No Action Alternative are shaded gray. Orange shading
denotes MO1 flows lower than the No Action Alternative flows; green shading denotes MO1 flows higher than the
No Action Alternative flows.

Bonners Ferry Flow

Under MO1, the Modified Draft at Libby, December Libby Target Elevation, and Sliding Scale at
Libby and Hungry Horse measures would affect flows at Bonners Ferry. In general, the flows
would differ from the No Action Alternative in much the same way as at Libby Dam, and for the
same reasons. The change in average monthly flow at Bonners Ferry throughout the water year

isp

resented in Table 3-10.
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Table 3-10. Bonners Ferry Monthly Average Flow for Multiple Objective Alternative 1 (as
change from No Action Alternative)

Exceedance
Probability OCT | NOV | DEC JAN FEB | MAR | APR | MAY | JUN JUL | AUG SEP
2 1% 9.0 | 26.6 | 29.2 | 31.3 | 29.7 | 27.5 | 304 | 40.8 | 40.7 | 27.2 | 19.0 | 133
“_.E _ 25% 6.1 181 | 20.7 | 21.0 | 23.2 | 153 | 194 | 343 | 27.8 | 173 | 133 9.7
g g § 50% 5.6 15.4 | 189 | 104 8.5 8.4 146 | 31.1 | 23.8 | 146 | 114 8.6
aES - 75% 5.4 13.0 | 114 6.5 5.1 5.9 10.2 | 27.6 | 20.3 | 11.8 9.9 7.4
z 99% 5.1 7.7 9.0 5.1 4.5 4.9 7.0 | 183 | 126 | 9.0 8.1 6.7
—_ 1% 0.5 0.4 -1.5 -2.6 13 2.7 0.4 0.5 1.0 -0.2 -2.6 1.0
:‘3 25% 0.0 1.1 -4.9 0.3 0.4 3.8 0.0 -04 | -05 | -0.2 | -0.7 0.0
EJ; 50% 0.0 0.3 -4.3 1.7 3.1 1.5 -0.1 | -09 | -0.2 0.0 -0.7 | -0.3
_fc% 75% 0.0 -0.2 2.2 0.4 0.6 0.5 0.1 -3.7 0.1 0.3 0.0 -0.1
8 © 99% 0.0 -0.4 3.4 0.5 0.1 0.0 0.0 -4.8 0.3 0.1 0.4 0.0
S g 1% 6% 1% -5% -8% 4% 10% 1% 1% 2% -1% | -14% 8%
_rc% 25% 0% 6% | -23% | 1% 2% 25% | 0% 1% | 2% | -1% | -5% 0%
E 50% 0% 2% | -23% | 17% | 36% | 18% | -1% | -3% | -1% 0% -6% | -3%
§ 75% 0% 2% | 19% 6% 12% | 9% 1% | -13% | 0% 2% 0% -1%
a 99% 0% -5% | 38% | 10% 2% 0% 0% |-26% | 2% 1% 4% -1%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.

Hungry Horse Reservoir Elevation

Under MO1, the Hungry Horse Additional Water Supply and Sliding Scale at Libby and Hungry
Horse measures would have a direct effect on Hungry Horse Dam operations.

Reservoir water levels would differ from the No Action Alternative, as shown in Figure 3-25.

The water year would begin with the reservoir levels for MO1 being lower than those for the
No Action Alternative. This is because the operations associated with the Hungry Horse
Additional Water Supply measure would leave the reservoir at a lower elevation on September
30 than under the No Action Alternative, and the condition would carry over to the following
water year. It should be noted that when MO1 was modeled, the initial Hungry Horse Reservoir
levels at the start of each water year were erroneously set lower than intended. This
initialization error had little effect downstream from Hungry Horse Dam. Hungry Horse Dam’s
modeled releases were up to 1 kcfs lower than they should have been, but by the time flow
reaches Flathead Lake, the MO1 results have little error. A subsequent sensitivity analysis
revealed that this initialization error primarily affected results in the fall and winter. In the
summary hydrograph shown in Figure 3-25, the median and higher elevations should have
water levels 1 to 3 feet higher than shown from October through May. Below the median, the
results should be 5 to 10 feet higher from October through February.
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Figure 3-25. Hungry Horse Reservoir Summary Hydrograph for Multiple Objective Alternative
1

Overall, reservoir elevations under MO1 would be lower than for the No Action Alternative. At
the median level, reservoir elevations would be about 4 feet lower in November through April
and 0 to 2 feet lower in May through August. By the end of September, reservoir levels under
MO1 would typically be 4 feet lower than the No Action Alternative. The Sliding Scale at Libby
and Hungry Horse measure results in reducing the draft requirements in some years, by setting
a higher elevation target for summer flow augmentation than the No Action Alternative.

Water levels at Hungry Horse Reservoir under MO1 would differ from the No Action Alternative
to varying extents, depending on the water year type. Median hydrographs of the reservoir
level for dry, average, and wet years are shown in Figure 3-26.
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Figure 3-26. Hungry Horse Reservoir Water Year Type Hydrographs for Multiple Objective
Alternative 1

Finally, the three panels in Figure 3-27 show Hungry Horse Reservoir elevation duration curves
for the months of July, August, and September, respectively. While other months also have
differences, these three are shown because of interest in summer reservoir elevations. In
general, the reservoir level in the summer months would be lower for MO1 than for the No
Action Alternative. For instance, the daily reservoir elevation in September would be above
elevation 3,550 feet NGVD29 only about 30 percent of the time under MO1, whereas it would
be above that elevation about 70 percent of the time under the No Action Alternative.

Figure 3-27. Hungry Horse Reservoir Summer Elevations for Multiple Objective Alternative 1
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Hungry Horse Dam Outflow

Under MO1, the Hungry Horse Additional Water Supply and Sliding Scale at Libby and Hungry
Horse measures would have a direct effect on Hungry Horse Dam outflows. The outflows would
differ from the No Action Alternative depending on the time of year. Figure 3-28 shows median
hydrographs for Hungry Horse Dam outflow in dry, average, and wet years.

Figure 3-28. Hungry Horse Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 1

The change in average monthly outflow from Hungry Horse Dam throughout the water year is
presented in Table 3-11.

Average outflow from Hungry Horse Dam would differ from the No Action Alternative:

e In August and September, the median value of the monthly average outflow would increase
as compared to the No Action Alternative. The measures driving these changes are the
Hungry Horse Additional Water Supply and Sliding Scale at Libby and Hungry Horse
measures.

e After September and through the spring, reservoir outflows would generally be lower than
for the No Action Alternative. The lower outflows would occur because the reservoir would
be drafted deeper at the end of September, and so would begin the water year at a lower
elevation than under the No Action Alternative.
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Table 3-11. Hungry Horse Dam Monthly Average Outflow for Multiple Objective Alternative 1
(as change from No Action Alternative)

Exceedance
Probability OCT | NOV | DEC | JAN FEB | MAR | APR | MAY | JUN JUL | AUG SEP
s 1% 2.5 4.7 6.9 7.1 11.5 | 145 | 156 9.6 10.7 6.9 4.4 4.4
% _ 25% 2.2 2.4 2.7 3.1 4.0 5.7 8.1 7.0 6.1 4.2 3.1 3.1
g g ﬁ 50% 1.9 2.0 2.4 2.6 2.7 2.7 5.4 5.7 4.3 3.4 2.7 2.7
E - 75% 1.4 1.4 2.1 2.3 2.4 2.2 3.1 4.1 3.2 2.6 2.4 2.4
2 99% 0.8 0.8 1.6 2.0 1.7 1.5 1.7 1.7 1.7 1.8 1.9 2.0
—_ 1% 0.0 -0.5 -2.2 -0.8 -0.1 -0.2 -0.2 -0.1 -0.3 0.0 -0.1 -0.1
§ 25% 0.0 0.0 -01 | -04 | -08 | -0.7 | -04 | -03 | -04 0.0 0.5 0.5
Tg-'; 50% 0.0 -01 | -01 | -01 | -01|-02 | -07 | -04 | -03 0.0 0.6 0.6
_;:L; 75% 0.0 -0.2 -0.2 -0.2 -0.1 -0.1 -0.5 -0.4 -0.3 0.2 0.4 0.5
8 © 99% 0.0 -0.2 -0.5 -0.3 -0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.3
S o 1% 0% -12% | -32% | -11% | -1% -2% -1% -1% -3% 0% -2% -2%
E 25% 0% 1% | -4% | -12% | -21% | -12% | 5% | -4% | -7% 1% 17% | 17%
42 50% 0% 6% | 6% | 3% | -4% | -6% | -13% | -6% | -8% 1% | 21% | 21%
§ 75% -1% | -14% | -10% | -7% -5% 3% | -17% | -9% | -11% 9% 18% 19%
a 99% 2% | -29% | -29% | -14% | -5% -2% -2% -1% -3% -2% 12% 17%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.

While the initial Hungry Horse Reservoir levels at the start of each water year were erroneously
set lower than intended, the effects of this initialization on Hungry Horse discharge are smaller
than the effects on reservoir elevation. The results in the table above are close to what would
be expected for MO1. Winter flows would be lower than for the No Action Alternative, with
flows at the 1 percent exceedance level being the most affected, with an artificial modeling
reduction from the lower starting pool initialization error. (The artificial modeling reduction
ranges from 0.2 to 0.9 kcfs at the 1 percent exceedance level.) By May and June, the artificial
modeling reduction in flows from the initialization error is just 0.1 to 0.2 kcfs for most water
year types. Moving downstream through the system, flow effects from initialization have less
and less of an effect as the total river flows become larger and larger.

Columbia Falls Flow

Under MO1, the Hungry Horse Additional Water Supply and Sliding Scale at Libby and Hungry
Horse measures would affect flows at Columbia Falls. Compared to the No Action Alternative,
there would be increased flow in August and September in virtually all years, while the other
months of the year would have flows similar to or less than those under the No Action
Alternative, while still meeting minimum flow requirements. The change in average monthly
flow at Columbia Falls throughout the water year, as compared to the No Action Alternative, is
presented in Table 3-12.
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Table 3-12. Columbia Falls Monthly Average Flow for Multiple Objective Alternative 1 (as

change from No Action Alternative)

Exceedance
Probability OCT | NOV DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
E 1% 8.9 144 | 148 | 11.0 | 142 | 17.4 | 30.5 | 38.0 | 43.2 | 23.9 8.8 8.7
"_g - 25% 4.0 4.2 4.5 5.0 5.8 7.9 15.9 29.7 31.5 15.1 6.9 5.4
é : "é 50% 3.8 3.7 3.7 3.8 3.8 4.5 12.3 25.5 24.8 11.5 5.8 4.7
E_ = 75% 3.6 3.6 3.6 3.6 3.6 3.7 8.5 21.4 20.0 8.4 4.9 4.2
E 99% 3.5 3.5 3.5 3.5 3.5 3.5 5.4 15.7 12.4 5.5 3.9 3.6
— 1% -1.5 -2.3 -3.4 -1.3 -0.2 -0.4 -0.4 -0.2 -0.2 -0.1 0.7 -0.1
"_‘3 25% 0.0 0.0 -0.6 -0.8 -0.9 -0.6 -0.6 -0.3 -0.2 0.2 0.5 0.6
EJ; 50% 0.0 0.0 0.0 -0.1 -0.1 -04 -0.7 -0.3 -0.2 0.2 0.4 0.5
_'ccv 75% 0.0 0.0 0.0 0.0 0.0 0.0 -0.5 -0.5 -0.5 0.0 0.3 0.3
8 © 99% 0.0 0.0 0.0 0.0 0.0 0.0 -04 -0.4 -0.4 -0.3 0.1 0.3
S g 1% -17% | -16% | -23% | -12% | -1% -3% -1% -1% 0% 0% 8% -1%
E 25% 0% -1% | -14% | -15% | -15% | -7% -3% -1% -1% 1% 8% 11%
E 50% 0% -1% 0% -2% -2% -9% -6% -1% -1% 2% 7% 11%
§ 75% 1% 0% 0% 0% 0% -1% -6% -2% -3% 0% 6% 8%
a 99% 0% 0% 0% -1% 0% 0% -7% -2% -3% -5% 2% 10%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.

Lake Pend Oreille Elevation

While the Hungry Horse Additional Water Supply and Sliding Scale at Libby and Hungry Horse
measures in MO1 would affect Hungry Horse Dam operations, the changes would not impact
annual peak reservoir levels and would not change the timing of refill or drawdown. Thus, there
would not be any noticeable difference in the level of Lake Pend Oreille as compared to the No

Action Alternative.

Albeni Falls Outflow

Under MO1, the Hungry Horse Additional Water Supply and Sliding Scale at Libby and Hungry

Horse measures would affect the monthly average outflow from Albeni Falls Dam, but to a

lesser degree than at Hungry Horse Dam or Columbia Falls. In January through July, and again in

September, the median value of the monthly average outflow from Albeni Falls Dam under

MO1 would be 0.1 kcfs to 0.7 kcfs less than the No Action Alternative, depending on the month.
This is shown in Table 3-13.
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Table 3-13. Pend Oreille Basin Monthly Average Flows for Multiple Objective Alternative 1 (as
change from No Action Alternative)

Location OCT | NOV | DEC JAN FEB | MAR | APR | MAY | JUN JUL | AUG SEP

Hungry Horse 1.9 2.0 2.4 2.6 2.7 2.7 5.4 5.7 4.3 3.4 2.7 2.7
:tt ’g Columbia 3.8 3.7 3.7 3.8 3.8 4.5 123 | 255 | 2438 11.5 5.8 4.7
Z X | Falls, MT

Albeni Falls 23.7 | 16.7 | 15.3 14.5 16.6 | 19.8 | 25.2 | 50.7 | 55.6 | 27.4 | 12.0 13.7

Hungry Horse 0.0 -0.1 -0.1 -0.1 -0.1 -0.2 -0.7 -0.4 -0.3 0.0 0.6 0.6
§° @ | Columbia 0.0 0.0 0.0 -0.1 -0.1 -0.4 -0.7 -0.3 -0.2 0.2 0.4 0.5
& 2 | Falls, MT

Albeni Falls 0.0 0.0 0.0 -0.1 -0.4 -0.2 -0.7 -0.5 -0.3 -0.3 0.0 -0.1
e o Hungry Horse 0% -6% -6% -3% -4% 6% | -13% | -6% -8% 1% 21% | 21%
§ %’ Columbia 0% -1% 0% -2% -2% -9% -6% -1% -1% 2% 7% 11%
E s Falls, MT

Albeni Falls 0% 0% 0% -1% -2% -1% -3% -1% -1% -1% 0% -1%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS
Columbia River Flow Upstream of Grand Coulee Dam

Under MO1, the Modified Draft at Libby, December Libby Target Elevation, Sliding Scale at Libby
and Hungry Horse, and Hungry Horse Additional Water Supply measures would affect Columbia
River flow upstream of Grand Coulee Dam. The flows are depicted in Figure 3-29, which shows
flows near RM 748 (just downstream of the U.S.-Canada border, about 151 river miles
upstream of Grand Coulee Dam).

Figure 3-29 characterizes the timing and magnitude of flow changes between the No Action
Alternative and MO1 due to the combined effect of measures at Libby Dam and Hungry Horse
Dam. Changes in flow between MO1 and the No Action Alternative would be most noticeable in
December. In December, the median flow for MO1 would be about 4 kcfs lower than for the No
Action Alternative due to the December Libby Target Elevation measure.
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Figure 3-29. Lake Roosevelt Inflow Summary Hydrograph for Multiple Objective Alternative 1
Lake Roosevelt (Grand Coulee Dam Reservoir) Elevation

Under MO1, the Update System FRM Calculation, Planned Draft Rate at Grand Coulee, and
Winter System FRM Space measures relate directly to Grand Coulee Dam and would influence
reservoir elevations at Lake Roosevelt.

In addition to the operational measures listed above, the Modified Draft at Libby, December
Libby Target Elevation, Sliding Scale at Libby and Hungry Horse, and Hungry Horse Additional
Water Supply measures would affect inflow to Grand Coulee Dam. The hydroregulation
modeling performed for MO1 incorporates all of these measures, but because each measure
was not evaluated in isolation from the others, drawing a direct linkage between a single
measure and an effect is not always possible. The effects that would occur from a measure or
combination of measures are identified and discussed to the extent possible.

Reservoir water levels in Lake Roosevelt under MO1 would differ from the No Action
Alternative, as shown in Figure 3-30.
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Figure 3-30. Lake Roosevelt Summary Hydrograph for Multiple Objective Alternative 1

Under MO1, the reservoir elevation would be lower from December through February in
virtually all years, as compared to the No Action Alternative. This is primarily due to the Winter
System FRM Space measure, which would increase the space available at Grand Coulee Dam for
FRM in the winter months when rain-induced floods may occur. The Winter System FRM Space
measure calls for 650 kaf of space in the reservoir by the end of December. The Planned Draft
Rate at Grand Coulee measure decreases the daily draft rate in planning drawdown to the
deepest draft point, as determined by the Update System FRM Calculation measure. In the
wettest years, the Planned Draft Rate at Grand Coulee measure requires earlier draft, but this
earlier draft is largely started already due to the Winter System FRM Space measure. From mid-
December through January, the median monthly reservoir elevation would be about 5 feet
lower under MO1 than it would be under the No Action Alternative. By January 31, the
reservoir level would consistently be about 4 to 6 feet lower under MO1 than it would be under
the No Action Alternative. By March 1, the median reservoir levels for MO1 realign with those
in the No Action Alternative, and match almost exactly from May through November. The Lake
Roosevelt Additional Water Supply measure would be implemented starting in the spring,
increasing pumping from Lake Roosevelt. This would affect reservoir outflows but not reservoir
elevations.
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In some years, the reservoir elevation under MO1 would be lower than the No Action
Alternative until the start of May due to Update System FRM Calculation. This generally occurs
in years with high runoff volumes (the highest 20 percent of years), when the earlier planned
drawdown called for by the Update System FRM Calculation measure comes into play, and is
the governing reason for the reservoir’'s drawdown trajectory.

Under MO1, the probability of drafting to very low reservoir elevations (elevation 1,222 feet
NGVD29 or below) at Lake Roosevelt on April 30 would increase when compared to the No
Action Alternative. This is due to an element in the Update System FRM Calculation measure
which calls for the FRM space requirement at Grand Coulee Dam to increase as the water
supply forecast increases. This is in contrast to the FRM space requirement at Grand Coulee
Dam for the No Action Alternative, which has a “flat spot” at elevation 1,222.7 feet NGVD29
where the FRM space requirement does not increase right away with the runoff forecast over a
certain range of runoff conditions.

The effects of MO1 on the April 30 level of Lake Roosevelt are summarized below:

e The chance of drawing the reservoir down to “empty” (elevation 1,208 feet NGVD29) on
April 30 would be about 7 percent for MO1, as compared to about a 5 percent chance for
the No Action Alternative.

e The chance of drawing the reservoir down to elevation 1,222 feet NGVD29 or below on
April 30 would be about 15 percent for MO1, as compared to about 8 percent for the No
Action Alternative.

Finally, Figure 3-31 shows median hydrographs for Lake Roosevelt in dry, average, and wet
years. The figure provides another way to picture the effects described above, this time
categorized by water year type.
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Figure 3-31. Lake Roosevelt Water Year Type Hydrographs for Multiple Objective Alternative 1
Grand Coulee Dam Drum Gate Maintenance

Drum gate maintenance at Grand Coulee Dam is planned to occur annually during March, April,
and May, but is not conducted in all years. The reservoir must be at or below elevation 1,255
feet NGVD29 for 8 weeks to complete drum gate maintenance. Under MO1, the Update System
FRM Calculation, Planned Draft Rate at Grand Coulee, and Winter System FRM Space measures
would influence reservoir elevations during spring months.

The changes in elevations for MO1 that influence the decision to conduct drum gate
maintenance would not change significantly relative to the No Action Alternative (April 30 FRM
elevation targets and drum gate initiation methodology is discussed in more detail in Part 1 of
Appendix B). The decision to conduct drum gate maintenance is based on the February water
supply forecast and the resulting April 30 FRM elevation projection (April 30 FRM elevation
target at or below 1,255 or 1,265 feet NGVD29 depending on how recently the maintenance
has been conducted). That is not to say the spring elevations are the same for the two
alternatives, but rather there are a similar number of years that elevations would allow for
drum gate maintenance. In both MO1 and the No Action Alternative, drum gate maintenance
would be achievable in 65 percent of the years.
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Grand Coulee Dam Outflow

Under MO1, the Update System FRM Calculation, Planned Draft Rate at Grand Coulee, Winter
System FRM Space, and Lake Roosevelt Additional Water Supply measures would directly affect
outflows from Grand Coulee Dam. In addition, the Modified Draft at Libby, December Libby
Target Elevation, Sliding Scale at Libby and Hungry Horse, and Hungry Horse Additional Water
Supply measures would affect inflows and outflows at Grand Coulee Dam. The outflows from
Grand Coulee Dam would differ from the No Action Alternative depending on the time of year,
as seen in Figure 3-32.

Figure 3-32. Grand Coulee Dam Outflow Summary Hydrograph for Multiple Objective
Alternative 1

The change in average monthly outflow throughout the water year is presented in Table 3-14.

The Lake Roosevelt Additional Water Supply measure calls for an increased volume of water to
be pumped from Lake Roosevelt into Banks Lake, which would directly affect Grand Coulee
Dam outflows. Because several other measures in MO1 would also affect Grand Coulee Dam’s
outflow, the effects of MO1 are described below, identifying the measure (or combination of
measures) responsible for the change where possible.
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Table 3-14. Grand Coulee Dam Monthly Average Outflow for Multiple Objective Alternative 1
(as change from No Action Alternative)

Exceedance
Probability OCT | NOV | DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
3 1% 94 130 174 190 213 186 191 231 275 247 175 111
“_‘3 _ 25% 67 99 109 124 147 117 120 165 181 158 118 68
g g “é 50% 59 91 97 108 126 93 97 138 150 134 102 63
§ - 75% 54 84 88 96 105 78 79 118 121 98 92 59
2 99% 49 78 79 76 81 66 60 97 91 81 81 53
1% 0.8 -0.3 15 4.7 14.7 -2.7 -7.7 -4.4 -1.3 -5.4 -3.4 -2.9
g - 25% 0.3 -0.7 2.2 0.1 -3.3 -01 | 45 | 6.2 | -38 | 43 -46 | -2.9
-(::u g 50% 0.4 0.0 3.8 0.6 -2.5 -2.3 -4.6 -6.1 -4.5 -4.7 -3.4 -2.9
© 75% 0.3 0.0 5.7 0.5 -2.1 -4.1 -3.0 -5.8 -4.2 -4.1 -33 -2.6
8 99% 0.4 0.0 3.6 6.3 2.5 3.1 -1.3 -8.9 -4.9 -3.6 -3.2 -2.7
b= 1% 1% 0% 1% 2% 7% -1% -4% -2% 0% -2% -2% -3%
£ g 25% 1% -1% 2% 0% -2% 0% -4% -4% -2% -3% -4% -4%
§ s 50% 1% 0% 4% 1% -2% -3% -5% -4% -3% -3% -3% -5%
&S 75% 1% 0% 6% 1% -2% -5% -4% -5% -3% -4% -4% -4%
99% 1% 0% 5% 8% 3% -5% -2% -9% -5% -4% -4% -5%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.

From the fall through spring, the outflow from Grand Coulee Dam under MO1 would differ from
the No Action Alternative due to several FRM-related measures at Grand Coulee Dam.

In December, the median value of the monthly average outflow would increase by 3.8 kcfs,
primarily due to the Winter System FRM Space measure which creates winter FRM space in
Grand Coulee’s reservoir.

In January, the median value of the monthly average outflow would increase by 0.6 kcfs.
This may be caused by the Winter System FRM Space measure, which continues to draft
Grand Coulee’s reservoir in January if the winter FRM space is not achieved by the end of
December. The Update System FRM Calculation and Planned Draft Rate at Grand Coulee
measures can also influence flows in January.

The Planned Draft Rate at Grand Coulee measure would reduce the designed draft rate for
the Grand Coulee Dam Storage Reservation Diagram (SRD), which aims to initiate the
system FRM draft earlier in the winter. However, the Winter System FRM Space measure
would have a larger effect on the winter releases as even with the earlier draft targets,
Grand Coulee Dam’s median average outflow in February and March would be reduced by
2.5 and 2.3 kcfs, respectively.

In February and March, the median value of the monthly average outflow would decrease
by 2.5 and 2.3 kcfs, respectively.

In April, the volume of water to be pumped from Lake Roosevelt into Banks Lake would
increase due to the Lake Roosevelt Additional Water Supply measure. The April through
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September period would have the greatest total pumping volumes, as well as the greatest
additional pumping volumes as called for in the Lake Roosevelt Additional Water Supply
measure.

e In April, the median value of the monthly average outflow would decrease by 4.6 kcfs; the
Lake Roosevelt Additional Water Supply measure’s increased pumping from Lake Roosevelt
into Banks Lake accounts for the majority (3.2 kcfs) of this decrease. The Update System
FRM Calculation and Planned Draft Rate at Grand Coulee measures, as well as changes to
inflow from measures changing operations at upstream storage projects, would also affect
Grand Coulee Dam outflows in April.

e The median value of the monthly average outflow would decrease by 6.1 and 4.5 kcfs for
May and June, respectively. The Lake Roosevelt Additional Water Supply measure’s
increased pumping from Lake Roosevelt into Banks Lake accounts for the majority of this
outflow reduction, but not all of it. The Lake Roosevelt Additional Water Supply measure
would decrease outflows by 3.2 and 3.0 kcfs in May and June, respectively. The Update
System FRM Calculation measure and changes to inflow from operational measures
changing operations at upstream storage projects, would also affect flows in May and June.

e InJuly, August, and September, the median value of the monthly average outflow would be
reduced by 4.6, 3.4, and 3.0 kcfs, respectively. This is almost exclusively due to the Lake
Roosevelt Additional Water Supply measure. The Lake Roosevelt Additional Water Supply
measure would decrease flows by 4.2, 2.6, and 2.5 kcfs in July, August, and September,
respectively.

e The Grand Coulee Maintenance Operations measure would not impact reservoir elevations
or total outflows, but would reduce the hydraulic capacity through the power plants,
resulting in additional spill and an increase in TDG in some situations.

Finally, Figure 3-33 shows median hydrographs for Grand Coulee Dam outflow in dry, average,
and wet years. The figure provides another way to picture the effects described above, this
time categorized by water year type.
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Figure 3-33. Grand Coulee Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 1

Middle Columbia River below Grand Coulee Dam

Under MO1, the pattern of flow changes in the middle Columbia River would be similar to those
described for Grand Coulee Dam outflow, with the changes occurring for the same reasons as
described for Grand Coulee Dam outflow. An additional measure, Chief Joseph Dam Project
Additional Water Supply, calls for an increase in water diversion (at a maximum rate of 0.05
kcfs) from the Columbia River for the Chief Joseph Dam. The total flow impact from the Chief
Joseph Dam Project Additional Water Supply measure is 9.6 kaf annually, which is significantly
smaller than the impacts from the Lake Roosevelt Additional Water Supply measure that
reduces flows an additional 1.1 Maf annually. The maximum diversion rate associated with the
Chief Joseph Dam Project Additional Water Supply measure is two orders of magnitude less
than that for the Lake Roosevelt Additional Water Supply measure. The reservoir elevation at
Chief Joseph Dam would not change from the No Action Alternative.

Table 3-15 shows changes in the median values of monthly average flows at locations in the
middle Columbia River.
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Table 3-15. Middle Columbia River Monthly Average Flows for Multiple Objective Alternative
1 (as change from No Action Alternative)

Location OoCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
Lake Roosevelt 64 82 92 95 100 65 69 131 166 133 98 75
| Inflow
:‘3 Grand Coulee 59 91 97 108 126 93 97 138 150 134 102 63
E Chief Joseph 58 91 96 108 127 94 98 139 150 135 103 63
=z Wells 59 93 98 110 129 95 101 150 163 141 105 65
Priest Rapids 60 96 102 115 133 100 108 162 178 147 108 68
Lake Roosevelt 0.0 0.7 -2.9 1.9 1.8 0.5 -0.6 -2.7 -0.4 -0.8 -0.3 -0.1
g Inflow
£ | Grand Coulee 0.4 0.0 3.8 0.6 -2.5 -2.3 -4.6 -6.1 -4.5 -4.7 -3.4 -2.9
E" Chief Joseph 0.3 -0.1 3.8 0.9 -2.4 -2.6 -4.2 -6.3 -4.4 -4.9 -3.2 -2.8
g Wells 0.3 -0.1 3.7 0.8 -2.2 -2.4 -4.2 -6.5 -4.2 -5.1 -3.1 -2.8
Priest Rapids 0.3 -0.1 3.9 0.9 -2.5 -2.2 -4.2 -6.6 -3.8 -4.4 -3.2 -2.8
° Lake Roosevelt 0% 1% -3% 2% 2% 1% -1% -2% 0% -1% 0% 0%
¥ | Inflow
-g Grand Coulee 1% 0% 4% 1% -2% -3% -5% -4% -3% -3% -3% -5%
E Chief Joseph 1% 0% 1% 1% -2% -3% -4% -5% -3% -4% -3% -4%
g Wells 1% 0% 1% 1% -2% -3% -4% -4% -3% -4% -3% -4%
= Priest Rapids 1% 0% 1% 1% -2% -2% -4% -4% -2% -3% -3% -4%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Dworshak Reservoir Elevation

Under MO1, the Modified Dworshak Summer Draft measure would have a direct effect on
Dworshak Dam operations. Reservoir water levels would differ from the No Action Alternative,
as shown in Figure 3-34.

In MO1, the Modified Dworshak Summer Draft measure would modify the timing of water
releases from Dworshak Dam in the summer to provide cooler water in the lower Snake River
during peak adult fish migration periods. The reservoir would start drafting the day after refill,
which means it would start drafting sometime after June 20 and no later than July 5. In
contrast, under the No Action Alternative, the reservoir draft begins as early as July 1 and no
later than July 7. The end of August target elevation would be 1,540 feet NGVD29 for years
when the Dworshak water supply forecast is at or above the 80th percentile, and 1,545 feet
NGVD29 when the forecast is below the 80th percentile. These are both higher than the end of
August target for the No Action Alternative with the goal of reducing the discharge in August to
save some cooling water for September. The end of September target elevation would be 1,520
feet NGVD29, the same as for the No Action Alternative.
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Figure 3-34. Dworshak Reservoir Summary Hydrograph for Multiple Objective Alternative 1

Dworshak Dam’s reservoir elevation under MO1 would differ from the No Action Alternative
due to the Modified Dworshak Summer Draft measure:

e From June 20 through mid to late August, reservoir water levels would be lower than those
for the No Action Alternative. (The difference varies by day but is generally about 5 to 10
feet lower.)

e From mid to late August through September, reservoir water levels would be higher than
those for the No Action Alternative. (The difference varies by day, but is generally about 5
to 10 feet higher.)

At the end of September, the reservoir water level for MO1 would be the same as for the No
Action Alternative.

Under the No Action Alternative, Dworshak Reservoir refills to the normal full pool elevation of
1,600 feet NGVD29 in about 80 percent of years. Under MO1, the probability of refilling would
decrease by 1 to 3 percent on account of forcing the draft to initiate several days earlier than
the No Action Alternative. Under MQO1, typical reservoir levels on June 30 would be 3 to 8 feet
lower than for the No Action Alternative.
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Water levels at Dworshak reservoir under MO1 would differ from the No Action Alternative to
varying extents, depending on the water year type. Median hydrographs of the reservoir level
for dry, average, and wet years are shown in Figure 3-35.

Figure 3-35. Dworshak Reservoir Water Year Type Hydrographs for Multiple Objective
Alternative 1

Dworshak Dam Outflow

Under MO1, the Modified Dworshak Summer Draft measure would have a direct effect on
Dworshak Dam outflows. The outflows would differ from the No Action Alternative from June
through September, as seen in Figure 3-36.

The change in average monthly outflow is characterized in Table 3-16. The months of June, July,
and September would all have an increase in outflow as compared to the No Action Alternative.
The month of August would have a decrease in outflow as compared to the No Action
Alternative.
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Figure 3-36. Dworshak Dam Outflow Summary Hydrograph for Multiple Objective Alternative
1

From a comparison of MO1 with the No Action Alternative several conclusions can be made:
e InJune and July, the median value of the monthly average outflow would increase by 1.6

kcfs due to the Modified Dworshak Summer Draft measure.

e In August, the median value of the monthly average outflow would decrease by 4.9 kcfs due
to the Modified Dworshak Summer Draft measure.

e |n September, the median value of the monthly average outflow would increase by 1.8 kcfs
due to the Modified Dworshak Summer Draft measure.

Finally, Figure 3-37 shows median hydrographs for Dworshak Dam outflow in dry, average, and
wet years. The figure provides another way to picture the effects described above, this time
categorized by water year type.
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Table 3-16. Dworshak Dam Monthly Average Outflow for Multiple Objective Alternative 1 (as
change from No Action Alternative)

Exceedance
Probability OCT | NOV | DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
2 1% 1.7 1.6 8.7 135 | 233 | 25.0 | 25.0 | 17.3 | 15.6 | 13.2 | 136 6.4
‘TE 25% 1.6 1.6 1.9 4.2 9.3 11.8 13.2 6.2 7.5 11.9 11.0 5.2
g g “é 50% 1.6 1.6 1.6 2.1 5.1 6.2 9.6 3.5 4.8 10.7 | 10.2 5.0
g 75% 1.6 1.6 1.6 1.6 1.6 2.3 4.6 2.4 2.4 9.6 9.8 4.8
é 99% 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 7.4 9.3 4.5
—_ 1% 0.0 0.0 0.0 0.0 -1.9 0.0 0.0 0.0 0.1 0.1 -1.1 1.9
§ 25% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.3 -3.5 1.9
E-‘; 50% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 1.6 -4.9 1.8
_g::“ 75% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13 -5.6 1.8
8 © 99% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8 -5.5 15
b= e 1% 2% 0% 0% 0% -8% 0% 0% 0% 0% 1% -8% | 29%
E 25% 3% 0% 0% 0% -1% 0% 0% 0% 23% | 11% | -32% | 37%
42 50% 2% 0% 0% 0% 0% 1% 0% 0% 33% | 15% 37%
§ 75% 2% 0% 0% 0% 0% 0% 0% 0% 0% 13% 37%
a 99% 1% 0% 0% 0% 0% 0% 0% 0% 0% 38% 33%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.

Figure 3-37. Dworshak Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 1
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Lower Snake River Reservoir Elevations

Under MO1, the reservoir elevations at the four lower Snake River dams would differ from
those of the No Action Alternative during the MOP season from April 3 through August 31 due
to the Increased Forebay Range Flexibility measure. At each project, the measure would
increase the MOP range from 1.0 foot under the No Action Alternative to 1.5 feet under MO1.
This is a 0.5-foot MOP range increase and a 0.5-foot increase in the upper elevation. There
would be no changes the rest of the year. The MOP elevation ranges at each of the four lower
Snake River dams are described below:

e Lower Granite Dam: 733.0 to 734.5 feet NGVD29, compared to 733.0 to 734.0 feet NGVD29
for No Action Alternative

e Little Goose Dam: 633.0 to 634.5 feet NGVD29, compared to 633.0 to 634.0 feet NGVD29
for No Action Alternative

e Lower Monumental Dam: 537.0 to 538.5 feet NGVD29, compared to 537.0 to 538.0 feet
NGVD29 for No Action Alternative

e |ce Harbor Dam: 437.0 to 438.5 feet NGVD29, compared to 437.0 to 438.0 feet NGVD29 for
No Action Alternative.

Clearwater River below Dworshak Dam and the Lower Snake River

Under MO1, the pattern of outflow changes from Dworshak Dam in June through September
would continue downstream. While the percent changes in flow from the No Action Alternative
would be pronounced in the Clearwater River system, they would become diluted at the
confluence of the Clearwater River and the Snake River near Lewiston, Idaho. This is seen in
Table 3-17, which shows changes in median values of monthly average flows. All changes are
attributable to the Modified Dworshak Summer Draft measure in MO1.

Table 3-17. Lower Snake Basin Monthly Average Flows for Multiple Objective Alternative 1
(as change from No Action Alternative)

Location OCT | NOV | DEC | JAN FEB | MAR | APR | MAY | JUN JUL AUG SEP

Dworshak 1.6 1.6 1.6 2.1 5.1 6.2 9.6 3.5 4.8 10.7 10.2 5.0
£ | Spalding, ID 34 | 45 | 47 | 59 | 106 | 155 | 26.8 | 33.4 | 28.7 | 17.0 | 122 | 65
i Snake+Clearwater | 19.7 | 20.9 | 239 | 28.3 | 39.0 | 47.2 | 69.7 | 944 | 96.4 | 479 | 29.2 | 22.6
‘Zt Lower Granite 19.8 | 21.0 | 23.7 | 284 | 39.3 | 48.0 | 71.8 | 956 | 97.4 | 48.6 | 29.1 | 225

Ice Harbor 20.2 | 21.4 | 245 | 294 | 42.0 | 50.7 | 73.0 | 954 | 97.2 | 484 | 281 21.2
—_ Dworshak 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 1.6 -4.9 1.8
:‘3 Spalding, ID 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.7 -5.0 1.8
EJ; Snake+Clearwater 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.5 -4.9 1.8
_'c% Lower Granite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.0 -4.5 1.8
© Ice Harbor 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 1.1 -4.5 1.9
g Dworshak 2% 0% 0% 0% 0% 1% 0% 0% 33% | 15% 37%
E Spalding, ID 1% 0% 0% 0% 0% 0% 0% 0% 6% 10% 28%
; Snake+Clearwater 0% 0% 0% 0% 0% 0% 0% 0% 1% 3% 8%
§ Lower Granite 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% | -16% | 8%
a Ice Harbor 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% | -16% | 9%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.
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REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
Lower Columbia River Reservoir Elevations

Under MO1, there would be no changes to the reservoir elevations at McNary Dam, The Dalles
Dam, or Bonneville Dam. At John Day Dam, the Predator Disruption Operations and Increased
Forebay Range Flexibility measures relate to the reservoir operating range. The range in April
and May is due to the Predator Disruption Operations measure; the range in June through
September is due to the Increased Forebay Range Flexibility measure. The operations
associated with these measures at John Day Dam are as follows:

e The operating range in April and May would be 263.5 to 265.0 feet NGVD29, compared to
262.5 to 264.0 feet NGVD29 for the No Action Alternative. This is the same flexibility in
elevation but shifted 1 foot higher than the range in the No Action Alternative.

e The operating range in June through September would be 262.5 to 264.5 feet NGVD29,
compared to 262.5 to 264.0 feet NGVD29 for the No Action Alternative. This would be a
broader operating range than that for the No Action Alternative, allowing reservoir levels up
to 0.5 foot higher.

The operating range for John Day Dam for Multi Objective Alternative 1 is shown in Figure 3-38.
The No Action Alternative operating range is shown for comparison purposes.

Figure 3-38. John Day Dam Operating Range for Multiple Objective Alternative 1
Note: John Day may be operated between 257 feet and 268 feet NGVD29 for FRM purposes. These limits are not
shown on this figure in order to show greater detail in the vertical scale.
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Lower Columbia River Flows

Under MO1, the Modified Draft at Libby, December Libby Target Elevation, Update System FRM
Calculation, Planned Draft Rate at Grand Coulee, Winter System FRM Space, Lake Roosevelt
Additional Water Supply, Hungry Horse Additional Water Supply, Chief Joseph Dam Project
Additional Water Supply, Modified Dworshak Summer Draft, and Sliding Scale at Libby and
Hungry Horse measures would cause changes in flow patterns in the lower Columbia River.

At McNary Dam, the outflows under MO1 would differ from the No Action Alternative to
various extents through the water year. The magnitude and timing of differences in flow are
displayed in Figure 3-39. In general, flows in December under MO1 tend to be higher than those
for the No Action Alternative; flows in August under MO1 tend to be lower than those for the
No Action Alternative. There are slight differences in other months as well, but not as
pronounced as these 2 months.

In addition to the daily flow values depicted in Figure 3-39, the monthly average outflows from
McNary Dam that would occur under MO1 were compared to those for the No Action
Alternative, and from which the following conclusions were drawn:

Figure 3-39. McNary Dam Outflow Summary Hydrograph for Multiple Objective Alternative 1
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In December, the median value of the monthly average outflow would increase by 4.5 kcfs.
A combination of measures would cause this, with the Winter System FRM Space measure
being the main reason for the flow increases.

In August, the median value of the monthly average outflow would decrease by 8.5 kcfs. A
combination of measures would cause this. The Modified Dworshak Summer Draft measure
at Dworshak Dam (modifying the timing of water releases in the summer), the Lake
Roosevelt Additional Water Supply measure at Grand Coulee Dam (increasing the volume of
water pumped from Lake Roosevelt into Banks Lake), the Hungry Horse Additional Water
Supply measure on the Flathead River (reducing flows below Flathead Lake by
approximately 0.5 kcfs), and the Sliding Scale at Libby and Hungry Horse measure at Libby
Dam (changing the end of September target reservoir elevation) would all play a role in this
flow reduction, as would several of the other measures.

Finally, Figure 3-40 shows median hydrographs for McNary Dam outflow in dry, average, and
wet years. The figure provides another way to picture the effects described above, this time
categorized by water year type.

Figure 3-40. McNary Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 1
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The effects on McNary Dam outflow from MO1 would occur similarly, and for the same
reasons, at John Day Dam, The Dalles Dam, and Bonneville Dam. Along the lower Columbia
River, the median value of the average monthly flow for MO1 would be higher than the No
Action Alternative in some months (for example, December), and lower in others (for example,
August). The flow change patterns seen at the confluence of the Columbia and Snake Rivers
continue downstream to other locations. This is seen in Table 3-18.

Table 3-18. Lower Columbia River Monthly Average Flows for Multiple Objective Alternative 1
(as change from No Action Alternative)

Location OCT | NOV | DEC | JAN FEB | MAR | APR | MAY | JUN JUL | AUG | SEP
Columbia+Snake 83 122 134 151 181 157 188 260 288 199 140 91
McNary 85 124 136 154 182 159 192 260 285 198 141 93
;‘g’ John Day 85 125 140 156 185 165 198 267 288 197 141 93
i’ The Dalles 90 130 146 163 192 172 206 273 293 202 146 97
<Zt Bonneville 91 135 152 170 199 179 213 275 296 204 149 99
Columbia+Willamette 108 178 225 252 267 233 260 314 319 216 159 111
Columiba+Cowlitz 115 196 257 282 295 255 283 334 336 226 165 117
Columbia+Snake 0.4 -0.2 3.3 0.6 -2.5 -18 | 44 | -6.1 34 | -25
- McNary 0.5 0.0 4.5 0.5 -2.1 -20 | -39 | 6.0 | -2.7 -2.0
:“3 John Day 0.4 -0.1 3.8 0.0 -24 | -1.9 -46 | 6.7 | -1.9 -2.0
E’; The Dalles 0.4 -0.2 3.5 0.1 -2.7 -18 | -39 | 6.7 | -1.7 -1.9
_;:; Bonneville 0.4 -0.5 3.5 0.4 24 | -24 | 44 | 64 | -20 | -20 | 8.0 | -1.3
© | columbia+Willamette 0.3 0.6 4.8 0.4 -3.9 -16 | 46 | 6.0 | -1.7 -1.8 [ 8.0 | -1.6
Columiba+Cowlitz 0.3 0.4 5.1 0.3 -2.8 -2.3 -45 | -5.2 -24 | -16 | -7.5 -1.7
Columbia+Snake 0% 0% 2% 0% -1% -1% -2% -2% -1% -1% -6% -1%
g | McNary 1% 0% 3% 0% -1% -1% -2% -2% -1% -1% -6% -1%
E John Day 0% 0% 3% 0% -1% -1% -2% -2% -1% -1% -6% -1%
; The Dalles 0% 0% 2% 0% -1% -1% -2% -2% -1% -1% -6% -1%
§ Bonneville 0% 0% 2% 0% -1% -1% -2% -2% -1% -1% -5% -1%
& | Columbia+Willamette 0% 0% 2% 0% -1% -1% -2% -2% -1% -1% -5% -1%
Columiba+Cowlitz 0% 0% 2% 0% -1% -1% -2% -2% -1% -1% -5% -1%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO1 flows lower than the No
Action Alternative flows; green shading denotes MO1 flows higher than the No Action Alternative flows.

SUMMARY OF EFFECTS

In MO1, the largest changes in water levels occur at Libby, Grand Coulee, and Dworshak Dams.
At Libby Dam, Lake Koocanusa water levels are less variable in the winter and spring, with
notably deeper drafts in low forecast years and less-deep drafts in large forecast years. Lake
Roosevelt water levels are notably lower in the winter due to additional winter FRM space, and
slightly higher later in the year. Dworshak Reservoir water levels are lower in late June through
mid-August, and then higher mid-August through September. Smaller but notable water level
changes occur at Hungry Horse Reservoir, where additional water demands in the summer
months result in slightly lower reservoir levels most of the year. Similarly, average water levels
at John Day Dam and the lower Snake River projects are slightly higher in the spring and
summer months due to increased forebay operating range flexibility.
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The largest impacts to river flow occur immediately below Libby, Grand Coulee, and Dworshak
Dams, and total flow changes are largest below Grand Coulee Dam. At Libby, the largest
changes are decreases in December and May in most years combined with more flow being
released in January through March. Additional winter FRM space in Lake Roosevelt translates to
notably higher December releases from Grand Coulee and an increased occurrence of high
releases in the winter as the dam is operated to reduce winter peak flows and stages in the
lower Columbia River near Portland. Water supply delivery increases from Grand Coulee and
Chief Joseph Dams result in consistently lower spring and summer flows in the Columbia River
downstream. Below Dworshak Dam, flows are higher late June and July, notably lower in
August, and then higher in September. In the lower Columbia River, flows are slightly higher in
December and slightly lower in the spring and summer months. With the exception of August,
which would be more than 5 percent lower in most years, changes in average monthly flow
through the lower Columbia River are within 3 percent of the No Action Alternative for all
months for most years.

3.2.4.5 Multiple Objective Alternative 2

As the effects of MO2 are presented, they will be displayed along with the No Action
Alternative to illuminate the timing and magnitude of differences in water conditions between
it and the No Action Alternative. Similar to previous sections, the operational measure (or
measures) from MO2 which would result in changes from the No Action Alternative are
identified to the extent possible.

It should be noted that the Ramping Rates for Safety measure in MO2 would allow for less
restrictive ramping rates at all CRS projects, meaning that changes in outflow could be greater
in magnitude than for the No Action Alternative. This measure was implemented to the extent
possible in the hydroregulation modeling (ramping rates at Libby and Hungry Horse Dams were
doubled) but it is not reflected in modeling at the other CRS projects. Effects on power
generation and transmission are discussed in Section 3.7.3 of this EIS.

REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS
Lake Koocanusa (Libby Dam Reservoir) Elevation

Under MO2, the Ramping Rates for Safety, Slightly Deeper Draft for Hydropower, Sliding Scale
at Libby and Hungry Horse, Modified Draft at Libby, and December Libby Target Elevation
measures would have a direct effect on Libby Dam operations.

Reservoir water levels in Lake Koocanusa would differ from the No Action Alternative, as shown
in Figure 3-41.

MO2 would generally have the same end-of-October reservoir elevation as the No Action
Alternative. However, over the course of November and December, the reservoir elevations for
MO2 would be lower than for the No Action Alternative due to the combination of the Slightly
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Deeper Draft for Hydropower measure with the December Libby Target Elevation measure,
resulting in an end-of-December elevation of 2,400 feet NGVD29 in most years.

Through the remaining winter months and into the early spring, reservoir levels would
generally continue to be lower under MO2 than they would be for the No Action Alternative,
though this is not always the case as seen in the 99 percent exceedance and 75 percent
exceedance lines. The reservoir elevations that would occur in the winter and early spring are
driven by the prolonged effect of the lower end of December elevation (from the Slightly
Deeper Draft for Hydropower measure in combination with the December Libby Target
Elevation measure); the lower elevation permitted in April and May from the Slightly Deeper
Draft for Hydropower measure, and/or the Modified Draft at Libby measure. It should be noted
that MO2 targets a reservoir elevation of 2,400 feet NGVD29 at the end of December due to
the Slightly Deeper Draft for Hydropower measure, but uses draft targets in January, February,
and March set by an SRD (Modified Draft at Libby measure) designed to accommodate an end-
of-December elevation of 2,420 (NGVD29). The result of this combination of measures is that in
higher water supply years the reservoir is not drafted as deeply in January through March as
would be desired to achieve April FRM draft targets while striving for relatively stable outflow.

Figure 3-41. Lake Koocanusa Summary Hydrograph for Multiple Objective Alternative 2
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By April or May, the reservoir would generally begin refilling. The modified refill operation
called for in the Modified Draft at Libby measure would generally improve the probability of
refilling the reservoir, though in the driest years the reservoir would have less success in
refilling (as compared to the No Action Alternative) due to the lower winter and early spring
reservoir elevations that would occur with the Slightly Deeper Draft for Hydropower measure.
Overall, MO2 would have a 44 percent chance of the reservoir reaching elevation 2,454 feet
NGVD29 or higher (within 5 feet of the full pool elevation of 2,459 feet NGVD29) by July 31, as
compared to a 39 percent chance for the No Action Alternative. The peak reservoir elevation
would usually be achieved in July or early August.

During the months of August and September, the reservoir elevation for MO2 would generally
be about 1 to 4 feet higher than for the No Action Alternative. The reason for this is the
Modified Draft at Libby measure, which tends to increase the peak refill elevation, and the
Sliding Scale at Libby and Hungry Horse measure which calls for a sliding scale end-of-
September target elevation that would be dependent on the Libby Dam water supply forecast,
rather than the system-wide water supply forecast at The Dalles. The Sliding Scale at Libby and
Hungry Horse measure targets a higher elevation than the No Action Alternative in the wettest
25 percent of years.

As already discussed, the timing of and extent to which the reservoir elevation for MO2 would
differ from the No Action Alternative would vary throughout the year. It is helpful to examine
the changes that would occur based on the water year type, as shown in the median
hydrographs for dry, average, and wet years in Figure 3-42. Dry years would see the most
pronounced difference, with lower reservoir elevations beginning in November and December,
and continuing through the winter and early spring, when they would be 20 to 25 feet lower
than under the No Action Alternative. Average years would also have lower reservoir
elevations, with the difference being most pronounced in the late fall and early winter months.
Wet years would also differ, having lower reservoir elevations in November and December, and
similar or higher elevations through the remainder of the water year.

Finally, the three panels in Figure 3-43 show monthly elevation duration curves for July, August,
and September, respectively. The curve for MO2 is plotted along with the curve for the No
Action Alternative in each month. For July, the MO2 curve is virtually identical to the No Action
Alternative. In August and September, the reservoir elevation under MO2 would tend to be the
same or higher than the No Action Alternative. The higher elevations in late summer are
attributable to the Sliding Scale at Libby and Hungry Horse measure, which has fewer years
drafting to 2,439 feet NGVD29 than the No Action Alternative due to the change in forecast
location, and the wettest years only needing a draft to 2,454 feet NGVD29.
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Figure 3-42. Lake Koocanusa Water Year Type Hydrographs for Multiple Objective Alternative
2

Figure 3-43. Lake Koocanusa Summer Elevations for Multiple Objective Alternative 2
Libby Dam Outflow

Under MO2, the Ramping Rates for Safety, Slightly Deeper Draft for Hydropower, Sliding Scale
at Libby and Hungry Horse, Modified Draft at Libby, and December Libby Target Elevation
measures would have a direct effect on Libby Dam outflow. As seen in Figure 3-44, the change
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in outflows from the No Action Alternative varies throughout the year. Figure 3-44 shows
median hydrographs for Libby Dam outflow in dry, average, and wet years.

Figure 3-44. Libby Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 2

Throughout the year, the Ramping Rates for Safety measure would allow less restrictive
ramping rates, meaning that changes in outflow from Libby Dam (increases or decreases) could
be greater in magnitude than for the No Action Alternative. This measure would not discernibly
alter the monthly average outflow but could change the outflow for a few days following a
sharp rise or drop in flow. It should be noted that the HEC-ResSim hydroregulation modeling
does not incorporate hourly, daily, or weekly load shaping at any dam. Load shaping can cause
fluctuations between higher and lower releases.

The change in average monthly outflow throughout the water year is presented in Table 3-19.
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Table 3-19. Libby Dam Monthly Average Outflow for Multiple Option Alternative 2 (as change
from No Action Alternative)

Exceedance
Probability | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP
2 1% 49 | 235 | 220 | 271 | 25.8 | 23.0 | 208 | 227 | 226 | 229 | 17.8 | 12,0
.7.3 25% 47 | 162 | 189 | 183 | 200 | 122 | 99 | 192 | 171 | 143 | 121 | 88
é SE so% 47 | 143 | 177 | 88 | 63 | 55 | 70 | 164 | 142 | 115 | 103 | 7.9
£ 75% 47 | 120 | 99 | 56 | 40 | 40 | 44 | 140 | 129 | 90 | 90 | 68
k- 99% 47 | 70 | 82 | 43 | 40 | 40 | 40 | 116 | 88 | 7.1 | 71 | 60
_ 1% 05 | 04 | 44 | 57 | 01 ] 00 | 11 | 13 | 04 | 03 | 33 | 01
§ 25% 01|56 | 18 | 77| 07| 20| 02| 14| 09 07| 11| 03
! 50% 01| 49 | 24 | 37| 14 | 06 | 18 | 11 | 07 | 08 | -09 | 04
8 75% 01| 42 | 96 | 09 | 00 | 00 | 04 | 52 | 06 | 00 | 00 | -06
s | ° 99% 01| 37 | 207 ] 03 | 00 | 00 | 00 | 63 | 22 | 05 | -05 | 00
2| g 1% 10% | 2% | 20% | 21% | 0% | 0% | 5% | -6% | 2% | 1% | -19% | 1%
§ 25% 1% | 35% | 10% 4% | 17% | 2% | 7% | 5% | 5% | 9% | -3%
2 50% 1% | 34% | 14% . 22% | 11% | 26% | 7% | 5% | 7% | 9% | -5%
3 75% 1% | 35% |N97% | -16% | 0% | 0% | 9% |87%| 4% | 0% | 0% | 8%
a 99% 1% |1 53% | 130% | 8% | 0% | 0% | 0% |\SA%N 25% | 7% | 7% | 0%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

Average outflow from Libby Dam under MO2 would differ from the No Action Alternative:

e In November and December, the monthly average outflows would increase. At the median
level, the increase in November would be 4.9 kcfs and the increase in December would be
2.4 kcfs. The December increases would be most pronounced in the lowest water supply
forecast years, with increases of 9.6 and 10.7 kcfs, respectively, at the 75 percent and 99
percent exceedance levels. The outflow increases are caused by the reservoir drafting to
elevation 2,400 feet NGVD29 in most years, the result of the Slightly Deeper Draft for
Hydropower measure in combination with the December Libby Target Elevation measure.

e InJanuary through March, monthly average outflows would generally be the same or lower
than the No Action Alternative. At the median level, they would decrease by 3.7, 1.4, and
0.6 kcfs, respectively.

e Overall, April and May median monthly average outflows would decrease by 1.8 and 1.1
kcfs, respectively, from the No Action Alternative. These changes are related to the
Modified Draft at Libby measure that would account for future volume releases and refill
the reservoir more aggressively.

e InJune and July, monthly average outflows would generally be lower than the No Action
Alternative. At the median level, they would decrease by 0.7 and 0.8 kcfs, respectively.
However, the very highest releases under MO2 would be greater than those for the No
Action Alternative.
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e In August and September, monthly average outflows would be lower than the No Action
Alternative. At the median level, they would decrease by 0.9 and 0.4 kcfs, respectively. The
Sliding Scale at Libby and Hungry Horse measure, which calls for a sliding scale end-of-
September target elevation based on the Libby Dam water supply forecast, and a higher
elevation target in the wettest 25 percent of years, is the primary cause of these changes.

Bonners Ferry Flow

Under MO2, the Ramping Rates for Safety, Slightly Deeper Draft for Hydropower, Sliding Scale
at Libby and Hungry Horse, Modified Draft at Libby, and December Libby Target Elevation
measures would affect flows at Bonners Ferry. In general, the flows would differ from the No
Action Alternative in much the same way as at Libby Dam, and for the same reasons. The
change in average monthly flow at Bonners Ferry throughout the water year is presented in
Table 3-20.

Table 3-20. Bonners Ferry Monthly Average Flow for Multiple Objective Alternative 2 (as
change from No Action Alternative)

Exceedance
Probability OCT | Nov DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
3 1% 9.0 26.6 | 29.2 | 313 | 29.7 | 275 | 304 | 40.8 | 40.7 | 27.2 | 19.0 | 133
“_.E 25% 6.1 18.1 20.7 21.0 23.2 15.3 194 | 343 27.8 17.3 13.3 9.7
é g ‘é 50% 5.6 15.4 18.9 10.4 8.5 8.4 14.6 311 23.8 14.6 11.4 8.6
i 75% 5.4 13.0 11.4 6.5 5.1 5.9 10.2 27.6 20.3 11.8 9.9 7.4
2 99% 5.1 7.7 9.0 5.1 4.5 4.9 7.0 18.3 12.6 9.0 8.1 6.7
—_ 1% 0.3 1.6 1.7 -5.4 0.9 1.8 0.2 0.2 1.2 0.0 -3.5 0.7
"_‘3 25% -0.1 5.7 2.0 -86 | -1.2 2.5 -06 | -08 | -0.7 | -0.6 | -1.1 | -0.2
EJ; 50% -0.1 4.8 2.6 -3.5 -1.3 -0.2 -1.1 -1.2 -0.7 -0.7 -0.8 -0.4
_‘E 75% -0.1 4.4 9.0 -0.8 -0.1 -0.1 -0.5 -6.5 -0.7 -0.2 -0.3 -0.3
8 © 99% -0.1 3.8 10.7 0.3 0.0 0.0 0.0 -6.2 -2.9 -1.4 -0.9 -0.1
S g 1% 4% 6% 6% | -17% | 3% 7% 1% 0% 3% 0% | -18% | 6%
E 25% 2% | 32% | 10% [ 41% | -5% | 17% | -3% -2% -2% -4% -8% -2%
.E 50% 1% | 31% | 14% | -34% | -16% | -2% -7% -4% -3% -5% -7% -5%
§ 75% 1% | 34% | 79% | -12% | -2% -2% 5% | -24% | -3% -2% -3% -4%
& 99% 1% [ 49% | 119% | 5% 0% 0% 0% | -34% | -23% | -15% | -11% | -2%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

Hungry Horse Reservoir Elevation

Under MO2, several measures would have a direct effect on Hungry Horse Dam operations: the
Ramping Rates for Safety, Slightly Deeper Draft for Hydropower, and Sliding Scale at Libby and
Hungry Horse measures.

Reservoir water levels would differ from the No Action Alternative, as shown in the summary
hydrograph, Figure 3-45.
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Figure 3-45. Hungry Horse Reservoir Summary Hydrograph for Multiple Objective Alternative
2

From October through December, the reservoir elevations under MO2 would generally be the
same as the No Action Alternative. Starting in January the reservoir elevation would be lower
due to the Slightly Deeper Draft for Hydropower measure, which allows flexibility for additional
hydropower generation by drafting below the FRM elevations. Through the end of April, the
reservoir elevation would continue to be lower on account of the Slightly Deeper Draft for
Hydropower measure. During the months of January through April, the median daily reservoir
elevation for MO2 would be 4 to 8 feet lower than for the No Action Alternative.

Beginning in May the reservoir would begin to refill, but would remain lower than the No
Action Alternative, still on account of the Slightly Deeper Draft for Hydropower measure. By the
end of June, the reservoir elevation under MO2 would be close to that for the No Action
Alternative. Overall, there would be little difference in elevations in July, August, and
September, though the latter 2 months would have higher elevations in some years on account
of the Sliding Scale at Libby and Hungry Horse measure.
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Water levels at Hungry Horse Reservoir under MO2 would differ from the No Action Alternative
to varying extents, depending on the water year type. Median hydrographs of the reservoir
level for dry, average, and wet years are shown in Figure 3-46. This grouping by water year type
shows some effects that are not otherwise seen in the summary hydrograph presented in
Figure 3-46. Wet and average years have earlier, deeper drafts from January through April,
whereas the dry years show little difference from the No Action Alternative during this period.
From the late spring through July, the dry years show the most difference from the No Action
Alternative, with the dry years having lower reservoir elevations.

Figure 3-46. Hungry Horse Reservoir Water Year Type Hydrographs for Multiple Objective
Alternative 2

Finally, the three panels in Figure 3-47 show Hungry Horse Reservoir elevation duration curves
for the months of July, August, and September, respectively. While other months have larger
differences, these three are shown because of interest in summer reservoir elevations. In
general, the reservoir levels in July would be the same for MO2 as for the No Action Alternative.
August and September would have higher elevations in some years, on account of the Sliding
Scale at Libby and Hungry Horse measure, which has fewer years drafting to 3,540 feet NGVD29
than the No Action Alternative due to the change in forecast location. For instance, the daily
reservoir elevation in September would be above elevation 3,550 feet NGVD29 about 77
percent of the time under MO2, whereas it would be above that elevation about 71 percent of
the time under the No Action Alternative.
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Figure 3-47. Hungry Horse Reservoir Summer Elevations for Multiple Objective Alternative 2
Hungry Horse Dam Outflow

Under MO2, the Ramping Rates for Safety, Slightly Deeper Draft for Hydropower, and Sliding
Scale at Libby and Hungry Horse measures would have a direct effect on Hungry Horse Dam
outflows. The outflows would differ from the No Action Alternative depending on the time of
year. Figure 3-48 shows median hydrographs for Hungry Horse Dam outflow in dry, average,
and wet years.

Figure 3-48. Hungry Horse Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 2
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The change in average monthly outflow from Hungry Horse Dam throughout the water year is
presented in Table 3-21.

Table 3-21. Hungry Horse Dam Monthly Average Outflow for Multiple Objective Alternative 2
(as change from No Action Alternative)

Exceedance
Probability OCT | NOV DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
3 1% 2.5 4.7 6.9 7.1 115 14.5 15.6 9.6 10.7 6.9 4.4 4.4
‘TE 25% 2.2 2.4 2.7 3.1 4.0 5.7 8.1 7.0 6.1 4.2 3.1 3.1
g g “é 50% 1.9 2.0 2.4 2.6 2.7 2.7 5.4 5.7 43 3.4 2.7 2.7
i 75% 1.4 1.4 2.1 23 2.4 2.2 3.1 4.1 3.2 2.6 2.4 2.4
2 99% 0.8 0.8 1.6 2.0 1.7 1.5 1.7 1.7 1.7 1.8 1.9 2.0
—_ 1% 0.1 -0.8 -0.5 2.1 -0.3 -1.8 -2.7 0.3 0.1 0.0 -0.7 -0.7
ﬁ 25% -0.1 0.0 0.0 5.6 2.0 -0.5 -1.4 0.0 -1.5 -0.1 -0.1 -0.1
E-‘; 50% -0.1 0.0 0.0 2.8 0.1 -0.2 -0.9 -0.1 -1.6 -0.3 0.0 0.0
_g::“ 75% -0.1 0.0 0.0 0.4 0.0 -0.2 -0.4 0.1 -1.6 -0.3 -0.1 -0.1
8 © 99% 0.1 0.2 0.0 0.1 0.1 -0.2 -0.5 0.4 -0.6 -0.1 -0.2 -0.2
S g 1% 3% | -17% | -7% | 29% | -2% | -13% | -17% | 3% 1% -1% | -15% | -15%
.f::“ 25% -5% -1% 0% [179% | 50% | -8% | -17% | -1% | -25% | -3% -4% -4%
.E 50% -6% -2% -1% [108% | 2% 8% | -17% | -2% | -37% | -10% | -1% -1%
§ 75% -10% 0% -1% 15% -1% -8% -12% 3% H -10% -5% -4%
a 99% 9% 27% 0% 6% 8% -14% | -32% | 22% | -33% -5% -8% -11%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

For most of the year, outflow from Hungry Horse Dam would differ from that of the No Action
Alternative due to the Slightly Deeper Draft for Hydropower measure, which drafts the reservoir
deeper starting in January for increased hydropower generation.

The greatest increase in outflows would occur in January. There would be an increase of 2.8
kcfs in the median average monthly flow that month, at a time when the reservoir would
typically be releasing 3 to 4 kcfs in the No Action Alternative to meet the Columbia Falls
minimum flow.

In February, average monthly outflow at the 25 percent exceedance level would increase by
2.0 kcfs, again due to the Slightly Deeper Draft for Hydropower measure.

In March and April, the average monthly outflow would be lower. This is because by the end
of February, the Slightly Deeper Draft for Hydropower measure would generally have the
reservoir 8 to 12 feet lower than for the No Action Alternative. Consequently, less drafting
would be needed in March and April to meet reservoir elevation objectives in the spring
(notably the April 10 elevation objective). The median value of the monthly average outflow
in March and April decrease by 0.2 and 0.9 kcfs, respectively. At the higher flow levels (the
25 percent and 1 percent exceedance levels), the decreases would be greater.

The late spring and early summer would also have lower outflows. The monthly average
outflow in June and July would decrease by 1.6 and 0.3 kcfs, respectively.
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Throughout the year, the Ramping Rates for Safety measure would allow for less restrictive
ramping rates, meaning that changes in outflow from Hungry Horse Dam (increases or
decreases) could be greater in magnitude than for the No Action Alternative. This measure
would not discernibly alter the monthly average outflow, but could change the outflow for a
few days following a sharp rise or drop in flow. It should be noted that the HEC-ResSim
hydroregulation modeling does not incorporate hourly, daily, or weekly load shaping at dams,
including Hungry Horse Dam.

Columbia Falls Flow

Under MO2, the Ramping Rates for Safety, Slightly Deeper Draft for Hydropower, and Sliding
Scale at Libby and Hungry Horse measures would affect flows at Columbia Falls. The change in
average monthly flow at Columbia Falls throughout the water year, as compared to the No
Action Alternative, is presented in Table 3-22.

Table 3-22. Columbia Falls Monthly Average Flow for Multiple Objective Alternative 2 (as
change from No Action Alternative)

Exceedance

Probability OoCT NOV DEC JAN FEB MAR | APR MAY | JUN JUL AUG SEP
1% 8.9 14.4 14.8 11.0 14.2 17.4 30.5 38.0 43.2 23.9 8.8 8.7

2

[]
“_5'. 25% 4.0 4.2 4.5 5.0 5.8 7.9 15.9 29.7 31.5 15.1 6.9 5.4
é : ;3 50% 3.8 3.7 3.7 3.8 3.8 4.5 12.3 25.5 24.8 11.5 5.8 4.7
i 75% 3.6 3.6 3.6 3.6 3.6 3.7 8.5 21.4 20.0 8.4 4.9 4.2
2 99% 3.5 3.5 3.5 3.5 3.5 3.5 5.4 15.7 12.4 5.5 3.9 3.6
— 1% 0.1 -0.9 -0.5 2.4 0.0 -1.8 -3.6 0.6 -0.9 0.6 0.0 -0.6

v

;G 25% -0.1 0.1 0.0 5.0 1.9 -0.5 -1.1 -0.8 -1.4 0.0 0.0 0.0
o 50% -0.1 0.0 0.0 3.4 0.4 -0.4 -0.8 0.2 -1.8 -0.3 -0.2 -0.1
_‘E 75% -0.1 0.0 0.0 0.0 -0.1 -0.2 -0.6 -0.1 -1.5 -0.3 -0.3 -0.3
S © 99% -0.1 0.0 0.0 0.0 -0.1 -0.1 -0.6 -0.1 -1.9 -0.1 -0.2 -0.1
=3 g 1% 1% -6% -3% 22% 0% -11% | -12% 2% -2% 2% 0% -7%
E 25% -3% 1% -1% 100% | 33% -6% -7% -3% -4% 0% -1% -1%
E 50% -4% 0% 0% 90% 11% -9% -6% 1% -7% -3% -3% 2%
§ 75% -3% 0% 0% 0% -2% -6% -7% -1% -7% -3% -6% -6%
4 99% -4% 0% 0% -1% -2% -3% -11% -1% -15% -2% -5% -3%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

Lake Pend Oreille Elevation

Under MO2, there are no measures that would have a direct effect on the level of Lake Pend
Oreille. The operational changes at Hungry Horse Dam from the Slightly Deeper Draft for
Hydropower and Sliding Scale at Libby and Hungry Horse measures would translate
downstream (as flow changes) and pass through Lake Pend Oreille. The flow changes would not
impact the annual peak reservoir levels and would not change the timing of refill or drawdown.
Thus, there would not be any noticeable difference in the level of Lake Pend Oreille as
compared to the No Action Alternative.
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Albeni Falls Outflow

Under MO2, the flow changes caused by the Slightly Deeper Draft for Hydropower and Sliding
Scale at Libby and Hungry Horse measures at Hungry Horse Dam would translate downstream
and pass through Lake Pend Oreille, resulting in changed outflows from Albeni Falls Dam as
compared to the No Action Alternative. This is seen in the Albeni Falls Dam outflow summary
hydrograph in Figure 3-49. The most pronounced difference is seen during January and early
February, when outflows would generally be higher due to the Slightly Deeper Draft for
Hydropower measure.

Figure 3-49. Albeni Falls Dam Outflow Summary Hydrograph for Multiple Objective
Alternative 2

The Slightly Deeper Draft for Hydropower measure at Hungry Horse Dam, as well as the Sliding
Scale at Libby and Hungry Horse measure, would affect the monthly average outflow from
Albeni Falls Dam, but to a lesser degree than at Hungry Horse Dam or Columbia Falls. This is
shown in Table 3-23 and Figure 3-50.
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Table 3-23. Pend Oreille Basin Monthly Average Flows for Multiple Objective Alternative 2 (as
change from No Action Alternative)

Location OCT | NoV DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
__|Hungry Horse 1.9 2.0 2.4 2.6 2.7 2.7 5.4 5.7 4.3 3.4 2.7 2.7

<<Ztt :é Columbia Falls, MT 3.8 3.7 3.7 3.8 3.8 4.5 12.3 25.5 24.8 115 5.8 4.7
Albeni Falls 23.7 16.7 15.3 14.5 16.6 19.8 25.2 50.7 55.6 27.4 12.0 13.7

@ = Hungry Horse -0.1 0.0 0.0 2.8 0.1 -0.2 -0.9 -0.1 -1.6 -0.3 0.0 0.0
E g Columbia Falls, MT | -0.1 0.0 0.0 34 0.4 -0.4 -0.8 0.2 -1.8 -0.3 -0.2 -0.1
v Albeni Falls -0.9 -0.1 0.0 3.2 1.0 -0.3 -0.8 -1.2 -1.4 -0.3 -0.1 -0.3
z gnHungry Horse 6% | 2% | -1% [108% | 2% | -8% |iusel| -2% |BSWoeN -10% | 1% | -1%
g s Columbia Falls, MT | -4% 0% 0% 90% 11% -9% -6% 1% -7% -3% -3% -2%
a O | Albeni Falls -4% -1% 0% 22% 6% -2% -3% -2% -3% -1% -1% -2%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

Figure 3-50. Albeni Falls Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 2

In January, the median value of the monthly average outflow from Albeni Falls Dam would be
3.2 kcfs higher than the No Action Alternative. In February, it would be 1.0 kcfs higher than the
No Action Alternative. Following that, the months of March, April, May, and June would all have
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lower outflows. The January to February flow increases and the March to June flow decreases
are all attributable to the Slightly Deeper Draft for Hydropower measure at Hungry Horse Dam.

The median outflow hydrographs shown in Figure 3-50 are useful for understanding how the
Albeni Falls Dam outflow under MO2 would differ from the No Action Alternative in different
types of years. Average and wet years would have higher outflows in January, attributable to
the Slightly Deeper Draft for Hydropower measure at Hungry Horse Dam. Higher outflows
would also occur through most of February in wet years, again attributable to the Slightly
Deeper Draft for Hydropower measure.

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS
Columbia River Flow Upstream of Grand Coulee Dam

Under MO2, the Slightly Deeper Draft for Hydropower, Sliding Scale at Libby and Hungry Horse,
Modified Draft at Libby, and December Libby Target Elevation measures would affect Columbia
River flow upstream of Grand Coulee Dam. Figure 3-51 shows flows near RM 748 (just

downstream of the U.S.-Canada border, about 151 river miles upstream of Grand Coulee Dam).

Figure 3-51. Lake Roosevelt Inflow Summary Hydrograph for Multiple Objective Alternative 2
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Figure 3-51 characterizes the timing and magnitude of flow changes between the No Action
Alternative and MO2 due to the combined effect of measures at Libby and Hungry Horse Dames.
Changes in flow between MO2 and the No Action Alternative would be most noticeable in
November, December, and January. In November, the median flow for MO2 would be about 5
kcfs higher than for the No Action Alternative, primarily due to the Slightly Deeper Draft for
Hydropower measure at Libby Dam. In December, flow would be about 4 kcfs higher than for
the No Action Alternative. This is primarily attributable to the combined effect of the December
Libby Target Elevation and Slightly Deeper Draft for Hydropower measures at Libby Dam. In
January, flows would generally be the same or lower due to the combined effect of flow
changes at Libby and Hungry Horse Dams. Libby Dam would already have a lower reservoir
elevation at the end of December, so less drafting would occur in January to reach its end of
January FRM elevation. At the same time, Hungry Horse outflows in January would generally be
higher due to power drafts at that project occurring as part of the Slightly Deeper Draft for
Hydropower measure.

Lake Roosevelt (Grand Coulee Dam Reservoir) Elevation

Under MO2, the Slightly Deeper Draft for Hydropower, Update System FRM Calculation,
Planned Draft Rate at Grand Coulee, and Winter System FRM Space measures would influence
reservoir elevations at Lake Roosevelt.

In addition to the measures listed above, the Slightly Deeper Draft for Hydropower, Sliding Scale
at Libby and Hungry Horse, Modified Draft at Libby, and December Libby Target Elevation
measures would affect the inflow to Grand Coulee Dam. The hydroregulation modeling
performed for MO2 incorporates all of these measures, but because each measure was not
evaluated in isolation from the others, drawing a direct linkage between a single measure and
an effect is not always possible. The effects that would occur from a measure or combination of
measures are identified and discussed to the extent possible.

Reservoir water levels in Lake Roosevelt under MO2 would differ from the No Action
Alternative, as shown in the summary hydrograph, Figure 3-52.

Under MO2, the reservoir elevation would be lower in October, December, January, and
February in virtually all years, as compared to the No Action Alternative. During the remainder
of the winter and through the early spring, the reservoir level would also generally be the same
or lower than the No Action Alternative.

The lower reservoir elevations in October are primarily caused by the Slightly Deeper Draft for
Hydropower measure, which includes a minimum elevation of 1,283 feet NGVD29 at the end of
October. (In the No Action Alternative, the target elevation of 1,283 feet NGVD29 is for the end
of September for resident fish considerations.) From mid-December through January, the
median monthly reservoir elevation would be about 5 feet lower under MO2 than for the No
Action Alternative. This is primarily due to the Winter System FRM Space measure, which would
increase the space available at Grand Coulee Dam for FRM in the winter months when rain-
induced floods may occur as well as the Slightly Deeper Draft for Hydropower measure, which
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drafts the project more deeply for hydropower in January of the wettest years. In February, the
reservoir would be lower than the No Action Alternative, primarily due to the Slightly Deeper
Draft for Hydropower and Planned Draft Rate at Grand Coulee measures. By March 1, the
median reservoir levels for MO2 realign with those in the No Action Alternative and match
almost exactly from May through August. However, the wetter water years and drier water
years would generally continue having lower reservoir elevations through March, April, and into
May.

Figure 3-52. Lake Roosevelt Summary Hydrograph for Multiple Objective Alternative 2

Under MO2, the probability of drafting to very low reservoir elevations (elevation 1,222 feet
NGVD29 or below) at Lake Roosevelt on April 30 would increase when compared to the No
Action Alternative. This is due to an element in the Update System FRM Calculation measure
which calls for the FRM space requirement at Grand Coulee Dam to increase as the water
supply forecast increases. This is in contrast to the FRM space requirement at Grand Coulee
Dam for the No Action Alternative, which has a “flat spot” at elevation 1,222.7 feet NGVD29
where the FRM space requirement does not increase right away with the runoff forecast over a
certain range of runoff conditions.
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The effects of MO2 on the April 30 level of Lake Roosevelt are summarized as follows:

e The chance of drawing the reservoir down to “empty” (elevation 1,208 feet NGVD29) on
April 30 would be about 6 percent for MO2, as compared to about 5 percent for the No
Action Alternative.

e The chance of drawing the reservoir down to elevation 1,222 feet NGVD29 or below on
April 30 would be about 15 percent for MO2, as compared to about 8 percent for the No
Action Alternative.

During the majority of the summer, reservoir elevations under MO2 would generally be the
same as those for the No Action Alternative. However, beginning in September and continuing
until the end of October, the reservoir would be lower under MO2 than the No Action
Alternative, primarily due to the Slightly Deeper Draft for Hydropower measure.

Finally, Figure 3-53 shows median hydrographs for Lake Roosevelt in dry, average, and wet
years. Figure 3-53 provides another way to picture the effects described above, this time
categorized by water year type. In dry years, the level of Lake Roosevelt under MO2 would be
lower than for the No Action Alternative from mid-November through mid-May. In average
years it would be lower from December through February, and in wet years it would be lower
from December through mid-May. In all water year types, the September and October reservoir
elevations under MO2 would be lower than for the No Action Alternative.

Figure 3-53. Lake Roosevelt Water Year Type Hydrographs for Multiple Objective Alternative
2
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Grand Coulee Dam Drum Gate Maintenance

Drum gate maintenance at Grand Coulee Dam is planned to occur annually during March, April,
and May, but is not conducted in all years. The reservoir must be at or below elevation 1,255
feet NGVD29 for 8 weeks to complete drum gate maintenance. Under MO2, the Slightly Deeper
Draft for Hydropower, Update System FRM Calculation, Planned Draft Rate at Grand Coulee,
and Winter System FRM Space measures would influence reservoir elevations during spring
months.

The changes in elevations for MO2 that influence the decision to conduct drum gate
maintenance would not change significantly relative to the No Action Alternative (April 30 FRM
elevation targets and drum gate initiation methodology is discussed in more detail in Part 1 of
Appendix B). The decision to conduct drum gate maintenance is based on the February water
supply forecast and the resulting April 30 FRM elevation projection (April 30 FRM elevation
target at or below 1,255 or 1,265 feet NGVD29 depending on how recently the maintenance
has been conducted). This is not to say the spring elevations are the same for the two
alternatives, but rather that there are a similar number of years that elevations would allow for
drum gate maintenance. In both MO2 and the No Action Alternative, drum gate maintenance
would be achievable in 65 percent of the years.

Grand Coulee Dam Outflow

Under MO2, the Slightly Deeper Draft for Hydropower, Update System FRM Calculation,
Planned Draft Rate at Grand Coulee, and Winter System FRM Space measures would directly
affect outflows from Grand Coulee Dam. In addition, MO2 also has measures at Libby Dam
(Slightly Deeper Draft for Hydropower, Sliding Scale at Libby and Hungry Horse, Modified Draft
at Libby, and December Libby Target Elevation), and Hungry Horse Dam (Slightly Deeper Draft
for Hydropower and Sliding Scale at Libby and Hungry Horse) which would affect inflows and
outflows at Grand Coulee Dam. The outflows from Grand Coulee Dam would differ from the No
Action Alternative depending on the time of year, as seen in the summary hydrograph in

Figure 3-54.

The change in average monthly outflow throughout the water year is presented in Table 3-24.

Under MO2, changes in Grand Coulee outflow would come from several measures throughout
the year. It is worth noting that MO2 does not have the water supply measures that are
included in the other MOs (MO1, MO3, and MO4). Effects to outflow are described below, and
where possible, the measure (or combination of measures) causing the effect is identified.

e Under MO2, outflows in October would be lower than the No Action Alternative due to the
change in end of September and end of October draft targets from the Slightly Deeper Draft
for Hydropower measure. The median October value of the monthly average discharge
would be 4.8 kcfs less than the No Action Alternative.

e In November, the median value of the monthly average outflow would increase by 2.0 kcfs.
This is primarily due to the Slightly Deeper Draft for Hydropower measure.
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In December, the median value of the monthly average outflow would increase by 10.9 kcfs.
This is primarily attributable to the measure for the Winter System FRM Space and Slightly
Deeper Draft for Hydropower measures.

In January, February, and March, the median values of the monthly average outflow would
decrease by 1.2, 3.0, and 5.2 kcfs, respectively due to the Slightly Deeper Draft for
Hydropower and Planned Draft Rate at Grand Coulee measures.

In April, May, and June, the median values of the monthly average outflow would decrease
by 2.5, 4.1, and 2.0 kcfs, respectively due mostly to changes in inflow, but in part to
measures at Grand Coulee in April. However, the highest monthly average flows for June (at
the 1 percent exceedance level) would increase by 3.6 kcfs.

Monthly average outflows in July and August would be 0.8 and 1.0 kcfs lower, respectively,
than for the No Action Alternative due to changes in inflow.

In September, outflows would generally be greater than the No Action Alternative. The
median value of the monthly average outflow would increase by 2.6 kcfs. This is primarily
due to the change in the end of September target elevation from the Slightly Deeper Draft
for Hydropower measure.

The Grand Coulee Maintenance Operations measure would not impact reservoir elevations
or total outflows, but would reduce the hydraulic capacity through the power plants,
resulting in additional spill and an increase in TDG in some situations.

Finally, Figure 3-55 shows median hydrographs for Grand Coulee Dam outflow in dry, average,
and wet years. MO2 and the No Action Alternative are shown. The figure provides another way
to picture the effects described above, this time categorized by water year type.

Table 3-24. Grand Coulee Dam Monthly Average Outflow for Multiple Objective Alternative 2

(as change from No Action Alternative)
Exceedance
Probability | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP
2 1% 94 | 130 | 174 | 190 | 213 | 186 | 191 | 231 | 275 | 247 | 175 | 111
E | 2% 67 99 | 109 | 124 | 147 | 117 | 120 | 165 | 181 | 158 | 118 | 68
g 2 “_é’ 50% 59 91 97 | 108 | 126 | 93 97 | 138 | 150 | 134 | 102 | 63
ET 5% 54 84 88 96 | 105 | 78 79 | 118 | 121 | 98 92 59
E 99% 49 78 79 76 81 66 60 97 91 81 81 53
_ 1% 33| 17 | 58 | 12 | 179 | 56 | -76 | 37 | 36 | 03 | -08 | 00
ﬁ 25% 50 | 37 | 87 | 24 | 06 | 35 | 28 | 45 | -16 | 04 | -19 | 27
E 50% 48 | 20 | 1209 | 12 | 30 | 52 | 25 | 41 | 20 | 08 | -1.0 | 2.6
;__'T? 75% 51 | 41 | 131 | 17 | 35 | 55 | -1.8 | 3.8 | -25 | -1.7 | -19 | 23
§ © 99% 57 | 39 |15 | 99 | 03 | 38 | 07 | 52 | 23 | -1.8 | -13 | 14
= g 1% 4% | 1% | 3% | 1% | 8% | 3% | 4% | 2% | 1% | 0% | 0% | 0%
;__'T? 25% 8% | 4% | 8% | 2% | 0% | 3% | 2% | 3% | -1% | 0% | 2% | 4%
.E 50% 8% | 2% | 11% | -1% | 2% | 6% | 3% | 3% | -1% | -1% | -1% | 4%
8 75% 9% | 5% | 15% | 2% | 3% | -7% | 2% | 3% | 2% | 2% | 2% | 4%
a 99% 2% | 5% | 13% | 13% | 0% | -6% | -1% | 5% | -2% | 2% | -2% | 3%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.
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Figure 3-54. Grand Coulee Dam Outflow Summary Hydrograph for Multiple Objective
Alternative 2

Figure 3-55. Grand Coulee Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 2
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Middle Columbia River below Grand Coulee Dam

Under MO2, the pattern of flow changes in the middle Columbia River would be similar to those
described for Grand Coulee Dam outflow, with the changes occurring for the same reasons as
described for Grand Coulee Dam outflow. The reservoir elevation at Chief Joseph Dam would
not change from the No Action Alternative.

Table 3-25 shows changes in the median values of monthly average flows at locations in the
middle Columbia River.

Table 3-25. Middle Columbia River Monthly Average Flows for Multiple Objective Alternative
2 (as change from No Action Alternative)

Location oCT NOV DEC JAN FEB MAR | APR MAY | JUN JUL AUG SEP
Lake Roosevelt 64 82 92 95 100 65 69 131 166 133 98 75
_— |Inflow
:‘3 Grand Coulee 59 91 97 108 126 93 97 138 150 134 102 63
E Chief Joseph 58 91 96 108 127 94 98 139 150 135 103 63
Z |wells 59 93 98 110 129 95 101 150 163 141 105 65
Priest Rapids 60 96 102 115 133 100 108 162 178 147 108 68
Lake Roosevelt -0.2 4.8 4.3 -0.4 -0.4 -0.5 -1.4 -3.3 -1.4 -0.8 -0.4 -0.4
g Inflow
£ |Grand Coulee -4.8 2.0 10.9 -1.2 -3.0 -5.2 -2.5 -4.1 -2.0 -0.8 -1.0 2.6
§° Chief Joseph -4.1 2.2 10.8 -0.5 -2.9 -5.2 -2.5 -4.0 -2.0 -1.1 -0.9 2.6
g Wells -2.8 1.9 10.7 -04 -2.7 -5.2 -2.2 -4.3 -2.1 -1.2 -0.7 2.3
Priest Rapids -2.5 2.7 11.3 -0.5 -2.9 -5.1 2.4 -4.5 -2.0 -0.6 -0.5 2.1
° Lake Roosevelt 0% 6% 5% 0% 0% -1% -2% -3% -1% -1% 0% 0%
¥ |Inflow
-g Grand Coulee -8% 2% 11% -1% -2% -6% -3% -3% -1% -1% -1% 1%
E Chief Joseph -7% 2% 11% -1% -2% -6% -3% -3% -1% -1% -1% 1%
g Wells -5% 2% 11% 0% -2% -5% -2% -3% -1% -1% -1% 3%
& Priest Rapids -4% 3% 11% 0% -2% -5% -2% -3% -1% 0% -1% 3%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Dworshak Dam

Under MO2, the Slightly Deeper Draft for Hydropower measure would have a direct effect on
Dworshak Dam operations. Reservoir water levels would differ from the No Action Alternative,
as shown in the summary hydrograph, Figure 3-56.

In MO2, the Slightly Deeper Draft for Hydropower measure would allow for additional
hydropower generation and hydropower flexibility by drafting to reservoir elevations lower
than required for FRM purposes. This measure would affect reservoir levels beginning in
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January of each year, with elevations consistently lower than the No Action Alternative through
June.

Under the No Action Alternative, Dworshak Reservoir refills to within 0.5 foot of the normal full
reservoir elevation of 1,600 feet NGVD29 in about 80 percent of years. Under MO2, ResSim
modeling assumptions did not represent the intended operations and instead showed the
reservoir would have a decreased refill probability, refilling to within 0.5 foot of the normal full
reservoir elevation in about 48 percent of years. It is likely that in real-time operations, the refill
probability for Dworshak Reservoir under MO2 would be higher than shown in modeled results
and more closely aligned with the No Action Alternative. Integrating the Slightly Deeper Draft
for Hydropower measure at Dworshak Reservoir with model refill logic yielded lower peak
reservoir elevations than for the No Action Alternative. MO2 does not delay the start of
summer draft until July 7 like the No Action Alternative does, which also contributes to the
reduced peak reservoir elevations in MO2.

Another way to picture how Dworshak Reservoir levels under MO2 would differ from the No
Action Alternative is shown in median hydrographs for dry, average, and wet years
(Figure 3-57). The most notable differences in Figure 3-57 are seen in January through June.

Figure 3-56. Dworshak Reservoir Summary Hydrograph for Multiple Objective Alternative 2
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Figure 3-57. Dworshak Reservoir Water Year Type Hydrographs for Multiple Objective
Alternative 2

Dworshak Dam Outflow

Under MO2, the Slightly Deeper Draft for Hydropower measure would have a direct effect on
Dworshak Dam outflows. The Ramping Rates for Safety measure, calling for less restrictive
ramping rates, could result in greater hourly or daily outflow changes at Dworshak Dam as well as
the other CRS dams. The outflows would differ from the No Action Alternative from January
through August. Figure 3-58 shows median hydrographs for Dworshak Dam outflow in dry,
average, and wet years.

The change in average monthly outflow is characterized in Table 3-26.

The months of January through August would all have changes in outflow as compared to the
No Action Alternative. The changes in outflow are attributable to the Slightly Deeper Draft for
Hydropower measure. Due to the deeper than intended drafting in ResSim in the spring, the
intended flows would likely be lower in the spring and higher in the summer than the modeled
values.
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e InJanuary, outflows would increase. The median value of the monthly average outflow
would increase by 6.6 kcfs.

In February, outflows would increase for all but the highest flows. The median value of the
monthly average outflow would increase by 2.0 kcfs.

e In March, outflows would decrease. The median value of the monthly average outflow
would decrease by 1.5 kcfs.

e The outflow in April would decrease. The median value of the monthly average outflow
would decrease by 1.9 kcfs.

e In May, outflows would increase for all but the highest flows. The median value of the
monthly average outflow would increase by 1.0 kcfs.

e InJune, outflows would decrease for all but the highest flows. The median value of the
monthly average outflow would decrease by 2.2 kcfs.

In July, outflows would decrease. The median value of the monthly average outflow would
decrease by 0.2 kcfs.

e In August, the median value of the monthly average outflow would decrease by 0.4 kcfs.
The lowest outflows (at the 99 percent exceedance level) would decrease by 3.2 kcfs.

Figure 3-58. Dworshak Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 2
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Table 3-26. Dworshak Dam Monthly Average Outflow for Multiple Objective Alternative 2 (as
change from No Action Alternative)

Exceedance
Probability | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JuL | AUG | sEP
3 1% 17 | 16 | 87 | 135 | 233 | 250 | 250 | 17.3 | 156 | 132 | 136 | 6.4
E | 2% 16 | 16 | 1.9 | 42 | 93 | 118 | 132 | 62 | 75 | 11.9 | 110 | 52
g s ¢ 50% 16 | 16 | 1.6 | 21 | 51 | 62 | 96 | 35 | 48 | 107 | 102 | 5.0
E=[ 5% 16 | 16 | 1.6 | 16 | 16 | 23 | 46 | 24 | 24 | 96 | 98 | 48
2 99% 16 | 16 | 16 | 16 | 1.6 | 16 | 16 | 16 | 16 | 74 | 93 | a5
1% 00 | 00 | 00 | 74 | 42 | 00 | 06 | 55 | 1.2 | 00 | 00 | -01
g | 25% 00 | 00 | 00 | 55 | 07 | 26 | 03 | 05 | 26 | -02 | -04 | 00
58| sox 00 | 00 | 00 | 66 | 20 | 15 | 19 | 10 | 22 | -02 | 04 | 00
G 75% 00 | 00 | 00 | 23 | 03 | -07 | 25 | 06 | 01 | -03 | -0.7 | 00
5 99% 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | -02 | 32 | -01
s 1% 0% | 0% | 0% |WB5%M| -18% | 0% | 2% | 31% | 8% | 0% | 0% | -1%
2ol 25% 0% | 0% | 0% |129% | 7% | 22% | 2% | 8% |-85% | -1% | -4% | -1%
g < 50% 0% | 0% | o% |312% | 39% | -24% | 20% | 27% | 45% | -2% | -4% | 0%
&S 75% 0% | 0% | 0% |141% | 19% | -30% 25% | -3% | 4% | 7% | -1%
99% 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | -3% | -34%| -1%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

Lower Snake River Reservoir Elevations

Under MO2, the reservoir elevations at the four lower Snake River dams would differ from
those of the No Action Alternative due to the Full Range Reservoir Operations measure, which
calls for operating within the full reservoir operating range throughout the year, instead of
reducing the normal operating range in the MOP season, April through August. The normal
operating ranges for each of the four projects are described below, along with a description of
the change from No Action Alternative:

Lower Granite Dam would use the normal operating range of 733.0 to 738.0 feet NGVD29
year-round. This is a 4.0-foot elevation range increase and a 4.0-foot increase in the upper
elevation from April through August compared to the No Action Alternative.

Little Goose Dam would use the normal operating range of 633.0 to 638.0 feet NGVD29
year-round. This is a 4.0-foot elevation range increase and a 4.0-foot increase in the upper
elevation from April through August compared to the No Action Alternative.

Lower Monumental Dam would use the normal operating range of 537.0 to 540.0 feet
NGVD29 year-round. This is a 2.0-foot elevation range increase and a 2.0-foot increase in
the upper elevation from April through August compared to the No Action Alternative.

Ice Harbor Dam would use the normal operating range of 437.0 to 440.0 feet NGVD29 year-

round. This is a 2.0-foot elevation range increase and a 2.0-foot increase in the upper
elevation from April through August compared to the No Action Alternative.
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Clearwater River below Dworshak Dam and the Lower Snake River

Under MO2, the pattern of outflow changes from Dworshak Dam from January through August
would continue downstream. While the percent changes in flow from the No Action Alternative
would be pronounced in the Clearwater River system, they would become diluted as the
Clearwater River merges with the Snake River near Lewiston, Idaho. This is seen in Table 3-27,
which shows changes in median values of monthly average flows. All changes are attributable
to the Slightly Deeper Draft for Hydropower measure in MO2.

Table 3-27. Lower Snake Basin Monthly Average Flows for Multiple Objective Alternative 2
(as change from No Action Alternative)

Location OCT | NOV | DEC JAN FEB | MAR | APR | MAY | JUN JUL AUG SEP

Dworshak 1.6 1.6 1.6 2.1 5.1 6.2 9.6 3.5 4.8 10.7 10.2 5.0
g Spalding, ID 3.4 4.5 4.7 5.9 10.6 | 15.5 26.8 | 33.4 | 28.7 17.0 12.2 6.5
i Snake+Clearwater 19.7 | 209 | 239 | 283 | 39.0 | 47.2 | 69.7 | 944 | 96.4 | 47.9 | 29.2 | 226
‘Zt Lower Granite 19.8 | 21.0 | 23.7 | 284 | 393 | 48.0 | 71.8 | 95.6 | 97.4 | 48.6 | 29.1 | 225

Ice Harbor 20.2 | 214 | 245 | 294 | 420 | 50.7 | 73.0 | 954 | 97.2 | 484 | 281 | 21.2
| Dworshak 0.0 0.0 0.0 6.6 2.0 -1.5 -1.9 1.0 -2.2 -0.2 -0.4 0.0
:‘3 Spalding, ID 0.0 0.0 0.0 6.3 2.6 -2.0 -1.7 0.6 -1.7 -0.2 -0.5 0.0
EJ; Snake+Clearwater 1.0 0.0 0.0 5.8 1.9 -1.6 -0.8 0.4 -2.3 -0.1 -1.0 -0.1
_fc% Lower Granite 0.4 0.0 0.0 5.4 1.7 -1.6 -1.4 0.2 -1.9 -0.7 -1.0 0.0
© | Ice Harbor 0.4 0.0 0.0 5.2 20 | -16 | -13 0.4 -20 | -08 | -0.7 | -0.1
¢ | Dworshak 0% | 0% | ov% [ 311% | 39% |24%N 000N 27% |WASHN -2% | -4% | 0%
E Spalding, 1D 0% 0% 0% | 107% | 24% | -13% | -6% 2% -6% -1% -4% 0%
; Snake+Clearwater 5% 0% 0% 20% 5% -3% -1% 0% -2% 0% -3% 0%
§ Lower Granite 2% 0% 0% 19% | 4% 3% | 2% 0% -2% -2% -3% 0%
& | Ice Harbor 2% 0% 0% 18% 5% 3% | 2% 0% -2% -2% -2% 0%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
Lower Columbia River Reservoir Elevations

Under MO2, there would be no changes to the reservoir elevations at McNary Dam, The Dalles
Dam, or Bonneville Dam. At John Day Dam, the John Day Full Pool measure calls for operating
the reservoir in a range that goes up to 266.5 feet NGVD29 year-round, except as needed for
FRM. When operation is needed for FRM, the full operating range (257.0 to 268.0 feet NGVD29)
may be used, as is the case for the No Action Alternative. The operating elevation range
changes as compared to No Action Alternative are described below:

e January 1to March 14: Compared to the No Action Alternative (262.0 and 265.0 feet
NGVD29), the overall range and maximum elevation is increased by 1.5 feet.

e March 15 to April 9 and October 1 to November 14: Compared to the No Action Alternative
(262.5 and 265.0 feet NGVD29), the overall range and maximum elevation is increased by
1.5 feet.
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e April 10 to September 30: Compared to the No Action Alternative (262.5 and 264.0 feet
NGVD29), the overall range and maximum elevation is increased by 2.5 feet.

The operating range for John Day Dam for Multi Objective Alternative 2 is shown in Figure 3-59.
The No Action Alternative operating range is shown for comparison purposes.

Figure 3-59. John Day Dam Operating Range for Multiple Objective Alternative 2
Note: John Day may be operated between 257 feet and 268 feet NGVD29 for FRM purposes. These limits are not
shown on this figure in order to show greater detail in the vertical scale.

Lower Columbia River Flows

Under MO2, the Slightly Deeper Draft for Hydropower, Sliding Scale at Libby and Hungry Horse,
Modified Draft at Libby, December Libby Target Elevation, Update System FRM Calculation,
Planned Draft Rate at Grand Coulee, Winter System FRM Space measures would cause changes
in flow patterns in the lower Columbia River.

At McNary Dam, the outflows under MO2 would differ from the No Action Alternative to
various extents through the water year. The magnitude and timing of differences in flow are
displayed in the summary hydrograph, Figure 3-60.

In addition to the daily outflow values depicted in Figure 3-60, the monthly average outflows
from McNary Dam that would occur under MO2 were compared to those for the No Action
Alternative, as shown in Table 3-28.
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Figure 3-60. McNary Dam Outflow Summary Hydrograph for Multiple Objective Alternative 2

Conclusions from this comparison are below:

In November, the median value of the monthly average outflow would increase by 4.1 kcfs.
A combination of measures would cause this, with the Slightly Deeper Draft for Hydropower
measure being the main reason for the flow increases.

In December and January, the median value of the monthly average outflow would increase
by 10.8 and 4.7 kcfs, respectively. A combination of measures would cause these flow
increases, with Slightly Deeper Draft for Hydropower and Winter System FRM Space being
the measures primarily responsible for the change.

In March through June, the median value of the monthly average outflow would decrease
by 6.4, 4.7, 3.6, and 3.2 kcfs, respectively. A combination of measures would cause this,
with the Slightly Deeper Draft for Hydropower measure, which shifts some system flows
from the spring months into the winter months, being one of them.

In September, the median value of the monthly average outflow would increase by 2.7 kcfs.
In October, it would decrease by 3.9 kcfs. These changes are due to the Slightly Deeper
Draft for Hydropower measure changing the end of September draft target at Grand Coulee
Dam.
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Finally, median hydrographs for McNary Dam outflow in dry, average, and wet years are shown
in Figure 3-61. The figure provides another way to picture the effects described above, this time
categorized by water year type. Higher outflows would occur in November and December for

all water year types. In January, the dry and average years would continue to have higher
outflows. In March outflows would decrease for all water year types.

The effects on McNary Dam outflow from MO2 would occur similarly, and for the same

reasons, at John Day Dam, The Dalles Dam, and Bonneville Dam. Along the lower Columbia
River, the median value of the average monthly flow for MO2 would be higher than the No
Action Alternative in some months (for example, November through January), and lower in

others (for example, March through June). The flow change patterns seen at the confluence of
the Columbia and Snake Rivers continue downstream to other locations as can be seen in

Table 3-29.

Table 3-28. McNary Dam Monthly Average Outflow for Multiple Objective Alternative 2 (as
change from No Action Alternative)

Exceedance
Probability oCT NOV DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
% 1% 141 187 279 280 327 329 346 451 562 342 231 152
§ - 25% 95 143 155 181 216 200 236 313 352 243 163 100
g g ﬁ 50% 85 124 136 154 182 159 192 260 285 198 141 93
E, - 75% 79 116 118 133 147 130 147 231 217 147 124 87
E 99% 73 112 109 108 115 107 106 178 160 122 114 81
—_ 1% -4.2 1.1 4.5 9.6 4.3 -5.1 -4.4 -4.7 2.1 -1.0 -0.8 0.0
;3 25% -4.0 3.1 10.6 1.6 1.2 -6.1 -4.4 -1.7 -3.7 -1.7 -2.4 1.5
EJ; 50% -3.9 4.1 10.8 4.7 0.3 -6.4 -4.7 -3.6 -3.2 -0.5 -1.7 2.7
_‘E 75% -4.5 1.7 16.0 7.1 -2.7 -6.1 -3.6 -2.6 -4.5 -0.8 -1.9 2.7
S © 99% -4.3 0.1 8.4 9.6 0.9 -2.9 0.4 -6.8 -2.5 -1.7 -2.9 3.0
S g 1% -3% 1% 2% 3% 1% -2% -1% -1% 0% 0% 0% 0%
E 25% -4% 2% 7% 1% 1% -3% -2% -1% -1% -1% -1% 1%
E 50% -5% 3% 8% 3% 0% -4% -2% -1% -1% 0% -1% 3%
§ 75% -6% 1% 14% 5% -2% -5% -2% -1% -2% -1% -2% 3%
a 99% -6% 0% 8% 9% 1% -3% 0% -4% -2% -1% -3% 4%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

Table 3-29. Lower Columbia River Monthly Average Flows for Multiple Objective Alternative 2
(as change from No Action Alternative)

Hydrology and Hydraulics

Location OoCT NOV | DEC | JAN FEB | MAR | APR | MAY | JUN JUL | AUG | SEP
Columbia+ Snake 83 122 134 151 181 157 188 260 288 199 140 91
McNary 85 124 136 154 182 159 192 260 285 198 141 93
g John Day 85 125 140 156 185 165 198 267 288 197 141 93
i The Dalles 90 130 146 163 192 172 206 273 293 202 146 97
<Zt Bonneville 91 135 152 170 199 179 213 275 296 204 149 99
Columbia + Willamette 108 178 225 252 267 233 260 314 319 216 159 111
Columbia + Cowlitz 115 196 257 282 295 255 283 334 336 226 165 117
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Location oCT NOV | DEC JAN FEB | MAR | APR | MAY | JUN JUL | AUG SEP
Columbia + Snake -2.5 4.0 3.7 0.1 6.2 | 43 | -38 | 366 | -09 | -15 2.6
= McNary -3.9 4.1 4.7 0.3 64 | -47 | 36 | -3.2 | -05 | -1.7 2.7
E John Day -4.1 3.9 4.0 0.2 6.2 | 40 | 33 | -3.7 | -0.7 | -1.7 2.8
EJ; The Dalles -4.7 3.7 3.9 -0.3 -6.0 -3.6 -3.5 -3.5 -0.6 -2.0 2.8
_‘E Bonneville -2.8 3.8 3.3 0.3 -6.4 -4.1 -3.9 -3.1 -0.6 -2.4 2.4
© Columbia + Willamette -3.3 3.5 4.9 0.1 -5.3 -4.4 -3.7 -3.2 -0.6 -2.8 2.3
Columbia + Cowlitz -3.0 3.6 4.1 -11 | 55 | 41 | 32 | 34 | -06 | -24 1.9
Columbia+ Snake -3% 3% 7% 2% 0% 4% | 2% | -1% | -1% 0% -1% 3%
@ |McNary -5% 3% 8% 3% 0% 4% | 2% | -1% | -1% 0% -1% 3%
.'c% John Day -5% 3% 8% 3% 0% 4% | 2% | -1% | -1% 0% -1% 3%
; The Dalles -5% 3% 7% 2% 0% 4% | 2% | -1% | -1% 0% -1% 3%
§ Bonneville -3% 3% 7% 2% 0% 4% | 2% | -1% | -1% 0% -2% 2%
& [Columbia + Willamette | -3% 2% 5% 2% 0% 2% | 2% | -1% | -1% 0% -2% 2%
Columbia + Cowlitz -3% 2% 5% 1% 0% -2% -1% -1% -1% 0% -1% 2%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO2 flows lower than the No
Action Alternative flows; green shading denotes MO2 flows higher than the No Action Alternative flows.

Figure 3-61. McNary Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 2
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SUMMARY OF EFFECTS

Under MO2, the largest changes in water levels occur at Libby, Hungry Horse, Grand Coulee,
and Dworshak Dams. Lake Koocanusa water levels are substantially lower in most years from
November through June, but can be higher in the drawdown period starting in January in larger
forecast years, and reservoir levels are slightly higher in the later summer months. Water levels
in Hungry Horse Reservoir are lower from January through June in most years, and lower pool
levels in the rest of the year are less common. Lake Roosevelt water levels are lower in
December through March and at the end of September. Dworshak Reservoir is drawn deeper in
January, and it stays lower through July due to impacts to refill by assumptions not representing
the intended operation.

The largest impacts to river flow occur immediately below Libby, Hungry Horse, Grand Coulee,
and Dworshak Dams, and total flow changes are largest below Grand Coulee Dam. Changes in
Libby outflow vary greatly across the year; November and December releases are much higher,
otherwise flows are lower, particularly in January and May. Hungry Horse outflow is notably
higher in January and February most years, and lower the rest of the year, particularly in May
and June. These flow changes carry through the Flathead and Pend Oreille River Basins
downstream. Flow in the Columbia River below Grand Coulee is higher in November and
December, lower in the spring, and then slightly higher in September followed by lower
October flows. Dworshak outflow is higher in January and February and lower March through
June. With the exception of December, which can be more than 10 percent higher in lower
water years, changes in average monthly flow through the lower Columbia River are within 5
percent of No Action Alternative for all months for most years.

3.2.4.6 Multiple Objective Alternative 3

As the effects of MO3 are presented, they will be displayed along with the No Action
Alternative to illuminate the timing and magnitude of differences in water conditions between
it and the No Action Alternative. Similar to previous sections, the operational measure (or
measures) from MO3 which would result in changes from the No Action Alternative, are
identified to the extent possible.

It should be noted that the Ramping Rates for Safety measure in MO3 would allow for less
restrictive ramping rates at all CRS projects, meaning that changes in outflow could be greater
in magnitude than for the No Action Alternative. This measure was implemented to the extent
possible in the hydroregulation modeling (ramping rates restrictions at Libby and Hungry Horse
Dams were relaxed, approximated by doubling the restrictions) but it is not reflected in
modeling at the other CRS projects. Effects on power generation and transmission are discussed
in Section 3.7.3 of this EIS.
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REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS
Lake Koocanusa (Libby Dam Reservoir) Elevation

Under MO3, the Ramping Rates for Safety, Sliding Scale at Libby and Hungry Horse, Modified
Draft at Libby, and December Libby Target Elevation measures would have a direct effect on
Libby Dam operations.

Reservoir water levels in Lake Koocanusa would differ from the No Action Alternative, as shown
in the summary hydrograph, Figure 3-62.

Figure 3-62. Lake Koocanusa Summary Hydrograph for Multiple Objective Alternative 3

MO3 would generally have the same end-of-October reservoir elevation as the No Action
Alternative. However, over the course of November and December the reservoir elevations for
MO3 would be lower than for the No Action Alternative due to the December Libby Target
Elevation measure, resulting in an end-of-December elevation of 2,400 feet NGVD29 in most
years.

Through the remaining winter months and into the early spring, reservoir levels would
generally continue to be lower under MO3 than they would be for the No Action Alternative,
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though this is not always the case as seen in the 99 percent exceedance and 75 percent
exceedance lines. The reservoir elevations that would occur in the winter and early spring are
driven by the prolonged effect of the lower end of December elevation (from the December
Libby Target Elevation measure) or the drafts called for by the Modified Draft at Libby measure
(or both). It should be noted that MO3 targets a reservoir elevation of 2,400 feet NGVD29 at
the end of December (December Libby Target Elevation measure), but uses draft targets in
January, February and March set by an SRD (Modified Draft at Libby measure) designed to
accommodate an end-of-December elevation of 2,420 (NGVD29). The result of this combination
of measures is that in higher water supply years the reservoir is not drafted as deeply in January
through March as would be desired to achieve April FRM draft targets while striving for
relatively stable outflow.

By April or May, the reservoir would generally begin refilling. The modified refill operation
called for in the Modified Draft at Libby measure would generally improve the probability of
refilling the reservoir, though in the driest years the reservoir would have less success in
refilling (as compared to the No Action Alternative) due to the lower winter and early spring
reservoir elevations that would occur. Overall, MO3 would have a 44 percent chance of the
reservoir reaching elevation 2,454 feet NGVD29 or higher (within 5 feet of the full pool
elevation of 2,459 feet NGVD29) by July 31, as compared to a 39 percent chance for the No
Action Alternative. The peak reservoir elevation would usually be achieved in July or early
August.

During the months of August and September, the reservoir elevation for MO3 would generally
be about 1 to 4 feet higher than for the No Action Alternative. The reason for this is the
Modified Draft at Libby measure, which tends to increase the peak refill elevation, and the
Sliding Scale at Libby and Hungry Horse measure which calls for a sliding scale end-of-
September target elevation that would be dependent on the Libby Dam water supply forecast,
rather than the system-wide water supply forecast at The Dalles. The Sliding Scale at Libby and
Hungry Horse measure targets a higher elevation than the No Action Alternative in the wettest
25 percent of years.

As already discussed, the timing of and extent to which the reservoir elevation for MO3 would
differ from the No Action Alternative would vary throughout the year. It is helpful to examine
the changes that would occur based on the water year type, as shown in the median
hydrographs for dry, average, and wet years in Figure 3-63. Dry years would see the most
pronounced difference, with lower reservoir elevations beginning in November and December,
and continuing through the winter and early spring, when they would be 20 to 25 feet lower
than under the No Action Alternative. Average years would also have lower reservoir
elevations, with the difference being most pronounced in the late fall and early winter months.
Wet years would also differ, having lower reservoir elevations in November and December, and
similar or higher elevations through the remainder of the water year.

Finally, the three panels in Figure 3-64 show monthly elevation duration curves for July, August,
and September, respectively. The curve for MO3 is plotted along with the curve for the No
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Action Alternative in each month. For July, the MO3 curve is virtually identical to the No Action
Alternative. In August and September, the reservoir elevation under MO3 would tend to be the
same or higher than the No Action Alternative. The higher elevations in August are due to the
Modified Draft at Libby and the Sliding Scale at Libby and Hungry Horse measures. In
September, they are due to the Sliding Scale at Libby and Hungry Horse measure, which has
fewer years drafting to 2,439 feet NGVD29 than the No Action Alternative due to the change in
forecast location, and the wettest years only needing a draft to 2,454 feet NGVD29.

Figure 3-63. Lake Koocanusa Water Year Type Hydrographs for Multiple Objective Alternative 3

Figure 3-64. Lake Koocanusa Summer Elevations for Multiple Objective Alternative 3
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Libby Dam Outflow

Under MO3, the Ramping Rates for Safety, Sliding Scale at Libby and Hungry Horse, Modified
Draft at Libby, and the December Libby Target Elevation measures would have a direct effect on
Libby Dam outflow. The change in outflows from the No Action Alternative varies throughout
the year. Figure 3-65 shows median hydrographs for Libby Dam outflow in dry, average, and
wet years.

Figure 3-65. Libby Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 3

Throughout the year, the Ramping Rates for Safety measure would allow for less restrictive
ramping rates, meaning that changes in outflow from Libby Dam (increases or decreases) could
be greater in magnitude than for the No Action Alternative. This measure would not discernibly
alter the monthly average outflow, but could change the outflow for a few days following a
sharp rise or drop in flow. It should be noted that the HEC-ResSim hydroregulation modeling
does not incorporate hourly, daily, or weekly load shaping at dams, including Libby Dam.

The change in average monthly outflow throughout the water year is presented in Table 3-30.
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Average outflow from Libby Dam under MO3 would differ from the No Action Alternative:

In November and December, the monthly average outflows would increase. At the median
level, the increase in November would be 4.9 kcfs and the increase in December would be
2.4 kcfs. The December increases would be most pronounced in the lowest water supply
forecast years, with increases of 9.6 and 10.7 kcfs, respectively, at the 75 percent and 99
percent exceedance levels. The outflow increases are caused by the reservoir drafting to
elevation 2,400 feet NGVD29 in most years for hydropower, the result of the December
Libby Target Elevation measure.

In January through March, monthly average outflows would generally be the same or lower
than the No Action Alternative. At the median level, they would decrease by 3.7, 1.4, and
0.6 kcfs, respectively. The lower outflow in January, and to a lesser extent in February and
March of some years, is due to the way the December Libby Target Elevation measure
combines with the Modified Draft at Libby measure.

Overall, April and May median monthly average outflows would decrease by 1.8 and 1.1
kcfs, respectively, from the No Action Alternative. These changes are related to the VarQ
update in the Modified Draft at Libby measure that would account for future volume
releases and refill the reservoir more aggressively. During dry years, the larger decrease is
from being drafted deeper in December for hydropower as part of the December Libby
Target Elevation measure.

In June and July, monthly average outflows would generally be lower than the No Action
Alternative. At the median level, they would decrease by 0.7 and 0.8 kcfs, respectively.
However, the very highest releases under MO3 would be greater than those for the No
Action Alternative.

In August and September, monthly average outflows would be lower than the No Action
Alternative. At the median level, they would decrease by 0.9 and 0.4 kcfs, respectively. The
Sliding Scale at Libby and Hungry Horse measure, calling for a sliding scale end-of-
September target elevation based on the Libby Dam water supply forecast and a higher
elevation target in the wettest 25 percent of years, contributes to this along with the
improved refill from the Modified Draft at Libby measure.
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Table 3-30. Libby Dam Monthly Average Outflow for Multiple Objective Alternative 3 (as
change from No Action Alternative)

Exceedance

Probability | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | sEP
1% 49 | 235 | 220 | 271 | 258 | 23.0 | 208 | 22.7 | 226 | 229 | 178 | 12.0

3

(=]
= 25% 47 | 162 | 189 | 183 | 200 | 122 | 99 | 192 | 171 | 143 | 121 | 88
5 SE so% 47 | 143 | 177 | 88 | 63 | 55 | 70 | 164 | 142 | 115 | 103 | 7.9
ﬁ 75% 47 | 120 99 | 56 | 40 | 40 | 44 | 140 | 129 | 90 | 90 | 68
L 99% 47 | 70 | 82 | 43 | 40 | 40 | 40 | 116 | 88 | 71 | 71 | 6.0
_ 1% 05 | 01 | 44 | 54 | 02 | 01 | 10 | 1.3 | 04 | 03 | 33 | 01

{7,
G 25% 01|56 | 19 | 76 | -08 | 20 | 02 | 14 | 09 | 07 | -1.1 | -03
e 50% 01| 49 | 24 | 37| 14| 06 | 18 | <11 | 07 | 08 | -09 | -0.a
8 75% 01| 42 | 96 | 09 | 00 | 00 | 04 | 52 | 06 | 00 | 00 | -06
o | ° 99% 01| 37 107 ] 03 | 00 | 00 | 00 | 63 | 22 | 05 | -05 | 00
= @ 1% 10% | 0% | 20% | 20% | 1% | 0% | -5% | 6% | 2% | 1% | -19% | 1%
§ 25% 1% 4% | 17% | 2% | -7% | 5% | 5% | 9% | -3%
2 50% 1% 22% | -11% | -26% | -7% | 5% | -7% | -9% | -5%
3 75% 1% 0% | 0% | 9% | 37% | -4% | 0% | 0% | -8%
a 99% 1% 0% | 0% | 0% |WSAsN 25% | 7% | 7% | 0%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

Bonners Ferry Flow

Under MO3, the Ramping Rates for Safety, Sliding Scale at Libby and Hungry Horse, Modified
Draft at Libby, and December Libby Target Elevation measures would affect flows at Bonners
Ferry. In general, the flows would differ from the No Action Alternative in much the same way
as at Libby Dam, and for the same reasons. The change in average monthly flow at Bonners
Ferry throughout the water year is presented in Table 3-31.
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Table 3-31. Bonners Ferry Monthly Average Flow for Multiple Objective Alternative 3 (as
change from No Action Alternative)

Exceedance
Probability | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JuL | AUG | SEP
2 1% 90 | 266 | 292 | 31.3 | 29.7 | 275 | 30.4 | 40.8 | 407 | 27.2 | 19.0 | 133
(=]
= 25% 61 | 181 | 207 | 210 | 232 | 153 | 19.4 | 343 | 278 | 173 | 133 | 97
g SE so% 56 | 154 | 189 | 104 | 85 | 84 | 146 | 311 | 238 | 146 | 11.4 | 86
i 75% 54 | 130 | 114 | 65 | 51 | 59 | 102 | 276 | 203 | 11.8 | 99 | 74
L 99% 51 | 77 | 90 | 51 | 45 | 49 | 70 | 183 | 126 | 90 | 81 | 67
_ 1% 06 | 13 | 1.7 | 70 | 09 | 1.8 | 02 | 02 | 12 | 00 | 35 | 08
{7,
G 25% 01| 55 | 19 | 86 | -1.3 | 26 | 06 | 08 | -0.7 | -06 | -1.1 | -0.2
e 50% 01| 49 | 26 | 35| <13 | 02 | 10 | 1.2 | 07 | 07 | -08 | -04
8 75% 01| 45 | 90 | 08 | -01 | 01 | 05 | 65 | -0.7 | 02 | 03 | -03
o | ° 99% 01| 38 | 107 | 03 | 00 | 00 | 00 | 62 | 29 | -14 | 09 | -01
= @ 1% 7% | 5% | 6% | 22% | 3% | 7% | 1% | 0% | 3% | 0% | -18% | 6%
c
z 25% 2% | 31% | o% [A1| -6% | 17% | 3% | 2% | 2% | 4% | 8% | 2%
2 50% 1% | 32% | 14% | -34% | -16% | 2% | 7% | -4% | -3% | 5% | -7% | -5%
3 75% 1% | 34% [79% -12% | 2% | -2% | -5% | -24% | 3% | 2% | -3% | -4%
a 99% 1% [ 49% [119% | 5% | 0% | 0% | 0% | -34% | -23% | -15% | -11% | -2%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

Hungry Horse Reservoir Elevation

Under MO3, the Ramping Rates for Safety, Sliding Scale at Libby and Hungry Horse, and Hungry
Horse Additional Water Supply measures would have a direct effect on Hungry Horse Dam
operations.

Reservoir water levels would differ from the No Action Alternative, as shown in the summary
hydrograph, Figure 3-66.

The water year would begin with the reservoir levels for MO3 being lower than those for the
No Action Alternative. This is because the operations associated with the Hungry Horse
Additional Water Supply measure would leave the reservoir at a lower elevation on September
30 than under the No Action Alternative, and the condition would carry over to the following
water year. It should be noted that when MO3 was modeled, the initial Hungry Horse Reservoir
levels at the start of each water year were erroneously set lower than intended. A subsequent
sensitivity analysis revealed that this initialization error primarily affected results in the fall and
winter. In the summary hydrograph, Figure 3-66, the median and higher elevations should have
water levels 1 to 3 feet higher than shown from October through May. Below the median, the
results should be 5 to 10 feet higher from October through February.
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Figure 3-66. Hungry Horse Reservoir Summary Hydrograph for Multiple Objective Alternative
3

This initialization error had little effect downstream from Hungry Horse Dam. Hungry Horse
Dam’s modeled releases were up to 1 kcfs lower than they should have been, but by the time
flow reaches Flathead Lake the MO3 results have little error.

Overall, reservoir elevations under MO3 would be lower than for the No Action Alternative. At
the median level, reservoir elevations would be about 4 feet lower in November through April
and 0 to 2 feet lower in May through August. By the end of September, reservoir levels under
MO3 would typically be 4 feet lower than the No Action Alternative. The Sliding Scale at Libby
and Hungry Horse measure results in reducing the draft requirements in some years, by setting
a higher elevation target for summer flow augmentation than the No Action Alternative.

Water levels at Hungry Horse Reservoir under MO3 would differ from the No Action Alternative
to varying extents, depending on the water year type. Median hydrographs of the reservoir
level for dry, average, and wet years are shown in Figure 3-67.
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Figure 3-67. Hungry Horse Reservoir Water Year Type Hydrographs for Multiple Objective
Alternative 3

Finally, the three panels in Figure 3-68 show Hungry Horse Reservoir elevation duration curves
for the months of July, August, and September, respectively. While other months have larger
differences, these three are shown because of interest in summer reservoir elevations. In
general, the reservoir levels under MO3 would be lower than for the No Action Alternative,
with August and September having the most difference. For instance, the daily reservoir
elevation in September would be above elevation 3,550 feet NGVD29 about 30 percent of the
time under MO3, whereas it would be above that elevation about 71 percent of the time under
the No Action Alternative.

Figure 3-68. Hungry Horse Reservoir Summer Elevations for Multiple Objective Alternative 3
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Hungry Horse Dam Outflow

Under MO3, the Ramping Rates for Safety, Sliding Scale at Libby and Hungry Horse, and Hungry
Horse Additional Water Supply measures would have a direct effect on Hungry Horse Dam
outflows. The outflows would differ from the No Action Alternative depending on the time of
year. Figure 3-69 shows median hydrographs for Hungry Horse Dam outflow in dry, average,

and wet years.

Figure 3-69. Hungry Horse Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 3

The change in average monthly outflow from Hungry Horse Dam throughout the water year is
presented in Table 3-32.
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Table 3-32. Hungry Horse Dam Monthly Average Outflow for Multiple Objective Alternative 3
(as change from No Action Alternative)

Exceedance
Probability OoCT NOV DEC JAN FEB MAR | APR MAY | JUN JUL AUG SEP
3 1% 2.5 4.7 6.9 7.1 11.5 14.5 15.6 9.6 10.7 6.9 4.4 4.4
[]
“_g 25% 2.2 2.4 2.7 3.1 4.0 5.7 8.1 7.0 6.1 4.2 3.1 3.1
g g “é 50% 1.9 2.0 2.4 2.6 2.7 2.7 5.4 5.7 4.3 3.4 2.7 2.7
i 75% 1.4 1.4 2.1 2.3 2.4 2.2 3.1 4.1 3.2 2.6 2.4 2.4
2 99% 0.8 0.8 1.6 2.0 1.7 1.5 1.7 1.7 1.7 1.8 1.9 2.0
— 1% -0.1 -0.8 -2.3 -0.7 -0.3 -0.3 -0.2 -0.1 -0.4 0.0 -0.1 -0.1
v
E 25% -0.1 -0.1 -0.2 -0.4 -0.9 -0.9 -0.4 -0.3 -0.4 0.1 0.5 0.5
o 50% -0.1 -0.1 -0.2 -0.1 -0.1 -0.2 -1.0 -0.4 -0.3 0.0 0.6 0.6
_‘ccv 75% -0.2 -0.2 -0.3 -0.2 -0.1 -0.1 -0.6 -0.5 -0.4 0.2 0.4 0.5
8 © 99% -0.3 -0.2 -0.5 -0.4 -0.2 -0.1 -0.1 0.0 0.0 0.0 0.2 0.3
2 g 1% -4% | -18% | -33% | -10% | -2% 2% -1% -1% -4% 0% 2% 2%
_rc% 25% -5% 2% 6% | -12% | -23% | -15% | -4% -4% -7% 2% 17% | 17%
E 50% -7% -6% -6% -3% -5% 7% | -19% | -8% -8% 1% 21% | 21%
§ 75% -12% | -16% | -16% | -8% -6% 5% | -20% | -12% | -11% 9% 18% | 19%
a 99% 39% | -29% | -32% | -17% | -12% | -7% -3% -1% -3% -3% 12% | 17%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

Average outflow from Hungry Horse Dam would differ from the No Action Alternative:

e In August and September, the median value of the monthly average outflow would increase
as compared to the No Action Alternative. The measures driving these changes are the
Hungry Horse Additional Water Supply and Sliding Scale at Libby and Hungry Horse
measures.

e After September and through the spring, reservoir outflows would generally be lower than
for the No Action Alternative. The lower outflows would occur because the reservoir would
be drafted deeper at the end of September, and so would begin the water year at a lower
elevation than under the No Action Alternative.

While the initial Hungry Horse Reservoir levels at the start of each water year were erroneously
set lower than intended, the effects of this initialization on Hungry Horse discharge are smaller
than the effects on reservoir elevation. The results in Table 3-3 are close to what would be
expected for MO3. Winter flows would be lower than for the No Action Alternative, with flows
at the 1 percent exceedance level being the most underpredicted (the underprediction ranges
from 0.2 to 0.9 kcfs at the 1 percent exceedance level). By May and June, the underprediction
in flows from the initialization error is just 0.1 to 0.2 kcfs for most water year types. Moving
downstream through the system, flow effects from initialization have less and less of an effect
as the total river flows become larger and larger.

Throughout the year, the Ramping Rates for Safety measure would allow for less restrictive
ramping rates, meaning that changes in outflow from Hungry Horse Dam (increases or
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decreases) could be greater in magnitude than for the No Action Alternative. This measure
would not discernibly alter the monthly average outflow, but could change the outflow for a
few days following a sharp rise or drop in flow. It should be noted that the HEC-ResSim
hydroregulation modeling does not incorporate hourly, daily, or weekly load shaping at dams,
including Hungry Horse Dam.

Columbia Falls Flow

Under MO3, the Ramping Rates for Safety, Sliding Scale at Libby and Hungry Horse, and Hungry
Horse Additional Water Supply measures would affect flows at Columbia Falls. Compared to the
No Action Alternative, there would be increased flow in August and September in virtually all
years, while other months of the year would have flows similar to or less than those under the
No Action Alternative, while still meeting minimum flow requirements. The change in average
monthly flow at Columbia Falls throughout the water year, as compared to the No Action
Alternative, is presented in Table 3-33.

Table 3-33. Columbia Falls Monthly Average Flow for Multiple Objective Alternative 3 (as
change from No Action Alternative)

Exceedance
Probability OCT | NoVv DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
3 1% 8.9 14.4 14.8 11.0 14.2 17.4 30.5 38.0 43.2 23.9 8.8 8.7
‘TE 25% 4.0 4.2 4.5 5.0 5.8 7.9 15.9 29.7 315 15.1 6.9 5.4
é : ;3 50% 3.8 3.7 3.7 3.8 3.8 4.5 12.3 25.5 24.8 115 5.8 4.7
i 75% 3.6 3.6 3.6 3.6 3.6 3.7 8.5 214 | 20.0 8.4 4.9 4.2
2 99% 3.5 3.5 3.5 3.5 3.5 3.5 5.4 15.7 12.4 5.5 3.9 3.6
—_ 1% -1.7 -3.9 -3.5 -1.2 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.7 -0.1
;3 25% -0.2 -0.1 -0.7 -0.7 -1.0 -0.7 -0.5 -0.4 -0.1 0.3 0.5 0.6
EJ; 50% -0.1 0.0 0.0 -0.1 -0.1 -0.5 -0.8 -0.3 -0.2 0.2 0.4 0.5
_‘E 75% -0.1 0.0 0.0 0.0 0.0 -0.1 -0.7 -0.6 -0.5 0.0 0.3 0.4
8 © 99% -0.1 0.0 0.0 0.0 0.0 0.0 -0.4 -0.4 -0.5 -0.3 0.1 0.3
S g 1% -19% | -27% | -23% | -11% | -3% -3% -1% -1% 0% 0% 8% -1%
E 25% -4% 3% | -14% | -15% | -17% -9% -3% -1% 0% 2% 8% 11%
E 50% -4% -1% -1% -2% -3% | -10% -6% -1% -1% 2% 7% 11%
§ 75% -2% 0% 0% 0% 0% -2% -8% -3% -3% 0% 6% 8%
& 99% -3% 0% 0% 0% 0% 0% -8% -3% -4% -5% 1% 9%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

Lake Pend Oreille Elevation

Under MO3, there are no measures that would have a direct effect on the level of Lake Pend
Oreille. The operational changes at Hungry Horse Dam from the Sliding Scale at Libby and
Hungry Horse and Hungry Horse Additional Water Supply measures would translate
downstream (as flow changes) and pass through Lake Pend Oreille. The flow changes would not
impact the annual peak reservoir levels and would not change the timing of refill or drawdown.
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Thus, there would not be any noticeable difference in the level of Lake Pend Oreille as
compared to the No Action Alternative.

Albeni Falls Outflow

Under MO3, the Sliding Scale at Libby and Hungry Horse and Hungry Horse Additional Water
Supply measures would affect the monthly average outflow from Albeni Falls Dam, but to a
lesser degree than at Hungry Horse Dam or Columbia Falls. This is seen in Table 3-34.

Table 3-34. Pend Oreille Basin Monthly Average Flows for Multiple Objective Alternative 3 (as
change from No Action Alternative)

Location ocT [ Nov | DEC | JAN | FEB | MAR | APR | MAY | JUN | JuL | AUG | SEP

| Hungry Horse 19 | 20 | 24 | 26 | 27 | 27 | 54 | 57 | 43 | 34 | 27 | 27

5 % | ColumbiaFalls, MT | 3.8 | 37 | 37 | 38 | 38 | 45 | 123 | 255 | 248 | 115 | 58 | 47
Albeni Falls 237 | 16.7 | 153 | 145 | 16.6 | 19.8 | 252 | 50.7 | 556 | 27.4 | 12.0 | 137

g = Hungry Horse 01| 01| -02 | -01 | -01 -0.2 -1.0 -0.4 -0.3 0.0 0.6 0.6
5§ [ coumbiaraiis MT [ 0.1 | 00 [ 00 [-01]-01]-05]-08]-03]-02]02]04]0s
O Albeni Falls 09 | 01| 00| 01| 040207 05]|-03]-03] 00 ] -01
= g | Hungry Horse 7% | 6% | 6% | -3% | 5% | -7% |00 -8% | 8% | 1% | 21% | 21%
8 £ | Columbia Falls, MT | -4% | -1% | -1% | 2% | -3% | -10% | -6% | -1% | -1% | 2% | 7% | 11%
2 S [ Abbeni Falls 4% | 1% | 0% | 1% | 3% | -1% | 3% | 1% | 1% | 1% | 0% | -1%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS
Columbia River Flow Upstream of Grand Coulee Dam

Under MO3, the Sliding Scale at Libby and Hungry Horse, Modified Draft at Libby, December
Libby Target Elevation, and Hungry Horse Additional Water Supply measures would affect
Columbia River flow upstream of Grand Coulee Dam. A summary hydrograph of flows near RM
748 (just downstream of the U.S.-Canada border, about 151 river miles upstream of Grand
Coulee Dam) is shown in Figure 3-70.

Figure 3-70 characterizes the timing and magnitude of flow changes between the No Action
Alternative and MO3 due to the combined effect of measures at Libby and Hungry Horse Dames.
Changes in flow between MO3 and the No Action Alternative would be noticeable in many
months. In November and December, flows for MO3 would generally be higher, primarily due
to the hydropower draft in in the December Libby Target Elevation measure at Libby Dam. In
January, and again from May through July, MO3’s flows would generally be the same or lower.
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Figure 3-70. Lake Roosevelt Inflow Summary Hydrograph for Multiple Objective Alternative 3
Lake Roosevelt (Grand Coulee Dam Reservoir) Elevation

Under MO3, the Update System FRM Calculation and Planned Draft Rate at Grand Coulee
measures relate directly to Grand Coulee Dam and would influence reservoir elevations at Lake
Roosevelt.

In addition, the Sliding Scale at Libby and Hungry Horse, Modified Draft at Libby, December
Libby Target Elevation, and Hungry Horse Additional Water Supply measures would affect the
inflow to Grand Coulee Dam. It is worth noting that MO3 does not have a measure calling for
winter FRM space at Grand Coulee Dam, whereas MO1, MO2, and MO4 all do have the Winter
System FRM Space measure. The hydroregulation modeling performed for MO3 incorporates all
of these measures, but because each measure was not evaluated in isolation from the others,
drawing a direct linkage between a single measure and an effect is not always possible. The
effects that would occur from a measure or combination of measures are identified and
discussed to the extent possible.

Reservoir water levels in Lake Roosevelt under MO3 would differ from the No Action
Alternative, as shown in the summary hydrograph, Figure 3-71.
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Figure 3-71. Lake Roosevelt Summary Hydrograph for Multiple Objective Alternative 3

Under MO3, the elevation of Lake Roosevelt throughout the year would be similar to the No
Action Alternative, with a few exceptions as shown in Figure 3-71. In years with large water
supply forecasts issued in the winter months, the reservoir elevation would be lower in the
winter and early spring primarily due to the Planned Draft Rate at Grand Coulee and Update
System FRM Calculation measures. These measures work together to achieve FRM space
requirements at Grand Coulee Dam based on water supply conditions. The Update System FRM
Calculation measure determines how much space is needed at Grand Coulee Dam, given the
amount of space available elsewhere in the system; the Planned Draft Rate at Grand Coulee
measure determines how early to start drafting the reservoir to achieve that space. The Update
System FRM Calculation measure would also have an influence on reservoir elevations in the
winter and spring months. Grand Coulee Maintenance Operations and Lake Roosevelt
Additional Water Supply measures would not have an effect on the reservoir elevation, but
would affect outflow from the dam, including the amount of outflow that would occur as spill.

MO3 has a similar probability of drafting to very low reservoir elevations (elevation 1,222 feet
NGVD29 or below) at Lake Roosevelt on April 30 as the No Action Alternative. This is because
the FRM space requirement at Grand Coulee Dam defined in the Update System FRM
Calculation measure retains a “flat spot” at elevation 1,222.7 feet NGVD29, similar to the No
Action Alternative.
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Finally, median hydrographs for Lake Roosevelt elevation in dry, average, and wet years are
shown in Figure 3-72. The figure provides another way to picture the effects of MO3, this time
categorized by water year type. Presented this way, it can be seen that in dry years, Lake
Roosevelt’s elevation from mid-November through early February would be higher under MO3
than the No Action Alternative. From mid-November through the end of December, this is
caused by higher inflows to Grand Coulee Dam, rather than a change in operations at Grand
Coulee Dam itself.

Figure 3-72. Lake Roosevelt Water Year Type Hydrographs for Multiple Objective Alternative
3

Grand Coulee Dam Drum Gate Maintenance

Drum gate maintenance at Grand Coulee Dam is planned to occur annually during March, April,
and May, but is not conducted in all years. The reservoir must be at or below elevation 1,255
feet NGVD29 for 8 weeks to complete drum gate maintenance. Under MO3, the Update System
FRM Calculation, and Planned Draft Rate at Grand Coulee measures would influence reservoir
elevations during spring months.

The changes in elevations for MO3 that influence the decision to conduct drum gate
maintenance would not change significantly relative to the No Action Alternative (April 30 FRM
elevation targets and drum gate initiation methodology is discussed in more detail in Part 1 of
Appendix B). The decision to conduct drum gate maintenance is based on the February water
supply forecast and the resulting April 30 FRM elevation projection (April 30 FRM elevation
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target at or below 1,255 or 1,265 feet NGVD29 depending on how recently the maintenance
has been conducted). This is not to say the spring elevations are the same for the two
alternatives but rather there are a similar number of years that elevations would allow for drum
gate maintenance. In both MO3 and the No Action Alternative, drum gate maintenance would
be achievable in 65 percent of the years.

Grand Coulee Dam Outflow

Under MO3, the Update System FRM Calculation, Planned Draft Rate at Grand Coulee, and Lake
Roosevelt Additional Water Supply measures would directly affect outflows from Grand Coulee
Dam. In addition, the Sliding Scale at Libby and Hungry Horse, Modified Draft at Libby,
December Libby Target Elevation and Hungry Horse Additional Water Supply measures would
affect inflows and outflows at Grand Coulee Dam. The outflows from Grand Coulee Dam would
differ from the No Action Alternative depending on the time of year, as seen in the summary
hydrograph, Figure 3-73.

Figure 3-73. Grand Coulee Dam Outflow Summary Hydrograph for Multiple Objective
Alternative 3

The change in average monthly outflow throughout the water year is presented in Table 3-35.
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Table 3-35. Grand Coulee Dam Monthly Average Outflow for Multiple Objective Alternative 3
(as change from No Action Alternative)

Exceedance
Probability OCT | NOV | DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
3 1% 94 130 174 190 213 186 191 231 275 247 175 111
“_‘3 25% 67 99 109 124 147 117 120 165 181 158 118 68
g g “é 50% 59 91 97 108 126 93 97 138 150 134 102 63
g 75% 54 84 88 96 105 78 79 118 121 98 92 59
:1 99% 49 78 79 76 81 66 60 97 91 81 81 53
—_ 1% -1.7 0.5 -45 | -3.8 6.1 -06 | -80 | -56 | -1.0 | -5.2 | -33 | -29
ﬁ 25% -1.9 34 1.7 -8.7 1.5 -04 | 38 | 66 | -36 | 40 | -48 | -3.0
E-‘; 50% -1.8 2.2 3.7 -5.4 0.1 -2.3 -4.8 -6.7 -4.8 -4.6 -3.9 -3.2
_;::“ 75% -1.8 3.9 5.9 0.2 -1.9 -1.8 -2.6 -7.0 -5.2 -5.6 -4.7 -2.9
8 © 99% -1.7 3.9 4.9 9.7 0.9 -0.3 0.0 -8.0 -7.5 -5.7 -4.1 -2.9
b= e 1% -2% 0% -3% -2% 3% 0% -4% -2% 0% -2% -2% -3%
E 25% -3% 3% 2% -7% 1% 0% -3% -4% -2% -3% -4% -4%
42 50% -3% 2% 4% -5% 0% -2% -5% -5% -3% -3% -4% -5%
§ 75% -3% 5% 7% 0% -2% -2% -3% -6% -4% -6% -5% -5%
a 99% -3% 5% 6% 13% 1% 0% 0% -8% -8% -7% -5% -6%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

Under MO3, the Lake Roosevelt Additional Water Supply measure calls for an increased volume
of water to be pumped from Lake Roosevelt into Banks Lake, which would directly affect Grand
Coulee Dam outflows. Because several other measures in MO3 would also affect Grand Coulee
Dam’s outflow, the effects of MO3 are described below, identifying the measure (or
combination of measures) responsible for the change where possible.

e In November, the median value of the monthly average outflow would increase by 2.2 kcfs.
This is due to the hydropower draft in the December Libby Target Elevation measure.

e |In December, the median value of the monthly average outflow would increase by 3.7 kcfs.
This is again attributable to the December Libby Target Elevation measure. However, for the
highest flows (1 percent exceedance levels), the monthly average outflow would decrease.

e InJanuary, the median value of the monthly average outflow would decrease by 5.4 kcfs. At
other exceedance levels, there would be flow changes of greater magnitude, some higher
than the No Action Alternative and some lower. The outflow decrease is primarily caused by
reduced outflow from Libby Dam.

e In February, the median value of the monthly average outflow would be similar to the No
Action Alternative (0.1 kcfs modeled increase). However, other exceedance levels would
have changes of greater magnitude, some higher than the No Action Alternative and some
lower.

e In March, the median value of the monthly average outflow would decrease by 2.3 kcfs due
to outflow changes from Libby and Hungry Horse Dams and the additional water supply

3-142
Hydrology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

from Lake Roosevelt. In March, the measure Lake Roosevelt Additional Water Supply would
reduce flows approximately 0.6 kcfs.

In April, the volume of water to be pumped from Lake Roosevelt into Banks Lake as a result
of the Lake Roosevelt Additional Water Supply measure would increase. The April through
September period would have the greatest total pumping volumes, as well as the greatest
additional pumping volumes as called for in the Lake Roosevelt Additional Water Supply
measure.

In April, May, and June, the monthly average outflows would consistently be lower. At the
median level, they would decrease by 4.8, 6.7, and 4.8 kcfs, respectively. These changes are
largely due to the Lake Roosevelt Additional Water Supply measure and changes to inflows
from projects upstream (Libby and Hungry Horse Dams), though other measures also have
an influence. In April, May, and June the measure Lake Roosevelt Additional Water Supply
would reduce flows approximately 3.2, 3.2, and 3.0 kcfs, respectively.

In July, August, and September, monthly average outflows would also be consistently lower.
At the median level, the monthly average outflow for July, August, and September would be
reduced by 4.6, 3.9, and 3.2 kcfs, respectively. These changes are predominantly due to the
Lake Roosevelt Additional Water Supply measure. The Lake Roosevelt Additional Water
Supply measure would decrease flows by 4.2, 2.6, and 2.5 kcfs in July, August, and
September, respectively.

The Grand Coulee Maintenance Operations measure would not impact reservoir elevations
or total outflows, but would reduce the hydraulic capacity through the power plants,
resulting in additional spill and an increase in TDG in some situations.

Finally, median hydrographs for Grand Coulee Dam outflow in dry, average, and wet years are
shown in Figure 3-74. MO3 and the No Action Alternative are shown. The figure provides
another way to picture the effects described above, this time categorized by water year type.
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Figure 3-74. Grand Coulee Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 3

Middle Columbia River below Grand Coulee Dam

Under MO3, the pattern of flow changes in the middle Columbia River would be similar to those
described for Grand Coulee Dam outflow, with the changes occurring for the same reasons as
described for Grand Coulee Dam outflow. An additional measure, Chief Joseph Dam Project
Additional Water Supply, calls for an increase in water diversion (at a maximum rate of 0.05
kcfs) from the Columbia River for the Chief Joseph Dam. The total flow impact from the Chief
Joseph Dam Project Additional Water Supply measure is 9.6 kaf annually, which is significantly
smaller than the impacts from the Lake Roosevelt Additional Water Supply measure that
reduces flows an additional 1.1 Maf annually. For perspective, the flow change for the Chief
Joseph Dam Project Additional Water Supply measure is two orders of magnitude smaller than
that for the Lake Roosevelt Additional Water Supply measure. The reservoir elevation at Chief
Joseph Dam would not change from the No Action Alternative.

Table 3-36 shows changes in the median values of monthly average flows at locations in the
middle Columbia River.
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Table 3-36. Middle Columbia River Monthly Average Flows for Multiple Objective Alternative
3 (as change from No Action Alternative)

Location OCT | NOV | DEC | JAN FEB | MAR | APR | MAY | JUN JUL AUG SEP

Lake Roosevelt Inflow 64 82 92 95 100 65 69 131 166 133 98 75
g Grand Coulee 59 91 97 108 126 93 97 138 150 134 102 63
i‘ Chief Joseph 58 91 96 108 127 94 98 139 150 135 103 63
<zt Wells 59 93 98 110 129 95 101 150 163 141 105 65

Priest Rapids 60 96 102 | 115 | 133 100 108 162 178 147 108 68
_ | Lake Roosevelt Inflow -0.2 5.4 4.3 34 | -14 -0.5 -1.2 -3.3 -0.8 -0.7 -0.4 -0.3
:‘3 Grand Coulee -1.8 2.2 3.7 -5.4 0.1 -2.3 -4.8 -6.7 -4.8 -4.6 -3.9 -3.2
EJ; Chief Joseph -1.2 2.2 3.7 -5.2 0.0 -2.3 -4.7 -6.8 -4.6 -4.8 -3.8 -3.0
_‘E Wells 0.1 2.1 4.1 -5.0 -0.2 -2.1 -4.6 -7.2 -4.7 -5.0 -3.7 -3.0
© Priest Rapids 0.1 3.0 4.7 -5.0 | -0.5 -1.9 -4.7 -7.1 -4.4 -4.3 -3.5 -3.0
& |Lake Roosevelt Inflow 0% 7% 5% 4% | -1% | -1% -2% -2% 0% -1% 0% 0%
E Grand Coulee -3% 2% 4% -5% 0% -2% -5% -5% -3% -3% -4% -5%
; Chief Joseph -2% 2% 4% -5% 0% -2% -5% -5% -3% -4% -4% -5%
§ Wells 0% 2% 4% -5% 0% -2% -5% -5% -3% -4% -3% -5%
& |Priest Rapids 0% 3% 5% -4% 0% -2% -4% -4% -2% -3% -3% -4%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Dworshak Dam

MO3 does not have any operational measures that would directly affect Dworshak Reservoir
elevations or Dworshak Dam outflows. Given this, the effects would be the same as those for
the No Action Alternative, though the Ramping Rates for Safety measure, which allows for less
restrictive ramping rates, could result in greater hourly or daily outflow changes at Dworshak
Dam, as well as the other CRS dams.

Clearwater and Snake Rivers below Dworshak Dam

Under MO3, the Breach Snake Embankments measure calls for the breaching of the four lower
Snake River dams by removing earthen embankments and adjacent structures. This measure
would result in dramatic changes in hydraulic conditions (water level, depth, channel width,
velocity, etc.) and seasonal water level dynamics in the lower Snake River from several miles
above the confluence of the Snake with the Clearwater River near Lewiston, ldaho, to the
location of Ice Harbor Dam. Changes to flow amounts would be minor since the four lower
Snake River dams are run-of-river projects, not storage projects. Compared to the No Action
Alternative where transitions to or from MOP operations occur in late March and early
September, MO3 would result in monthly average flow changes below Ice Harbor Dam of -0.9
kcfs in the March and +1.3 kcfs in September. The latter can result in and up to 8 percent
increase in average monthly September flow in low water years.
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Also, changes in irrigation withdrawals were not included in the Reservoir Operations model
but are discussed in Section 3.12, the Water Supply section of this EIS. It is expected that
irrigation withdrawals from the lower Snake River reach could be decreased by over 200 kaf
through the irrigation season, and this would translate to a small (less than 1 kcfs) but
sometimes noticeable increase in total Snake River flows compared to the No Action
Alternative from April 1 to October 15. The increase in Snake River flow below Ice Harbor would
typically be less than 1 percent, but could be as large as 4 percent in late summer during dry
years, and the flow change downstream in the Columbia would be negligible. These changes
would be in addition to the reported changes in Grand Coulee Dam’s Outflow described in

Table 3-35.

The H&H Appendix (Appendix B, Part 1, H&H Data Analysis) also contains greater detail on
expected water conditions than the information presented here.

Figure 3-75 shows a comparison of water surface profiles for the lower Snake River reaches
(from McNary Dam to beyond Lewiston, Idaho). The water surface profile for MO3 generally
follows the slope of the riverbed, whereas the water surface profile for the No Action
Alternative appears as a stair step, due to the presence of the dams and the reservoirs they
impound. The Breach Snake Embankments measure would cause the depth of water in the river
to be as much as 100 feet less at locations just upstream of the four lower Snake River dam
sites. Seasonal fluctuations in water level would increase from less than 5 feet under the No
Action Alternative to 10 to 15 feet (typical) under MO3.

Under MO3, changes in river width would also occur. The average decrease in width would be
about 500 feet, but the change could be as much as a half mile in some locations. The decrease
in width would generally be the most pronounced in locations closest to the dams, although
this is not the case with Little Goose Reservoir, which has the widest section a few miles
upstream from the dam, near RM 75.

Other changes in river hydraulics include dramatic increases in average and minimum hydraulic
grade (slope) and increases in average and minimum velocity. Without the reservoirs, the water
particle travel time through the reach could be reduced by an order of magnitude. These
changes are described in greater detail in the H&H Appendix (Appendix B, Part 1, H&H Data
Analysis). The River Mechanics section of this EIS (Section 3.3, River Mechanics) presents
information on the changes in river hydraulics that would occur as a result of this measure,
including sediment transport and channel morphology. Further details are also provided in the
River Mechanics Appendix (Appendix C), which describes the channel conditions that would be
expected several years following dam breach, after fluvial processes have had time to move
accumulated sediment and allow for the river channel to reach a relatively stable, equilibrium
state. Changes in hydrologic routing through the reach would be minor.

3-146
Hydrology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

Figure 3-75. Lower Snake River Water Surface Profiles for Multiple Objective Alternative 3
REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
Lower Columbia River Reservoir Elevations

Under MO3, there would be no changes to the reservoir elevations at McNary Dam, The Dalles
Dam, or Bonneville Dam. At John Day Dam, the John Day Full Pool measure calls for operating
the reservoir in a range between 262.5 feet NGVD29 and 266.5 feet NGVD29 year-round,
except as needed for FRM. When operation is needed for FRM, the full operating range (257.0
to 268.0 feet NGVD29) may be used, as is the case for the No Action Alternative. The operating
elevation range changes and changes in elevation maximum and minimum elevations as
compared to No Action Alternative are described below:

e January 1to March 14: Compared to the No Action Alternative (262.0 and 265.0 feet
NGVD29), the minimum and maximum elevations are increased by 0.5 foot and 1.5 feet,
respectively, increasing the overall range from 3.0 to 4.0 feet.

e March 15 to April 9 and October 1 to November 14: Compared to the No Action Alternative
(262.5 and 265.0 feet NGVD29), the overall range and maximum elevation is increased by
1.5 feet.
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e April 10 to September 30: Compared to the No Action Alternative (262.5 and 264.0 feet
NGVD29), the overall range and maximum elevation is increased by 2.5 feet.

e November 15 to December 31: Compared to the No Action Alternative (262.0 and 266.5
feet NGVD29), the minimum elevation is decreased by 0.5 foot, as is the overall operating
range.

The operating range for John Day Dam for Multi Objective Alternative 3 is shown in Figure 3-76.
The No Action Alternative operating range is shown for comparison purposes.

Figure 3-76. John Day Dam Operating Range for Multiple Objective Alternative 3
Note: John Day may be operated between 257 feet and 268 feet NGVD29 for FRM purposes. These limits are not
shown on this figure in order to show greater detail in the vertical scale.

Lower Columbia River Flows

Under MO3, the Sliding Scale at Libby and Hungry Horse, Modified Draft at Libby, December
Libby Target Elevation, Update System FRM Calculation, Planned Draft Rate at Grand Coulee,
John Day Full Pool, Lake Roosevelt Additional Water Supply, Hungry Horse Additional Water
Supply, and Chief Joseph Dam Project Additional Water Supply measures would cause changes
in flow patterns in the lower Columbia River.

At McNary Dam, the outflows under MO3 would differ from the No Action Alternative to
various extents through the water year. The magnitude and timing of differences in flow are
displayed in the summary hydrograph, Figure 3-77.

In addition to the daily outflow values depicted in Figure 3-77, the monthly average outflows
from McNary Dam that would occur under MO3 were compared to those for the No Action
Alternative, as shown in Table 3-37.
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Figure 3-77. McNary Dam Outflow Summary Hydrograph for Multiple Objective Alternative 3
Conclusions from this comparison are as follows:

e In November and December, the median value of monthly average outflow would increase
by 4.1 and 3.3 kcfs, respectively. There would be increases for most other exceedance
values as well. The December Libby Target Elevation measure, which drafts Libby Dam to
elevation 2,400 feet NGVD29 at the end of December for hydropower, is the main reason
for these flow increases.

e InJanuary, the median value of the monthly average outflow would decrease by 4.5 kcfs.
The degree to which flows would increase or decrease in January varies depending on the
flow exceedance level.

e In February, the median value of the monthly average outflow would increase by 0.7 kcfs.
Again, the degree to which flows would increase or decrease depends on the flow
exceedance level.

e From March through October, monthly average outflow would generally be less than the No
Action Alternative at all flow levels.

Finally, median hydrographs for McNary Dam outflow in dry, average, and wet years are shown
in Figure 3-78. MO3 and the No Action Alternative results are shown. The figure provides
another way to picture the effects described above, this time categorized by water year type.
For dry water years, it shows that flows in December and January would generally be higher,
and flows from March through September would generally be lower.
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Along the lower Columbia River, the median value of the average monthly flow for MO3 would
be higher than the No Action Alternative in some months (for example, November and
December), and lower in others (for example, January and March through September). The flow
change patterns seen at the confluence of the Columbia and Snake Rivers continue
downstream to other locations. This is seen in Table 3-38.

Table 3-37. McNary Dam Monthly Average Outflow for Multiple Objective Alternative 3 (as
change from No Action Alternative)

Exceedance
Probability OoCT NOV DEC JAN FEB MAR | APR MAY | JUN JUL AUG SEP
3 1% 141 187 279 280 327 329 346 451 562 342 231 152
[]
“_g 25% 95 143 155 181 216 200 236 313 352 243 163 100
é g “é 50% 85 124 136 154 182 159 192 260 285 198 141 93
i 75% 79 116 | 118 | 133 | 147 | 130 | 147 | 231 | 217 | 147 | 124 87
z 99% 73 | 112 | 109 | 108 | 115 | 107 | 106 | 178 | 160 | 122 | 114 | 81
— 1% -1.2 -1.7 -4.3 -0.4 3.3 0.4 -5.3 -4.1 -3.4 -5.2 -3.1 -1.6
v
:‘5 25% -1.1 2.8 2.4 -10.3 1.2 -2.0 -5.8 -4.4 -5.7 -5.1 -4.4 -1.4
) 50% -1.1 4.1 3.3 -4.5 0.7 -2.6 -4.4 -6.9 -3.5 -3.7 -3.6 -1.8
_g::“ 75% -1.1 1.7 8.1 -1.7 -1.1 -2.0 -3.0 -6.4 -5.0 -4.6 -4.0 -1.5
8 © 99% -1.0 0.3 3.3 6.3 0.8 -1.0 -0.1 | -10.0 | -5.4 -6.3 -4.5 -2.0
b3 g 1% -1% -1% 2% 0% 1% 0% 2% -1% -1% -2% -1% -1%
.f::“ 25% -1% 2% 2% -6% 1% -1% 2% -1% 2% -2% -3% -1%
E 50% -1% 3% 2% -3% 0% 2% 2% -3% -1% 2% -3% 2%
§ 75% -1% 2% 7% -1% -1% 2% 2% -3% 2% -3% -3% 2%
a 99% -1% 0% 3% 6% 1% -1% 0% -6% -3% -5% -4% 2%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

Figure 3-78. McNary Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 3
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Table 3-38. Lower Columbia River Monthly Average Flows for Multiple Objective Alternative 3
(as change from No Action Alternative)

Location OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN JUL | AUG SEP
Columbia+ Snake 83 122 134 | 151 181 157 188 260 288 199 140 91
McNary 85 124 | 136 154 | 182 159 192 260 285 198 141 93
g John Day 85 125 140 156 | 185 165 198 267 288 197 141 93
i‘ The Dalles 90 130 146 163 192 172 206 273 293 202 146 97
<zt Bonneville 91 135 152 170 | 199 179 213 275 296 204 149 99
Columbia+ Willamette | 108 178 | 225 252 | 267 233 260 314 319 216 159 111
Columbia+ Cowlitz 115 196 | 257 | 282 | 295 255 283 334 336 226 165 117
Columbia+ Snake 0.4 3.8 2.5 -4.6 0.6 -2.6 -4.7 -6.9 -4.7 -3.9 -3.4 -1.7
— | McNary -1.1 4.1 3.3 -4.5 0.7 -2.6 -4.4 -6.9 -3.5 -3.7 -3.6 -1.8
:‘3 John Day =il.2 3.7 2.5 -4.9 0.9 -2.5 -4.5 -7.6 -3.4 -3.6 -3.9 -1.6
EJ; The Dalles -1.6 35 2.2 -5.3 0.7 -2.7 -4.1 -7.7 -3.3 -3.7 -4.0 -1.6
_‘c% Bonneville 0.2 3.6 2.3 -5.5 1.0 -3.1 -4.5 -7.0 -3.1 -3.7 -4.4 -1.7
© [ columbia+ Willamette | -0.1 3.4 3.5 -4.2 0.1 -2.0 -4.3 -6.2 -3.1 -3.6 -4.5 -1.9
Columbia+ Cowlitz -0.3 3.8 4.5 3.2 | -05 | -2.0 -4.2 -5.7 -3.8 -3.3 -3.9 -2.0
Columbia+ Snake 0% 3% 2% -3% 0% -2% -2% -3% -2% -2% -2% -2%
g |McNary -1% 3% 2% -3% 0% -2% -2% -3% -1% -2% -3% -2%
_‘ccv John Day -1% 3% 2% -3% 0% -2% -2% -3% -1% -2% -3% -2%
; The Dalles -2% 3% 2% -3% 0% -2% -2% -3% -1% -2% -3% -2%
g Bonneville 0% 3% 2% -3% 1% -2% -2% -3% -1% -2% -3% -2%
a Columbia+ Willamette 0% 2% 2% -2% 0% -1% -2% -2% -1% -2% -3% -2%
Columbia+ Cowlitz 0% 2% 2% -1% 0% -1% -1% -2% -1% -1% -2% -2%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO3 flows lower than the No
Action Alternative flows; green shading denotes MO3 flows higher than the No Action Alternative flows.

SUMMARY OF EFFECTS

Under MO3, the largest changes in water levels occur at Libby, Grand Coulee, and the four
lower Snake River dams. Lake Koocanusa water levels are substantially lower in most years
from November through June, but can be higher in the drawdown period starting in January in
larger forecast years, and reservoir levels are slightly higher in the later summer months. Lower
Snake River dams are breached, and the four reservoirs in series are converted to a free-flowing
river with water levels up to 80 feet lower and channel width up to 2,500 feet narrower.
Smaller but notable water level changes occur at Hungry Horse Reservoir where additional
water demands in the summer months result in slightly lower reservoir levels most of the year,
and increased forebay operating flexibility at John Day Dam results in slightly higher typical and
maximum water levels in April and May. Lake Roosevelt water levels are similar to the No
Action Alternative in most years, and there are no changes at Dworshak Dam.

The largest impacts to river flow occur immediately below Libby and Grand Coulee Dams, and
total flow changes are largest below Grand Coulee Dam. November and December releases
from Libby Dam are much higher, otherwise flows are lower, particularly in January and May.
Outflow from Grand Coulee is lower in the spring and summer months due to additional
pumping to Banks Lake. Changes in Lake Roosevelt inflow, notably higher November and
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December flows and lower January flows, stem from changes at Libby Dam and continue past
Grand Coulee Dam downstream through the Columbia River. Changes in average monthly flow
through the lower Columbia River are within 3 percent of the Not Action Alternative for all
months for most years.

3.2.4.7 Multiple Objective Alternative 4

As the effects of MO4 are presented, they will be displayed along with the No Action
Alternative to illuminate the timing and magnitude of differences in water conditions between
it and the No Action Alternative. Similar to previous sections, the operational measure (or
measures) from MO4 which would result in changes from the No Action Alternative are
identified to the extent possible.

REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS
Lake Koocanusa (Libby Dam Reservoir) Elevation

Under MO4, the McNary Flow Target, Sliding Scale at Libby and Hungry Horse, Modified Draft
at Libby, December Libby Target Elevation, and Winter Stage for Riparian measures would have
a direct effect on Libby Dam operations.

Reservoir water levels in Lake Koocanusa would differ from the No Action Alternative, as shown
in the summary hydrograph, Figure 3-79.

The water year would begin with the reservoir levels for MO4 being different (generally lower,
but sometimes higher) than those for the No Action Alternative. This is because the operations
that would occur from June through September under MO4 would leave the reservoir at a
different elevation on September 30 than under the No Action Alternative, and the condition
would carry over to the following water year. The McNary Flow Target measure, which aims to
support higher flows at McNary Dam by releasing water stored at Libby Dam (as well as Hungry
Horse, Albeni Falls, and Grand Coulee Dams) would release up to an additional 534 kaf of water
from Libby Dam between May and the end of September in the years when it is triggered. The
Sliding Scale at Libby and Hungry Horse measure, which calls for a sliding scale end-of-
September target reservoir elevation dependent on the Libby Dam water supply forecast,
targets a higher elevation than the No Action Alternative in the wettest 25 percent of years. The
combined effect of the McNary Flow Target and Sliding Scale at Libby and Hungry Horse
measures, then, would result in a wider range of reservoir elevations on October 1 than for the
No Action Alternative. This is seen in Figure 3-79 with the range between the 99 percent
exceedance line and the 1 percent exceedance line spanning from 2,425 to 2,454 feet NGVD29.

MO4 would have the same end-of-November target reservoir elevation as the No Action
Alternative. Over the course of December, the reservoir elevation under MO4 would differ from
the No Action Alternative due to the December Libby Target Elevation measure, which calls for
an end-of-December target elevation of 2,420 feet NGVD29 in all years. In most years, this
would make the reservoir elevation on December 31 higher than the No Action Alternative;
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however, in about the driest 30 percent of forecast years (those forecasted to have an April to
August runoff volume of 5.67 Maf or less), the reservoir elevation on December 31 would be
lower than for the No Action Alternative.

Figure 3-79. Lake Koocanusa Summary Hydrograph for Multiple Objective Alternative 4

From December 31 through mid-February, reservoir levels would generally be higher under
MO4 than they would be for the No Action Alternative, though for the driest forecast years, the
reservoir would be lower.

The Modified Draft at Libby measure would begin influencing reservoir elevations after
December 31, and its effects are best understood by looking at the spring, when the lowest
reservoir elevation typically occurs. While the Sliding Scale at Libby and Hungry Horse measure
would generally delay the lowering of the reservoir, it is the Modified Draft at Libby measure
that would cause the spring reservoir elevation to be lower than the No Action Alternative
when the seasonal water supply forecast is less than 6.9 Maf at Libby Dam. This is not the case
for all years, though, as demonstrated by the 75 percent exceedance lines for MO4 and the No
Action Alternative. There, the case is the opposite; the reservoir elevation under MO4 would be
higher than that for the No Action Alternative through about the first half of spring.

In years when the Winter Stage for Riparian measure would be in effect, it would have a direct
effect on Libby Dam operations at various times between the months of November and March.
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The modified releases would typically only occur for short durations of time while attempting to
limit water levels at Bonners Ferry. In these cases, there would be little noticeable effect on the
reservoir elevation at Libby Dam. In years when local flows are high, operations for the Winter
Stage for Riparian measure would last longer and result in slightly higher elevations in
November and December.

The Modified Draft at Libby measure would result in a general increased likelihood of reservoir
refill in all water year types through June. In July, the refilling of the reservoir at Libby Dam
would be affected by the McNary Flow Target measure in the drier-than-normal years when the
McNary Flow Target measure is triggered, resulting in generally lower reservoir elevations in
July than for the No Action Alternative. In the years when the McNary Flow Target measure
would not be triggered, refilling of the reservoir would generally continue into July, similar to
the No Action Alternative. Overall, there would be a 36 percent chance of the reservoir
reaching elevation 2,454 feet NGVD29 or higher by July 31 under MO4, as compared to a 39
percent chance under the No Action Alternative. (The reservoir elevation of 2,454 feet NGVD29
is often used when discussing reservoir refill, as it is within 5 feet of the full pool elevation of
2,459 feet NGVD29.)

Reservoir water levels in Lake Koocanusa under MO4 would differ from the No Action
Alternative to varying extents, depending on the water year type. Median hydrographs of the
reservoir level for dry, average, and wet years are shown in Figure 3-80.

Figure 3-80. Lake Koocanusa Water Year Type Hydrographs for Multiple Objective Alternative
4
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Finally, the three panels in Figure 3-81 show monthly elevation duration curves for July, August,
and September, respectively. The curve for MO4 is plotted along with the curve for the No
Action Alternative in each month. In July, reservoir elevations under MO4 would tend to be
lower than the No Action Alternative by a slight amount. (It would be above elevation 2,446.5
feet NGVD29 50 percent of the time for MO4, whereas it would be above elevation 2,447.9
NGVD29 50 percent of the time for the No Action Alternative.) In August and September,
reservoir elevations would usually be lower under MO4 than with the No Action Alternative due
to the McNary Flow Target measure. However, about 30 percent of the time, it would be higher
in those months under MO4, due to the absence of the McNary Flow Target measure being
triggered while the Sliding Scale at Libby and Hungry Horse measure would continue to be in
effect with an end-of-September target elevation.

Figure 3-81. Lake Koocanusa Summer Elevations for Multiple Objective Alternative 4
Libby Dam Outflow

Under MO4, the McNary Flow Target, Sliding Scale at Libby and Hungry Horse, Modified Draft
at Libby, December Libby Target Elevation, and the Winter Stage for Riparian measures would
have a direct effect on Libby Dam outflows. The outflows would differ from the No Action
Alternative in a variety of ways throughout the year. Figure 3-82 shows median hydrographs for
Libby Dam outflow in dry, average, and wet years.

The change in average monthly outflow throughout the water year is presented in Table 3-39.
Average outflow from Libby Dam under MO4 would differ from the No Action Alternative:

e |In December, the median value of the monthly average outflow would decrease by 4.7 kcfs
due to the December Libby Target Elevation measure. The flows at the 25 percent and 1
percent exceedance levels (higher flows) would also decrease, while the flows at the 75
percent exceedance level would increase.

e InJanuary, February, and March the median value of the monthly average outflow would
increase by 1.6, 3.3, and 1.6 kcfs, respectively. These outflow increases are caused by the
reservoir being lowered at a faster rate under MO4 than the No Action Alternative for many
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years, caused by the December Libby Target Elevation measure as well as the Modified Draft
at Libby measure.

e In April and May, the median value of the monthly average outflow would decrease by 1.4
and 0.8 kcfs, respectively. Both of these reductions are related to the VarQ update in the
Modified Draft at Libby measure that would account for future volume releases and refill
the reservoir more aggressively.

e InJune and July, the overall median value of the monthly average outflow would increase
by 0.6 and 2.9 kcfs, respectively. The increase in outflows occurs during dry and medium
years due primarily to the McNary Flow Target measure. The increasing shape of July
outflow stems from the HEC-ResSim model logic that adjusts Libby Reservoir draft targets to
meet the McNary Dam flow targets. If this measure was implemented, reservoir regulators
would strive to create smoother outflows in July and August by making the rise less
pronounced by spreading it out over a longer time.

e In August median value of the monthly average outflow would increase by 0.2 kcfs, and in
September it would decrease by 0.1 kcfs.

Figure 3-82. Libby Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 4
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Table 3-39. Libby Dam Monthly Average Outflow for Multiple Objective Alternative 4 (as
change from No Action Alternative)

Exceedance
Probability | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP
2 1% 49 | 235 | 220 | 27.1 | 258 | 23.0 | 208 | 227 | 2266 | 229 | 17.8 | 12,0
w‘g 25% 47 | 162 | 189 | 183 | 200 | 122 | 99 | 192 | 171 | 143 | 121 | 88
g e 47 | 143 | 177 | 88 | 63 | 55 | 70 | 164 | 142 | 115 | 103 | 7.9
i 75% 47 | 120 | 99 | 56 | 40 | 40 | 44 | 140 | 129 | 90 | 90 | 68
k- 99% 47 | 70 | 82 | 43 | 40 | 40 | 40 | 116 | 88 | 7.1 | 71 | 60
_ 1% 14 | 04 | 24 | 15| 08 | 02 | 22 [ 01 | 16 | 15 | 04 | 09
§ 25% 01| 04 | 51| 09 | 15 32| 14| -09]| 04 | 38 | 04 | 00
! 50% 01| 29| 47 | 16 | 33 | 16 | 14 | 08 | 06 | 29 | 02 | 01
8 75% 01| 63| 129 | 01 |05 |02 ] -01]-20] 00 ] 15 | 01 | 00
s | 99% 01| 26| 11| 03 | 00 | 00 | 00 | 49| 28 | 19 | 12 | 02
= | g 1% 28% | 2% | -11% | 6% | 3% | 1% | -11% | 0% | 7% | 7% | 2% | 8%
& 25% 1% | 3% | 27% | 5% | 7% | 26% | -14% | 5% | 2% | 27% | 4% | 0%
2 50% 1% | -20% | 27% | 18% | 52% | 29% | -21% | 5% | 4% | 25% | 2% | -1%
3 75% 1% 19% | 2% | 12% | 4% | 3% | -15% | 0% | 17% | 1% | 0%
a 99% 1% | 38% | 14% | 7% | 0% | 0% | o% |4d%| 32% | 27% | 17% | 3%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows lower than the No
Action Alternative flows; green shading denotes MO4 flows higher than the No Action Alternative flows.

Kootenai River below Libby Dam

Under MO4, the McNary Flow Target, Sliding Scale at Libby and Hungry Horse, Modified Draft
at Libby, December Libby Target Elevation, and Winter Stage for Riparian measures would
affect flows at Bonners Ferry. In general, the flows would differ from the No Action Alternative
in much the same way as at Libby Dam, and for the same reasons. The change in average
monthly flow at Bonners Ferry throughout the water year is presented in Table 3-40.

The Winter Stage for Riparian measure in MO4 would change outflows from Libby Dam in a
manner designed to aid survival of riparian vegetation along the Kootenai River. The measure
would specifically try to limit river stages at Bonners Ferry to elevation 1,753 feet NGVD29 or
below, between the months of November and March in certain years. The stage may exceed
1,753 feet NGVD29 in years where the Libby Dam water supply forecast exceeds 6.9 Maf or
local flows downstream of the dam cause the stage to exceed 1,753 feet NGVD29 while Libby
Dam has reduced outflows to only 9 kcfs. Table 3-41 presents the change in median monthly
river stage at various locations along an approximately 100-mile-long stretch of the Kootenai
River, from RM 202 down to RM 103 at the U.S.-Canada border. The results presented are not
solely the effect of the Winter Stage for Riparian measure. Rather, they represent the
combined effect of five measures: the McNary Flow Target, Sliding Scale at Libby and Hungry
Horse, Modified Draft Rate at Libby, December Libby Target Elevation, and Winter Stage for
Riparian measures.
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Table 3-40. Bonners Ferry Monthly Average Flow for Multiple Objective Alternative 4 (as
change from No Action Alternative)

Exceedance
Probability OoCT NOV DEC JAN FEB MAR | APR MAY | JUN JUL AUG SEP
3 1% 9.0 266 | 29.2 | 31.3 | 29.7 | 27.5 | 304 | 40.8 | 40.7 | 27.2 | 19.0 | 13.3
[]
“_g 25% 6.1 18.1 20.7 21.0 23.2 15.3 19.4 34.3 27.8 17.3 13.3 9.7
é g “é 50% 5.6 15.4 18.9 10.4 8.5 8.4 14.6 31.1 23.8 14.6 11.4 8.6
i 75% 5.4 13.0 11.4 6.5 5.1 5.9 10.2 27.6 20.3 11.8 9.9 7.4
2 99% 5.1 7.7 9.0 5.1 4.5 4.9 7.0 18.3 12.6 9.0 8.1 6.7
— 1% 0.1 0.6 -2.3 -2.1 1.2 2.6 0.0 0.8 1.0 1.2 -0.8 1.6
v
E 25% -0.1 0.0 -5.1 0.1 0.4 3.8 -1.6 -0.3 0.2 3.6 0.4 0.0
o 50% -0.1 -2.2 -4.8 1.6 3.1 1.5 -0.9 -0.9 0.9 2.7 0.2 -0.1
_‘ccv 75% -0.1 -5.7 1.3 0.3 0.6 0.5 -0.3 -3.6 0.8 2.0 0.4 0.1
g © 99% -0.1 -2.6 -0.9 0.3 0.1 0.0 0.0 -4.4 2.7 2.4 0.9 0.1
2 g 1% 1% 2% -8% -7% 4% 10% 0% 2% 2% 4% -4% 12%
_'c% 25% -1% 0% -25% 1% 2% 25% -8% -1% 1% 21% 3% 0%
E 50% 1% | -14% | -25% | 16% | 36% | 18% -6% -3% 4% 19% 1% -1%
§ 75% -1% 12% 5% 12% 9% -3% -13% 4% 17% 4% 1%
a 99% 2% -34% | -10% 5% 2% 0% 0% -24% 21% 26% 11% 1%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows lower than the No
Action Alternative flows; green shading denotes MO4 flows higher than the No Action Alternative flows.

Table 3-41. Kootenai River stage for Multiple Objective Alternative 4 (as change from No
Action Alternative)

Changes in Median Monthly River Stage (feet)
Kootenai River Location | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep

RM 202 00 | -12 | -14 | 04 1.3 1.1 | -03 | -0.8 | 0.3 08 | 0.1 0.0
RM 169 00 | -11 | -15 | 0.3 1.1 0.7 | -02 | -09 | 03 09 | 01 0.0
RM 150 (Bonners Ferry) 00 | -09 | -13 | 04 1.2 08 | -03 | -1.0 | 0.0 1.3 0.1 0.0
RM 140 00 | -06 | -1.0 | 0.3 0.8 06 | -03 | -10| -01 | 1.2 0.1 0.0

RM 103 (US-Can Border) | 0.0 | -0.3 | -04 | 0.1 0.2 03 | 01| -06|-01 | 0.7 0.0 0.0

Note: Orange shading denotes MO4 stages lower than the No Action Alternative stages; green shading denotes
MO4 stages higher than the No Action Alternative stages.

The decrease in median monthly outflow from Libby Dam in November and December translate
to decreases in water levels of just over a foot in the free-flowing reach below Libby Dam. At
Bonners Ferry, the decreases in median average monthly outflow for November and December
are 0.9 foot and 1.3 feet. Below Bonners Ferry, the decrease in stage is smaller but is still a few
tenths of a foot at RM 103 near the U.S.-Canada border.

While the above table presents general information on when river stages would tend to be
higher or lower throughout the year, it does not show the extent to which river stages would be
above elevation 1,753 feet NGVD29 from November through March. That information is
presented in Table 3-42.

3-158
Hydrology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

Table 3-42. Percentage of Days Kootenai River Stage Would be Above 1,753 feet NGVD29 at
the Bonners Ferry Gage

Alternative November December January February March
NAA 10.0% 12.8% 20.7% 17.9% 5.4%
MO4 9.9% 4.4% 14.9% 20.5% 8.0%
Change -0.1% -8.4% -5.8% 2.6% 2.6%

Note: Results reflect modeling of all years, not just those when the Winter Stage for Riparian measure would be in
effect.

Under MO4, the months of December and January would have fewer days exceeding elevation
1,753 feet NGVD29, while February and March would have more days exceeding that stage.
Considering the entire 5-month period from November through March, there would be an
overall decrease in days where the river stage would be above elevation 1,753 feet NGVD29.
Further discussion of the effects from this measure are contained in Section 3.6.3, which covers
environmental consequences to vegetation, wetland, and wildlife resources. It is worth noting
that the Winter Stage for Riparian measure would not be in effect for years when the water
supply forecast at Libby Dam is greater than 6.9 Maf.

Hungry Horse Reservoir Elevation

Under MO4, the McNary Flow Target, Sliding Scale at Libby and Hungry Horse, and Hungry
Horse Additional Water Supply measures would have a direct effect on Hungry Horse Dam
operations.

Reservoir water levels would differ from the No Action Alternative, as shown in Figure 3-83.

The water year would begin with the reservoir levels for MO4 being lower than those for the

No Action Alternative. This is because the operations associated with the McNary Flow Target
and Hungry Horse Additional Water Supply measures would leave the reservoir at a lower
elevation on September 30 than under the No Action Alternative, and the condition would carry
over to the following water year.

The McNary Flow Target measure would release up to 232 kaf of water from Hungry Horse
Dam in the years when it is triggered, the Hungry Horse Additional Water Supply measure
would draft up to 90 kaf of stored water, and the Sliding Scale at Libby and Hungry Horse
measure would generally tend to lessen the summer draft. The Sliding Scale at Libby and
Hungry Horse measure results in reducing the draft requirements in some years, by setting a
higher elevation target for summer flow augmentation than the No Action Alternative.
However, its combination with the other measures would result in lower summer elevations.
The overall effect, then, would be a lower reservoir elevation on October 1 than for the No
Action Alternative. This is seen in Figure 3-83 with the range between the 99 percent
exceedance line and the 1 percent exceedance line spanning from 3,525 feet NGVD29 to 3,546
feet NGVD29.
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Figure 3-83. Hungry Horse Reservoir Summary Hydrograph for Multiple Objective Alternative
4

Reservoir elevations under MO4 would be lower than for the No Action Alternative. The
greatest difference would occur in the months of September through April (about 5 to 9 feet
difference) and the least difference would occur in May through August (about 2 to 4 feet
difference). The most pronounced differences in reservoir elevation between MO4 and the No
Action Alternative would occur when one dry water year is followed by another dry water year.
In these instances, reservoir levels under MO4 could be more than 15 feet lower than for the
No Action Alternative.

Water levels at Hungry Horse Reservoir under MO4 would differ from the No Action Alternative
to varying extents, depending on the water year type. Median hydrographs of the reservoir
level for dry, average, and wet years are shown in Figure 3-84.

Finally, the three panels in Figure 3-85 show Hungry Horse Reservoir elevation duration curves
for the months of July, August, and September, respectively. While other months also have
differences, these three are shown because of interest in summer reservoir elevations, and due
to carryover impacts on winter elevation and spring flows. In general, the reservoir level in the
summer months would be lower for MO4 than for the No Action Alternative. For instance, the
daily reservoir elevation in September would be above elevation 3,550 feet NGVD29 only about
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20 percent of the time under MO4, whereas it would be above that elevation about 70 percent
of the time under the No Action Alternative.

Figure 3-84. Hungry Horse Reservoir Water Year Type Hydrographs for Multiple Objective
Alternative 4

Figure 3-85. Hungry Horse Reservoir Summer Elevations for Multiple Objective Alternative 4
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Hungry Horse Dam Outflow

Under MO4, the McNary Flow Target, Sliding Scale at Libby and Hungry Horse, and Hungry
Horse Additional Water Supply measures would have a direct effect on Hungry Horse Dam
outflows. The outflows would differ from the No Action Alternative depending on the time of
year. Figure 3-86 shows median hydrographs for Hungry Horse Dam outflow in dry, average,
and wet years.

The change in average monthly outflow from Hungry Horse Dam throughout the water year is
presented in Table 3-43.

Average outflow from Hungry Horse Dam would differ from the No Action Alternative:

In July, August, and September the median value of the monthly average outflow would
increase by 0.4, 1.0, and 1.0 kcfs, respectively, as compared to the No Action Alternative.
The measures driving these changes are the McNary Flow Target and Hungry Horse
Additional Water Supply measures. While the Sliding Scale at Libby and Hungry Horse
measure would have a minor influence on flows in August and September (in isolation, it
would tend to slightly reduce outflows), the overall effect of MO4 is to increase outflows in
the summer. (The table above shows August and September flows 23 percent to 37 percent
greater than the No Action Alternative.)

After September and through the spring, reservoir outflows would generally be lower than
for the No Action Alternative. This is because the reservoir would be in a deeply drafted
state at the end of September. Outflows would either be supporting minimum flows in the
Flathead River system (the same being true of the No Action Alternative), or they would be
reduced in an attempt to fill back to normal winter elevations when minimum flows are
already being met. The decrease in the median monthly average outflow would range from
0.1 kcfs to 0.8 kcfs during the October through April timeframe.

May and June would continue to show a reduction in outflow. The median value of the
monthly average outflow would decrease by 0.3 and 0.2 kcfs, respectively.
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Figure 3-86. Hungry Horse Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 4

Table 3-43. Hungry Horse Dam Monthly Average Outflow for Multiple Objective Alternative 4
(as change from No Action Alternative)

Exceedance
Probability OCT | NOV | DEC JAN FEB MAR | APR | MAY | JUN JUL AUG SEP
s 1% 2.5 4.7 6.9 7.1 115 14.5 15.6 9.6 10.7 6.9 4.4 4.4
% 25% 2.2 2.4 2.7 3.1 4.0 5.7 8.1 7.0 6.1 4.2 3.1 3.1
<<Ztr" g ﬁ 50% 1.9 2.0 2.4 2.6 2.7 2.7 5.4 5.7 43 34 2.7 2.7
E 75% 1.4 1.4 2.1 23 2.4 2.2 3.1 4.1 3.2 2.6 2.4 2.4
z 99% 0.8 0.8 1.6 2.0 1.7 1.5 1.7 1.7 1.7 1.8 1.9 2.0
= 1% -0.1 | -0.7 | -23 -0.8 -0.2 | -03 | -0.2 | -01 | -03 0.0 1.0 1.0
E 25% -0.1 0.0 -0.1 -0.4 -09 | -08 | -04 | -03 | -0.2 0.3 1.1 1.1
EJ; 50% -0.1 | -01 | -01 -0.1 -01 | -02 | -0.8 | -03 | -0.2 0.4 1.0 1.0
_f:% 75% -0.1 -0.2 -0.3 -0.2 -0.1 -0.1 -0.6 -0.3 -0.2 0.4 0.8 0.8
g © 99% -0.3 -0.2 -0.5 -0.4 -0.1 0.0 0.0 0.0 0.0 0.4 0.5 0.6
S g 1% 2% | -16% | -34% | -11% | -2% -2% -2% -1% -3% 0% 23% | 23%
_rc% 25% -4% -1% 5% | -12% | -22% | -14% | -5% -4% -3% 8% 36% | 36%
E 50% -6% -6% -6% -3% -4% -7% | -15% | -6% 5% | 11% | 37% | 37%
§ 75% -10% | -14% | -12% | -7% -5% 4% | -18% | -8% -6% | 17% | 35% | 35%
S 99% -37% | -29% | -32% | -18% | -5% -3% -3% -1% 2% | 23% | 28% | 28%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows lower than the No
Action Alternative flows; green shading denotes MO4 flows higher than the No Action Alternative flows.
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Columbia Falls Flow

Under MO4, the McNary Flow Target, Sliding Scale at Libby and Hungry Horse, and Hungry
Horse Additional Water Supply measures would affect flows at Columbia Falls. Compared to the
No Action Alternative, there would be increased flow in July, August, and September in virtually
all years, while the other months of the year would generally have flows less than those under
the No Action Alternative, while still meeting minimum flow requirements. The change in
average monthly flow at Columbia Falls throughout the water year, as compared to the No
Action Alternative, is presented in Table 3-44.

Table 3-44. Columbia Falls Monthly Average Flow for Multiple Objective Alternative 4 (as
change from No Action Alternative)

Exceedance

Probability OoCT NOV DEC JAN FEB MAR | APR MAY | JUN JUL AUG SEP
1% 8.9 14.4 | 148 | 11.0 | 142 | 174 | 30.5 | 38.0 | 43.2 | 23.9 8.8 8.7

3

[]
“_g 25% 4.0 4.2 4.5 5.0 5.8 7.9 15.9 29.7 31.5 15.1 6.9 5.4
é g “é 50% 3.8 3.7 3.7 3.8 3.8 4.5 12.3 25.5 24.8 11.5 5.8 4.7
i 75% 3.6 3.6 3.6 3.6 3.6 3.7 8.5 21.4 | 20.0 8.4 49 4.2
2 99% 3.5 3.5 3.5 3.5 3.5 3.5 5.4 15.7 12.4 5.5 3.9 3.6
— 1% -1.7 -2.3 -3.4 -1.2 -0.2 -0.5 -0.4 -0.2 0.0 -0.1 0.8 0.8

v

;‘5 25% -0.1 0.0 -0.6 -0.8 -1.0 -0.7 -0.6 -0.4 -0.2 0.2 0.9 1.0
o 50% -0.1 0.0 0.0 -0.1 -0.1 -0.4 -0.7 -0.2 -0.1 0.5 0.9 1.0
_‘E 75% -0.1 0.0 0.0 0.0 0.0 0.0 -0.6 -0.4 -0.1 0.5 1.0 0.8
3 © 99% -0.1 0.0 0.0 0.0 0.0 0.0 -0.4 -0.3 -0.1 0.4 0.5 0.5
b3 g 1% -19% | -16% | -23% | -11% | -2% -3% -1% -1% 0% 0% 9% 9%
E 25% -3% -1% -14% | -16% | -17% -8% -4% -1% -1% 2% 14% 19%
E 50% -3% -1% 0% 2% 2% -9% -6% -1% 0% 4% 16% 22%
§ 75% -2% 0% 0% 0% 0% -1% -7% -2% -1% 5% 20% | 19%
a 99% -3% 0% 0% 0% 0% 0% -8% 2% -1% 7% 13% | 14%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows lower than the No
Action Alternative flows; green shading denotes MO4 flows higher than the No Action Alternative flows.

Lake Pend Oreille Elevation

Under MO4, the McNary Flow Target measure would have a direct effect on the level of Lake
Pend Oreille. Lake levels would differ from the No Action Alternative during the months of May
through September in years with drier-than-normal conditions. This is shown in Figure 3-87.

The McNary Flow Target measure, which aims to support higher flows at McNary Dam by
releasing water stored at Albeni Falls Dam (as well as Libby, Hungry Horse, and Grand Coulee
Dams) would release up to 234 kaf of water from Lake Pend Oreille in years when the measure
is triggered. A release of 234 kaf corresponds to a reduction in water level at Lake Pend Oreille
of approximately 2.6 feet below the typical summer elevation. In the years when the McNary
Flow Target measure is not triggered, there would not be any noticeable difference in the level
of Lake Pend Oreille as compared to the No Action Alternative.
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The lower lake levels that would result from the McNary Flow Target measure are reflected in
the 99 percent and 75 percent exceedance lines for MO4 beginning in May (99 percent
exceedance level) and beginning in June (75 percent exceedance level).

Figure 3-88 demonstrates the timing and magnitude of how the level of Lake Pend Oreille
would change under MOA4. The figure shows median hydrographs for the lake level in dry,
average, and wet years. As expected, the summer lake levels in dry years would be lower than
they would be for the No Action Alternative.

Figure 3-87. Lake Pend Oreille Summary Hydrograph for Multiple Objective Alternative 4

Finally, elevation duration curves are useful for understanding how lake levels under MO4
would differ from the No Action Alternative. The four panels in Figure 3-89 show monthly
elevation duration curves for June, July, August, and September, respectively. Looking at the
July and August panels, it is seen that under MO4, the lake level would be lower than the No
Action Alternative about half of the time, when the McNary Flow Target measure is triggered.
The expectation for summer lake levels to be lower than the No Action Alternative about half
the time, is an important point that is not otherwise seen in either the summary hydrograph
(Figure 3-87) or the median hydrographs (Figure 3-88) for dry/average/wet years.
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Figure 3-88. Lake Pend Oreille Water Year Type Hydrographs for Multiple Objective
Alternative 4
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Figure 3-89. Lake Pend Oreille Summer Elevations for Multiple Objective Alternative 4

Note: The typical summer elevation range for Lake Pend Oreille in the No Action Alternative is 2,062.0 to 2,062.5
feet NVGD29. It is represented as 2,062.25 feet NGVD29 in the HEC-ResSim model, so appears as 2,062.25 feet
NGVD29 in the panels above.

Albeni Falls Outflow

Under MO4, the McNary Flow Target measure would directly affect Albeni Falls Dam outflow.
An indirect influence would come from the Sliding Scale at Libby and Hungry Horse and the
Hungry Horse Additional Water Supply measures. The outflows would differ from the No Action
Alternative as seen in Figure 3-90.
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Figure 3-90. Albeni Falls Dam Outflow Summary Hydrograph for Multiple Objective
Alternative 4

Note: The 99 percent exceedance values depicted for October/November are a modeling artifact related to ResSim
model setup.

The McNary Flow Target measure is the main driver for the June through September outflows
that would differ from the No Action Alternative. From September through May, the median
value of the monthly average outflow from Albeni Falls Dam under MO4 would be the same or
slightly lower than that for the No Action Alternative due to operational changes at Hungry
Horse Dam; in June, July, and August it would be greater. This is shown in Table 3-45, which also
includes the changes that would occur at upstream locations.

Under MO4, monthly average outflows from Albeni Falls Dam would differ from the No Action
Alternative:

e InJune, July, and August, the median value of the monthly average outflow would be
greater than the No Action Alternative by 0.4, 0.6, and 0.7 kcfs, respectively. The McNary
Flow Target measure is the primary cause of these changes.

e In September, the median value of the monthly average outflow would be lower than the
No Action Alternative by 0.5 kcfs. The McNary Flow Target measure is the primary cause of
this change.
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The results in Table 3-45 are based on median values of monthly average flows, so by
definition, they do not separate out years when the McNary Flow Target measure is triggered
from those when it is not triggered. Rather, they represent the overall trend considering all
years lumped together.

The median outflow hydrographs shown in Figure 3-91 are useful for understanding how the
Albeni Falls outflow under MO4 would differ from the No Action Alternative in different types
of years. Most notably, the outflow from Albeni Falls Dam under MO4 would be greater than
that for the No Action Alternative in dry years, due to the McNary Flow Target measure. In the
dry years, the late spring flows would be higher than for the No Action Alternative. Continuing
through the summer, outflows would also be higher in July and August, as seen in the median
hydrograph for average years.

Table 3-45. Pend Oreille Basin Monthly Average Flows for Multiple Objective Alternative 4 (as
change from No Action Alternative)

Location OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN JUL | AUG | SEP

__ | Hungry Horse 1.9 2.0 24 2.6 2.7 2.7 5.4 5.7 4.3 34 2.7 2.7

5 ﬁ Columbia Falls, MT | 3.8 3.7 3.7 3.8 3.8 4.5 12.3 | 25,5 | 248 | 115 5.8 4.7
Albeni Falls 23.7 | 16.7 | 153 | 145 | 16.6 | 19.8 | 25.2 | 50.7 | 55.6 | 27.4 | 12.0 | 13.7

g - Hungry Horse -0.1 | 01| -01 ] -01 | -01 -0.2 -0.8 -0.3 -0.2 0.4 1.0 1.0
E "g Columbia Falls, MT | -0.1 | 0.0 00 | -01|-01)| -04 | -07 | -02 | -01 0.5 0.9 1.0
v Albeni Falls -09|-01| 00| -01|-04]|-021|-07 ] -05 0.4 0.6 0.7 -0.5
2o Hungry Horse 6% | 6% | 6% | -3% | -4% | -7% | -15% | -6% -5% 11% | 37% | 37%
§ E Columbia Falls, MT | -3% | -1% | 0% | -2% | -2% | -9% -6% | -1% 0% 4% 16% | 22%
& o Albeni Falls 4% | -1% | 0% | -1% | -3% | -1% 3% | -1% 1% 2% 5% -4%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows lower than the No
Action Alternative flows; green shading denotes MO4 flows higher than the No Action Alternative flows.
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Figure 3-91. Albeni Falls Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 4

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS
Columbia River Flow Upstream of Grand Coulee Dam

Under MO4, the McNary Flow Target, Sliding Scale at Libby and Hungry Horse, Modified Draft
at Libby, December Libby Target Elevation, and Winter Stage for Riparian measures would
affect Columbia River flow upstream of Grand Coulee Dam. Figure 3-92 shows flows near RM
748 (just downstream of the U.S.-Canada border, about 151 river miles upstream of Grand
Coulee Dam).

Figure 3-92 characterizes the timing and magnitude of flow changes between the No Action
Alternative and MO4 due to the combined effect of measures at Libby, Hungry Horse, and
Albeni Falls Dams. Changes in flow between MO4 and the No Action Alternative would be most
noticeable in December and in July. In December, the median flow for MO4 would be about 4
kcfs lower than for the No Action Alternative due to the December Libby Target Elevation
measure. In July, the flow for MO4 at the 75 percent exceedance level would be about 8 kcfs
higher than for the No Action Alternative, primarily due to operations for the McNary Flow
Target measure at Libby, Hungry Horse, and Albeni Falls Dams.
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Figure 3-92. Lake Roosevelt Inflow Summary Hydrograph for Multiple Objective Alternative 4
Lake Roosevelt (Grand Coulee Dam Reservoir) Elevation

Under MO4, the McNary Flow Target, Update System FRM Calculation, Planned Draft Rate at
Grand Coulee, and Winter System FRM Space measures relate directly to Grand Coulee Dam
and would influence reservoir elevations at Lake Roosevelt.

Under MO4, the McNary Flow Target, Winter System FRM Space, and Planned Draft Rate at
Grand Coulee measures would be the source of most changes in Lake Roosevelt’s elevation. The
Update System FRM Calculation measure would have an effect on elevation in some years. The
Grand Coulee Maintenance Operations and Lake Roosevelt Additional Water Supply measures
would not have an effect on the lake level, but would affect outflow and spill at Grand Coulee
Dam.

In addition to the measures listed above, under MO4, the McNary Flow Target, Sliding Scale at
Libby and Hungry Horse, Modified Draft at Libby, December Libby Target Elevation, Winter
Stage for Riparian, and Hungry Horse Additional Water Supply measures would affect the inflow
to Grand Coulee Dam. The hydroregulation modeling performed for MO4 incorporates all of
these measures, but because each measure was not evaluated in isolation from the others,
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drawing a direct linkage between a single measure and an effect is not always possible. The
effects that would occur from a measure or combination of measures are identified and
discussed to the extent possible.

Reservoir water levels in Lake Roosevelt under MO4 would differ from the No Action
Alternative, as shown in the summary hydrograph, Figure 3-93.

Figure 3-93. Lake Roosevelt Summary Hydrograph for Multiple Objective Alternative 4

Under MO4, the end of September elevation would be below 1,283 feet NGVD29 50 percent of
the time, primarily due to the McNary Flow Target measure. In contrast, the No Action
Alternative has a 1,283 feet NGVD29 refill elevation objective by the end of September in all
years for resident fish considerations. In all but the driest of years, Lake Roosevelt would fill to
the same elevation by the end of October as the No Action Alternative. The November
elevations would generally be the same or lower than the No Action Alternative. Then, from
December through February in virtually all years, the reservoir would be lower than the No
Action Alternative. This is primarily due to the Winter System FRM Space measure, which would
increase the space available at Grand Coulee Dam for FRM in the winter months when rain-
induced floods may occur, and also by the Planned Draft Rate at Grand Coulee measure, which
decreases the daily draft rate in planning drawdown to the deepest draft point, as determined
by the Update System FRM Calculation measure. In the wettest years, the Planned Draft Rate at
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Grand Coulee measure requires earlier draft, but this earlier draft is largely started already due
to the Winter System FRM Space measure.

At the end of December, the median reservoir elevation for MO4 would be about 7 feet lower
than that for the No Action Alternative due to the Winter System FRM Space measure. The
median reservoir elevation at the end of January would be about 8 feet lower than the No
Action Alternative, primarily due to the Winter System FRM Space measure and also the
combination of the Planned Draft Rate at Grand Coulee and Updated System FRM Calculation
measures, which determines the deepest draft point. By the end of February and through the
end of April, the median reservoir elevation under MO4 would be nearly identical to that for
the No Action Alternative. However, the wetter years (depicted by the 25 percent and 1
percent exceedance lines) and the drier years (depicted by the 75 percent and 99 percent
exceedance lines) would continue with reservoir levels lower than the No Action Alternative
from February through March, generally due to Planned Draft Rate at Grand Coulee measure.
This trend would continue through April, due to a combination of several measures at Grand
Coulee Dam, as well as measures at upstream projects.

Under MO4, the probability of drafting to very low reservoir elevations (elevation 1,222 feet
NGVD29 or below) at Lake Roosevelt on April 30 would increase when compared to the No
Action Alternative. This is due to an element in the Update System FRM Calculation measure
which calls for the FRM space requirement at Grand Coulee Dam to increase as the water
supply forecast increases. This is in contrast to the FRM space requirement at Grand Coulee
Dam for the No Action Alternative, which has a “flat spot” at elevation 1,222.7 feet NGVD29
where the FRM space requirement does not increase right away with the runoff forecast over a
certain range of runoff conditions.

The effects of MO4 on the April 30 level of Lake Roosevelt are summarized below:

e The chance of drawing the reservoir down to “empty” (elevation 1,208 feet NGVD29) on
April 30 would be about 5 percent for MO4, the same as for the No Action Alternative.

e The chance of drawing the reservoir down to elevation 1,222 feet NGVD29 or below on
April 30 would be about 15 percent for MO4, as compared to about 8 percent for the No
Action Alternative.

In May, the level of Lake Roosevelt under MO4 would generally be lower than that for the No
Action Alternative, mostly due to the effects of the McNary Flow Target measure, as shown in
the summary hydrograph. When triggered, the McNary Flow Target measure would strive to
maintain flow objectives at McNary Dam using water stored at Grand Coulee Dam as well as
Libby, Hungry Horse, and Albeni Falls Dams. Up to 2.0 Maf of augmentation water from those
four dams (combined), would be released, attempting to keep McNary flows above 220 kcfs
from May 1 to June 15 and above 200 kcfs from June 16 to July 31 with a maximum daily
augmentation of 40 kcfs per day. This would ultimately result in Lake Roosevelt not reaching its
full elevation of 1,290 feet NGVD29 in about half of all years, as seen in the peak elevation
frequency curve in Figure 3-94.
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Figure 3-94. Lake Roosevelt Peak Elevation Frequency for Multiple Objective Alternative 4

Note: The full reservoir elevation for Lake Roosevelt is 1,290 feet NVGD29. It is represented as 1,289.5 feet
NGVD29 in the HEC-ResSim model, so appears as 1,289.5 feet NGVD29.

Figure 3-95 provides another way to picture the effects described above, this time categorized
by water year type. From May through September, the median hydrographs show that the level
of Lake Roosevelt under MO4 would be much lower than for the No Action Alternative in dry
years. This is primarily due to the McNary Flow Target measure. It is important to note that
lower summer reservoir levels would occur in about half of all years, as shown in Figure 3-95,
and as will be shown in the elevation duration curves for summer months (Figure 3-94). The
median hydrograph figure for dry/average/wet years (Figure 3-95) cannot show the effect of
the McNary Flow Target measure occurring about half of the time due to way the
dry/average/wet categories are defined.

Finally, elevation duration curves are useful for understanding how lake levels under MO4
would differ from the No Action Alternative. The four panels in Figure 3-96 show monthly
elevation duration curves for June, July, August, and September, respectively. The McNary Flow
Target measure would be triggered in years that are dryer than average, and the effect of this
measure is seen in all four panels. For instance, in July and August the lake level would be lower
than the No Action Alternative about half of the time, with differences ranging from several
feet to about 20 feet.

3-174
Hydrology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

Figure 3-95. Lake Roosevelt Water Year Type Hydrographs for Multiple Objective Alternative
4
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Figure 3-96. Lake Roosevelt Summer Elevations for Multiple Objective Alternative 4
Grand Coulee Dam Drum Gate Maintenance

Drum gate maintenance at Grand Coulee Dam is planned to occur annually during March, April,
and May, but is not conducted in all years. The reservoir must be at or below elevation 1,255
feet NGVD29 for 8 weeks to complete drum gate maintenance. Under MO4 the McNary Flow
Target, Update System FRM Calculation, Planned Draft Rate at Grand Coulee, and Winter
System FRM Space measures would influence reservoir elevations during spring months.

The changes in elevations for MO4 that influence the decision to conduct drum gate
maintenance would not change significantly relative to the No Action Alternative (April 30 FRM
elevation targets and drum gate initiation methodology is discussed in more detail in Part 1 of
Appendix B). The decision to conduct drum gate maintenance is based on the February water
supply forecast and the resulting April 30 FRM elevation projection (April 30 FRM elevation
target at or below 1,255 or 1,265 feet NGVD29 depending on how recently the maintenance
has been conducted). That is not to say the spring elevations are the same for the two
alternatives but rather there are a similar number of years that elevations would allow for drum
gate maintenance. In both MO4 and the No Action Alternative, drum gate maintenance would
be achievable in 65 percent of the years.
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Grand Coulee Dam Outflow

Under MO4, the McNary Flow Target, Update System FRM Calculation, Planned Draft Rate at
Grand Coulee, Winter System FRM Space, and Lake Roosevelt Additional Water Supply
measures would affect Grand Coulee Dam outflow. In addition, the McNary Flow Target, Sliding
Scale at Libby and Hungry Horse, Modified Draft at Libby, December Libby Target Elevation,
Winter Stage for Riparian, and Hungry Horse Additional Water Supply measures would affect
inflows and outflows at Grand Coulee Dam. The outflows from Grand Coulee Dam would differ
from the No Action Alternative depending on the time of year, as seen in Figure 3-97.

Figure 3-97. Grand Coulee Dam Outflow Summary Hydrograph for Multiple Objective
Alternative 4

The change in average monthly outflow throughout the water year is presented in Table 3-46.

Under MO4, the McNary Flow Target, Winter System FRM Space, the Planned Draft Rate at
Grand Coulee, and Lake Roosevelt Additional Water Supply measures would result in the largest
changes in Grand Coulee Dam outflow. However, because there are so many measures in MO4
that would affect Grand Coulee Dam’s outflow, the effects are described below and the
measure (or combination of measures) causing the effect is identified where possible.
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Table 3-46. Grand Coulee Dam Monthly Average Outflow for Multiple Objective Alternative 4
(as change from No Action Alternative)

Exceedance
Probability | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP
: 1% 94 | 130 | 174 | 190 | 213 | 186 | 191 | 231 | 275 | 247 | 175 | 111
?Z 25% 67 | 99 | 109 | 124 | 147 | 117 | 120 | 165 | 181 | 158 | 118 | 68
g S so% 59 | 91 | 97 | 108 | 126 | 93 | 97 | 138 | 150 | 134 | 102 | 63
§ 75% 54 | 8 | 8 | 96 | 105 | 78 | 79 | 118 | 121 | 98 | 92 | 59
z 99% 49 | 78 | 79 | 76 | 81 | 66 | 60 | 97 | 91 | 81 | 81 | 53
_ 1% 18 | 04 | 03 | 18 | 166 | 23 | 62 | 43 | 20 | 54 | 25 | 29
§ 25% 50 | 19 | 08 | 15 | 32 | 00 | 52 | 57 | 27 | 19 | 31 | 5.1
© 50% 51 | 14 | 27 | 14 | 43 | 25 | 52 | 27 | 05 | 06 | 2.6 | 63
& 75% 58 | 01| 36 | 23 | 53 | 49 | 39 | 60 | 61 | 19 | 37 | 86
s | ° 99% 76 | 16 | 20 | 90 | 00 | 56 | -19 | 114 | 1.1 | 51 | 39 | 9.2
2| o 1% 2% | 0% | 0% | 1% | 8% | -1% | 3% | 2% | 1% | 2% | -1% | -3%
§ 25% 8% | 2% | 1% | 1% | 2% | 0% | 4% | 3% | 1% | 1% | 3% | 8%
2 50% 9% | 2% | 3% | 1% | 3% | 3% | 5% | 2% | 0% | 0% | 3% | -10%
8 75% 1% | 0% | 4% | 2% | 5% | -6% | 5% | 5% | 5% | 2% | -4% | -15%
a 99% 15% | 2% | 2% | 12% | 0% | -9% | 3% | 12% | 1% | 6% | 5% | -17%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows lower than the No
Action Alternative flows; green shading denotes MO4 flows higher than the No Action Alternative flows.

Under MO4, outflows in October would generally be lower than the No Action Alternative
due to the carryover effects from the McNary Flow Target measure. The median value of
the monthly average discharge would be 5.1 kcfs less than the No Action Alternative.

In December, the median value of the monthly average outflow would increase by 2.7 kcfs.
This is primarily due to the Winter System FRM Space measure which creates winter FRM
space in Grand Coulee’s reservoir. The December Libby Target Elevation measure at Libby
Dam counteracts the effect of the Winter System FRM Space measure at Grand Coulee Dam
by generally reducing inflows by 4 kcfs (reduction at median level), as mentioned in the
previous section on Columbia River upstream of Grand Coulee Dam. In January, the median
value of the monthly average outflow would increase by 1.4 kcfs. This may be caused by the
Winter System FRM Space measure, which continues to draft Grand Coulee’s reservoir in
January if the winter FRM space is not achieved by the end of December. The Update
System FRM Calculation and Planned Draft Rate at Grand Coulee measures can also
influence flows in January.

In February and March, the median value of the monthly average outflow would decrease
by 4.3 and 2.5 kcfs, respectively. In March, the Lake Roosevelt Additional Water Supply
measure would reduce flows approximately 0.6 kcfs.

In April, the volume of water to be pumped from Lake Roosevelt into Banks Lake as a result
of the Lake Roosevelt Additional Water Supply measure would increase. The April through
September period would have the greatest total pumping volumes, as well as the greatest
additional pumping volumes as called for in the Lake Roosevelt Additional Water Supply
measure.
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In April, the median value of the monthly average outflow would decrease by 5.2 kcfs. The
Lake Roosevelt Additional Water Supply measure’s increased pumping from Lake Roosevelt
into Banks Lake accounts for the majority (3.2 kcfs) of this decrease. The Update System
FRM Calculation and Planned Draft Rate at Grand Coulee measures, as well as changes to
inflow from measures changing operations at upstream storage projects, would also affect
Grand Coulee Dam outflows in April.

The median value of the monthly average outflow would decrease by 2.7, 0.5, and 0.6 kcfs
for May, June, and July, respectively. However, the 75 percent exceedance monthly average
outflows would increase by 6.0, 6.1, and 1.9 kcfs, respectively, for those 3 months. A
combination of multiple measures would cause these changes, with the Lake Roosevelt
Additional Water Supply and McNary Flow Target measures being major drivers. The Lake
Roosevelt Additional Water Supply measure’s increased pumping from Lake Roosevelt into
Banks Lake would reduce outflows, while the McNary Flow Target measure’s releases for
McNary flow targets would increase outflows in the drier-than-normal years when it is
triggered. The Lake Roosevelt Additional Water Supply measure would cause flow decreases
of 4.2, 2.6, and 2.5 kcfs in July, August, and September, respectively. In the very driest of
years, the augmentation water for McNary flow targets would be used up before July, and
thus not be available in July. The overall combined effect of these and other measures is
that some years would have higher outflows while other years would have lower outflows.

In August and September, the median value of the monthly average outflow would be
reduced by 2.6 and 6.3 kcfs, respectively. The 75 percent exceedance monthly average
outflows would have even greater reductions. The Lake Roosevelt Additional Water Supply
measure would contribute to these reductions, as would the McNary Flow Target measure,
when triggered.

The Grand Coulee Maintenance Operations measure would not impact reservoir elevations
or total outflows, but would reduce the hydraulic capacity through the power plants,
resulting in additional spill and an increase in TDG in some situations.

Finally, median hydrographs for Grand Coulee Dam outflow in dry, average, and wet years are
shown in Figure 3-98. The figure provides another way to picture the effects described above,

this time categorized by water year type. Comparing the median hydrographs for dry years, it

can be seen that during May and the first half of June, outflows from Grand Coulee Dam would
be higher under MO4 than for the No Action Alternative. This is caused by the McNary Flow
Target measure.
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Figure 3-98. Grand Coulee Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 4

Middle Columbia River below Grand Coulee Dam

Under MO4, the pattern of flow changes in the middle Columbia River would be similar to those
described for Grand Coulee Dam outflow, with the changes occurring for the same reasons as
described for Grand Coulee Dam outflow. An additional measure, Chief Joseph Dam Project
Additional Water Supply, calls for an increase in water diversion (at a maximum rate of 0.05
kcfs) from the Columbia River for Chief Joseph Dam. The total flow impact from the Chief
Joseph Dam Project Additional Water Supply measure is 9.6 kaf annually, which is significantly
smaller than the impacts from the Lake Roosevelt Additional Water Supply measure that
reduces flows an additional 1.1 Maf annually. For perspective, the flow change for the Chief
Joseph Dam Project Additional Water Supply measure is two orders of magnitude smaller than
that for the Lake Roosevelt Additional Water Supply measure. As compared to the McNary Flow
Target measure when triggered, the flow for the Chief Joseph Dam Project Additional Water
Supply measure may be three orders of magnitude smaller than that for the McNary Flow
Target measure. The reservoir elevation at Chief Joseph Dam would not change from the No
Action Alternative.

Table 3-47 shows changes in the median values of monthly average flows at locations in middle
Columbia River.
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Table 3-47. Middle Columbia River Monthly Average Flows for Multiple Objective Alternative
4 (as change from No Action Alternative)

Location OCT | NOV | DEC | JAN FEB | MAR | APR | MAY | JUN JUL AUG SEP

Lake Roosevelt Inflow 64 82 92 95 100 65 69 131 166 133 98 75
g Grand Coulee 59 91 97 108 126 93 97 138 150 134 102 63
i‘ Chief Joseph 58 91 96 108 127 94 98 139 150 135 103 63
<zt Wells 59 93 98 110 129 95 101 150 163 141 105 65

Priest Rapids 60 96 102 | 115 | 133 | 100 108 162 178 147 108 68
_ | Lake Roosevelt Inflow -0.2 -1.0 | -3.8 1.8 1.8 0.4 -0.9 -2.8 0.4 1.0 1.1 -0.5
:‘3 Grand Coulee -5.1 -1.4 2.7 1.4 -4.3 -2.5 -5.2 -2.7 -0.5 -0.6 -2.6 -6.3
EJ; Chief Joseph -4.6 -1.8 3.2 1.5 -4.1 -2.7 -5.3 -2.9 0.2 -1.4 -2.0 -5.9
_‘E Wells -3.2 -2.2 3.3 1.7 -3.8 -2.5 -5.2 -33 -1.2 -1.7 -1.8 -6.1
© priest Rapids -3.0 | -1.0 | 3.8 16 | -40 | -23 -53 | -39 | -2.2 -1.8 -1.7 -6.2
@ | Lake Roosevelt Inflow 0% -1% | -4% 2% 2% 1% -1% -2% 0% 1% 1% -1%
E Grand Coulee 9% | -2% 3% 1% 3% | -3% -5% -2% 0% 0% -3% | -10%
; Chief Joseph 8% | -2% 3% 1% -3% | -3% -5% -2% 0% -1% -2% -9%
§ Wells -6% | -2% 3% 2% 3% | -3% -5% 2% | -1% -1% -2% -9%
& [Priest Rapids 5% | -1% | 4% 1% 3% | -2% -5% 2% | -1% -1% -2% -9%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows lower than the No
Action Alternative flows; green shading denotes MO4 flows higher than the No Action Alternative flows.

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Dworshak Dam

MO4 does not have any operational measures that would directly affect Dworshak Reservoir
elevations or Dworshak Dam outflows. Given this, the effects would be the same as those for
the No Action Alternative.

Lower Snake River Reservoir Elevations

Under MO4, the reservoir elevations at the four lower Snake River dams would have an

adjusted MOP operation from March 15 through August 15 due to the Drawdown to MOP

measure. At all four projects, the seasonal MOP range is increased from a 1.0-foot range to a

1.5-foot range, each with a 0.5-foot increase in the upper end of the range. The proposed

elevation ranges for March 15 through August 15 at each of the four projects are described

below:

e Lower Granite Dam: 733.0 to 734.5 feet NGVD29, compared to 733.0 to 734.0 feet NGVD29
for the No Action Alternative

e Little Goose Dam: 633.0 to 634.5 feet NGVD29, compared to 633.0 to 634.0 feet NGVD29
for the No Action Alternative

e Lower Monumental Dam: 537.0 to 538.5 feet NGVD29, compared to 537.0 to 538.5 feet
NGVD29 for the No Action Alternative

e Ice Harbor Dam: 437.0 to 438.5 feet NGVD29, compared to 437.0 to 438.5 feet NGVD29 for
the No Action Alternative

3-181
Hydrology and Hydraulics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

Clearwater River below Dworshak Dam and the Lower Snake River

Under MO4, there are no changes at Dworshak Dam, so inflow to the lower Snake River would
be unchanged from the No Action Alternative. The changes in MOP ranges at the lower Snake
River reservoirs would have negligible effects on flow.

REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
Lower Columbia River Reservoir Elevations

Under MO4, there would be changes to the reservoir elevations at McNary Dam, John Day
Dam, The Dalles Dam, and Bonneville Dam. All would have an adjusted operating range because
of Drawdown to MOP measure, which results in decreased operating range from March 25
through August 15. The proposed MOP elevation ranges for each of the four projects and the
changes from the No Action Alternative are described below:

e McNary Dam would have a 1.0-foot MOP range from March 25 to August 15 (337.0 to 338.0
feet NGVD29). This is a 2.0-foot decrease in operating range from the No Action Alternative,
where McNary Dam does not have a MOP operation and the normal operating range is
between 337.0 to 340.0 feet NGVD29.

e John Day Dam would have a 1.5-foot range from March 25 to August 15 (261.0 to 262.5 feet
NGVD29). This differs from the No Action Alternative, where John Day Dam operates
between 262.5 to 265.0 feet NGVD29 from March 15 to April 9, and between 262.5 to 264.0
feet NGVD29 from April 10 to September 30. In both periods, the new operating range
minimum is shifted down 1.5 feet, and the range is decreased by 1.5 to 2.5 feet.

e The Dalles Dam would have a 1.5-foot MOP range from March 25 to August 15 (155.0 to
156.5 feet NGVD29). This is a 3.5-foot decrease in operating range from the No Action
Alternative, where The Dalles Dam does not have a MOP operation and is operated
between 155.0 to 160.0 feet NGVD29 year-round.

e Bonneville Dam would have a 1.5-foot MOP range from March 25 to August 15 (71.5 to 73.0
feet NGVD29). This is a 3.5-foot decrease in operating range from the No Action Alternative,
where Bonneville Dam does not have a MOP operation and is operated between 71.5 to
76.5 feet NGVD29 year-round.

The operating range for John Day Dam for MO4 is shown in Figure 3-99. The No Action
Alternative operating range is shown for comparison purposes.
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Figure 3-99. John Day Dam Operating Range for Multiple Objective Alternative 4
Note: John Day may be operated between 257 feet and 268 feet NGVD29 for FRM purposes. These limits are not
shown on this figure in order to show greater detail in the vertical scale.

Lower Columbia River Flows

Under MO4, the McNary Flow Target, Sliding Scale at Libby and Hungry Horse, Modified Draft
at Libby, December Libby Target Elevation, Update System FRM Calculation, Planned Draft Rate
at Grand Coulee, Winter System FRM Space, Lake Roosevelt Additional Water Supply, Hungry
Horse Additional Water Supply, Chief Joseph Dam Project Additional Water Supply, Drawdown
to MOP, and Winter Stage for Riparian measures would cause changes in flow patterns in the
lower Columbia River.

At McNary Dam, the outflows under MO4 would differ from the No Action Alternative to
various extents through the water year. The magnitude and timing of differences in flow are
displayed in the summary hydrograph, Figure 3-100. The flow spike that appears in mid-March,
as well as the flow dip that appears in mid-August, are both related to the way that changes in
pool levels were modeled for the Drawdown to MOP measure. This spike/dip would not be
expected to occur in actual implementation, as the elevation changes for starting and ending
MOP would be spread out over more than 1 day, thus smoothing out changes in releases.

In addition to the daily flow values depicted in Figure 3-100, the monthly average outflows from
McNary Dam that would occur under MO4 were compared to those for the No Action
Alternative, as shown in Table 3-48.
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Figure 3-100. McNary Dam Outflow Summary Hydrograph for Multiple Objective Alternative

4

Several conclusions can be drawn from this comparison:

In December and January, the median value of monthly average outflow would increase by
3.0 and 1.7 kcfs, respectively. There would be increases for other exceedance values as well.
For instance, the 75 percent exceedance values in December and January would increase by
5.0 and 2.6 kcfs, respectively. The Winter System FRM Space measure calling for winter FRM
space at Grand Coulee Dam is the main reason for these flow increases.

In March and April, monthly average outflow would be less than the No Action Alternative
at all flow levels.

In May, June, and July, the 75 percent exceedance values of monthly average outflow would
increase by 2.3, 8.9, and 6.1 kcfs, respectively. And in the very driest years (reflected in the
99 percent exceedance value), the monthly average outflow in May would be 21.5 kcfs
higher than for the No Action Alternative. The McNary Flow Target measure is the main
reason for these flow increases.

In August, September, October, and November, monthly average outflow would be less
than the No Action Alternative at all flow levels.
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Table 3-48. McNary Dam Monthly Average Outflow for Multiple Objective Alternative 4 (as
change from No Action Alternative)

Exceedance
Probability OoCT NOV DEC JAN FEB MAR | APR MAY | JUN JUL AUG SEP
3 1% 141 187 279 280 327 329 346 451 562 342 231 152
[]
“_g 25% 95 143 155 181 216 200 236 313 352 243 163 100
g g “é 50% 85 124 136 154 182 159 192 260 285 198 141 93
i 75% 79 116 118 133 147 130 147 231 217 147 124 87
2 99% 73 112 109 108 115 107 106 178 160 122 114 81
- 1% -8.0 -1.5 -2.3 2.9 4.4 -2.3 -5.1 -1.5 -4.3 -4.5 -2.9 -3.1
v
:“5 25% -4.7 -2.4 1.7 -3.6 -3.5 -0.5 -6.8 -5.2 -4.4 -4.3 -3.7 -3.2
) 50% -4.1 -1.8 3.0 1.7 -3.1 -1.4 -5.5 -4.5 -2.5 0.7 -2.3 -6.2
_;::“ 75% -5.2 -0.1 5.0 2.6 -5.7 -2.9 -4.0 2.3 8.9 6.1 -4.0 -8.7
g © 99% -5.7 -2.8 -0.3 7.5 0.4 -5.7 -2.6 21.5 -1.5 -7.0 -6.6 -10.5
2 e 1% -6% -1% -1% 1% 1% -1% -1% 0% -1% -1% -1% 2%
E 25% -5% -2% 1% 2% -2% 0% -3% 2% -1% -2% -2% -3%
42 50% -5% -1% 2% 1% -2% -1% -3% 2% -1% 0% -2% -7%
§ 75% -7% 0% 4% 2% -4% 2% -3% 1% 4% 4% -3% -10%
a 99% -8% -3% 0% 7% 0% -5% -2% 12% -1% -6% -6% -13%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows lower than the No
Action Alternative flows; green shading denotes MO4 flows higher than the No Action Alternative flows.

Finally, median hydrographs for McNary Dam outflow in dry, average, and wet years are shown
in Figure 3-101. MO4 and the No Action Alternative results are shown. With the results
categorized by water year type, it is readily seen that the McNary Flow Target measure’s flow
objective of 220 kcfs in the spring would generally be achieved. The summertime objective of
200 kcfs (from June 16 to July 31), which is also part of the McNary Flow Target measure, would
generally not be achieved in average and dry years. In September, the flows at McNary Dam
under MO4 would be lower than for the No Action Alternative in average and dry years, with
the difference being most pronounced in dry water years.

Along the lower Columbia River, the median value of the average monthly flow for MO4 would
be higher than the No Action Alternative in some months (for example, December, January, and
July), and lower in others (for example, April, May, June, August, and September). The flow
change patterns seen at the confluence of the Columbia and Snake Rivers continue
downstream to other locations. This is seen in Table 3-49.

With the exception of effects of the Drawdown to MOP measure at John Day, the effects on
McNary Dam outflow from MO4 would occur similarly, and for the same reasons, at John Day
Dam, The Dalles Dam, and Bonneville Dam. The measure would result in an increase in March
flows and a decrease in August, reversing the flow trend shown in the McNary Dam outflow for
March, and adding to the decrease shown in August.
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Figure 3-101. McNary Dam Outflow Water Year Type Hydrographs for Multiple Objective
Alternative 4

Table 3-49. Lower Columbia River Monthly Average Flows for Multiple Objective Alternative 4
(as change from No Action Alternative)

Location OCT | NOV | DEC | JAN FEB | MAR | APR | MAY | JUN JUL | AUG SEP
Columbia+ Snake 83 122 134 151 181 157 188 260 288 199 140 91
McNary 85 124 | 136 154 | 182 159 192 260 285 198 141 93
:g’ John Day 85 125 140 156 185 165 198 267 288 197 141 93
i’ The Dalles 90 130 146 163 192 172 206 273 293 202 146 97
<Zt Bonneville 91 135 152 170 199 179 213 275 296 204 149 99
Columbia+ Willamette 108 178 | 225 252 | 267 233 260 314 319 216 159 111
Columbia+ Cowlitz 115 196 | 257 282 | 295 255 283 334 336 226 165 117
Columbia+ Snake -2.8 | -2.3 2.4 1.3 -3.6 | -1.9 -5.8 -4.8 -3.4 0.4 -1.8 -6.0
= McNary -41 | -1.8 3.0 1.7 -3.1 -1.4 -5.5 -4.5 -2.5 0.7 -2.3 -6.2
:“5 John Day 44 | -2.2 2.3 0.8 -3.2 0.2 -5.5 -5.4 -3.5 0.5 -3.3 -5.9
E’; The Dalles 5.1 | -1.9 2.3 1.1 -3.4 0.6 -48 | 5.4 -3.2 0.6 -4.0 -5.8
_&:" Bonneville 3.1 | -1.9 1.7 1.0 -3.3 1.6 -4.8 -4.4 -2.7 0.6 -5.8 -6.5
© [columbia+ Willamette 42 | -1.1 2.1 1.6 -4.1 2.1 -5.2 -4.1 -2.8 0.9 -6.0 -5.9
Columbia+ Cowlitz -4.1 0.7 3.0 2.1 -4.0 0.9 -5.5 -4.0 -3.5 1.5 -5.7 -5.8
Columbia+ Snake 3% | -2% 2% 1% -2% -1% -3% -2% -1% 0% -1% -7%
& |McNary 5% | -1% 2% 1% -2% -1% -3% -2% -1% 0% -2% -7%
_&:\’ John Day 5% | -2% 2% 1% -2% 0% -3% -2% -1% 0% -2% -6%
; The Dalles 6% | -1% 2% 1% -2% 0% -2% -2% -1% 0% -3% -6%
§ Bonneville 3% | -1% 1% 1% -2% 1% -2% -2% -1% 0% -4% -7%
a Columbia+ Willamette -4% | -1% 1% 1% -2% 1% -2% -1% -1% 0% -4% -5%
Columiba+Cowlitz -4% 0% 1% 1% -1% 0% -2% -1% -1% 1% -3% -5%

Note: Values for the No Action Alternative are shaded gray. Orange shading denotes MO4 flows less than the No
Action Alternative flows; green shading denotes MO4 flows greater than the No Action Alternative flows.
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SUMMARY OF EFFECTS

Under MO4, the largest changes in water levels occur at Libby, Grand Coulee, and the lower
Columbia River dams. Lake Koocanusa water levels are less variable in the winter and spring,
with deeper drafts in low forecast years and less-deep drafts in large forecast years. August
through November reservoir levels are lower in most years but can be higher in higher forecast
years. Lake Roosevelt water levels are notably lower in the winter due to additional winter FRM
space, slightly higher later in the year, and notably lower in the summer into the fall in low
forecast years. At Hungry Horse Reservoir, additional water demand in the summer months
results in slightly lower reservoir levels for most of the year, particularly in a low forecast year
at The Dalles. The forebay operating range is slightly higher in the summer months at the lower
Snake River projects and notably lower at the lower Columbia River projects. There are no
changes at Dworshak Dam.

Changes in Libby outflows vary greatly across the year; November and December releases are
decreased, winter releases after December are notably higher, April and May releases are
lower, and summer releases are higher, particularly in June and July in low forecast years at The
Dalles. Due to additional water demands from Hungry Horse Dam, Flathead River flows are
lower in winter and spring months. In low forecast years at The Dalles, Hungry Horse and Albeni
Falls Dams release extra water in June and July, and these are followed by larger decreases in
flow in the fall and winter months. Water supply delivery increases from Grand Coulee and
Chief Joseph Dams contribute to lower spring and summer flows in the Columbia River
downstream. In low forecast years at The Dalles, flows are increased May through July, and
then further decreased in September and October. With the exception of September, which can
be more than 10 percent lower in lower water years, changes in average monthly flow through
the lower Columbia River are typically within 5 percent of the No Action Alternative for all
months for typical years.
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3.3 RIVER MECHANICS

This river mechanics section consists of four parts: (1) a description of the study area, (2) a
summary of the baseline sediment transport and geomorphologic conditions for the study area,
(3) a discussion of the methodology and quantitative metrics, and (4) an estimate of the
potential impacts to river mechanics metrics under the No Action Alternative and four MOs.
Relative impacts are then compared between the MOs and No Action Alternative. See Chapter
7 for a description of impacts to river mechanics as a result of implementing the draft preferred
alternative.

3.3.1 Area of Analysis

For the geomorphology and sediment transport discussions, the area of analysis is the CRS
reservoirs and the river reaches downstream that are within the borders of the United States.
River mechanics effects for reaches in Canada downstream of CRS reservoirs would be expected
to be similar to the effects described in neighboring river reaches in the United States. Discussion
of reaches in this chapter is organized by the four physiographic NEPA regions listed in Table 3-50
and depicted in Figure 3-102. Within each of the four lettered CRSO regions, the river mechanics
analyses were subsequently grouped by the following: major reach, minor reach, and subreach,
each representing a finer resolution level. In general, major reaches coincide physiographically
with river segments or groups. Minor reaches were defined as reservoir or river segments
between FCRPS projects, and subreaches were delineated by contiguous similarity in physical
properties such as the following: valley type, morphology, energy grade slope, and flow depth.
More information regarding the reach delineations is presented in Appendix C.

Figure 3-102. Overview Map of Study Area Regions Used for River Mechanics Assessment
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Table 3-50. River Mechanics Study Area National Environmental Policy Act Regions

CRSO Region River Basins

A Kootenai, Flathead, and Pend Oreille Rivers
B Middle Columbia River

C Clearwater and lower Snake Rivers

D Lower Columbia River

3.3.1.1 Region A — Kootenai, Flathead, and Pend Oreille Basins

Region A includes the Kootenai, Flathead, and Pend Oreille Basins. There are nine
hydroregulation projects located within Region A. Only three of the projects are CRS projects
operated for storage (Libby Dam, Hungry Horse, and Albeni Falls). The remaining six projects
(SKQ, Thompson Falls, Noxon Rapids, Cabinet Gorge, Box Canyon, and Boundary) are not part of
the CRS but were included in the hydroregulation planning model to quantify potential
departure in metrics that could result due to operational changes between the upper basin
storage projects and the Columbia River.

REGION A — KOOTENAI RIVER

The Kootenai(y) River major reach lies within the NEPA Region A. The Libby Dam reservoir (Lake
Koocanusa) extends upstream across the U.S.-Canada border, which forms the upstream end of
the study area. The upper 70 miles of the Kootenai River is free flowing between Libby Dam and
Bonners Ferry, Idaho. Downstream of Bonners Ferry is a backwatered reach which flows back

across the U.S.-Canada border to Kootenay Lake, B.C., marking the downstream analysis extent.

REGION A — FLATHEAD RIVER FROM HUNGRY HORSE RESERVOIR TO SKQ DAM

The Flathead River from Hungry Horse Reservoir to SKQ Dam major reach lies within NEPA
Region A and spans approximately 85 river miles. The Hungry Horse storage project lies within
this major reach, and the upstream extent of Hungry Horse Reservoir coincides with the
upstream extent of the study area. The Flathead River analysis area is free-flowing for
approximately 28 river miles from the Hungry Horse Dam tailrace upstream to the confluence
with the Stillwater River downstream. From there, the lower 20 river miles of the Flathead River
are seasonally backwatered by Flathead Lake, which inundates the lower 35 miles of the reach.

REGION A - FLATHEAD, CLARK FORK, AND PEND OREILLE RIVERS BELOW SKQ DAM

The Flathead, Clark Fork, and Pend Oreille Rivers below SKQ Dam major reach lies within NEPA
Region A. SKQ Dam on the Flathead River marks the upstream extent of this major reach. The
Pend Oreille River, flowing across the U.S.-Canada border, marks the downstream reach extent.
The Lower Clark Fork River subreach extends approximately 109 river miles from the
confluence with the Flathead River upstream to Lake Pend Oreille downstream.

3-189
River Mechanics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

There are three non CRS run-of-river projects within the subreach: Thompson Falls, Noxon
Rapids, and Cabinet Gorge, which can locally influence Clark Fork River hydraulics. The Pend
Oreille River subreach spans approximately 118 river miles between the Clark Fork River Delta
on Lake Pend Oreille upstream to Boundary Dam downstream at the U.S.-Canada border in
northeast Washington. There is one CRS storage project (Albeni Falls) and two non-CRS run-of-
river projects (Box Canyon and Boundary) that influence hydraulics within the reach.
Downstream of Boundary Dam, the Pend Oreille River flows north into Canada where it joins
the Columbia River approximately 17 miles downstream near Waneta Dam, B.C.

3.3.1.2 Region B — Middle Columbia River

Region B includes the middle Columbia River Basin as it enters the United States from Canada.
The middle Columbia River Basin analysis reach spans approximately 413 river miles from the
U.S.-Canada border upstream in northeastern Washington to Richland, Washington,
downstream near the Yakima River confluence. The downstream extent of this major reach
ends at the transition from the free-flowing Hanford Reach to the backwatered McNary
Reservoir.

There are seven hydroregulation projects located within Region B (Grand Coulee, Chief Joseph,
Wells, Rocky Reach, Rock Island, Wanapum, and Priest Rapids). Only one of the Region B
projects (Grand Coulee) is operated for storage; two of the projects (Grand Coulee and Chief
Joseph) have modified operational measures under the CRSO EIS. The remaining five private
non-Federal projects downstream of Chief Joseph are all run-of-river and are not part of the
CRS; however, they were included in the hydroregulation planning model to quantify potential
departure in metrics that could result due to operational changes between Lake Roosevelt
upstream and the lower Columbia River downstream.

3.3.1.3 Region C - Clearwater and Lower Snake Rivers

Analysis Region C includes the Clearwater and lower Snake River Basins in western Idaho and
eastern Washington. There are five hydroregulation projects located within Region C that have
modified operational measures under the CRSO EIS. Only one of the projects (Dworshak) on the
Clearwater River is operated for storage, while the remaining four on the lower Snake River
below Lewiston, Idaho (Lower Granite, Little Goose, Lower Monumental, and Ice Harbor), are
run-of-river projects. The Clearwater River study minor reach spans approximately 42 river
miles from Dworshak Dam to the confluence with the Snake River near Lewiston, Idaho. The
lower Snake River minor reach spans approximately 168 river miles from above the Grande
Ronde River confluence upstream to the Columbia River confluence near Pasco, Washington,
downstream. There is an authorized navigation channel between the Snake River confluence
with the Columbia River and the city of Lewiston, Idaho, in the Lower Granite Reservoir that is
part of this major reach.
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3.3.1.4 Region D — Lower Columbia River

Region D includes the Columbia River below Richland, Washington. There are four
hydroregulation projects located within Region D that have modified operational measures
under the CRSO EIS (McNary, John Day, The Dalles, and Bonneville Dam). These projects
generally operate as run-of-river projects, even though there is a small amount of storage at
John Day Dam. The upstream extent of Region D begins at the downstream extent of Region B
near the confluence of the Columbia and Yakima Rivers as well as the downstream extent of
Region C (at the confluence of the Columbia and Snake Rivers). The lower Columbia River reach
extends approximately 316 river miles from the confluence with the Yakima River upstream to
the mouth of the Columbia River downstream near Astoria, Oregon. There is an authorized
navigation channel between RM 3 near the Pacific Ocean and McNary Reservoir that is also part
of this major reach.

3.3.2 Affected Environment

For this EIS analysis, river mechanics response in the analysis area is a combined function of the
following: hydrology, sediment supply, and hydraulic response which is driven by slope, channel
geometry, and roughness. Hydraulic response within the system is characterized by three major
types: storage reservoirs, run-of-river reservoirs, and free-flowing reaches. The baseline
characteristics for the affected environment analysis area are summarized in the following
section.

3.3.2.1 Hydrology

The typical mean daily flows throughout the year at a few key locations in the Columbia River
Basin are shown in Figure 3-103. The largest alteration to flow occurs at storage dams, which
are operated to balance various flow release and water storage needs according to the
operational goals for each project. Because of flow regulation, high discharges during the flood
season (spring freshet period) are less frequent than during pre-regulation (pre-1930s) times;
conversely, there are typically higher discharges during the summer and fall than during pre-
regulation times.
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Figure 3-103. Mean Daily Mean Discharges at U.S. Geological Survey Gages
Note: Data is for water years 1977 to 2017 downstream of storage dams, at Chief Joseph Dam, at Ice Harbor Dam
just upstream of the confluence of the Snake River with the Columbia River, and at the U.S.-Canada border.

3.3.2.2 Sediment Supply

Very little sediment crosses the U.S.-Canada border because upstream dams trap it. Primary
mechanisms of sediment delivery to the Columbia River Basin between Grand Coulee and
Bonneville Reservoir are landslides and bank erosion that contribute fine-grained sediment that
is mostly transported in suspension (e.g., Alden 1953; Kiver and Stradling 1995; Washington
Division of Geology and Earth Resources 2016a, 2016b; Washington Geological Survey 20173,
2017b). From Bonneville Reservoir downstream, sediment is largely sourced from volcanic rocks
and is typically coarse grained, contributing to bedload (Whetten, Kelley, and Hanson 1969).
Overall, tributaries that produce the greatest volumes of sediment include the Snake,
Okanogan, Yakima, and Palouse Rivers (Whetten, Kelley, and Hanson 1969). Sediment deposits
in river reaches now occupied by reservoirs are also subject to shoreline erosion. This is
especially true during filling of reservoirs, periods with fluctuating water levels, and reservoir
drawdowns (e.g., Schuster 1979; Cox et al. 2005). Wave energy can cause shoreline erosion
following reservoir filling; however, if reservoir levels are maintained, the shoreline may
eventually approach an equilibrium profile (e.g., Lorang, Komar, and Stanford 1993), decreasing
the sediment yield from shoreline erosion over time.
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Sediment supply and transport is affected by dams and flow regulation. Mainstem and tributary
dams trap sediment by changing hydraulic conditions in their impoundments and reducing
sediment supply in downstream river reaches. Flow regulation and the reduction of peak flows
through dam operations further reduce sediment transport capacity. Because sediment
transport capacity is much greater at high flows than low flows, reducing the magnitude of high
flows can reduce the overall capacity of a reach to move sediment. The primary sediment
sources in the Columbia River Basin are incoming sediment load from reaches and tributaries
upstream of a given location, point sources such as landslides and debris flows contributed
from hillslopes along the river and reservoir reaches, and locally eroded sediment from the
channel bed, river banks, reservoir shorelines, and floodplains. However, most of the reaches
evaluated have more than 90 percent of the upstream drainage area affected by upstream
dams, which alters the incoming flow and greatly reduces the incoming sediment supply. A few
exceptions include Hungry Horse Dam (Flathead River), Libby Dam (Kootenai River), and
Dworshak Dam (North Fork Clearwater River) with largely unaltered incoming river flow and
sediment supply due to the relatively pristine conditions of the upper watersheds. Existing
sediment inputs to the reaches are described below to provide context for potential changes in
sediment transport under the No Action Alternative and MOs.

The current average annual sediment load in the Columbia River at Vancouver, Washington, has
been reduced by an estimated 58 percent from pre-1930s conditions (Sherwood et al. 1990).
This reduction in total sediment load is biased toward coarse sediment, with an 80 percent
reduction in sands and a 42 percent reduction in silts and clays from pre-1930s conditions. The
total reduction in sediment load can be attributed to multiple factors including reduction in
peak flows due to system regulation and land use practices, as well as trapping of sediments in
the reservoirs. With an estimated pre-1934 total load at Vancouver at 18.5 million tons per
year, the 241,000-square-mile basin upstream of Vancouver has historically been a low-
sediment-yield basin relative to other major rivers with an average of 77 tons per square mile.
This yield per square mile is 28 percent of the Mississippi River and 7 percent of the Colorado
River suspended load yield, for comparison (Holman 1968).

3.3.2.3 Storage Reservoirs

In the CRS, there are six dams that are designed and operated for flood, irrigation, or other
storage purposes: Libby, Hungry Horse, Albeni Falls, Grand Coulee, John Day and Dworshak. In
this analysis, John Day Dam is included in both the storage project and run-of-river categories.
While John Day is authorized for FRM, it has limited storage capacity and is operated more like
a run-of-river project where the project does not store incoming flow. Operators change the
pool elevation at these storage projects over large ranges throughout the year to capture and
release water in specifically designed ways.

HEAD OF RESERVOIR SEDIMENT MOBILIZATION

All reservoirs formed by dams on natural watercourses trap some sediment over time. Sand,
gravel, and cobbles entering a reservoir as bedload typically deposit as a delta in the upstream
end of reservoirs and along the upstream river channels as the flow of the river encounters
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backwater from the reservoir, slowing velocities and spreading out flow through multiple
channels (Figure 3-104). Sediment deposited in the delta (commonly referred to head of
reservoir deposits) can be remobilized farther downstream when the reservoir operating pool
lowers (during reservoir drawdown), or during floods when sediment transport capacity is
increased. In dams that operate over a wide range of elevations throughout the year, the
upstream extent of reservoir backwater may shift considerable distances. Very fine, suspended
silts and clays tend to transport past the delta and slowly settle out of the water column along
the reservoir bottom as a lakebed deposit. Reservoirs with large storage volumes relative to the
annual volume of water passing through the reservoir tend to trap more suspended sediment
than reservoirs with smaller relative storage volumes.

If reservoir drawdown leaves the delta exposed to riverine conditions during high flow periods,
the upper layers of the delta are often eroded and transported further into the reservoir,
potentially increasing turbidity and downstream sediment deposit thickness. Changes in
storage project elevations or changes to the flow of water and sediment into the reservoir can
result in changes to the delta erosion and deposition patterns. This metric compares the paired
relationships of flow and stage over time to indicate potential for change in sediment
mobilization at the head of reservoir for each alternative. Changes in delta sediment
mobilization could alter the sediment load farther downstream within the reservoir and
potentially the amount of sediment passing a dam, particularly during high flow periods.

Figure 3-104. Reservoir Sediment Profile with Delta and Lakebed Sediment Deposits
Note: Reproduced with permission from Randle and Bountry (2017) after Morris and Fan (1997).
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Region A — Libby Dam: Head of Reservoir Sediment Mobilization

The focal point for deposition within the Libby reservoir (Lake Koocanusa) depends on the
minimum drawdown elevation in the spring before the spring freshet (when 90 percent of the
annual sediment load is mobilized). Since the early 2000s, the minimum pool elevation has
ranged from a low of about 2,370 to a high of 2,420 feet NGVD29 (2,374 to 2,424 feet NAVDS88)
in elevation, which correlates to minimum lake backwater extent of RM 280 (near Kragmont,
British Columbia) to RM 300 (4 miles downstream from Wardner, British Columbia). The
maximum pool elevation (2,459 feet NGVD29 [2,463 feet NAVD88]) can extend upstream of
Wardner to the Bull River confluence. Thus, Kootenai(y) River sedimentation (sand and gravel)
in Lake Koocanusa is likely concentrated between Wardner and the Kootenai(y) and Tobacco
River confluence, given that these locations correspond with the maximum and minimum
reservoir elevations. Fine sediment is likely depositing throughout the reservoir but is focused
primarily in the deeper portions of the reservoir near the dam.

Region A — Hungry Horse: Head of Reservoir Sediment Mobilization

Little information is available regarding sedimentation in Hungry Horse Reservoir because of a
lack of sediment load data and limited bathymetric survey. A recent bathymetric survey is
available from 2018 that provides a longitudinal profile of Hungry Horse Reservoir with more
detailed survey for the forebay extending about 0.5 mile upstream of the dam (Collins 2020).
There are no large tributaries entering this reach as the reach is closely paralleled by the Swan
Range to the west and the Flathead Range to the east. The majority of flow into the reservoir is
from the upper South Fork Flathead River. One of the larger tributaries entering the reservoir,
Sullivan Creek, has mean annual flows on the order of a few hundred cubic feet per second
(U.S. Geological Survey [USGS] Gage 12361000). The drainage basin is almost all within U.S.
Forest Service land management areas that were historically logged. Based on historical survey
contours of unknown date (provided by U.S. Bureau of Reclamation [Reclamation] Pacific
Northwest Regional Office, Boise, Idaho), the minimum pool elevation of 3,426 feet NGVD29
(3,430 feet NAVDS88) has a backwater extent near RM 32 and the maximum pool elevation of
3,560 feet NGVD29 (3,564 feet NAVD88) extends another 9 miles to RM 41. A sediment delta is
visible on a September 23, 2003, aerial photograph of the area between RM 38 and at least RM
41. The delta likely extends farther upstream. The reservoir delta is currently expected to be
eroded and mobilized farther downstream in the reservoir during drawdown and would be
expected to continue in No Action Alternative conditions.

Region A — Albeni Falls: Head of Reservoir Sediment Mobilization

The downstream control point of Lake Pend Oreille is Albeni Falls Dam, although there is a
natural restriction near Dover, Idaho at RM 113—roughly 24 miles upstream of the dam—that
can control flow based on lake elevation (velocities in the dam forebay channel can be “river-
like” during high flow conditions). The WSE of the lake may be 6 to 10 feet higher than that of
the forebay due to the natural channel restriction at the lake outlet. The head of the reservoir is
effectively the 4-mile-long Clark Fork River Delta, including the mouth of Lightning Creek. Lake
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level influences the velocity, depth, and general hydraulic conditions up to about a mile above
Lightning Creek.

Rain-on-snow events and spring runoff have the potential to move tremendous amounts of bed
load in tributaries of the Clark Fork River, but especially in the Lightning Creek drainage. A large
alluvial gravel deposit has developed in the mainstem of the Clark Fork River in the floodplain of
Lightning Creek, just upstream of the Clark Fork River Delta. The gravel bar includes a layer of
gravels and sands deposited in the area by Lake Missoula, but now also hosts the thick gravel
fragments and coarse cobbles of the Lightning Creek alluvial deposit.

The Lake Pend Oreille delta is composed of fine-grain sediments deposited in slackwater by the
low-gradient Clark Fork River. The delta has likely been depositing since its formation, but the
process likely accelerated following completion of the dam. The reduction in available sediment
bedload within the Clark Fork River following completion of the upstream dams (Cabinet Gorge
and Noxon Rapids) has also likely contributed. The bedload coming out of Lightning Creek is
relatively high and dominantly comprised of large gravels and cobbles which ultimately settle at
the Clark Fork River confluence due to the abrupt decrease in gradient between the creek and
river.

Region B — Grand Coulee: Head of Reservoir Sediment Mobilization

Much of the sediment that would enter this reach from upstream is trapped by reservoirs in
Canada, including behind four large hydroelectric dams. The reach of the Columbia River
between the U.S.-Canada border and Grand Coulee Dam is naturally a bedrock-controlled river,
lacking a thick alluvial cover (Whetten, Kelley, and Hanson 1969).

The mainstem Columbia River profile measured in 2010 and 2011 includes numerous pools
between the U.S.-Canada border and Grand Coulee Dam that range in depth from 20 to more
than 100 feet. The first 40 miles upstream of the dam contain several scour pools 30 to 40 feet
deeper than the typical reservoir bottom, which indicates sediment supply has not been large
enough to fill in the pools. The maximum reservoir pool extends upstream approximately 150
miles from the dam at RM 596 to about RM 746 based on 2010 topography. The minimum pool
extends 121 miles upstream from the dam to about RM 717. Any sediment delta present
between RM 717 and RM 746 could be eroded during reservoir drawdown operations.
However, in this reach there was no sediment delta present, and several pools persist that are
tens of feet deep, indicating sediment deposits are likely limited to partially filling pools and on
floodplains when inundated at higher reservoir elevations. Two of the largest pools are more
than 140 feet deep located near the confluences of the Columbia River with Onion Creek (RM
733.6) and the Kettle River (RM 709). The persistence of the deep pools means that either there
are fast velocities along the reservoir bottom at these locations or the reservoir sedimentation
rates are slow.

Sediment deltas can also form where tributaries enter the backwater from Lake Roosevelt. The
first major tributary upstream of the dam is the Sanpoil River (RM 615) where Lake Roosevelt
inundates about 9 miles of the tributary at full pool. The difference between maximum and
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minimum pool is 2 miles long where there is potential to mobilize any sediment deposited from
the Sanpoil River Basin. Within Lake Roosevelt, the largest tributary is the Spokane River (total
drainage area of 6,750 square miles), which begins at the outlet of Lake Coeur d’Alene, Idaho,
and enters the Columbia River at RM 640 about 44 miles upstream of Grand Coulee Dam. The
Spokane River contributes the largest amounts of suspended sediment to Lake Roosevelt
(Whetten, Kelley, and Hanson 1969), but coarse sediment contributions that would tend to
form a sediment delta are limited. Seven hydroelectric dams have been constructed on the
mainstem Spokane River between 1890 and 1922 (Northwest Power and Conservation Council
[NW Council] 2019c). Based on topographic intersection of reservoir pool elevations, the
backwater from Lake Roosevelt extends about 18.5 miles upstream at minimum pool and 32
miles upstream at full pool (Ferrari 2012). Aerial photography from 1936 (after construction of
the seven Spokane River dams) and recent aerial photography (1992 to 2017) do not show any
exposed sediment delta downstream of Little Falls Dam. Further, the 2010-2011 survey
measured several scour pools around 20 feet in depth (Ferrari 2012). The lack of visible
sediment delta may be due to limited sediment supply due to trapping in upstream Lake Coeur
d’Alene and behind the seven dams. There are several landslides along the Lake Roosevelt Arm
of the Spokane River. A major landslide deposited more than 60 feet of eroded material above
the original river channel area at RM 3.7. However, the landslide deposit is 40 feet below the
minimum pool so it would not be expected to have any mobilization due to reservoir
drawdown.

Lake Roosevelt creates about a 1.5-mile backwater up the Colville River, which enters the
Columbia River near RM 702.4. The difference in maximum and minimum pool exposes about 1
mile of river that could create a sediment delta subject to erosion during reservoir drawdown. A
larger tributary is the Kettle River, which enters near RM 709 on the mainstem Columbia River.
The 2010-2011 survey went about 3.5 river miles upstream on Kettle River near Kettle Falls.
The maximum pool extends about 8 miles upstream on the Kettle River, and the minimum pool
drops all the way to the Kettle River confluence with the Columbia River. Reservoir drawdown
does have the potential to mobilize any deposited sediment from Kettle River incoming
sediment loads. Upstream of Kettle Falls the reservoir does not create a substantial backwater
pool in any tributaries.

Since the late 1800s, large amounts of slag have been released into the upper Columbia River
from an upstream smelter operation. Because Lake Roosevelt has a high sediment trapping
efficiency, much of the incoming slag has been retained within Lake Roosevelt, particularly in
the upstream reaches (Teck 2017). As a result, bed and bank sediments in Lake Roosevelt
contain elevated metals.

Region C — Dworshak: Head of Reservoir Sediment Mobilization

Dworshak Reservoir lies within narrow, steep canyons of the North Fork Clearwater River.
Dworshak Dam traps sediment from 26 percent of the Clearwater River drainage basin (which is
2 percent of the Snake River drainage area). The reservoir extends approximately 51 miles
upstream of the dam at full pool elevation. The drainage area upstream of the dam is
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topographically rugged, densely timbered, sparsely populated, and largely undeveloped with a
total area of approximately 2,440 square miles (Corps 1986). The reservoir is drawn down
during the winter to provide storage space for FRM.

Note that Dworshak Reservoir is the only reservoir in Region C operated for storage; the
remaining reservoirs in Region C are run-of-river reservoirs. Sediment mobilization at the head
of run-of-river reservoirs was computed separately via the “Potential for Bed Material Change
Metric.” Discussion of the head of reservoir sedimentation for Lower Granite Reservoir is
presented in Section 3.3.2.4, below.

Region D — John Day: Head of Reservoir Sediment Mobilization

Unlike the other CRS storage reservoirs, John Day was constructed with navigation as a primary
purpose. The project provides for minimum depth of 15 feet of water between John Day and
McNary Dams. Due to this design requirement, and sediment trapping in upstream dams, there
is no traditional head of reservoir delta or deposition occurring in the mainstem Columbia River
in the John Day Reservoir.

SEDIMENT TRAP EFFICIENCY

All the reservoirs in the study area can trap a portion of the material that enters their pools,
reducing the incoming sediment to downstream reservoirs. Trap efficiency is the proportion of
inflowing sediment deposited in the reservoir relative to the total incoming sediment load. The
trap efficiency is computed based on the ratio of reservoir storage volume to annual inflow.
Reservoirs with high trap efficiency generally trap the coarse sediment in reservoir deltas, while
a portion of the fine sediment can be transported through the reservoir and released
downstream. The actual amount of sediment trapped is dependent not only on trap efficiency
but also the incoming sediment load.

A trap efficiency less than 10 percent indicates very little sediment has accumulated in a
reservoir, whereas a trap efficiency greater than 90 percent indicates potential for a large
accumulation of reservoir sediment. John Day traps the least amount of sediment (44.9
percent) amongst the storage projects, which can be attributed to its small reservoir volume
relative to the annual hydrograph. Albeni Falls (70.6 percent) and Grand Coulee (77.8 percent)
trap approximately three-quarters of incoming sediment. Libby (90.7 percent), Hungry Horse
(95.0 percent), and Dworshak (93.0 percent) have the highest sediment trap efficiencies.

Region A — Libby Dam: Sediment Trap Efficiency

Based on the sediment flux (total tons transported per year) measured in the 1960s near Libby
Dam, it was estimated that 100,000 acre-feet of sediment would be trapped in Lake Koocanusa
over a period of 100 years (Corps 1971). The volume of sediment that this represents over a
100-year period equates to about 2 percent of the 5-Maf total reservoir active flood control
space (Corps 1971). By comparing the pre- and post-dam average annual sediment loads at the
Libby and Copeland stations, the annual average sediment deposition can be estimated. Data
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confirms the 1971 estimate of 1,000 acre-feet per year and estimates that Libby Dam could
accumulate about 31,000 acre-feet of sediment (suspended load, plus 10 percent for bedload)
in a 30-year period.

Region A — Hungry Horse Dam: Sediment Trap Efficiency

While not much is known about reservoir sedimentation in Hungry Horse, it has a high trapping
efficiency for sediment delivery from the 1,168-square-mile South Fork Flathead River
catchment that prevents the majority of incoming sediment from going downstream past the
dam to the main stem Flathead River.

Region A — Albeni Falls Dam: Sediment Trap Efficiency

Lake Pend Oreille, at more than 1,000 feet deep in some locations, acts as a natural sediment
sink upstream of Albeni Falls Dam. The sediment trap efficiency is relatively high (70-plus
percent), and it is responsible for reduced sediment supply conditions downstream along the
lower Pend Oreille River.

Region B — Grand Coulee Dam: Sediment Trap Efficiency

The historical Columbia River channel within Lake Roosevelt is governed by the underlying
bedrock because the riverbed does not have a deep layer of alluvium. Within the reservoir
(Lake Roosevelt), substantial alluvial deposits are widely spaced and generally small in volume
in both the riverine and lacustrine reaches of the reservoir (Ferrari 2012). The sediments that
do accumulate in Lake Roosevelt consist of armored gravels between the U.S-Canada border
and Onion Creek, which can become riverine during minimal pool conditions. Farther
downstream, the riverbed is primarily silt and clay in the middle and lower Lake Roosevelt
(lacustrine) reaches (Whetten, Kelley, and Hanson 1969; Windward Environmental LLC 2017).

Region C — Dworshak Dam: Sediment Trap Efficiency

Sediment range lines have been surveyed in Dworshak Reservoir to measure sediment
deposition, but the survey measurements are not reported here because the accuracy could
not be verified; Dworshak Reservoir can exceed 600 feet in depth and is thermally stratified,
making precise acoustic measurements highly sensitive to depth-varying calibration of the
speed of sound. The Dworshak water control manual (Corps 1986) estimated an average annual
sediment load on the order of 300 acre-feet per year, based on measurements of other streams
in the region. Since the time of that estimate, limited sediment load measurements have been
taken on the North Fork Clearwater River upstream of Dworshak and on two tributaries of the
South Fork Clearwater River, which seem to support the argument made in the water control
manual that the north fork is like other streams in the region. However, these measurements
were taken during the spring season, and therefore would not have included mass wasting
during large winter floods, which have the potential to exceed spring sediment loads. The
estimate provided in the water control manual is higher than current sediment load estimates
for the entire Clearwater River and is the only available estimate at this time. If the 300 acre-
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feet estimate is reasonable, it could take more than 2,500 years to accumulate a volume of
sediment equal to the dead storage space in Dworshak Reservoir. However, this is an order of
magnitude estimate and could therefore be conservatively reported as 250 to 2,500 years. In
either case, the sediment load appears to be relatively small compared to the storage volume.

Region D — John Day Dam: Sediment Trap Efficiency

The most recent assessment of sediment deposition and bed material composition in the John
Day Reservoir was completed by USGS (Cross and Twichell 2004). Geophysical survey data
collected in 2000 and ground-validation data collected in 2000 and 2002 revealed that reservoir
had lost approximately 0.2 percent of its volume since construction. Data analysis indicated
that the reservoir bottom consists of 23 percent exposed basalt, 5 percent boulders, 9 percent
fine-grained sediment with an estimated thickness of 20 inches, and 53 percent shallow
discontinuous veneer of fine-grained sediment. This thin veneer covers historical bars, gravel
beds, alluvial fans, and other unconsolidated deposits. The upstream-most 12.5 to 15.5 miles of
reservoir, representing 10 percent of the total reservoir floor, showed gravel beds completely
free of fine sediment.

SHORELINE EXPOSURE

Wave erosion, reservoir currents, freeze-thaw, reservoir drawdown, and other processes can
result in shoreline erosion of bank sediments along the reservoir margins.

Region A — Libby Dam: Shoreline Exposure

During the design of Libby Dam, the Corps assumed that far less sediment would enter the
reservoir from mass wasting and shoreline erosion than from the river itself (Corps 1971). Corps
review of available aerial imagery showed that extensive shallow landslides along the 224-mile-
long shoreline has occurred around the reservoir and that few large slides were evident. No
subsequent estimates of reservoir sedimentation were available to assess if the amount of
shoreline erosion that has occurred since the construction of Libby Dam is in line with
predictions made during earlier design efforts. It is thought that in the first decades after
reservoir filling, reservoir erosion rates were likely higher than under current conditions
because more than four decades have elapsed since construction allowing for the reservoir
side-slopes to erode back to stable conditions.

Region A — Hungry Horse Dam: Shoreline Exposure

Hungry Horse Reservoir has approximately 175 miles of shoreline with little available
documentation on shoreline erosion. Most of the surrounding landscape contains forested
hillslopes, but areas subject to reservoir drawdown may experience erosion. A prior Columbia
River System Operation Review EIS (U.S. Department of Energy [DOE], Corps, and Reclamation
1995) noted that “Hungry Horse Reservoir exhibits significant shoreline erosion in its upstream
reaches, as well as several large, active landslides.” The magnitude of erosion is not known.
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Region A — Albeni Falls Dam: Shoreline Exposure

Lake Pend Oreille has a seasonal variable operating range of about 11 feet as regulated by
Albeni Falls Dam, which has caused lateral shoreline erosion of the delta at a rate of about 5 to
8 feet per year for the last 50-plus years (Clark Fork Delta Restoration 2018). The Clark Fork
River delta at the east end of the lake is not the only area around Lake Pend Oreille with
eroding shorelines. Receding protective and stabilizing shorelines and islands at the mouths of
streams and rivers have seen accelerated erosion caused by wave action, landslides, and river
flows. Additional sites in the subbasin where ongoing erosion is of concern include the Pack
River Delta, Strong’s Island, and the mouths of Priest River, Hoodoo Creek, Hornby Creek, and
Carr Creek (Idaho Department of Environmental Quality [IDEQ] 2007). Overall, the riverbank
conditions of the Pend Oreille River above Albeni Falls are highly susceptible to erosion where
the banks do not consist of bedrock or large boulders (Tri-State Water Quality Council 2005).

Region B — Grand Coulee Dam: Shoreline Exposure

Landslides are an important source of sediment along the Lake Roosevelt shoreline. Some
landslides along the Columbia River within Lake Roosevelt existed before the construction of
Grand Coulee Dam and are a few hundred to a few thousand years old (Pardee 1918; Kiver and
Stradling 1995); other landslides appear to have been associated with destabilization of the
landscape during glaciation (Flint and Irwin 1939; Jones et al. 1961). More than 500 landslides
also formed along the shoreline of Lake Roosevelt in response to the filling of the reservoir and
fluctuating water level (Cox et al. 2005).

Region C — Dworshak Dam: Shoreline Exposure

Dworshak Reservoir’s shoreline is approximately 175 miles at full pool (Corps 1986). The widest
sections of the reservoir are in the lower one-third of its length, where the widths range
generally from about 0.5 to 1 mile, with the widest point being nearly 2 miles. The upper two-
thirds of the reservoir is much narrower, ranging mostly between 1,000 and 2,000 feet. The
lake WSE can fluctuate up to 155 feet due to Dworshak Dam flood risk operations, but during
lower risk years, the water surface is only drawn down 80 feet below full pool. Bank erosion or
sloughing resulting from fluctuations in pool elevation is not known to be a serious issue.

Region D — John Day Dam: Shoreline Exposure

There are deep-seated landslides in the vicinity of John Day Dam and reservoir. Most mass
wasting has occurred on the Washington shore. A landslide on the Washington shore was
reactivated during dam construction but appears stable now. Most of the shoreline is not being
significantly eroded, and riprap protection seems to be adequate for lower pool operation
(Gustafson 1992).
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3.3.2.4 Run-of-River Reservoirs and Free-Flowing Reaches

Run-of-river reservoirs and free-flowing reaches include all the river reaches downstream of
CRS storage projects. Run-of-river reservoirs are formed by dams that are operated to discharge
water downstream at rates that generally match the upstream inflows. The effect on river
discharge from dam operations is generally smaller for run-of-river reservoirs than storage
reservoirs. Bonneville Dam is an example of a run-of-river project that operates in a small range
of pool elevations for daily or weekly hydropower purposes but does not attempt to store
water for release in later seasons. There are nine CRS run-of-river reservoirs. Region B includes
Chief Joseph at RM 545.7. Region C includes Lower Granite (RM 430.9), Little Goose (RM 393.8),
Lower Monumental (RM 365.0), and Ice Harbor (RM 333.4) on the Lower Snake River. Region D
on the Lower Columbia River includes McNary (RM 291.0), John Day (RM 216.6), The Dalles (RM
192.0), and Bonneville Dam (RM 145.7). Note that John Day Dam generally operates as a run-of-
river project even though there is a small amount of storage, and thus is included in both
categories. Five non-CRS run-of-river reservoirs exist in Region A and another five exist in
Region B.

Free-flowing reaches are portions of the river that are not influenced by the backwater of a
downstream reservoir. Free-flowing reaches experience altered hydrology where upstream
dam operations have an influence on changing river discharge. The altered hydrology can affect
floodplain connectivity, river morphology, and sediment transport capacity. Free-flowing
reaches in Region A include the Kootenai River between Libby Dam and Bonners Ferry, Idaho,
the Flathead River downstream of Hungry Horse Dam and upstream of Flathead Lake, and the
Clark Fork River between SKQ Dam and Thompson Falls Reservoir. Other notable free-flowing
reaches in the study area include the Northport Reach of the Columbia River upstream of Kettle
Falls and the Hanford Reach of the Columbia River downstream of Priest Rapids Dam (Region
B), the Clearwater River between Dworshak Dam and Lower Granite Reservoir (Region C), and
the tidal Columbia River downstream of Bonneville Dam (downstream Region D).

SEDIMENT TRANSPORT AND SUPPLY

Unlike the large storage projects, nearly all the run-of-river reservoirs have a small volume of
water in their pools relative to the volume of annual water flow. This results in lower trapping
efficiencies than the large storage projects. In addition to the decreased ability of the run-of
river reservoirs to trap sediment, the upstream sediment load is reduced because of upstream
reservoirs.

Free-flowing reaches are operating in a reduced sediment environment from their historical
unregulated (pre-1930s) condition because of cumulative trapping of sediment in upstream
reservoirs. These reaches commonly pass the reduced incoming sediment load and have

developed coarsened bed conditions, some of which are naturally armored against erosion.

Bed-material load consisting of sands and gravels entering run-of-river reservoirs and free-
flowing reaches from tributaries and other processes such as localized erosion can deposit on
the beds and be permanently stored in the system. Given the variability in size and nature of
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tributaries flowing into the study area, the amount of sediment delivered and stored at each
tributary may be negligibly small or quite sizable. The Salmon River (via the Snake River) and
Clearwater River sediment delivery to Lower Granite Reservoir on the Snake River is an example
of a large tributary sediment supply that deposits a large volume of sediment annually.

Region A — Kootenai River Sediment

Glaciation on the Kootenai River during the ice ages is responsible for carving deep valleys now
occupied by lakes and rivers over long and short time periods, storing large quantities of
unconsolidated sediment in the basin valleys. When the ice sheet and associated glacial lake
receded, the steep, rejuvenated rivers and streams widened their valleys, transporting large
volumes of sediment downstream. In some places, the Kootenai River has cut through the
glacial sediments into the underlying bedrock. Bedrock is exposed in the riverbed near the
Fisher River, in the Kootenai Falls area, and near Troy, Montana. It is also exposed in riverbanks
and bottomlands near Bonners Ferry, Idaho.

The bedrock sill at the outlet of the West Arm of Kootenay Lake arrested down-cutting. It is
likely that post-glacial Kootenay Lake originally extended south along the Purcell Trench nearly
to Bonners Ferry, but it was gradually filled with hundreds of feet of fine sediment eroded from
up valley so that the lake was gradually converted into a floodplain (Alden 1953).

The Kootenai River downstream of Libby Dam is free flowing for approximately 61 miles, after
which it becomes progressively less able to transport sediment due to backwater influences
from Kootenay Lake located north of the U.S.-Canada border. In a 6-mile reach known as the
“Braided Reach” immediately above Bonners Ferry, the river can pass sediment sizes up to
gravels. Downstream of Bonners Ferry, sand silt and clay become the dominant material in
transport with little gravel passing into the downstream reach known as the “Meander Reach.”
Due to the Kootenay Lake backwater, the 45-mile long Meander Reach is the least-efficient
reach at passing sediment in U.S. waters below Kootenai Falls, passing fine sand and smaller
grain sizes downstream.

Below Libby Dam, tributaries supply large quantities of gravel- and cobble-sized materials at
rates greater than the rates the mainstem river can erode them, resulting in the formation of
alluvial fan deposits. Because these locations constrict the river, they tend to transport all but
the largest-sized sediment that enter from upstream. The largest-sized sediment from steeper
tributaries is often found in tributary fans that persist despite high flows from the river (e.g., at
the Fisher River, Yaak River, and Boulder Creek confluences). Cobble, gravel, and sand sized
sediments that make it into the reaches upstream of Bonners Ferry can be transported by the
river downstream to the Braided Reach; however, much of this material is too large to be
transported very far downstream. Thus, the Braided Reach is a sink for gravel and coarser-sized
sediment supplied by the river upstream.

Downstream of Libby Dam to Bonners Ferry, the percentage of sand within the exposed bars
increases with distance from the dam because of unregulated tributary inputs. The percentage
of the bed composed of sand increases dramatically in the critical Kootenai River white
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sturgeon spawning reach, where the Braided Reach transitions into the Meander Reach
(Barton, McDonald, and Nelson 2009; Fosness and Williams 2009; McDonald et al. 2010).
Previous research (Barton, McDonald, and Nelson 2009; McDonald et al. 2010) has determined
that the Kootenai River white sturgeon spawning reach substrate is sand dominated now, but
that this is an artifact of the reduction in peak discharges as the pre-dam high flows were
routinely capable of scouring sand and exposing coarser lag deposits of gravel and cobble
suitable for spawning. The researchers found that the post-dam hydrologic regime, under the
highest post-dam flows, can still scour sand from these spawning areas (Fosness and Williams
2009; McDonald et al. 2010), but this occurs much less frequently than under pre-dam
conditions.

Region A —Flathead, Clark Fork, and Pend Oreille Rivers Sediment

Even before the completion of SKQ Dam, the naturally occurring Flathead Lake and delta
functioned as a sediment trap for the downstream Flathead River. Joyce (1980) concluded that
Flathead Lake had been accumulating roughly 0.55 inches per year of sediment since the 1964
flood of record. The largest sources of sediment within the study reach exist in the thick
Quaternary (a recent period of geologic time spanning from 2.58 million years ago until today
that was marked by the advance and retreat of glaciations, greatly sculpting the landscape
morphology) deposits within Flathead Valley, upstream of Flathead Lake. Shorelines of Flathead
Lake provide an additional source of sediment; however, this source is not as substantial, as
Flathead Lake receives more than 90 percent of its sediment from the Flathead River (Moore,
Jiwan, and Murray 1982). Sediment from upstream and eroded from Flathead Lake is likely
trapped within the lake, rather than traveling downstream.

Downstream of the Hungry Horse Reservoir in the South Fork Flathead, Alden (1953) notes that
till (glacially transported sediment that is typically poorly sorted) and gravel have been largely
eroded from many locations, allowing the river to cut bedrock gorges, leaving terraces of
Quaternary gravels bordering the river in some locations.

The Flathead River below the confluence with the South Fork Flathead River is an active,
anastomosing river (a river planform type where multiple channels are separated by stable mid-
channel islands commonly associated with flood regimes) within a massive valley. The
undammed North and Middle Forks of the Flathead River are a sediment source, and large
amounts of sediment and wood are associated with a large peak flow. Deposition of debris that
fills a channel, or flood flows that occupy alternative channel routes with steeper paths, are
both potential risks for channel avulsions (the process of a river channel changing its planform
by abandoning its previous path in favor of another channel path; this can result in the creation
of a new channel or the shifting of flow to a side channel or previously abandoned channel
path). In part because Flathead Lake controls the river’s base level, there has also been
substantial re-working, rather than removal, of these deposits within the basin (Smith 2004).

The natural sink of the deep Flathead Lake and the regulated operations of SKQ Dam make for a
sediment-starved lower Flathead River. Downstream of SKQ Dam, Lake Pend Oreille is an
efficient natural sediment sink in the Flathead, Clark Fork, and Pend Oreille Rivers. Between
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SKQ Dam and Albeni Falls, Noxon Rapids Dam traps the highest percentage of inflowing
sediment. Downstream of Albeni Falls, the Slate Creek to Boundary Dam reach traps the highest
percentage of inflowing sediment.

The Clark Fork River subbasin is prone to rapid runoff events; however, system wide flow
regulation has curtailed this phenomenon. Glacial fluvial deposits are present in the valley,
riverbanks, and on mountainside slopes. The highly erosive sediments have worked their way
through the Clark Fork River System in infrequent flood pulses, such as 1948 and 1997, while
conversely getting trapped behind hydroelectric dam projects during low- to moderate-
hydrologic years.

Following the construction of Albeni Falls Dam, the lake has been held at a higher-than-natural
condition and operated over a range of 11 feet. While the Clark Fork River contributes
approximately 92 percent of the annual inflow to Lake Pend Oreille (Idaho Department of
Environmental Quality [IDEQ] 2007), most of the annual suspended sediment load is
contributed from Lightning Creek. Lightning Creek gradient and channel incision make for fairly
unstable banks that are prone to naturally occurring mass failures (U.S. Department of
Agriculture [USDA] 2015). A recent sediment model estimated a delivery to the Clark Fork River
via Lightning Creek of more than 4,100 tons of sediment per year (IDEQ 2007). The majority of
large gravels, cobbles, and boulders it transports to the river settle at the confluence because of
the extreme decrease in grade from Lighting Creek to the river. The Clark Fork River Delta is an
important sediment depositional zone.

The Pend Oreille River channel substrate above Albeni Falls Dam is dominated by granitic type
sands and silt with areas of embedded heavy woody organic debris that is derived from
catchments below Cabinet Gorge Dam. Although some recent substrate sampling work was
somewhat limited in scope, very little gravel was found on the river bottom, and the gravel that
was encountered was buried within sand and silt.

Box Canyon Dam likely traps coarse sediments brought in by tributaries or bank erosion.
Downstream of Box Canyon Dam, the reservoir behind Boundary Dam becomes a substantial
sink of bed material and some suspended sediment. Clay deposits appear in the Boundary Dam
forebay, though most all of it passes through the project, according to a sediment model built
for 2009 sedimentation study (Fullerton et al. 2009). Approximately one-quarter of the silt is
trapped in the reservoir, and nearly 100 percent of the bed material load is trapped. The clay
fractions represent on average approximately 20 percent of the forebay samples, with silt
comprising most of the remaining material.

Region B — Middle Columbia River Sediment

Below Grand Coulee Dam, tributaries are an important source of sediment and alluvial fans
exist near the junctions with many tributaries. Landslides also exists along shorelines below
Grand Coulee Dam, providing sediment to these reaches. Suspended sediment concentrations
in the upper Columbia River are typically low; the greatest amounts of suspended sediment are
sourced from the Okanogan River. During high flow events, suspended sediment can pass
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through structures to downstream reaches; otherwise, suspended sediment is trapped by
reservoirs.

From Grand Coulee Dam to Priest Rapids Dam, bed material is dominated by thin deposits of
gravel and sand over bedrock. Generally, the grain size of reservoir deposits increases with
distance upstream of the dams in each reservoir (Kelley and Whetten 1961; Whetten, Kelley,
and Hanson 1969).

Below Priest Rapids Dam, the free-flowing Hanford Reach composition is largely sand, gravel,
and cobbles up to 8 inches in diameter, with small fractions of silt and clay in lower-velocity
deposition areas (Jamison 1982).

Region C — Lower Snake River Sediment

Sediment yield to the lower Snake River is derived from three major basins: upper Snake River,
Clearwater River, and Salmon River. Sediment contributions to the Snake River from upstream
of Hells Canyon Dam are effectively trapped by the Hells Canyon Complex (Hells Canyon Dam,
along with upstream Oxbow and Brownlee Dams), and are essentially small enough to be
considered negligible. The North Fork of the Clearwater River is regulated by Dworshak Dam,
which retains all sediment upstream. The remaining Clearwater Tributaries (Lochsa, Selway,
South Fork Clearwater, Potlatch River, and Lapwai Creek) comprise about 10 percent of the
lower Snake River sediment load on average. Downstream of Hells Canyon Dam, the Salmon
River sediment yield averages about two-thirds of the lower Snake River sediment load.
Downstream of these confluences, the Snake River at Anatone, Washington, comprises about
90 percent of the sediment load to the lower Snake River (Corps 2014c).

The deep run-of-river reservoirs of the four lower Snake River dams have the least ability to
transport sediment of all reaches between the Columbia River and Dworshak Dam. While the
four reservoirs have similar characteristics, the upstream reservoir, Lower Granite, receives a
substantially larger sediment load originating in the free-flowing Salmon River, upper
Clearwater River, and other smaller tributaries. Lower Granite only passes clay and silt-sized
material up to coarse silt, which is largely capable of passing through the lower three Snake
River Dams to McNary Reservoir.

Lower Granite Reservoir continues to be a depositional zone for Clearwater and Snake River
sands and silts. Coarse sediment (median particle diameter by mass, dso, of medium sand)
settles out first near the upstream end of the reservoir, followed by finer sediment moving
downstream (dso approaching very fine silt at Lower Granite Dam). Suspended sediments
passing Lower Granite Dam largely pass through the remainder of the downstream Snake River
dams. Bed material in the lower three reservoirs range from a dsp of medium sand to fine silt
with Ice Harbor Reservoir sediment being coarsest and Lower Monumental Reservoir sediment
being finest. Sediment deposition in the Snake River is managed per the Lower Snake River
Programmatic Sediment Management Plan (PSMP) (Corps 2014c). The PSMP is the sediment
management strategy for the lower Snake River system extending from the Snake River
confluence with the Columbia River to the upstream limits of Lower Granite Reservaoir, including
the lower portion of the Clearwater River. The management measures fall within four general
categories: dredging and dredged material management, structural management, system
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management, and upland sediment reduction. The PSMP does not attempt to address all
sediment deposition in the lower Snake River. It addresses only sediment that interferes with
existing authorized project purposes of the lower Snake River Projects.

Region C — Lower Snake River Navigation Sedimentation

Sediment accumulates in areas where it impacts navigation or other authorized purposes in the
lower Snake River System. Sediment management is conducted in these areas in conformance
with the PSMP. The PSMP is the Corps’ adaptive management plan for maintenance actions
managing sediment accumulation in the lower Snake River Projects (Corps 2014c). According to
the PSMP, “Approximately 80 percent of the volume of material historically dredged from the
LSRP [lower Snake River Projects] system has come from Lower Granite Reservoir.” The primary
area of concern for recurring immediate actions is near the confluence of the Snake and
Clearwater Rivers, which is at the upstream end of the Lower Granite Reservoir. The navigation
channel can be dredged on an as-needed basis to the federally authorized depth of 14 feet at
MOP. The dredged material may be placed in-water (sometimes to create beneficial shallow-
water habitat for juvenile salmonids and other species) or upland.

Region D — Lower Columbia River Sediment

Bed material in the Columbia River at the Snake River confluence has an observed dso of fine
sand. The bed material becomes finer going downstream with a dso of medium silt in the 25
miles of reservoir immediately upstream of McNary Dam. The McNary Reservoir receives
sediment from multiple tributaries including the mainstem Columbia, Yakima, Snake, and Walla
Walla Rivers. Sand-sized and larger sediments, as well as some silts, deposit in the reservoir
below the Snake River confluence with the Columbia River, and only clays and silts are capable
of passing McNary Dam.

Downstream of McNary, the lower John Day Reservoir has the lowest ability of any subreach to
transport coarse sediment. While John Day Dam is a CRS storage project, the reservoir more
resembles the mainstem Columbia River run-of-river reservoirs in how upstream sediment
loads are supplied and transported through. Despite John Day’s low ability to transport
sediment relative to the downstream reaches, the upstream sediment supply is primarily silt,
which largely passes through John Day Reservoir. The lower Columbia Dams do effectively trap
the coarse Cascade Range tributary sediments with only medium to fine silt and clay passing
Bonneville Dam. Sediments capable of passing Bonneville Dam transport all the way to the
Columbia River estuary and Continental Shelf.

Bed material sediments (sand and gravel) in the Columbia River reservoirs below McNary tend
to persist in these areas. The Bonneville Reservoir retains a large volume of relict fine sand that
was likely deposited behind the massive Bridge of the Gods landslide 550 years ago. Episodic
high sediment loading from Cascade Range tributaries will continue to provide coarse material
that deposits as bed material at tributary confluences with the Columbia. The reservoirs below
McNary hydraulically trap some suspended sediment passing McNary Dam and from tributary
inflow directly to the reservoirs, resulting in shallow silt deposits on coarser bed material.
Below Bonneville Dam, deep historical bed material deposits along with Cascade Range
tributary inflow supply a bed composed primarily of medium to fine sand. Large sand waves can

3-207
River Mechanics



Columbia River System Operations Environmental Impact Statement
Chapter 3, Affected Environment and Environmental Consequences

form in all sections of the tidal reach below Bonneville Dam, indicating active reworking and
transport of bed material within the reach.

Region D — Lower Columbia River Navigation Channel Dredging Volumes

The current 43-foot-deep LCR FNC was authorized by Section 101(b)(13) of the Water
Resources Development Act of 1999 (Public Law 106-53) and Division H, Section 123 of the
Consolidated Appropriations Act of 2004 (Public Law 108-199) and constructed from 2005 to
2010. The previously authorized LCR FNC was authorized to a shallower 40-foot-deep channel.
The current channel is:

43 feet deep and 600 feet wide from RM 3.0 to 101.4

43 feet deep and 500 feet wide from RM 101.4 to 105.5

43 feet deep and 400 feet wide in the downstream 1.5 miles of Oregon Slough
35 feet deep from RM 105.5 to 106.5

The rapidly changing and uncontrollable shoaling (shallow) conditions within the LCR FNC
require continual maintenance dredging. Segments of the LCR FNC are dredged on an annual or
semi-annual basis due to reoccurring shoals. Shoals require dredging depending on intensity
and timing of flows and seasons. The Corps also relies on channel training features, including
pile dikes, to scour sediments from the LCR FNC and thereby reduce the need for maintenance
dredging over time. Present sedimentation processes require that the Corps annually remove 6
to 10 million cubic yards (mcy) of sand from the LCR FNC below Bonneville Dam. Dredged
material is primarily placed in-water or adjacent to the LCR FNC, along the shoreline, and at
upland sites, but the material can also be placed at designated ocean disposal and near-shore
sites.

RIVER MORPHOLOGY

The width to depth (W/D) ratio is a measure of bankfull (i.e., active channel) width to mean
bankfull depth perpendicular to stream flow (Figure 3-105). High W/D ratios tend to reflect
river reaches that have wide, connected floodplains or are geomorphologically complex, such
as river confluences. In the Columbia River Basin, high W/D ratio reaches are typically free-
flowing alluvial reaches like the Hanford Reach of the Columbia River or unique geomorphic
features. An example of a unique feature is the Snake and Walla Walla River confluences with
the Columbia River immediately upstream of the Wallula Gap where the Columbia River was
carved wide by the Missoula Floods and is impounded by McNary Dam.

Low W/D ratios tend to indicate geologically or anthropogenically confined reaches with little
floodplain connection and deeper channels that have high sediment transport potential. Within
the area of analysis, low W/D ratio is typically due to natural valley confinement such as on the
South Fork Flathead River immediately downstream of Hungry Horse Dam where the river flows
in a deep mountain canyon. The majority of reaches in the study area exhibit a W/D ratio
between 10 and 100 for annual peak flows.
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Low Moderate High
Pend Oreille River between Metaline Columbia River between Flathead River, Columbia Falls,
Falls, Washington, and Slate Creek Willamette and Cowlitz Rivers Montana
Subreach (22.12) Subreach (1.12) Subreach (28.21)
Median W/D radio: 9 Median W/D radio: 78 Median W/D radio: 160
Interquartile range: 6-14 Interquartile range: 64—100 Interquartile range: 118-293

Figure 3-105. River Planform Examples of Relatively Different Width to Depth Ratio Ranges
Observed in the Columbia River System Study Area

Region A — Kootenai River Morphology

In the 26 river miles between Libby Dam and Kootenai Falls, median W/D ratios are moderate
(68 to 78) with an interquartile range between 45 and 118. Downstream of Kootenai Falls, the
river enters the 33-mile-long Canyon Reach with a median W/D ratio of 50 and an interquartile
range between 29 and 74.

Relatively moderate to high W/D ratios occur in the active alluvial Braided Reach of the
Kootenai River with an interquartile range between 70 and 200 and median around 90. This is a
transitional reach from the steeper, confined upstream Canyon Reach (median W/D ratio
around 50) to the flat-gradient expansive Meander Reach that enters Kootenay Lake. Despite
the wide valley and high relative W/D ratio, the Braided Reach has experienced levee
construction that confined the active valley by approximately 50 percent.

Low W/D ratios are observed downstream in the Meander Reach of the Kootenai River. Despite
the expansive valley width due to its geologic history as a former embayment of the Glacial
Kootenai Lake, the reach exhibits low W/D ratio with an interquartile range between 18 and 33
and a median around 23. Continuous levees on both banks have reduced the floodplain by 90
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percent and confined the active valley by 66 percent. The moderately active channel has
greater depths than the upstream Braided Reach, adding to the low W/D ratio.

Region A — Flathead, Clark Fork, and Pend Oreille Rivers Morphology

Within the Flathead, Clark Fork, and Pend Oreille Rivers below SKQ Dam, there is great
variability in W/D ratios.

Between Hungry Horse and SKQ Dams, the upstream and downstream ends of the major reach
have low W/D ratios while the middle reaches and Flathead Lake have high W/D ratios.
Immediately downstream of Hungry Horse Dam the South Fork Flathead River has a single-
thread stream channel in a narrow bedrock canyon resulting in low W/D ratio with a median
less than 30. The Polson to SKQ Dam reach is similarly a single-thread channel flowing in a
narrow gorge cut through bedrock.

From the confluence of the South Fork Flathead River with the mainstem Flathead River
downstream to Polson, the reaches exhibit high W/D ratios (median between 135 and 160). The
reaches upstream of Flathead Lake are characterized by an anastomosing stream channel
within a wide valley filled with thick unconsolidated deposits. Flathead Lake itself is simply
immensely wide and not necessarily well represented by the W/D ratio metric as it is
fundamentally a naturally formed lake.

The highest W/D ratios in Region A are seen at the Clark Fork River Delta (median around 85),
which is the largest area of contiguous wetland complex in the Pend Oreille River System. The
delta extends roughly 4 miles downriver from the town of Clark Fork, Idaho, and is roughly 3
miles wide where the delta meets Lake Pend Oreille. The Indian Creek to River Bend subreach
below Albeni Falls Dam is another high W/D ratio reach with an interquartile range between
106 and 160 and a median near 132. The valley between the Selkirk Mountains to the east and
the Kalispell Mountains to the west becomes wide at this point.

Reaches of low W/D ratios are seen throughout the Clark Fork River between Thompson Falls
Dam and Cabinet Gorge Dam with median ratios between 17 and 38. This reach follows the
Hope fault, which lies on the riverbed as a structural separation of the Cabinet and Bitterroot
Mountains (USGS 1946). Near Cabinet Gorge, there are now vertical rock cliffs hundreds of feet
high. Low W/D ratios are also present downstream of Box Canyon Dam between Metaline Falls
and Boundary Dam with median ratios less than 10.

Region B — Middle Columbia River Morphology

Between Grand Coulee Dam and the U.S.-Canada border, there are four defined subreaches of
the middle Columbia River spanning approximately 143 river miles. The three upstream-most
subreaches constitute approximately 99 river miles upstream of the Spokane River confluence
with median W/D ratios between 37 and 45 and an interquartile range between 26 and 77. The
lower 44 river miles downstream of the Spokane River confluence comprise the lower Lake
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Roosevelt subreach with a median W/D ratio of 25 and an interquartile range between 19 and
34,

Downstream of Grand Coulee Dam to the Yakima River confluence there are two reaches that
exhibit high W/D ratios. Within the Upper Wells Reservoir subreach, there is high variability of
W/D ratios (interquartile range between 30 and 300) including a wide and shallow area near
the Okanogan River confluence at Brewster, Washington. The second highest W/D ratio
subreach extends from Lower Wanapum Reservoir downstream to Richland, Washington, with
median W/D ratios between 90 and 100. Despite appearing as a continuously wide W/D zone,
the river upstream of Priest Rapids Dam is impounded while the Hanford and Richland Reaches
are free-flowing. The inundated width at the Wanapum and Priest Rapids projects is particularly
wide relative to the depth of the reservoirs, resulting in the high W/D ratio. The free-flowing
alluvial reaches downstream have bar and island complexes throughout. There are two Middle
Columbia reaches that exhibit low W/D ratios. Chief Joseph Reservoir is narrowly confined in
Columbia Plateau bedrock, particularly in the downstream portion of the reservoir with a
median W/D ratio around 12. Low W/D ratios are also observed downstream in the Lower Rock
Island Reservoir reach near the community of Wenatchee, Washington, with a median W/D
ratio around 40 and the 25th percentile ratio near 20.

The Middle Columbia River from Grand Coulee Dam to the Yakima River confluence is
extensively shaped by Ice Age outburst flooding. Below Grand Coulee, the Columbia River has
an irregular channel with meanders that are narrowly confined by Columbia Plateau bedrock
bluffs to Bridgeport, Washington. Downstream of Bridgeport, the Columbia River flows along
the border between the Columbia Plateau and North Cascade province. The reach between
Bridgeport and Priest Rapids Dam is a semi-confined channel separated by alluvial valleys.
Below Priest Rapids Dam, the free-flowing alluvial Hanford Reach flows along the edge of
Channeled Scabland.

Region C — Clearwater and Lower Snake River Morphology

The Clearwater and Lower Snake River reaches are cut deeply into the Columbia River Basalt
Plain. In the lower subreach between Ice Harbor and McNary Reservoir confluence, the Snake
River enters the downstream portions of the Channeled Scablands carved by Ice Age floods
with a median W/D ratio around 130. The Ice Harbor Reservoir subreach is distinct in that there
are localized areas of both relatively high and low W/D ratio zones intermittently occurring
within the subreach with a median W/D ratio of around 50. This variability demonstrates the
scale and complexity of the alternating slots, pools, and bars carved into the basalt plain by Ice
Age events. Between Ice Harbor Dam and the Clearwater confluence near Lewiston, Idaho, the
Snake River is more confined with median subreach W/D ratios between 30 and 70. While
portions of the free-flowing Clearwater and Snake Rivers upstream of Lower Granite Reservoir
are highly confined in a steep and deep valley, median W/D ratios range between 40 and 110.
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Region D — Lower Columbia River Morphology

Similar to the Lower Snake River below Ice Harbor, the McNary Reservoir reach is cut deeply
into the Columbia River Basalt Plain and occupies the downstream portions of the Channeled
Scablands carved by Ice Age floods. In the McNary Reservoir area, the subreach between the
Snake River confluence and Wallula is characterized by a relatively high W/D ratio with a
median of nearly 500. This wide and shallow reach upstream of the bedrock basalt Wallula Gap
was carved by the Missoula Floods and is impounded by McNary Dam. The alluvial Snake and
Walla Walla River confluences with the Columbia River are both located in this subreach.

The Columbia River below McNary cuts a narrow sea-ward path through the Cascade Range
before meeting the north end of the Willamette Valley. The Columbia River then passes
through the Coast Range before flowing into the Pacific Ocean. Columbia River waters are
affected by the tide upstream to Bonneville Dam. Prior to construction of the dam, the head of
tide extended 3 miles further upstream to Cascade Falls near the town of Cascade Locks,
Oregon, and the site of the historical Bridge of the Gods Landslide.

On the Columbia River below McNary Dam, there are three areas that exhibit high W/D ratios.
The upstream most reach is the upper John Day Reservoir near the Blalock Islands where the
valley is wide and the river flows through Quaternary deposits. Further downstream, below
Bonneville Dam, in the area between Skamania and Vancouver, Washington, are free-flowing
sand bed reaches at the downstream end of the Columbia River Gorge where the river meets
the wide Willamette Valley. The most downstream zone is the Columbia River below the
Cowlitz River, a zone that includes the wide and shallow tidal estuary.

Two Lower Columbia subreaches exhibit moderately low W/D ratios. Upstream is The Dalles
Dam to Memaloose Island subreach where the Columbia River passes through a tightly
confined bedrock slot downstream of the now inundated Celilo Falls with a median W/D ratio
around 50. Downstream is the Cascade Falls to Bonneville Dam subreach which is confined from
the north by remnants of the Bridge of the Gods Landslide with a median W/D ratio under 20.

3.3.3 Environmental Consequences

Environmental consequences related to river mechanics processes were evaluated in a
comparative nature between a select MO and the baseline No Action Alternative. The general
approach for evaluating system response for river mechanics was to use the stochastic daily
output from the quantitative hydroregulation planning models as analysis inputs to compute a
suite of seven quantitative metrics as described in Section 3.3.3.1, below. Note that in order to
accurately represent spatiotemporal effects, the hydroregulation model analyses were applied
using daily average values over the entire FCRPS basin and metrics presented herein are limited
to the previously identified CRS projects. Due to a number of limitations associated with the
H&H modeling process (see Appendix B), the baseline conditions established by the No Action
Alternative results may not necessarily completely characterize the actualized conditions. More
specifically, the daily average resolution of H&H results is limited in that sub-daily variability is
not represented. The most sensitive parameter to sub-daily variability is expected to be
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reservoir operational stage which is used to compute energy grade slope and subsequently
boundary shear stress, one of the primary inputs for sediment transport metrics. Nonetheless,
considering the size of the study area and the stochastic methodology used, the No Action
Alternative and MO results were deemed sufficiently representative to adequately describe the
hydrology and hydraulics as required to establish a general baseline of the study area for trend
and departure analysis.

Environmental consequence impacts are identified for each of seven river mechanics metrics
based on thresholds of relative change (MO versus No Action Alternative) normalized to five
levels (No Effect, Negligible, Minor, Moderate, and Major). To facilitate interpretation, the
results for the estimated environmental consequences are presented in the following sections
organized by each alternative and grouped by CRS project type (storage or run-of-river).

3.3.3.1 Analysis Metrics

Both quantitative and qualitative assessment methods were used to assess relative potential
changes to river mechanics (sediment transport and geomorphology) for each MO. Seven
guantitative metrics were developed to represent various physical characteristics and processes
that could affect storage reservoirs, run-of-river reservoirs, and free-flowing reaches as
enumerated below.

e Storage Project Metrics

O Head of Reservoir Sediment Mobilization
0 Sediment Trap Efficiency
0 Shoreline Exposure
e Run-of-River Reservoirs and Free-Flowing Reach Metrics
0 Potential for Sediment Passing Reservoirs and Reaches
0 Potential for Bed Material Change
0 Potential Change to Width to Depth Ratio
0}

Potential Changes to Navigation Channel Dredging Volumes

These seven scalar metrics are derived as deterministic calculations based on the H&H
numerical modeling work (see Section 3.2.4.1) which established stochastic datasets that
represent the system state of hydrology, hydroregulation, and riverine hydraulics. While
dimensionally consistent, the geomorphic and sediment transport metrics are intended to
provide a measure of relative change between a single MO and the baseline No Action
Alternative insofar as it relates to trends in hydraulic departure for a select MO. It is also
important to note that the stochastic hydrology for the No Action Alternative (see Section 3.2)
was derived assuming climactic stationarity (i.e., without climate change). A discussion of
sediment and geomorphology for the No Action Alternative under a future with climate change
is presented separately in Chapter 4.
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Due to the large size of the study area, the spatiotemporal variability of supporting calibration
data (e.g., bed material gradation and sediment supply), and limitations of the base input
planning models, the scalar magnitude of a select metric at a discrete location and time may
not necessarily represent actualized conditions. The quantitative metrics were interpreted
within a subreach context to estimate qualitative trends for anticipated impacts at various
locations within the study area. In addition, for the Environmental Consequences assessment of
the Breach Snake Embankments measure under MO3, a numerical mobile bed riverine
hydraulic model was developed as described in Section 3.4 of Appendix C. Additional detail
regarding the geomorphology and sediment transport metrics can be found in Appendix C.

STORAGE PROJECT METRICS

There are six CRS dams that are designed and operated for flood, irrigation, or other storage
purposes: Libby, Hungry Horse, Albeni Falls, Grand Coulee, John Day and Dworshak. Note that
while John Day can be operated as a run-of-river project, it also includes a small amount of
storage and thus was also evaluated for the storage project metrics. Operators change the pool
elevation at these storage projects over large ranges throughout the year to capture and
release water in specifically managed ways.

Head of Storage Reservoir Sediment Mobilization

The head-of-reservoir sediment mobilization metric is designed to indicate the potential for
changes in sediment scour and deposition patterns in the most upstream portion of storage
reservoirs. In dams that use large amounts of storage volume and operate over a wide range of
elevations throughout the year, the transition from riverine to reservoir conditions can shift
upstream and downstream considerable distances. If reservoir drawdown leaves the delta
exposed during high-flow periods, the upper layers of delta will be eroded and transported
farther into the reservoir, potentially increasing turbidity and downstream sediment deposit
thickness. Changes in storage project elevations or changes to the flow of water and sediment
into the reservoir can result in changes to the head-of-reservoir erosion and deposition
patterns. This metric compares the paired relationships of flow and stage over time to indicate
the potential for change in sediment mobilization at the head-of-reservoir for each alternative.
Changes in delta sediment mobilization could alter the sediment load farther downstream
within the reservoir and potentially the amount of sediment passing a dam, particularly during
high-flow periods.

Storage Reservoir — Sediment Trap Efficiency

The sediment trap efficiency metric estimates the potential for changes in the amount of
sediment that can deposit within or pass through the storage reservoirs. Trap efficiency is the
proportion of inflowing sediment deposited in the reservoir relative to the total incoming
sediment load. The trap efficiency is computed based on the ratio of reservoir storage volume
to annual inflow. Because the volume of water stored at any given time in the storage projects
can vary between MOs, there is potential for the amount of material being deposited in the
reservoir to change between MOs. This metric compares the paired relationship of flow and
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reservoir storage to indicate the potential for changes in the amount of sediment being trapped
by the storage projects for each alternative. The actual amount of sediment trapped is
dependent not only on trap efficiency but also the incoming sediment load. Qualitative
inferences are discussed on potential trap efficiency changes using sediment source
documentation where available in Section 3.3.2, Affected Environment.

Storage Reservoir — Shoreline Exposure

Shoreline erosion of bank sediments along reservoir margins is a complex process that is
influenced by the cumulative effects of wave erosion, reservoir currents, precipitation runoff,
freeze-thaw, soil properties, exposure, and vegetation density and type. One commonly
observed process is that during times of extended reservoir drawdown, exposed un-vegetated
shoreline soils that were previously saturated are prone to erosion and slumping. The shoreline
exposure metric was developed as a surrogate for shoreline erosion processes. It compares the
number of days that the reservoir water surface spends at any elevation to identify change in
shoreline exposure and indicate the potential for change in shoreline erosion in the CRS storage
projects. Elevation-duration curves used in this metric are developed from daily average data
extracted from the 5,000-year stochastic hydroregulation operations model. The curves are
integrated to calculate an average and are compared with the average of the No Action
Alternative baseline. While the shoreline exposure metric does not directly consider reservoir
draft rate, it does represent the duration effects that could result from draft rate operational
measures.

Absolute shoreline exposure differences less than 5 feet are likely not discernable within a
storage reservoir due to sub-daily operational fluctuations and other processes such as waves,
which occur within a similar range. A difference of at least 5 feet is estimated to be the
threshold when shoreline effects would be observable on the landscape and would be
considered minor. Differences greater than 10 feet would be observable and would be
expected to result in moderate changes in shoreline exposure. A modification in the operational
range of a storage project would be required to generate major changes in shoreline exposure
with existing shoreline becoming permanently exposed or submerged. However, none of the
analyzed MO operational measures changed the operational range at the CRS storage projects.

An additional metric for shoreline erosion was developed to evaluate potential impacts to
cultural resources. This metric considered draft frequency and amplitude and is detailed in
Section 3.16.3.

RUN-OF-RIVER RESERVOIR AND FREE-FLOWING REACH METRICS

The remaining CRS reservoirs within the study area (Chief Joseph, Lower Granite, Little Goose,
Lower Monumental, Ice Harbor, McNary, The Dalles, and Bonneville) are run-of-river dams that
do not store water for later discharge. Note that while John Day includes a small amount of
storage, it can also be operated as a run-of-river project. Run-of-river reservoirs and free-
flowing reaches include all the river reaches downstream of CRS storage projects. Run-of-river
reservoirs are formed by dams that are operated to discharge water downstream at rates that
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generally match the upstream inflows. Bonneville Dam is an example of a run-of-river project
that operates in a small range of pool elevations for daily or weekly hydropower purposes but
does not attempt to store water for release in later seasons. Free-flowing reaches are portions
of the river that are not influenced by the backwater of a downstream reservoir. The Flathead
River downstream of Hungry Horse Dam and upstream of Flathead Lake is an example of a free-
flowing reach.

Potential for Sediment Passing Reservoirs and Reaches

This metric estimates the size of material that can be held in suspension in the water column
through each run-of-river reservoir and free-flowing reach due to operations of CRS projects.
Water flowing in nature is predominately turbulent with chaotic changes in flow intensity and
direction occurring at many scales internal to the overall downstream movement of the water.
These turbulent forces can be strong enough to hold small sediment particles in suspension in
the water column. The more energetic the turbulent forces, the larger the particle that can be
suspended. Changes in the hydraulic conditions within the run-of-river reservoirs and reaches
can change the ability of the river to transport sediment high in the water column. This metric
calculates the grain size that can be held with 100 percent of its transporting mass in
suspension for a given hydraulic condition using the Rouse profile (Rouse 1937). Comparison of
the suspended sediment size between MOs as well as upstream and downstream in a single
MO can inform managers whether there is potential for changes in material passing through or
settling in a run-of-river reservoir or free-flowing reach.

Potential for Bed Material Change

This metric is designed to indicate the hydraulic potential for the bed of the river to become
coarser (sand to gravel) or finer (gravel to sand) due to operations of CRS projects. Changes in
operations can alter hydraulic conditions in run-of-river reservoirs and free-flowing reaches
such that the river can move more or less riverbed sediment of various size classes. A change in
the hydraulic ability for a reach to move sediment does not necessarily indicate that bed
material will change. Sediment of specific size classes must be available in the reach at a
sufficient supply for a change to occur. A bedrock or heavily armored (i.e., coarse) bed may
withstand increases in the hydraulic capacity to transport sediment without changing.
Conversely, a decrease in hydraulic ability to move sediment may not result in finer material
depositing if no finer material is being locally supplied or transported into the reach. This metric
calculates the distribution of critical grain size at the subreach level for each alternative
supplemented with qualitative interpretation of existing bed material and sediment load to
estimate if there is potential for bed material to trend coarser or finer in run-of-river reservoirs
and reaches.

Potential Changes in Width-Depth Ratio

This metric evaluates if proposed changes in reservoir operations will alter the range and
frequency of W/D ratios relative to affected environment conditions. Storage reservoirs and
run-of-river reservoirs alter the physical landscape of rivers. Reservoirs change the width and
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depth of river channels and connectivity to floodplain surfaces and wetlands. Changes in the
river framework alter ecological functions, including habitat, water quality, and riparian
corridors, to name a few. The affected environment has larger wetted widths and hydraulic
depths relative to pre-dam conditions due to reservoir conditions. Changes in the W/D ratio can
indicate a potential for departure in channel hydraulics, or wetland and floodplain availability.
MOs that do not change the minimum or maximum operating levels within a reservoir affected
reach would not be expected to have a change in W/D ranges. However, operation changes
could alter the frequency of W/D ratios, affecting the frequency of connectivity to floodplain
surfaces or wetlands depending on local topography. A dam breaching would be expected to
result in the largest change to W/D ratios.

Potential Changes to Navigation Channel Dredging Volumes

This metric evaluates if there is an expected change in the volume of sediment needing to be
dredged from the federally authorized navigation system to provide safe and efficient deep-
and shallow-draft navigation. As a part of its Congressional authorization, the Corps operates
and maintains the navigation system from Lewiston, Idaho, to the Pacific Ocean along the
Snake and Columbia Rivers. Changes in flow have the potential to change the volume of
material depositing in the navigation channel. This metric estimates the average annual volume
of sediment depositing in the deep- and shallow-draft sections based on relationships between
flow in the river and sediment shoaling and historical dredging rates. Note that this metric is
based on the current structural configuration of the CRS where coarse Snake River sediment
load does not influence shoaling on the Columbia River and hence dredging volumes are
independently calculated. Given that, this metric does not quantify potential increases in
dredging that could arise from structural changes in the system that would change this pattern
of sediment retention and delivery such as the Breach Snake Embankments measure under
MO3. Additional detail is provided in and Appendix C, Section 2.5.4.

ALTERNATIVE COMPARISON THRESHOLDS

The River Mechanics Technical Appendix (Appendix C) discusses the quantitative basis for the
impact metrics and the thresholds for impact assessment. While the impact thresholds are
specific to each metric, the five standardized levels can generally be described as listed in
Table 3-51.

Table 3-51. Summary of impact assessment thresholds used for River Mechanics assessment.

No Effect: No change

Negligible: Change so small as to be unmeasurable and unable to be observed in the field.

Minor: Change passes the likely threshold for being measurable but is likely not observable
in the field.

Moderate: Change is measurable and also passes the likely threshold for being observable in the
field.

Major: Change would be readily apparent to an observer in the field.
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An example of a minor impact in the “Potential for Bed Material Change” metric would be
hydraulic conditions modified from No Action Alternative such that the median grain size in the
bed (by mass) could change by up to 10 percent of a grain size class. This means that a fine sand
bed reach would still have fine sand bed. A moderate impact would mean the bed material
could change by up to 50 percent of a grain size class. A major impact would mean the bed
material could change by one whole grain class or more. An example of a major impact would
be a reach where the bed material could change from a fine sand to a medium sand or coarser
(larger grain sizes) or from a fine sand to a very fine sand or finer (smaller grain sizes).

3.3.3.2 NO ACTION ALTERNATIVE

Environmental consequences under the No Action Alternative are defined as the
geomorphology and sediment transport conditions that would be expected within the CRS
study area, without any changes in system configuration, maintenance, or operation. In other
words, the No Action Alternative shows what would happen if proposed new action was not
taken (Bass, Henderson, and Bogdan 2001) and project operations, maintenance, and
configuration remained the same as they were in September 2016 (the EIS Notice of Intent
date). For this No Action Alternative assessment, future geomorphology and sediment
transport conditions are evaluated for the next 50 years. River mechanics metrics related to the
No Action Alternative are generally described below from a process-based perspective, and
then further summarized by region for any unique location-specific impacts (Table 3-52).

Under the No Action Alternative, water storage patterns are expected to be generally within
the same range as historically experienced. There is a wide range in the water elevation in the
storage reservoirs depending on the season and precipitation, and this variation will continue
to control the location of the transition between riverine and reservoir conditions. The flow
rates and project operating stages within the system are expected to remain within the
historical range of variations. The incoming flow rate and downstream stage within a river
segment or reservoir directly affect the hydraulic grade, which is the primary driver of sediment
transport and suspension.

Shoreline erosion occurs to varying degrees in the storage reservoirs, depending on water level,
wind (wave erosion), ice, currents, and other processes. Under the No Action Alternative, the
duration and timing of reservoir water levels are not expected to change compared to the
historical range. Similarly, it is anticipated that winds, freeze-thaw patterns, and flow rates
within the reservoir would be within the historically experienced range.

Under the No Action Alternative, climatic conditions, land use patterns, and the amount of
sediment entering the reservoirs from upstream is expected to remain the same as historically
experienced. Climatic conditions, land use, and precipitation are major drivers for sediment
erosion and yield into the river system. Climatic conditions were assumed to be consistent
within historical ranges. The range of precipitation is expected to be within the historical range
experienced, including some very wet and some very dry years. Land use is anticipated to
follow similar patterns as currently experienced, with discrete population centers in some
areas, but with a large portion of the watershed held as public lands. Sources of sediment such
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as agricultural fields are expected to continue cultivation in a manner similar to the current
conditions. Under the No Action Alternative, the sediment loading throughout the basin is not
expected to change from the historical range experienced.

Table 3-52. Summary of No Action Alternative River Mechanics Impact Estimates

Metric

| No Action Impact

Storage Projects

Head of Reservoir Sediment
Mobilization

Sediment will continue to deposit at the head of reservoirs (deltas) due to
the slow-velocity backwater zone caused by the dams. Erosion and
transport of head of reservoir sediment are expected to continue as a
result of fluctuating reservoir pools. The transport of sediment from the
head of the reservoir (delta) further downstream are expected to remain
within the historically experienced range.

Trap Efficiency

Reservoirs will continue to trap incoming sediment due to the slow-
velocity backwater pool created by the dams. The amount of sediment
trapped in storage reservoirs is expected to be within historical levels,
since the reservoir operations and sediment loading are not expected to
change.

Shoreline Exposure

The amount of time that the storage project WSEs spend at any given
elevation will not change from historical conditions. Negligible change in
the amount of time that the storage project WSEs spend at any given
elevation indicating that reservoir shoreline erosion processes are
expected to continue at locations and rates similar to those historically
experienced at each project.

Run-of-River Reservoirs and Free-Flowing Reaches

Potential for Sediment Passing
Reservoirs and Reaches

A portion of the incoming sediment load will continue to pass run-of-river
reservoirs and free-flowing reaches at magnitudes and rates similar to
those historically experienced.

Potential for Bed Material Change

Bed material erosion and deposition patterns will continue to be altered
by the CRS, since flow rates, operational stages, and sediment loading to
the system are expected to be similar to historical ranges. Deposition and
finer bed-material gradation is expected to continue in areas
backwatered by dams.

Potential Change in Width to Depth
Ratio

Due to continued operation of the CRS, the overall geomorphic character
of the rivers will have the majority of reaches impacted by reservoirs,
creating larger W/D ratios than pre-dam conditions. Under NAA, the W/D
ratio is not expected to change, since the operating water levels and flow
rates within the system are expected to be within the historical range
experienced.

Potential Changes to Navigation
Channel Dredging Volumes

Sediment loading into the FNC will continue and the navigation system
will continue to be maintained through existing dredging authorities and
operational plans. Under NAA, sediment loading into and sediment
transport capacity within the FNC is not expected to change from the
historical range of conditions.
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REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS
Storage Projects

Under the No Action Alternative in Region A, sediment transport, deposition, and erosion
processes will continue to be impacted by CRSO. Head of Reservoir Sediment Mobilization, Trap
Efficiency, and Shoreline Exposure processes will continue at a similar magnitude and rates to
those described in the Affected Environment (Section 3.3.2.3).

Run-of-River Reservoir and Free-Flowing Reaches

Under the No Action Alternative in Region A, the Run-of-River Reservoir and Free-Flowing
Reaches will continue to be impacted by CRSO. The sediment loads passing through each
reservoir, altered bed material gradation, and altered W/D ratios will continue at magnitudes
and rates similar to those described in the Affected Environment (Section 3.3.2.4).

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS
Storage Projects

Under the No Action Alternative in Region B, negligible change is expected in Storage Project
metrics for Head of Reservoir Sediment Mobilization, Trap Efficiency, and Shoreline Exposure
indicating that these processes will continue at magnitudes and rates similar to those described
in the Affected Environment (Section 3.3.2.3). The negligible change in these metrics results
from negligible change in water storage patterns, seasonal reservoir elevations, sediment
loading, and sediment properties.

Run-of-River Reservoir and Free-Flowing Reaches

Under the No Action Alternative in Region B, negligible change is expected in the Run-of-River
Reservoir and Free-Flowing Reach metrics for potential changes in Sediment Passing Reservoirs
and Reaches, Bed Material Change, and Width-to-Depth Ratio, indicating that these processes
will continue at magnitudes and rates similar to those described in the Affected Environment
(Section 3.3.2.4). The negligible change in these metrics results from negligible change in flow
rates, operating levels, hydraulic energy regime, sediment sources and loading, and sediment
properties.

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Storage Projects

Under the No Action Alternative in Region C, negligible change is expected in Storage Project
metrics for Head of Reservoir Sediment Mobilization, Trap Efficiency, and Shoreline Exposure
indicating that these processes will continue at magnitudes and rates similar to those described
in the Affected Environment (Section 3.3.2.3). The negligible change in these metrics results
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from negligible change in water storage patterns, seasonal reservoir elevations, sediment
loading, and sediment properties.

Run-of-River Reservoir and Free-Flowing Reaches

Under the No Action Alternative in Region C, negligible change is expected in the Run-of-River
Reservoir and Free-Flowing Reach metrics for Potential changes in Sediment Passing Reservoirs
and Reaches, Bed Material Change, and Width-to-Depth Ratio, indicating that these processes
will continue at magnitudes and rates similar to those described in the Affected Environment
(Section 3.3.2.4). The negligible change in these metrics results from negligible change in flow
rates, operating levels, hydraulic energy regime, sediment sources and loading, and sediment
properties.

Under the No Action Alternative in Region C, negligible change is expected in the accumulation
of sediment and FNC maintenance requirements. The negligible change results from negligible
change in various factors that affect sediment accumulation including climatic conditions,
watershed yield and loading to the reservoir, the hydraulic capacity to transport sediment
material through the reservoir, and changes in the bed materials as detailed above. Currently
dredging within the system occurs on the lower Columbia River and on the lower Snake River,
in discrete locations. Areas which historically have required dredging (lock chamber
approaches, the confluence of the Snake and Clearwater Rivers, harbor and port berthing areas
and entrances) would still experience shoaling (buildup of sediment into shallow areas).
Dredging within the LCR FNC and private dock-face/berthing areas to maintain navigation
would still occur. Sediment management activities in the Snake River, as described in the PSMP
(Corps 2014c), would continue as currently planned.

REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
Storage Projects

Under the No Action Alternative in Region D, negligible change is expected in Storage Project
metrics for Head of Reservoir Sediment Mobilization, Trap Efficiency, and Shoreline Exposure,
indicating that these processes will continue at magnitudes and rates similar to those described
in the Affected Environment (Section 3.3.2.3). The negligible change in these metrics results
from negligible change in water storage patterns, seasonal reservoir elevations, sediment
loading, and sediment properties.

Run-of-River Reservoir and Free-Flowing Reaches

Under the No Action Alternative in Region D, negligible change is expected in the Run-of-River
Reservoir and Free-Flowing Reach metrics for Potential Changes in Sediment Passing Reservoirs
and Reaches, Bed Material Change, and Width-to-Depth Ratio, indicating that these processes
will continue at magnitudes and rates similar to those described in the Affected Environment
(Section 3.3.2.4). The negligible change in these metrics results from negligible change in flow
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rates, operating levels, hydraulic energy regime, sediment sources and loading, and sediment
properties.

Under the No Action Alternative in Region D, negligible change is expected in the accumulation
of sediment and FNC maintenance requirements. The negligible change results from negligible
change in various factors that affect sediment accumulation including climatic conditions,
watershed yield and loading to the reservoir, the hydraulic capacity to transport sediment
material through the reservoir, and changes in the bed materials as detailed above.

SUMMARY OF EFFECTS

Under the No Action Alternative in all regions (A-D), negligible change to storage projects is
expected. Head of reservoir sediment mobilization, trap efficiency, and shoreline exposure
processes would continue at magnitudes and rates similar to those described in the Affected
Environment (Section 3.3.2.3).

Under the No Action Alternative in all regions (A-D), negligible change to run-of-river reservoirs
and free-flowing reaches is expected. Potential changes in sediment passing reservoirs and
reaches, bed material change, and width-to-depth ratio processes would continue at
magnitudes and rates similar to those described in the Affected Environment (Section 3.3.2.4).

For further details, please refer to the River Mechanics Technical Appendix C.
3.3.3.3 MULTIPLE OBJECTIVE ALTERNATIVE 1

See Section 2.4.3 for a complete description of MO1. Impacts related to MO1 relative to the No
Action Alternative are summarized by region and enumerated in Table 3-53.

Table 3-53. Summary of Multiple Objective Alternative 1 River Mechanics Impact Estimates

Metric | MO1 Impact

Storage Projects

Head of Reservoir Sediment Negligible change in erosion or deposition processes and patterns at the
Mobilization head of storage project reservoirs with the exception of:

Columbia River entering Lake Roosevelt. There is potential for a minor
change in depositional patterns with temporary head-of-reservoir
deposits shifting downstream, although available deposit volume is
limited. Head-of-reservoir deposits may include contaminants (slag) that
are also mobilized slightly farther downstream in the reservoir but are not
expected to be transported past the dam. The ultimate long-term fate of
head-of-reservoir sediments within the reservoir is expected to remain
unchanged given there are no proposed changes in the Grand Coulee
operational range. Draft duration related to the Winter System FRM
Space measure at Grand Coulee Dam contributes to the impact.

Trap Efficiency Negligible change in potential for storage projects to trap sediment
indicating that reservoir sediment pass-through at CRS storage projects
will continue at magnitudes and rates similar to the NAA.
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Metric

MO1 Impact

Shoreline Exposure

Negligible change in the amount of time that the storage projects’ WSEs
spend at any given elevation, indicating that reservoir shoreline erosion
processes are expected to continue at locations and rates similar to those
under the NAA.

Run-of-River Reservoirs and Free-Flowing Reaches

Potential for Sediment Passing
Reservoirs and Reaches

Negligible change in the potential for sediment to pass run-of-river
reservoirs and free-flowing reaches with the exception of:

Lower Clearwater River above the Snake Confluence (Subreach 10.11).
There is potential for a minor decrease in the amount of sediment passing
the Clearwater River at the Snake and Clearwater River confluence. The
Modified Dworshak Summer Draft measure causes the impact.

Potential for Bed Material Change

Negligible change in the processes that supply, transport, and deposit
sediment in the system with the exception of:

Lake Roosevelt Upper Reach on the Columbia River (Subreach 21.13).
There is potential for a minor amount of coarsening of bed sediment at
the head of Lake Roosevelt. Draft duration related to the Winter System
FRM Space measure at Grand Coulee Dam contributes to the impact.

Potential Change in Width to Depth
Ratio

Negligible change in the overall geomorphic character of the rivers.

Potential Changes to Navigation
Channel Dredging Volumes

Snake River:

Estimated average annual volume of sediment depositing in the Snake
River navigation channel due to MO1 operations is less than 1% change
from No Action.

Lower Columbia River:

Estimated average annual volume of sediment depositing in the LCR FNC
due to MO1 operations is less than 1% decrease from the NAA.

REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS

Storage Projects

Negligible change in Region A Storage Project metrics under MO1.

Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region A Run-of-River Reservoirs and Free-Flowing Reach metrics under

MO1.

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS

Storage Projects

Negligible change in Region B Storage Project metrics under MO1 with the exception of Head of
Reservoir Sediment Mobilization at the Columbia River entering Lake Roosevelt. There is
potential for a minor change in depositional patterns with temporary head-of-reservoir
deposits shifting downstream, although available deposit volume is limited. Head-of-reservoir
deposits may include contaminants (slag) that are also mobilized slightly farther downstream in
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the reservoir but are not expected to be transported past the dam. The ultimate long-term fate
of head-of-reservoir sediments within the reservoir is expected to remain unchanged given
there are no proposed changes in the Grand Coulee operational range. Draft duration related to
the Winter System FRM Space measure at Grand Coulee Dam contributes to the impact.

Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region B Run-of-River Reservoirs and Free-Flowing Reach metrics under
MO1 with the exception of the Potential for Bed Material Change at the Lake Roosevelt Upper
Reach on the Columbia River (Subreach 21.13). There is potential for a minor amount of
coarsening of bed sediment at the head of Lake Roosevelt. Draft duration related to the Winter
System FRM Space measure at Grand Coulee Dam contributes to the impact.

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Storage Projects
Negligible change in Region C Storage Project metrics under MO1.
Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region C Run-of-River Reservoirs and Free-Flowing Reach metrics under
MO1 with the exception of the potential for sediment to pass run-of-river reservoirs and free-
flowing reaches on the Lower Clearwater River above the Snake Confluence (Subreach 10.11).
There is potential for a minor decrease in the amount of sediment passing the Clearwater River
at the Snake and Clearwater River confluence. The Modified Dworshak Summer Draft measure
causes the impact. Negligible change in Region C to Navigation Channel Dredging volumes was
estimated under MO1.

REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
Storage Projects

Negligible change in Region D Storage Project metrics under MO1.
Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region D Run-of-River Reservoirs and Free-Flowing Reach metrics under
MO1. Negligible change in Region D Navigation Channel Dredging volumes was estimated under
MO1.

SUMMARY OF EFFECTS

In Regions A, C and D with MO1, negligible change would occur in erosion or deposition
processes and patterns at the head of storage project reservoirs. In Region B, at Columbia River
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entering Lake Roosevelt, there is potential for a minor change in depositional patterns with
temporary head-of-reservoir deposits shifting downstream, although available deposit volume
is limited. Draft duration related to the Winter System FRM Space measure at Grand Coulee
Dam contributes to the impact. In addition, MO1 is expected to result in a minor amount of
coarsening of bed sediment at the head of Lake Roosevelt.

Under MO1 in all regions, there would be negligible change in the potential for storage projects
to trap sediment indicating that reservoir sediment pass through and shoreline exposures at
CRS storage projects would continue at magnitudes and rates similar to the NAA.

Negligible change in Regions A, B, ad D to Run-of-River Reservoirs and Free-Flowing Reach
metrics under MO1 would occur. Negligible change in Region C to Navigation Channel Dredging
volumes was estimated under MO1. In Region C, a minor decrease in the amount of sediment
passing the Clearwater River at the confluence of the Snake and Clearwater Rivers would occur.
Minor (less than 1% change) in average annual volume of sediment depositing in the Snake
River FNC and LCR FNC is expected.

For further details, please refer to the River Mechanics Technical Appendix C
3.3.3.4 MULTIPLE OBJECTIVE ALTERNATIVE 2

Refer to the complete alternative description in Section 2.4.4. Impacts related to MO2 relative
to the No Action Alternative are summarized by region and enumerated in Table 3-54.

Table 3-54. Summary of Multiple Objective Alternative 2 River Mechanics Impact Estimates

Metric ‘ MO2 Impact

Storage Projects

Head of Reservoir Sediment | Negligible change in erosion or deposition processes and patterns at the head of
Mobilization storage project reservoirs with the exception of:

Dworshak Reservoir. There is potential for a minor change in depositional patterns
with temporary head-of-reservoir deposits shifting downstream. Ultimate long-
term fate of head-of-reservoir sediments within the reservoir is unchanged given
no changes in Dworshak operational range. The Slightly Deeper Draft for
Hydropower measure causes the impact.

Trap Efficiency Negligible change in potential for storage projects to trap sediment indicating that
reservoir sediment pass-through at CRS storage projects will continue at
magnitudes and rates similar to the NAA.

Shoreline Exposure Negligible change in the amount of time that the storage project WSEs spend at
any given elevation with the exception of:

Dworshak Reservoir. There is potential for a minor change in shoreline exposure at
Dworshak with the reservoir being held at lower elevations for long enough to
potentially cause a minor increase in the shoreline erosion pattern. The Slightly
Deeper Draft for Hydropower measure causes the impact.

At Lake Roosevelt, the increased shoreline exposure was estimated to be 1.8 feet,
which is within the negligible interval. In addition, the proposed measure for
slower drawdown from the Planned Draft Rate at Grand Coulee could have the
potential to provide minor reductions in local landslides related to reservoir levels.
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Metric ‘ MO2 Impact

Run-of-River Reservoirs and Free-Flowing Reaches

Potential for Sediment Negligible change in the potential for sediment to pass run-of-river reservoirs and
Passing Reservoirs and free-flowing reaches.

Reaches

Potential for Bed Material Current processes that supply, transport and deposit sediment in the system will
Change continue at historical rates (same as NAA) with the exception of:

Lower Flathead River between Stillwater and Flathead Lake (Subreach 28.13).
There is potential for a minor, unobservable amount of fining of bed sediment in
the reach immediately upstream of Flathead Lake. The impact results from slight
reductions in Hungry Horse outflow, which dampens the energy grade as the
Flathead River enters Flathead Lake backwater; the flow reduction is tied to the
reduced outflows during the FRM period, which results from the Slightly Deeper
Draft for Hydropower measure during winter months.

Lake Roosevelt Upper Reach on the Columbia River (Subreach 21.13). There is
potential for a minor amount of coarsening of bed sediment at the head of Lake
Roosevelt. Draft duration from the Winter System FRM Space and Slightly Deeper
Drafts for Hydropower measures at Grand Coulee contribute to the impact.

Potential Change in Width Negligible change in the overall geomorphic character of the rivers.

to Depth Ratio

Potential Changes to Snake River:

Navigation Channel Estimated average annual volume of sediment depositing in the Snake River
Dredging Volumes navigation channel due to MO2 operations is less than 1% change from the NAA.

Lower Columbia River:
Estimated average annual volume of sediment depositing in the LCR FNC due to
MO?2 operations is less than 1% increase from the NAA.

REGION A — LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS
Storage Projects

Negligible change in Region A Storage Project metrics under MO2.
Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region A Run-of-River Reservoirs and Free-Flowing Reach metrics under
MO?2 with the exception of Potential for Bed Material Change within the Lower Flathead River
between Stillwater and Flathead Lake (Subreach 28.13). There is potential for a minor amount
of fining of bed sediment in the reach immediately upstream of Flathead Lake. The impact
results from slight reductions in Hungry Horse outflow, which dampen the energy grade as the
Flathead River enters Flathead Lake backwater; the flow reduction is tied to the reduced
outflows during the FRM period, which result from the Slightly Deeper Draft for Hydropower
measure during winter months.
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REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS

Storage Projects

Negligible change in Region B Storage Project metrics under MO2.
Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region B Run-of-River Reservoirs and Free-Flowing Reach metrics under
MO?2 with the exception of the Potential for Bed Material Change within the Lake Roosevelt
Upper Reach on the Columbia River (Subreach 21.13). There is potential for a minor amount of
coarsening of bed sediment at the head of Lake Roosevelt. Draft duration from the Winter
System FRM Space and Slightly Deeper Drafts for Hydropower measures at Grand Coulee
contributes to the impact.

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Storage Projects

Negligible change in Region C Storage Project metrics under MO2 with the exception of Head of
Reservoir Sediment Mobilization and Shoreline Exposure at Dworshak Reservoir. There is
potential for a minor change in depositional patterns with temporary head-of-reservoir
deposits shifting downstream at Dworshak Reservoir. The ultimate long-term fate of head-of-
reservoir sediments within the reservoir is unchanged given no changes in Dworshak
operational range. The Slightly Deeper Draft for Hydropower measure causes the impact. There
is also potential for a minor change in shoreline exposure at Dworshak with the reservoir being
held at lower elevations for long enough to potentially cause a minor increase in the shoreline
erosion pattern. The Slightly Deeper Draft for Hydropower measure causes the impact.

Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region C Run-of-River Reservoirs and Free-Flowing Reach metrics under
MO?2. Negligible change in Region C Navigation Channel Dredging volumes under MO2.

REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
Storage Projects

Negligible change in Region D Storage Project metrics under MO2.
Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region D Run-of-River Reservoirs and Free-Flowing Reach metrics under
MO?2. Negligible change in Region D Navigation Channel Dredging volumes under MO2.
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SUMMARY OF EFFECTS

Under MO2, Regions A, B and D are expected to have negligible change in erosion or deposition
processes and patterns at the head of storage project reservoirs. In addition, there would be
negligible change in the potential for storage projects to trap sediment indicating that reservoir
sediment pass through and shoreline exposures at CRS storage projects would continue at
magnitudes and rates similar to the NAA.

Negligible change in Region C is expected for Storage Project metrics under MO2 with the
exception of Head of Reservoir Sediment Mobilization and Shoreline Exposure at Dworshak
Reservoir. There is potential for a minor change in depositional patterns with temporary head-
of-reservoir deposits shifting downstream at Dworshak Reservoir. Also, there is also potential
for a minor change in shoreline exposure at Dworshak with the reservoir being held at lower
elevations for long enough to potentially cause a minor increase in the shoreline erosion
pattern. The Slightly Deeper Draft for Hydropower measure would cause these impacts.

Under MO2, negligible change is expected in Regions A and B to Run-of-River Reservoirs and
Free-Flowing Reach metrics with the exception of Potential for Bed Material Change at Flathead
River in Region A and Lake Roosevelt in Region B. In Region A, there is potential for a minor
amount of fining of bed sediment in the reach immediately upstream of Flathead Lake. The
impact results from slight reductions in Hungry Horse outflow, which dampen the energy grade
as the Flathead River enters Flathead Lake backwater; the flow reduction is tied to the reduced
outflows during the FRM period, which result from the Slightly Deeper Draft for Hydropower
measure during winter months. In Region B, there is potential for a minor amount of coarsening
of bed sediment at the head of Lake Roosevelt. Draft duration from the Winter System FRM
Space and Slightly Deeper Drafts for Hydropower measures at Grand Coulee contribute to the
impact.

Negligible change in Regions C and D to Run-of-River Reservoirs and Free-Flowing Reach metrics
would be expected under MO2. Negligible change in Region C to Navigation Channel Dredging
volumes was estimated under MO2

For further details, please refer to the River Mechanics Technical Appendix C.
3.3.3.5 MULTIPLE OBJECTIVE ALTERNATIVE 3

See Chapter 2 for a complete description of the dam embankment breach alternative.
Structural measures for this alternative include:

e Breach Snake Embankments: Remove earthen embankments, as required, at each dam to
facilitate reservoir drawdown at the lower Snake River dams.

e Lower Snake Infrastructure Drawdown: Modify existing equipment and dam infrastructure
at the lower Snake River dams to adjust to drawdown conditions (Existing equipment would
not be used for hydropower generation but would be used as low-level outlets for
drawdown below spillway elevations).
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e Additional Powerhouse Surface Passage: Construct additional powerhouse and surface
passage routes at the McNary Project.

Under MO3, four reservoirs will be drawn down and converted to a riverine environment. The
current reservoirs contain fine sediment deposits that will partially erode, leaving margin
sediment on high terraces behind. The new river bottom after breaching will initially become
finer and gradually coarsen over the long term. The change in the overall geomorphic character
will occur on the Snake and Clearwater Rivers within the backwater extents of Lower Granite
Reservoir downstream to the confluence with the Columbia River. River Mechanic metric
impacts related to MO3 relative to the No Action Alternative are summarized by region and
enumerated in Table 3-55. See Appendix C, River Mechanics Technical Appendix, for additional
information on estimated dam breaching impacts.

Table 3-55. Summary of Multiple Objective Alternative 3 River Mechanics Impact Estimates

Metric | MO3 Impact

Storage Projects

Head of Reservoir | Negligible change in erosion or deposition processes and patterns at the head of storage

Sediment project reservoirs.
Mobilization
Trap Efficiency Negligible change in potential for storage projects to trap sediment, indicating that

reservoir sediment pass-through at CRS storage projects will continue at magnitudes and
rates similar to the NAA.

Shoreline Negligible change in the amount of time that the storage project WSEs spend at any given
Exposure elevation, indicating that reservoir shoreline erosion processes are expected to continue at
locations and rates similar to the NAA.

Run-of-River Reservoirs and Free-Flowing Reaches

Potential for Negligible change in the potential for sediment to pass run-of-river reservoirs and free-
Sediment Passing | flowing reaches with the exception of:

Reservoirs and The Snake River from the upstream extents to Lower Granite Reservoir downstream to
Reaches the Columbia River (Reaches 6-9 and 11.1) and the Clearwater River backwatered by

Lower Granite Reservoir (Subreach 10.1). There is potential for a major increase in the size
and amount of sediment passing these reaches. The Breach Snake Embankments measure
causes the impact by converting four run-of-river reservoirs to a riverine environment.
Columbia River from the Snake River confluence downstream to the Pacific Ocean
(Reaches 1-5). Due to the increase in amount of sediment passing from the Snake River
into the Columbia River, there is potential for a major increase in the amount of sediment
passing downstream of the Snake River confluence. The Breach Snake Embankments
measure causes the impact.
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Metric

MO3 Impact

Potential for Bed
Material Change

Current processes that supply, transport and deposit sediment in the system will continue
at historical rates (same as NAA) with the exception of:

The lower Snake River from the upstream extents of the CRS study area to Lower Granite
Reservoir downstream to the Columbia River (Reaches 6-9 and Subreach 11.1) and the
Clearwater River backwatered by Lower Granite Reservoir (Subreach 10.1). There is
potential for a major amount of coarsening of bed sediment throughout these reaches. The
Breach Snake Embankments measure causes the impact.

The Columbia River from the Snake River confluence to McNary Dam (Subreach 5.1). Due
to the increase in amount of sediment passing from the Snake River into the Columbia
River, there is potential for a major increase in the amount of material depositing in
McNary Reservoir. The bed material size may become finer in the short term and coarsen
in the long term. The Breach Snake Embankments causes the impact.

Potential Change
in Width to Depth
Ratio

Negligible change in the overall geomorphic character of the rivers with the exception of:
The lower Snake River from the upstream extents of the CRS study area to Lower Granite
Reservoir downstream to the Columbia River (Reaches 6-9 and Subreach 11.1) and the
Clearwater River backwatered by Lower Granite Reservoir (Subreach 10.1). There is a
major change in geomorphic character in these reaches with the river becoming much
shallower relative to its wetted width. The Breach Snake Embankments measure causes the
impact. The four lower Snake River reservoirs contain fine sediment deposits that,
following dam embankment removal, will partially erode leaving margin sediment on high
terraces behind. The new lower Snake river bottom after breaching will initially become
finer and gradually coarsen over the long term. The change in the overall geomorphic
character will occur on the Snake and Clearwater Rivers within the backwater extents of
Lower Granite Reservoir downstream to the confluence with the Columbia River.

Potential Changes
to Navigation
Channel Dredging
Volumes

Snake River:

Navigation maintenance of the Snake River FNC is assumed to cease following breaching of
the four Snake River projects. Estimated change in the average annual volume of
watershed sediment yield to the lower Snake River is less than 1% compared to the NAA.
Following breaching of the dam embankments, this watershed sediment would pass the
breached dam embankments and be routed to the Columbia River confluence as discussed
below.

Lower Columbia River:

Estimated average annual volume of sediment depositing in the LCR FNC due to MO3
operations is less than 1% decrease from the NAA based on sediment load from the Lower
Columbia River. In addition, near-term sedimentation effects following dam embankment
breaching are expected to last up to 10 years as legacy sediment deposits within the
reservoirs are incrementally eroded and re-deposited throughout the lower Snake River
reach. Near-term sedimentation effects are expected to be particularly large in the
upstream end of Lake Wallula above McNary Dam. The impacts of sediment deposition at
left bank recreation and boat-launch sites below the Snake River confluence would likely
be permanent. Long-term sedimentation effects would include continued deposition in
quiescent areas prone to shoaling as a result of annual sediment delivery that had
previously been trapped by the lower Snake River dams.

REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS

Storage Projects

Negligible change in Region A Storage Project metrics under MO3.
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Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region A Run-of-River Reservoirs and Free-Flowing Reach metrics under
MOS3.

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS

Storage Projects

Negligible change in Region B Storage Project metrics under MO3.
Run-of-River Reservoir and Free-Flowing Reaches

Negligible change in Region B Run-of-River Reservoirs and Free-Flowing Reach metrics under
MO3. At Lake Roosevelt, the increased shoreline exposure was estimated to be 1.8 feet, which
is within the negligible interval. In addition, the proposed measure for slower drawdown from
the Planned Draft Rate at Grand Coulee could have the potential to provide minor reductions in
local landslides related to reservoir levels.

REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

Storage Projects
Negligible change in Region C Storage Project metrics under MO3.
Run-of-River Reservoir and Free-Flowing Reaches

Within Region C, significant changes were identified under MO3 for the Run-of-River Reservoirs
and Free-Flowing Reach metrics caused by the Breach Snake Embankments measure, which
converts four run-of-river reservoirs to a riverine environment. The spatial impact of change
includes the Snake River from the upstream extents to Lower Granite Reservoir downstream
to the Columbia River confluence (Reaches 6-9 and Subreach 11.1) and the Clearwater River
backwatered by Lower Granite Reservoir (Subreach 10.1). Within these reaches, there is
potential for a major increase in the size and amount of sediment passing and a major amount
of coarsening of bed sediment. There is also a major change in geomorphic character in these
reaches, with the river becoming much shallower relative to its wetted width. The four lower
Snake River reservoirs contain fine sediment deposits that following dam embankment removal
will partially erode, leaving margin sediment on high terraces behind. The new lower Snake
River bottom after breaching will initially become finer and gradually coarsen over the long
term.

Under MO3, navigation maintenance of the Snake River FNC is assumed to cease following
breaching of the four Snake River projects. Following breaching of the dam embankments,
watershed sediment will now pass the breached dam embankments and be routed to the
Columbia River confluence.
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REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
Storage Projects

Negligible change in Region D Storage Project metrics under MO3.
Run-of-River Reservoir and Free-Flowing Reaches

Within Region D, changes were identified under MO3 for the Run-of-River Reservoirs and Free-
Flowing Reach metrics caused by the Breach Snake Embankments measure which converts four
run-of-river reservoirs to a riverine environment. Due to the increase in the amount of
sediment passing from the Snake River into the Columbia River, there is potential for a major
increase in the amount of sediment passing downstream of the Snake River confluence. Due to
the increase in amount of sediment passing from the Snake River into the Columbia River, there
is potential for a major increase in the amount of material depositing in McNary Reservoir. The
bed material size may become finer in the short term and coarsen in the long term.

Under MO3, negligible changes were estimated in Region D Navigation Channel Dredging
volumes based on sediment loads supplied from Region B. In addition, near-term
sedimentation effects following dam embankment breaching are expected to last up to 10
years as legacy sediment deposits within the reservoirs are incrementally eroded and re-
deposited throughout the lower Snake River reach. Near-term sedimentation effects are
expected to be particularly large in the upstream end of Lake Wallula above McNary Dam. The
impacts of sediment deposition at left bank recreation and boat-launch sites below the Snake
River confluence would likely be permanent. Long-term sedimentation effects would include
continued deposition in quiescent areas prone to shoaling as a result of annual sediment
delivery that had previously been trapped by the lower Snake River dams.

SUMMARY OF EFFECTS

Under MO3, all Regions A-D are expected to have negligible change in erosion or deposition
processes and patterns at the head of storage project reservoirs. In addition, there would be
negligible change in potential for storage projects to trap sediment indicating that reservoir
sediment pass through and shoreline exposures at CRS storage projects would continue at
magnitudes and rates similar to the NAA.

In Regions A and B, negligible changes to Run-of-River Reservoirs and Free-Flowing Reach
metrics would be expected under MO3.

The effect from the Breach Snake Embankments measure to the Snake River from the upstream
extents to Lower Granite Reservoir downstream to the Columbia River and the Clearwater River
backwatered by Lower Granite Reservoir in Region C would potentially result in a major
increase in the size and amount of sediment passing these reaches. Dredging would stop in the
lower Snake River.
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In Region D, due to the increase in amount of sediment passing from the Snake River into the
Columbia River, there is potential for a major increase in the amount of sediment passing
downstream of the Snake River confluence along the Columbia River from the Snake River
confluence downstream to the Pacific Ocean.

Under MO3, negligible changes were estimated in Region D for Navigation Channel Dredging
volumes. In addition, near-term sedimentation effects following dam embankment breach