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CHAPTER 4 - CLIMATE

This chapter provides an overview of projected changes in future regional climate and assesses
how these changes may affect resources and the effectiveness of the alternatives of this
environmental impact statement (EIS). The first part of this chapter discusses changes in
regional trends for air temperature, precipitation, snowpack, streamflow, and water
temperature based on recent regional climate change studies. The second part of this chapter
assesses the effects of these projected climate changes on the resources included for analysis
for each of the alternatives.

4.1 CLIMATE CHANGE IN THE COLUMBIA RIVER BASIN

The environmental consequences on the physical, biological, economic, social, and cultural
resources discussed in Chapter 3 reflect modeling and analyses based on observed climate in
the region over the 80-year period of 1929 to 2008. Temperatures have increased during and
after that time period and are expected to continue to increase (U.S. Global Change Research
Program [USGCRP] 2017; River Management Joint Operating Committee [RMJOC] 2018). As a
result of these rising temperatures, other aspects of the environment are changing as well, such
as receding glaciers, diminishing snow cover, shrinking sea ice, rising sea levels, and increasing
atmospheric water vapor (USGCRP 2017). According to the Fourth National Climate Assessment
Volume | (USGCRP 2017), annual trends of earlier spring snow melt and reduced snowpack are
already affecting water resources in the western United States, and these trends are expected
to continue. Numerous studies have projected that as warming continues, snowpack in the
Columbia River Basin is likely to decline, winter streamflows will tend to increase, peak seasonal
snowmelt season will tend to occur earlier in the spring, and summer flows will likely decrease
(RMJOC 2018).

The basis for climate assessment in this EIS includes projected regional temperature,
precipitation, snowpack, and streamflow changes from the first part of the second RMJOC long-
term planning study, commonly referred to as the RMJOC-II study. Part 1 of this study presents
the results of a 4-year research project completed by the University of Washington and Oregon
State University, with resource support and technical expertise provided by the RMJOC*?
agencies and regional stakeholders (RMJOC 2018). This study presents the most recent and best
available scientific information on the future hydroclimate for the Columbia River Basin. The
RMJOC-II report (2018) found the following for the 2020 to 2049 time period (referred to as the
2030s):

e Temperatures in the region have warmed about 1.5 degrees Fahrenheit (0.8 degrees
Celsius) since the 1970s. They are expected to warm another 1 to 4 degrees Fahrenheit (0.6
to 2.2 degrees Celsius) by the 2030s.

1 The RMJOC comprises the Bonneville Power Administration (Bonneville), U.S. Army Corps of Engineers (Corps),
and U.S. Bureau of Reclamation (Reclamation), also referred to collectively as the co-lead agencies throughout this
EIS. An objective of the committee is to evaluate and anticipate vulnerabilities, risk, and resiliency of the Federal
Columbia River Power System.
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e Warming in the region is likely to be greatest in the interior with a greater range of possible
outcomes. Less pronounced warming is projected near the coast.

e Future precipitation trends are more uncertain, but a general upward trend is likely for the
rest of the twenty-first century, particularly in the winter months. Already dry summers
could become drier.

e Average winter snowpacks are very likely to decline over time as more winter precipitation
falls as rain instead of snow, especially on the United States side of the Columbia River
Basin.

e By the 2030s, higher average fall and winter flows, earlier peak spring runoff, and longer
periods of low summer flows are very likely. The earliest and greatest streamflow changes
are likely to occur in the Snake River Basin, although that basin has the greatest modeling
uncertainty.

The RMJOC-II report concludes that “such precipitation increases, along with a warming
climate, could have profound implications on both the magnitude and seasonality of future
streamflows for hydroregulation operations and planning.”

4.1.1 Approach

This EIS uses climate and hydrology projections from the RMJOC-II study to assess potential
effects to the resources and effectiveness of the alternatives of the EIS. In 2013, the RMJOC
commissioned a research team from the University of Washington and Oregon State University
to develop a set of unregulated streamflows derived from the latest global climate model
projections from the Intergovernmental Panel on Climate Change’s (IPCC’s) Fifth Assessment
(RMJOC 2018). These unregulated streamflows are largely unaffected by human activity in the
Columbia River Basin (i.e., no human regulation, dams, or irrigation withdrawals). The resulting
report provides air temperature, precipitation, snowpack, and streamflow changes that are
projected to occur as the regional climate changes. A second part of the RMJOC-II study, which
is not yet available, will provide an assessment of how these projected unregulated
streamflows perform in a regulated Columbia River system.?

The RMJOC-II projections include scenarios for two Representative Concentration Pathways
(RCPs), RCP 4.5 and RCP 8.5, which represent future scenarios for emissions of greenhouse

gases (GHGs). Over the next 20- to 30-year time horizon, both RCP 4.5 and RCP 8.5 project a
similar increase in regional temperatures (Moss et al. 2010; RMJOC 2018). However, where
applicable, conclusions for the two different RCPs are identified separately.

The RMJOC-II study focused on changes in air temperature, precipitation, snowpack, and
streamflow. Other aspects of climate change, such as water temperature and sea level rise, may
have implications for regional resources as well, but were not modeled in the RMJOC-II study.

2 The co-lead agencies expect this study to be published in spring 2020 after release of the draft EIS and will review
the study to determine if any information presented in the draft EIS needs to be updated.
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Where applicable, other climate research and literature are incorporated to assess these
potential effects on resources.

4.1.2 Projected Changes in Hydroclimate
4.1.2.1 Air Temperature

Temperatures have already warmed in the Columbia River Basin by about 1.5 degrees
Fahrenheit since the 1970s (Figure 4-1) (RMJOC 2018). The RMJOC-II study found that warming
is nearly certain to continue with annual projected temperature increases from the historical
period (1970 to 1999) to the 2030s, ranging from 2.0 to around 5.5 degrees Fahrenheit across
the Columbia River Basin. However, these projections vary both by geographic location and
seasonally. Interior areas of the basin are projected to experience more warming than areas
near the Pacific Coast, where warming of 1.5 to 2.5 degrees Fahrenheit is projected. Warming is
also projected to be greater during the summer months compared to the other seasons.

Average annual daily maximum temperature across Columbia
River Basin and Pacific coastal drainages (avg. across 10 models)

—— Historical

85.0 __ Rcpas

—— RCP85
62.5

60.0
57.5

55.0

Temperature [ ° F]

52.5

50.0

47.5
1901 1921 1941 1961 1981 2001 2021 2041 2061 2081

Figure 4-1. Average Annual Daily Maximum Temperatures for the Columbia River Basin and
Pacific Coastal Drainages in Washington and Oregon Through 2100 for RCP 4.5 and 8.5
Source: RMJOC (2018)
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4.1.2.2 Precipitation

The large annual variability in precipitation in the Columbia River Basin is projected to continue.
However, there is a general tendency for precipitation to increase, and by the 2030s,
precipitation will begin to exceed the long-term average more often than not (RMJOC 2018).
Changes in precipitation are likely to vary across seasons, with a tendency for higher winter
precipitation and lower summer precipitation. However, some model projections imply that
summer precipitation could increase over the southern half of the Columbia River Basin. While
precipitation trends are more uncertain than temperature trends, these results have been
supported by other recent climate model projections (Salathé et al. 2014; Department of
Energy [DOE] 2017; Rupp, Abatzoglou, and Mote 2017).

4.1.2.3 Snowpack

The RMJOC-II study projects that snowpack in the Columbia River Basin will decrease over time.
Even with the possibility of more precipitation in the winter, warming temperatures are very
likely to result in declining snowpacks available to support spring and summer runoff. Given
that historically most of the Columbia River Basin’s annual precipitation and flow have been
snow-dominated, with at least half of the annual precipitation falling as snow, these changes
over time represent perhaps the greatest hydroclimate change in the region.

As depicted in Figure 4-2, the snowpack on April 1 (the date near where the snowpack typically
reaches its annual maximum in the U.S. portion of the Columbia River Basin) is projected to
decrease. By the 2030s3 (2020 to 2049), the April 1 Snow Water Equivalent is projected to be
between 10 to 60 percent lower in the Cascades, coastal mountains, and lower portions of the
Clearwater and Spokane River Basins, with continued decreases over time as more precipitation
falls as rain instead of snow. One exception to these trends is in the Canadian portion of the
Columbia River Basin where average winter temperatures, even with the degree of warming
expected, are unlikely to be great enough to lead to significant reductions in snowpack through
the 2030s (RMJOC 2018).

3 Standard nomenclature for climate change studies referring to the 30-year period surrounding the 2020s (2010 to
2039).
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Figure 4-2. Columbia River Basin Snow Water Equivalent on April 1 in the 1980s, and Average
Snow Water Equivalent Changes by the 2030s, 2050s (2040-2069), and 2080s (2070-2099)

Note: Top is RCP 8.5 and bottom is RCP 4.5. Areas in tan historically have less than 10 millimeters (0.4 inches) of
snow-water equivalent. Although this EIS focuses on the 2030s, the 2050s and 2080s are included in the analysis to

show trends.
Source: University of Washington

4.1.2.4 Streamflow

The RMJOC-II study (2018) concluded that by the 2030s, the Columbia River Basin will likely
experience higher average winter flows, earlier peak spring runoff, lower average summer
flows, a longer period of low summer flows, or a combination of all of these. These findings
align with those of previous studies, including the RMJOC-I report (2010), the Fourth National
Climate Assessment (USGCRP 2017), the DOE Report to Congress (DOE 2017), and the

Reclamation SECURE Water Act Assessment (Reclamation 2016).

For the Columbia River Basin as a whole, the warming temperatures and tendency for increased
precipitation, particularly in the already wet winter months, will result in higher winter and
spring volumes with earlier spring flow peaks. In the summer, there is a tendency for slightly
lower flows or a longer period of low flows. However, these results are not necessarily universal
across all basins. The Willamette River Basin and coastal drainage areas have a tendency
toward lower spring flows, and there is some disagreement across models in the Snake River
Basin where some scenarios show the possibility of increased fall streamflows (RMJOC 2018).
Figure 4-3 and Figure 4-4 show the projected changes in seasonal streamflow by location across

the Columbia River Basin.
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138  Figure 4-3. Percent Change in Annual Volume from the Historical Period (1976-2005) and the
139  2030s (2020-2049) by Season
140 Note: Left is RCP 8.5 and right is RCP 4.5. DJF = December to February/winter; MAM = March-May/spring; JIA =

141 June to August/summer; SON = September to November/fall. Circle size denotes relative annual volumes in the
142 historical period (1976—2005).

143 Source: University of Washington
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144

145  Figure 4-4. Annual Volume Change from the Historical Period (1976-2005) and the 2030s
146 (2020-2049) by Season

147 Note: Left is RCP 8.5 and right is RCP 4.5. DJF = December to February/winter; MAM = March-May/spring; JIA =
148 June to August/summer; SON = September to November/fall.
149 Source: University of Washington
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REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS

Changes in these upper basins tend to be more modest through the 2030s, largely because
winter precipitation is projected to continue to fall as snow for some time. However, even here
the scenarios still project increased temperatures and annual precipitation, and changes in
spring and early summer streamflow. Some scenarios indicate higher spring freshet peaks that
tend to occur 1 or 2 weeks earlier, by the 2030s (RMJOC 2018). Decreasing summer flow
volumes are pervasive in these basins. At the headwater of the Pend Oreille River, changes in
inflows to Hungry Horse Dam are relatively modest by the 2030s, with slightly earlier timing and
intensified high flows in winter and early spring (Table 4-1, Table 4-2, Table 4-3, Figure 4-5,
Figure 4-6, and Figure 4-7).

Libby
Distribution of Monthly Natural Flows

5th Percentile Median 95th Percentile

60 =

40 =
20 = Future Projections
Interquartile Range
— Median
0-

Min-Max

G'¥ dod

Mean Period Flow (kcfs)

60 - Modeled Historic (WY 1976-2005)

= Average of Baselines
40 =

1 1 i |
Oct Nov Dsc Jan Feb Mar Apr May Jur\ Jul Aug Sep om Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep oa Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Month

Figure 4-5. Distribution of the RMJOC-II Naturalized Flows, by Month at Libby Dam for the
2030s Time Period for RCP 4.5 and 8.5

Note: The “average of the baselines” represents four hydrology models/parameter sets that were used to model a
30-year historical (1976-2005) condition for RMJOC-II, with each historical condition being modeled. Each of the
four historical conditions were modeled with a different hydrology model or parameter set. The RMJOC-II modeled
historical conditions are not equivalent to the 80-year water conditions described previously in this EIS because
they include adjustments for temperature biases in historical datasets (RMJOC 2018).

6840y
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Table 4-1. Relative Change (%) in Unregulated Monthly Streamflow at Libby Dam

5th Percentile Flow 50th Percentile Flow 95th Percentile Flow
Month RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Oct -38t026(-5) | -39to15(-12) | -31to 12 (-12) | -37t0 20(-18) | -17 to 55 (4) -29 to 88 (5)
Nov -37t027(-5) | -33t022(-12) | -24to 27 (-5) -28 to 30 (-6) -33 to 88 (3) -33t0 128 (3)
Dec -41to 36 (2) -46 to 36 (-5) -25to 54 (6) -33to53(2) | -16to 152 (21) | -19-159 (21)
Jan -46 to 50 (12) -40 to 38 (8) -25t0 58 (11) | -32to 65 (11) | -7 to 190 (33) -8-146 (45)
Feb -40to 60 (24) | -35t065(18) | -19to 72 (21) | -23t090(25) | Oto 177 (43) -4-229 (60)
Mar -25t094 (18) | -26t092 (19) | -1to136(28) | -14 to 123 (34) | 21 to 256 (82) 26-296 (83)
Apr -16 to 142 (17) | -34to 115(21) | -5t0 130(36) | O0to 139 (47) | -13 to 152 (70) 0-145 (63)
May -17 to 82 (24) | -17 to 54 (27) -9 to 52 (22) -9 to 59 (25) -2 to 74 (30) -1-62 (28)
Jun -41 to 48 (-4) -34 to 32 (-5) -25 to 27 (2) -23to 15 (-3) -27 to 24 (-4) -28-27 (-2)
Jul -46to 60 (-13) | -42to0 17 (-19) | -43to 11 (-23) | -51to2(-27) | -45to 27 (-21) | -45 to -3 (-25)
Aug -48 t0 30 (-17) | -49to 9 (-20) -49to 0 (-30) | -52to-12(-34) | -55t0-9 (-35) | -53 to -7 (-34)
Sep -40to 23 (-14) | -42to10(-19) | -49to-1(-26) | -47 to -11 (-30) | -38 to 22 (-18) | -40 to 28 (-20)

Note: The relative change was computed by comparing the value of the flow quantile for the 2030s (2020-2049) to
that of the historical modeled baseline period (1976—2005). The ranges of relative change for each set of 80
projections are presented, and the median change is reported in parentheses for each emission scenario. The color
gradient scale of the shading reflects reductions of volume of the median projection of 50% or greater as dark
brown and increases of 50% or greater dark green. These colors lighten to white as the relative change approaches
zero. Bold text indicates that 90% of the projections agree on the direction of change in volume.
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Figure 4-6. Distribution of the RMJOC-II Naturalized Flows, by Month at Hungry Horse Dam
for the 2030s Time Period for RCP 4.5 and 8.5
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Table 4-2. Relative Change (%) in Unregulated Monthly Streamflow at Hungry Horse Dam

5th Percentile Flow

50th Percentile Flow

95th Percentile Flow

Mar

-28 to 158 (20)

-39 t0 206 (31)

Month RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Oct -50t031(-4) | -64t029(-12) | -42t0 24 (-13) | -39to 41 (-15) | -53 to 70 (-19) | -54 to 79 (-19)
Nov -36t058(8) | -28t059(6) | -25t070(9) | -35t099(12) | -33t088(6) | -43to 125 (4)
Dec -54t057(7) | -46to75(6) | -22to 158 (29) | -32 to 152 (34) | -27 to 161 (32)

Jan -40 to 96 (15) | -57 to 103 (15) | -19 to 125 (40)

Feb -35t0 127 (24) | -58 to 122 (25)

May | -30t067(14) | -39t057(13) | 5t074(31) | 4t078(33) | -11t081(19) | 2t070(23)
Jun 661056 (-13) | 621053 (-33) | -47t041(77) | -42t025(5) | -22t046(12) | -11t0 55 (16)
i 51t034(-19) | -49t030(-28) | -52t026(-25) | -51t014(-31) | -62t023(-31) | -63t0-10(37) |
Aug | -58t039(-11) | -46t0 16 (-15) | -38t0 25 (-18) | -39t04(-18) | -57t019(-29) | -54to 14 (-31)
Sep | -58t023(-13) | -60t0 25 (22) | -41t0 11 (-15) | -40to 14 (-16) | -49 to 51 (-28) | -52t0 32 (-30)

Note: The relative change was computed by comparing the value of the flow quantile for the 2030s (2020-2049) to
that of the historical modeled baseline period (1976—2005). The ranges of relative change for each set of 80
projections are presented, and the median change is reported in parentheses for each emission scenario. The color
gradient scale of the shading reflects reductions of volume of the median projection of 50% or greater as dark
brown and increases of 50% or greater dark green. These colors lighten to white as the relative change approaches
zero. Bold text indicates that 90% of the projections agree on the direction of change in volume.
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Figure 4-7. Distribution of the RMJOC-II Naturalized Flows, by Month at Albeni Falls Dam for
the 2030s Time Period for RCP 4.5 and 8.5
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Table 4-3. Relative Change (%) in Unregulated Monthly Streamflow at Albeni Falls Dam

5th Percentile Flow 50th Percentile Flow 95th Percentile Flow
Month RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Oct -35t0 18 (-5) | -36to 15(-10) | -25to 15 (-4) -29t0 26 (-7) | -25t041(-10) | -33 to 42 (-14)
Nov -11 to 53 (15) -13to 57 (9) -11to 68 (15) | -17to 78 (17) | -17 to 117 (21) | -24 to 133 (23)
Dec -12to 62 (14) | -22to 78 (14) 1to115(28) | -11to 113 (35) | -18 to 199 (26) | -35 to 287 (39)
Jan -16t0 86 (27) | -49t0 94 (28) | 7to 173 (41)
Feb -9 to 129 (40)
Mar -8 t0 129 (30) | -19to 124 (35) | 4to 133 (43)
Apr -19to 127 (15) | -37 to 133 (23) | -9to 92 (33) 3 to 99 (36)
May -35 to 47 (9) -29 to 35 (8) -5 to 56 (20) -2 to 38 (21) -22t0 69 (11) | -14to 44 (15)
Jun -51t0 55 (-13) | -47to 50 (-22) | -42to 25(-13) | -39to 14 (-12) | -36t0 18(-7) -26 to 20 (-6)
Jul -37t042(-9) | -33t032(-13) | -47to 16 (-25) | -50to 1 (-28) | -57 to 20 (-29) | -53 to -19 (-35)
Aug -31t0 48 (-2) -23t025(-3) | -29to 15(-16) | -29to-5(-17) | -44to9 (-21) | -44 to 10 (-22)
Sep -37 to 36 (0) -29to 17 (-7) | -33to14(-11) | -30to 8(-12) | -34to 16 (-17) | -36 to 20 (-17)

Note: The relative change was computed by comparing the value of the flow quantile for the 2030s (2020-2049) to
that of the historical modeled baseline period (1976—2005). The ranges of relative change for each set of 80
projections is presented, and the median change is reported in parentheses for each emission scenario. The color
gradient scale of the shading reflects reductions of volume of the median projection of 50% or greater as dark
brown and increases of 50% or greater dark green. These colors lighten to white as the relative change approaches
zero. Bold text indicates that 90% of the projections agree on the direction of change in volume.

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS

Cumulative streamflow in Region B integrates flows from Region A and the Upper Columbia,
the northernmost part of the Columbia Basin in British Columbia. Similar to Region A,
streamflow projections show modest change, as snowpack at high elevations of the upper basin
display less sensitivity to lower amounts of warming (Figure 4-2). However, a shift toward
earlier spring and summer streamflow volumes is projected. Some projections indicate higher
spring freshet peaks, which tend to occur 1 or 2 weeks earlier by the 2030s as precipitation
increases in this part of the basin and the climate warms. Nearly all projections indicate
decreased volume of flow in the summer months (Figure 4-8 and Table 4-4).
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Figure 4-8. Distribution of the RMJOC-II Naturalized Flows, by Month, at Grand Coulee Dam
for the 2030s Time Period for RCP 4.5 and 8.5

Table 4-4. Relative Change (%) in Unregulated Monthly Streamflow at Grand Coulee Dam

5th Percentile Flow 50th Percentile Flow 95th Percentile Flow

Month RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Oct -451t0 17 (-10) | -40to 14 (-13) | -27to14(-8) | -31t020(-13) | -20t038(-1) | -26to 45 (-5)
Nov -22t0 33 (2) -23t0 36 (-2) -12 to 56 (8) -17 to 49 (8) -19to 89 (17) | -15to 116 (22)
Dec -31to 41 (-7) -44 to 48 (-8) 4 to 86 (19) -15t0 79 (27) | -5to 186 (34) | -12 to 195 (43)
Jan -27to 73 (17) | -27 to 86 (14) 4to 116 (28) | -13 to 150 (37) | 7 to 364 (74) 4 to 290 (82)
Feb -17 to 108 (33) | -19 to 115 (31) 8 to 76 (31) -8 to 100 (40) | 13to 302 (77) | 9 to 349 (95)
Mar -18 to 103 (23) | -23 to 99 (28) 3 to 103 (33) -7to 123 (41) | 28to 135(72) | 22 to 186 (82)
Apr -21to 87 (9) -31to 80 (8) -2 to 82 (33) 4 to 82 (32) 4 to 97 (62) 13 to 119 (52)
May -22to 31 (4) -18 to 33 (6) 0to 42 (18) 0to 43 (19) -8 to 56 (14) -9 to 58 (11)
Jun -43 to 20 (-15) | -41to 15(-10) | -22to 25(-1) -17 to 11 (-4) -15to 38 (0) -12 to 25 (2)
Jul -51t019(-27) | -46to-3(-31) | -33to6(-14) | -37t0-2(-20) | -40to 7 (-21) | -38 to -8 (-27)
Aug -44to 11 (-28) | -46to -11(-30) | -41to2(-27) | -43to-8(-31) | -53 to-15(-33) | -52 to -12 (-35)
Sep -46 to 19 (-23) | -48 to 11 (-28) | -41to-12 (-23) | -39 to -16 (-28) | -38 to 11 (-16) | -36to 5 (-18)

Note: The relative change was computed by comparing the value of the flow quantile for the 2030s (2020-2049) to
that of the historical modeled baseline period (1976—2005). The ranges of relative change for each set of 80
projections are presented, and the median change is reported in parentheses for each emission scenario. The color
gradient scale of the shading reflects reductions of volume of the median projection of 50% or greater as dark
brown and increases of 50% or greater dark green. These colors lighten to white as the relative change approaches
zero. Bold text indicates that 90% of the projections agree on the direction of change in volume.
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REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

In the Snake River Basin, most scenarios project even greater warming relative to the historical
period compared to the other basins, but with a larger range of possible temperature
outcomes. Precipitation is projected to increase in both winter and spring (RMJOC 2018).
Projections for summer precipitation are more uncertain, with most indicating drier summers,
but some also suggesting a potential for wetter summers. Models suggest that as early as the
2020s, snowpacks in this basin are likely to decrease with streamflow timing changes appearing
earlier here than other parts of the Columbia River Basin. The RMJOC-II study projects higher
fall and winter flows, with the potential for multiple winter flow peaks and earlier and higher
spring flow peaks. The period of low summer flows that historically extend from mid-July to
October may shift earlier over time (Table 4-5, Table 4-6, Figure 4-9 and Figure 4-10; RMJOC
2018).

Dworshak
Distribution of Monthly Natural Flows
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Figure 4-9. Distribution of the RMJOC-II Naturalized Flows, by Month at Dworshak Dam for
the 2030s Time Period for RCP 4.5 and 8.5
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Table 4-5. Relative Change (%) in Unregulated Monthly Streamflow at Dworshak Dam

5th Percentile Flow 50th Percentile Flow 95th Percentile Flow
Month RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Oct -51t0 63 (-13) | -49t035(-23) | -25t0 12 (-10) | -37 to 21 (-11) | -48to 85 (-18) | -38 to 69 (-13)
Nov -15to 108 (31) | -48t0 138 (22) | -14t099(14) | -39t092(15) | -16to 75 (31) | -14 to 141 (37)
Dec
Jan
Feb
Mar
Apr -23t0 76 (9) -29to 74 (15) | -13t089(23) | -10to 80(29) | -12 to 106 (27) | -7 to 102 (30)
May -64 to 34 (-15) | -56to 13 (-18) | -32to 54 (-2) -34 10 29 (-3) -23 to 38 (4) -23 to 34 (8)
Jun -64 to 51 (-29) -62to-2(-29) | -65t01(-28) | -44to 18(-10) | -58to 18 (-7)
Jul -56 to 40 (-25) | -52 to 29 (-31)
Aug -39t0 36 (-14) | -38t0 22 (-16) | -43to 2(-25) | -43 to -13 (-28)
Sep -50 to 43 (-4) -34 to 30 (-6) -47 to 1 (-23) -48 to 8 (-25) -47 to 6 (-27) | -46 to 36 (-24)

Note: The relative change was computed by comparing the value of the flow quantile for the 2030s (2020-2049) to
that of the historical modeled baseline period (1976-2005). The ranges of relative change for each set of 80
projections are presented, and the median change is reported in parentheses for each emission scenario. The color
gradient scale of the shading reflects reductions of volume of the median projection of 50% or greater as dark
brown and increases of 50% or greater dark green. These colors lighten to white as the relative change approaches
zero. Bold text indicates that 90% of the projections agree on the direction of change in volume.

Ice Harbor
Distribution of Monthly Natural Flows
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Figure 4-10. Distribution of the RMJOC-II Naturalized Flows, by Month at Ice Harbor Dam for
the 2030s Time Period for RCP 4.5 and 8.5
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Table 4-6. Relative Change (%) in Unregulated Monthly Streamflow at Ice Harbor Dam

5th Percentile Flow 50th Percentile Flow 95th Percentile Flow

Month RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Oct 3 to 59 (20) -7 to 74 (15) -17 to 15 (-5) -22t0 18 (-4) | -35to 37 (-15) | -30to 26 (-12)
Nov -3 to 33 (10) -20 to 51 (9) 6 to 60 (20) -6 to 59 (21) -9 to 89 (21) -9 to 139 (33)
Dec -2 to 59 (21) -15 to 80 (23) 7 to 96 (39) -4 to 136 (45) | -15 to 205 (39) | -10 to 194 (50)
Jan 2 to 60 (25) -13 to 93 (31) 15 to 95 (42) Oto 188 (49) | -9to 187 (61) | 9to 250 (71)
Feb 3 to 67 (35) -3t0113(54) | 11to98(44) | -3to 117 (53) | -8to 198(62) | -2 to 150 (65)
Mar -12t0 90 (26) | -10to 105(33) | -9to 88(32) | -10to 101 (44) | -11to 88 (37) | -10 to 98 (36)
Apr -30 to 56 (9) -19to 76 (25) | -12to 63 (20) 4 to 65 (25) -1to 70 (31) | -13to 102 (38)
May 26t057(4) | -10to51(14) | -16t045(9) | -21to42(11) | -11to49(9) -9to 57 (11)
Jun -35t0 81 (19) | -21to45(12) | -41to 30 (-4) -40 to 26 (-4) -39to0 25(-9) | -33to 30(-11)
Jul -21 to 49 (10) -8t0 31 (7) -36t020(-11) | -33to9(-13) | -53to-4(-34) | -48 to -13 (-37)
Aug -10 to 40 (12) -5 to 47 (13) -22t0 12 (-2) -19to 14 (-5) | -48to-7 (-24) | -42to 9 (-29)
Sep -5 to 55 (17) -5to 59 (12) -14 to 21 (-4) -16t023(-2) | -35t026(-11) | -31to 17 (-15)

Note: The relative change was computed by comparing the value of the flow quantile for the 2030s (2020-2049) to
that of the historical modeled baseline period (1976—2005). The ranges of relative change for each set of 80
projections presented, and the median change is reported in parentheses for each emission scenario. The color
gradient scale of the shading reflects reductions of volume of the median projection of 50% or greater as dark
brown and increases of 50% or greater dark green. These colors lighten to white as the relative change approaches
zero. Bold text indicates that 90% of the projections agree on the direction of change in volume.

REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS

Region D integrates the flow volumes projected for upstream regions described in the
preceding sections. Consistent with projected changes in precipitation (Section 4.1.2.2) and
changes in seasonal snowpack (Section 4.1.2.3), changes in volume are concentrated by season,
with higher winter and spring volumes, and generally lower summer volumes. The greatest
amount of change is projected for high-flow extremes during winter months (Figure 4-11;

Table 4-7).
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The Dalles
Distribution of Monthly Natural Flows
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Figure 4-11. Distribution of the RMJOC-II Naturalized Flows, by Month at The Dalles Dam for
the 2030s Time Period for RCP 4.5 and 8.5

Table 4-7. Relative Change (%) in Unregulated Monthly Streamflow at The Dalles Dam

5th Percentile Flow 50th Percentile Flow 95th Percentile Flow

Month RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
Oct -29to13(-4) | -27to7(-8) 21t09(-5) | -25t013(-9) | -24t028(-6) | -24to 31 (-10)
Nov -15t034(13) | -12to43(5) | -13t035(4) | -21to49(6) | -12to75(23) | -9 to 100 (26)
Dec -19 to 48 (7) -21 to 47 (8) 7 to 90 (28) -4t0 109 (34) | Oto 183 (42) | -6to 224 (46)
Jan -11t068(23) | -14to 64 (24) | 10to 114 (39) | -3to172(43) | 4to221(63) | 12 to 235 (76)
Feb -10to 70 (34) | -4to 76 (43) 17 to 84 (37) -4 to 85 (45) 7 to 208 (64) | 15 to 203 (67)
Mar -11t094(28) | -23to111(32) | 13t0o85(32) | -2t098(39) | 11to88(46) | -2 to 105 (48)
Apr -22t061(17) | -17to75(22) | -5to 61 (26) 6 to 64 (31) 3t082(44) | -1to 106 (44)
May -20t030(3) | -11to42(8) | -10to36(13) | -10t030(15) | -11to53(11) | -15to 64 (11)
Jun -38t037(2) | -30t030(-2) | -28t019(-3) | -26t011(-7) | -24t021(-3) | -20to 27 (-3)
Jul -37t018(-18) | -34to7(-21) | -31to7(-15) | -36to0(-21) | -48to1(-28) | -46 to-18 (-32)
Aug -32t022(-18) | -36to4(-19) | -37to2(-23) |-35to-10(-26) | -51 to -16 (-31) | -45 to -15 (-35)
Sep -27t020(-8) | -26to 14 (-14) | -33to-3(-18) | -34t0-5(-20) | -34to5(-17) | -33 to 10 (-20)

Note: The relative change was computed by comparing the value of the flow quantile for the 2030s (2020-2049) to
that of the historical modeled baseline period (1976—2005). The ranges of relative change for each set of 80
projections is presented, and the median change is reported in parentheses for each emission scenario. The color
gradient scale of the shading reflects reductions of volume of the median projection of 50% or greater as dark
brown and increases of 50% or greater dark green. These colors lighten to white as the relative change approaches
zero. Bold text indicates that 90% of the projections are in agreement on the direction of change in volume.
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4.1.2.5 Relative Sea level Change

Sea level rise is closely linked to increasing global temperatures. Global mean sea level has risen
by about 7 to 8 inches since 1900 and is very likely to rise by another 0.5 to 1.3 feet by 2050
(USGCRP 2017). Locally affected future sea level is referred to as relative sea level change
(RSLC). RSLC reflects integrated global effects, plus local changes of geologic or oceanographic
origin. In the Pacific Northwest, the RSLC is likely to be less than the global average (USGCRP
2017). The RLSC has the potential to affect river water surface elevation as far inland as the
extent of the tidal influence. Tidal effects in the Columbia River extend upriver to Bonneville
Dam (River Mile [RM] 146).

Corps policy guidance (ER 1100-2-8162, Corps, 2013) applies a scenario-based approach to
evaluate the effects of RSLC. This scenario approach bounds a range of RSLC using three equally
plausible scenarios. Each of the three scenarios is based on the latest actionable science from
the IPCC, National Oceanic and Atmospheric Administration (NOAA) and National Research
Council (NRC). The RSLC scenarios are specific for a given coastal location and generated for
each NOAA tide station that meets quality control protocol requirements (Corps 2013). The
low, intermediate, and high scenarios for NOAA tide gauges can be obtained using the Corps
online sea level calculator at http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html.

Figure 4-12 shows the three RSLC scenarios applicable for Astoria/Tongue Point, Oregon, NOAA
Tidal Station 9439040. Corps projections for the future RSLC are based on a start date of 1992,
which corresponds to the midpoint of the present National Tidal Datum Epoch* of 1983 to
2001.

The “USACE Low” scenario for future RSLC is extrapolated from the observed historical rate
derived from NOAA tide gages. For 2050, the USACE Low scenario projection for Astoria is -0.05
feet using 2020 as the base year. The value is negative due to the regional rate of landmass
uplift being greater than the sea level rise.

The “USACE Intermediate” scenario focuses its projection primarily on thermal expansion of the
ocean and is computed from the modified NRC Curve |, considering both the most recent IPCC
projections and modified NRC projections. For 2050, the USACE Intermediate scenario
projection for Astoria is 0.15 feet using 2020 as the base year.

The “USACE High” scenario accounts for the thermal expansion of the ocean and
accommodates for a potential rapid loss of ice from Antarctica and Greenland. It is estimated
using the modified NRC Curve lll. For 2050, the USACE High scenario projection for Astoria is
1.05 feet using 2020 as the base year.

4 The National Tidal Datum Epoch (NTDE) is “the specific 19-year period adopted by the National Ocean Service as
the official time segment over which tide observations are taken and reduced to obtain mean values for tidal
datums. It is necessary for standardization because of periodic and apparent secular trends in sea level. The
present NTDE is 1983 through 2001 and is actively considered for revision every 20-25 years” (NOAA 2019).
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Figure 4-12. Estimated Sea Level Change Scenarios at Astoria, Oregon
Note: Figure taken from U.S. Geological Survey (USGS) (2019).

The amount that the RLSC surcharges river water surface elevation dissipates upriver from the
mouth of the Columbia River at the Pacific Ocean (RM 0). This surcharge can also vary with river
flow conditions, whereas low flow conditions will be affected more. At Woodland Islands,
Washington, located in the lower Columbia River (RM 86), stage surcharge is estimated to be
0.5 foot, 0.15 foot, and 0.0 foot for the High, Intermediate, and Low RLSC scenarios,
respectively (Corps 2019). During extreme high-flow conditions of the Columbia River near
Vancouver, Washington (RM 106.5), 1 meter (3.3 feet) of RLSC results in a difference in peak
river stage of approximately 0.5 foot (USGS 2019).

4.1.2.6 Increased Occurrences of Wildfire

The Cascade Range and Rocky Mountains of the Columbia River Basin are some of the most
fire-prone regions in the western United States. The incidence of large forest fires has increased
since the early 1980s and is projected to continue increasing as temperatures rise (USGCRP
2017). Wildfire alters the land surface and can have strong influences on runoff generation,
vegetation dynamics, erosion and sediment transport, and ecosystem processes. Strong
seasonality and dependence on spring snowmelt positions the basin to be at risk for increased
fires due to the effects of climate change. Historically, the greatest increases in wildfire
frequency have been in the heavily forested areas of the Kootenai and Lower Snake regions,
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followed by northwestern regions, including the lower and middle Columbia River (Westerling
et al. 2003; Dennison et al. 2014).

Historical fire regimes and fire-climate relationships vary depending on topography, forest
management practices, vegetation, soil moisture, and regional climate factors, including
seasonal temperature and precipitation. Generally, the most severe fire activity occurs in the
heavily forested areas of the Lower Snake region. Wildfire activity in forested regions across the
basin exhibits strong negative correlations to precipitation and positive correlations to
temperature (Littell et al. 2009). Drier and warmer summers lead to increased wildfire
frequency and burned areas. For the semi-arid climatic regions of the middle and lower
Columbia, fire-climate relationships exhibit moderate positive correlations to interannual
precipitation due to the production of fine fuels (e.g., grass and shrubs) in the understory that
become dead fuels (fuel with a moisture content < 30 percent) in subsequent years (Littell et al.
2009; McKenzie and Littell 2016).

Low soil moisture and high vegetative fuel are key drivers for wildfire potential. Recent
hydroclimatic projections indicate that climate change will lead to declining mountain
snowpack and advances in the timing of spring snowmelt, reducing summer soil moisture
storage in heavily forested regions (Gergel et al. 2017). Projected increases in annual
precipitation could moderately increase soil moisture in the semi-arid regions of the middle and
lower Columbia (Gergel et al. 2017); however, a lack of agreement across projections for
predicted precipitation patterns leads to greater uncertainty in future soil moisture. For all
regions across the basin, vegetative fuel is projected to increase (Gergel et al. 2017). Overall,
effects of climate change on wildfire potential are likely to be most severe in the Kootenai and
Lower Snake regions that are already experiencing increasing wildfire activity, whereas there is
more uncertainty in projected changes in wildfire potential for the semi-arid middle and lower
Columbia regions.

4.2 POTENTIAL EFFECTS OF CLIMATE CHANGE BY RESOURCE

The following sections describe potential effects from projected hydroclimatic changes on the
resources evaluated in the EIS. For each resource area, the potential effects are described for
the No Action Alternative. Unless otherwise noted, the potential effects of climate change to
the other alternatives are expected to be similar to the No Action Alternative. For some
resources, there are no projected effects from climate change, including Noise, Visual, and
Indian Trust Assets. While there are no projected effects to the identified Indian Trust Assets,
any of the potential negative effects to habitat relied upon by treaty or trust resources (e.g.,
anadromous fish) is a significant concern for regional tribes.

During the evaluation, resource teams conducted a qualitative assessment using the climate
change information provided in Section 4.1 along with resource effects for the alternatives as
described in Chapter 3. The following question was used to focus the evaluation:

e What measures could ameliorate or exacerbate potential effects of climate change
identified for the No Action Alternative?
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In the following sections, the effects to the Multiple Objective Alternative (MO) operations are
the same as those discussed in the No Action Alternative except where explicitly modified by a
measure as described in each subsequent subsection. The effects described for each MO are
relative to the No Action Alternative.

4.2.1 Hydrology and Hydraulics

The following regional descriptions of the climate change effects on hydrology and operations
(regulated streamflows and reservoir elevations) rely on the hydrological projections described
in Section 4.1. Potential effects to the regulation of the current system are inferred from these
projections of climate and unregulated streamflow volumes and are described in the No Action
Alternative subsections. The following regional descriptions use this qualitative analysis to
describe expected effects to system operations under the No Action Alternative and with
additional relevant MO measures under climate change.

4.2.1.1 Region A - Libby, Hungry Horse, and Albeni Falls Dams
NO ACTION ALTERNATIVE

At the headwater projects (project used to mean dams and their associated reservoirs), Libby
Dam and Hungry Horse Dam, projected reduced late summer inflow volume (Section 4.1.2.4),
coupled with fixed outflows to meet downstream summer minimum flow objectives, will likely
result in lower pool elevations in late summer through October and November. Projected
higher inflows during winter (Section 4.1.2.4) may support a faster recovery of reservoir storage
from fall. Potential higher winter inflows and increased frequency of systemwide winter flood
events (Section 4.1.2.4) could lead to more variable reservoir outflows and pool elevations
during winter. Potential increases in spring runoff volumes (Section 4.1.2.4) could also lead to
deeper reservoir drafts for spring flood risk management (FRM).

At Albeni Falls Dam, reservoir outflow during the summer and fall could decrease due to
potential reduced inflows (Section 4.1.2.4). Higher winter inflows and increased frequency of
systemwide winter flood events will likely lead to higher and more variable reservoir outflows
and pool elevations, as water is stored and evacuated to manage system flood risk during
winter. The reservoir is likely to fill earlier in the year as inflows shift earlier (Section 4.1.2.4).

MULTIPLE OBJECTIVE ALTERNATIVES 1 AND 3

Hungry Horse is expected to be drafted deeper than under the No Action Alternative at the end
of the water year due to the effects of the water supply measure. These effects could be
exacerbated by decreased summer and early fall inflows. Projected higher inflows during winter
may support a faster recovery of reservoir storage.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Hungry Horse and Libby are expected to be drafted deeper than the No Action Alternative in
winter for the Slightly Deeper Draft for Hydropower measure. Potential increased winter flow

4-19



392
393
394

395

396
397
398
399
400
401
402
403
404

405

406

407
408
409
410
411
412
413
414
415
416
417
418

419
420
421
422
423
424
425

426

427
428

Columbia River System Operations Environmental Impact Statement
Chapter 4, Climate

(Section 4.1.2.4) could reduce the need for this draft. Due to this measure, reservoir outflows in
June and July would be less than the No Action Alternative. This could potentially exacerbate
effects of the projected decreases in streamflow during these months (Section 4.1.2.4).

MULTIPLE OBJECTIVE ALTERNATIVE 4

This alternative also includes the McNary Flow Target measure, that increases outflow from
Libby and Hungry Horse May through July during dry years. This operation results in greater
outflow early in the summer and less outflow during August to October compared to the No
Action Alternative. This operation may increase in frequency as streamflow volumes are
projected to shift to earlier in the year, and late spring/summer flow declines (Section 4.1.2.4).
Streamflow volumes are projected to shift early in the year (Section 4.1.2.4), and late
spring/summer flows are projected to decrease. The McNary Flow Target measure could
reduce effects of lower late spring and early summer flows, but could exacerbate effects of
lower flows later in the summer.

4.2.1.2 Region B — Grand Coulee and Chief Joseph Dams
NO ACTION ALTERNATIVE

Projected decreases in late summer and early fall inflow (Section 4.1.2.4) could lead to lower
outflow from Grand Coulee and Chief Joseph Dams and lower elevations at Lake Roosevelt
during fall, with respect to historical fall conditions. During winter, higher inflows to the
reservoir and Columbia River downstream are projected (Section 4.1.2.4). This could result in
higher outflows and variability of storage, as Grand Coulee stores and evacuates water for
downstream system FRM objectives. This could lead to increased spills from Grand Coulee and
Chief Joseph Dams. The peak spring freshet is projected to occur earlier in the year (Section
4.1.2.4). This could result in increased outflows in March and April and therefore causes a
reduction of outflows earlier in the year than occurred historically in order to refill the
reservoir. Operations for mitigating winter flood events and operations for meeting system
spring FRM space requirements may conflict more often, as inflow from winter flood events is
stored during periods that the reservoirs are typically drafting for spring flood risk.

During summer, flow volumes are projected to decrease (Section 4.1.2.4), resulting in lower
outflows. Grand Coulee would continue to refill in early July and draft to meet summer
elevation targets. Meeting minimum flows at Bonneville Dam through drafting more often may
be necessary. Lower inflows could challenge Grand Coulee’s ability to refill to 1,283 feet by the
end of September and potentially to fill the reservoir (1,288 feet) by the end of October in
preparation for winter chum and hydropower operations. Lower inflows could result in longer
reservoir retention times.

MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 includes the Winter System FRM Space measure, providing additional storage for flood
operations in December. With projected winter inflow increases (Section 4.1.2.4), this space
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may be filled and evacuated during and after winter flood events more frequently, leading to
greater fluctuations in reservoir elevation and outflows. The measure could reduce potential
increases in winter peak flows in the lower river that may result from climate change.

Higher projected winter unregulated flows (Section 4.1.2.4) and winter FRM operations could
lead to upstream projects having more trapped storage for spring FRM. Trapped storage is
when reservoirs fail to evacuate storage for FRM requirements. In response to potential
increases in trapped storage, the Update System FRM Calculation measure could require Lake
Roosevelt to be drafted deeper than the No Action Alternative.

Upstream measures could reduce reservoir inflows in the fall (e.g., Hungry Horse Additional
Water Supply). The Lake Roosevelt Additional Water Supply measure could make it more
difficult to meet summer flow targets due to projected lower inflows.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Lake Roosevelt is expected to be drafted deeper than the No Action Alternative in winter for
the Slightly Deeper Draft for Hydropower measure. Projected increased winter flow (Section
4.1.2.4) could reduce the need for this draft. Due to this measure reservoir outflows in June and
July would be less than the No Action Alternative. This could potentially exacerbate effects of
the projected decreases in streamflow during these months (Section 4.1.2.4). See MO1 for
effects of FRM measures included in this alternative.

MULTIPLE OBJECTIVE ALTERNATIVE 3
See the No Action Alternative discussion above, as the effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 4

Upstream measures could reduce reservoir inflows in the fall (e.g., Hungry Horse Additional
Water Supply and McNary Flow Target) in addition to the projected decreases in unregulated
flows (Section 4.1.2.4). This could lead to deeper drafts to support downstream flows for power
and navigation. See MO1 for potential effects of FRM measures.

This alternative also includes the McNary Flow Target measure that increases outflow from
Grand Coulee in May through July during dry years. This operation may increase in frequency as
streamflow volumes are projected to shift to earlier in the year, and late spring/summer flow
declines (Section 4.1.2.4). This operation results in greater outflow early in the summer and less
outflow during August to October compared to the No Action Alternative. Streamflow volumes
are projected to shift early in the year (Section 4.1.2.4), and late spring/summer flows are
projected to decrease. The McNary Flow Target measure could reduce effects of lower late
spring and early summer flows, but could exacerbate effects of lower flows later in the
summer. The Lake Roosevelt Additional Water Supply measure could further exacerbate the
effects of projected decreases in summer flow on meeting summer flow targets.

4-21



464
465

466

467
468
469
470
471
472
473

474
475
476
477
478
479

480

481
482
483
484
485

486

487
488
489
490
491

492

493

494

495

496
497

Columbia River System Operations Environmental Impact Statement
Chapter 4, Climate

4.2.1.3 Region C— Dworshak, Lower Granite, Little Goose,Lower Monumental, and Ice
Harbor Dams

NO ACTION ALTERNATIVE

Higher inflows are projected (Section 4.1.2.4) through the winter. These will result in higher
elevations in the Dworshak reservoir and higher releases. Increasing frequency of winter floods
will also increase system winter FRM operations. That could lead to higher and more variable
outflows and pool elevations as water is stored and evacuated during the winter. In the spring,
inflow from the snowmelt freshet is projected to occur earlier and could lead to higher outflow
in April and earlier refill. Projected decreases in summer inflow (Section 4.1.2.4) will likely lead
to decreased outflow as the reservoir maintains a similar elevation.

In the lower Snake River, changes in regulated streamflow will mimic the direction and seasonal
patterns of changes in unregulated volumes (Section 4.1.2.4). Streamflow volumes in late fall
and winter are projected to be greater (Section 4.1.2.4). Due to the projected changes in flow
timing in spring (Section4.1.2.4), streamflow in April and May could increase, and flow in June
could be less than historical levels. Lower flow is projected throughout the summer months
(Section 4.1.2.4).

MULTIPLE OBJECTIVE ALTERNATIVE 1

The Modified Dworshak Summer Draft measure will result in higher releases in July and
September and lower releases in August compared to the No Action Alternative. The increased
releases from this measure may partially offset projected flow decreases in July and September
(Section 4.1.2.4), while the outflow reduction in August could exacerbate the projected
decreases in August flow (Section 4.1.2.4).

MULTIPLE OBJECTIVE ALTERNATIVE 2

Dworshak Reservoir is expected to be drafted deeper in the winter as a result of the Slightly
Deeper Draft for Hydropower measure. Projected increases in winter flow (Section 4.1.2.4)
could reduce the need for this draft. Due to this measure reservoir outflows in spring and
summer could be less than the No Action Alternative. This could potentially exacerbate effects
of the projected decreases in streamflow during these months (Section 4.1.2.4).

MULTIPLE OBJECTIVE ALTERNATIVES 3 AND 4

See the No Action Alternative discussion above, as the effects are anticipated to be similar.
4.2.1.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams

NO ACTION ALTERNATIVE

Flows are likely to be higher than historical conditions in the late fall and winter months of
October through March due to increased likelihood of rainfall events and higher winter
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baseflow in the drainages that feed into Region D: the lower Columbia, lower Snake, and
Clearwater Rivers (Section 4.1.2.4). Winter outflows and storage fluctuations could become
more variable as reservoirs store and evacuate water for downstream FRM. Unregulated spring
flow from snowmelt that passes through the dams in Region D is projected to occur earlier,
with potential decreases in flow starting in June (Section 4.1.2.4). Streamflow in the summer is
projected to decrease, and lower flows could span longer durations compared to historical
conditions (Section 4.1.2.4). This could lead to difficulty in meeting the minimum flow
objectives of these dams during summer. In years with exceptionally low summer flow volumes,
fall and early winter outflow could be less than historical conditions as the upstream storage
projects recover from depleted storage. Sea level rise could increase river stages below
Bonneville Dam (Section 4.1.2.4). The effects of sea level rise will be larger at lower-flow
conditions and with increasing proximity to the Pacific Ocean.

MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 includes the Winter System FRM Space measure, providing additional storage for system
flood operations at Grand Coulee in December. With projected increases in winter inflow
(Section 4.1.2.4), Lake Roosevelt could store more inflow during system flood events, which
could decrease peak flood stages in Region D.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Streamflow in the lower Columbia River will be higher than the No Action Alternative in winter
due to the Deeper Draft for Hydropower measure at upstream projects. This measure could
further increase the projected increase in winter flows in the lower Columbia River.

MULTIPLE OBJECTIVE ALTERNATIVE 3
See the No Action Alternative discussion above, as the effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 4

The effects of MO4 from the Winter System FRM Space measure are expected to be similar to
those effects described in MO1. This alternative also includes the McNary Flow Target measure
that increases outflow from Grand Coulee in May through July during dry years. This operation
may increase in frequency as streamflow volumes are projected to shift earlier in the year and
projected late spring/summer flow declines (Section 4.1.2.4). This operation results in greater
outflow early in the summer and less outflow during August to October compared to the No
Action Alternative. The Lake Roosevelt Additional Water Supply measure could further
exacerbate the effects of projected decreases in summer flow on meeting summer flow targets.

4.2.2 River Mechanics

Climate changes have the potential to substantially influence erosion, sediment transport, and
sediment deposition throughout river basins. Several key climate-influenced mechanisms linked
with geomorphological processes have been identified (Mauger et al. 2015) and are
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534  summarized in Table 4-8. Qualitative assessments of how these drivers will change and their
535 associated effects for the Columbia River Basin are discussed in subsequent sections. Potential
536 effects of climate change are described for the No Action Alternative condition. These effects
537 are assumed to be the same for each MO, unless a measure is expected to explicitly alter the
538 response to climate change compared to the No Action Alternative.

539 Table 4-8. Climate Influenced Processes and Mechanisms That Shape Geomorphological
540 Change in River Basins

Mechanism Description

Temperature | Higher temperatures enhance thermal breakdown of rock. Warmer conditions can dry soils
leading to higher stability of deeper soil layers. Warming can intensify warm and dry cycles,
widening gaps in rock and soil.

Precipitation | Increased precipitation can increase soil water content and surface runoff. Intense rainfall can
erode surface sediments.

Soil Water Wetter soils have higher pore pressure and greater landslide susceptibility. Wetter soils absorb
Content less precipitation and produce more subsurface flow, increasing runoff.
Snowpack Snowpack loss in area and duration increases the amount of time underlying erodible soils are

and Glaciers | exposed to surface erosion. Receding glaciers expose loose, unconsolidated sediment that is
susceptible to mobilization and increases sediment load downstream of deglacierized areas.

Streamflow Higher streamflow can erode streambeds and banks, increasing transportation and deposition
of sediment in alluvial reaches.

Vegetation Vegetation can be influenced by climate change through its influence on frequencies of
disturbance (wildfires, insects, disease) or water stress. Reduction in vegetative cover can
increase surface erosion during rain events and elevate soil moisture. After wildfires, soils have
the decreased ability to absorb water, leading to increased surface runoff, surface erosion, and
sediment transport.

Sea Level Sea level rise could reduce stream velocities, trapping sediment in coastal rivers and deltas. Sea
Rise level rise could increase inland conveyance of wave energy, increasing shoreline erosion.

541 Note: Adapted from Mauger et al. (2015).

542  4.2.2.1 Region A - Libby, Hungry Horse, and Albeni Falls Dams
543 NO ACTION ALTERNATIVE

544  Surface erosion and sediment supply could increase in Region A. Primary mechanisms of

545  sediment delivery to the upper Columbia River Basin within the United States are landslides and
546  bank erosion (Section 3.3.2.3), which can increase after wildfires and from high-intensity

547  precipitation events. The Northern Rocky Mountains have high wildfire potential, which could
548 increase with climate change (Section 4.1.2.6). Furthermore, declining snowpack (Section

549  4.1.2.3) and upland glacier area could increase the amount of land surface area exposed to

550 erosion and increase the seasonal duration of exposure.

551  Bank erosion in the Kootenai River, Clark Fork, and Pend Oreille Rivers could increase during
552  winter months as the phase of precipitation for storm events transitions from snowfall to

553  rainfall, increasing winter flows (Section 4.1.2.4) and variability of local runoff response. Banks
554  of these rivers, aside from those areas consisting of boulders and bedrock, are already highly
555  susceptible to erosion (Section 3.3.2.9).
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Conveyance of sediment from landslides or bank erosion to the riverine reaches could increase
during winter months with projected increases in median and high flows (Section 4.1.2.4).
However, only a small percentage of sediment—regardless of moderate rates of increase in
supply—will make it to the Columbia River mainstem, based on theoretical trapping efficiencies
of 91 and 71 percent at Libby Dam and Albeni Falls Dam, respectively (Section 3.3.2.3).
Depositional reaches in these systems, such as the Braided and the Meander Reach of the
Kootenai River and the mouth of Lightning Creek on the Clark Fork River, are expected to
remain depositional zones as sediment supply increases with rainier winters. Sediment
deposition near mainstem confluences could potentially influence fish passage, especially
during the warmer/drier summer season. Increased sedimentation will be monitored and
evaluated for maintenance activities. Transport reaches are expected to maintain or increase
sediment conveyance capability until reaching sediment sink zones such as Flathead Lake,
Kootenay Lake, and Lake Pend Oreille.

MULTIPLE OBJECTIVE ALTERNATIVES 1, 2, 3, AND 4

See the No Action Alternative discussion above, as the effects are anticipated to be similar.
4.2.2.2 Region B — Grand Coulee and Chief Joseph Dams

NO ACTION ALTERNATIVE

Surface erosion, sources of sediment, and landslides from reservoir margins could increase in
response to climate change in Region B. Upland forests of the eastern slopes of the Cascade
Range display high wildfire potential that is likely to continue to increase with climate change
(Section 4.1.2.6). Changes in wildfire potential for the lower elevation semi-arid ecosystems are
more uncertain (Section 4.1.2.6). Furthermore, sediment production could also increase from
upland areas following projected declines in snowpack (Section 4.1.2.3), which will increase the
land surface area exposed to erosion and increase the seasonal duration of exposure. The
conveyance of gains in sediment supply could increase with projected higher median and high
unregulated winter flow volumes (Section 4.1.2.4). Fluvial transported sediment through this
region will continue to be largely deposited in reservoir-impounded mainstem locations.

MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 includes the Winter System FRM Space measure, providing additional space in Lake
Roosevelt for Grand Coulee system flood operations in December. With projected increased
frequency of system winter flood events and elevated winter inflow volumes (Section 4.1.2.4),
this space could be more frequently filled and evacuated during and after winter flood events.
This could result in greater reservoir fluctuations and associated bank sloughing and erosion in
non-bedrock shoreline areas.

MULTIPLE OBJECTIVE ALTERNATIVES 2 AND 4

See the MO1 discussion above, as the effects are anticipated to be similar.
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MULTIPLE OBJECTIVE ALTERNATIVE 3
See the No Action Alternative discussion above, as the effects are anticipated to be similar.

4.2.2.3 Region C— Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice
Harbor Dams

NO ACTION ALTERNATIVE

Mid-elevation forests of the Central Rockies could exhibit a strong response in wildfire (Section
4.1.2.6) to increased spring and summer temperatures (Section 4.1.2.1) and earlier snowmelt
(Section 4.1.2.3). The combined effect of warming, hydrological drought, wildfire, and intense
storms could enhance the potential for erosion and sediment delivery by altering land surface
vegetation which plays a primary role in modulating sediment dynamics in semi-arid landscapes
(e.g., Goode, Luce, and Buffington 2010). This increase in sediment supply could be coupled
with increased sediment transport in Region C rivers with projected increased median and high-
flow volumes during winter and early spring (Section 4.1.2.4).

MULTIPLE OBJECTIVE ALTERNATIVES 1, 2, AND 4
See the No Action Alternative discussion above, as the effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 3

MO3 includes breaching the lower four Snake River dam embankments. Without these
impoundments, the lower Snake River will no longer act as a sediment sink for watershed
contributions that predominately accumulate upstream of Lower Granite Dam. Increased
upstream sources of sediment and enhanced conveyance linked to projected hydrological
change could lead to increased sediment transport through this region to Region D,
downstream. Similar to non-climate change MO3 response, this additional bed material load
(coarser than 62 microns) is expected to accumulate within the upper 10 miles of the McNary
Reservoir between the Snake River confluence with the Columbia River and Wallula,
Washington. The routing of flood peaks from intense storms through the lower Snake River also
has potential to increase erosion and transport of higher-elevation residual sediment deposits
abandoned after the near-term dam breach activities. This could result in episodic increases in
localized suspended sediment concentrations.

4.2.2.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams
NO ACTION ALTERNATIVE

Surface erosion and sources of sediment could increase in Region D. Forests of the central and
southern Cascade Range, which contribute to sediment loads in the rivers and reservoirs of
Region D, display moderate wildfire potential that could continue to increase with climate
change, whereas changes to fire potential in lower elevation semi-arid ecosystems display more
uncertainty (Section 4.1.2.6). Surface erosion could increase from upland areas following

4-26



627
628
629
630
631
632

633
634
635
636

637

638

639

640
641
642
643
644
645
646

647

648
649
650
651
652
653
654
655
656
657
658

659
660
661
662
663

Columbia River System Operations Environmental Impact Statement
Chapter 4, Climate

projected declines in snowpack (Section 4.1.2.3), which could increase the land surface area
exposed to erosion and increase the seasonal duration of exposure. The conveyance of
increased sediment supply could also increase coincidentally with projected higher median and
high winter flow volumes (Section 4.1.2.4). McNary, John Day, The Dalles, and Bonneville Dams
will continue to act as a sink for the coarse fractions of this potential increased upstream
sediment yield.

Sea level rise is projected to influence water surface elevations downstream of Bonneville Dam
(Section 4.1.2.4). This could affect sediment dynamics, including conveyance, deposition, and
shoreline erosion processes. Potential effects will be strongest in downstream locations closest
to the estuary and confluence with the Pacific Ocean.

MULTIPLE OBJECTIVE ALTERNATIVES 1, 2, AND 4
See the No Action Alternative discussion above, as the effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 3

MO3 includes breaching the lower four Snake River dams, eliminating sediment sinks in the
Lower Snake reach. Increased sources of sediment and increased conveyance from the Snake
River linked to projected hydrological changes could lead to increased sediment supply being
delivered from Region C to this region. Deposition of the increased Snake River bed material
load sediments (fractions coarser than 62 microns) is expected to remain upstream of McNary,
while the flux of increased washload fractions (finer than 62 microns) will propagate further
downstream into the lower Columbia projects and estuary.

4.2.3 Water Quality

Many water quality issues are linked to water temperature. A recent assessment of water
temperature trends in the Columbia Basin (O’Connor 2020) found long-term warming trends in
water temperature on the order of 0.5 degree Fahrenheit (0.3 degree Celsius) per decade.
While water temperature trends vary between measurement sites, periods of analysis, and
season, this estimate is consistent with the range of the observed trends reported in other
studies (e.g., Quinn, Hodgson, and Peven 1997; Isaak et al. 2012; EPA 2019). Long-term (greater
than 20 years) increases in water temperature are primarily associated with increases in air
temperature. Cold water releases from storage dams have contributed to cooling trends at
some locations (O’Connor 2020). Cooling trends are identified on the mainstem of the
Columbia River above Grand Coulee Dam and at locations on the Clearwater River below
Dworshak Dam.

Changes to seasonal patterns in stream temperature occurred during the 1950 to 1970 period
as flow patterns changed with increased river regulation and dam construction. Construction of
dams in the Columbia River Basin resulted in an approximately 1 degree Fahrenheit (0.6 degree
Celsius) increase in water temperature, a shift in the timing of annual maximum temperatures,
and expanded the period of seasonally warm water. There were few detected trends relating to
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these effects in the near-term period, suggesting that the effects experienced in the 1950 to
1970 period remain today and do not appear to contribute to near-term statistically significant
trends in water temperature (O’Connor 2019). Isaak et al. (2018) found that water temperature
trends of large regulated and unregulated river basins across the northwest are generally
consistent over recent periods of observation. The warming trend in global air temperatures is
expected to continue in the coming decades. Projecting river water temperature has been a
continued focus in the research community. Several studies have developed projections that
suggest that the Columbia River summer mainstem river temperature could increase 3.1 to 3.6
degrees Fahrenheit (1.7 to 2.0 degrees Celsius) by the end of the century (e.g., Yearsley 2009;
Isaak et al. 2018). Projected increases in summer water temperatures for Columbia River
tributaries by the end of the century span a wider range, 1.8 to 9.0 degrees Fahrenheit (1to 5
degrees Celsius) (e.g., Cristea and Burges 2010; Mantua, Tohver, and Hamlet 2010; Wu et al.
2012; Beechie et al. 2013; Caldwell et al. 2013; Isaak et al. 2017).

4.2.3.1 Region A — Libby, Hungry Horse, and Albeni Falls Dams
NO ACTION ALTERNATIVE

Air temperature is projected to be warmer throughout Region A during the 2030s (Section
4.1.2.1). Warmer air temperature combined with projected decreased summer and fall flow
volumes (Section 4.1.2.4) could lead to increased riverine and reservoir surface water
temperature. This could exacerbate algal and nutrient problems (Appendix D, Water and
Sediment Quality Technical Appendix, Section 3.1.3.1) within the region’s reservoirs and river
reaches. This warming could also increase the prevalence of invasive species.

Currently, selective withdrawal systems (SWSs) are used at Libby and Hungry Horse Dams to
manage downstream temperatures. These SWSs are operated to release warmer waters to
better reflect normative temperatures in the local river systems. Warmer air and water
temperature could allow SWS operations to meet temperature objectives for longer periods
throughout the spring and summer months. Fall water temperatures, however, are likely to be
negatively affected and remain warmer for longer. Deeper reservoir drafts for spring FRM at
Libby and Hungry Horse could result in warmer spring water temperatures downstream, which
may benefit downstream fish and in-river productivity.

The timing of the spring freshet inflow volume is projected to shift earlier in the year (Section
4.1.2.4), resulting in reservoirs filling earlier than historically. Depending on how early the refill
occurs, this could improve (make warmer) or exacerbate (make colder) temperature issues
downstream of Libby and Hungry Horse.

Inflow volumes to the reservoirs are projected to increase during winter and spring (Section
4.1.2.4). Higher inflow and outflow from these reservoirs could increase total dissolved gas
(TDG) and turbidity, and may result in suspended solids (nutrients, selenium) to move further
down into the reservoir and downstream of Libby Dam. Higher winter flows may also affect the
natural cooling of the downstream river.
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MULTIPLE OBJECTIVE ALTERNATIVE 1

Under MO1, the change to the December Libby Target Elevation measure allows for higher
winter (November to December) reservoir elevations at Libby Reservoir to mitigate for
potential over-drafting in years with a drier forecast. This is followed by the Modified Draft at
Libby measure, which creates higher outflows (aggressive drafting) in late winter/early spring
that could be exacerbated by anticipated higher winter flows under climate change. High winter
flows prevent the natural cooling of the Kootenai River in the winter downstream of Libby Dam.
Warmer winter water temperatures can be detrimental to fish, such as burbot, that require
near-freezing water temperatures to successfully spawn. Higher winter flows and runoff
anticipated under climate change (Section 4.1.2.4) may result in suspended solids (nutrients,
selenium) to move further down into the reservoir and downstream of Libby Dam as well.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Under MO2, the Slightly Deeper Draft for Hydropower measure calls for a deeper drawdown of
Libby Reservoir to provide additional hydropower generation. This drawdown may help to
ameliorate higher inflows anticipated in the winter under climate change (Section 4.1.2.4).
Deeper reservoir drafts and higher outflows may result in suspended solids (nutrients,
selenium) to move further down into the reservoir and downstream of Libby Dam and increase
downstream water temperature.

MULTIPLE OBJECTIVE ALTERNATIVE 3

MO3 is similar to MO2 at Libby Reservoir and includes operational changes that could result in
changes to draft and refill operations when compared to the No Action Alternative. Anticipated
additional winter and early spring storage may help to ameliorate higher inflows anticipated in
the winter under climate change (Section 4.1.2.4). Deeper reservoir drafts and higher outflows
may result in suspended solids (nutrients, selenium) to move further down into the reservoir
and downstream of Libby Dam and increase downstream water temperature. These deeper
drafts may also affect in-reservoir food availability for resident fish.

MULTIPLE OBJECTIVE ALTERNATIVE 4

Under MO4, in low water years, the McNary Flow Target measure would release an additional
600 thousand acre-feet from Libby, resulting in lower reservoir elevations, which could reduce
productivity in the reservoir and affect fish growth. This operation may increase in frequency as
streamflow volumes are likely to shift to occur earlier in the year, and late spring/summer flow
declines (Section 4.1.2.4).

4.2.3.2 Region B — Grand Coulee and Chief Joseph Dams
NO ACTION ALTERNATIVE

Air temperature is projected to be warmer throughout Region B (Section 4.1.2.1). Warmer air
temperature combined with reduced summer and fall flow volume (Section 4.1.2.4) could lead
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to increased riverine and reservoir surface water temperature. Periods of higher temperatures
may occur earlier in the year and last longer than historically. This could exacerbate algal,
nutrient, pH, and dissolved oxygen (DO) issues (Appendix D, Water and Sediment Quality
Technical Appendix, Section 3.1.3.3) within the region’s reservoirs and river reaches.

Flow volume is projected to increase during winter months (Section 4.1.2.4), which could result
in higher outflows. Periods of higher outflows from Grand Coulee and Chief Joseph could result
in higher spill. Increased inflow and spill volume is likely to result in higher TDG than historical
levels during winter. In the summer, TDG could decrease as a result of projected lower flow
volumes (Section 4.1.2.4).

MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 includes the Winter System FRM Space measure, providing additional storage for flood
operations in December. With increased winter flow, this space may be filled and evacuated
during and after winter flood events more frequently, leading to greater reservoir fluctuations
and associated bank sloughing and turbidity, with higher spill and TDG in December. Increased
seasonal water surface elevations are anticipated to result in an increased amount of mercury
that is converted to methylmercury upon rewatering of shorelines. Methylmercury is the more
toxic form of mercury that bioaccumulates in fish tissue.

This alternative includes the Lake Roosevelt Additional Water Supply measure. This measure
reduces outflow from Grand Coulee. Reduced outflow could exacerbate warming of
downstream summer temperature.

MULTIPLE OBJECTIVE ALTERNATIVE 2
See MOL1 for discussion of the effects of FRM measures, as they are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 3

See MO1 for discussion of the effects of water supply measures, as they are anticipated to be
similar.

MULTIPLE OBJECTIVE ALTERNATIVE 4

See MOL1 for the effects of FRM measures, as they are anticipated to be similar. Additionally,
MO4 includes the McNary Flow Target measure, which increases outflow from Grand Coulee,
May through July, during dry years. This operation may increase in frequency as streamflow
volumes are likely to shift to occur earlier in the year, and late spring/summer flow declines
(Section 4.1.2.4). This operation results in greater outflow early in the summer, with less
outflow during August to October. Water temperatures downstream of Grand Coulee are
expected to continue to exceed water quality standards in late summer and early fall; this could
be exacerbated in dry years by the early release of flows and missed refill due to the McNary
Flow Objective measure.
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4.2.3.3 Region C — Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice Harbor
Dams

NO ACTION ALTERNATIVE

Air temperature is projected to be warmer throughout Region C (Section 4.1.2.1). Warmer air
temperature combined with projected reduced summer and fall flow volume (Section 4.1.2.4)
will likely lead to increased riverine and reservoir surface water temperature. Periods of higher
temperature are projected to occur earlier in the year and last for longer durations than
historically. This could exacerbate cyanobacterial blooms, microbial activity at swim beaches,
increase pH, or reduce DO within the region’s reservoirs and river reaches (Appendix D, Water
and Sediment Quality Technical Appendix, Section 3.2.3.2).

Winter flows and the frequency of winter flood events are projected to increase in Region C
(Section 4.1.2.4). In response to this change, Dworshak Dam could store and evacuate inflow
volumes for system winter flood events more frequently than during the historical period. The
projected higher volumes and variability in flows could result in increased TDG and turbidity
during winter months.

During spring, the freshet volume is projected to occur earlier resulting in an earlier fill period
for Dworshak reservoir and higher outflows in April (Section 4.1.2.4). This could result in higher
TDG in spring and could increase reservoir productivity.

Projected decreases in summer flow volumes through the dams on the Lower Snake river could
make meeting downstream juvenile fish passage spill objectives more difficult since there could
be less total river flow to pass over the spillways of these dams and still provide minimum
turbine generation (Section 2.3.2.2).

MULTIPLE OBJECTIVE ALTERNATIVE 1

The Dworshak Temperature Control measure results in significantly higher water temperature
than NAA in August and early September. These effects are greatest at Lower Granite and
decrease downstream. This measure could exacerbate potential warming water temperature
from climate change.

MULTIPLE OBJECTIVE ALTERNATIVE 2

MO?2 includes the Slightly Deeper Draft for Hydropower measure that will lead to lower pool
elevations of Dworshak reservoir during winter. Lower winter pool elevations could reduce the
increases in TDG resulting from projected increases in winter inflow and outflow for winter
flood operations due to climate change (Section 4.1.2.4).

MULTIPLE OBJECTIVE ALTERNATIVE 3

MO3 includes breaching the lower four Snake River dams. Water quality effects of dams and
reservoirs would be eliminated with the breaching of the dams. Under MO3 water temperature
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in the river will respond faster to seasonal changes in air temperature (Section 3.4, Appendix D)
which is projected to be warmer throughout the year, but with the highest degree of warming
in the spring and summer (Section 4.1.2.1; RMJOC, 2018). As compared to NAA, MO3 is
expected to result in warmer water temperature in the spring, similar water temperatures in
the summer, and cooler water temperatures in the fall with the overall duration of warm water
reduced. Furthermore, the shallower free flowing river condition of MO3 will lead to greater
diurnal fluctuations in water temperature, including night time cooling. Daily low temperatures
(occurring at night) are projected to warm faster than daily high temperatures. The effects of
projected increasing nighttime temperatures could reduce night time cooling of the river. The
effects of projected increased water temperature could result in increased periphyton growth
in the river.

MULTIPLE OBJECTIVE ALTERNATIVE 4

MO4 includes the Spill to 125% TDG measure. Projected decreases in summer flow volumes
(Section 4.1.2.4) could make meeting this target more difficult since there would be less total
river flow to pass over the spillways of these dams and still provide minimum turbine
generation (Section 2.3.2.2).

4.2.3.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams
NO ACTION ALTERNATIVE

Air temperature is projected to be warmer throughout Region D and upstream regions (Section
4.1.2.1). Warmer air temperature combined with reduced summer and fall flow volume
(Section 4.1.2.4) will likely lead to increased riverine and reservoir surface water temperature.
Periods of higher temperature are likely to occur earlier in the year and last for longer durations
than historically. This could exacerbate cyanobacterial blooms, microbial activity at swim
beaches, increase pH, or reduce DO within the region’s reservoirs and river reaches.

Winter flows and the frequency of winter flood events are projected to increase in Region D
(Section 4.1.2.4). This could lead to increases in TDG through the winter and early spring
because TDG increases with higher flows.

Projected decreases in summer flow volumes (Section 4.1.2.4) through these dams could make
meeting downstream juvenile fish passage spill objectives more difficult since there could be
less total river flow to pass over the spillways of these dams and still provide minimum turbine
generation.

MULTIPLE OBJECTIVE ALTERNATIVES 1, 2, AND 3

See the No Action Alternative discussion above, as it is anticipated to be similar.
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MULTIPLE OBJECTIVE ALTERNATIVE 4

MO4 includes the Spill to 125% TDG measure. Projected decreases in summer flow volumes
could make meeting this target more difficult. MO4 also includes the McNary Flow Target
measure. This measure will provide more flow early in summer for dry years and potentially
lead to reduced flows in late summer and fall. This operation may increase in frequency as
streamflow volumes are projected to shift to occur earlier in the year and late spring/summer
flow declines (Section 4.1.2.4). Flow changes associated with this measure have the potential to
partially buffer early summer warming water temperature and exacerbate warming during late
summer and early fall.

4.2.3.5 Anadromous Fish

The Columbia River Basin hosts many anadromous fish species. These fish use freshwater
habitat for spawning and early juvenile life stages before migrating to marine waters to grow
and mature for part of their lifecycle. These species include 16 salmon and steelhead species or
ESUs as well as Pacific Eulachon, green sturgeon, Pacific lamprey, and American shad.

This section evaluates how the projected changes in regional climate may affect anadromous
fish. The structure of this section differs from other resource areas in that environmental
changes due to climate change can affect how project operations affect anadromous fish
differently as they migrate through multiple regions. Thus, expected effects on anadromous fish
species are discussed collectively rather than by separate regions.

Projected changes in air temperature, precipitation, hydrology and stream temperature have
negative implications for the freshwater, estuarine, and marine environments of many fish
species in the Pacific Northwest (Climate Impacts Group 2015; Scheuerell and Williams 2005;
Zabel et al. 2006; ISAB 2007).

NO ACTION ALTERNATIVE

For salmon and steelhead (Oncorhynchus mykiss) in the Columbia basin, climate change may
affect the timing of spawning, emergence and migration, cause changes in growth and
development, increase predation rates, and affect the availability of critical habitat. In turn,
these physiological changes could affect species productivity and abundance (Link, Griffis, and
Busch 2015). While habitat conditions may improve for some life stages in certain locations that
are currently colder than optimum (Zhang et al. 2019), overall effects on populations due to
climate changes that have already occurred in recent decades have been negative (Crozier and
Hutchings 2014). Many populations that are sensitive to non-climate threats are also most
vulnerable to climate change (Crozier et al. 2008; Crozier 2013). Overall, a warming climate
could cause moderate to severe declines in salmon and steelhead populations (Crozier 2015).

Increased variability in flows and reservoir levels could increase stranding/dewatering of larval
Pacific lamprey (Entosphenus tridentatus). Pacific eulachon (Thaleichthys pacificus) could
experience a mismatch in adult spawning triggers and larval dispersal if winter spawning
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triggers remain similar but spring freshets peak sooner. Lower summer flows could decrease
foraging habitat for green sturgeon (Acipenser medirostris) in the estuary and lower Columbia
River.

There are several potential outcomes from climate change that could lead to consequences for
anadromous fish during the periods of their lifecycle where they reside in the inland water
bodies of the Columbia River and its tributaries:

Warming water temperatures

Projected changes in stream and river temperatures (as described in Section 4.2.3) may
cause direct mortality due to heat stress and greater disease susceptibility if the range
of physiological tolerance is exceeded (Benda et al. 2015). For example, in the Columbia
Basin, Snake River sockeye salmon (Oncorhynchus nerka) are at high risk from heat
waves during their mid-summer adult migration (Keefer, Peery, and Caudill 2008;
National Marine Fisheries Service 2016). Historical water temperatures have already
approached lethal limits for adult steelhead in the upper Snake and middle Columbia
Rivers (Wade et. al 2013). Thus, even minor increases in thermal exposure put some of
these populations above lethal limits. Increases in water temperatures could result in
increased use of cold water refuges by adult salmon and steelhead (EPA, 2019).

Warming streams may also affect early life stage development of Chinook salmon
(Oncorhynchus tshawytscha), steelhead, and other salmon species, however effects are not
linear and can depend on specific life stage. For example, after modeling several climate
change scenarios for all West Coast populations of steelhead and Chinook salmon, Beer and
Anderson (2013) concluded that Chinook salmon could spawn later in the year. Juvenile
salmon in warm-region streams of the Columbia Basin will likely experience lower growth
rates if stream temperatures increase in the future, whereas fish in currently cold mountain
streams that will begin to warm could experience the same or higher growth by 2050 (Beer
and Anderson 2013). While warmer stream temperatures tend to increase production of
plankton and insects (food supply), they also increase fish metabolism and daily
requirements for food (Daly and Brodeur 2015; Haskell, Beauchamps, and Bollens 2017).
Overall, juvenile salmon weights are projected to be lower in the Columbia Basin by 2050
due to climate change, which could affect survival in the estuary and ocean (Faulkner et al.
2019). Effects of climate change on marine survival and growth of salmon will depend on
their natal rivers and movements at sea. But, salmon are becoming smaller and sometimes
younger when they return to freshwater, potentially as a result of decreasing pH and
increasing temperature (Bisson et al. 2018).

Where high temperature exposure is already an issue, increasing temperatures inside
fishways of dams could worsen thermal exposure for migrating adult sockeye, Chinook
salmon, and steelhead (Keefer and Caudill 2015). Temperature gradients up to 4
degrees Celsius within fish ladders at dams in the Columbia River appear to block
migration by causing adult fish to reverse movement in ladders and fall back
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downstream (Caudill et al. 2013). Already a serious concern, temperature-related
fallback may increase if river temperatures continue to rise (Crozier 2013).

e Streamflow changes

Variability in streamflow, shifts in seasonal volume and the transitioning of snowmelt to
rain dominated streamflow regimes, could influence spawning, habitat occupancy, and
run timing (Ward et al. 2015; Beechie et al. 2006). Consequently, expected changes in
the timing and volume of flows (as described in Section 4.1.2.4) could alter run timing,
reduce spawning habitat access/availability, change egg and juvenile survival, and
change overwintering habitat for many juveniles. For example, Artaud et al. (2010)
found that higher tributary streamflow during spring was strongly positively correlated
with egg-to-smolt and egg-to adult survival rates for Chinook in the Lemhi River of
Idaho. Timing of smolt and adult migration may also change due to modified timing of
the spring freshet (Crozier and Hutchings 2014; Keefer, Peery, and Caudill 2008).

Lower flow during the late spring through fall (Section 4.1.2.4) increases travel time for
outmigrating juvenile species, making them more susceptible to predation by birds and
predatory fish.

e |nvasive Species

Warming water temperatures lead to habit conditions that are favorable for non-native
warm-water adapted fish species, which compete with or prey upon native salmon
(Petersen and Kitchell 2001). Smallmouth bass (Micropterus dolomieu) have expanded
their range, increasing their overlap with subyearling Chinook rearing habitat in summer
(Lawrence, Olden, and Torgersen 2012; Kuehne, Olden, and Duda 2012). Also, invasive
non-native plankton species are now widespread and can dominate reservoir and the
estuary plankton communities (Emerson, Bollens, and Counihan 2015; Bowen et al.
2015). While Chinook salmon eat these species, they are not necessarily preferred prey.

American shad (Alosa sapidissima) has come to dominate the anadromous fish
migration in the lower Columbia River with abundances often exceeding 2 million in
recent years (Hinrichsen et al. 2013). The incursion of shad upstream past McNary Dam
in recent decades is correlated with higher water temperatures and lower flows (Crozier
2015). The influence of shad on the reservoir food web is complex; shad may compete
with juvenile salmon for invertebrate prey but juvenile shad are also an important food
source for adult fall Chinook in summer (Haskell, Beauchamp, and Bollens 2017).

Climate change is also projected to have consequences for the habitat of anadromous fish
during the period of their lifecycle where they reside in the Pacific Ocean and Columbia River
estuary. Several trends are expected:

e Reduction in thermal habitat for salmon
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Future climate projections indicate there will be a reduction in thermal habitat
preferred by salmon in the ocean (Cheung et al. 2015). However, warming may not be
uniform across the northeast Pacific Ocean and the effects of localized wind and current
patterns make it challenging to project (Barth et al. 2007).

e Increasing ocean acidification

Increased concentrations of carbon dioxide in the atmosphere leads to increased
absorption by the oceans and results in ocean acidification. This has already been
detected both on the Washington and Oregon coast and in the Puget Sound (Feely et al.
2010; Harris et al. 2013; Hauri et al. 2013). Generally, acidification can change the food
web (reduce productivity) and have negative consequences on fish. For lower Columbia
River coho salmon (Oncorhynchus kisutch), for example, acidification affects their
olfactory senses, interfering with avoidance of predators, hunting of prey, and
navigating their return to spawning grounds.

e Changing estuarine and plume environments

The confluence of the Columbia River and the Pacific Ocean is critical habitat for
anadromous fish as they transition from fresh to salt water as juveniles. Changes in
water temperature and flows could bring changes in this habitat, the food web, and
predation (CRSO BiOp 2019). Sea level rise (see Section 4.1.2.5) has the potential to
convert shallow estuary rearing habitat into deeper channels (Flitcroft et al. 2013) and
alter habitat elevation bands as inundation patterns change. Lower freshwater flows in
late spring and summer may lead to upstream extension of the salt wedge, possibly
influencing the distribution of prey and predators (Bottom and Jones 1990); and
increased temperature of freshwater inflows and seasonal expansion of freshwater
habitats may extend the range of non-native, warm-water species in the estuary (CRSO
BiOp 2019). Multiple Objective Alternative 1

Improvements for juvenile anadromous salmon and steelhead in MO1, such as higher juvenile
survival rates, faster travel time, lower powerhouse encounter rates, and structural
improvements may be offset by the projected changes in flows and temperatures. Lower flows
could result in increased travel times and likely lower powerhouse encounter rates as juveniles
are better able to detect spillway routes in the forebay (McCann et al. 2017). Outmigrating
juveniles could experience increased predation risk as projected warmer water temperatures
throughout the Columbia River Basin may increase the proportion of non-native predatory fish
and their predation rates on juvenile salmon and steelhead.

MO1 includes measures to improve adult upstream passage that could be improved further by
lower flows and lower spill volumes, but the level of improvement could be reduced by
increased temperatures due to climate change. Temperatures in the Snake River under MO1
were found to be higher than under the No Action Alternative during August and early
September, which could cause delayed migration for summer steelhead, fall Chinook, or
lamprey; climate change could increase these temperatures even further. Throughout the
basin, increased fish ladder temperature differentials and more shad in fishways could also
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decrease adult salmon migration success, offsetting gains in ladder improvements from
structural measures.

Climate change effects outside of the influence of the CRSO, such as decreased early life stage
survival due to tributary flows and habitat changes, as well as ocean conditions that reduce
survival in the adult ocean phase, could also diminish and likely overwhelm the minor increases
in survival in MO1.

In MO1 there are more years than in the No Action Alternative where chum flows would not be
met without additional flow augmentation. The minor effects to eulachon caused by lower
spring flows under MO1 could be reduced by climate change which could result in earlier and
higher spring flow peaks.  Higher spring flows in April could increase the distribution of
eulachon larvae to feeding areas, but could also result in a mismatch between the temperature
trigger for upstream adult migration and spawning and the spring freshet for larval distribution.
If the freshet peaks and declines too soon, the slightly reduced larval distribution could be
further impaired because larvae could miss the freshet. Lower summer flows could further
decrease summer foraging habitat for green sturgeon. The seasonal changes in flow from MO1
were found to have minor effects but could be compounded with climate change to become an
issue for these species.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Climate change effects described in the No Action Alternative could further reduce juvenile
survival and increase travel time. Due to higher water temperatures, juveniles could likely
encounter higher predation rates, and more non-native fish in the river. In MO2, there is a
measure that would potentially cease installation of fish screens to increase the efficiency of
hydropower turbines at the Ice Harbor, McNary, and John Day Dams once improved Fish
Passage turbines are installed. If this measure is implemented, then fewer fish screens could
result in more juveniles passing through turbines rather than juvenile fish bypasses. Lower
flows could improve the ability of juveniles to find spill routes in the forebay and could tend to
decrease powerhouse passage (McCann et al. 2017).

Adult migration under MO2 may be improved by lower spill, but the overall warming of the
river water could offset this effect and result in poorer upstream migration and adult survival.
Increased transportation of juveniles may benefit some adult returns to Bonneville Dam, but
could also increase the incidence of fallback and straying of adult salmonids. Ocean and
tributary life stage effects could reduce abundances of adult spawners.

In the lower river, chum flows would be more difficult to meet under MO2. MO2 winter flows
are 10 percent higher than the No Action Alternative during the month of December, which
would increase minor effects to eulachon predation risk; climate change could make these
flows even higher and may result in this effect being biologically detectable.
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MULTIPLE OBJECTIVE ALTERNATIVE 3

Increases in juvenile salmon and steelhead survival, decreases in travel time, and reductions in
powerhouse encounters in MO3 could be reduced or offset by the effects of climate change. In
MO3, the Snake River would be free-flowing (long-term) so powerhouse encounters in the
Snake River would still be zero with climate change. Potential increased water temperature
from MO3 in the spring could be further amplified by warming from climate change (Section
4.2.3.3) and migration could initiate earlier. The benefits of decreased travel time through the
lower Snake River could also be reduced or offset with lower summer flows (Section 4.1.2.4),
and increased predator populations (warm water predators could increase with warmer water
temperatures). The rate of powerhouse passage in the four lower Columbia dams should
decrease under low-flow conditions, due to the increased ability of juveniles to detect spillway
routes in the forebay (McCann et al. 2017).

Analyses of adult migrations up the Snake River in MO3 showed the temperature effects of dam
breaching under historical conditions (higher early summer) would be offset by the diel
fluctuations providing nighttime refuge and by faster migration times with the dams breached.
However, potential decreases in nighttime cooling from increasing air temperature could
reduce the amount of cooling to protect upstream migrating adults from the faster increase in
spring/early summer temperatures. Lower DO associated with warmer temperatures could also
increase the magnitude of short-term effects noted in MO3 to all fish. Fall Chinook salmon
habitat increases in MO3, but may be reduced by climate change effects. Predictions of Fall
Chinook rearing strategies due to dam breach may be altered with warmer temperatures. In
the Columbia River, slower adult migrations under MO3 may be further slowed by increased
water temperatures and ladder differential issues.

In the lower River, chum flows could be met more often than the No Action Alternative under
MO3, and climate change could increase the frequency of meeting chum objectives further
with projected increases in winter flow volumes. Winter flows would be slightly higher than in
the No Action Alternative in MO3 and could be further increased; this may increase eulachon
predation risk. Summer foraging for green sturgeon could be decreased further with climate
change. These are minor effects in the alternative that may become biologically noticeable with
climate change.

MULTIPLE OBJECTIVE ALTERNATIVE 4

MO4 includes several measures to increase juvenile survival and decrease travel time and
powerhouse encounters. Lower flows in late spring/summer with climate change could reduce
the effectiveness of these measures for most migrants. Earlier spring runoff could shift the
timing of outmigrations earlier and reduce the effectiveness of flow augmentation. Water
temperatures downstream of Chief Joseph Dam are expected to continue to exceed water
quality standards in late summer and early fall, this could be exacerbated in dry years by the
early release of flows and missed refill due to the McNary Flow Objective measure. This could
reduce survival of later migrants. The flow operation that causes this effect may increase in
frequency as streamflow volumes are likely to shift to occur earlier in the year and late
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spring/summer flow declines. This alternative was the only one with substantial increases in
TDG effects; these could be reduced with lower spill volumes due to lower flows due to climate
change (Geldert, Gulliver, and Wilhelms 1998).

Adult upstream migrations would be challenged by MO4 flow and spill conditions and may be
further complicated by the effects of climate change. The additional flow augmentation
(McNary Flow Target measure) delivery would increase flows in spring but then reduce them
later in summer, resulting in increased water temperature in the Columbia River from Chief
Joseph downstream. These temperatures could be further elevated with climate change and
could increase delays and fallback. Temperatures would be elevated in MO4, which could make
Upper Columbia River sockeye more frequently encounter conditions in the lower Columbia
River where it is too warm to migrate, and where there is a thermal block downstream of
spawning habitat in the Wenatchee or Okanogan Rivers (Hyatt, Stockwell, and Rankin 2003).
Similarly, Pacific lamprey could experience even more days over their thermal stress threshold
(temperature above which the fish experience stress) in the Columbia River from Chief Joseph
Dam to McNary Dam, where temperatures would be elevated in MO4.

In the lower Columbia River, MO4 would increase the risk of not meeting chum operations
without flow augmentation, which could be even more difficult with climate change. May
outflows in dry water years would be 10 percent higher than the No Action Alternative and
could be even higher with a climate change shift in peak flows; this could increase predation
risk for eulachon. Forage habitat for green sturgeon could be decreased or disrupted by lower
summer flows and flow fluctuations in July and August, and this could be enhanced by climate
change effects.

4.2.3.6 Resident Fish, Aquatic Invertebrates, and Aquatic Habitat

Resident fish species that remain in one location or display limited migrations between
reservoirs and tributaries must be able to tolerate the annual range of temperatures and flows
within a small areal range. A warming climate could affect the distribution and abundance of
many resident fish, increasing the range of some species while reducing the range of others, as
well as resulting in isolated populations in separated, deeper water habitats.

Like anadromous fish, projected changes in air temperature, precipitation, hydrology and
stream temperature have negative implications for the freshwater, estuarine, and marine
environments of many fish species in the Pacific Northwest (Climate Impacts Group 2015;
Scheuerell and Williams 2005; Zabel et al. 2006; ISAB 2007).

REGION A - LIBBY, HUNGRY HORSE, AND ALBENI FALLS DAMS
No Action Alternative

Potentially lower pool elevations in late summer through October in Hungry Horse Reservoir
could reduce the productive zone for phytoplankton and zooplankton production, dewater
benthic insect production faster, and reduce the surface area available for fish to feed on
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terrestrial insects in the summer. If fall elevations are lower due to changes in runoff (Section
4.2.2.1) it could also increase varial zone effects to bull trout (Salvelinus confluentus). These
effects could be reduced on spring-spawning fish such as westslope cutthroat trout as spring
levels could be higher. Faster recovery of storage through the winter could increase habitat
available for spring benthic insect production, but deeper drafts and more variability in
outflows and pool elevations could result in more dewatering of this food resource. Likewise, if
the reservoir were drafted deeper in spring for FRM because of higher runoff volumes (Section
4.2.2.1), it could also increase dewatering of benthic production. More potential variability in
outflows could also disrupt the production of aquatic invertebrates in the rivers below these
projects, and if outflows were to increase through winter months there could be more
entrainment of fish and zooplankton, and a decrease in suitable winter habitat for bull trout
and other fish. Potentially lower summer outflows could decrease entrainment risk in summer.
Minimum flows would likely maintain habitat in the rivers below these reservoirs.

At Albeni Falls dam, higher, more variable pool elevations and flows could disrupt food
production in winter. More variability through the winter could disrupt the spawning and
rearing success of kokanee (non-anadromous form of the sockeye salmon) as eggs could be
deposited at a higher location and then dewatered if the reservoir drops. In Lake Pend Oreille,
kokanee avoid predatory lake trout, which occupy deeper areas, by migrating closer to the
surface. If surface temperatures become too warm during the summer period of stratification,
they may no longer be able to use this refuge (Stockwell and Johnson 1999). Lower and more
variable lake elevations could decrease the spawning success of warm water gamefish. Higher
and earlier spring freshet flows could increase entrainment of invasive northern pike (Esox
lucius) from Clark Fork River reservoirs into Lake Pend Oreille. Lower summer and fall flows with
warming temperatures could favor non-native fish species in the Pend Oreille River.

Libby Reservoir may experience similar effects as Hungry Horse Reservoir, with elevations and
flows combining for lower productivity of food resources for fish, increased varial zone effects
to bull trout but lower effects to spring spawning species. Earlier spring peaks may change the
spawn timing of Kootenai River white sturgeon (Acipenser transmontanus) with unknown
spawning success effects, but warmer water temperatures in spring may increase recruitment
success, depending on the timing between higher spring flows to trigger spawning and warmer
water for egg and larvae development (Paragamian and Kruse 2001).

Potentially warmer water in these reservoirs could reduce the suitability of these habitats for
native fish such as bull trout, westslope cutthroat trout (Oncorhynchus clarki lewisi), and
mountain whitefish (Prosopium williamsoni). Hungry Horse Reservoir is protected from invasion
of non-native fish by Hungry Horse Dam, but Lake Pend Oreille could see a shift to more non-
native species with warmer temperatures. Downstream habitats may see benefits of the
selective withdrawal structures being usable for longer periods and be at optimum
temperatures sooner in the spring with warmer flows, but warmer fall temperatures could limit
habitat for cold water fish (Section 4.2.3). Higher winter temperatures (Section 4.2.3) may be
detrimental for certain fish species, such as burbot (Lota lota), which require near freezing river
temperatures (<2°C) to spawn. Higher TDG and turbidity could increase effects to fish.
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In the spawning tributaries above Columbia River System projects, bull trout may be especially
vulnerable to climate change given that spawning and early rearing are constrained by cold
water temperatures, creating a patchwork of preferred headwater habitats across river
networks. Climate warming could increase fragmentation of remaining bull trout habitats and
accelerate decline of this species. In fact, predicted warming could result in losses of 18 to 92
percent of thermally suitable habitat area (Rieman et al. 2007). Even with no further habitat
loss, existing fragmentation could contribute to continuing local extinctions due to the
expansion of introduced species (Rieman, Lee, and Thurow 1997).

Multiple Objective Alternative 1

At Hungry Horse Reservoir, lower late September lake elevations from the Water Supply
measure coupled with projected decreases in summer inflow (Section 4.1.2.4) could increase
varial zone effects to bull trout. Entrainment risk could be increased with higher spring flows,
but reduced in summertime when MO1 outflows would be increased; this would likely offset
the entrainment risk to bull trout in summer. MO1 would reduce summer habitat suitability in
the South Fork and mainstem Flathead Rivers, which could be alleviated somewhat with lower
summer flows projected under climate change (Section 4.1.2.4), but the tradeoff with lower
reservoir elevations would be considerable. Habitat channel maintenance that would be slightly
reduced in MO1 could be enhanced with higher spring flows. Hungry Horse Reservoir is critical
habitat for bull trout; therefore, effects on bull trout in the reservoir would have a greater
effect than downstream.

In the Pend Oreille basin, MO1 had only minor effects to resident fish so the effects of climate
change would be similar to the No Action Alternative.

In the Kootenai basin, reduced summer productivity described in the No Action Alternative due
to climate change could offset slight increases seen in MO1 analyses. Winter production of
benthic insects would be disrupted in MO1 and this effect could be exacerbated by increased
fluctuations in winter and potentially deeper drafts (Section 4.2.1.1). Under MO1, the Modified
Draft at Libby measure increases outflow from Libby Dam in late winter and early spring,
potentially increasing downstream water temperature in the Kootenai River. This could
exacerbate negative effects of warming winter water temperatures (Section 4.2.3.1) on burbot
spawning. MO1 would slightly reduce sturgeon spawning success but this could be offset with
enhanced sturgeon recruitment opportunities if climate change produces higher spring freshets
(Section 4.1.2.4) and warmer spring temperatures in the Kootenai River. Burbot success could
be lower, however, with warming temperatures.

Multiple Objective Alternative 2

Hungry Horse Reservoir summer elevation and food production would be similar to the No
Action Alternative; therefore, the climate change effects would be the same as described in the
No Action Alternative. In winter, however, the production of benthic insects would be
decreased with deeper, steeper drops in elevation that could be even deeper, steeper, and
more variable with climate change. Varial zone effects would be similar to the No Action
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Alternative. In the South Fork and mainstem Flathead Rivers, MO2 would limit winter habitat
for bull trout with much higher outflows that could be further damaging with higher flows
under climate change. MO2 was the only alternative where effects to Flathead Lake bull trout
were noted; bull trout entrainment would increase and could be increased even further with
projected increases in winter flows (Section 4.1.2.4). The lower Flathead River (below Flathead
Lake) would also see reduced habitat for bull trout and other native fish under MO2 that could
be worsened by increased winter flows due to climate change.

Under MO2, the Slightly Deeper Draft for Hydropower measure calls for a deeper drawdown of
Libby Reservoir to provide additional hydropower generation. Increasing outflow from Libby
Dam could increase downstream water temperature in the Kootenai River. This could
exacerbate negative effects of warming winter water temperatures on burbot spawning.

MO?2 effects in the Pend Oreille basin were similar to the No Action Alternative so the climate
change effects would be similar to those described for climate change in the No Action
Alternative.

In MO2, Libby Reservoir levels are lower than the No Action Alternative in winter, reducing
productivity. Kootenai River effects of MO2 include lower spring flows and fewer days of
potential sturgeon spawning trigger flows. Sturgeon recruitment potential under MO2 would
be diminished; it could be enhanced with projected potentially higher and earlier spring
freshets (Section 4.1.2.4), but this likely would not be enough to incite successful recruitment.

Multiple Objective Alternative 3

Effects in Hungry Horse Reservoir, South Fork Flathead River, the mainstem Flathead River,
Flathead Lake, and Clark Fork Rivers would all be similar to those described in MO1. One
difference would be that MO3 would lift ramping rate restrictions that could increase
disruption of benthic production in the South Fork Flathead and mainstem Flathead Rivers; this
could be exacerbated with increased variability in outflows during winter (Section 4.2.1.1).

MO3 effects in the Pend Oreille River Basin would be similar to the No Action Alternative, so
climate change effects would also be similar to those described in the No Action Alternative.

In the Kootenai River Basin, MO3 would have lower elevations and higher draft rates than the
No Action Alternative through the winter, which decrease benthic production. This could be
further reduced with potentially deeper drafts and more variability (Section 4.2.1.1). Fewer
days of optimal sturgeon recruitment conditions in MO3 could be ameliorated by better
recruitment caused by higher projected spring flows, and an earlier freshet coupled with
warmer water in the Kootenai River in spring. MO3 could improve burbot spawning conditions
with cooler temperatures potentially partially ameliorating the increased winter water
temperature from climate change (Section 4.2.3.3).
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Multiple Objective Alternative 4

In Hungry Horse Reservoir, in wet and average years the effects of MO4 would be similar to
MO1 effects and climate change would either enhance or offset those effects as described in
MO1. MO4 also includes the McNary Flow Target measure, which would cause effects through
similar mechanisms as those in MO1, but the magnitude would be higher in the summer
months due to higher outflows and deeper reservoir drawdowns. These could be exacerbated
further with the potentially lower summer elevations under climate change inflows (Section
4.2.1.1). Food productivity effects could be even higher and varial zone effects that would
reduce access to tributaries and increase predation risk for bull trout, westslope cutthroat
trout, and other native species could be increased with climate change. Furthermore, these dry
year effects could happen more frequently as climate change could increase the frequency that
the trigger for the McNary Flow Target measure would be met.

In Libby Reservoir, MO4 would cause decreases in reservoir productivity with lower elevations.
Reservoir elevations could be further reduced due to projected decreases in late summer and
fall flow (Section 4.1.2.4). Reductions in suitable habitat under MO4 for bull trout in the
Kootenai River could be further reduced with projected higher flows in early summer. MO4
would reduce the volume of the spring freshet; however, projected higher, earlier spring flows
resulting from climate change could increase the habitat maintenance flows naturally occurring
in the river. Kootenai River white sturgeon would experience fewer days of spawning and
recruitment potential under MO4 (see Section 3.5.2, Hydrology and Hydraulics), but this could
be offset somewhat with potentially earlier and higher spring freshets. Potentially warmer
temperatures under climate change scenarios could offset the higher pool elevations that cool
water temperatures in MO4.

REGION B — GRAND COULEE AND CHIEF JOSEPH DAMS
No Action Alternative

In the Columbia River from the U.S.-Canada border to Lake Roosevelt, projected earlier and
higher flows of the spring freshet (Section 4.1.2.4) may provide stronger spawning cues for
white sturgeon and increase opportunities for recruitment if water temperatures could remain
suitable. Projected decreases in streamflow by June and July coupled with potential increases in
water temperatures (Section 4.2.3.2) could reduce spawning success.

In Lake Roosevelt, projected increases in winter inflow could decrease retention time, resulting
in higher entrainment of fish in winter. Projected lower summer flows could result in longer
retention times and therefore less entrainment of fish and zooplankton in the summer. Lower
elevations in fall could increase varial zone effects to kokanee in the late fall and redband
rainbow trout (Oncorhynchus mykiss gairdneri) in spring as these fish move from the reservoir
to spawning tributaries and could be exposed to higher predation and experience potential
access issues. The net pens in Lake Roosevelt (operated in spring) could become dewatered or
experience higher temperatures and lower DO before the current average release date for
hatchery rainbow trout in late spring. Potentially higher early spring lake elevations could
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increase the time boat ramps would be useable for boat-based northern pike suppression
efforts, but projected overall changes in temperatures and elevations could increase northern
pike populations, thus negating the suppression efforts.

Potentially lower summer outflows could reduce fish entrainment in summer and reduce fish in
Lake Rufus Woods. Potentially higher TDG in winter (Section 4.2.3.2) could cause more injury or
mortality to fish from gas bubble trauma at times when it currently is near the threshold for
effects.

From Chief Joseph Dam to McNary Dam, resident fish would experience lower summer flows
and higher temperatures that could further increase the ratio of non-native fish that thrive in
warmer water. White sturgeon in this reach could be cued to spawn earlier, resulting in a
longer recruitment window, but one that could result in a mismatch with temperatures and
reduce success.

Multiple Objective Alternative 1

Projected earlier and higher freshet flows would increase the risk of entrainment of fish and
zooplankton out of Lake Roosevelt in late winter and early spring. Redband rainbow trout
access to tributaries and varial zone effects from MO1 could be enhanced with climate change.
MO1 would cause elevation changes in the winter that could increase stranding of kokanee and
burbot eggs; potentially more variable winter elevations (Section 4.2.1.2) could increase this
effect. Early spring northern pike suppression efforts that are reduced under MO1 could be
offset with higher elevations, but overall warming and reservoir habitat could increase these
non-native predators. MO1 effects to fish in Lake Rufus Woods and the river from Chief Joseph
Dam to McNary Dam would be similar to the No Action Alternative so the effects of climate
change would be the same as described in the No Action Alternative.

Multiple Objective Alternative 2

The effects to fish in the Columbia River from the U.S.-Canada border to Lake Roosevelt would
be the same as the No Action Alternative so climate change effects would be the same. In Lake
Roosevelt, MO2 would increase winter zooplankton and fish entrainment in winter; this effect
could be increased with additional outflows and lower retention time in winter and early spring
that could result from the projected changes in streamflow (Section 4.2.1.2). In some years,
varial zone effects to fish in Lake Roosevelt as they access tributaries for spawning that would
occur under MO2 operations could be increased by climate change. Increased stranding of
kokanee eggs in MO2 could be exacerbated by climate change variability in winter elevations.
Northern pike are tolerant of temperatures up to 28°C and could benefit from warming due to
climate change (Eaton and Scheller 1996). The increased entrainment of pike caused by higher
outflows in May under MO2 could be offset by potential lower summer outflows. MO2 effects
to fish in Lake Rufus Woods and the Columbia River between Chief Joseph Dam to McNary Dam
would be similar to the No Action Alternative.
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Multiple Objective Alternative 3

MO3 effects to white sturgeon in the Columbia River above Lake Roosevelt would be the same
as MO1. Increased winter entrainment out of Lake Roosevelt in MO3 could be further increased
with the projected higher winter flows (Section 4.1.2.4). Varial zone effects to migrating
kokanee and redband rainbow trout, stranding/dewatering risk, northern pike suppression
efforts, and net pen fish would all be similar to the No Action Alternative so the climate change
effects would be the same as described in the No Action Alternative section. Fish in Lake Rufus
Woods may see an increase in population from entrained fish out of Lake Roosevelt under
MO3. This could be further increased by the projected higher winter flows in the future. Fish in
the Columbia River from Chief Joseph Dam to McNary Dam would be similar to the No Action
Alternative, with the notable exception that white sturgeon in the McNary Reservoir would be
affected short term by increased turbidity but in the long term would likely experience
increased reproduction success and reconnection with Snake River populations with the breach
of the Snake River dams (Hatten et al. 2018). The enhanced success of these fish in MO3 could
be decreased with projected higher temperature effects. Additionally, higher temperatures and
changes in the timing of flows due to climate change could decrease spawning cues due to
climate change.

Multiple Objective Alternative 4

White sturgeon recruitment effects would be the same as MO1. MO4 would increase
entrainment risk of zooplankton and fish in the summer months when they are most
susceptible (McNary Flow Target measure). Potentially lower retention time with climate
change effects could reduce this risk somewhat. MO4 also would increase entrainment in
winter and when climate change could potentially further increase entrainment. Potential
climate change effects could exacerbate these risks with lower summer/fall elevations and
more winter variability (Section 4.2.1.2). MO4 would also increase the risk of northern pike
invasion downstream with much higher entrainment risk at times when juveniles would be
most susceptible to entrainment. The projected changes in flow volumes and resulting
operations (Sections 4.1.2.4, 4.2.1.2) could reduce the risk slightly in summer but increase it in
early spring. MO4 could cause water quality effects to net pen fish that could be increased by
changes to lake elevation and water quality issues linked with climate change.

In the Columbia River from Chief Joseph Dam to McNary Dam, water temperatures would
increase in late July as compared to the No Action Alternative. This would negatively affect
most native fish in this reach and especially be harmful to white sturgeon. Potential warming
with climate change (Section 4.2.3.2) could exacerbate this effect.
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REGION C - DWORSHAK, LOWER GRANITE, LITTLE GOOSE, LOWER MONUMENTAL, AND ICE
HARBOR DAMS

No Action Alternative

In Dworshak reservoir, higher winter elevations and higher releases could increase the loss of
kokanee from the reservoir, and more variability in winter elevations could cause stranding of
kokanee eggs and fry. Lower summer lake elevations could hamper the migration of bull trout
to their spawning tributaries in late June and early July.

Warmer temperatures in the Clearwater and Snake Rivers could shift the fish community
further towards dominance by non-native fish, reducing native fish populations that need
cooler water. Bull trout, specifically, require very cold water and are often challenged to find
suitable refugia in the Snake River and could become more stressed with projected increases in
water temperatures (Section 4.2.3.3). While higher, early spring flows may cue white sturgeon
to spawn earlier, projected elevated water temperatures and lower summer flows may reduce
successful larval recruitment in these populations.

Multiple Objective Alternative 1

The Modified Dworshak Summer Draft measure was intended to increase cooling water earlier
in the season and later in the season. Water quality modeling showed the result would have
negligible benefits to early cooling. This would be harmful to native fish in the Snake River,
particularly white sturgeon, and would be beneficial to non-native warm water species. This
temperature effect could be increased with potential warming under climate change.

Multiple Objective Alternative 2

Under MO2, Dworshak releases increase in winter, resulting in much higher loss of kokanee
from the reservoir; climate change could potentially increase this loss even further as releases
could increase due to projected increased winter inflow and operations for system winter flood
events (Section 4.2.1.3). Dworshak elevations from May through July would be lower and result
in potential access issues for bull trout migrating to their tributaries to spawn. This effect could
be ameliorated by projected shifts in inflow timing as the reservoir could refill earlier, leading to
higher pool elevations in May and June than historical levels (Section 4.2.1.3). Potential
warming of the reservoir could also decrease the annual period when bull trout can migrate to
tributaries.

On the Snake River, MO2 operations would result in less spill and resident fish may increase
their passage through turbines where they are more subject to injury or mortality. Potential
thermal issues due to projected warmer water temperatures (Section 4.2.3.3) may increase the
susceptibility of injured fish to disease, resulting in higher mortality.

4-46



1365

1366
1367
1368
1369
1370
1371
1372
1373
1374
1375

1376
1377
1378
1379
1380
1381

1382

1383
1384
1385
1386
1387
1388

1389

1390

1391
1392
1393
1394
1395
1396
1397
1398
1399

Columbia River System Operations Environmental Impact Statement
Chapter 4, Climate

Multiple Objective Alternative 3

Over time, as the river would clear itself and work back towards equilibrium, the potential flow
and water quality changes under climate change could favor the recolonization and success of
non-native macroinvertebrates and fish. Long term, the return of the river to a more
naturalized river and less reservoir habitat could result in more native species. Bull trout and
white sturgeon populations would become more connected populations rather than isolated
groups, but potential warming due to climate change may result in suboptimal conditions for
adults in the mainstem in summer. Additionally, the increase in spring flows may provide earlier
spawning cues for white sturgeon, but likely would not be sustained long enough to provide
adequate conditions for recruitment success due to reduced summer flows and higher
temperatures (Counihan and Chapman 2018).

MO3 would result in major changes to the temperature regime as the thermal mass of
reservoirs would converted to free-flowing river. The river would heat up sooner in the summer
and cool down sooner in the fall, but experience wider fluctuations between day and night. Fish
could be negatively affected by the earlier warming, but this would be mitigated by the
nighttime cool refuge. Climate change could potentially warm the river more and earlier to the
point that nighttime refugia may not be enough to offset the earlier seasonal warming.

Multiple Objective Alternative 4

The key effect of MO4 on Snake River resident fish would be the increase in TDG exposure in
spring and early summer. Additionally, increased spill may delay bull trout as they are moving
out of the system to avoid warming temperatures in May and June. Potential reductions in spill
and TDG due to climate change (Section 4.2.3.3) could offset TDG and spill effects, but
increased temperatures could exacerbate the early season warming water temperature and
hamper bull trout migrations even more.

REGION D — MCNARY, JOHN DAY, THE DALLES, AND BONNEVILLE DAMS
No Action Alternative

Overall potential warming, higher winter flows, and lower late spring and summer flows could
increase the success of warm water, non-native fish and further challenge native fish to survive
in Region D. Bull trout use the mainstem Columbia River intermittently as thermal conditions
allow; with potential warming they could be able to use it less and become more isolated.
White sturgeon in Region D are limited to occasional high water year events where recruitment
would be successful. Higher, earlier spring freshets could potentially provide better spawning
cues, but could result in a mismatch of spawning and recruitment conditions more often than
without climate change. Potentially reduced early summer flows and warmer temperatures
could result in more temperature stress events on white sturgeon populations.
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Multiple Objective Alternative 1
See No Action Alternative discussion above, as effects are anticipated to be similar.
Multiple Objective Alternative 2
See No Action Alternative discussion above, as effects are anticipated to be similar.
Multiple Objective Alternative 3

See No Action Alternative discussion above, as effects are anticipated to be similar. Multiple
Objective Alternative 4

The McNary Flow Target measure would increase river flows in May and June of dry years, but
reduce flows later in June and July, compared to the No Action Alternative. Potential climate
change effects could further enhance early spring flows but reduce summer flows (Section
4.1.2.4); though the potential change to resident fish is difficult to discern. White sturgeon
success and bull trout use of the mainstem river would likely remain similar to the No Action
Alternative. TDG would be higher under MO4 but if spill were lowered, then exposure to TDG
could reduce this effect. Flows would increase in July with additional flow augmentation about
3 percent higher than the No Action Alternative; this change was not found to have discernable
effects to resident fish, but the augmentation could be more beneficial under projected
decreases in summer flows (Section 4.1.2.4). In dry years, warmer water temperatures could
reduce native fish reproductive success and favor non-native fish. Potential effects of climate
change on water temperature (Section 4.2.3.4) could exacerbate this effect and shift the fish
community further towards non-native, warm-water fish.

4.2.4 \Vegetation, Wildlife, Wetlands, and Floodplains

Projected changes in climate, such as warmer air temperatures and changes to hydrology, will
likely affect the ecosystem. Warming air temperatures coupled with changing rainfall amounts
and timing will likely affect soil conditions, plant communities, insects, and wildlife. Warm
weather is projected to occur earlier in the spring and stay later into the fall (Section 4.1.2.1).
This will likely lead to longer plant-growing seasons (USGCRP 2018) and changes in timing of
phenological events (such as when plants begin to grow, bloom, and set seed). Precipitation
amounts and timing are also projected to change, with a tendency for increased winter
precipitation and decreased summer precipitation (Section 4.1.2.2), which could affect soil and
growing conditions. To the extent drought conditions become more frequent and severe,
(USGCRP 2018), it could stress® and alter plant communities and ecosystems that are more
sensitive to drought conditions.

As the climate warms, the symbiotic relationships between plants, insects, and wildlife may
become out of sync and be at risk due to climate change (Bellard et al. 2012; United Nations

5 Drought is an environmental stressor for many species and makes them vulnerable to other stressors or even
normal environmental events, such as wildlife or insect outbreaks (USFS 2019c).
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Environmental Programme 2018). Life cycles of insects, including pollinators, and wildlife, such
as birds which depend on insects and help keep them in check, have evolved over time with
each other. Insects rely on plants for food; plants rely on insects and other pollinators to
fertilize flowers; and wildlife depend on plants and insects for food. Phenological events, such
as when a pollinator or migrating bird arrives to an area, may not mesh with changes in plants,
or vice versa, resulting in increased environmental stress that cause ecosystem changes
(MacMynowski et al. 2007; Van Buskirk, Mulvihill, and Leberman 2009; Case, Lawler, and
Tomasevic 2015; Wadgymar et al. 2018). These include changes in compositions of plant and
animal communities, such as reductions in population or disappearance from regions of species
that are particularly sensitive to soil and climatic conditions or depend on particular niches
(USGCRP 2018). Some plants may be able to adapt more quickly to changing environmental
conditions (soil, air temperature, precipitation), while others may not. For example, cheat grass
flourishes in many different environments, whereas bluebunch wheatgrass (Pseudoroegneria
spicata), a native grass, is more sensitive to climatic conditions and its range, and may shrink in
response to changing precipitation patterns and warmer air temperatures (Ganksopp and
Bedell 1979; Bradley, Curtis, and Chambers 2016; Kray 2019).

Changes to timing and volumes of streamflow will likely affect riparian area extent and species
composition: aspen, willow, cottonwood, and herbaceous communities dependent on water
availability during the growing season may decline along with the ecosystem services they
provide (USFS 2019a). Changes to vegetative cover can affect streamflow and water quality,
reducing the ability for ecosystems to improve water quality and regulate water flows (USGCRP
2018; USFS 2019a). Changes in hydrology will affect the lifestyle, survival, and reproductive
success of aquatic and semi-aquatic invertebrate and amphibian species (USFS 2019a). For
example, shallow water areas or pools that typically provide habitat for amphibians, such as
frogs, may dry out earlier or faster and cause tadpoles to die. This could affect local populations
of amphibians.

At the same time, climate change may enhance the expansion of invasive species by giving non-
native species an advantage over stressed native species (USGCRP 2018; USFS 2019b).
Increased outbreaks of insects and other pests are likely to become more common and
widespread. Disturbances such as wildland fire will also increase in frequency and severity
(Section 4.1.2.6). The effects of wildland fire on wildlife habitat can be exacerbated in areas
stressed by drought, insect outbreak, or dominated by invasive species.

Climate change can also have positive effects. A longer growing season (USGCRP 2018) may
benefit some plant species and allow for greater productivity and nutrient cycling (USFS 2019b).
Warmer air temperatures combined with earlier winter and spring flows (Section 4.1.2.4) could
allow wetlands to recharge earlier in the growing season and could increase riparian and
wetland vegetation along reservoir shorelines and rivers. This could increase available habitat
for some wildlife species. For example, if a wetland area has greater productivity and provides
cooler and cleaner water, this could enhance amphibian and waterfowl| habitat. Additionally,
species are adapting and responding to climate change by altering individual characteristics, the
timing of biological events, and geographic ranges (USGCRP 2018).
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The projected changes in precipitation (Section 4.1.2.2) coupled with warming temperatures
(Section 4.1.2.1) could result in increased winter flood frequency and magnitude (Section
4.1.2.4). Increases in winter precipitation can also lead to increased snowmelt flooding in the
spring, particularly in high elevation regions where winter temperatures will remain below
freezing even with moderate amounts of warming (Hamlet et al. 2013; Salathé et al. 2014;
RMJOC 2018; Chegwidden et al. 2019). Floodplains could experience increased frequency,
duration, and extent of inundation due to these projected increases in flooding.

4.2.4.1 Region A - Libby, Hungry Horse, and Albeni Falls Dams
NO ACTION ALTERNATIVE

Potential higher winter inflows and increased frequency of systemwide winter flood events
could lead to more variable reservoir outflows and pool elevations during winter (Section
4.2.1.1). This could lead to bank sloughing and increased erosion, which would erode wildlife
habitat adjacent to the reservoir thus reducing nearby wildlife habitat. Downstream of Libby,
projected increases in winter rains and spring flows could increase erosion/frozen bank
sloughing (Section 4.2.2.1), which could discourage cottonwood establishment and impair
wildlife habitat.

Lower inflows and lower reservoir levels are projected during the summer and early fall
(Section 4.2.1.1). This could lead to the establishment of invasive species (e.g., flowering rush
[Butomus umbellatus]). At Hungry Horse, the lower inflows and deeper pool levels may
influence habitat, including wetland communities that border the reservoir. Wetland habitats
may become drier and shift downslope of current elevations, and gradually transition to plant
communities more tolerant of drought conditions or more traditionally upland communities
like conifers.

At Libby, shallow water habitat may become unvegetated mudflats due to decreased inflows
(Section 4.1.2.4). As described above, this could affect insects and amphibians. Lower water
surface elevations or levels surrounding reservoirs may lead to changes in shallow water
habitat. Increased exposure and reduced water levels could cause the habitat to transition to
mudflats.

Floodplains in Region A could experience increased frequency, duration, and extent of
inundation due to projected increases in flooding.

MULTIPLE OBJECTIVE ALTERNATIVES 1 AND 3
Same as the No Action Alternative discussion above, as effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 2

Same as the No Action Alternative, except for at Hungry Horse. Projected increases in winter
flow could reduce the need for deeper drafts at Hungry Horse and Libby (section 4.2.1.1),
potentially reducing the exposure of the barren zone (the area where small animals become
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prey because of lack of cover) by increasing the duration and the extent (or width) of the
exposed barren zone.

MULTIPLE OBJECTIVE ALTERNATIVES 4

MO4 includes measure that provide deeper drafts during dry years at Libby and Albeni Falls and
in all years at Hungry Horse. These deeper drafts could exacerbate the effects of climate change
on vegetation and wildlife discussed under NAA.

4.2.4.2 Region B — Grand Coulee and Chief Joseph Dams
NO ACTION ALTERNATIVE

Vegetation and wildlife habitat surrounding the reservoirs and streams coming into the
reservoirs could experience higher inflows during the winter (Section 4.2.1.2) that could
increase surface erosion. Increased erosion could decrease riparian vegetation and habitat as
banks fall into the reservoirs.

Projected warmer air temperatures (Section 4.1.2.1) combined with projected lower summer
and fall reservoir levels (Section 4.2.1.2) could favor invasive species along banks and shallow
water areas vulnerable to drying. Likewise, there could be subsequent effects to amphibians
and other species if shallow water habitat is reduced.

Floodplains in Region B could experience increased frequency, duration, and extent of
inundation due to projected increases in flooding.

MULTIPLE OBJECTIVE ALTERNATIVE 1 AND 2

The Winter System FRM Space measure may be used more frequently, leading to greater
reservoir fluctuations and associated bank sloughing. Increased erosion from this measure
being activated more frequently could erode wildlife habitat adjacent to the reservoir, thus
reducing nearby wildlife habitat locally.

MULTIPLE OBJECTIVE ALTERNATIVE 3
See No Action Alternative discussion above, as effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 4

The McNary Flow Target, which could increase in frequency as streamflow volumes shift earlier
in the year, could result in greater outflow earlier in the summer and reduced outflow from
August to October (Section 4.2.1.2). Combined with additional projected deeper drafts in the
fall for navigation (Section 4.2.1.2) and more frequent use of the Winter System FRM (see
MO1), this could lead to bank sloughing and increased erosion. This would erode wildlife
habitat adjacent to the reservoir, thus reducing nearby wildlife habitat. It could also provide
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additional opportunity for the establishment of invasive species in areas where there is
drawdown.

4.2.4.3 Region C — Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice Harbor
Dams

NO ACTION ALTERNATIVE

At Dworshak, projected higher inflows (Section 4.1.2.4) and pool levels in the winter could
decrease extent and duration of exposure of the barren zone, allowing for increased survival of
small prey animals. Projected warmer air temperature (Section 4.1.2.1) combined with earlier
spring inflows (Sections 4.1.2.4, 4.2.3.3) will likely allow for wetlands to recharge earlier in the
growing season. This could allow for the establishment of riparian and wetland vegetation
along the shoreline, including cottonwoods. Warmer air temperature and lower releases on the
lower Snake River projects during the summer could lead to establishment of invasive
vegetation (i.e., flowering rush) in areas with drawdown. Shallow water habitat may become
unvegetated mudflats more frequently, allowing for colonization of invasive species. Amphibian
eggs may desiccate if pools dry up faster.

Floodplains in Region C could experience increased frequency, duration, and extent of
inundation due to projected increases in winter and spring flooding.

MULTIPLE OBJECTIVE ALTERNATIVE 1
Same as the No Action Alternative discussion above, as effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 2

Deeper drafting in the winter at Dworshak reservoir increases the barren zone (area where
small animals become prey because of lack of cover). In the spring, pool levels at Dworshak may
be lower (Section 4.2.1.3). This may delay recharge of wetlands in the spring, allowing for
establishment of vegetation species adapted to drier conditions.

MULTIPLE OBJECTIVE ALTERNATIVE 3

Breaching the lower Snake River dams will lead to perched habitat and exposed sediment and
shoreline (Section 3.6.3.5). The exposed shoreline would be at increased risk of invasion by
invasive plant species. Climate change could exacerbate shifts in wetland and riparian habitats
by allowing vegetation to colonize earlier in the growing season, thereby increasing the
likelihood of invasive species. The stage of the un-impounded river could be more responsive to
local inflow as compared to the NAA. Variability of local inflows could increase during winter
months as more precipitation falls as rain (Section 4.1.2.2) and outflow of Dworshak Dam could
become more variable (Section 4.2.1.3). This could cause a larger band of riparian vegetation to
establish and possibly a larger barren zone than what could occur with the No Action
Alternative.
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MULTIPLE OBJECTIVE ALTERNATIVE 4

Same as the No Action Alternative discussion above, as effects are anticipated to be similar.
4.2.4.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams

NO ACTION ALTERNATIVE

Increased likelihood of heavy precipitation events in the fall and winter, mostly in the form of
rain, may lead to higher flows in Region D (Section 4.2.3.4). This could lead to more flood
storage in adjacent wetlands and floodplains. Wetlands could act as a stormwater retention
area and stay wetter longer during the spring growing season. Additionally, earlier inflows in
the spring could allow for wetlands to recharge earlier in the growing season. This could allow
for establishment of riparian and wetland vegetation along the shoreline, including
cottonwoods. Longer periods of low flows in the summer could lead to the establishment of
invasive vegetation in areas where there is drawdown. Shallow water habitat could become
unvegetated mudflats, allowing for colonization of invasive species and may lead to amphibian
habitat drying up and killing eggs and tadpoles.

Floodplains in Region D could experience increased frequency, duration, and extent of
inundation due to projected increases in winter flooding.

MULTIPLE OBJECTIVE ALTERNATIVES 1 TO 4

Same as the No Action Alternative discussion above, as effects are anticipated to be similar.
4.2.5 Power Generation and Transmission

4.2.5.1 Power Generation

Projected future changes in temperature, precipitation, snowpack, and streamflow will likely
impact hydropower generation and load in the basin. Climate change is likely to add
uncertainty to the annual magnitude of generation, and significant uncertainty to the monthly
magnitude of the effect of the MOs relative to the No Action Alternative due to the increase in
variability of streamflow (Section 4.1.2.4).However, climate change is not likely to change the
general conclusions from the power analysis of the relative effect of one MO versus another.
The projected changes in climate are likely to affect hydropower generation in all alternatives
relative to the No Action Alternative roughly the same on an annual basis (though with a little
more variability on a monthly basis). More detailed analyses on the projected effect of climate
change on power is in the hydropower appendix (Appendix H).

NO ACTION ALTERNATIVE

The projected changes in streamflow (section 4.1.2.4) will affect hydropower generation. For
the No Action Alternative, climate change adds uncertainty to the annual magnitude of
generation, and significant uncertainty to the monthly shaping of generation with longer
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periods of low generation in the summer. Additionally, rising temperatures will likely decrease
winter and increase summer energy demand in the region, which is likely to decrease winter
shortfalls and increase summer shortfalls.

MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 produces less energy than the No Action Alternative on average under historical
hydrological conditions. MO1 has a higher spill operation than No Action, thus the projected
increased runoff (Section 4.1.2.4) in the spring (mid-April to June) does not reduce generation
in MO1 as much as in No Action. Projected increases in runoff could somewhat offset the
higher spill operation effects and result in an increase in generation under climate change for
MO1 as compared to No Action. Lower summer flows (first half of August; Section 4.1.2.4) may
cause similar or exacerbate the already lowered generation when compared to the No Action
Alternative.

MULTIPLE OBJECTIVE ALTERNATIVE 2

MO2 produces more energy than the No Action Alternative under historical hydrological
conditions. Projected changes in runoff timing with potentially more flow in the winter and less
in the spring (Section 4.1.2.4) combined with the measures in MO2 may somewhat reduce the
magnitude of the increase in annual generation under historical conditions. This is because
generation in MO2 is more sensitive to decreases in spring flows since MO2 includes more
spring generation than the No Action Alternative or the other MOs. Monthly generation is more
uncertain and may experience more variability under climate change. MO2 is projected to
provide the most resiliency for meeting projected energy demand increases in the summer.

MULTIPLE OBJECTIVE ALTERNATIVE 3

MO3 produces less average energy than in the No Action Alternative under historical
hydrological conditions, largely due to the measure that breaches the lower Snake River dams
and ends generation at those projects. Projected increases in winter and spring runoff (Section
4.1.2.4) will likely lead to increased generation from the Lower Snake River dams during that
time period Breaching of the lower Snake River dams eliminates the potential opportunity for
increased seasonal generation gains, particularly in March and April. Thus, climate change may
result in MO3 having even less generation compared to the No Action Alternative than what
was modeled with the historical conditions. In the summer, when the loss of generation from
the lower Snake River dams contributes to significant reliability concerns, climate change could
exacerbate these concerns given the decrease in potential generation over the summer with
lower flows.

MULTIPLE OBJECTIVE ALTERNATIVE 4

MO4 produces considerably less energy than the No Action Alternative under historical
hydrological conditions, largely in the spring and summer with large reliability concerns
especially in August (Section 3.7.3.6). Projected decreases in summer flows (Section 4.1.2.4)
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with climate change may further decrease summer generation under MO4. Monthly generation
is more uncertain and may experience more variability under climate change.

4.2.5.2 Energy Demand (Loads)

Projected warming regional temperatures (Section 4.1.2.1) are expected to affect energy
demand (load) as well. By the 2030s, loads are likely to increase in the June through August
period, and possibly into September as well, due to increasing air conditioning demand and a
longer air conditioning season. In the winter months (roughly December through February),
loads are likely to decrease as increasing regional temperatures lower the need for heating. This
change in energy demand has important potential implications for reliability.

The power shortages (Section 3.7.3) in December through February under all alternatives are
likely to be reduced into the 2030s as loads in those months decrease (absent other changes).
Conversely, the summer power shortages that increase in MO1, MO3, and MO4 as compared to
the No Action Alternative are likely to be further exacerbated as temperatures and load in
those months increase. Under MO2, climate change could somewhat decrease the increases in
power reliability in summer months (section 3.7.3.4). Recent research supports these
conclusions. A Northwest Power and Conservation Council and Pacific Northwest National
Laboratories study found that combined climate change effects on loads and hydropower may
lead to decreases in winter shortfalls and increases in summer shortfalls as increases in peak
loads for cooling coincide with decreases in hydropower generation (Voisin et al. 2019).

4.2.5.3 Coal Plant Retirement

Changes in economics and GHG emissions reduction policy in the region are resulting in
increased and accelerated retirements of coal plants serving Pacific Northwest loads (Section
3.7.3.1). These retirements will change the Loss of Load Probability of No Action Alternative and
MOs as well as resources required to maintain regional reliability (Section 3.7.3). Summer
power shortages are projected for MO1, MO3, and MO4 and are likely to increase with climate
change due to increased loads. This will be further exacerbated with the retirement of baseload
coal generation. The retirement of coal generation could also lead to reliability concerns with
MO?2 with climate change as well.

4.2.6 Air Quality and Greenhouse Gases

While the relationship between meteorological factors and air pollutants is complex, studies
indicate that climate change-related weather patterns are a driving force in establishing
conditions that are conducive to ozone formation and accumulation, including abundant
sunshine, high temperatures, more frequent stagnation, less frequent rainfall, reduced
ventilation, and increased biogenic emissions (e.g., from air conditioning) due to temperature
(Leung et al. 2004; Leung and Gustafson 2005; Steiner et al. 2006; Grambsch, Hemming, and
Weaver 2009; Jacob and Winner 2009). The Pacific Northwest, and the Columbia River Basin in
particular, already experiences an isolated, sometimes stagnant atmosphere as a result of
topographic features (Ferguson 1998; Leung et al. 2004; Zhang et al. 2008). This could be
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enhanced under projected climate conditions. Specifically, the development of a low-level
thermal trough and upper-level ridge are climatologically significant factors that could increase
summer ozone concentrations over time in the Pacific Northwest (McKendry 1994; Leung et al.
2004).

The relationship of meteorological factors to particulate matter (PM) concentrations is not as
well understood as the relationship to ozone. However, wildland fires fueled by projected
changes to climate (Section 4.1.2.6) could become an increasing source of PM emissions
(Grambsch, Hemming, and Weaver 2009; Jacob and Winner 2009). This could affect air quality
across the basin.

Beyond the more direct effects on air pollutant concentrations, climate change may also affect
activities that generate emissions across the region, including power generation and navigation
and transportation (e.g., by affecting reservoir levels and stream flows). For example, to the
extent climate change results in changes in hydropower generation (Section 4.2.7; Appendix H),
it could therefore result in changes in emissions from power generation: GHGs and ozone
precursors (i.e., nitrogen oxides, carbon monoxide, and volatile organic compounds). The
following sections describe how climate change may influence how the CRSO EIS alternatives
affect air quality and GHG emissions, and due to the nature of airsheds, effects on the resource
are discussed collectively rather than by region.

4.2.6.1 No Action Alternative

Climate change may degrade air quality by increasing ground-level ozone concentrations (see
previous section) and potentially increasing PM and GHG emissions from wildland fires (Section
4.1.2.6). Climate change will add uncertainty to the annual and monthly magnitude of
hydropower generation in the region (Section 4.2.7, Appendix H).

Projected increasing temperatures will likely also affect electricity demand (Section 4.2.5.2). In
the winter, decreased heating demands due to projected higher temperatures could reduce
generation needs, and therefore emissions, from fossil-fuel plants. Conversely, increased air
conditioning loads in summer months due to projected increased temperatures could increase
emissions from fossil-fuel combustion.

Potentially offsetting this effect to some degree, both with and without climate change, the
region could increasingly rely on power generation from renewable sources and reduce
generation from fossil fuel combustion, which would curtail emissions of ozone precursors, PM,
and GHGs. Existing coal and natural gas plants are concentrated in Region D (as well as areas
across the Pacific Northwest outside of the CRSO regions) (section 3.8.3, figure 3-156; Oregon
Department of Energy, 2020); therefore, Region D may experience improvements in air quality.

Further, climate change is not likely to affect emissions from navigation/transportation, or
construction activities.

4.2.6.2 Multiple Objective Alternative 1
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MO1 produces less hydropower than the No Action Alternative under historical hydrological
conditions, but projected increased runoff with climate change may increase generation (see
Section 4.2.5.1) compared with No Action. The increased hydropower generation may reduce
reliance on, and associated air pollutant and GHG emissions from, existing fossil fuel plants. Air
guality improvements would most likely occur in Region D, where the existing fossil fuel plants
are concentrated, and in other areas across the Pacific Northwest, outside of the CRSO regions.

4.2.6.3 Multiple Objective Alternative 2

MO2 results in more hydropower generation than the No Action Alternative under historical
hydrological conditions, but projected changes in seasonal streamflow timing may reduce the
magnitude of the increased hydropower generation relative to No Action (Section 4.2.5.1).
MO2 would still be beneficial to air quality relative to the No Action Alternative by reducing
reliance on fossil fuel power plants (currently concentrated in Region D, as well as areas across
the Pacific Northwest outside of the CRSO regions).

4.2.6.4 Multiple Objective Alternative 3

MO3 produces less hydropower generation than the No Action Alternative under historical
hydrological conditions, and projected changes in runoff could further reduce generation under
MO3 (Section 4.2.7.1). This would further increase the need for additional power resources to
replace the reduced hydropower generation. While the type (i.e., mix of renewables and
natural gas) and location of additional power resources is uncertain, increased generation from
existing fossil fuel plants in Region D, and any added natural gas capacity across the CRSO
regions would further degrade air quality relative to the No Action Alternative if these existing
fossil fuel plants replace the reduced hydropower generation.

4.2.6.5 Multiple Objective Alternative 4

Hydropower generation under MO4 is less than under the No Action Alternative under
historical hydrological conditions, but projected changes in runoff could slightly lessen the
difference (Section 4.2.5.1) based on various influences that increase or decrease generation in
different months. The effects of this alternative on air quality would likely still be adverse due
to the potential increased reliance on high-emitting fossil fuel generation as compared to the
No Action Alternative if these existing fossil fuel plants replace the reduced hydropower
generation. However, the effects of climate change could slightly lessen these effects.

4.2.6 Flood Risk Management

Winter flooding and large accumulations of snowfall, which contribute to snowmelt flooding
during spring, are associated with atmospheric rivers (ARs). ARs are enhanced water vapor
plumes in the atmosphere from extratropical cyclones sourced from tropical latitudes. These
typically only last several days, but deliver a significant amount of intense precipitation, wind,
and often warm temperatures. The frequency and severity of landfalling atmospheric rivers in
the Pacific Northwest is projected to increase (Warner, Mass, and Salathé 2015; Hagos et al.

4-57



1761
1762
1763
1764
1765
1766

1767

1768

1769
1770

1771
1772
1773
1774
1775
1776
1777

1778
1779
1780
1781
1782
1783

1784
1785
1786
1787
1788
1789

1790

1791

1792

1793
1794
1795
1796

Columbia River System Operations Environmental Impact Statement
Chapter 4, Climate

2016). The projected changes in precipitation (Section 4.1.2.2) coupled with warming
temperatures (Section 4.1.2.1) could result in increased winter flood frequency and magnitude
(Section 4.1.2.4). Increases in winter precipitation can also lead to increased snowmelt flooding
in the spring, particularly in high elevation regions where winter temperatures will remain
below freezing even with moderate amounts of warming (Hamlet et al. 2013; Salathé et al.
2014; RMJOC 2018; Chegwidden et al. 2019).

4.2.7.1 Region A — Libby, Hungry Horse, and Albeni Falls Dams
NO ACTION ALTERNATIVE

Historically, flood mechanisms in this region have been driven by snowmelt. This flood
hydrological regime is expected to continue through the 2030s.

An earlier shift in flood freshet volumes is projected for the headwaters of the Kootenai River
(Section 4.1.2.4); however extreme peak freshet volumes (95th percentile volume) are
expected still to occur in June. The projections show both increases and decreases in the peak
volume magnitude, indicating future uncertainty (Libby Dam inflow, Section 4.1.2.4). Increased
flow volume in winter is unlikely to affect local FRM at Bonner’s Ferry, Idaho; however,
increased peak local inflows from spring snowmelt linked to increased precipitation and
warmer spring temperatures could elevate local flood risk at Bonner’s Ferry.

An earlier shift in flood freshet volumes is projected for the headwater regions of the Flathead
River and Clark Fork tributaries, with peaks occurring in both May and June (Hungry Horse
inflow, Section 4.1.2.4). A large fraction of the projections indicate peak snowmelt volumes that
are larger than historical values for unregulated headwater areas. These are likely to elevate
local flood risk of the Flathead River at Columbia Falls, Montana, and of the Clark Fork River
near Plains, Montana.

On average, the center of timing of the peak spring freshet at Albeni Falls Damis projected to
occur a month earlier, in May, where nearly all projections indicate increasing peak monthly
volumes in median (50th percentile) and extreme (95th percentile) flows conditions (Section
4.1.2.4). The timing of flood risk on Lake Pend Oreille is likely to shift earlier, however, there are
not clear trends to indicate directional changes in the probability of exceeding flood stage at
this Lake.

MULTIPLE OBJECTIVE ALTERNATIVES 1, 2, 3, AND 4
See the No Action Alternative discussion above, as the effects are anticipated to be similar.
4.2.7.2 Region B — Grand Coulee and Chief Joseph Dams

This region includes one flood risk consequence area, “Below Priest Rapids.” Flood risk was
determined to be negligible at this location in the historical period analysis (Section 3.9.3.2).
Effects of climate change on flood risk at this location are not expected under any of the MOs
or the No Action Alternative.
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4.2.7.3 Region C — Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice Harbor
Dams

NO ACTION ALTERNATIVE

Historically, flood mechanisms in this region have been driven by snowmelt. This hydrological
flooding regime is expected to continue through the 2030s.

An earlier shift in unregulated flood freshet volumes is projected for drainages in the lower
Snake River. Extreme peak freshet volumes (95th percentile volume) are projected to occur in
May. The projections indicate potential increases and decreases in the spring freshet peak
volume (Dworshak Dam inflow, Ice Harbor natural flow, Section 4.1.2.4). Increased local flood
risk for the Clearwater River at Orofino and Spalding, Idaho, and the Snake River at Anatone,
Idaho, is possible. In the Clearwater River, seasonal extremes in winter flow volume are
indicated by nearly all projections (section 4.1.2.4). Increased winter volumes could impose
challenges in meeting draft requirements for spring FRM operations, potentially elevating
spring flood risk on the Clearwater River at Spalding.

MULTIPLE OBJECTIVE ALTERNATIVES 1 TO 4

See the No Action Alternative discussion above, as the effects are anticipated to be similar.
4.2.7.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams

NO ACTION ALTERNATIVE

Historically, flood mechanisms in this region have been driven by both winter rainfall and spring
snowmelt events. Both hydrological flooding regimes are expected to persist through the
2030s.

Potential increases in winter rainfall driven events effecting the coastal ranges, Southern
Cascades range, and lower Columbia are projected (RMJOC 2018). Potential increases in intense
rainfall events associated with atmospheric rivers, coupled with increasing winter flow volumes
from the mainstem of the Columbia River (Section 4.1.2.4) are likely to elevate flood risk at
flood consequences areas in this region.

An earlier shift in flood freshet volumes is projected for the Columbia River. The extreme peak
freshet volumes (95th percentile) are expected to still occur in the May to June period. The
projections show both increases and decreases in the peak volume, indicating future
uncertainty (The Dalles natural flow, Section 4.1.2.4).

Sea level rise could elevate flood stages at locations below Bonneville Dam (Section 4.1.2.5,
USGS 2019). The influence of sea level rise increases with proximity to the outlet of the
Columbia River at the Pacific Ocean.
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MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 includes the Winter System FRM Space measure, providing additional flood storage for
system flood operations through the winter. This additional space allows Grand Coulee to
reduce outflows and store inflow volume during December flood events. This measure could
partially buffer projected increases in winter flood risk for consequence locations affected by
flow on the Columbia River in this region.

MULTIPLE OBJECTIVE ALTERNATIVE 3

See the No Action Alternative discussion above, as the effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVES 2 AND 4

See the MO1 discussion above, as the effects are anticipated to be similar.

4.2.7 Navigation and Transportation

Navigation and transportation could be affected by climate change through changes in seasonal
patterns and variability of streamflow and the consequences for riverbed profiles. The water
surface elevation of rivers and reservoirs, and channel depths affect access to shoreline
transportation infrastructure and drafts of freight vessels.

4.2.7.1 Region A — Libby, Hungry Horse, and Albeni Falls Dams

No effects from climate change to Navigation and Transportation are identified in this region.
The region does not include significant riverine navigation and transportation activities or
infrastructure.

4.2.7.2 Region B — Grand Coulee and Chief Joseph Dams
NO ACTION ALTERNATIVE

When the Lake Roosevelt forebay elevation falls below 1,229 feet National Geodetic Vertical
Datum of 1929 (NGVD29), the Inchelium-Gifford Ferry is inoperable (Section 3.10.3.2). The
projected shift toward earlier freshet timing (Section 4.1.2.4) could result in refill being initiated
earlier more frequently, reducing the amount of time that Lake Roosevelt is drafted to this
inoperable range.

MULTIPLE OBJECTIVE ALTERNATIVES 1 TO 4

See the No Action Alternative discussion above, as the effects are anticipated to be similar.
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4.2.7.3 Region C — Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice Harbor
Dams

NO ACTION ALTERNATIVE

Lower unregulated flows are projected June through October (Section 4.1.2.4). This could result
in an increased frequency of shallow river conditions that may affect navigation at some
locations. Projected higher flows and higher extreme flows November through March could
slow or interrupt barge traffic more frequently in this region.

MULTIPLE OBJECTIVE ALTERNATIVES 1, 2, AND 4
See the No Action Alternative.
MULTIPLE OBJECTIVE ALTERNATIVE 3

This alternative includes the Breach Snake Embankments measure. This measure could increase
the conveyance of sediment downstream in the lower Snake River (Section 3.3.3.5). The
potential supply of sediment from the land surface could increase as a consequence of
projected hydrological changes (Section 4.2.2.3) and could result in increases in dredging for
maintenance of ports (e.g., berthing areas) in the lower Snake River.

4.2.7.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams
NO ACTION ALTERNATIVE

Lower unregulated flows are projected June through October (Section 4.1.2.4). This could result
in an increased frequency of shallow river conditions that may affect navigation at some
locations. Projected higher flows and higher extreme flows November through March could
slow or interrupt barge traffic more frequently in this region.

Projected sea level rise could affect river surface elevations downstream of Bonneville Dam
(4.2.2.5). The effects of sea level rise on river elevations could provide a marginal benefit for
navigation of the channel below Bonneville and have limited effects on shoreline transportation
infrastructure.

MULTIPLE OBJECTIVE ALTERNATIVES 1 TO 3
See the No Action Alternative discussion above, as effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 4

MO4 also includes the McNary Flow Target measure. This measure will provide more flow early
in summer for dry years and potentially lead to reduced flows in late summer and fall. This
operation may increase in frequency as streamflow volumes are projected to shift to occur
earlier in the year and late spring/summer flow declines (Section 4.1.2.4). Flow changes
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associated with this measure have the potential to exacerbate low flow conditions effecting
navigation in late summer.

4.2.8 Recreation

Recreational opportunities could be affected by climate change primarily by changing seasonal
access for in-water activities. Projected effects to other resources could also influence visitation
related to specific recreational activities. For instance, potential effects to fish and wildlife
(Section 4.2.4, 4.2.5) could influence sport fishing and hunting opportunities. Potential effects
to water quality (Section 4.2.3) could affect swimming opportunities.

4.2.8.1 Region A — Libby, Hungry Horse, and Albeni Falls Dams
NO ACTION ALTERNATIVE

The timing of the spring freshet inflow volume is projected to shift earlier in the year (Section
4.1.2.4), resulting in headwater reservoirs, Libby Dam/Lake Koocanusa and Hungry Horse Dam
and reservoir, filling earlier than historically. The seasonal period for recreational activities that
depend on high lake levels for water access (fishing, boating, paddling, and camping) could
begin earlier in the year. Decreased summer and fall flow volume (Section 4.1.2.4) will likely
lead to lower lake levels in the late summer and fall resulting in less recreational access during
this time of year.

The operations of Albeni Falls Dam/Lake Pend Oreille follow a fixed seasonal draft; changes in
seasonal inflow patterns will not affect draft and refill timing. However, increased frequency of
system wide winter flood events (Section 4.2.1.1) will result in flood volumes being stored and
evacuated more frequently during winter. This potential increase in fluctuations of Lake Pend
Oreille could negatively affect winter recreational activities that use the lakeshore and ice
surface (ice fishing). Projected increases in winter temperature could decrease the duration and
frequency of periods where ice conditions suitable for ice fishing. Increases in summer water
temperature (Section 4.2.3.1) could increase visitation for in-water activities.

Sport fishing opportunities may increase for resident species that may benefit from warming
water temperature at some headwater locations, and warm water adapted invasive species.
Opportunities could decrease for potentially negatively affected resident species (Section
4.2.3.6).

MULTIPLE OBJECTIVE ALTERNATIVE 1

Under MO1, the December Libby Target Elevation measure allows for higher winter (November
to December) reservoir elevations at Libby Reservoir to mitigate for potential over-drafting in
years with a drier forecast. Projected changes in inflow timing combined with this measure
could support higher spring and summer pool elevations (Section 4.2.1.1) that would support
increased periods of water access.
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MULTIPLE OBJECTIVE ALTERNATIVE 2

See the No Action Alternative discussion above, as effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 3

Similar to effects of MO1 however through the combined influence of different measures.
MULTIPLE OBJECTIVE ALTERNATIVE 4

Under MO4, in low water years, the McNary Flow Target measure would release an additional
water from Libby, Hungry Horse, and Albeni Falls, resulting in lower reservoir elevations on
April 10, which could affect refill during dry water years. Projected decreases in summer inflow
volume with climate change may further exacerbate the effects of refill during drier years.
Projected increases in winter flows could aid in storage recovery.

4.2.9.2 Region B — Grand Coulee and Chief Joseph Dams
NO ACTION ALTERNATIVE

The timing of the spring freshet inflow volume is projected to shift earlier in the year (Section
4.1.2.4), resulting in Lake Roosevelt filling earlier than historically. The seasonal period for
recreational activities that depend on high lake levels for water access (fishing, boating, and
camping) could begin earlier in the year. Decreased summer and fall flow volume (Section
4.1.2.4) will likely lead to lower lake levels in the late summer and fall resulting in less
recreational access during this time of year. Increases in water temperature (Section 4.2.3.2)
could increase visitation for in-water activities. However, it could also increase algal growth,
including at recreational areas where cyanobacteria is currently present (Lake Roosevelt, Rufus
Woods Lake). Potential negative effects of climate change to native anadromous fish (Section
4.2.3.5) could lead to decreased sport fishing opportunities. Sport fishing opportunities for
warm water adapted species may increase.

MULTIPLE OBJECTIVE ALTERNATIVES 1, 2, AND 3
See the No Action Alternative discussion above, as the effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 4

MO4 includes the McNary Flow Target measure that increases outflow from Grand Coulee from
May through July during dry years. This operation may increase in frequency as streamflow
volumes are projected to shift to occur earlier in the year and late spring/summer flow declines
(Section 4.1.2.4). This operation could result in lower elevations of Lake Roosevelt during the
summer recreation period, thus effecting recreational access.
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4.2.9.3 Region C—- Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice
Harbor Dams

NO ACTION ALTERNATIVE

The timing of the spring freshet inflow volume is projected to shift earlier in the year (Section
4.1.2.4), resulting in Dworshak filling earlier than historically. This means the seasonal period
for recreational activities that depends on high lake levels for water access (fishing, boating,
and camping) could begin earlier in the year. Projected decreased summer and fall flow volume
(Section 4.1.2.4) will likely lead to lower lake levels at Dworshak in the late summer and fall,
resulting in less recreational access during this time of year. Projected increases in summer
water temperature (Section 4.2.3.3) could increase visitation for in-water activities, which could
potentially be offset by potential increases in harmful water quality conditions (e.g., harmful
algae blooms). Potential negative effects of climate change to native anadromous fish (Section
4.2.3.5) could lead to decreased sport fishing opportunities. Sport fishing opportunities for
warm water adapted species could increase.

MULTIPLE OBJECTIVE ALTERNATIVES 1, 2, AND 4
See the No Action Alternative discussion above, as the effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 3

This alternative includes the Breach Snake Embankments measure. Recreational activities
would change after dam breaching (Section 3.11.3.5). Projected increased spring water
temperature amplified by MO3 could increase the period for in-water activities, starting earlier
in the year. River flows through the affected lower Snake River mainstem reach will more
closely mimic and be more responsive to inflow patterns. Projected increased variability in
winter flow volumes and lower summer volumes (Section 4.1.2.4) could negatively affect
recreational boating opportunities and activities that rely on consistent shoreline water access.

4.2.9.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams
NO ACTION ALTERNATIVE

Inflow volumes may be stored and evacuated more frequently within the series of the four
lower Columbia River dams and reservoirs for winter system flood events (Section 4.2.1.4). The
projected variability of winter pool elevations and outflow from Bonneville Dam could restrict
winter recreational activities. Sea-level rise is not expected to affect recreational activities.
Potential negative effects of climate change to native anadromous fish (Section 4.2.4.1) could
lead to decreased sport fishing opportunities. Sport fishing opportunities for warm water
adapted species may increase.
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MULTIPLE OBJECTIVE ALTERNATIVES 1 TO 4
Similar to the No Action Alternative discussion above, as effects are anticipated to be similar.
4.2.9 Water Supply (Irrigation, Municipal, Industrial, Groundwater, and Aquifers)

Climate change has the potential to disrupt hydrological processes that in turn may affect
current water supply practices. These changes could affect surface and groundwater users,
including users that use free flowing or natural/live® flow systems.

Climate change has the potential to affect water supply for irrigation, municipal, and industrial
uses from surface water sources. Changes in natural/live flow to the system that reduces
summer and fall stream flows may reduce the amount of available supply. These live flow rights
will be regulated based on states water law. This is true for all the CRSO regions in the No
Action Alternative and MOs.

An example of water supply that may be affected is the State of Washington “interruptible
water rights.” This group of water rights is curtailed (not allowed to divert) when the March 1,
April to September Dalles forecast’ drops below 60 million acre-feet. From the ResSim, No
Action Alternative model, there is a 2.4 percent probability of the 5,000-year simulations where
The Dalles forecast drops below 60 million acre-feet, therefore causing these rights to be
curtailed. Using the RMJOC-II inflow projections, there is not a clear indication of a directional
change in the relative frequency of The Dalles forecast volumes below the curtailment
threshold.

Effects to groundwater from climate change are not as well understood as potential effects to
surface water. However, some studies have suggested that the projected decrease in snowpack
and higher intensity winter storms may decrease groundwater recharge (Doll 2009). In addition,
it is possible that the decreased ability to rely on surface water may cause some to rely more on
groundwater, thus decreasing supplies (Reclamation 2016).

4.2.9.1 Region A — Libby, Hungry Horse, and Albeni Falls Dams
NO ACTION ALTERNATIVE

Under the No Action Alternative and MOs, water supply in these reaches could potentially be
affected by changes in live/natural flow. Specifically, water supply uses that rely on the
live/natural flow water rights for delivery may experience increased shortage in the summer or
fall as flows are projected to decrease during this period (Section 4.1.2.4). Changes to

6 Live or natural flow is water appropriated by the individual states and is distributed in priority or by other rules
defined by the states.

7 This is the volume of runoff forecasted to flow past the Dalles between April and September and is calculated on
March 1 each year.
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operations should not affect live/natural flow distributions as they are based on state prior
appropriation law under all alternatives, including No Action Alternative.

MULTIPLE OBJECTIVE ALTERNATIVES 1 TO 3

See the No Action Alternative discussion above, as effects are expected to be similar.
4.2.9.2 Region B — Grand Coulee and Chief Joseph Dams

NO ACTION ALTERNATIVE

Water supply is pumped from Lake Roosevelt for irrigation, municipal, and industrial needs in
the Columbia Basin Project. Water flowing into Lake Roosevelt could be affected by climate
change, both in volume and timing. Changes to operations should not affect live/natural flow
distributions as they are based on state prior appropriation law under all alternatives, including
No Action Alternative.

MULTIPLE OBJECTIVE ALTERNATIVES 1 TO 4

See the No Action Alternative discussion above, as effects are expected to be similar.
Additionally, pumping costs at the John W Keys pumping plant may change if climate change
causes further decreases in Lake Roosevelt water surface elevation.

4.2.9.3 Region C— Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice Harbor
Dams

NO ACTION ALTERNATIVE

Water supply is available out of the pools behind Lower Granite, Little Goose, Lower
Monumental, and Ice Harbor. Water is available using live/natural flow rights and is accessible
to water users due to the elevated pool levels for navigation and power production. These run-
of-the-river dams do not provide water storage for water rights holders, but make is easier for
users to access the water. Projected changes in climate are unlikely to affect the elevation in
these pools and therefore the availability of water is unlikely to change.

MULTIPLE OBJECTIVE ALTERNATIVE 1, 2 AND 4
See the No Action Alternative discussion above, as effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 3

Under MO3, water supply is not expected to continue from the pools in Region C with the
breaching of the dams. This would not be affected by climate change.
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4.2.9.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams
NO ACTION ALTERNATIVE

Water supply is available out of the pool behind McNary and John Day using live/natural flow
rights and is accessible to users due to elevated pool levels for navigation and power
production. In the John Day pool, the elevation is held higher though the irrigation season to
allow pumps to operate. Projected changes in climate are unlikely to change the elevation in
these pools and therefore the ability to supply the current level of water is not expected to
change.

MULTIPLE OBJECTIVE ALTERNATIVE 1,2 AND 3
See the No Action Alternative discussion, as effects are anticipated to be similar.
MULTIPLE OBJECTIVE ALTERNATIVE 4

In MO4, the John Day pool is operated 1.5 feet lower than current irrigation season elevations,
which may limit the ability of some pumps to operate. It is unlikely that climate change will
have an effect on this operation.

4.2.7 Visual

Climate change is not expected to ameliorate or exacerbate effects to visual resources.
4.2.8 Noise

Climate change is not expected to ameliorate or exacerbate effects to noise resources.
4.2.9 Fisheries

Although fish abundance is only one of many considerations with respect to determining
allowable fish harvest, this analysis evaluates potential impacts on fisheries by referencing the
potential effects on relevant fish populations only. The anadromous and resident fish resources
of the Columbia River Basin are caught in commercial and ceremonial and subsistence fisheries
within the Basin and in the ocean off the coasts of Washington, Oregon, California, British
Columbia, and Alaska.? Commercial salmonid catch within the Columbia River Basin includes
Chinook salmon, coho salmon, sockeye salmon, and steelhead. Other anadromous fish,
including certain white sturgeon populations, American shad, and Pacific eulachon, are also
caught commercially in the Columbia River Basin. Resident fish are not targeted in the Basin
commercially, though some are caught incidentally and sold in tribal fisheries. To the extent
that climate change effects ameliorate or exacerbate the effects of the Multiple Objective
Alternatives on fish in a way that increases or decreases abundance of target species,
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2079 commercial and ceremonial and subsistence fishing opportunities, and the economic, social,
2080 and cultural values associated with them, then fisheries could be affected. Climate change may
2081  also affect fisheries if it results in a change in distribution of fish populations that increases the
2082  cost associated with fishing, or limits access in some way.

2083  4.2.9.1 No Action Alternative

2084  As described in Section 4.2.4, the effects of climate change are expected to have an adverse
2085 effect overall on anadromous fish populations, which could lead to moderate to severe declines
2086 in salmon and steelhead populations. Available information also suggests that species such as
2087  Pacific lamprey, Pacific eulachon, and green sturgeon may also experience adverse impacts
2088  from the effects of climate change. Changes in air temperature, precipitation, stream flows,
2089  and water temperatures may also have adverse implications for resident fish, including changes
2090 in their distribution and abundance (see Section 4.2.3.6). Decreased abundance of anadromous
2091 and resident species of importance in commercial and ceremonial and subsistence fisheries
2092  could result in a decreased opportunity for harvest, and a decrease in the economic, social, and
2093  cultural values associated with fishing. Additionally, changes in the distribution of species

2094  associated with the effects of climate change could mean a loss of access to certain species, or
2095 increased costs associated with harvesting those species, which could adversely affect those
2096 fisheries.

2097  4.2.9.2 All Multiple Objective Alternatives

2098  Under all Multiple Objective Alternatives, climate change has the potential to exacerbate or
2099 ameliorate the full range of predicted effects of the alternative on fish that differ by species,
2100 region, and life history stage, and the resulting effects may work in competing directions. Thus,
2101  itis difficult to discern how the effects of climate change and the MO itself would collectively
2102  influence the abundance of a population overall. Sections 4.2.4. and 4.2.3.6. describe how fish
2103  may be affected by climate change under each of the MOs. Where these effects result in an
2104  overall change in abundance of a given population of commercial or ceremonial and

2105  subsistence value, the fisheries that depend upon them could be affected. The potential for
2106  redistribution of fish populations resulting in an increased cost of harvest or loss of access

2107  remains the same as under the No Action Alternative.

2108  4.2.10 ITAs, Tribal Perspectives and Tribal Interests

2109  No direct or indirect effects to Indian Trust Assets were identified for any of the alternatives,
2110  including the Preferred Alternative. Trust lands identified during the geospatial database query
2111 and tribal outreach are located outside of any direct or indirect effects identified in the

2112  alternatives. These include lands from the Confederated Tribes of Warm Springs Reservation,
2113  the Yakama Nation, and the Kootenai Tribe of Idaho, as well as the following Indian

2114  reservations: The Confederated Tribes of the Colville Indian Reservation; Spokane Tribe of
2115 Indians; Kootenai Tribe of Idaho; Nez Perce Tribe; and The Confederated Salish & Kootenai
2116  Tribes of the Flathead Reservation.
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“Climate change impacts have the potential to affect the entire Basin and resources the Tribes
stewarded from time immemorial. The change has the potential to impact both aquatic systems
across the Basin and the generation of electricity from the System.” (The Shoshone-Bannock
Tribes Tribal Perspective Submittal, See 3.17.2.2)

The Tribes of the Pacific Northwest are focused on the challenges posed by the projected
changes in climate. These changes have the potential to adversely affect tribal culture given the
relationship these cultures have with the natural environment. For many tribes, their culture of
stewardship is an effort to restore the ecosystem to its natural condition. This is considered an
essential element in their fight against, and to counteract the effects of climate change. Climate
change presents a threat to critical cultural resources, thereby also threatening the lifeways and
wellbeing of the Tribes. Some tribes view the CRS, particularly reservoirs and loss of riverine
ecosystem structure and function, as a contributor to climate change.

“Climate change impacts have the potential to affect the entire Basin and resources the Tribes
stewarded from time immemorial. The change has the potential to impact both aquatic systems
across the Basin and the generation of electricity from the System.” (The Shoshone-Bannock
Tribes Tribal Perspective Submittal, See 3.17.2.2)

The Tribes of the Pacific Northwest are focused on the challenges posed by the projected
changes in climate. These changes have the potential to severely affect tribal culture given the
relationship these cultures have with the natural environment. The Tribes' view of their culture
of stewardship, which speaks to this relationship, means that for many of the tribes they see
their work as an effort to restore the ecosystem to its natural condition as an essential element
in the fight against, and to counteract, the effects of climate change because its "impacts have
the potential to affect the entire Basin and resources the Tribes stewarded from time
immemorial." Climate change presents a threat to critical cultural resources, thereby also
threatening the lifeways and well-being of the Tribes. Some Tribes’ view the CRSO, particularly
through effects from slack-water reservoirs and a loss of riverine ecosystem structure and
function, as contributors to climate change.

4.2.10 Cultural Resources

Cultural resources around reservoirs experience erosion-driven decay when exposed during
drawdown periods of storage reservoirs. Exposed to the elements (not inundated), sites
undergo more erosion from heavy rainfall events and wave action. Exposed sites are also
subject to looting and recreation-related damage. Stability of environmental conditions is also
important for preservation of organic remains in sites, which decay faster under increased
variability, especially rapid changes in soil moisture and acidity.

Increased reservoir fluctuations associated with changes in operations or changes in climate are
likely to have increasing effects on cultural resources. Climate change projections for the region
include increases in winter precipitation and earlier and potentially larger spring runoff volumes
(4.1.2.4). Atmospheric rivers are also projected to increase. These intense storms often produce
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gulley erosion on exposed drawdown zones, which can quickly diminish the integrity of cultural
resources.

The extent to which the Action Alternatives accelerate the erosion and decay of cultural
resources is largely tied to the extent that they would increase the exposure of sites. For most
of the Action Alternatives, the changes in operations from the No Action Alternative are
minimal, and this means that the alternatives do not have the potential to worsen the effects
driven by climate change.

There are numerous locations in the Columbia River Basin that tribes consider as “sacred sites”.
Sacred sites can be affected by climate change through its influence on environmental drivers
of landscape change (e.g., erosion, deposition) and potential to impede access to the sites. The
tribes contacted as a part of the compilation of this EIS identified two locations that fall in line
with the definition of “sacred sites” in Presidential Executive Order 13007: Kettle Falls, which is
located behind Grand Coulee Dam on Lake Roosevelt in northeast Washington State, and Bear
Paw Rock, which is located on Lake Pend Oreille behind Albeni Falls Dam.

4.2.10.1 Region A — Libby, Hungry Horse, and Albeni Falls Dams
NO ACTION ALTERNATIVE

Projected changes to reservoir operations (Section 4.2.1.1) such as more variable reservoir
elevations and also deeper reservoir drafts could expose more cultural resources. Additionally,
the lack of water coverage means that the sites could undergo more erosion from heavy rainfall
events and wave action. The exposed sites could also be more subject to looting and
recreation-related damage.

The only sacred site identified in Region A is Bear Paw Rock at Albeni Falls Dam. Changes in
operations related to projected changes in climate under this alternative would have negligible
effects on this sacred site.

MULTIPLE OBJECTIVE ALTERNATIVE 1

Projected changes in climate could further increase the drawdowns (Section 4.2.1.1) that could
already be happening as a response to MO1 at Libby and Hungry Horse. This could amplify the
effects on cultural resources.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Same as MO1, except with an even greater, extended drawdown risk and subsequent resource
exposure at Libby due to increased spring draft requirements for projected increases in spring
inflow volume (Section 4.1.2.4). The effects at Hungry Horse and Albeni Falls would be more
muted as draft patterns are not anticipated to change significantly in response to projected
changes in flow volumes (Section 4.2.1.1).
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MULTIPLE OBJECTIVE ALTERNATIVE 3

Under MO3, operations at Hungry Horse would result in increased exposure of cultural
resources (Section 3.16.2.6), and the deeper drawdowns associated with climate change
(Section 4.2.1.1) could likely to exacerbate these effects.

MULTIPLE OBJECTIVE ALTERNATIVE 4

MO4 causes deep drafts at Hungry Horse (Section 3.2.2.7), and the addition of climate change
driven drafts of the reservoir could exacerbate these effects.

4.2.10.2 Region B — Grand Coulee and Chief Joseph Dams
NO ACTION ALTERNATIVE

Changes in Lake Roosevelt pool elevations in the winter could be further exacerbated by
changes in inflow due to changes in climate (Section 4.2.1.2). This could result in more cultural
resources being exposed and thus subjected to accelerated decay due to erosion and amplified
wetting and drying cycles.

The only sacred site identified in Region B is Kettle Falls. Changes in operations related to
climate change may cause increased exposure to landforms associated with the Kettle Falls
sacred site (especially Hayes Island), which is not expected to impede access to the site, but
may cause adverse effects at the site.

MULTIPLE OBJECTIVE ALTERNATIVE 1

The changes in operations anticipated from MO1 (section 3.2.2.4) could be amplified by the
changes in climate potentially resulting in longer and deeper drawdowns at Grand Coulee than
were seen in the No Action Alternative. Changes in the operations for FRM result in deeper
drafts in the winter and spring, increasing the potential impacts to cultural resources from
exposure, including accelerated decay due to erosion and amplified wetting and drying cycles.

The changes in operations anticipated in MO1 from FRM, which result in deeper drafts in the
winter and spring, could be amplified by projected changes in climate, potentially resulting in
longer and deeper drawdowns at Grand Coulee than in the No Action Alternative. The
projected increases in exposure under climate change is not expected to impede access to the
site, but may cause adverse effects at the site.

MULTIPLE OBJECTIVE ALTERNATIVE 2

In MO2 deeper drafts for hydropower would result in increased exposure. Cultural resources
may be exposed to a greater degree during a period that also coincides with projected
increased precipitation, so this exposure may not occur. However, if the exposure occurs, it
means that sites may be more subject to erosion, especially from intense winter rain events.
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In MO2 deeper drafts for hydropower would result in increased exposure of some of the
landforms associated with Kettle Falls. The projected increases in exposure under climate
change are not likely to impede access to the site, but may cause adverse effects at the site.

MULTIPLE OBJECTIVE ALTERNATIVE 3
See the No Action Alternative discussion above.
MULTIPLE OBJECTIVE ALTERNATIVE 4

Under MO4, the lack of refill during the summer in driest years (due to the flow augmentation
for the McNary Flow Target measure) could result in more exposure of cultural resources
during the season when the most people are using the Lake Roosevelt National Recreation
Area. This will likely be exacerbated by projected hydrological changes. This will lead to an
increase in damage related to camping on the cultural resources (especially archaeological
sites) and resultant casual looting would amplify these effects.

Under MO4, the lack of refill during the summer in the driest years (due to the McNary Flow
Target measure) will result in more exposure of the Kettle Falls sacred site during that season,
when the most people are using the Lake Roosevelt National Recreation Area. The projected
increases in exposure under climate change are not likely to impede access to the site, but may
cause adverse effects at the site.

4.2.10.3 Region C — Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice
Harbor Dams

NO ACTION ALTERNATIVE

It is important to note first that the operations of Dworshak, a storage reservoir, will not follow
the same pattern as the other four projects in Region C, as they are all run-of-river projects that
would be operated to maintain fairly consistent reservoir levels.

No sacred sites were identified in Region C.
MULTIPLE OBJECTIVE ALTERNATIVE 1

Deeper drafts during the spring at Dworshak will expose more archaeological sites and will
increase the rates of erosion, particularly gulley formation resulting from rain and melting
snow. There would be little change relative to the No Action Alternative for the lower four
Snake projects.

MULTIPLE OBJECTIVE ALTERNATIVE 2

See the MO1 discussion above. Additionally, operations under MO2 at Dworshak would tend to
expose cultural resources to a greater degree than under the No Action Alternative due to
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increase reservoir drawdown, and the operational changes in response to climate change could
amplify these effects. At the run-of-river projects, no changes are expected.

MULTIPLE OBJECTIVE ALTERNATIVE 3

MO3 would result in significant changes in flow and stage in the lower Snake River. Dam breach
would have varied effects on cultural resources, especially over the short term. Increased
aridity during the summer months may make it harder to re-establish vegetation over the
exposed draw down zones of the four reservoirs. This lack of plant cover means that sites
would continue to be exposed for a longer period and, as a result, would decay more quickly, or
be more susceptible to looting/pothunters.

MULTIPLE OBJECTIVE ALTERNATIVE 4

Operational effects to cultural resources under MO4 for Dworshak would closely follow MO1.
At the run-of-river projects, MO4 would tend to result in slightly higher reservoir elevations,
which may slightly reduce decay related to exposure. Climate change is not expected to alter
these conditions.

4.2.10.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams
NO ACTION ALTERNATIVE

In general, it appears that changes in operations driven by climate change in the four lower
Columbia River projects would be minimal because the storage in the reservoirs does not
undergo large changes in response to changing inflows.

No sacred sites were identified in Region C.
MULTIPLE OBJECTIVE ALTERNATIVE 1

Operations under MO1 would generally follow the same patterns as under the No Action
Alternative, but this alternative calls for slightly higher median pool elevations in April and May.
These higher elevations would not alter conditions driven by climate change.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Operations under MO2 would not differ from the No Action Alternative to any significant
degree, especially when focusing on median reservoir elevations. Climate change implications
are not expected to be amplified.

MULTIPLE OBJECTIVE ALTERNATIVE 3

Conditions under MO3 are expected to closely follow those found under MO1.
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MULTIPLE OBJECTIVE ALTERNATIVE 4

Operations under MO4 would feature lower elevations in spring and summer months,
increasing the degree of cultural resource exposure during low flow years.
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4.2.11 Environmental Justice

Climate change can exacerbate effects on minority populations, low-income populations, and
Indian tribes. All the tribes expressed in meetings with the lead agencies their concern and
focus on climate change and what it means for tribal culture and resources. The Shoshone-
Bannock Tribes encapsulated these concerns in their tribal perspective “Projected changes in
temperature, precipitation, hydrology, and ocean chemistry threaten not only the lands,
resources, and economies of the Shoshone-Bannock Tribes (Tribes), but also tribal homelands,
ceremonial sites, burial sites, tribal traditions, and cultural practices that have relied on native
plants, fish, and animal species since time immemorial” (Tribal Perspective Submittal from the
Shoshone-Bannock Tribes, Page 12. See Appendix P). At the same time, these populations are
often less able to adapt or recover from these effects (EPA 2016a). This section evaluates
whether there would be disproportionately high and adverse effects on minority populations,
low-income populations, or Indian tribes considering how projected changes in climate may
affect resources given effects from the CRSO EIS alternatives.

For the following resources, the environmental justice analysis compares effects to the general
population and effects to minority populations, low-income populations, and Indian tribes by
region and by alternative.

e Navigation and transportation. Changes to in-river and reservoir conditions under the CRSO
EIS alternatives could affect the availability of ports for commercial navigation activities
(including commercial shipping barges, cruise ships, and ferries) (Section 3.15.3). Inchelium-
Gifford Ferry operations on Lake Roosevelt could also be affected by operational measures
in some CRSO alternatives that would result in additional reservoir fluctuations, including
drawdowns in some years. This ferry is operated by the Confederated Tribes of the Colville
Reservation and primarily serves the tribal population. Climate change could affect
navigation and transportation through changes to seasonal patterns and variability of
streamflow and consequences for riverbed profiles (Section 4.2.7). The water surface
elevation of rivers and reservoirs, and channel depths affect access to shoreline
transportation infrastructure and drafts of freight vessels (Section 4.2.7).

e Cultural resources. The CRSO EIS alternatives have the potential to affect cultural resources
(including archaeological resources, traditional cultural properties, and historic built
resources) as a result of changes in reservoir elevations or construction activities (Section
3.15.3.2). Asdiscussed in the Cultural Resources section in chapter 3, ongoing effects of
inundation and reservoir fluctuation would continue to have substantial adverse effects on
traditional cultural properties under the No Action Alternative. Implementation of the
action alternatives could negatively affect cultural resources through increasing exposure
and erosion associated with increased reservoir level fluctuations and, thus creating the
potential for effects associated with public access including looting, vandalism, creation of
trails, and unauthorized activities (Section 3.15.3.2). Projected changes in climate could
exacerbate these effects by increasing decay through operations resulting in deeper
drawdowns, changes in precipitation (as more snow falls as rain), and increased variability
(especially rapid changes in soil moisture and acidity).
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2329 e Fish. Warming water temperatures, streamflow changes, increased pervasiveness of

2330 invasive species, and changing ocean conditions (reduction in thermal habitat for salmon,
2331 increasing ocean acidification, changing estuarine and plume environments) are projected
2332 to have negative implications for the freshwater, estuarine, and marine environments of
2333 many fish species in the Pacific Northwest (section 4.2.3). The CRSO EIS alternatives have
2334 the potential to affect the availability of fish for harvest for low-income populations,

2335 minority populations, and Indian tribes participating in these activities (section 3.15.3.2).
2336 The environmental justice analysis in chapter 3 concludes that, while the construction of
2337 the dams and current system operations have ongoing effects on tribal culture, lifeways
2338 (e.g., customs and practices), and traditions, site-specific information is not available to
2339 identify precisely where these subsistence activities occur, and whether plant or wildlife
2340 species that are important for ceremonial or subsistence use would be affected by the
2341 changing water levels (section 3.15.3). Climate change does not alter that conclusion.
2342 Therefore, this resource is not analyzed in further detail for this analysis.

2343 e Vegetation, wetlands, and wildlife. In general, the analyses of effects to vegetation,

2344 wetlands, and wildlife, identified negligible to minor effects to these resources across most
2345 CRSO EIS alternatives (Section 3.15.3.1) with no expected disproportionality high and

2346 adverse human health or environmental effects on minority populations, low-income

2347 populations, or Indian tribes. Climate change is projected to have minimal effects on these
2348 conclusions; therefore, no change is expected in effects from the alternatives.

2349 e Air quality. There are a number of uncertainties surrounding the likelihood, volume and

2350 specific location of future emissions that render making a determination of effects to
2351 specific communities speculative (Section 3.15.3.1). Climate change adds additional

2352 uncertainties that make further evaluation even more difficult and uncertain, so it is too
2353 speculative to know whether there would be expected disproportionate high and adverse
2354 human health or environmental effects on minority populations, low-income populations,
2355 or Indian tribes.

2356 e Power generation. Projected changes in climate are not likely to change the general

2357 conclusions from the power analysis of the relative effect of one MO versus another

2358 because the projected changes in climate are likely to affect hydropower generation in all
2359 alternatives relative to the No Action Alternative roughly the same on an annual basis
2360 (though with a little more variability on a monthly basis) (Section 4.2.5). Therefore,

2361 climate change does not alter the relative conclusions of the environmental justice

2362 analysis identified in Chapter 3.15.3.

2363 o Flood risk management. The flood risk analysis in this EIS does not anticipate changes to
2364 flood risk from any of the proposed CRSO EIS alternatives therefore no additional

2365 environmental justice analysis is necessary (Section 3.15.3.1). Climate change is projected
2366 to have minimal effects on these conclusions; therefore, this resource is not analyzed in
2367 detail in this section.

2368 e Recreation. The analyses of effects to recreation identified negligible to minor effects to the
2369 resources across most CRSO EIS alternatives (Section 3.15.3.1). The adverse effects on
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resources identified in Region C under MO3 do not appear likely to disproportionately affect
minority populations, low-income populations, or Indian tribes (Section 3.15.3.1). Climate
change does not alter this conclusion.

Water supply. Effects to water sources are focused on a need to extend pumps under MO4
to allow for continued water supply and the potential loss of irrigation under MO3 because
the pumps that supply this water would no longer be operational once the dams are
breached and the nearby groundwater elevations could be adversely affected (Section
3.15.3). These effects are relatively small and are not expected to result in
disproportionately high and adverse effects on minority populations, low-income
populations, or Indian tribes (Sections 3.15.3.7, 3.15.3.8). Moreover, projected changes in
climate are unlikely change the supply of water in regions A, B, C, and D (Sections 4.2.9.3,
4.2.9.4).

Sacred sites. The effects to sacred sites (Bear Paw Rock and Kettle Falls) created by
construction of the Federal dams are not expected to increase markedly as a result of the
CRSO EIS alternatives (Section 3.15.3.1). Climate change is projected to have minimal to
negligible effects on these conclusions (Section 4.2.13); therefore, this resource is not
discussed further in this section.

4.2.11.1 Region A — Libby, Hungry Horse, and Albeni Falls Dams

NO ACTION ALTERNATIVE

Navigation and transportation. Commercial navigation, cruise ships, and ferries do not
occur in Region A. This would not change under the No Action Alternative (Section
3.15.3.4).

Cultural resources. Numerous types of cultural resources have been identified in the
vicinity of the projects in Region A, including sites of particular importance in the vicinity of
the storage reservoirs: Albeni Falls, Hungry Horse, and Libby. Cultural resources would
continue to be adversely affected under the No Action Alternative due to ongoing
operations and maintenance of the Columbia River System (Section 3.15.3.4). Projected
changes to operations in response to changes in climate (Section 4.2.1.1) could expose
more cultural resource sites, potentially leading to more erosion from heavy rainfall events
and wave action. In addition, the exposed sites could potentially be subject to looting and
recreational-related damage (Section 4.2.10.1).

MULTIPLE OBJECTIVE ALTERNATIVE 1

Navigation and transportation. See No Action Alternative discussed above.

Cultural resources. Effects on cultural resources are anticipated to be negligible in Region A
under MO1, with the exception of moderate effects to archaeological resources at Hungry
Horse Reservoir (Section 3.15.3.5). Projected changes in climate could further increase the
drawdowns that would already be happening as a response to MO1 at Libby and Hungry
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Horse (section 4.2.1.1), thereby further increasing those effects to archaeological resources
at Hungry Horse Reservoir.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Navigation and transportation. See No Action Alternative discussed above.

Cultural resources. Implementation of MO2 could negatively affect cultural resources
through increasing exposure and erosion associated with increased reservoir level
fluctuations at Libby and Hungry Horse (Section 3.15.3.6). Projected changes in climate
could further increase the drawdowns that could already be happening as a response to
MO?2 at Libby, while effects at Hungry Horse could be more muted due to smaller changes
in projected spring inflow volumes and FRM draft requirements (section 4.2.1.1).

MULTIPLE OBJECTIVE ALTERNATIVE 3

Navigation and transportation. See No Action Alternative discussed above.

Cultural resources. Implementation of MO3 could negatively affect archaeological
resources through increasing exposure and erosion associated with increased reservoir level
fluctuations at Libby Dam and Hungry Horse Reservoir (Section 3.15.3.7). Deeper
drawdowns at Hungry Horse associated with climate change would likely exacerbate these
effects (Section 4.2.10.1).

MULTIPLE OBJECTIVE ALTERNATIVE 4

Navigation and transportation. See No Action Alternative discussed above.

Cultural resources. Implementation of MO4 would increase the exposure of archaeological
resources at Hungry Horse Reservoir (Section 3.15.3.8), and projected changes in climate
could further increase drawdowns and exposure of those archaeological resources (Section
4.2.10.1). Climate change is not projected to alter conclusions for sites at Libby Dam,
where effects to archaeological resources are expected to be negligible (Section 3.15.3.8),
or at Albeni Falls, where MO4 would not increase the exposure of archaeological resources
(Section 3.15.3.8).

4.2.11.2 Region B — Grand Coulee and Chief Joseph Dams

NO ACTION ALTERNATIVE

Navigation and Transportation. When the Lake Roosevelt forebay elevation falls below
1,229 feed NGVD29, the Inchelium-Gifford Ferry is inoperable (section 3.10.3.2). With
climate change, refill could be initiated earlier more frequently, reducing the amount of
time that Lake Roosevelt is drafted to inoperable range, thus potentially reducing the
effects identified in (Section 3.10.3.2), including effects to the Confederated Tribes of
the Colville Reservation (section 4.2.7.2).
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Cultural Resources. Numerous types of cultural resources have been identified in the
vicinity of the projects in Region B, including sites of particular importance near the historic
location of Kettle Falls. Cultural resources could continue to be adversely affected under the
No Action Alternative due to ongoing operations and maintenance of the Columbia River
System (Section 3.15.3.4). Changes in Lake Roosevelt pool elevations in the winter could be
further exacerbated by changes in inflow due to changes in climate, resulting in more
cultural resources being exposed and thus subjected to accelerated decay, which could
further heighten the effects to these resources and the tribal populations that consider
these resources culturally important (Section 4.2.10.2).

MULTIPLE OBJECTIVE ALTERNATIVE 1

Navigation and Transportation. MO1 is expected to disproportionally and adversely affect
environmental justice populations due to effects on navigation and transportation
resources, with effects primarily falling on the Confederated Tribes of the Colville
Reservation community (Section 3.15.3). The Inchelium-Gifford Ferry is expected to have 9
fewer operational days during wet years under MO1. With climate change, refill could be
initiated earlier more frequently, reducing the number of days that Lake Roosevelt is
drafted to inoperable range (Section 4.2.7.2) and at least partially alleviating the effects to
environmental justice populations.

Cultural resources. Implementation of MO1 could negatively affect cultural resources
through increasing exposure and erosion of reservoir areas associated with increased
reservoir level fluctuations, particularly at Grand Coulee Dam (Lake Roosevelt) (Section
3.15.3.5). Climate change could amplify the changes in operations anticipated from MO1,
potentially resulting in longer and deeper drawdowns at Grand Coulee as compared to the
No Action Alternative (Section 4.2.1.2).

MULTIPLE OBJECTIVE ALTERNATIVE 2

Navigation and Transportation. See MO1 discussion above.

Cultural resources. Implementation of MO2 could negatively affect cultural resources
through increasing exposure and erosion associated with increased reservoir level
fluctuations, specifically at Grand Coulee (Section 3.15.3.6). Cultural resources may be
exposed to a greater degree during a period that also coincides with projected increases
in precipitation, thus potentially subjecting the site to more erosion (Section 4.2.10.2).

MULTIPLE OBJECTIVE ALTERNATIVE 3

Navigation and Transportation. Under MO3, the Inchelium-Gifford Ferry is expected to
operate approximately 2 days more than anticipated under the No Action Alternative
(Section 3.15.3.7). With climate change, refill could be initiated earlier more frequently,
reducing the amount of time that Lake Roosevelt is drafted to inoperable range
(Section 4.2.7.2). Thus, this effect could potentially result in lessening the effects
described in Section 3.15.3.7.
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Cultural resources. Effects on cultural resources are anticipated to be negligible in Region B
under MO3 (section 3.15.3.7). Climate change could further exacerbate changes in Lake
Roosevelt pool elevations in the winter, potentially resulting in more cultural resources
being exposed and thus subjected to accelerated decay, which could have
disproportionately high and adverse effects on Indian tribes who find these resources
culturally important (Section 4.2.10.2).

MULTIPLE OBJECTIVE ALTERNATIVE 4

Navigation and Transportation. See MO1 discussion above.

Cultural resources. Implementation of MO4 could negatively affect cultural resources
through increasing exposure and erosion associated with increased reservoir level
fluctuations, specifically at Grand Coulee (Section 3.15.3.8). Climate change could
exacerbate this by resulting in Lake Roosevelt not being able to refill in early July,
leaving sites exposed during times of heavy use (Section 4.2.10.2). Thus, climate change
could further exacerbate the effects to cultural resource sites near Grand Coulee valued
by the Confederated Tribes of the Colville Reservation and the Spokane Tribe.

4.2.11.3 Region C— Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice

Harbor Dams

NO ACTION ALTERNATIVE

Navigation and transportation. This region includes low-cost barge transportation, ports,
and a growing cruise ship industry, bringing development and commercial activity to the
region (Section 3.15.3.4). Climate change could result in increased frequency of shallow
river conditions that may affect navigation at some locations, and projected higher flows
and higher extreme flows November through March could slow or interrupt barge

traffic more frequently in this region (Section 4.2.7.3).

Cultural resources. Numerous types of cultural resources have been identified in the
vicinity of the projects in Region C. Cultural resources would continue to be adversely
affected under the No Action Alternative due to ongoing operations and maintenance of the
Columbia River System (Section 3.15.3.4). Climate change is projected to have minimal
effects to operations at Dworshak or the four lower Snake River projects so increased
effects to cultural resources are not expected (Section 4.2.10.3).

MULTIPLE OBJECTIVE ALTERNATIVE 1

Navigation and transportation. Effects on navigation and transportation are anticipated to
be negligible in Region C under MO1 (section 3.15.3). Climate change is not projected to
alter these conclusions. As such, disproportionate and adverse effects to low-income,
minority or Indian tribes are not anticipated.

Cultural resources. See No Action Alternative discussion above.
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MULTIPLE OBJECTIVE ALTERNATIVE 2

See MO1 discussion above.
MULTIPLE OBJECTIVE ALTERNATIVE 3

e Navigation and Transportation. Dam breach would result in regional economic effects of
changes in navigation mode from river to rail and truck, as well as likely lead to some
displacement of workers. While some laborers are likely to be low-income, minority, or
members of Tribal communities, these effects do not appear likely to be concentrated in
one group or area (Section 3.15.3.7). Climate change is not projected to alter these
conclusions. As such, disproportionate and adverse effects to low-income, minority or
Indian tribes are not anticipated.

e Cultural resources. Following dam breach, the Ice Harbor, Lower Monumental, Little Goose,
and Lower Granite projects would experience significant effects to archaeological sites
associated with sediment erosion and deposition (Section 3.15.3.7). Climate change is
not projected to amplify or diminish these effects (Section 4.2.10.3).

MULTIPLE OBJECTIVE ALTERNATIVE 4

See MO1 discussion above.

4.2.11.4 Region D — McNary, John Day, The Dalles, and Bonneville Dams
NO ACTION ALTERNATIVE

e Navigation and transportation. This region benefits from low-cost barge transportation,
deep water ports located along the Lower Columbia River below Bonneville Dam, and cruise
ships that board in the Portland Area and travel both downstream and upstream on the
mainstem Columbia (Section 3.15.3.4). Climate change could increase the frequency of
shallow river conditions that may affect navigation at some locations (Section 4.2.7.4). The
effects of sea level rise on river elevations could provide a marginal benefit for navigation of
the channel below Bonneville Dam and have limited effects on shoreline transportation
infrastructure (Section 4.2.7.4).

e Cultural resources. Numerous types of cultural resources have been identified in the
vicinity of the projects in Region D. Cultural resources would continue to be adversely
affected under the No Action Alternative due to ongoing operations and maintenance of the
Columbia River System (Section 3.15.3.4). Climate change is projected to have minimal
effects to changes in operations in the four lower Columbia River projects (Section 4.2.10.4).

MULTIPLE OBJECTIVE ALTERNATIVE 1

e Navigation and Transportation. Effects on navigation and transportation are anticipated to
be negligible in Region D under MO1 (Section 3.15.3). Climate change is not projected to
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alter these conclusions. As such, effects to low-income, minority or Indian tribes are not
anticipated.

e Cultural Resources. Effects to cultural resources are anticipated to be negligible. As such,
effects to low-income, minority or Indian tribes are not anticipated (Section 3.15.3).
Climate change is projected to have minimal effects to changes in operations in the four
lower Columbia River projects (Section 4.2.10.4) and does not change this conclusion.

MULTIPLE OBJECTIVE ALTERNATIVE 2

See MO1 discussion above.
MULTIPLE OBJECTIVE ALTERNATIVE 3

e Navigation and transportation. Dam breach would result in regional economic effects of
changes in navigation mode from river to rail and truck, as well as likely lead to some
displacement of workers. While some laborers are likely to be low-income, minority, or
members of Tribal communities, these effects do not appear likely to be concentrated in
one group or area (Section 3.15.3.7). Climate change is not projected to alter these
conclusions. As such, effects to low-income, minority or Indian tribes are not anticipated.

e Cultural Resources. Effects to cultural resources are anticipated to be negligible. As such,
effects to low-income, minority or Indian tribes are not anticipated (section 3.15.3). Climate
change is projected to have minimal effects to changes in operations in the four lower
Columbia River projects (Section 4.2.10.4).

MULTIPLE OBJECTIVE ALTERNATIVE 4

See MO1 discussion above.
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CHAPTER 5 - MITIGATION

5.1 INTRODUCTION

When preparing an environmental impact statement (EIS), the Council on Environmental
Quality (CEQ) regulations state that Federal agencies shall include appropriate mitigation
measures to address environmental impacts, if not already included in the alternatives (40
Code of Federal Regulations [C.F.R.] §§ 1502.14(f) and 1502.16(h)). This chapter provides an
overview of possible mitigation measures being considered to avoid, minimize, and reduce
impacts to the human environment associated with the four Multiple Objective Alternatives
(MOs). Mitigation associated with the Preferred Alternative is described in Chapter 7; however,
it relies on the same measures for avoidance and mitigation identified in this process. The
Records of Decision, which conclude the National Environmental Policy Act (NEPA) process, will
identify the co-lead agencies’ preferred alternative and associated mitigation measures.

5.1.1 Overview of Mitigation

As part of the NEPA process, Federal agencies consider appropriate mitigation measures to
avoid, minimize, rectify, reduce or eliminate, and/or compensate for specific impacts (CEQ
2011). The mitigation measures summarized in this chapter are intended to reduce the duration
and severity of impacts from implementing a specific action.

CEQ defines mitigation as the following (40 C.F.R. 1508.20):

e Avoiding the impact altogether by not taking a certain action or parts of an action.

e Minimizing impacts by limiting the degree or magnitude of the action and its
implementation.

e Rectifying the impact by repairing, rehabilitating, or restoring the affected environment.

e Reducing or eliminating the impact over time by preservation and maintenance operations
during the life of the action.

e Compensating for the impact by replacing or providing substitute resources or
environment.

Avoidance and minimization measures include operational and construction measures such as
standard operating procedures, best management practices (BMPs) such as minimizing ground
disturbance, and industry standards. When physical or functional impacts to a resource cannot
be avoided or minimized, agencies can implement specific measures to mitigate adverse
impacts. Where possible in the mitigation analysis, the co-lead agencies identified in-kind and
in-place mitigation to address impacted resources at the location of impact. However, if there
were no feasible options to mitigate impacted resources at the project location, out-of-kind or
out-of-place mitigation was proposed for unavoidable environmental impacts. Mitigation falls
into four categories of actions to restore, replace, substitute, or supplement resources:
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1. In-kind and in-place mitigation, which consists of actions to offset an impacted resource at
the location of impact or an area immediately adjacent to the project site.

2. In-kind and out-of-place mitigation, which consists of actions that address the impacted
resource at a different location.

3. Out-of-kind and in-place mitigation, which consists of actions that address a different
resource at the location of impact or an area immediately adjacent to the project site.

4. Out-of-kind and out-of-place mitigation, which consists of actions that addresses a different
resource at a different location.

NEPA requires that all relevant, reasonable mitigation measures that could diminish the
adverse impacts of the project be identified in the document, even if they are outside the
jurisdiction of the lead agency or the cooperating agencies. See 40 C.F.R. §§ 1502.16(h) and
1505.2(c); 46 Fed. Reg. 18026. The inclusion of mitigation measures in this chapter is not
intended to indicate that the co-lead agencies, or the Federal government as a whole, has the
authority to perform all of the measures listed. If the measures are outside the jurisdiction of
the co-lead agencies, those measures will not be included in the Preferred Alternative or
Records of Decision (ROD). Their inclusion in this chapter serves to alert other agencies,
officials, and the public who can implement the measures to the potential benefits of the
measure.

Implementation and effectiveness monitoring should be used to evaluate mitigation actions in
accordance with CEQ regulations (40 C.F.R. §§1505.2(c) and 1505.3). Implementation
monitoring ensures that mitigation is carried out as described in the NEPA documents and
committed as part of the decision as documented in the ROD. Where implementation and
effectiveness monitoring are planned in conjunction with mitigation, these actions are
described in Section 5.5, Monitoring and Adaptive Management; Appendix R, part 1,
Monitoring and Adaptive Management; and discussed in the co-lead agencies’ RODs, as
appropriate.

5.1.2 Avoidance and Minimization Measures

This section describes avoidance and minimization measures that were incorporated as a
component of the proposed MOs, as well as the decision framework used to identify which
effects need mitigation.

The co-lead agencies would avoid and minimize impacts to the environment by implementing
BMPs (such as minimizing ground disturbance) and industry standards, as required, to comply
with applicable federal and state regulations.

Generalized avoidance or minimization actions, standard BMPs, and industry standards that
would likely be required for the proposed MOs are listed below. The list provided below is not
intended to be complete; rather, it reflects the most predictable actions that would be
implemented as integral components of the MOs. Other, site-specific avoidance and
minimization actions may be identified and discussed in any future NEPA documents.
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Standard BMPs would include the following:

e Use water and other dust suppressants to control fugitive dust and minimize erosion during
construction.

e Develop and implement storm water prevention, erosion and sediment control, and spill
prevention control and countermeasure plans.

e |Implement secondary containment for fuel and hazardous chemicals used in conjunction
with construction and operational implementation of measures.

e Adhere to fish passage guidelines during in-water work and construction of ladders, weirs,
and other in-water structures and coordinate with NOAA Fisheries and the U.S. Fish and
Wildlife Service if ESA-listed species are impacted.

e Implement dam safety requirements for construction and operation of new structures
associated with Federal hydroelectric projects (term used to encompass a dam, reservoir,
and all associated infrastructure).

e Implement standard fish handling techniques to minimize stress, and acquire the necessary
federal and state scientific take permits for fish handling.

e Minimize spread and establishment of invasive species by implementing control measures
for construction equipment.

5.1.3 Conservation Recommendations per Fish and Wildlife Coordination Act of 1934

In developing mitigation for the effects of the alternatives, the co-lead agencies also considered
the conservation recommendations included in the U.S. Fish and Wildlife Service's (USFWS) Fish
and Wildlife Coordination Act Report (CAR). The Fish and Wildlife Coordination Act (FWCA) of
1934, as amended (16 U.S.C. §§ 661-667¢) provides authority for USFWS and NMFS
involvement in evaluating impacts to fish and wildlife from proposed water resource
development projects and requires them to provide conservation recommendations for the
project. The draft CAR is included in Appendix U and provides analysis of effects of the
alternatives, landscape findings, and conservation recommendations. The USFWS will be
preparing a final CAR with emphasis on the Preferred Alternative for inclusion in the final EIS.
Coordination between the co-lead agencies and the USFWS is ongoing for the final CAR.

5.1.4 Affected Resources

Mitigation measures were developed to offset impacts to affected resources that are protected
by Federal laws, regulations, and Executive Orders, such as the following:

e Waters of the U.S. - Clean Water Act and EO 11990 Protection of Wetlands
e Threatened and endangered species -Endangered Species Act and Lacey Act

e Raptors, waterfowl, and migratory birds -Migratory Bird Treaty Act and Bald and Golden
Eagle Protection Act
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e Tribal, Cultural and Historic Resources - Native American Graves Protection and Repatriation
Act and National Historic Preservation Act

e Invasive Species -Executive Order (EQ) 13751 — Invasive Species

e Floodplains -EO 11988 — Floodplain Management

Additional information describing these regulations and others relevant for this EIS can be
found in Chapter 8.

5.2 DECISION FRAMEWORK AND SELECTION PROCESS

Mitigation measures were proposed as comments received during the public scoping period
and by technical teams during evaluation of the alternatives. These preliminary mitigation
features were further developed, compared, and then vetted through a robust selection
process. The process started with the co-lead agencies, with input from cooperating agencies
on the technical teams, considered potential mitigation measures from scoping comments and
the technical teams’ expertise. Then, the co-lead agencies used the decision framework
(described below) to identify if mitigation was warranted based on the adverse effects of
implementing a measure in the MOs and an evaluation of the severity of the impact on a
resource. The areas of analysis were divided into four regions (regions A, B, C, D) to access
regional and localized impacts. During the last round of the selection process, those screened
mitigation measures were matched to mitigate adverse effects based on ability to reduce
specific impacts. They were then further developed, refined, and screened, which resulted in
the proposed mitigation as shown in Section 5.4.

Mitigation was only developed for adverse impacts; if an action resulted in negligible effects or
the effect was beneficial, then no additional mitigation was proposed. For resources with minor
effects, the co-lead agencies generally practice avoidance where practical through operations
and implement BMPs, but did not propose taking additional mitigation actions. For purposes of
meeting compliance with different federal laws, regulations, and EOs, the co-lead agencies have
proposed mitigation measures, where appropriate, even if effects are minor, such as for
wetland impacts. Conversely, if a proposed operational or structural measure would result in a
moderate or major impact to any resource, then a range of mitigation measures were
developed to address the impacted resource or resources. To differentiate among minor,
moderate, and major effects as described in Section 3.1, the effect descriptors were used to
evaluate the intensity of the impact in relation to significance (see 40 C.F.R. § 1508.27). The
rationale for why an effect is considered to fall under one of the preceding intensity descriptors
is included in each resource section and summarized in Chapter 3.

The full suite of proposed mitigation measures were assessed based on five criteria developed
by the co-leads with cooperating agencies input, which helped to identify the likelihood that a
measure would be adopted by the co-lead agencies:

Category type: in-kind and in-place mitigation measures were preferred over out-of-kind
or out-of-place measures.
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Effectiveness: a qualitative assessment of the mitigation measure’s effectiveness in
reducing the impact from the alternative.

Scale: a qualitative assessment of the spatial (i.e., site-specific or regional) and temporal
scale (i.e., short-term or long-term, seasonal or annual, or temporary or permanent) of
the mitigation measure relative to the severity and duration of the impact.

Feasibility: a qualitative assessment of the feasibility of implementing a measure based
on technical and economic factors. For example, a mitigation measure may not be
feasible if there are other technical actions that would effectively reduce the severity or
duration of impact. Similarly, if the expense of implementing a measure would be
unreasonable, then the measure would not be feasible.

Jurisdiction: an assessment of the co-lead agencies’ jurisdiction or authority to
implement the measures

Finally, the suite of proposed mitigation measures were evaluated to determine if each
measure would fully reduce or minimize the impact or if residual impacts would exist after
implementation. The co-lead agencies identified where effects would remain after
implementing the mitigation measure. The full suite of prescreened mitigation measures are
available in Appendix R - Mitigation, Monitoring and Adaptive Management, Part 3.

5.2.1 Existing Programs That Include Mitigation Under The No Action Alternative

Under the No Action Alternative, mitigation currently being implemented would continue. With
implementation of any of the proposed MOs, there are nine mitigation programs that the co-
lead agencies currently implement that would be incorporated, with certain modifications, in
the respective alternatives. These mitigation programs are the Bonneville Power Administration
(Bonneville) Fish and Wildlife Program (F&W Program), the Lower Snake River Compensation
Plan, the U.S. Army Corps of Engineers’ (Corps’) Columbia River Fish Mitigation Program, U.S.
Bureau of Reclamation’s (Reclamation) Columbia River Tributary Habitat Program, the Federal
Columbia River Power System Cultural Resources Program, Predator Management, Invasive
Species Management, Pest Management Programs, and Nutrient Supplementation Program.
Outside of the specific mitigation measures that have been identified in the CRSO EIS, changes
to mitigation programs, like the Bonneville F&W Program, are not being made through this EIS
process. Rather, for example, future program adjustments for the Bonneville F&W Program
would be made in consultation with the region through Bonneville's budget-making processes
and other appropriate forums and consistent with existing agreements. In determining
appropriate mitigation measures to implement, the co-lead agencies considered the extent to
which mitigation is already occurring or planned under the No Action Alternative.

In their management and operation of the Columbia River System, Bonneville, the U.S. Army
Corps of Engineers, and the Bureau of Reclamation have together fulfilled the other primary
fish and wildlife mitigation mandate in the Northwest Power Act, providing fish and wildlife
“equitable treatment” with the other congressionally authorized purposes of the FCRPS (16 USC
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§ 839b(h)(11)(A)(i)). Since the 1990s, the federal agencies have overhauled system operations
and infrastructure, achieving juvenile dam passage survival that meets or exceeds performance
standards of 96% and 93% for spring and summer migrants respectively,! a marked
improvement as compared to when Congress passed the Act and the estimated average
juvenile mortality at each mainstem dam and reservoir project was 15%—20% with losses
recorded as high as 30%.2 Travel time improved for yearling Chinook and juvenile steelhead
through the system, even in low flow years such as 2015, and total In-River survival has
improved for migrating juvenile salmon and steelhead. Comparing two time periods reported in
NOAA’s reach study?, (1997-2007 and 2008-2016), there has been a 10% survival increase for
hatchery and wild sockeye salmon, a 2% increase in hatchery and wild Chinook (4% for wild),
and a 25% survival increase for hatchery and wild steelhead (13% for wild).

5.2.1.1 Bonneville Power Administration Fish and Wildlife Program

The Bonneville F&W Program funds hundreds of projects each year to mitigate the impacts of
the development and operation of the federal hydropower system on fish and wildlife.
Bonneville began this program to fulfill mandates established by Congress in the Pacific
Northwest Electric Power Planning and Conservation Act of 1980 (Northwest Power Act), 16
USC § 839b(h)(10)(A), to protect, mitigate, and enhance fish and wildlife affected by the
development and operation of the FCRPS. Each year Bonneville funds projects with many local,
state, tribal, and federal entities to fulfill its Northwest Power Act fish and wildlife
responsibilities and to implement offsite mitigation actions listed in various Biological Opinions
for ESA-listed species. Offsite protection and mitigation actions typically address impacts to fish
and wildlife not caused directly by the CRS, but they are actions that can improve the overall
conditions for fish to help address uncertainty related to any residual adverse effects of CRS
management. For example, the Bonneville F&W Program funding improves habitat in the
mainstem as well as tributaries and the estuary, builds hatcheries and boosts hatchery fish
production, evaluates the success of these efforts, and improves scientific knowledge through
research. This work is implemented through annual contracts, many of which are associated
with multi-year agreements like the Columbia River Basin Fish Accords, the Accord extensions,
or wildlife settlements.

HABITAT ACTIONS

Bonneville works with states, tribes, and watershed groups to protect, mitigate, and enhance
spawning and rearing habitat, targeting factors that limit fish survival throughout the Columbia
River Basin. Bonneville has funded hundreds of projects across the basin to restore natural

1 See Endangered Species Act Federal Columbia River Power System 2016 Comprehensive Evaluation — Section 1,
at 17, t.2 (Jan. 2017).

2 See Nw. Res. Info. Ctr. v. Nw. Power Planning Council, 35 F.3d 1371, 1374 (9th Cir. 1994) (citing the U.S. General
Accounting Office, Impacts and Implications of the Pacific Northwest Power Bill, at 22 (Sept. 4, 1979)).

32016 Comprehensive Evaluation at page 20.

4 James R. Faulkner, Daniel L. Widener, Steven G. Smith, Tiffani M. Marsh, and Richard W. Zabel. 2017. Survival
Estimates for the Passage of Spring-Migrating Juvenile Salmonids through Snake and Columbia River Dams and
Reservoirs, 2016. Report of research for Bonneville Power Administration, Contract 40735, Project 199302900.
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stream channels, reconnect estuarine tidal channels, enhance flow volume and timing, expand
cold water refuges and open access to habitat (www.cbfish.org). These habitat improvement
actions provide both near-term and long-term benefits, including those that will help address
the effects of climate change. Actions that improve connectivity and stream flow will provide a
buffer against the effects of climate change.

In addition to habitat improvement actions, Bonneville works with willing landowners to
protect land by putting it under permanent conservation easement to further support habitat
and fish conservation in the short and long term.

HATCHERY ACTIONS

Bonneville constructed and now funds the operation and maintenance of over 20
compensation, conservation, and supplementation hatchery programs throughout the
Columbia and Snake River basins to preserve, rebuild, and reduce extinction risk for ESA-listed
fish species as well as to meet Northwest Power Act objectives to protect, mitigate, and
enhance fish and wildlife affected by the FCRPS. The conservation hatchery programs help
rebuild and enhance the naturally reproducing ESA-listed fish in their native habitats using
locally-adapted broodstock, while maintaining genetic and ecologic integrity, and supporting
harvest where and when consistent with conservation objectives. These hatchery programs
include captive propagation for critically endangered Snake River sockeye, Snake River
spring/summer Chinook supplementation, Snake River fall Chinook supplementation,
reintroduction of spring Chinook in the Okanagan Basin, coho reintroduction and
supplementation in the Mid and Upper Columbia basins, reconditioning of Mid and Upper
Columbia and Snake River steelhead kelts, Kootenai River White sturgeon, burbot and
westslope cutthroat trout.

PREDATION

Bonneville’s F&W Program funds efforts to address the mortality of ESA-listed and non-listed
fish caused by predators including birds, fish, and mammals. Certain types of fish in rivers are
voracious consumers of juvenile salmon and steelhead. Predation by introduced fish species in
reservoirs is also a concern. Other predators are known to consume substantial numbers of
adult spring Chinook salmon and winter steelhead below Bonneville Dam and injure adult fish
that migrate upstream. Bonneville funds projects to reduce the impact of these predator
species on native fish.

LAMPREY

Several lamprey species, both anadromous and resident, are native to the Columbia River
Basin, which historically supported productive populations. Much of the research and
mitigation effort in the Basin is currently focused on the anadromous Pacific Lamprey due to its
cultural importance to tribes and vital role in the ecosystem. At present Bonneville funds six
lamprey projects to improve our understanding of Pacific Lamprey status and limiting factors,
implement high-priority habitat restoration actions, increase populations through
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reintroduction and translocation efforts, and conduct artificial propagation research with plans
to release hatchery juveniles in select areas pending an environmental assessment.

WILDLIFE MITIGATION FOR CONSTRUCTION, INUNDATION, AND OPERATIONS

When the CRS dams were built and the reservoirs behind them filled, they inundated about
308,996 acres, much of it important fish and wildlife habitat. To calculate the area affected by
FCRPS development—dam construction and inundation by the reservoirs behind them—
Bonneville relied on either the amounts agreed upon in negotiated mitigation agreements with
state and tribal entities or the loss assessments prepared by Federal, state, and tribal wildlife
managers.®

To date, Bonneville has implemented wildlife habitat projects on over 689,000 acres to address
the impact of the development of the FCRPS, many of which were permanently acquired for
wildlife habitat. Bonneville also provides operations and maintenance funding for these
projects.

The loss assessments relating to dam construction and inundation considered all habitat losses
up to and including full reservoir pool levels. As such, mitigation for those losses can also serve
to address the effects of reservoir operations on wildlife habitat, to the extent that such
operational impacts occur below full pool level.

While much of the mitigation work has been implemented through annual contracts, Bonneville
and its partners negotiated “settlement agreements” to complete the wildlife mitigation for
construction and inundation impacts, and some operational impacts, for Dworshak, Libby,
Hungry Horse Projects and part of the impacts from the Albeni Falls Dam. These settlements
allowed Bonneville and the affected states or tribes to agree on an appropriate amount of
mitigation to be done and the funding or other consideration Bonneville would provide.

e Albeni Falls Dam. In the 2018 Albeni Falls Dam Wildlife Mitigation Agreement, Bonneville
and the State of Idaho established that 14,087 acres had already been mitigated through
the efforts of the state and three tribes (6,617 acres were impacted as a result of the
construction and inundation of Albeni Falls dam).[1] In addition, Bonneville agreed to fund
the State of Idaho to protect and enhance 1,279 acres of wetland habitat at the Clark Fork
Delta and an additional 99 acres at the Priest River Delta to address the upriver effects of
Albeni Falls operations. This is in addition to the 624 acres of wetland protected and
enhanced on the Clark Fork Delta by IDFG, which was funded by Bonneville through a letter
agreement in 2012.

5 Bonneville funded but did not control the production of wildlife habitat loss assessments by wildlife managers in
the mid-1980s and early 1990s. These documents, also called “Brown Books,” are on file with Bonneville. The
Brown Books generally reflect the acres inundated by the FCRPS as determined by the surface area of the
reservoirs created behind each dam. See, e.g., U.S. Fish and Wildlife Service, Wildlife Impact Assessment
Bonneville, McNary, The Dalles, and John Day Projects (Oct. 1990).
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e Dworshak Dam. The 1992 Dworshak wildlife mitigation agreement with the State of Idaho
and the Nez Perce Tribe, frequently referred to as the “Dworshak Settlement,” mitigated
the impacts to wildlife from developing that dam estimated at 16,970 acres.® To determine
acreage protected, Bonneville relied on the Dworshak Wildlife Agreement reports from the
tribe. The tribe’s 2018 annual report indicates it has purchased 7,576 acres and still has over
$9.5 million remaining in its mitigation fund established under the agreement.’” The State of
Idaho also has a $3 million fund provided by Bonneville to manage the 60,000 acre Peter T.
Johnson Unit of the Craig Mountain Wildlife Management Area (formerly known as Craig
Mountain), which Bonneville purchased and transferred to Idaho.® All told, Bonneville has
already funded 67,576 acres of mitigation for Dworshak Dam.

e Montana Dams. As with Dworshak, Bonneville addressed the construction and inundation
mitigation for Libby and Hungry Horse dams wildlife using a comprehensive long-term
agreement. To determine acreage protected, Bonneuville relied on reports from Montana
Fish, Wildlife, and Parks. Under the 1989 Montana Wildlife Mitigation Trust Agreement,®
Montana has protected or enhanced 272,104 acres? (substantially more than the Council’s
program called for, which was a total of 55,837 acres for Libby and Hungry Horse dams split
between 29,171 acres of enhancement and 26,666 acres of protection).!!

5.2.1.2 Lower Snake River Compensation Plan

Congress authorized the Lower Snake River Compensation Plan (LSRCP) as part of the Water
Resources Development Act of 1976 (90 Stat. 2917) to offset fish and wildlife losses caused by
construction and operation of the four lower Snake River dams. A major component of the
authorized plan was the design and construction of fish hatcheries and satellite facilities. The
U.S. Corps of Engineers and Bonneville implement separate portions of this program.

U.S. Corps of Engineers’ Lower Snake River Compensation Plan

The Corps’ LSRCP includes construction of fish hatcheries and acclimation facilities in Idaho,
Oregon, and Washington. In addition, the Corps developed over 23,000 acres of land as wildlife
habitat (shrub-steppe and riparian) to replace habitat that was inundated and to provide fishing
and hunting access.

6 Crediting Forum, Final Report 3.

7 Nez Perce Tribe, Dworshak Wildlife Mitigation Annual Report (2018) (on file with Bonneville).

8 Idaho Dept. of Fish and Game, Craig Mountain Wildlife Management Area 2014-2023 Wildlife Management Plan
9 (Dec. 2014), https://idfg.idaho.gov/sites/default/files/2014-2023-CraigMtnWMA-Plan-Final.pdf

9 Montana Fish, Wildlife and Parks, Montana’s Wildlife Mitigation Settlement (Power Point presented to
Bonneville by MFWP wildlife managers on Nov. 19, 2013) (on file with Bonneville).

10 Montana Fish, Wildlife and Parks, Montana Wildlife Mitigation Program FY 2019, 1 (Oct. 2, 2019).

11 See, Council, 1987 Columbia River Basin Fish and Wildlife Program § 1000 138—39 tbl.4,
https://www.nwcouncil.org/media/6843101/1987Program.PDF; see also, Montana Fish, Wildlife and Parks,
Program for Mitigating Wildlife Impacts Caused by construction of Libby and Hungry Horse Dams: Five-Year
Operating Plan 3 (July 1, 2009) (citing Yde and Olsen (1984)), http://fwp.mt.gov/fwpDoc.html?id=53780
[hereinafter Program for Libby and Hungry Horse].
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BONNEVILLE’S LOWER SNAKE RIVER COMPENSATION PLAN

In addition to the hatchery operations that are funded through its F&W Program, Bonneville
directly funds the U.S. Fish and Wildlife Service (USFWS) for annual operations and
maintenance of the LSRCP fish hatcheries and facilities. The LSRCP hatcheries and satellite
facilities produce and release more than 19 million salmon, steelhead, and resident rainbow
trout as part of the program’s mitigation responsibility. The 25 LSRCP hatcheries and satellite
facilities are operated by Idaho Fish and Game (IDFG), Washington Department of Fish and
Wildlife (WDFW), Oregon Department of Fish and Wildlife (ODFW), USFWS, the Nez Perce Tribe
(NPT), Confederated Tribes of the Umatilla River (CTUIR), and Shoshone-Bannock Tribes (SBT).
LSRCP would be continued, consistent with the NAA, under all of the MOs except for MO3.

5.2.1.3 U.S. Corps of Engineers’ Columbia River Fish Mitigation Program

The Columbia River Fish Mitigation Program (CRFM) is the Corps' construction account for
studying, designing, and constructing new anadromous fish passage improvements at CRS
dams. Nearly all fish passage improvements required for compliance with past Biological
Opinions issued by the NMFS have been constructed, and few new anadromous fish
improvements requiring construction have been identified. Therefore it is assumed that for CRS
dams, requirements for new construction will be completed within the next 10 years.

Examples of CRFM funded activities include installing turbine intake screens and bypass
systems, modifying spillways (e.g., flow deflectors, surface spill weirs, and modified surface spill
structures), and installing improved fish passage turbines. Additional modifications to fish
ladders have also been underway to increase passage of adult lamprey, including the
installation of specialized lamprey passage structures at Bonneville, The Dalles, and McNary
dams.

5.2.1.4 Bureau of Reclamation’s Columbia River Tributary Habitat Program

Reclamation has a Columbia-Snake salmon program to help meet its ESA obligations for the
Grand Coulee and Hungry Horse projects. The program funds, designs, and implements
tributary habitat improvements in specified Columbia River sub-basins, and also funds avian
predation management.

5.2.1.5 Direct Funding Agreements with the Corps and Reclamation

In addition to Bonneville’s fish and wildlife mitigation program described above, there are also
fish and wildlife mitigation costs that are direct funded by Bonneville to the Corps and
Reclamation for mitigation activities, such as hatchery operations, fish stocking, elk habitat
maintenance, cultural resource compliance and others.
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5.2.1.6 Federal Columbia River Power System Cultural Resource Program

The co-lead agencies implement the Federal Columbia River Power System Cultural Resource
Program (Cultural Resource Program) (Bonneville 2019) to comply with Section 106 of the
NHPA.

When a historic property is adversely affected by a Federal undertaking, agencies consult with
consulting parties to seek ways to avoid, minimize, or mitigate for the adverse effects. To
effectively manage historic properties within the study area (see Chapter 1 for map), the co-
lead agencies developed the Cultural Resource Program in 1997 to address compliance with
Section 106 for the undertaking that resulted from the System Operation Review (SOR) EIS —
the operation and maintenance of the Federal Columbia River Power System for the multiple
congressionally authorized project purposes. Activities implemented as part of the program are
guided by the 2009 Systemwide Programmatic Agreement for the Management of Historic
Properties Affected by the Multipurpose Operations of Fourteen Projects of the Federal
Columbia River Power System (Systemwide PA) (Bonneville 2009). Through the Cultural
Resources Program and the Systemwide PA, the co-lead agencies also partner with other
Federal agencies, states, and tribal technical staff who specialize in Columbia River Plateau
archaeology, historic and cultural importance to tribes, the built environment, and other
cultural resources to share information and assist in defining priorities and solutions to
appropriately manage cultural resources in the study area.

Under the Systemwide PA, the Cultural Resources Program manages historic properties through
a standard process of surveys, evaluation, assessments, and resolution of adverse effects. In
addition, the program evaluates potential historic properties to determine if they are eligible
for listing in the National Register of Historic Places. Annual operation and maintenance
activities affect some of the historic properties. Operations and maintenance can affect cultural
resource sites and areas of traditional importance, sometimes exposing artifacts that could
potentially be looted or vandalized. The PA assesses the effects from changes in configuration,
and operations and maintenance activities, and develops options to resolve adverse effects.
Through the assessment of effects, the program can monitor the status of site conditions and
fund limited law enforcement activities, where appropriate.

If a cultural resource is eligible for listing in the National Register of Historic Places, the Cultural
Resource Program works with the consulting parties to determine how to prioritize activities to
mitigate the adverse effects. Examples of mitigation include protection and restoration; bank
stabilization for erosional areas; data recovery, and analysis; public education through the
production of brochures, exhibits, interpretive trails, or presentations; and creative offsite
mitigation. Offsite mitigation options can include, but are not limited to rehabilitating
structures that have a cultural tie to the impacted areas or funding educational opportunities
and activities for tribal members related to cultural practices tied to particular properties.

The existing Cultural Resource Program would be carried forward and funded under the No
Action Alternatives, MO1, MO2, and MO4 for continued archaeological monitoring through the
Columbia River study area. Mitigation for MO3 is discussed below. Activities implemented
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under MO1, MO2, and MO4 could include the continued periodic use of drones and satellites to
document changes through time in sites. Activities include monitoring for erosion and other site
formation processes; providing opportunities for public education to increase awareness about
the importance, value, and need for protecting archaeological sites; increasing signage across
the study area to support public education and awareness where appropriate; data recovery,
and other various forms of mitigation activities to address effects to Traditional Cultural
Properties and historic properties of religious or cultural importance to tribes.

5.2.1.7 Predation Management

Existing avian and pinniped predator management programs are in place and would continue
with implementation of any of the MOs. The co-lead agencies would continue implementing
existing avian predator management actions in the lower Snake and Columbia Rivers and the
existing pinniped predator management program in the lower Columbia River. Predator
management actions are both in-place and out-of-place, and are intended to mitigate for
impacts to juvenile and adult fish that are adversely impacted by high TDG concentration during
migration, but the mitigation does not address elevated TDG itself. TDG concentrations would
remain unchanged under these mitigation measures. The number of fish impacted by spill
operations would decrease as a result of predator management actions.

5.2.1.8 Invasive Species and Pest Management Programs

The co-lead agencies currently plan and continue to implement invasive species management
on Federal lands within the study area to detect, manage, and control nuisance and invasive
species, including animals, plants, or other organisms. Invasive species can hinder or otherwise
adversely affect navigation, hydropower generation, flood risk management, water supply,
water quality, fish and wildlife habitat, and recreational activities (e.g., Corps 2017, 2019;
Reclamation 2019). Management activities include biological, chemical, and mechanical
methods as part of integrated management programs to control both terrestrial and aquatic
pests.

5.2.1.9 Nutrient Supplementation Programs

The co-lead agencies currently plan and continue to implement three existing programs to
improve water quality and enhance fisheries in the study area. One program is implemented in
Dworshak Reservoir, the second is implemented downstream of Libby in the Kootenai River,
and the third is in Kootenay Lake. These plans would continue with implementation of any MO.

The Dworshak Reservoir Nutrient Restoration Project is implemented by the Corps and Idaho
Department of Fish and Game in Dworshak Reservoir to restore ecological function, improve
water quality and enhance fisheries (Idaho Department of Fish and Game 2018). Construction
of the dam blocked upstream fish migration on the North Fork Clearwater River, depleting
nutrients upstream of the dam. Results from a pilot project implemented between 2007 and
2010 demonstrated that supplementing the reservoir with additional nitrogen balanced the
ratio of nutrients and improved overall ecological function. In 2017, the nutrient
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supplementation project was incorporated into reservoir operations and maintenance, and
water quality is regularly monitored to ensure the program beneficially supports water quality,
plankton communities, and fish.

Funded by Bonneville and implemented by tribal and state partners, the Kootenai River
Nutrient Enhancement Program mitigates for a loss of nutrients in the river to benefit resident
fish, including Kootenai River White Sturgeon (Acipenser transmontanus) and bull trout
(Salvelinus confluentus), by supplementing the river with phosphorous and nitrogen. This action
is intended to support aquatic invertebrate production and contribute to the food web to
support fish and other aquatic organisms. (Kootenai River Ecosystem Final Environmental
Assessment, June 2005). Nutrients are trapped in the Libby Reservoir, depleting concentrations
in the Kootenai River and reducing overall productivity in the river. Nutrient concentrations
become increasingly diluted downstream of the dam. The program is planned to continue until
the summer of 2026. Continuation of the program would occur following evaluation of
conditions, research, and monitoring results.

Additionally, the Kootenay Lake Ecosystem Project provides an annual addition of nutrients to
the south arm of Kootenay Lake to increase biological productivity and restore native fish
populations. The nutrient additions promote zooplankton abundance, an important food
source for kokanee, and important food item for adult and juvenile Kootenai white sturgeon.
Under this program Bonneville funds the British Columbia Ministry of Forests, Lands, and
Natural Resource Operations to add nutrients and monitor from June through August using
boat-mounted applicator tanks. This project began in 2004, and complements another nutrient
supplementation program also implemented by British Columbia on the North Arm of the
Kootenay Lake. Details of this program may be found in Bonneville’s Environmental Assessment
for the Kootenai River Ecosystem Project (2005, 2012).

5.3 CONSIDERATIONS FOR ESA COMPLIANCE

Compliance measures for the No Action Alternative were described in Chapter 2. The Preferred
Alternative is currently being coordinated for consultation with the USFWS and NMFS under the
Endangered Species Act. Results of consultation may change, supplement, or remove measures
previously carried forward in the No Action Alternative. Chapter 7 addresses those measures
added for the ESA compliance of the Preferred Alternative. Should MO1, MO2, MO3, or MO4
be selected as the Preferred Alternative, it would require additional analysis through
consultation with USFWS and NMFS, and may include, as appropriate, more or less ESA
measures to be compliant with the ESA.

5.4 POTENTIAL MITIGATION FOR ALTERNATIVES

This section describes the additional mitigation measures identified by the co-lead agencies for
impacts to resources from each of the MOs. Each MO includes a summary table of potential
mitigation the co-lead agencies would take if that MO were to be implemented. The sections
are organized according to region, resource, or subject area. Additional information about
mitigation measures that were considered but were screened or not selected for further
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consideration can be found in Appendix R - Monitoring and  Adaptive Management.
The list of mitigation measures for the Preferred Alternative will be updated after public review
of the draft EIS and included as a comprehensive list in the final EIS.

5.4.1 Mitigation Measures for Multiple Objective Alternative 1

The additional mitigation measures proposed for MO1 address impacts to water quality,
anadromous and resident fish, vegetation, wildlife, wetlands, and floodplains, and navigation
and transportation. Impacts to these resources are described fully in Chapter 3, Chapter 4, and
Chapter 6. Effects to cultural resources would be addressed by continuing to implement the
existing Cultural Resource Program discussed in Section 5.2.1.6. For MO1, there would be no
impacts requiring additional mitigation for flood risk management, aesthetics, noise, water
supply, recreation or cultural resources, as there are negligible impacts. Although power and
transmission have moderate adverse effects compared to the No Action Alternative, mitigation
actions are discussed within the Chapter 3 Power and Transmission section.

5.4.1.1 Woater Quality

MO1 would have negligible effects to water quality in Region A, B, and D and therefore no
additional mitigation is warranted. In Region C, a measure is proposed to address public health
concerns as described below. In Region C and D, total dissolved gas (TDG) would increase.
Mitigation for effects of this TDG increase to fish is proposed in the Anadromous Fish Mitigation
section.

The co-lead agencies propose mitigation in Region C to limit impacts to water quality. Elevated
water temperatures in the lower Snake River during the summer months could increase algal
growth, which decreases water quality and poses health risks in recreational areas. To help
ameliorate impacts to water quality and public health to those recreating, the co-lead agencies
will either initiate monitoring or increase the existing monitoring at recreational areas in Region
C for algal growth. If monitoring indicates the presence of toxic algal blooms, then public
advisories would be posted in recreational areas to minimize risks to the public. This proposed
mitigation is not intended to reduce algal growth, but is intended to assist in protecting the
public.

5.4.1.2 Anadromous Fish

The co-lead agencies are not proposing any mitigation measures in Regions A or B (upstream of
Chief Joseph) for impacts to anadromous fish because there are no anadromous fish above
Chief Joseph Dam. One new measure is proposed for Region C and D for TDG impacts. No other
additional mitigation is proposed for anadromous fish. Ongoing programs for anadromous fish
in Regions B (below Chief Joseph), C, and D would continue, including habitat projects and fish
hatchery programs for salmon and steelhead discussed above in Section 5.2.1. Examples of
these projects are discussed below.
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NEW MITIGATION ACTIONS

In Region C and D, concentrations of TDG would increase because of spill measures
implemented as part of MOL. If it is observed that conditions in the project tailrace are
impeding upstream passage of adult salmon and steelhead or actionable TDG impacts to fish
are observed, the co-lead agencies would implement performance standard spill operations
until the situation is remedied. These real-time decisions are made in the Regional Forum.
These operations are of short duration, and as-needed, to resolve the passage issues.

EXAMPLES OF CONTINUING PROGRAMS WITH MO1

Below Chief Joseph Dam, ongoing activities for anadromous fish would continue, including
habitat improvement actions in the tributaries and the Columbia River estuary for juvenile
salmon and steelhead species, and fish hatchery programs as discussed in the examples below.

In Region B, the Confederated Tribes of the Colville Reservation operate the Chief Joseph
Hatchery on the Colville Reservation below Chief Joseph Dam, releasing smolts to increase the
abundance of adult summer/fall and spring Chinook to the Okanogan River and Columbia River
mainstem above the Okanogan River confluence. This is for conservation and harvest purposes,
and assists in re-establishing a fourth population of UCR spring Chinook in the Okanogan River
Basin through reintroduction of an experimental population under the ESA.

In Region C, Bonneville F&W Program-funded hatchery programs include the captive
propagation for critically endangered Snake River sockeye, Snake River spring/summer Chinook
supplementation, Snake River fall Chinook supplementation and the reconditioning of Snake
River steelhead kelts. Further, the Springfield Hatchery, located near American Falls, Idaho, was
constructed to address recovery objectives for ESA-endangered Snake River Sockeye Salmon.

In Region D, Bonneville F&W Program-funded hatchery programs include coho reintroduction
and supplementation in the Mid-Columbia and reconditioning of Mid-Columbia steelhead kelts.

Throughout Regions C and D, the Bonneville F&W Program annually funds tributary habitat
improvement actions for ESA-listed anadromous stocks, such as Snake River steelhead distinct
population segment, Snake River spring/summer Chinook salmon evolutionary significant unit,
and the Middle Columbia steelhead distinct population segment. Further, in Region D, co-lead
agencies would continue to implement habitat restoration actions in the Columbia River
Estuary. These actions primarily focus on the restoration of disconnected tidally influenced
floodplain ecosystems for all juvenile salmonids and steelhead species in order to provide
greater opportunity, access, and capacity for juvenile salmonid and steelhead rearing
conditions. Additionally, in Region D, there are numerous actions to benefit Pacific lamprey,
including projects like the Pacific Lamprey Conservation Initiative and the Tribal Pacific Lamprey
Restoration Plan, which have been developed to improve understanding of Pacific Lamprey
status and limiting factors, and implement high-priority habitat restoration actions.
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5.4.1.3 Resident Fish

Under MO1, the co-lead agencies propose mitigation measures for adverse effects to resident
fish in Region A near Bonners Ferry, Idaho and at Hungry Horse reservoir; and in Regions B for
at Lake Roosevelt. No additional mitigation is proposed in Regions C or D because implementing
MO1 results in minor adverse effects, occurs temporarily, or does not rise to the level of
severity warranting additional mitigation. Ongoing actions as described in Section 5.2.1 for
resident fish, such as bull trout and sturgeon in Regions A, B, C, and D, would continue. A few
examples of those actions are discussed below.

Collectively, the measures for MO1 affect seasonal water surface elevations and flows, and the
co-lead agencies do not expect a perceptible change to habitat conditions for resident fish. In
Region B, MO1 would adversely affect the abundance of non-native species, such as
smallmouth bass (Micropterus dolomieu) and walleye (Sander vitreus). Decreasing the
reproductive success of these populations would support increased survival of ESA-listed
species such as salmon and steelhead below Chief Joseph Dam. For these reasons, and the
adverse effects are to non-native species, the co-lead agencies are not proposing additional
mitigation.

NEW MITIGATION ACTIONS

To address impacts of MO1 in Region A, the co-lead agencies propose planting cottonwood
trees at Bonners Ferry, Idaho, to improve habitat and floodplain connectivity to benefit ESA-
listed Kootenai River White Sturgeon and bull trout. Similar to the proposed mitigation for
vegetation, wildlife, wetlands, and floodplains, expanding the quantity and distribution of
wetland habitats and increasing floodplain connectivity along the Kootenai River could help
address seasonal impacts at Bonners Ferry from the December Libby Target Elevation measure.
High winter levels could decrease the recruitment and long-term survival of cottonwood trees
adjacent to the river when seeds and saplings are swept downstream during winter flows.
While implementation of this MO negligibly effects these resources relative to the No Action,
the co-lead agencies propose to plant 1-2 gallon cottonwoods near Bonners Ferry to improve
habitat and floodplain connectivity, which would benefit ESA-Listed Kootenai River White
Sturgeon by providing a food source. This would complement ongoing habitat actions already
being taken in the region. This mitigation measure, when considered with the existing
Bonneville-funded Kootenai River Habitat Restoration Program, would further minimize any
negative effects.

Mitigation measures for the fish impacts of Libby dam are coordinated with adjacent tribal,
state, and provincial governments. Programs like the Libby Dam Fisheries Mitigation and
Implementation Plan (Montana Fish Wildlife and Parks et al. 1998) seek to enhance
hydropower-affected fish stocks in the Montana portion of the Kootenai Watershed consistent
with white sturgeon, bull trout, westslope cutthroat trout and redband trout conservation
needs and requirements. This program implements and evaluates habitat enhancement to
alleviate limiting factors to native species including projects to protect or enhance spawning,
rearing, and over-wintering habitats. Additionally, since 2010, BPA has funded the Kootenai
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Tribe of Idaho (KTOI) to manage and implement habitat restoration measures within the
Kootenai River downstream of Libby Dam. These habitat restoration actions have increased
active floodplain, increased river pool depths, reduced erosion, and provided increased
complexity and velocities to aid in the survival and potential reproduction of Kootenai River
White Sturgeon and potentially benefit for the native salmonid populations as well. In addition
to their habitat work, KTOI operates the Kootenai Tribal sturgeon hatchery and the Tribal Twin
Rivers sturgeon and burbot hatchery facility, which was constructed in 2014. These facilities
have preserved sturgeon genetic and demographic diversity and have pioneered culture
techniques for burbot.

Under Bonneville’s Fish and Wildlife Program, Bonneville funds the Confederated Salish and
Kootenai Tribes and the State of Montana to assess population level effects of CRS operations
on native fishes, implements habitat improvement, habitat conservation, and fish passage
actions, and quantifies and reduces the effects of non-native aquatic species on native fishes
for impacts from Hungry Horse Dam.

MO1 lowers water surface elevations and creates seasonal drawdowns in the Hungry Horse
reservoir, adversely affecting bull trout migration in late the summer and early fall. As reservoir
elevations decline, fish passage conditions at the mouth of spawning tributaries prohibit fish
migration into spawning tributaries. Under these conditions, bull trout are more susceptible to
angling and predation pressures due to a lack of sufficient cover while they hold until conditions
are passable. This also causes delays in migration which result in an overall decrease in
productivity. To offset these effects, the co-lead agencies propose installing structural
components like woody debris and vegetation at the mouth of tributaries, such as Wounded
Buck, Sullivan, Wheeler, and Bunker Creeks, to stabilize channels and increase cover for
migrating fish. These actions would improve habitat conditions for bull trout and minimize
impacts from fluctuating water levels on the reservoir. This mitigation action would also
increase the survival of outmigrating juveniles and increase production of terrestrial and
aquatic invertebrates. Considering the existing Bonneville-funded Confederated Salish and
Kootenai Tribes and State of Montana programs with this proposed mitigation component,
adverse effects are anticipated to be reduced to negligible.

In Region B, changes in elevation would leave current habitat in Lake Roosevelt dewatered and
expose new areas that could be appropriate for gravel spawning habitat. The co-lead agencies
would develop additional spawning habitat at Lake Roosevelt to minimize adverse effects to
resident fish. The co-lead agencies propose to place appropriate gravel for spawning habitat at
locations up to 100 acres along reservoir and tributaries. Prior to placement, the co-lead
agencies would conduct site surveys post operations of an alternative to determine where to
site spawning habitat at Lake Roosevelt for burbot, kokanee, and redband rainbow trout.

EXAMPLES OF CONTINUING PROGRAMS WITH MO1

There are numerous ongoing actions to benefit resident fish. Under Bonneville’s Fish and
Wildlife Program, Bonneville funds the Confederated Salish and Kootenai Tribes and the State
of Montana to assess population level effects of CRS operations on native fishes, implements
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habitat improvement, habitat conservation, and fish passage actions, and quantifies and
reduces the effects of non-native aquatic species on native fishes for impacts from Hungry
Horse Dam. Part of the mitigation work for Hungry Horse Dam involves fish production at two
small hatcheries in northern Montana. Bonneville funds Creston National Hatchery’s production
of juvenile westslope cutthroat trout and juvenile rainbow trout for stocking in Montana
waters. Bonneville also funded the construction of Sekokini Springs Isolation Facility for
spawning, rearing, isolation, and release of genetically unique westslope cutthroat trout stocks
originating from wild parent stocks. Mitigation actions for the fish impacts of Libby dam are
coordinated with adjacent tribal, state, and provincial governments. Programs like the Libby
Dam Fisheries Mitigation and Implementation Plan (Montana Fish Wildlife and Parks et al.
1998) seek to enhance hydropower-affected fish stocks in the Montana portion of the Kootenai
Watershed consistent with white sturgeon, bull trout, westslope cutthroat trout, and redband
trout conservation needs and requirements. This program implements and evaluates habitat
enhancement to alleviate limiting factors to native species including projects to protect or
enhance spawning, rearing, and over-wintering habitats. Additionally, since 2010, BPA has
funded the Kootenai Tribe of Idaho (KTOI) to manage and implement habitat restoration
measures within the Kootenai River downstream of Libby Dam. These habitat restoration
actions have increased active floodplain, increased river pool depths, reduced erosion, and
provided increased complexity and velocities to aid in the survival and potential reproduction of
Kootenai River White Sturgeon and potentially benefit for the native salmonid populations as
well. In addition to their habitat work, KTOI operates the Kootenai Tribal sturgeon hatchery and
the Tribal Twin Rivers sturgeon and burbot hatchery facility, which was constructed in 2014.
These facilities have preserved sturgeon genetic and demographic diversity and have pioneered
culture techniques for burbot.

Bonneville’s F&W Program provides funding to the Kalispel Tribe to develop and implement a
resident fish mitigation program for the impacts from Albeni Falls Dam. This work includes
improving bull trout habitat within the basin. Additional priorities are to restore habitats for
westslope cutthroat trout, and maintain the suppression effort on non-native predator and
competitive fish species within the Pend Oreille Basin. Finally, through the 2018 Albeni Falls
Dam Wildlife Mitigation Agreement, Bonneville and the State of Idaho to protect and enhance
1,378 acres to address operational impacts of Albeni Falls Dam on wildlife.'> Much of this work
focuses on the Clark Fork Delta and restoration of riparian habitat and the reestablishment of
wetland plant communities, which will also benefit resident fish species.

In Region C, Bonneville F&W-funded projects with the Nez Perce Tribe in the Lochsa watershed
are working to improve habitat for resident fish. Idaho Department of Fish and Game are also
improving habitat for Yellowstone cutthroat trout. Riparian, wetland, and instream habitat
restoration in Regions C and D that targets anadromous fish or wildlife species also can improve
habitat conditions for resident fish species.

12 Northern Idaho Memorandum of Agreement Between the State of Idaho and the Bonneville Power
Administration for Wildlife Habitat Stewardship and Restoration section 11.C.3, page 6 (2018) (on file with
Bonneville).
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5.4.1.4 Vegetation, Wildlife, Wetlands, and Floodplains

Under MO1, the co-lead agencies propose mitigation measures in Region A along the Kootenai
River. This mitigation measure would help address impacts to vegetation, wildlife, wetland, and
floodplain habitats. Collectively, the measures for MO1 affect seasonal water surface
elevations, but the co-lead agencies expect a minor to negligible perceptible change to habitat
conditions, wetlands, and floodplains.

While the Predator Disruption Operations and Increased Forebay Range Flexibility measures
may cause temporary effects to wetlands in Region D, specifically in Lake Umatilla or Lake
Celilo, no mitigation is proposed as the effects are not expected to result in perceptible changes
to wetland habitats. Similarly, while MO1 would result in a minor to negligible seasonal
decrease in water surface elevations in the Columbia River estuary downstream of Bonneville
Dam, the effects would not perceptibly change wetland or estuary habitat conditions.
Therefore, no additional mitigation is proposed for impacts from MO1 in the Columbia River
estuary.

As a result, no additional actions are proposed for Region B, C, or D. Ongoing actions for
impacts to vegetation and wildlife in Regions A, B, C, and D would continue, including
protection and enhancement of wildlife habitat as discussed in the examples below.

NEW MITIGATION ACTIONS

In Region A, the co-lead agencies propose two mitigation measures to help address impacts to
vegetation. First, the co-lead agencies propose updating and implementing an invasive species
management plan to offset the impacts from implementing the Modified Draft at Libby
measure. With this measure, lower summer reservoir elevations at Libby would increase the
exposure of mudflats during the growing season, which could increase spread and
establishment of invasive species along the shoreline. To address this concern, the co-lead
agencies would update existing management plans and implement them where warranted.
Existing Invasive Species management programs were described above in Section 5.2.1.8 for the
No Action Alternative.

Implementing the December Libby Target Elevation measure could decrease seasonal water
surface elevations during the growing season. Additionally, the December Libby Target
Elevation measure could result in higher winter flow and decrease the recruitment and long-
term survival of black cottonwood trees (Populus balsamifera ssp. trichocarpa) adjacent to the
river when seeds and saplings are swept downstream during winter flows. This measure could
adversely affect wetland quality, quantity, and distribution along the Libby reservoir and the
Kootenai River. To mitigate these effects, the co-lead agencies proposed planting approximately
100 acres of forested and scrub-shrub wetland habitat for the loss of these forests and support
vegetation succession. This mitigation measure, when considered with the existing Bonneville-
funded Kootenai River Habitat Restoration Program, would minimize any negative effects to
negligible. This expansion of wetland habitats along the Kootenai River would also help
ameliorate seasonal impacts at Bonners Ferry, Idaho.
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EXAMPLES OF CONTINUING PROGRAMS WITH MO1

In Region A, Bonneville addressed the construction and inundation mitigation for Libby and
Hungry Horse dams wildlife using a comprehensive long-term agreement. To determine
acreage protected, Bonneville relied on reports from Montana Fish, Wildlife, and Parks. Under
the 1989 Montana Wildlife Mitigation Trust Agreement,** Montana has protected or enhanced
272,104 acres* (the Council’s program called for a total of 55,837 acres for Libby and Hungry
Horse dams split between 29,171 acres of enhancement and 26,666 acres of protection).?® In
the 2018 Albeni Falls Dam Wildlife Mitigation Agreement, Bonneville and the State of Idaho
established that 14,087 acres had already been mitigated through the efforts of the state, the
Kalispel Tribe, Kootenai Tribe of Idaho, and the Coeur D’Alene Tribe (6,617 acres were impacted
as a result of the construction and inundation of Albeni Falls dam).® In addition, Bonneville
agreed to fund the state to protect and enhance an additional 1,378 acres to fully address
operational impacts of Albeni Falls Dam on wildlife.*” Bonneville also agreed to fund the State of
Idaho to protect and enhance 1,279 acres of wetland habitat at the Clark Fork Delta and an
additional 99 acres at the Priest River Delta to address the upriver effects of Albeni Falls
operations. This is in addition to the 624 acres of wetland protected and enhanced on the Clark
Fork Delta by Idaho Department of Fish and Game (IDFG), which was funded by Bonneville
through a letter agreement in 2012.

In Region B, Bonneville funds the Colville Tribes” wildlife mitigation efforts, which are focused
on projects in the Hellsgate Game Reserve on the Colville Reservation. Under a 2008 agreement
between Bonneville and the Colville Tribes, the Colville Tribes have acquired almost 4,000
acres, completed over 54,000 acres of invasive/noxious weed control measures, engaged in
extensive boundary fence monitoring (over 270 miles), and modified fencing for reintroduced
pronghorn antelope.

In Region C, Bonneville funds acquisition and management of wildlife mitigation lands under
the 1992 Dworshak Wildlife Mitigation Agreement with the State of Idaho and the Nez Perce
Tribe. Bonneville has provided the State of Idaho $3 million to manage the 60,000 acre Peter T.
Johnson Unit of the Craig Mountain Wildlife Management Area (formerly known as Craig

13 Montana Fish, Wildlife and Parks, Montana’s Wildlife Mitigation Settlement (Power Point presented to
Bonneville by MFWP wildlife managers on Nov. 19, 2013) (on file with Bonneville).

14 Montana Fish, Wildlife and Parks, Montana Wildlife Mitigation Program FY 2019, 1 (Oct. 2, 2019).

15 See, Council, 1987 Columbia River Basin Fish and Wildlife Program § 1000 138—39 tbl.4,
https://www.nwcouncil.org/media/6843101/1987Program.PDF; see also, Montana Fish, Wildlife and Parks,
Program for Mitigating Wildlife Impacts Caused by construction of Libby and Hungry Horse Dams: Five-Year
Operating Plan 3 (July 1, 2009) (citing Yde and Olsen (1984)), http://fwp.mt.gov/fwpDoc.html?id=53780
[hereinafter Program for Libby and Hungry Horse].

16 Northern Idaho Memorandum of Agreement Between the State of Idaho and the Bonneville Power
Administration for Wildlife Habitat Stewardship and Restoration section II.C, page 5 (2018) (on file with
Bonneville).

17 Northern Idaho Memorandum of Agreement Between the State of Idaho and the Bonneville Power
Administration for Wildlife Habitat Stewardship and Restoration section 11.C.3, page 6 (2018) (on file with
Bonneville).
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Mountain), which Bonneville purchased and transferred to Idaho. The Nez Perce Tribe has
purchased 7,576 acres of wildlife mitigation lands and has over $9.5 million remaining in its
mitigation fund under the agreement.

In Region D, the Confederated Tribes of the Umatilla Indian Reservation secured and now
manage the 8,768 acre Rainwater project, the 5,937 acre Iskulpa project, and the 2,765 acre
Wanaket wildlife area located just above McNary Dam. Further, the 34,000 acre Pine Creek
Conservation Area in Wheeler County, Oregon is owned and managed as wildlife habitat by the
Confederated Tribes of the Warm Springs Reservation.

5.4.1.5 Navigation and Transportation

The co-lead agencies are not proposing any mitigation measures in Regions A, C, and D for
navigation and transportation because the measures implemented as part of MO1 would have
negligible effects on these resources as discussed in Chapter 3, and therefore no additional
mitigation was warranted.

In Region B, the Inchelium-Gifford Ferry would go out of service for longer durations, up 9 more
days in wet years than the No Action Alternative, when operational measures at Grand Coulee
cause the draft for flood risk management to begin sooner. The effect would isolate tribal
members in the community of Inchelium, and while the effect is temporary, it would affect the
potential days this community can use the ferry and their ability to reach emergency and
medical services and supplies. As a result, mitigation is proposed to extend the ramp at the
Inchelium-Gifford Ferry so that it is available at lower water elevations in Lake Roosevelt. This
would reduce the effects to negligible effects, and may be moderately beneficial comparative
when compared to the No Action Alternative.

5.4.1.6 Cultural Resources

In Region A and B, there could be moderate to major adverse effects to cultural resources from
an increase in number of acre-days that archaeological resources would be exposed. Region A
and B would use Cultural Resource Program funding for activities such as archaeological site
and traditional cultural property monitoring (pedestrian and drone use), reservoir and river
bank stabilization, data recovery, public education awareness, protective signage, and other
alternative mitigation to address impacts to TCPs. This mitigation measure, when considered
with the existing FCRPS Cultural Resource Program, would work to continue minimizing any
adverse effects to negligible (Table 5-1).
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Table 5-1. Mitigation Summary for MO1
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Resource

Impact

Proposed Mitigation Action

Effects After Mitigation

Water Quality

Region C: Moderate adverse effects from water
temperatures can create increased algal growth
due to high August water temperatures in the
Lower Snake River Projects. This can be a public
safety issue for water recreation.

On the Lower Snake River Increased harmful
algal bloom monitoring at recreational areas;
if algal blooms produce toxins, post public
advisories at recreational areas with to
protect the public.

Reduction of potential health impacts
through public notification to reduce
exposure would help to reduce effects
to negligible.

Anadromous
Fish

Regions C and D: Moderate adverse effect from
increased spill levels, which create turbulence
and eddies below the dams resulting in delays
to adult passage.

Temporary extension of performance
standard spill levels in coordination with the
Regional Forum to assist fish migration.

Performance Standard Spill is effective
in passing adult fish and delays in
passage would be negated, resulting in
negligible effects.

Resident Fish -
ESA Kootenai
River White
Sturgeon

Region A: The current flow regime at Libby has
made establishment of riparian vegetation
difficult to sustain young stands of cottonwoods
- major contributors to food web for Sturgeon.
This results in moderate localized effects. While
this MO would not exacerbate these effects
above the No Action, it is an ongoing problem.

Plant 1-2 gallon cottonwoods near Bonners
Ferry to improve habitat and floodplain
connectivity, which would benefit ESA-Listed
Kootenai River White Sturgeon by providing a
food source. This would complement ongoing
habitat actions already being taken in the
region.

This mitigation measure, when
considered with the existing
Bonneville-funded Kootenai River
Habitat Restoration Program, would
minimize any negative effects to
negligible.

Resident Fish
— ESA Bull
Trout

Region A: Drawdowns cause low water
elevations at time of Bull Trout migration, which
could make it difficult to enter spawning
tributaries and make Bull Trout more
susceptible to angling/predation. Negligible to
Moderate adverse effect.

On the Hungry Horse Reservaoir, install
structural components like woody debris, and
plant vegetation at the tributaries (Sullivan
and Wheeler Creeks, possibly more) to
stabilize channels, increase cover for
migrating fish, and improve the varial zone.

Considering the existing Bonneville-
funded Confederated Salish and
Kootenai Tribes and State of Montana
programs and the proposed mitigation
component, this would minimize any
negative effects to negligible.

Resident Fish -
Burbot,
Kokanee, and
Redband
Rainbow Trout

Region B: Changes in elevation would leave
current habitat dewatered and expose new
potential areas appropriate for developing
additional gravel spawning habitat.

Develop additional spawning habitat at Lake
Roosevelt to minimize impacts to resident
fish. Determine post-operations where to site
spawning habitat augmentation at Lake
Roosevelt for burbot, kokanee, and redband
rainbow trout to inform where mitigation is
needed. Place appropriate gravel (spawning
habitat) at locations up to 100 acres along
reservoir and tributaries.

This action is in addition to the
Bonneville program that addresses
current habitat restoration in Lake
Roosevelt and would compensate for
additional effects of the new action.
Exact sites and acreage would be
determined post-alternative
implementation.

Vegetation,
Wildlife,

Region A and B: Exposure of mudflats and
barren soils during the spring months could
result in minor effects to native habitats by

In Region A, update and implement Invasive
Plant Management Plan for the shoreline at

Recruitment of native plant
communities in wetlands and

5-22




755

Columbia River System Operations Environmental Impact Statement

Chapter 5, Mitigation

Resource Impact Proposed Mitigation Action Effects After Mitigation
Wetlands & establishment of non-native, invasive plant Libby. Region B mitigation includes habitat for | floodplains to preclude establishment
Floodplains species. fish mitigation (see Resident Fish) of non-native plants.

Vegetation,

Region A: Conversion of wetland to upland

On Kootenai River downstream of Libby:

This mitigation measure, when

Wildlife, habitat in May through summer months (off- Plant native wetland and riparian vegetation considered with the existing

Wetlands & channel habitat) has adverse effects on wildlife up to ~100 acres along river. Bonneville-funded Kootenai River

Floodplains phenology and fecundity (inverts, amphibian Habitat Restoration Program, would
eggs, flycatchers, bats). Effects are minor and minimize any negative effects to
would occur seasonally. negligible

Navigation & Region B: Inchelium-Gifford Ferry Extend the ramp at the Inchelium-Gifford Extending the ramp would eliminate

Transportation

(transportation for Tribal community of
Inchelium) will go out of service for longer
durations and isolate community members. This
could be a moderate adverse effect that results
in public safety concerns.

Ferry on Lake Roosevelt so that it is available
at lower water elevations.

additional effects to the community,
potentially beneficial effect from the
No Action condition. There would be
no effects to public safety or
environmental justice with this
mitigation measure.

Cultural
Resources

Region A and B: Major adverse effects from
increase in number of acre-days that
archaeological resources would be exposed.

Use the Cultural Resource Program funding
for activities such as resource monitoring
(pedestrian and drone use), reservoir and
river bank stabilization, data recovery, public
education awareness, protective signage, and
other alternative mitigation to address
impacts to TCPs.

This mitigation measure, when
considered with the existing FCRPS
Cultural Resource Program in addition
to this measure, would work to
continue minimizing any negative
effects to negligible.
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5.4.2 Mitigation Measures Proposed for Multiple Objective Alternative 2

The mitigation measures proposed for MO2 address impacts to water quality, resident fish,
vegetation, wildlife, wetlands, and floodplains, navigation and transportation, recreation, and
cultural resources. These impacts are described fully in Chapter 3, Chapter 4, and Chapter 6.
There would be no adverse impacts requiring additional mitigation for flood risk management,
visual aesthetics, noise, or water supply, as there are no to negligible effects as compared to
the No Action Alternative. Power and Transmission overall would experience major beneficial
effects from MO2, and would not require mitigation for this resource. Impacts to cultural
resources would be addressed by continuing to implement the existing Cultural Resource
Program discussed in Section 5.2.1.6.

5.4.2.1 Woater Quality

The co-lead agencies are proposing mitigation in Region A for MO2 for impacts to water quality.
Effects to water quality in Regions B, C, and D are minor adverse effects that would not result in
measurable differences to water quality within the study area. As a result, no additional
mitigation is proposed in Region B, C, and D.

In Region A, the effects to water quality are negligible to minor adverse. The co-lead agencies
propose to continue supplementing nutrients, nitrogen, and phosphorous at Libby and to
initiate a similar nutrient supplementation program at Hungry Horse to aid in replacing primary
and secondary biological productivity that result from reservoir drawdowns and higher flushing
rates. A similar program is currently implemented at Dworshak with success, improving overall
reservoir productivity. In addition to impacts to water quality, the benefits from this mitigation
action would support resident fish populations, including ESA-listed bull trout. Monitoring and
adaptive management actions would be necessary to ensure nutrients do not become
imbalanced, which could lead to harmful algal blooms that dominate the system.

5.4.2.2 Anadromous Fish

The co-lead agencies are not proposing any mitigation measures in Regions A, B, C, or D to
mitigate for impacts to anadromous fish. There are no anadromous fish above Chief Joseph
Dam in Regions A and B. In Regions C and D, the measures implemented as part of MO2 could
have minor beneficial to moderate adverse effects, predicated on the differing modeling
results. Ongoing programs for anadromous fish in Regions B (below Chief Joseph dam), C, and D
would continue, including habitat projects and fish hatchery programs for salmon and
steelhead discussed above in Section 5.2.1.

5.4.2.3 Resident Fish

Under MO2, the co-lead agencies propose additional mitigation measures in Region A at
Bonners Ferry, Idaho, and at tributaries on Hungry Horse Reservoir. In Region B, C, and D, the
co-lead agencies do not expect a perceptible change to habitat conditions and measures would
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have negligible effects. No additional mitigation is proposed in Region B, C, and D. Ongoing
programs for resident fish in Regions A, B, C, and D would continue, including projects and fish
hatchery programs for westlope cutthroat trout, kokanee salmon and rainbow trout discussed
above in Section 5.2.1.

In Region A, the co-lead agencies propose planting cottonwood trees at Bonner’s Ferry, Idaho,
similar to the proposal under MO1, to improve habitat and floodplain connectivity to benefit
ESA-listed Kootenai River White Sturgeon and bull trout. Similar to the proposed mitigation for
vegetation, wildlife, wetlands, and floodplains, expanding the quantity and distribution of
wetland habitats and increasing floodplain connectivity along the Kootenai River could help
address seasonal impacts at Bonners Ferry from the December Libby Target Elevation measure.
High winter levels could decrease the recruitment and long-term survival of cottonwood trees
adjacent to the river when seeds and saplings are swept downstream during winter flows.
While implementation of this MO negligibly effects these resources relative to the No Action
Alternative, the co-lead agencies propose to plant 1-2 gallon cottonwoods near Bonners Ferry
to improve habitat and floodplain connectivity for the benefit ESA-Listed Kootenai River White
Sturgeon by providing a food source. This would complement ongoing habitat actions already
being taken in the region. This mitigation measure, when considered with the existing
Bonneville-funded Kootenai River Habitat Restoration Program, would further minimize any
negative effects.

Additional mitigation from the ongoing habitat programs carried out in the No Action
Alternative proposed by the co-lead agencies to benefit bull trout includes installing structural
components like woody debris and vegetation at the mouth of tributaries on the Hungry Horse
Reservoir, such as Wounded Buck, Sullivan, Wheeler, and Bunker Creeks, to stabilize channels
and increase cover for migrating fish. These actions would improve habitat conditions for bull
trout and minimize impacts from fluctuating water levels on the Hungry Horse Reservoir. This
mitigation action would also increase the survival of outmigrating juveniles and increase
production of terrestrial and aquatic invertebrates. In addition, the construction of bank-
channel habitat for juvenile bull trout on the Flathead River would help address impacts to fish
and aquatic invertebrates from high winter flows out of Hungry Horse. These measures, when
taken collectively across 15 tributaries in the Hungry Horse Reservoir, would help address
impacts to ESA-listed bull trout caused by implementing MO2 at Hungry Horse. Considering the
existing Bonneville-funded Confederated Salish and Kootenai Tribes and State of Montana
programs with this proposed mitigation component, adverse effects are anticipated to be
reduced to negligible.

In Region B, the co-lead agencies would develop additional spawning habitat at Lake Roosevelt
to minimize impacts to resident fish. The co-lead agencies propose to place appropriate gravel
for spawning habitat at locations up to 100 acres along reservoir and tributaries. Prior to
placement, the co-lead agencies would conduct site surveys post operations of alternative to
determine where to site spawning habitat augmentation at Lake Roosevelt for burbot, kokanee,
and redband rainbow trout is needed for construction of spawning habitat. This would build on
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the 2019 program Bonneville funded, already in year one of a three year study to determine if
modifications in Lake Roosevelt refill would impact resident fish access to spawning habitat.

5.4.2.4 Vegetation, Wildlife, Wetlands, and Floodplains

Under MO2, the co-lead agencies propose to implement additional mitigation measures in
Region A to offset impacts to vegetation, wildlife, wetlands, and floodplains. No additional
mitigation measures are proposed for Regions B, C, and D as the measures in MO2 would not
result in measurable or perceptible changes to habitat conditions, and have negligible to minor
effects. These negligible effects to vegetation, wildlife, wetlands, and floodplains do not
warrant mitigation. However, ongoing actions for impacts to vegetation and wildlife in Regions
A, B, C, and D would continue as under No Action Alternative, including protection and
enhancement of wildlife habitat as described in Section 5.2.1.

In Region A, mitigation measures would help address impacts to vegetation and wildlife habitat
from implementing the December Libby Target Elevation measure. This measure potentially
decreases quality and quantity of wetland habitats in Libby and Hungry Horse Reservoirs by
decreasing water surface elevations and increasing the establishment of invasive species by
increasing the quantity and distribution of mudflats and duration of exposure. As a result of
these changes, invasive species could spread and become established in new or larger areas
throughout the reservoirs. To address this potential effect, the co-lead agencies would prepare
invasive species and pest management plans where they do not currently exist or update the
existing invasive species management plans and implement the plans where warranted.

Downstream of Libby Dam, lower water levels on the Kootenai River during the growing season
would affect the quality and quantity of forested and scrub-shrub wetlands adjacent to the
river. To help mitigate existing wetlands being converted to drier, upland habitat types, the co-
lead agencies propose planting approximately 100 acres of forested and scrub-shrub wetland
vegetation. This mitigation measure, when considered with the existing Bonneville-funded
Kootenai River Habitat Restoration Program, would minimize any negative effects to negligible.
This expansion of wetland habitats along the Kootenai River would also help ameliorate
seasonal impacts at Bonners Ferry, Idaho.

5.4.2.5 Navigation and Transportation

The co-lead agencies are not proposing any mitigation measures in Regions A, C, and D under
MO?2 for navigation and transportation because the measures implemented as part of this
alternative would have negligible effects on these resources.

Similar to MO1, the Inchelium-Gifford Ferry in Region B would go out of service for longer than
the No Action Alternative durations when operational measures at Grand Coulee draft the
reservoir deeper. To help ameliorate effects to the tribal community at Inchelium, including
their ability to reach emergency and medical services and supplies, the co-lead agencies
propose extending the ramp at the Inchelium-Gifford Ferry so that it is available at lower water
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elevations in Lake Roosevelt. This would reduce the effects to negligible effects, and may be
moderately beneficial comparative when compared to the No Action Alternative.

5.4.2.6 Recreation

The co-lead agencies are not proposing any mitigation measures in Regions A, B, and D under
MO?2 for recreation as the measures implemented as part of this alternative would have
negligible effects on this resource.

In Region C, the co-lead agencies propose mitigation to offset impacts to recreation at
Dworshak State Park near Freeman Creek in Idaho. The Slightly Deeper Draft for Hydropower
measure implemented under MO2 to increase flexibility in power generation would lower
water levels in April when this park facility is used by hunters and sport fishers. The boat ramp
becomes inaccessible at lower water levels in April at the beginning of turkey hunting season
and bass fishing season. Terrain and road access make the Dworshak State Park one of the most
heavily used boat ramps in the middle reservoir area outside of the traditional (i.e., summer
and fall) recreation seasons. To offset these moderately adverse effects to recreational hunters
and fishers, the co-lead agencies propose extending the boat ramp approximately 26 feet to
maintain access to the reservoir during the early spring.

5.4.2.7 Cultural Resources

In Region A, B, and C, there could be moderate to major adverse effects to cultural resources
from an increase in number of acre-days that archaeological resources would be exposed.
Region A, B, and C the Cultural Resource Program funding would be increased for activities such
as archeological site and traditional cultural property monitoring (pedestrian and drone use),
reservoir and river bank stabilization, data recovery, public education awareness, protective
signage, and other alternative mitigation to address impacts to TCPs. This mitigation measure,
when considered with the existing FCRPS Cultural Resource Program, would work to continue
minimizing any negative effects to negligible (Table 5-2).
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Table 5-2. Mitigation Summary of MO2

Resource

Impact

Proposed Mitigation Action

Effects After Mitigation

Water Quality

Region A: At Hungry Horse, the drawdown in
summer impacts primary and secondary biological
productivity that result from reservoir drawdowns
and higher flushing rates.

Initiate a nutrient supplementation program
at Hungry Horse.

This measure would improve the
food source and reduce adverse
effects to negligible.

Resident Fish —
ESA Kootenai
River White
Sturgeon

Region A: The current flow regime at Libby has
made establishment of riparian vegetation
difficult to sustain young stands of cottonwoods -
major contributors to the food web for Sturgeon.
This results in moderate localized adverse effects.
While this MO would not exacerbate these
impacts in the No Action, it is an ongoing
problem.

Plant 1-2 gallon cottonwoods near Bonners
Ferry to improve habitat and floodplain
connectivity, which would benefit ESA-Listed
Kootenai River White Sturgeon by providing
a food source. This would complement
ongoing habitat actions already being taken
in the region.

This mitigation measure, when
considered with the existing
Bonneville-funded Kootenai River
Habitat Restoration Program, would
minimize any negative effects to
negligible.

Resident Fish —
ESA Bull Trout

Region A: Drawdowns cause low water elevations
at time of Bull Trout migration, which could make
it difficult to enter spawning tributaries and make
Bull Trout more susceptible to angling/predation.
Negligible to Moderate adverse impact.

On the Hungry Horse Reservoir, install
structural components like woody debris,
and plant vegetation at the tributaries
(Sullivan and Wheeler Creeks, possibly
more) to stabilize the channels, increase
cover for migrating fish, and improve the
varial zone.

This mitigation measure, when
considered with the existing
Bonneville-funded Confederated
Salish and Kootenai Tribes and State
of Montana programs, minimizes
any negative effects to negligible.

Resident Fish -
Burbot,
Kokanee, and
Redband
Rainbow Trout

Region B: Changes in elevation would leave
current habitat dewatered and expose new
potential areas appropriate for developing
additional gravel spawning habitat.

Develop additional spawning habitat at Lake
Roosevelt to minimize impacts to resident
fish. Determine post-operations where to
site spawning habitat augmentation at Lake
Roosevelt for burbot, kokanee, and redband
rainbow trout to inform where mitigation is
needed. Place appropriate gravel (spawning
habitat) at locations up to 100 acres along
reservoir and tributaries.

This action is in addition to the
Bonneville program that addresses
current habitat restoration in Lake
Roosevelt and would compensate
for additional effects of the new
action. Exact acreage would be
determined post-implementation.
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Resource

Impact

Proposed Mitigation Action

Effects After Mitigation

Vegetation,
Wildlife,

Wetlands &
Floodplains

Region A: Conversion of wetland to upland habitat
in May through summer months (off-channel
habitat) has adverse effects on wildlife phenology
and fecundity (inverts, amphibian eggs,
flycatchers, bats). Effects are minor and would
occur seasonally.

On Kootenai River downstream of Libby:
Plant native wetland and riparian vegetation
up to ~100 acres along river.

This mitigation measure, when
considered with the existing
Bonneville-funded Kootenai River
Habitat Restoration Program would
minimize any negative effects to
negligible.

Vegetation,

Region A and B: Exposure of mudflats and barren

In Region A, update and implement Invasive

Recruitment of native plant

Wildlife, soils during the spring months could result in Plant Management Plan for the shoreline at | communities in wetlands and
Wetlands & minor effects to native habitats by establishment Libby. Region B mitigation includes habitat floodplains to preclude

Floodplains of non-native, invasive plant species. for fish mitigation (see Resident Fish). establishment of non-native plants.
Navigation & Region B: Inchelium-Gifford Ferry (transportation Extend the ramp at the Inchelium-Gifford Extending the ramp would eliminate

Transportation

for Tribal community of Inchelium) will go out of
service for longer durations and isolate
community members. This would be a moderate
adverse effect that results in public safety
concerns.

Ferry on Lake Roosevelt so that it is available
at lower water elevations.

additional effects to the community,
potentially beneficial effect from the
No Action condition. There would be
no effects to public safety or
environmental justice with this
mitigation measure.

Recreation

Region C: Changes in water levels would make the
Dworshak State Park (Freeman Creek) boat ramp
inaccessible for 30 days in the month of April, the
start of turkey hunting season and early bass
fishing season. Because of the steep terrain and
limited road access at Dworshak, this boat ramp is
heavily used by recreators, especially hunters and
fishermen, outside of the traditional recreation
season. The alternative results in minor impacts to
recreation.

Extend the boat ramp at Dworshak State
Park (Freeman Creek) to make it accessible
in April, when it is used by hunters and
fishermen.

The extension of the Dworshak State
Park boat ramp would eliminate the
impact to boat ramp users.

Cultural
Resources

Region A and B: Major adverse effects from
increase in number of acre-days that archaeological
resources would be exposed.

Region A, B, and C increase Cultural
Resource Program funding for activities such
as resource monitoring (pedestrian and
drone use), reservoir and river bank
stabilization, data recovery, public education
awareness, protective signage, and other
mitigation to address impacts to TCPs.

This mitigation measure, when
considered with the existing FCRPS
Cultural Resource Program, in
addition to this measure would work
to continue minimizing any negative
effects to negligible.
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5.4.3 Mitigation Measures Proposed for Multiple Objective Alternative 3

The mitigation measures proposed for MO3 address impacts to water quality, anadromous and
resident fish, vegetation, wildlife, wetlands, and floodplains, navigation and transportation,
cultural resources and public safety. These effects are described fully in Chapter 3, Chapter 4,
and Chapter 6. No mitigation is proposed for flood risk management or noise, as effects are
negligible. While effects to power and transmission, water supply and navigation are major
adverse effects, no feasible mitigation has been identified. In some cases, mitigation can be
completed by public and private entities. Recreation would major adverse effects; however
change in types of usage would alleviate some of these effects. Cultural resources in Region C
would experience a major adverse effect. In Region D, mitigation is proposed using the existing
PA; however, a new programmatic agreement with Tribes would be required to carry out 106
responsibilities on the lower Snake River properties in the interim, until such a time that the
deauthorized project lands are transferred to new ownership. These real-estate transactions
would require their own review and are outside the scope of this EIS. They would be initiated
concurrent with the engineering and design work for implementing the breaching actions.

5.4.3.1 Woater Quality

The co-lead agencies are not proposing any mitigation measures in Regions A, B, or D to
mitigate for impacts under MO3 for impacts to water quality because the measures
implemented as part of this alternative would have negligible effects, the severity of impact is
low, and the effect would occur infrequently. Several mitigation actions would be taken by the
co-lead agencies to further define sediment and dissolved oxygen effects in Region C for the
time of dam removal and up to 7 years while the system flushes sediments and stabilizes. A few
additional mitigation actions are recommended to be taken by other entities prior to breaching
actions, as described below.

Because of limited data to determine the exact magnitude of water quality impacts from
breaching the dams on the lower Snake River, effects in Chapter 3 are described as a range
from low to most severe anticipated scenarios. If MO3 is selected for implementation,
additional data collection and monitoring would be required during engineering and detailed
project design, including sediment sampling and analysis to determine sediment oxygen
demand, monitoring of the bio-accumulation of contaminants in sediment and fish tissues, and
any potential hazard for human health. The co-leads would conduct these studies to investigate
more accurately the impacts of water quality and specifically, dissolved oxygen to aquatic
organisms and fish. The co-lead agencies would coordinate with state and Federal resource
agencies to determine the best way to minimize any impacts to water quality. Some potential
options could include aeration, dilution from upstream sources (e.g., the North Fork Clearwater
River), or chemical treatment (e.g., peroxide dosing). During the design phase, timing of the
dam breaching would be coordinated with the U.S. Fish and Wildlife Service and NMFS, and
other regulatory agencies, to determine the appropriate work window to minimize
construction-related effects for water quality and fish. If necessary, a tiered NEPA document
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would be prepared to disclose any impacts not contained within this EIS and site-specific
impacts associated with the construction (removal) of the dam infrastructure.

Additionally, several mitigation actions are recommended to be carried out by others with
responsibilities and authorities to remediate contaminated sediments and ground water. These
contaminants are not caused by the actions taken by the co-lead agencies, but could be
mobilized by implementing MO3. The co-lead agencies identified the potential re-suspension of
contaminated sediments in Region C that contain bioaccumulative compounds such as dioxins,
pesticides, mercury, and others. The suspension and downstream deposition of contaminated
sediments could expose fish and invertebrate populations to new, higher levels of
contaminants for several years following implementation. The co-lead agencies do not have
authorities for removing in-stream contaminated sediments, and have not identified a feasible
way to avoid mobilization. To offset this impact and any associated impacts to bioaccumulation
in fish and other aquatic species, other entities could remove or cap contaminated sediment
“hot spots” in lower Snake River prior to implementing the Breach Snake Embankments
measure.

In addition to contaminated sediments, the co-lead agencies identified there would be effects
to groundwater flows from changes in river flow and substantial decreases in reservoir
elevations in Region C. Combined, this could cause movement from polluted sources of
groundwater near Lewiston, Idaho. The movement of groundwater could pollute neighboring
systems and potentially enter the lower Snake River. If this is selected as the Preferred
Alternative, prior to implementing the Breach Snake Embankments measure, the co-lead
agencies would recommend responsible entities of contaminated groundwater sources provide
the following one or more mitigation measures: installing groundwater cutoff walls or
treatment curtains along areas of known groundwater contamination, pumping and treating
groundwater to prevent flows from entering the river, and/or remediating known
contamination areas. Additional actions include redefining National Pollutant Discharge
Elimination System permits. Containing or remediating contaminated groundwater areas would
reduce polluted inputs into lower Snake River following implementation of MO3, and any
associated impacts to fish and other aquatics, wildlife, and public safety.

5.4.3.2 Anadromous Fish

The co-lead agencies are not proposing any mitigation measures in Regions A or B for impacts
to anadromous fish because there are no anadromous fish in Regions A or B. As described
below, mitigation measures are proposed for Regions C for MO3 for short-term impacts.
Monitoring for real time operations adjustments is proposed in Region D because for minor
effects to anadromous fish in this region. Ongoing actions for impacts to anadromous fish in
Regions B (below Chief Joseph Dam), C and D would continue as under No Action Alternative,
including habitat and hatchery projects as described in Section 5.2.1.

In Region C, the co-lead agencies propose constructing a new trap and haul facility at McNary
and conduct at least two years of trap-and-haul operations for Snake River fish (Chinook
salmon, Sockeye, Steelhead) to allow removal and transport of these fish from the lower Snake
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River prior to implementing the Breach Snake Embankments measure. Removing the dam
embankments would result in temporary however major adverse effects to water quality,
including high levels of turbidity and suspended sediments between Lower Granite and Ice
Harbor. Fish collected at trap and haul facilities would be transported by truck to a release
point upstream of the affected area. While the effect of this mitigation measures does not
offset the impact of degraded water quality conditions that directly impact in-river survival of
fish during the initial phase of implementation, or aid other non-listed fish or aquatic organisms
adversely affected by MO3, the mitigation measure reduces the number of targeted fish
impacted by the alternative.

Additionally, the co-lead agencies propose raising additional hatchery fish to offset two lost
year classes prior to start of breach on the Lower Snake River. The timing of dam breaching
would occur during migration for Snake River Chinook, upper Columbia River fall Chinook, and
upper Snake River sockeye, which could result in the mortality of 20 to 40 percent of these
populations. Low concentrations of dissolved oxygen would impact survival of fish at Little
Goose and Lower Monumental during the first phase of demolition, potentially removing an
entire generation or year class of migrating Snake River fall Chinook and upper Snake River
sockeye from the system. These additional hatchery fish should provide a safety replacement of
those populations potentially adversely affected during the short-term construction.

In Region D, concentrations of TDG could increase as a result of spill measures implemented as
part of MO3. If it is observed that conditions in the tailrace are impeding upstream passage of
adult salmon and steelhead or actionable TDG impacts to fish are observed, the co-lead
agencies would implement performance standard spill operations until the situation is
remedied. These real-time decisions are made in the Regional Forum. These operations are of
short duration, as needed, to resolve the passage issues.

5.4.3.3 Resident Fish

Under MO3, the co-lead agencies propose mitigation measures in Region A at Bonners Ferry,
Idaho along the Kootenai River and at Hungry Horse. In Region B, mitigation is proposed in Lake
Roosevelt. In Region C, mitigation for impacts to fish access to mouths of Tucannon Tributary
due to short-term impacts to both resident and anadromous species is proposed. No mitigation
is proposed in Region D because implementing MO3 results in minor effects to resources, and
the effect does not rise to the level of severity warranting mitigation. Ongoing actions as
described in Section 5.2.1 for resident fish, such as bull trout and sturgeon in Regions A, B, C,
and D, would continue.

In Region A, the co-lead agencies propose actions similar to the proposed mitigation measures
for MO1 and MO2. Specifically, planting cottonwoods along the Kootenai River at Bonners Ferry
would mitigate adverse effects to ESA-listed Kootenai River white sturgeon from the loss of
wetland habitat and floodplain connectivity. In addition, installing structural components like
woody debris and planting vegetation around the upper 10 feet of the reservoir and at the
mouths of spawning tributaries would stabilize the channels, increase cover for migrating fish,
and improve habitat conditions to offset impacts to resident fish, including ESA-listed bull trout,

5-32



1015
1016
1017
1018

1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034

1035
1036
1037
1038
1039
1040
1041
1042
1043

1044
1045
1046
1047
1048
1049
1050
1051

1052
1053
1054

Columbia River System Operations Environmental Impact Statement
Chapter 5, Mitigation

from reservoir fluctuations, seasonal drawdowns, and fewer days at full pool, which collectively
result in a reduction in habitat quality and benthic productivity supporting the food web at
Hungry Horse. This mitigation measure, when added with the existing Bonneville-funded
Kootenai River Habitat Restoration Program, would minimize any adverse effects to negligible.

To offset effects to bull trout in the Hungry Horse Reservoir, the co-lead agencies propose a
mitigation measure to improve habitat conditions for bull trout. MO3 lowers water surface
elevations in the reservoir and increases summer outflows. As reservoir elevations decline, fish
passage conditions at the mouth of spawning tributaries prohibit fish migration into spawning
tributaries. Under these conditions, bull trout are more susceptible to angling and predation
pressures due to a lack of sufficient cover while they hold until conditions are passable. This
also causes delays in migration which result in an overall decrease in productivity. To mitigate
these effects, the co-lead agencies propose installing structural components like woody debris
and vegetation at the mouth of tributaries, such as Wounded Buck, Sullivan, Wheeler, and
Bunker Creeks, to stabilize channels and increase cover for migrating fish. These actions would
improve habitat conditions for bull trout and minimize impacts from fluctuating water levels on
the reservoir. This mitigation action could also increase the survival of outmigrating juveniles
and increase production of terrestrial and aquatic invertebrates. Considering the existing
Bonneville-funded Confederated Salish and Kootenai Tribes and State of Montana programs
with this proposed mitigation component, adverse effects are anticipated to be reduced to
negligible.

In Region B, the co-lead agencies would develop additional spawning habitat at Lake Roosevelt
to minimize impacts to resident fish. The co-lead agencies propose to place appropriate gravel
for spawning habitat at locations up to 100 acres along reservoir and tributaries. Prior to
placement, the co-lead agencies would conduct site surveys post operations of the alternative
implementation to determine where to site spawning habitat augmentation at Lake Roosevelt
for burbot, kokanee, and redband rainbow trout is needed for construction of spawning
habitat. This would build on the 2019 program Bonneville funded, already in year one of a three
year study to determine if modifications in Lake Roosevelt refill would affect resident fish
access to spawning habitat.

In Region C, the co-lead agencies propose modifying the channel at the mouth of the Tucannon
River, a tributary of the Snake River, to offset adverse impacts to upstream fish passage
following implementation of the Breach Snake Embankments measure. Implementing this
measure, in associated with other measures in MO3, would disconnect the Tucannon River
from the Snake River until high flows create a stable, fish passable channel for bull trout. To
mitigate for this temporary loss of connectivity, the co-lead agencies propose constructing a
channel to support year-round connectivity at the confluence of the two rivers during bull trout
migration.

Prior to implementing the Breach Snake Embankments measure, the co-lead agencies propose
mitigating effects to bull trout and white sturgeon on the Snake River from a temporary
adverse effect, but with long-lasting consequences. MO3 would reduce forage fish and
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invertebrates resulting from poor water quality during and immediately after dam breaching.
Dam breaching would create lethal concentrations of suspended sediments, turbidity, and low
dissolved oxygen between Lower Granite and Ice Harbor, resulting in widespread loss of white
sturgeon, the forage fish they feed on, and other aquatic organisms. To mitigate for these
effects to white sturgeon, the sturgeon would be trapped in the lower Snake River and
relocated upriver to Hells Canyon or locations below McNary on the Columbia River. For
avoiding adverse effects to bull trout, their abundance in the lower Snake River is low after fall
migration. Implementation of the Breach Snake Embankments measure would be coordinated
to occur during low water conditions in the fall and winter to minimize adverse effects to this
species.

5.4.3.4 Vegetation, Wildlife, Wetlands, and Floodplains

Under MO3, the co-lead agencies propose to implement mitigation measures in Regions A, C,
and D to offset adverse effects to vegetation, wildlife, wetlands, and floodplains. No mitigation
measures are proposed for Region B because implementing measures associated with MO3
would result in negligible impacts to these resources. In Region A, the December Libby Target
Elevation, Modified Draft at Libby, and Sliding Scale at Libby and Hungry Horse measures affect
seasonal water surface elevations. In Regions C and D, the Breach Snake Embankments and
Increased Forebay Range Flexibility measures influence water surface elevations and result in
changes to vegetation and habitat conditions. Many of the major adverse effects are short-
term, with long-term negligible effects to both major beneficial and major adverse effects in
Region C. Ongoing actions for impacts to vegetation and wildlife in Regions A, B, C, and D would
continue as under No Action Alternative, including protection and enhancement of wildlife
habitat as described in Section 5.2.1.

In Region A, mitigation measures would mitigate effects to vegetation and wildlife habitat from
implementing the December Libby Target Elevation measure. This measure potentially
decreases quality and quantity of wetland habitats in Libby by decreasing water surface
elevations and increasing the establishment of invasive species by increasing the quantity and
distribution of mudflats and duration of exposure. As a result of these changes, invasive species
could spread and become established in new or larger areas throughout the reservoir. To
address this potential effect, the co-lead agencies would prepare invasive species and pest
management plans where they do not currently exist or update the existing invasive species
management plans and implement the plans where warranted.

The Modified Draft at Libby and Sliding Scale at Libby and Hungry Horse measures would result
in a conversion of wetland habitats to upland habitats along the Kootenai River from a seasonal
decrease in water surface elevations. To offset this impact, the co-lead agencies propose
planting approximately 100 acres of native wetland vegetation along the Kootenai River to
restore wetland habitats similar to the proposals described under MO1.

Breaching the four lower Snake River dams would significantly decrease water surface
elevations on the lower Snake River, as well as mobilize sediments to deposit in downstream
portions of the river channel and along the shoreline. These actions would have a major
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adverse effect to existing upland, wetland, and aquatic vegetation, reducing the quality,
guantity, and distribution of habitats in Region C. To offset these effects, mitigation proposed
would be to replant approximately 13,000 acres of arid, upland native vegetation on newly
exposed soils and approximately 1,500 acres of emergent and forested, scrub-shrub wetland
habitat adjacent to the new surface elevations of the lower Snake River.

Additionally, in Region D the co-lead agencies propose approximately 155 acres of emergent
and forested scrub-shrub wetland habitats on the Columbia River downstream of the
confluence with the Snake River would be planted to comply with CWA regulations. On the 155
acres, newly deposited sediments would be excavated to maintain the hydrologic conditions
necessary to support wetland habitats. Twenty-three of the 155 acres would be planted with
wetland vegetation. For consideration of mitigation to cultural resources, the planting plans
would be developed to incorporate proposed tule (Schoenoplectus acutus) restoration and
other culturally significant vegetation. The plant list used for restoration activities would be the
existing list developed through coordination with regional tribes under the existing Cultural
Resource Program.

5.4.3.5 Navigation and Transportation

MO3 would result in moderate to major effects to navigation and transportation in Regions B
and C.

In Region B, the Inchelium-Gifford Ferry would be out of service two additional days in the wet
years than the No Action Alternative. While this is a minor change, limiting access to medical
and emergency service is a significant risk. The co-lead agencies propose extending the ramp at
the Inchelium-Gifford Ferry to provide service at lower water elevations on Lake Roosevelt,
similar to what is proposed for MO1 and MO2.

In Region C, MO3 would result in a complete loss of commercial navigation on the lower Snake
River. Conditions on the lower Snake River after implementing the Breach Snake Embankments
measure would not support commercial navigation, and could not be feasibly mitigated. Other
entities could take actions and/or build infrastructure to change their transportation modes or
connect to the navigation system at a different point on the river.

In Region D, at the confluence of the lower Snake River as described in the River Mechanics
Section 3.3.3.5, there would be increased sediment passing from the lower Snake River into
the Columbia River. During the two year construction period, beginning with breaching and
drawdown of the upper two projects, modeling indicates that sediment volumes and
concentrations passing out of the lower Snake River would be elevated immediately following
draw-down, and for the two years that follow as the system transitions from reservoirs to run
of river. After the near-term period, there would be an estimated period of two to seven years
where lower Snake River would continue moving higher volumes of sediment. Over the long-
term the lower Snake River is expected to eventually reach a new quasi-equilibrium condition
and largely pass incoming sediment loads. This sediment load will cause a short term major
adverse effect to the navigation channel.
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Based upon these changing sediment patterns and timing, dredging operations within the
McNary pool (Wallulla Reservoir) and at the confluence of the lower Snake River would need to
increase substantially to keep the channel operational. . Sediment relocation and deposition is
expected to occur within the federal navigation channel and on the left bank of Lake Wallulla.
The mitigation proposal is to dredge to maintain this reach of the federal navigation channel.
Likewise, public and private port facilities both near the confluence of the lower Snake River
and on the left bank of Lake Wallula would need to conduct sequential dredging in order to
avoid interruptions in service and maintain access to the navigation channel. Dredging
mitigation for maintaining the federal navigation channel would be a Corps expense, while
dredging to maintain port facilities and access to the federal navigation channel would not.

Dredging operations are expected to remain similar to No Action in the remaining reach of the
Columbia navigation channel.

NON-FEDERAL TRANSPORTATION INFRASTRUCTURE

In evaluating the feasibility of implementing MO3 and breaching the four dams on the lower
Snake River, the co-lead agencies also evaluated impacts to transportation infrastructure not
associated with the Federal projects, but crucial infrastructure for the region. The following is a
brief description of additional actions that would be needed to mitigate effects on regional
transportation infrastructure.

Bridge piers on the lower Snake River would experience a permanent change in water velocity,
and higher seasonal flows would increase scour and cause erosion around bridge piers. The co-
lead agencies propose armoring piers of up to 25 bridges to protect them from increased
erosion due to the Breach Snake Embankments measure.

In addition to bridge piers, approximately 80 miles of railroad and highway embankments
would need to be armored to protect them from erosion resulting from higher water velocities
and higher flows through existing drainage structures and culverts. Of the 80 miles identified,
approximately 45 miles are constructed of engineered fill which would be exposed to river
flows at lower river elevations. These locations are the highest risk for failure, posing a risk to
public safety, and would require additional evaluation to identify the appropriate modification
to maintain stability.

5.4.3.6 Recreation

Although moderate effects are anticipated to recreation resources in Region C, the co-lead
agencies are not proposing any mitigation for recreation with implementation of MO3. In
Regions A, B, and most of D, measures implemented as part of this alternative would have
negligible effects on this recreational resource and no mitigation is warranted.

In Region C and upper reach of Region D, major adverse effects to water based recreation and
water accessibility would occur. Existing recreational activities in the lower Snake River would
transition from lake to river recreation following implementation of the Breach Snake
Embankments measure under MO3. As a result of this measure, water surface elevations on the
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lower Snake River and extending into the Columbia River confluence would drop significantly,
disconnecting boat ramps from the river at Lower Granite, Little Goose, Lower Monumental,
and Ice Harbor. Sediment deposition in the lower portion McNary Reservoir would decrease
accessibility to existing marinas, parks, and access channels in Lake Wallula. While overall
beneficial effects would occur for those activities related to river and faster flowing water-
activities, reservoir-type activities would cease. The major adverse effects to recreation are
from lack of boat ramps accessibility from federal lands. The co-lead agencies would no longer
operate project lands for recreation after the projects are de-authorized. Recreational sites
could be modified in the future as project land is transferred through real estate actions. In
other areas below Ice Harbor bordering the Region C and D, local entities could extend public
boat ramps to maintain water accessibility.

5.4.3.7 Water Supply

In Region C, and potentially Region D around the confluence of the lower Snake River, MO3
would have adverse effects to incidental irrigation. Currently and in the No Action Alternative,
water is available from the pools of these facilities and from groundwater that results from the
pools. The pumps that supply this water would no longer be operational once the dams were
breached. The effect is nearby groundwater elevations could be substantially impacted.
Additionally, M&I pumps in the Lewiston area would also likely be adversely effected, along
with other small M&I uses along the river, as groundwater would have the potential to drop by
the entire height of the dames, i.e., up to 100 feet. This would affect all well users in the region.
Chapter 3 analyzes the social and economic effects of implementing this measure. The co-lead
agencies would not mitigate for these impacts to water users. However, private and public
entities could extend intake pumps, ground water wells, or other infrastructure. .

5.4.3.8 Cultural Resources

In Region A, there is a moderate to major adverse effects to cultural resources from an increase
in number of acre-days that archaeological resources would be exposed. In Region A, an
increase Cultural Resources Program funding for activities such as archeological site and
traditional cultural property monitoring (pedestrian and drone use), reservoir and river bank
stabilization, data recovery, public education awareness, protective signage, and other
mitigation is proposed to address impacts to TCPs. This mitigation measure, when considered
with the existing FCRPS Cultural Resource Program, would work to continue minimizing any
negative effects to negligible.

In Regions B, no additional mitigation, as compared to the No Action Alternative, is proposed
and the existing Cultural Resource Program and System-wide PA would continue to be
implemented.

In Region C, there would be major adverse effects to cultural resources due to an extensive
increase in the archeological resources that would be exposed as part of dam breaching.
Following implementation of the Breach Snake Embankments measure, over 350 known
cultural resources would be exposed or accessible after the reservoirs on the lower Snake River
are drawn down. The scale of protecting and monitoring these sites, as well as recovering data,
would exceed the existing Cultural Resource Program. Given this, the co-lead agencies would
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prepare and implement a new programmatic agreement to avoid, minimize, and mitigate
impacts to these locations, sites, and resources.

Mitigation specific to dam breaching would include law enforcement patrols of exposed areas
along 150 river miles to deter looting until vegetation is re-established, reseeding 14,000 acres
with native species, irrigation to stimulate plant growth in 10 locations, archaeological
monitoring of exposed sites to identify issues that need quick remediation, and conducting
Section 106 of the NHPA compliance activities. The new PA would cover activities for an interim
period, up to ten years for cultural resource management, until federal properties are disposed.

Additional mitigation measures proposed in Region C include implementing the Historic
American Building Survey and Historic American Engineering Record programs to document
historic places, infrastructure, and landscape features prior to implementation of MO3
measures associated with dam breaching. During dam breach, security fencing and signs would
be installed to prevent access, a public outreach campaign would be developed and
implemented to document and excavate exposed sites that are in danger of loss, and collect
artifacts for museum curation or repatriation to Tribes under NAGPRA.

In Region D, sediment deposition along the shorelines of the Columbia River in the McNary
Reservoir would affect the distribution of wetland plant communities critical to traditional
cultural practices. For example, tule plant communities in Lake Wallula would be buried due to
sediment deposition following breach of Ice Harbor Dam. This cultural resource would be
unavailable in Lake Wallula for several years until vegetation is reestablished following
implementation of MO3. The co-lead agencies propose implementing mitigation measures
consistent with the existing Cultural Resource Program to restore tule habitat at alternate sites
in Region D as described in the vegetation, wildlife, wetlands, and floodplains section above.

5.4.3.9 Public Safety

In evaluating the feasibility of implementing MO3 and breaching the four dams on the lower
Snake River, the co-lead agencies identified additional actions to maintain safety that would be
needed to mitigate effects from changes in river conditions with implementing the Breach
Snake Embankments measure. In Region C, gas lines that cross the Snake River near Lyons Ferry
would need to be modified to withstand the higher velocities and scour due to breach. The co-
lead agencies would coordinate these modifications prior to implementing the MO3 breach
(Table 5-3).
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Table 5-3. Mitigation Summary of MO3

from high levels of turbidity/suspended sediment
from Lower Granite Dam to Ice Harbor Dam during
fall fish migration. This could result in mortality of
20-40% of the populations. Very low dissolved
oxygen levels caused by dam breaching would
result in fish mortality in the lower Snake River,
with considerable impacts to year class of fall
migrating fish.

anadromous fish, prior to the initiation of
each phase of breaching (2 phases) of the
lower Snake River dams.

Resource Impact Proposed Mitigation Action Effects After Mitigation

Anadromous Regions D: Moderate adverse effect from increased | Temporary extension of performance Performance Standard Spill is effective

Fish spill levels, which create turbulence and eddies standard spill levels in coordination with in passing adult fish and delays in
below the dams resulting in delays to adult the Regional Forum passage would be negated, resulting
passage. in negligible effects.

Anadromous Region C: Breaching the lower Snake River dams Construct a trap-and-haul facility at Trapping and transport of affected

Fish would have major short-term adverse effects. McNary and conduct at least two years of | fish populations would lower effects
Breaching would create lethal river conditions trap-and-haul operations for Snake River to the Snake River anadromous fish
(turbidity and suspended sediment, low dissolved fish (Chinook salmon, Sockeye, Steelhead) | populations. When implemented with
oxygen) which would cause major effects to Snake | to allow removal and transport of these other anadromous fish mitigation
River anadromous fish populations in the short- fish from the lower Snake River prior to measures for MO3, this action would
term. breaching. contribute to lowering impacts from

major to minor.
Anadromous Region C: Breaching the lower Snake River dams Raise additional hatchery fish to help to Raising additional hatchery fish would
Fish would create major adverse short-term effects address two lost year classes of help to lower the negative impacts of

dam breaching to lower Snake River
anadromous fish populations. When
implemented with other anadromous
fish mitigation measures for MO3, this
action would contribute to lowering
impacts from major adverse effect to
minor adverse effect.

Resident Fish —
ESA Kootenai
River White
Sturgeon

Region A: The current flow regime at Libby has
made establishment of riparian vegetation difficult
to sustain young stands of cottonwoods - major
contributors to food web for Sturgeon. This results
in moderate localized adverse effects. While this
MO would not exacerbate these effects in the No
Action, it is an ongoing problem.

Plant 1-2 gallon cottonwoods near
Bonners Ferry to improve habitat and
floodplain connectivity, which would
benefit ESA-Listed Kootenai River White
Sturgeon by providing a food source. This
would complement ongoing habitat
actions already being taken in the region.

This mitigation measure, when
considered with the existing
Bonneville-funded Kootenai River
Habitat Restoration Program, would
minimize any negative effects to
negligible.

Resident Fish —
ESA Bull Trout

Region A: Drawdowns cause low water elevations
at time of Bull Trout migration, which could make it
difficult to enter spawning tributaries and make

On the Hungry Horse Reservoir install
structural components like woody debris,
and plant vegetation at the tributaries
(Sullivan and Wheeler Creeks, possibly

This mitigation measure, when
considered with the existing
Bonneville-funded Confederated
Salish and Kootenai Tribes and State
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Resource

Impact

Proposed Mitigation Action

Effects After Mitigation

Bull Trout more susceptible to angling/predation.
Negligible to Moderate adverse impact.

more) to stabilize the channels, increase
cover for migrating fish, and improve the
varial zone.

of Montana programs, minimizes any
negative effects to negligible.

Resident Fish -
Burbot,
Kokanee, and
Redband
Rainbow Trout

Region B: Changes in elevation would leave current
habitat dewatered and expose new potential areas
appropriate for developing additional gravel
spawning habitat.

Develop additional spawning habitat at
Lake Roosevelt to minimize impacts to
resident fish. Determine post-operations
where to site spawning habitat
augmentation at Lake Roosevelt for
burbot, kokanee, and redband rainbow
trout to inform where mitigation is
needed. Place appropriate gravel
(spawning habitat) at locations up to 100
acres along reservoir and tributaries.

This action is in addition to the
Bonneville program that addresses
current habitat restoration in Lake
Roosevelt and would compensate for
additional effects of the new action.
Exact acreage would be determined
post-implementation.

Resident &
Anadromous
Fish

Region C: Breaching the lower Snake River Dams
would result in major short-term adverse effects
from reservoir drawdown. These conditions could
make the Tucannon River (a tributary of the Snake
River) delta inaccessible to Bull Trout, salmon and
steelhead, inhibiting their access to spawning
habitat.

Modify the Tucannon River channel at the
delta to allow bull trout, salmon, and
steelhead passage after Snake River water
elevations decrease from breaching.

This mitigation measure would
provide access to the Tucannon River
and could reduce and minimize
anticipated adverse short-term effects
from major to minor for Tucannon
River populations.

Resident Fish —
White Sturgeon

Region C: Breaching the lower Snake River dams
would create major adverse short-term effects
from high levels of turbidity/suspended and very
low dissolved oxygen levels in the river. This could
result in mortality for sturgeon and the forage fish
they feed on. Although sturgeon are not ESA-listed,
they are important to regional tribes and sport
fishers.

On the Snake River, trap —and-haul White
Sturgeon from impacted areas prior to
dam breaching. Relocate trapped
sturgeon to locations in Hells Canyon on
the Snake River, and downstream of
McNary project on the Columbia River.

Relocation of White Sturgeon from
the lower Snake River prior to
breaching could lower impacts of
breaching to the overall population,
and moving effects from major to
minor.

Vegetation,
Wildlife,

Wetlands &
Floodplains

Region A: Operations at Libby Dam will affect
wetland vegetation along the Kootenai River and
could cause conversion of wetland habitat to
upland habitat. This could cause impact to wildlife.
Moderate adverse effects would occur seasonally.

On Kootenai River downstream of Libby:
Plant native wetland and riparian
vegetation up to ~100 acres along river.

Considering the existing Bonneville-
funded Kootenai River Habitat
Restoration Program, would minimize
any negative effects to negligible.

5-40




Columbia River System Operations Environmental Impact Statement
Chapter 5, Mitigation

Resource

Impact

Proposed Mitigation Action

Effects After Mitigation

Vegetation,
Wildlife,

Wetlands &
Floodplains

Region A: Exposure of mudflats and barren soils
could result in establishment of non-native,
invasive plant species, a moderate, adverse effect.

Update and implement the existing
Invasive Plant Management Plan at Libby
to prevent establishment of invasive plant
species.

Implementation of this mitigation
measure would minimize adverse
effects from moderate to negligible.

Vegetation,
Wildlife,

Wetlands &
Floodplains

Region C: Lowering of the water table associated
with breaching could have a major adverse effect
by conversion of plant communities to non-native,
invasive plant communities.

Develop and implement a planting plan to
restore arid, native plant communities on
approximately 13,000 acres of lands along
the lower Snake River.

Implementation of this measure to
restore native plant communities
would reduce major adverse effects to
minor to negligible.

Vegetation,
Wildlife,

Wetlands &
Floodplains

Region C: Breaching the lower Snake River dams
would expose approximately 13,800 acres of
shoreline, creating major negative effects to
wetland and riparian plant communities.

Develop and implement a planting plan
for approximately 1500 acres of wetland
and riparian species along the exposed
shorelines.

Implementation of this measure to
restore native plant communities
would reduce major adverse effects to
minor to negligible.

Vegetation,

Region C: Breaching the lower Snake River dams

Develop and implement a restoration

Implementation of this measure to

Wildlife, would result in sediment deposition, causing major | plan for approximately 155 acres of restore native plant communities
Wetlands & adverse impacts for wetlands downstream of Ice wetlands downstream of Ice Harbor. The would reduce major adverse effects to
Floodplains Harbor dam. plan may include excavation of sediments | minor to negligible.

deposited after breaching.
Navigation & Region B: Inchelium-Gifford Ferry (transportation Extend the ramp at the Inchelium-Gifford Extending the ramp would eliminate

Transportation

for Tribal community of Inchelium) will go out of
service for longer durations and isolate community
members. This would be a moderate adverse effect
that results in public safety concerns.

Ferry on Lake Roosevelt so that it is
available at lower water elevations.

additional effects to the community,
potentially beneficial effect from the
No Action condition. There would be
no effects to public safety or
environmental justice with this
mitigation measure.
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Resource

Impact

Proposed Mitigation Action

Effects After Mitigation

Navigation &
Transportation

Region C: Breaching the lower Snake River Dams
would result in higher water velocities, increasing
scour around bridge piers and creating a major
adverse effect to transportation and public safety.

Armor piers of up to 25 bridges to protect
them from erosion caused by higher
velocity flows in the river after breaching.

Armoring bridge piers would reduce
the effects from higher water
velocities from major adverse effect
to negligible.

Navigation &
Transportation

Region C: Breaching the lower Snake River dams
will result in higher water velocities in the river,
increasing erosion of road and railroad
embankments and higher flows through drainage
structures and culverts, creating a major adverse
effect to transportation and public safety.

Armor approximately 80 miles of railroad
and highway embankments previously
designed or constructed by the Corps to
protect them from erosion caused by the
breaching measure.

Armoring road and railroad
embankments would reduce the
effects to public safety and
transportation infrastructure from
higher water velocities from major
adverse effect to negligible.

Navigation &
Transportation

Region D: At the breaching of the lower Snake
River dams would cause sediment to deposit in the
federal navigation channel in the lower Snake River
near the confluence with the Columbia River in the
upper part of McNary Reservoir.

At the confluence of the lower Snake
River in Region D the Corps would dredge
the Federal navigation channel post
breaching and until the river equilibrium
is achieved, as needed, to maintain the
federal channel.

With a series of dredging actions, the
effects to the federal channel in
Region D should be minimized to
negligible.

Cultural
Resources

Region A and B: Major adverse effects from increase
in number of acre-days that archaeological
resources would be exposed.

In Region A and B, an increase to the
Cultural Resource Program funding for
activities such as resource monitoring
(pedestrian and drone use), reservoir and
river bank stabilization, data recovery,
public education awareness, protective
signage, and other mitigation to address
impacts to TCPs.

This mitigation measure, when
considered with the existing FCRPS
Cultural Resource Program, in
addition to this measure would work
to continue minimizing any negative
effects to negligible.
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Resource Impact Proposed Mitigation Action Effects After Mitigation
Cultural Region C: Drawdown of the reservoirs on the lower | Develop a new Programmatic Agreement | Implementation of this measure
Resources Snake River caused by dam breaching would result | under the existing FCRPS Cultural would help to reduce major adverse

in the exposure of over 350 known cultural
resources.

Resource Program for cultural resources
exposed in the four reservoir areas.

effects to minor effects.

Public Safety

Region C: Breaching the lower Snake River dams
would create high water velocities that could
increase scour conditions that would damage
existing gas pipelines that cross the lower Snake
River near Lyons Ferry. This could cause a major
adverse effect to utilities, contribute to an
interruption in service, and pose public safety
effects.

After breaching the lower Snake River
dams, the gas lines would need to be
modified to withstand the velocities due
to breach.

Implementation of this measure
would reduce the effects from higher
water velocities from major adverse
effect to negligible and maintain
utility and public safety.
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1246  5.4.4 Mitigation Measures for Multiple Objective Alternative 4

1247  The mitigation measures proposed for MO4 address impacts to water quality, anadromous and
1248  resident fish, vegetation, wildlife, wetlands, and floodplains, and navigation and transportation.
1249  There would be no mitigation proposed for flood risk management, water supply, noise, or
1250 visual, as these effects are minor adverse to negligible. While power and transmission would
1251  experience a major adverse effect, no feasible mitigation has been identified. Mitigation

1252  considerations for power and transmission are discussed within Chapter 3 - Power and

1253  Transmission section. Effects are fully described in Chapter 3, Chapter 4, and Chapter 6. For
1254  MO4, effects to cultural resources would be addressed by continuing to implement the existing
1255  Cultural Resource Program discussed in Section 5.2.1.6.

1256  5.4.4.1 Woater Quality

1257  In MO4, the co-lead agencies are only proposing additional mitigation for water quality in

1258  Region A. In Region B, the measures cause negligible effects. In Regions Cand D

1259 implementation of measures would have negligible to major adverse effect to elevation in TDG,
1260  which would have mitigation under anadromous fish. The co-lead agencies would need to

1261  comply with updated water quality standards under the CWA.

1262  In Region A, the effects to water quality are negligible to minor. However, the co-lead agencies
1263  propose to continue supplementing nutrients, nitrogen, and phosphorous at Libby and initiate a
1264  similar nutrient supplementation program at Hungry Horse to offset impacts to primary and
1265  secondary biological productivity that result from reservoir drawdowns and higher flushing
1266  rates similar to MO2.

1267  Mitigation is also proposed at Albeni Falls to offset impacts from the McNary Flow Target
1268  measure, which results in warmer water temperatures that support increased growth of
1269  macrophytes or other aquatic plants (e.g., Eurasian water milfoil [Myriophyllum spicatal).
1270  Increased macrophyte density decreases overall water quality, habitat quality, and inhibits
1271  accessibility for recreation. The co-lead agencies propose implementing and expanding an
1272  existing invasive aquatic plan removal program to offset impacts to water quality, wildlife
1273  habitat, and recreation.

1274  5.4.4.2 Anadromous Fish

1275 The co-lead agencies are not proposing any mitigation measures in Regions A or B for impacts
1276  to anadromous fish because there are no anadromous fish in these regions. Effects to fish in
1277  Region C and D varies from minor adverse effects to major beneficial effect, depending on the
1278  species and the predictions of separate models. Additional mitigation measures are proposed
1279  for Regions C and D for MO4. Ongoing actions for impacts to anadromous fish in Regions B
1280  (below Chief Joseph Dam), C and D would continue as under No Action Alternative, including
1281  habitat and hatchery projects as described in Section 5.2.1.
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Similar to MO1, in Region C and D, concentrations of TDG increase as a result of the juvenile
spill passage measures implemented as part of MO1. To limit increased TDG concentrations and
adverse effects to anadromous fish during upstream passage, the co-lead agencies propose
implementing performance spill operations consistent with the No Action Alternative to
increase upstream passage opportunities for adult salmon and steelhead. If it is observed that
conditions in the tailrace are impeding upstream passage of adult salmon and steelhead or
actionable TDG impacts to fish are observed, the co-lead agencies would implement
performance standard spill operations until the situation is remedied. These real-time decisions
are made in the Regional Forum. These operations are of short duration, as needed, to resolve
the passage issues.

An additional mitigation action in Region C is a proposed to modify the raceway at Little Goose
dam to reduce TDG concentrations. Incorporate infrastructure that promotes water de-gassing
decreases TDG exposure during fish collection for juvenile salmon and steelhead. As a result of
this action, fish would be transported in water with lower TDG compared to river conditions,
mitigating adverse effects associated with spill operations, and increasing overall survival for
fish throughout the lower Columbia and Snake Rivers.

5.4.4.3 Resident Fish

Under MO4, the co-lead agencies propose mitigation measures in Regions A, B, and C. No
additional mitigation is proposed in Region D as implementing MO4 results in minor effects that
do not rise to the level of severity warranting mitigation. Ongoing actions as described in
Section 5.2.1 for resident fish, such as bull trout and sturgeon in Regions A, B, C, and D, would
continue. Implementing MO4 would results in increased outflows from the Hungry Horse
Reservoir which reduces the availability of zooplankton, phytoplankton, and other aquatic
invertebrates for bull trout in late summer. Additionally, in MO4, the impact from the McNary
Flow Target measure on food resources for bull trout is severe in wet and average water years,
but extremely severe in dry years. The co-lead agencies propose installing structural
components like woody debris and planting vegetation at Hungry Horse reservoir to stabilize
channels, increase cover for migrating fish, and improve habitat conditions. These actions
would offset impacts to bull trout from reservoir fluctuations and seasonal drawdowns during
spring and fall migration, and improve availability of food production and fish passage into
spawning streams similar to the proposals in MO1, MO2, and MO3. Considering the existing
Bonneville-funded Confederated Salish and Kootenai Tribes and State of Montana programs
with this proposed mitigation component, adverse effects are anticipated to be reduced to
negligible.

In Region B, the co-lead agencies would develop additional spawning habitat at Lake Roosevelt
to minimize impacts to resident fish. The co-lead agencies propose to place appropriate gravel
for spawning habitat at locations up to 100 acres along reservoir and tributaries. Prior to
placement, the co-lead agencies would conduct site surveys post operations of the alternative
implementation to determine where to site spawning habitat augmentation at Lake Roosevelt
for burbot, kokanee, and redband rainbow trout is needed for construction of spawning
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habitat. This would build on the 2019 program Bonneville funded, already in year one of a three
year study to determine if modifications in Lake Roosevelt refill would impact resident fish
access to spawning habitat.

5.4.4.4 Vegetation, Wildlife. Wetlands, and Floodplains

The co-lead agencies propose no mitigation measures for Region A, B, C, or D as implementing
MO4 would result in minimal to negligible effects when considering ongoing programs in the
No Action. The ongoing actions for impacts to vegetation, wildlife, wetlands, and floodplains for
Regions A, B, C, and D would continue, including protection and enhancement of wildlife
habitat as described in Section 5.2.1.

In Region A, the McNary Flow Target measure decreases water surface elevations in Lake Pend
Oreille. As a result of decreased water surface elevations, wetland habitats could become drier
and the opportunity for non-native, invasive species to become established on exposed
mudflats would increase. To help address these potential impacts offset impacts to wetlands,
the co-lead agencies would use the existing programs at Albeni Falls and Lake Pend Oreille to
address potential effects in this region.

5.4.4.5 Navigation and Transportation

The co-lead agencies are not proposing any mitigation measures in Regions A under MO4 for
navigation and transportation because the measures implemented as part of this alternative
would have negligible effects on these resources.

In Region B, the co-lead agencies propose extending the boat ramp at the Inchelium-Gifford
Ferry to provide service at lower water elevation on Lake Roosevelt similar to MO1 and MO2.

In Regions C and D, the Spill to 125 Percent TDG operational measure and lower tail waters
would increase shoaling in the navigation channel of the lower Snake and Columbia Rivers and
would adversely affect navigation. In order to maintain the navigation channel and reduce
adverse effects to negligible, proposed mitigation includes increasing the frequency and total
volume of dredging at John Day, McNary, Ice Harbor, Lower Monument, and Lower Granite at a
4 -7-year interval. Higher spill volumes combined with tailrace conditions could also result in
infrastructure damage and shoaling. Regular monitoring of the tailrace would take place to
determine if additional mitigation to install coffer cells at Lower Monumental, Little Goose,
McNary, and John Day would be needed. Coffer cells would dissipate energy during high spill
operations, which would support movement of sediment in the navigation channel, thereby
maintaining navigational capacity and river transportation. These measures would increase
overall maintenance costs for the projects, but would reduce the adverse effects to negligible.
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5.4.4.6 Recreation

The co-lead agencies are not proposing any mitigation measures in Regions A, B, C, or D under
MOA4 for recreation as the measures implemented as part of this alternative are minor adverse
to negligible effects, and temporary.

In Region A, deep drafts to Lake Pend Oreille to meet the McNary Flow Target would lower lake
elevations, creating inability to use these boat ramps during periods of time in low water years.
To mitigate for these occasional, short-term effects, local entities could extend public and
private boat ramps to reach new surface elevations similar to usage in the No Action
Alternative.

In Region B, the co-lead agencies considered extending boat ramps at several recreational
access locations in Lake Roosevelt to maintain accessibility. The McNary Flow Target measure
decreases water surface elevations above Grand Coulee, which would reduce accessibility at
numerous existing boat ramps when they become disconnected from the lake, including Evans,
Hawk Creek, Marcus Island, Napoleon Bridge, and North Gorge. However, because recreation
would be impacted fewer than 10 days per calendar year, the co-lead agencies determined that
the severity of impact is minor and temporary, and the effect does not warrant mitigation.

5.4.4.7 Cultural Resources

In Region A, B, and C, there is a moderate to major adverse effects to cultural resources from an
increase in number of acre-days that archaeological resources would be exposed. In Region D,
there is a major adverse effect to cultural resources from an increase in number of acre-days
that archaeological resources would be exposed. Effects in Regions A, B, C, and D could be
mitigated by increasing Cultural Resource Program funding for activities such as archeological
site and traditional cultural property monitoring (pedestrian and drone use), reservoir and river
bank stabilization, data recovery, public education awareness, protective signage, and other
mitigation to address impacts to TCPs. These mitigation measures, when considered with the
existing FCRPS Cultural Resource Program, would work to continue minimizing any adverse
effects to negligible (Table 5-4).
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Resource

Impact

Proposed Mitigation Action

Effects After Mitigation

Water Quality

Region A: Lower lake levels at Albeni
Falls could make near shore areas
more difficult to access due to greater
macrophyte and periphyton growth
(e.g. Eurasian water milfoil). This is
estimated to be a negligible to minor
effect.

Implement and expend the existing Invasive
Aquatic Plant Removal program at Albeni
Falls.

Implementation of this mitigation

measure, combined with ongoing

programs, would reduce effects to
negligible.

Water Quality

Region A: At Hungry Horse, the
drawdown in summer affects primary
and secondary biological productivity
that result from reservoir drawdowns
and higher flushing rates.

In Region A, initiate a nutrient
supplementation program at Hungry Horse
Reservoir.

This measure would improve the food
source and reduce adverse effects to
negligible.

Anadromous Fish

Regions C and D: Moderate adverse
effect from increased spill levels,
which create turbulence and eddies
below the dams resulting in delays to
adult passage.

Temporary extension of performance
standard spill levels in coordination with the
Regional Forum

Performance Standard Spill is effective in
passing adult fish and delays in passage
would be negated, resulting in negligible
adverse effects.

Anadromous Fish

Region C: Water in the Little Goose
raceway is expected to have high TDG
due to higher spill levels. This could
have major adverse effects to
transported fish.

Modify the Little Goose Raceway
infrastructure to de-gas the water in the
raceway during collection for transport. This
would allow the fish to be transported in
water with lower TDG than that in the river.

Implementation of this measure would
reduce major adverse effects from TDG
to transported fish negligible.

Resident Fish — ESA Bull
Trout

Region A: Drawdowns cause low
water elevations at time of Bull Trout
migration, which could make it
difficult to enter spawning tributaries
and make Bull Trout more susceptible
to angling/predation. Negligible to
Moderate adverse impact.

On the Hungry Horse Reservoir install
structural components like woody debris,
and plant vegetation at the tributaries
(Sullivan and Wheeler Creeks, possibly more)
to stabilize the channels, increase cover for
migrating fish, and improve the varial zone.

This mitigation measure, when
considered with the existing Bonneville-
funded Confederated Salish and Kootenai
Tribes and State of Montana programs,
minimizes any negative effects to
negligible.

Resident Fish - Burbot,
Kokanee, & Redband
Rainbow Trout

Region B: Changes in elevation would
leave current habitat dewatered and
expose new potential areas
appropriate for developing additional
gravel spawning habitat.

Develop additional spawning habitat at Lake
Roosevelt to minimize impacts to resident
fish. Determine post-operations where to
site spawning habitat augmentation at Lake
Roosevelt for burbot, kokanee, and redband

This action is in addition to the
Bonneville program that addresses
current habitat restoration in Lake
Roosevelt and would compensate for
additional effects of the new action.
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Transportation

(transportation for Tribal community
of Inchelium) will go out of service for
longer durations and isolate
community members. This would be a
moderate adverse effect that results
in public safety concerns.

Ferry on Lake Roosevelt so that it is available
at lower water elevations.

Resource Impact Proposed Mitigation Action Effects After Mitigation
rainbow trout to inform where mitigation is Exact acreage would be determined
needed. Place appropriate gravel (spawning | post-implementation.
habitat) at locations up to 100 acres along
reservoir and tributaries.
Navigation & Region B: Inchelium-Gifford Ferry Extend the ramp at the Inchelium-Gifford Extending the ramp would eliminate

additional effects to the community,
potentially beneficial effect from the No
Action condition. There would be no
effects to public safety or environmental
justice with this mitigation measure.

Navigation &
Transportation

Regions C and D: High spill, combined
with tailrace conditions could result in
infrastructure damage and more
frequent O&M of navigation channel
at projects.

Regular monitoring of tailrace conditions will
be conducted. If any discovery of adverse or
damaging effects, install coffer cells at Lower
Monumental, Lower Granite, McNary, and
John Day to dissipate energy from higher
spill levels.

Installation of coffer cells could reduce
adverse effects to the tailrace and
navigation channel from constant high
spill to negligible.

Navigation &
Transportation

In Region C & D, high spill volumes
and lower tail water increase scour,
creating sediments and filling of the
navigation channel. This is a
moderate adverse impact to
navigation.

Monitoring of scour and infill at John Day,
McNary, Ice Harbor, Lower Monumental,
and Lower Granite projects and increase
dredging maintenance, as needed to
maintain navigation channel. This is
predicted to be needed every 4-7 years.

Increasing the routine maintenance
frequency and for total volume of
dredging would reduce these navigation
impacts to negligible.

Cultural Resources

Region A and B: Major adverse effects
from increase in number of acre-days
that archaeological resources would
be exposed.

Region A, B and Cincrease Cultural Resource
Program funding for activities such as
resource monitoring (pedestrian and drone
use), reservoir and river bank stabilization,
data recovery, public education awareness,
protective signage, and other alternative
mitigation to address impacts to TCPs.

This mitigation measure, when
considered with the existing FCRPS
Cultural Resource Program in addition to
this measure, would work to continue
minimizing any negative effects to
negligible.
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5.5 MONITORING AND ADAPTIVE MANAGEMENT

Monitoring and adaptive management address sources of uncertainty, steer project
implementation and maintenance to ensure that the intended project benefits are attained,
and documents project effects for communication to participants and stakeholders. When
effectiveness monitoring indicates that projects or mitigation measures do not effectively
address an impacted resource, mitigation measures can be adaptively managed to improve
effectiveness. For the purposes of this EIS, adaptive management is defined as a structured and
iterative process to reduce uncertainty over time. Monitoring mitigation measures can
incorporate elements of adaptive management if monitoring results indicate a change is
needed to more fully offset impacts to an impacted resource.

5.5.1 Monitoring Strategy

A monitoring plan would be developed to address an individual measure of the preferred
alternative, or a group of similar measures throughout the study area. The co-lead agencies
would prepare a monitoring plan which specifies the following:

e The intended goal or goals of the project or measure
e Objectives for measuring the progress toward the goal(s)

e Any uncertainties involved with the implementation or the body of knowledge supporting
the implementation of the proposed action

e The strategy for implementing the project or program

e The process of evaluating project success and the metrics used to evaluate success

The co-lead agencies would prepare an appropriate monitoring and adaptive management plan
prior to implementation of the preferred alternative. The plan would identify what data are
needed to assess project effectiveness, as well as the method and frequencies of monitoring
the project after implementation or construction. If mitigation does not adequately address
impacts to an affected resource, or is ineffective at meeting the goal, then adaptive
management would be used to assess and implement changes to achieve the intended goal of
the mitigation action. If significant changes to the project or program cannot be adequately
addressed through operational changes described in this EIS, a supplemental NEPA evaluation
may needed.

Monitoring requirements included as part of project-specific permits would be developed in
consultation with the appropriate Federal or state agencies as the preferred alternative
advances through any applicable permitting process. For example, projects requiring
coordination with state agencies to prepare erosion and stormwater control plans would
include monitoring to ensure projects maintain water quality. The specific monitoring
requirements would be identified in the permit or authorization from the state agency and the
co-lead agencies’ monitoring plan would incorporate these requirements as part of project
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implementation. Monitoring plans typically include biological monitoring to evaluate fish and
invertebrate presence and abundance, as well as harmful aquatic organisms and toxic algal
blooms. Monitoring could also include water and sediment chemistry to assess changes in
water and sediment quality and toxicity. Monitoring plans can also be developed to assess
sediment erosion and deposition to evaluate changes to channel structure and flow
characteristics, which can be used to assess fish and wildlife habitat.

5.5.2 Adaptive Management

Adaptive management is often defined as a structured and iterative process to improve the
decision-making process while allowing for uncertainty during implementation. Adaptive
management is intended to reduce uncertainties through monitoring the effectiveness of a
project in mitigating adverse impacts and using monitoring results to determine if changes are
needed to improve project implementation. In general, adaptive management is used to
improve the process that leads to more effective, strategic, and beneficial projects.

Integrating adaptive management into the decision-making process enables managers to
address uncertainties associated with implementation of an individual project or a
comprehensive program. The co-lead agencies have incorporated lessons learned from
monitoring previous projects implemented in the study area and conducting research to
improve the proposed measures and MOs. The co-lead agencies would integrate adaptive
management into future planning, implementation, and monitoring for projects implemented
under the preferred alternative to ensure relevant, high-quality information is available and
used during the decision-making process.

Furthermore, by integrating an adaptive management strategy into the monitoring plan, the co-
lead agencies would accomplish the following goals:

e Ensure collaborative decision-making processes are maintained through cooperation with
regional stakeholders, tribes, and other Federal and state government agencies

e Ensure monitoring and research results are implemented as intended

e Ensure data are collected, analyzed, and documented in a manner that promotes review
and integration of any lessons learned to influence future management decisions

e Ensure there is flexibility in implementation of projects or programs that allows for
adjusting methods to achieve success in meeting project or program objectives

A component of the monitoring and adaptive management plan would specify the performance
standard or success criteria used to determine overall project performance. In addition, the
trigger for adaptively managing project implementation would be identified in the monitoring
and adaptive management plan. The monitoring and adaptive management plan would also
identify the minimum timeframe necessary to evaluate project success, as well as when
monitoring tasks are complete and would cease. If monitoring results are not returning useful
information to determine project success, the monitoring and adaptive management plan
would specify timeframes for reviewing monitoring results and the process by which the co-
lead agencies would modify monitoring efforts or project implementation.
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CHAPTER 6 - CUMULATIVE EFFECTS
6.1 INTRODUCTION

Council on Environmental Quality (CEQ) regulations for implementing the National
Environmental Policy Act (NEPA) requires an assessment of cumulative effects. CEQ defines a
cumulative effect as “the impact on the environment which results from the incremental
impact of the action when added to other past, present, and reasonably foreseeable future
actions regardless of what agency (Federal or non-Federal) or person undertakes such other
actions” (40 Code of Federal Regulations § 1508.7). This section describes the methods for
identification of cumulative actions and presents the results of the cumulative effects analysis.

6.1.1 Analysis Approach

The cumulative action analysis methods are based on the policy guidance and methodology
originally developed by CEQ (1997a). This method includes identifying affected resources and
direct/indirect effects, establishing the geographic and temporal boundaries of the analysis,
identifying applicable cumulative actions, and analyzing the cumulative effects.

The Environmental Consequences sections of Chapter 3 present the direct and indirect effects
of the Columbia River System Operations (CRSO) Environmental Impact Statement (EIS)
Multiple Objective Alternatives (MOs) on each resource’s affected environment as presented in
the Affected Environment sections of Chapter 3. The resource conditions described in those
sections account for the effects to resources related to past and present actions. Chapter 6,
Cumulative Effects, further considers the cumulative effects of each alternative combined with
reasonably foreseeable future actions and conditions. Climate change, for example, can be
considered an effect of past, present, and future actions that may have a cumulative effect on
certain resources in the analysis area. The effects of climate change on all affected resources
(indirect, direct, and cumulative) are analyzed and discussed in detail in Chapter 4.

6.1.2 Geographic and Temporal Scope

The geographic boundary for each resource considered in this cumulative effects analysis is
referred to as the cumulative impact analysis area (CIAA). The CIAA follows the geographic
boundaries of direct and indirect effects for each resource identified in Chapter 3 unless noted
otherwise under specific resources.

The temporal boundaries for cumulative effects in this analysis have three components—past,
present, and future. In this analysis, past cumulative effects have been discussed in the Affected
Environment sections of Chapter 3, insofar as they are relevant to effectively describing the
existing condition for each resource. Conversely, present and reasonably foreseeable future
actions are included in this chapter if they are expected to overlap in space and time with the
scope of this EIS, which unless otherwise noted is, for temporal purposes, approximately 25
years into the future.
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6.1.3 Identification of Past, Present, and Reasonably Foreseeable Future Actions
6.1.3.1 Past Actions

The effects of past actions are reflected in the resource descriptions under each resource in the
Affected Environment sections of Chapter 3, which describes the existing condition for each
resource. According to CEQ, a cumulative effects analysis may assess past actions in the project
area by focusing on the “current aggregate effects of past actions without delving into the
historical details of individual past actions” (CEQ 2005). The effects of all past actions do not
need to be identified for the cumulative impact analysis. That said, a summary of past actions in
the CIAA is described in the following section with regard to Columbia River Basin aquatic
species (including fish), aquatic invertebrates, and their habitats, which have been particularly
vulnerable to past anthropogenic (human-caused) pressures.

Human uses and development have had substantial influences on the CIAA for nearly all of the
resources analyzed. Human presence in the Columbia and Snake River Basins dates back more
than 16,000 years, to a time when the Columbia River was the dominant contributor of food,
water, and transportation for humans. Within the analysis area, aquatic, riparian, and
floodplain habitat have been changed throughout history, including habitat loss, modification,
degradation, and restoration. This includes modification of the hydrograph since pre-dam
conditions. Before dams existed in the basin, the hydrograph was that of a natural riverine
system. Hundreds of miles of riverine habitat have been converted to slack water reservoirs
along the mainstem Columbia and Snake Rivers (Ebel et al. 1989).

In general, relevant past cumulative actions that have affected aquatic species and other
wildlife include construction and operation of dams, levees, and other river infrastructure;
dredging and sediment management; commercial and recreational fishing harvest; invasive
species; floodplain development; water pollution; logging and mining; water withdrawals to
support human development; and agricultural, urban, and transportation corridor
development. These actions have had adverse effects throughout their implementation,
including direct mortality to species and habitat loss and degradation. Examples of the various
ways that habitat can be lost and/or degraded include the creation of fish passage barriers,
overharvest and overconsumption of aquatic species, introduction of invasive and predatory
species, flow modifications, water temperature variability, and water pollution.

Relevant past cumulative actions also include the voluntary actions and Federal- and state-
mandated actions of private and public parties to create positive and offsetting effects for
affected aquatic species and other wildlife. These include but are not limited to hatcheries and
fisheries management; predation management; hydro operations and asset management;
water quality management; and habitat, conservation, and land management.

Appendix E provides a glimpse into the host of actors and actions engaged in these and other
activities affecting salmon and steelhead in and around the Columbia, Snake, and Willamette
Rivers from 2010 to 2019. During this time, over 400 formal and formal programmatic biological
opinions (BiOps) were issued by NMFS to govern salmon and steelhead protection. The BiOps
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vary widely in the scope of effects, required analyses, responsible parties, and required actions.
They also provide concrete examples of how the co-lead agencies’ ability to successfully carry
out mitigation responsibilities depends on a myriad of other actors and actions upstream,
downstream, and inland from mitigation activities.

6.1.3.2 Ongoing and Present Actions

Present actions are typically ongoing activities that have already been incorporated into the
affected environment for each resource. Presently, influencing factors on the Columbia and
Snake Rivers are the dams that provide hydroelectric power, flood risk management (FRM),
navigation (including commercial and cruise lines), recreation, timber and logging industry, non-
point source pollution, and municipal and industrial (M&I) water supply. Ongoing and present
actions also include the exercise of existing Federal and state environmental regulatory
authorities and mechanisms. The EIS alternatives analysis broadly assumes existing laws,
policies, agency jurisdictions, rulings, BiOps, etc., will remain in place for their stated duration
(see Appendix E for the last 10 years of formal and formal programmatic NMFS BiOps for
salmon and steelhead on the Columbia, Snake, and Willamette Rivers).

Likewise, the adequacy and health of existing regional coordination, alignment, and planning
actions will not be assessed for the purposed of this EIS, but nonetheless merits mention for
context. The United States and Canada began negotiations in 2018 to modernize the Columbia
River Treaty regime. The negotiations are currently ongoing, therefore any potential effects on
the environment that may result from that effort are not reasonably foreseeable. Notable
efforts are also underway to create more integrated and regional approaches to salmon and
steelhead challenges that require collaboration across Federal, state and Tribal Government
jurisdictions (e.g., Columbia Basin Partnership Taskforce). Anticipated future effects of these
activities are included where applicable herein, and cumulative effects are analyzed where
reasonably foreseeable future actions exist.

6.1.3.3 Reasonably Foreseeable Future Actions

RFFAs are considered in the cumulative effects analysis for each resource in this chapter. RFFAs
are proposed activities that could cause similar effects in the same space and time as the MOs,
but that are proposed by an outside entity. RFFAs are not yet implemented. In order to be
deemed reasonably foreseeable, RFFAs must typically be budgeted for and included under
formal proposals or decisions (such as an official agency decision document or a county land
use plan). RFFAs include proposed and planned developments, actions, and trends related to
population growth; agriculture (including timber and logging industry); urban development;
climate change; power generation (including operations and maintenance activities); new
transmission lines; existing transmission maintenance activities; environmental management,
laws, and policies; fisheries management; and the maintenance and operation of the Columbia
River System (CRS), as well as other Federal and private dams and river infrastructure.
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6.2 CUMULATIVE ACTIONS SCENARIO

This section lists resources analyzed in the direct and indirect analysis in Chapter 3, Affected
Environment and Environmental Consequences, where only minor direct and indirect effects
were identified in Chapter 3 and little to no cumulative actions were identified. A summary of
actionable RFFAs and potentially affected resources are provided in Table 6-1 and Table 6-2,
and discussed throughout the remainder of the chapter.

In addition, there are numerous reasonably foreseeable future trends, planning efforts,
programs, proposals, projects, and new legislation within the Columbia River Basin that overlap
in space and time and are therefore additive in impact when combined with those effects from
the MOs. Primarily, these cumulative actions and trends are focused on the management of fish
and wildlife (primarily fish), environmental management, water quality management, industrial
and agricultural developments, population growth in the region, energy development, and
operations and maintenance of existing Federal and non-Federal dams and other river
infrastructure. These are listed in Table 6-1 below with a key used for identification in certain
portions of the chapter.

Table 6-1. Reasonably Foreseeable Future Actions and Trends
RFFA ID RFFA Description

RFFA1 Population Growth and Urban, Rural, Commercial, Industrial, and Agricultural Development

RFFA2 Water Withdrawals for Municipal, Agricultural, and Industrial Uses

RFFA3 New and Alternative Energy Development

RFFA4 Increasing Use of Renewable Energy Sources, Industrial and Vehicle Emissions Reductions, and
Decarbonization

RFFA5 Federal and State Wildlife and Lands Management

RFFA6 Increase in Demand for New Water Storage Projects

RFFA7 Fishery Management

RFFA8 Bycatch and Incidental Take

RFFA9 Bull Trout Passage at Albeni Falls

RFFA10 Ongoing and Future Habitat Improvement Actions for Bull Trout

RFFA11 Resident Fisheries Management

RFFA12 Fish Hatcheries

RFFA13 Tribal, State, and Local Fish and Wildlife Improvement
RFFA14 Lower Columbia River Dredged Material Management Plan

RFFA15 Snake River Sediment Management Plan
RFFA16 Seli’s Ksanka Qlispe’(SKQ) Dam (Formerly Kerr Dam) Operations
RFFA17 Invasive Species

RFFA18 Marine Energy and Coastal Development Projects

RFFA19 Climate Change

RFFA20 Clean Water Act—Related Actions

RFFA21 Idaho Power Hells Canyon Complex Mercury Contamination Issues/Remediation

RFFA22 Idaho Power Hells Canyon Complex Temperature Issues
RFFA23 Mining in Reaches Upstream of CRSO Dams
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RFFAID RFFA Description

RFFA24 Hanford Site

RFFA25 Columbia Pulp Plant

RFFA26 Middle Columbia Dam Operations

The specific actions and trends are further described under each heading below.

RFFA1 — Population Growth and Urban, Rural, Commercial, Industrial, and Agricultural
Development. Human populations are increasing primarily in urban metropolitan areas with
smaller increases in rural areas. This increase is expected to continue until at least 2030
(Independent Scientific Advisory Board [ISAB] 2007b). Population increases in the Columbia
River Basin are projected to continue although there is a wide range of estimates of the specific
number. Projections to 2040 of population growth rates for the interior Columbia River Basin
range from 0.3 percent per year to 1.6 percent per year. Lackey et al. (2006) concluded that if
the largely migration-driven population growth continues unabated, it will result in a threefold
to sevenfold increase in the population in the Columbia River Basin region. In Washington and
Oregon, many acres of forestlands are being converted to residential and commercial
development, a trend that is expected to continue.

Agricultural land is also being converted to nonagricultural uses. Like forestland, an important
factor influencing the conversion of agricultural land is the increase in land prices driven by
population growth. Urban development causes marked changes in the physical, chemical, and
ecological characteristics of stream ecosystems, which are in most cases detrimental to native
fish and wildlife. The rate of exurban (area just beyond denser suburbs) development also
seems to be increasing. This type of development tends to result in degraded habitat for fish
and wildlife through direct habitat conversion and loss. Human population growth and
development can be expressed as potential causes of increases in discharges of pollutants in
stormwater runoff from residential, commercial, industrial, agricultural, recreational, and
transportation land uses.

A variety of population-driven factors external to the Columbia River Basin can also cause
effects within the basin. International trade through shipping has led to modifications to the
lower river and estuary. Future channel deepening and other port modifications may result in
increasing numbers of ships and cargo tonnage on the river. Globalization of trade may have
contributed to the loss of some industries within the Columbia River Basin, such as aluminum,
and will continue to affect resource-based industries. Increased volumes of materials, especially
hazardous goods and fuels that power trains, vessels, and trucks, are moved through the
Columbia River Basin in response to the demands of a growing population. With increased
movement of goods via all three modes, more accidents and spills are likely. Mining, logging,
trade, and transportation projects also influence the hydrology, water quality, and use of the
CRS.

RFFA2 — Water Withdrawals for Municipal, Agricultural, and Industrial Uses. Freshwater
withdrawals for domestic, industrial, commercial, and public uses are increasing, whereas
withdrawals for irrigation purposes are decreasing due to the conversion of agricultural lands to
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residential areas. Freshwater withdrawals for domestic and public uses are projected to
increase by 71 to 85 percent by 2050. Freshwater withdrawals for irrigation are projected to
decline but will be more than offset by increases in withdrawals for public, domestic, industrial,
and commercial uses (ISAB 2007b). Increased withdrawals have large implications for instream
flow and for maintenance of riparian and aquatic habitats for fish and wildlife. New water
withdrawals are typically subject to regulatory restrictions.

Many tributaries in the Columbia River Basin are substantially depleted by water diversions. In
1993, state, tribal, and conservation group experts estimated that 80 percent of 153 Columbia
tributaries had low flow problems, of which two-thirds were caused, at least in part, by
irrigation withdrawals (Oregon Water Resources Department [OWRD] 1993). The surface/live
flows of some tributaries in Oregon are already fully appropriated by state regulators (OWRD
2019). The Northwest Power and Conservation Council showed similar problems in many Idaho,
Oregon, and Washington tributaries (NW Council 1992). Diminished tributary stream flows have
been identified as an important limiting factor for most species in the Columbia River Basin
upstream of Bonneville Dam (National Marine Fisheries Service [NMFS] 2007). Tributary water
diversions are expected to continue in the future over the study period.

RFFA3 — New and Alternative Energy Development. Numerous wind, solar, and natural gas
energy projects in the Columbia River Basin that have yet to be constructed are either under
review or have been approved for construction. A full listing of applications and their statuses
are available from state energy departments such as the Oregon Department of Energy and the
Washington State Energy Office. Some of the larger future projects that overlap with the CRSO
EIS include:

e Bakeoven Solar Project in Wasco County, Oregon

e Mist Underground Natural Gas Storage Facility in Columbia County, Oregon
e Nolin Hills Wind Power Project in Umatilla County, Oregon

e Desert Claim Wind Power Project in Kittitas County, Washington

e Golden Hills Wind Project in Sherman County, Oregon

e Whistling Ridge Energy Wind Development in Skamania County, Washington
e Montague Wind Power Facility in Gilliam County, Oregon

e Summit Ridge Wind Farm in Wasco County, Oregon

e Ella Wind Project, in Morrow County, Oregon

e Jordan Butte Wind Project, in Gillam County, Oregon

e Troutdale Grid Energy Storage, in Multnomah County, Oregon

RFFA4 - Increasing Use of Renewable Energy Sources, Industrial and Vehicle Emissions
Reductions, and Decarbonization. A basinwide trend exists within the Columbia River Basin
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toward increased use of renewable energy and reduced greenhouse gas (GHG) emissions.
There is potential for an increase in lack-of-market/lack-of-turbine-capacity involuntary spill,
which could lead to higher total dissolved gas (TDG) levels. Conversely, decarbonizing and
electrifying transportation and other sectors could reduce involuntary spill from lack-of-market
spill. This trend is expected to continue into the future, largely because it is being driven by
multiple legislative factors designed to induce long-term change, including the following:

e Washington Clean Energy Transformation Act

e Federal Affordable Clean Energy Rule

e Oregon Clean Electricity and Coal Transition Plan

e Federal Cleaner Trucks Initiative

e Electric vehicle use and government incentive programs
e State and municipal emissions GHG reductions targets

e Coal power plant retirements

e Renewable Energy Portfolio Standards, including adjacent states and provinces

RFFA5 — Federal and State Wildlife and Lands Management. Throughout the study area, there
are numerous national wildlife refuges and other public lands managed for the benefit of
wildlife and other public uses. In regard to wildlife refuges, the analysis assumes that the state
agencies and the U.S. Fish and Wildlife Service would continue to implement management
activities consistent with management area and refuge goals and agency policies for the benefit
for fish and wildlife. Federal and state-owned wildlife lands are detailed in Section 3.6.2.3.
There are numerous other parcels of land that are managed for a multitude of uses, such as
resource extraction (logging, mining, etc.), recreation, grazing, and conservation. The way that
these lands are managed in the study area can have cumulative effects when added to the
actions proposed in this EIS. In particular, water management, soil management, vegetation
management, and fire management can have important additive effects, which could be
beneficial or adverse depending on the nature of the management action.

RFFAG6 — Increase in Demand for New Water Storage Projects. A general trend of increased
water storage needs in the Columbia River Basin is projected to continue to encourage new
water storage projects. However, new water storage projects are typically subject to state and
federal regulatory requirements prior to being approved. Some of the larger future projects
that overlap with the CRSO EIS include the following:

e Switzler Reservoir Water Storage Project: The reservoir would have a peak storage capacity
of approximately 44,000 acre-feet through construction of a concrete-faced rockfill dam
approximately 325 feet in height and located approximately 1.1 miles upstream of the
confluence of the Switzler drainage with the Columbia River. This project would be located
in Benton County, Washington, just across the Columbia River from Hermiston, Oregon.
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e Goldendale Closed Loop Pumped Storage Facility: The proposed Goldendale Energy Project
No. 14861 is a closed-loop pumped storage hydropower facility proposed by FFP Project
101, LLC. The proposed lower reservoir would be off-stream of the Columbia River at John
Day Dam, located on the Washington (north) side of the Columbia River at River Mile 215.6.
The project would be located approximately 8 miles southeast of Goldendale in Klickitat
County, Washington. The proposed project would use off-peak energy (i.e., energy available
during periods of low electrical demand) to pump water from the lower reservoir to the
upper reservoir and generate energy by passing the water from the upper to the lower
reservoir through generating units during periods of high electrical demand.

RFFA7 — Fishery Management. Pacific Salmon Fishery Management Plans are commercial-
harvest fisheries plans that are prepared by the Pacific Fishery Management Council (PFMC)
and are implemented and enforced by the NMFS in Federal waters (e.g., 3 to 200 miles
offshore). The main salmon species that PFMC manages are Chinook, coho, and pink salmon.
NMFS promulgates regulations for how many salmon can be caught offshore based on these
PFMC plans. PFMC, including NMFS, is examining ways to better manage the catch of salmon in
offshore ocean waters. Currently, PFMC has established a Southern Resident Killer Whale
Workgroup to reassess the effects of Federal ocean salmon fisheries on Southern Resident killer
whales and to potentially recommend conservation measures or management that better limit
fisheries effects on Chinook salmon in Federal waters. The workgroup is comprised of
representatives from West Coast tribes; the states of California, Idaho, Oregon, and
Washington; PEFMC; and NMFS. The workgroup is scheduled to provide recommendations for
ocean salmon fisheries management via a final report to PFMC members in March 2020. Such
recommendations (e.g., time and area ocean salmon fishing closures) could result in a benefit
for anadromous species and Southern Resident killer whales.

Another important fishery management plan is the 2018-2027 United States v. Oregon
Management Agreement. The purpose of the agreement is to rebuild weak runs to full
productivity and fairly share the harvest of upper river runs between treaty Indian and non-
treaty fisheries in the ocean and Columbia River Basin. As a means to accomplish this purpose,
the parties use habitat protection authorities, enhancement efforts, artificial production
techniques, and harvest management.

RFFA8 — Bycatch and Incidental Take. This refers to incidental take or bycatch of fish species
such as bull trout by recreational anglers and incidental take of eulachon by shrimp fishing.
Bycatch and incidental take are forecast to continue alongside recreational and commercial
fishing.

RFFA9 — Bull Trout Passage at Albeni Falls. The proposed action is to construct an upstream
“trap and haul” fish passage facility at Albeni Falls Dam; downstream passage will occur through
the spillway and powerhouse. Once bull trout enter the trap and are captured, they will be
sorted from non-target species for transport via truck to a release location approximately 5
miles upstream of the dam. Non-target species will either be returned below Albeni Falls Dam,
be routed directly to the forebay upstream of the dam, or euthanized by the resource
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276  managers. The construction schedule assumes a 2-year construction period centered on two
277  low-flow periods required for installation and removal of the cofferdam systems. The

278 implementation time frame is uncertain, because it requires an appropriation of funding, but
279  this action is considered reasonably foreseeable during the time period of analysis given the

280  continued support of the project by the U.S. Army Corps of Engineers (Corps). The Corps

281  continues to demonstrate capability for this project during the annual budget process.

282  RFFA10 - Ongoing and Future Habitat Improvement Actions for Bull Trout. A common goal
283  among these actions is the improvement of aquatic habitat and water quality to benefit native
284  salmonids, especially bull trout. Overlap varies, but these actions are generally ongoing. A

285  comprehensive list of activities that contribute to the recovery of bull trout in the Columbia
286  River Recovery Unit and Lake Pend Oreille area is not available because of the multitude of
287  federal, state, tribal, and non-governmental organizations that conduct activities in the region.
288  Some of the important activities that are ongoing or have been recently completed within the
289  region are as follows:

290 e Construction of upstream fish passage facility at Box Canyon Dam (construction began in
291 2016, facility expected to be operational in 2019; Pend Oreille Public Utility District)

292 e Lake trout removal in Lake Pend Oreille (Idaho Department of Fish and Game)
293 e Tributary habitat restoration, enhancement, and passage
294 e Kalispel resident fish project (Kalispel Natural Resources Department)

295 e Non-native species suppression projects, such as the Kalispel Tribe Non-Native Fish
296 Suppression Project in Pend Oreille River

297 e Road abandonment and bank stabilization (Kalispel Natural Resources Department)
298 e Bull trout research and monitoring

299 e Geneticinventory of bull trout in the Pend Oreille River subbasin (Kalispel Natural
300 Resources Department)

301 e Mainstem Pend Oreille River water quality

302 e Temperature total maximum daily load (TMDL) implementation for the Pend Oreille River
303 (Washington Department of Ecology and stakeholders)

304 e Water quality monitoring (Kalispel Natural Resources Department)

305 RFFA11l - Resident Fisheries Management. The state and tribal fish and game agencies

306 manage, for recreational, ceremonial, and subsistence, fisheries in the Columbia River Basin
307 and regulate private and public hatchery releases. The agencies modify and publish recreational
308 fishing regulations on an annual basis. Currently, recreational anglers may not target bull trout
309 in most areas, but may incidentally catch and release bull trout. Other resident fisheries include
310 kokanee and burbot in the upper basin.
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RFFA12 - Fish Hatcheries. In addition to hatcheries already considered under the No Action
Alternative, there are more than 100 other hatchery programs funded through different
sources and operated by federal entities, tribes and tribal entities, state agencies, and/or public
utility districts. Many of these hatchery programs are intended to mitigate for lost habitat, for
mortality of juvenile and adult fish, and/or other effects related to the existence and operation
of Federal and non-Federal dams. It is anticipated that the co-lead agencies and other entities
would continue to fund the operation and maintenance of most existing hatchery programs,
except perhaps for MO3 that are associated with the operation of the lower Snake dams under
the Lower Snake Compensation Plan.

There are numerous hatcheries in the Columbia River Basin that focus on conservation of rare
species and/or maintaining the abundance of recreational species. Hatchery programs in the
Columbia River Basin are implemented to augment harvest, to help conserve a population, or for
both purposes. Of the 177 hatchery programs in the Columbia River Basin, 62 (35 percent) are
funded wholly or in part by the Mitchell Act. NMFS, part of NOAA within the U.S. Department of
Commerce, currently distributes Mitchell Act appropriations to the operators of these 62
hatchery programs that annually produce more than 63 million fish. The most common species
produced are fall Chinook salmon, coho salmon, and spring Chinook salmon in the lower
Columbia River and fall Chinook salmon, spring Chinook salmon, and summer steelhead in the
interior Columbia River. Chum salmon, sockeye salmon, and summer Chinook salmon are the
least common species produced. The hatchery programs’ geographic scope includes rivers,
streams, and hatchery facilities where hatchery origin salmon and steelhead occur or are
anticipated to occur in the Columbia River Basin, as well as the Snake River and all other
tributaries of the Columbia River. The program area also includes the Columbia River estuary
and plume.

RFFA13 — Tribal, State, and Local Fish and Wildlife Improvement. These actions include non-
Federal habitat actions supported by state and local agencies, tribes, environmental
organizations, and private communities. Projects supported by these entities focus on
improving general habitat and ecosystem function or species-specific conservation objectives.
Actions and programs contributing to these benefits include, but are not limited to, growth
management programs, various stream and riparian habitat projects, watershed planning and
implementation, acquisition of water rights for instream purposes and sensitive areas, instream
flow rules, stormwater and discharge regulation, TMDL implementation, tribal activities to
improve Pacific lamprey passage, and hydraulic project permitting.

RFFA14 — Lower Columbia River Dredged Material Management Plan (DMMP). Currently, an
integrated DMMP and EIS is being developed due to the need for additional placement
locations with sufficient capacity to maintain the congressionally authorized, deep draft,
Federal navigation channel for the next 20 years. The deep draft, Federal navigation channel
extends from River Mile 3 to 105.5 of the lower Columbia River. The forecasted average annual
dredging needed to maintain the lower Columbia River Federal Navigation Channel is currently
6.5 million cubic yards (mcy) (130 mcy total over 20 years). Existing dredged material placement
sites were assessed in a Preliminary Assessment and found to have insufficient capacity for the
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next 20 years. The plan is also evaluating needs for future upland and in-water placement of
dredged material, as well as construction and repair of channel training features. It is assumed
that potentially affected resources from the new DMMP would be identified and analyzed in
the integrated EIS. The following measures would be evaluated:

e Beneficial use of dredged material

e In-water placement of dredged material

e Shallow water placement of dredged material
e Shoreline placement of dredged material

e Upland placement of dredged material

e Pile dikes

e Other channel training features

RFFA15 — Snake River Sediment Management Plan. The Snake River Sediment Management
Plan is intended to maintain the lower Snake River projects by managing, and preventing if
possible, sediment accumulation in areas of the lower Snake River reservoirs that interfere with
the authorized purposes. The selected alternative from the Snake River Plan provides a suite of
all available dredging, system management, and structural sediment management measures for
the Corps to use to address sediments that interfere with the existing authorized project
purposes of the lower Snake River projects. The Snake River Sediment Management Plan is
anticipated to be implemented under all of the MOs with the exception of MO3 due to dam
breaching. The following measures are available under the lower Snake River projects:

e Navigation-objective reservoir operation (on temporary basis until dredging is
implemented)

e Navigation channel and other dredging

e Dredging to improve conveyance capacity

e Beneficial use of dredged material

e In-water placement of dredged material

e Upland placement of dredged material

e Reservoir drawdown to flush sediments (drawdown)
e Reconfigure affected facilities

e Relocate affected facilities

e Raise Lewiston levees to manage flood risk

e Bendway weirs
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e Dikes and dike fields
e Agitation to resuspend sediments

e Trapping upstream sediment (in reservoir)

RFFA16 - Seli’s Ksanka Qlispe’ Dam (formerly Kerr Dam). Operations of the Seli’s Ksanka
Qlispe’ Dam (SKQ) dam primarily affect habitat downstream in the lower Flathead River and
cause entrainment of fish out of Flathead Lake. A matrix of RFFAs as relates to potentially
affected resources is provided in Table 6-2.

RFFA17 — Invasive Species Management. Non-native and invasive plants and animals are
currently damaging biological diversity and ecosystem integrity across the Columbia River Basin
and within the study area. Aquatic species are of particular concern because they spread
rapidly and can quickly alter the function of an ecosystem. Throughout the study area, the co-
lead agencies, as managers of the lands and waters within their jurisdiction, are involved with
cooperative weed management efforts, invasive species prevention and eradication, and
vegetation treatments. Common invasive species and the types of effects they have on the
environment are described in Section 3.6.2.2.

RFFA18 — Marine Energy and Coastal Development Projects. Coastal development occurs
along the Pacific Northwest coastline. Potential effects include vessel strikes from increased
shipping traffic, noise from increased vessel traffic, and non-point source pollution from coastal
areas (e.g., stormwater runoff). During the past two decades, there has been growing interest
in developing sites to explore wave and tidal energy technologies along the West Coast,
especially along Oregon and Washington where wave energy potential is the highest in the
lower 48 states (Bedard 2005). Examples of such tidal energy projects in planning stages are the
Pacific Marine Energy Test Center — South Energy Test Site Wave Test Center of the Oregon
coast and the Admiralty Inlet Tidal Energy Project in Puget Sound. These technologies,
depending on where they are located, could include effects via entrainments of fish, collisions
with marine mammals (e.g., orcas), and obstruction of migration routes for salmonids and
marine mammals. In addition, there has been growing interest in developing liquid natural gas
(LNG) terminals in coastal areas. Construction and operation of LNG terminals (including effects
resulting from LNG shipping traffic) would affect resources within the ocean environments.
Leaks, spills, explosions, and release of contaminants could impair water quality or cause
physical effects to fish, marine mammals, and other wildlife. It is noted that any tidal energy or
LNG projects are speculative at this time but are potentially feasible within the temporal scope
of this analysis. Other actions could potentially affect marine mammals, including quantity and
quality of prey, toxic chemicals that accumulate in top predators, and disturbance from sound
and vessels. Oil spills are also a risk factor.

RFFA19 — Climate Change. Chapter 4 provides a detailed assessment of the potential effects of
climate change on the Columbia River Basin, including the results of a 4-year research project
completed by the University of Washington and Oregon State University, with resource support
and technical expertise provided by the River Management Joint Operating Committee

6-12



423
424
425

426
427
428

429
430

431
432
433

434
435

436
437
438
439

440
441
442
443
444
445

446
447
448

449
450
451
452

453
454
455
456
457
458

Columbia River System Operations Environmental Impact Statement
Chapter 6, Cumulative Effects

(RMJOC) agencies (Corps, Bonneville Power Administration [Bonneville], and U.S. Bureau of
Reclamation). The RMJOC-II report (2018) found the following for the 2020 to 2049 time period
(referred to as the 2030s):

Temperatures in the region have already warmed about 1.5 degrees Fahrenheit since the
1970s. Temperatures are expected to warm another 1 to 4 degrees Fahrenheit by the
2030s.

Warming in the region is likely to be greatest in the interior with a greater range of possible
outcomes. Less pronounced warming is projected near the coast.

Future precipitation trends are more uncertain, but a general upward trend is likely for the
rest of the twenty-first century, particularly in the winter months. Already dry summers
could become drier.

Average winter snowpacks are very likely to decline over time as more winter precipitation
falls as rain instead of snow, especially on the U.S. side of the Columbia River Basin.

By the 2030s, higher average fall and winter flows, earlier peak spring runoff, and longer
periods of low summer flows are very likely. The earliest and greatest streamflow changes
are likely to occur in the Snake River Basin, although that is also the basin with the greatest
modeling uncertainty.

The incidence of large forest fires has increased since the early 1980s and is projected to
continue increasing as temperatures rise. Wildfire alters the land surface and can have
strong influences on runoff generation, vegetation dynamics, erosion and sediment
transport, and ecosystem processes. Strong seasonality and dependence on spring
snowmelt positions the basin to be at risk for increased fires due to the effects of climate
change.

The RMJOC-II report (2018) concludes, “...such precipitation increases, along with a warming
climate, could have profound implications on both the magnitude and seasonality of future
streamflows for hydroregulation operations and planning.”

RFFA20 - Clean Water Act—Related Actions. In addition to maintaining or improving water
quality through numerous smaller permitting actions, there are also a number of ongoing
specific actions related to Clean Water Act (CWA) compliance that are anticipated to maintain
or improve water quality. Some of the important efforts include the following:

Columbia-Snake River Water Temperature TMDL — The U.S. Environmental Protection
Agency (EPA) is working with the States of Oregon, Idaho, and Washington; the Columbia
River Basin tribal governments; Federal agencies; public utility districts; and industrial and
municipal dischargers to develop a temperature TMDL for the Columbia and lower Snake
Rivers. The TMDL is focused on sources of heat that contribute to temperature impairments
in the Columbia and lower Snake Rivers.
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e |daho Power Hells Canyon Complex Water Quality Certification and Settlement Agreement
— Water quality certification for the Idaho Power Hells Canyon Complex (Brownlee, Oxbow,
and Hells Canyon Dams on the Snake River in the southern part of Hells Canyon along the
Oregon-ldaho border) were issued in mid-2019. The certifications, meant to ensure
compliance with water quality standards, include actions aimed at improving fish habitat
and water quality in the Snake River and its tributaries. In addition to habitat restoration
and fish placement, operational improvements will aim to cool water in the river for
spawning and increased survival. These operational changes could have a cumulative
beneficial effect on lower Snake River water quality temperatures. For example, Idaho
Power will operate Brownlee Dam to reduce the temperature of water released from the
dam, which is expected to reduce stress on all fish and aquatic life.

RFFA21 - Idaho Power Hells Canyon Complex Mercury Contamination Issues/Remediation.
The Hells Canyon Complex has legacy mercury contamination and atmospheric deposition that
is currently being studied. Research suggests that the dams combined with certain water
guality conditions may be creating an environment that is efficient at converting inorganic
mercury to methylmercury. Based on recent data collected, methylmercury concentrations and
mercury in the form of methylmercury found in both sediments and deeper in the water
column are substantially elevated compared to other natural waters and reservoirs in Idaho,
Oregon, and Washington. Methylmercury concentrations in fish tissue generally increase
downstream through the Hells Canyon Complex, followed by a decrease downstream of Hells
Canyon Dam toward the confluence of the Snake and Salmon Rivers (USGS 2016). Remediation
actions are possible to overlap in time and space with the CRS, but it is unclear at this point of
what the timing and extent of remediation would be. As stated in the Hells Canyon Complex
Section 401 certification, “the downstream effect of the methyl mercury values will be
evaluated if a pump system or any temperature control structure that accesses Brownlee
Reservoir hypolimnion water is proposed.”

RFFA22 — Idaho Power Hells Canyon Complex Temperature Issues. There are known
temperature water quality standard exceedances caused in the fall coming out of the HCC.
Brownlee Reservoir drafts also have potential to exceed desired temperatures during summer
migration.

RFFA23 — Mining in Reaches Upstream of CRS Dams. Canadian mining operations continue to
increase, creating water quality problems in the U.S. rivers downstream due to the discharge of
heavy metals such as arsenic, cadmium, mercury, and lead. In a case brought by the
Confederated Tribes of the Colville Reservation (Colville Tribes), the U.S. Court of Appeals for
the Ninth Circuit recently held that Canadian mining company Teck is responsible for
discharging thousands of tons of heavy metals that have flowed downstream into Washington
State and Lake Roosevelt. There are also ongoing remediation projects related to mining on the
Spokane arm of Lake Roosevelt, including the Midnight Mine cleanup.
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RFFA24 — Hanford Site. The Hanford Site is a former nuclear production facility located along
the Columbia River near Richland, Washington, upstream of the confluence with the Snake
River. Cleanup of the Hanford Site started in 1989 and is anticipated to continue.

RFFA25 — Columbia Pulp Plant. This straw pulp plant was recently constructed in Lyons Ferry
near Starbuck, Washington. The company’s start-up process began in October 2019, and the
company expects to reach full commercial production midyear in 2020. Once in full service, it
will process 140,000 tons of straw per year, taking what has historically been a waste product
and turning it into pulp used to make paper and other products, such as specialty papers,
tissue, and packaging products. The plant employs around 100 persons. In addition to
producing pulp from straw and alfalfa, it is expected to produce up to 95,000 tons per year of
lignin and sugar, which can be used for transportation and agricultural purposes such as
deicing, dust control, and spray adjuvants. Columbia Pulp selected this location because it is
one of the densest wheat-farming regions in North America, and states that it has growth plans
for the future, saying that further mills might be built in the region. The site is a minor source of
air emissions. It will not funnel any wastewater back into the water table. The mill uses natural
gas and co-generates its own steam and electricity.

RFFA26 — Middle Columbia Dam Operations. These dams include the five middle Columbia
River dams between Chief Joseph Dam and the Snake River confluence. Changes in flows from
the middle Columbia River dams affect power generation and aquatic species and their habitat
on the lower river. All five dams have fish passage structures and fish passage survival rates are
similar to CRS dams.
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Columbia River System Operations Environmental Impact Statement
Chapter 6, Cumulative Effects

RFFAID

Hydrology and
Hydraulics

Vegetation, Wildlife,

Floodplains *

Power and

Transmission

Power and

Transmission

Flood Risk
Management

Navigation and

Transportation

Fisheries

Environmental

Justice

Fisheries

Indian Trust Assets,

and Tribal Interests

Environmental

Justice

RFFA1

>

> | Air Quality and GHG

>

> | Visual Resource

X< | Noise

RFFA2

X< | < | River Mechanics

X< [ X< | Recreation

x| X

X< | < | Water Supply

x| X

RFFA3

X< [ X< | > | Anadromous Fish

X< | < | x| Resident Fish

>

RFFA4

X [ X[ X | X

X [ X | X |> | Water Quality

x| X

X [ X[ X|X

X[ X[ X|X

x| X

RFFAS

X [ X | X

RFFA6

x| X

X | X ||| |>| Cultural Resources

RFFA7

X X |x|[x|x|x]|x<| Wildlife

XXX | XXX |X] Wetlands, and

x| X

X[ X[ X|X|[X|X]|X

XXX | XX | X | > Tribal Perspectives,

X[ X[ X|X|[X|X]|X

RFFAS8

X [ X | X | X

RFFA9

RFFA10

x| X

x| X

RFFA11

RFFA12

RFFA13

x| X

RFFA14

RFFA15

XXX [|X[X|X|X|X|X|X]|X

X [ X[ X | X

RFFA16

X | X |X|X|X

RFFA17

>

RFFA18

RFFA19

X [ X | X

X[ X|X|X|[X|X|X]|X

RFFA20

x| X

x| X

X | X | X

RFFA21

X | X[ X|X[X|X|X|[X|X[X|X]|X|[X

RFFA22

RFFA23

x| X

x| X

RFFA24

RFFA25

X[ X[ X|X|[X|X]|X

X

RFFA26

X

XIX|X|X[X|X|X|X|X[X|X|X|X|X|[X|X]|X|[X

X [ X | X | X

* For Vegetation, Wildlife, Wetlands, and Floodplains: Not every RFFA affects each resource; please see Resource section below for more information.
** For Indian Trust Assets, Tribal Perspectives, and Tribal Interests: Not every RFFA affects each resource; please see Resource section below for more information
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6.3 CUMULATIVE EFFECTS ANALYSIS

This section identifies affected resources; briefly summarizes their direct and indirect effects as
analyzed in Chapter 3; identifies applicable cumulative actions and trends that may be additive;
and, finally, analyzes the potential cumulative effects to the resources.

6.3.1 Analyses
6.3.1.1 Hydrology and Hydraulics

RFFAs with potential to affect the hydrology and hydraulics in the CIAA are listed in Table 6-3
along with a description of the effects of these actions.

Table 6-3. Reasonably Foreseeable Future Actions Relevant to Hydrology and Hydraulics

Energy Sources, Industrial and
Vehicle Emissions Reductions,

RFFA ID RFFA Description Impact Description
RFFA1 Population Growth and Overall, there would be an adverse cumulative effect from reduced
Urban, Rural, Commercial, availability of water from increased demand and thus consumptive
Industrial, and Agricultural use. Increased consumer demands for power could change the
Development shape of hydropower generation patterns.
RFFA2 Water Withdrawals for Overall, there could be an adverse cumulative effect from reduced
Municipal, Agricultural, and availability of water from increased demand. Increased demands for
Industrial Uses power could change the shape of hydropower generation from
existing patterns.
RFFA3 New and Alternative Energy Increased generation from wind, solar, and natural gas projects
Development could decrease the demand for average hydropower generation,
though wind and solar projects would increase the demand for
hydropower flexibility. Changes in generating resources and new
transmission line projects would shift power flows through the
transmission system.
RFFA4 Increasing Use of Renewable | There would be possible adverse effects due to the potential for an

increase in lack-of-market/lack-of-turbine-capacity spill, which could
lead to higher TDG levels. Conversely, decarbonizing and electrifying

and Decarbonization transportation and other sectors could reduce involuntary spill from

lack of market.
RFFA6 Increase in Demand for New | With new storage projects there would be potential changes to the
Water Storage Projects timing of delivery and quantity of water in different locations.
RFFA19 Climate Change In general, there is potential for higher average fall and winter flows,

earlier peak spring runoff, and longer periods of low summer flows
in the Columbia River Basin. A detailed description of the potential
effects on hydrology and hydraulics from climate change is
presented in Section 4.2.1.

Humans require water for urban, rural, commercial, industrial, and agricultural development.

As land development intensifies, so will the demands for water. Water withdrawals will in turn
increase to support these uses. Continuous population growth in the Columbia River Basin will
therefore place increased demands and heighten competition for limited water supplies (ISAB
2007b). The effects of increasing water demand will be exacerbated by climate change effects
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on the quantity and temperature of summer stream flows in many subbasins (ISAB 2007a).
Hurd et al. (1999) conclude that consumptive uses of water in the western United States are
relatively vulnerable to climate change. They note that intensive water use is associated with
intensive development. In the Columbia River Basin, curtailment of consumptive water uses in
favor of instream uses is possible, especially if the watershed is susceptive to drought and
extreme events (ISAB 2007a). Increases in surface water use are expected to be accompanied
by increases in groundwater use from rural development. Increased ground or surface water
withdrawals could be required by state or federal laws to offset their effect by conserving water
or providing storage water during times it is beneficial to the waterbody.

Energy development as part of a trend of increased use of new and alternative energy sources
(such as wind, solar, and natural gas projects) also has the potential to impact hydrology and
hydraulics by shifting electric power consumption demands and thus changing the nature of
flows that are associated with hydropower production.

The general trend in increased water storage needs in the Columbia River Basin also has the
potential to impact hydrology and hydraulics through impoundment of additional water in the
future, making less water available downstream.

NO ACTION ALTERNATIVE

There could be substantial effects to hydraulics and hydrology (changes from existing condition)
under the No Action Alternative from cumulative actions such as climate change. However, the
contribution of the No Action Alternative to these combined cumulative effects would be
negligible on its own, because the No Action Alternative operations do not appreciably change
the hydrology and hydraulics in the Columbia River Basin from the existing conditions as
described in Chapter 3. The existing condition is strongly influenced by the construction and
operation of numerous dams—both Federal and non-Federal—that were authorized and built
throughout the basin for flood control, hydropower, fish and wildlife conservation, navigation,
recreation, irrigation, municipal and industrial water supply, and water quality.

MULTIPLE OBJECTIVE ALTERNATIVE 1

RFFAs with the potential to contribute cumulative effects to hydrology and hydraulics are
described in Table 6-3. The direct and indirect effects of MO1 compared to the No Action
Alternative are summarized in Table 6-4.
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568 Table 6-4. Hydrology and Hydraulics Direct/Indirect Effects from Multiple Objective
569  Alternative 1 Compared to the No Action Alternative

Project MO1

Libby At the Libby project, there would be higher water levels in the summer through December and
lower levels in April. There would also be higher releases from Libby for much of the winter,
but lower releases in December, May, and August.

Hungry Horse | At Hungry Horse, there would be lower water levels for most months in average and below-
average water years. There would also be a reduction in releases for most of the year except
for higher releases in the summer.

Grand Coulee At Grand Coulee, there would be lower water levels from December through April, increased
outflow in December, and decreased outflow from February through September.

Dworshak At Dworshak, there would be changes in late summer releases with increases in June, July, and
September, and a decrease in August.

Lower Snake In the lower Snake River projects, there would be higher elevations from April through August

River and increase in flows in June, July, and September.

Lower At the John Day project, there would be higher elevations in April through May. There would

Columbia River | also be increased flows in December and decreased flows from February through September.
There would be lower winter peak flows below Bonneville Dam.

570 At Libby, higher water levels in the reservoir in the summer may partially be offset by projected
571  decreased volumes of water in the summer from cumulative actions, including climate change.

572 At Hungry Horse, projected lower water levels in the reservoir and a general reduction in
573  releases may be partially offset by higher winter and spring water volumes from climate
574  change, but exacerbated in the summer by decreased volumes of water from cumulative
575  actions, such as new water uses.

576 At Grand Coulee, lower reservoir elevations in the spring may be offset by increased spring

577 runoff as a consequence of climate change. Reduced summer flows, on the other hand, could
578 be reduced even further as a result of cumulative actions, such as increasing water

579  withdrawals. At Dworshak, increased releases in late summer could offset lower summer base
580 flows; however, the lower flows in August may be lower when considered in light of the effects
581  of cumulative actions.

582 Inthe lower Snake River projects, slightly higher reservoir elevations in the spring may be even
583  higher when combined with cumulative effects. However, predicated higher reservoir

584  elevations may be reduced in summer months because of lower water volumes from

585  cumulative actions.

586 Inthe lower Columbia River projects, higher April, May, and December flows may be increased
587  further by higher climate change—-related spring flows and winter flows. Decreased February to
588  September flows may be even lower with the addition of the effects of cumulative actions.

589  Combined with the effects of the cumulative actions identified in Table 6-3, there could be
590 moderate effects (changes from No Action Alternative) under MO1 in circumstances where
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591  MO1 causes higher volumes in the winter and spring and lower volumes of water in the
592  summer.

593  MULTIPLE OBJECTIVE ALTERNATIVE 2

594  RFFAs with the potential to contribute to cumulative effects to hydrology and hydraulics are
595 described in Table 6-3. The direct/indirect impacts of MO2 compared to the No Action
596  Alternative are summarized in Table 6-5.

597 Table 6-5. Hydrology and Hydraulics Direct/Indirect Effects from Multiple Objective
598 Alternative 2 Compared to the No Action Alternative

Project MO2

Libby At Libby, there would be higher water levels in the summer through October; the reservoir
would be lower in November and December and from January through April in drier years.
There would also be higher flows in November through December and lower releases from
January through May, and in August.

Hungry Horse At Hungry Horse, there would be lower water levels for most months in average and below-
average water years. There would be a reduction in releases for most of the year except in
August and September.

Grand Coulee At Grand Coulee, the reservoir would be lower from December through May in wet and dry
years and deeper in September. Flows below the dam would be higher in December and lower
in February for average years and higher in wet years. There would be lower flows from March
through August.

Dworshak Deeper drafts from January through April; increases in flow in January and February; less flows
in March and April

Lower Snake In the Lower Snake River there would be increased flows (but in normal operating range).

River

Lower Columbia | There would be variations in McNary and John Day flows and lower winter peak flows below
River Bonneville Dam.

599 At Libby, higher water levels in the reservoir in the summer may be partially offset by projected
600 decreased volumes of incoming water in the summer from cumulative actions, such as climate
601 change. Projected lower reservoir levels in drier years in the winter and spring may also be

602  partially offset by higher winter and spring runoff due to climate change. Higher outflows in

603 November and December may be increased by higher winter and spring runoff, and periods of
604 lower releases in the summer may be made lower by the effects of climate change, including
605 lower summer inflows, combined with other cumulative actions. At Hungry Horse, projected
606 lower water levels in the reservoir and a general reduction in releases may be partially offset by
607  higher incoming winter and spring water volumes from climate change, but exacerbated in the
608  summer by decreased volumes of inflows from cumulative actions.

609 At Grand Coulee, deeper drafts from December through May in wet and dry years may be even
610 deeper due to increased winter and spring runoff. Lower flows in the summer may be even
611  lower from the effects of the cumulative actions.
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612 At Dworshak, deeper drafts from January through April and increased flows in January and
613  February may both be more extreme as a result of an increase in winter and spring runoff. The
614  effects of lower flows in March and April may be partially offset by increased spring runoff.

615 Inthe lower Columbia River projects, lower winter peak flows below Bonneville Dam may be
616  partially offset by higher winter runoff.

617 Combined with the effects of the RFFAs on hydrology and hydraulics, there could be moderate
618  effects (changes from the No Action Alternative) under MO2 in circumstances where MO2

619  causes higher volumes of water in the winter and spring and lower volumes of water in the
620 summer.

621  MULTIPLE OBJECTIVE ALTERNATIVE 3

622  RFFAs with the potential to contribute to cumulative effects to hydrology and hydraulics are
623  described in Table 6-3. The direct/indirect effects of MO3 compared to the No Action
624  Alternative are summarized in Table 6-6.

625 Table 6-6. Hydrology and Hydraulics Direct/Indirect Effects from Multiple Objective
626  Alternative 3 Compared to the No Action Alternative

Project MO3

Libby At Libby, there would be higher water levels in the reservoir in summer through October and
the reservoir would be deeper in November through April in drier years. There would be higher
flows below the dam in November and December and lower releases in January through May
and August.

Hungry Horse At Hungry Horse, there would be lower water levels in the reservoir for most months in
average and below average water years. There would be a reduction in releases from the dam
for most of the year except for August and September.

Grand Coulee At Grand Coulee, water levels in the reservoir would be higher in winter. Flows below the dam
would be higher in November and December and lower from April through September.

Lower Snake There would be substantial fluctuations in elevations—up to a 100-foot decrease in the Lower
River Snake River. Flows would increase with drawdown, and then after breach is complete, flows
would return to natural river-like flows.

Lower In the lower Columbia River, John Day would continue to operate at full pool.
Columbia River

627 At Libby, higher water levels in the reservoir in the summer and fall may partially offset

628  decreased volumes of water in the summer resulting from cumulative actions, including climate
629  change. Lower releases and therefore greater storage in January and May due to MO3 may

630  partially offset decreased volumes of water due to cumulative actions.

631 At Hungry Horse, projected lower water levels in the reservoir and a general reduction in
632  releases may be partially offset by higher winter and spring water volumes from climate
633  change, but exacerbated in the summer by decreased volumes of water from cumulative
634  actions.
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At Grand Coulee, higher water levels in the reservoir in winter may be increased further
through increased winter precipitation due to climate change.

Combined with the effects of the cumulative actions identified in Table 6-3, there could be
moderate cumulative effects (changes from the No Action Alternative) on hydrology and
hydraulics under MO3 in circumstances where MO3 causes higher volumes of water in the
winter and spring and lower volumes of water in the summer. Volume shifts are due to changes
in storage project operations. MO3 has major direct and indirect effects to hydraulics and
hydrology from the breach of the Snake River dams. These changes would be the largest
influence on hydrology and hydraulics in this area rather than cumulative actions.

MULTIPLE OBJECTIVE ALTERNATIVE 4

RFFAs with the potential to cause cumulative effects to hydrology and hydraulics are described
in Table 6-3. The direct/indirect effects of MO4 compared to the No Action Alternative are
summarized in Table 6-7.

Table 6-7. Hydrology and Hydraulics Direct/Indirect Effects from Multiple Objective
Alternative 4 Compared to the No Action Alternative

Project MO4

Libby At Libby, there would be higher reservoir water levels in summer through December in above
average precipitation years, but lower water levels in below average years. Below the dam,
there would be higher releases in winter and July, but lower releases in December, April, and
May.

Hungry Horse | At Hungry Horse, there would be lower reservoir water levels (10 to 15 feet) in the drier half of
years. There would be reduced releases below the dam most of year, except for higher releases
from July through September.

Albeni Falls Lake Pend Oreille would be up to 2.7 feet lower in summer months during dry years.

Grand Coulee | Water levels in Lake Roosevelt would be 5 to 8 feet lower during drawdown (December
through March) and during refill (May through June), and larger decreases (up to 20 feet) in
July and August during low water years.

Most months have a reduction in releases from the dam, except December and January, and
the drier half of years in May through July.

Lower Snake Water levels would be higher during minimum operating pool (MOP) from April to August.
River Under MO4, MOP starts and ends earlier than in the No Action Alternative.
Lower Water levels at Lake Umatilla would be slightly lower, with other projects at substantially lower

Columbia River | elevations. There would be increased flows in December and January with decreases in
February and November, except from May through July in dry years. There would be lower
winter peak flows below Bonneville Dam.

At Libby, higher water levels in the reservoir in the summer during average years may partially
be offset by projected decreased volumes of water in the summer from cumulative actions,
including climate change. Higher releases in winter may be increased due to an increase in
winter and spring runoff resulting from climate change.

At Hungry Horse, projected lower water levels in the reservoir and a general reduction in
releases may be partially offset by higher winter and spring water volumes from climate change
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and exacerbated in the summer by decreased volumes of water from cumulative actions.
Behind Albeni Falls Dam in Lake Pend Oreille, a decrease in elevation up to 2.7 feet in the
summer months during dry years would be further exacerbated by lower summer volumes due
to the effects of cumulative actions. Cumulative actions would have a similar effect at Grand
Coulee, where water levels are also projected to be lower under MO4.

In the lower Snake and lower Columbia River projects, winter flows may be higher, during some
years, but spring flows are more likely to be lower, except in dry years when storage projects
draft additional water. Recovery of the additional draft may be harder in the future due to
climate change, increased water withdrawals, and other cumulative actions that reduce the
amount of water. Combined with the effects of the cumulative actions identified in Table 6-3
and climate change, there could be moderate cumulative effects (changes from the No Action
Alternative) under MO4 in circumstances where MO4 causes lower spring flows.

6.3.1.2 River Mechanics

RFFAs with potential to affect the geomorphology and sediment transport in the CIAA are listed
in Table 6-8 along with a summary of the effects of these actions.

Table 6-8. Reasonably Foreseeable Future Actions Relevant to Geomorphology and Sediment

RFFA ID RFFA Description Impact Description

RFFA1 Population Growth and There would be reduced availability of water from increased
Urban, Rural, Commercial, | development. More frequent or more severe drawdowns (or both)
Industrial, and Agricultural | could lead to increased head-of-reservoir sediment mobilization and

Development shoreline exposure/erosion. An increase in development projects has
the potential to increase sediment input during construction and
operation.

RFFA2 Water Withdrawals for Overall, there is potential for reduced availability of water from
Municipal, Agricultural, increased demand. More frequent or more severe drawdowns (or
and Industrial Uses both) could lead to increased head-of-reservoir sediment mobilization

and shoreline exposure/erosion.

RFFA5 Federal and State Wildlife | Public land management practices can influence the type and amount
and Lands Management of sediment entering the system.

RFFA6 Increase in Demand for An increase in water storage projects in the upper Columbia River
Water Storage Projects Basin has the potential to trap additional sediment.

RFFA14 Lower Columbia River This project maintains the federally authorized navigation channel by
Dredged Material removing accumulated sediment and depositing it in upland locations
Management Plan or other locations in the river. Other measures, such as channel

training device construction, are potentially available.

RFFA15 Snake River Sediment This project maintains the federally authorized navigation channel by
Management Plan removing accumulated sediment and depositing in upland locations or

other locations in the river. Other measures such as reservoir
drawdowns are potentially available.
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RFFA ID RFFA Description Impact Description

RFFA19 Climate Change Changes in climate have the potential to influence erosion, transport
of sediment, and sediment deposition. More frequent or more severe
drawdowns could lead to increased head-of-reservoir sediment
mobilization and shoreline exposure/erosion. A detailed description of
the potential effects on geomorphology and sediment transport from
Climate Change is presented in Section 4.2.2.

RFFA20 Clean Water Act—Related | Minimizes sediment inputs in areas sensitive to sedimentation through
Actions continuation of stormwater permit actions for construction projects
and programs related to reducing non-point sources of excess
sediment.
RFFA23 Mining Upstream of CRS Similar to other development projects, mining projects have the
Dams potential to increase sediment input during construction and
operations.

Land use and precipitation are important drivers for sediment erosion and yield into the river
system. 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 as agricultural fields are expected to continue cultivation
in @ manner similar to current conditions. There is a potential for lower availability of water in
the summer from the effects of future human development and water withdrawals combined
with the effects of climate change. This effect has the potential to increase the instances of
reservoir drawdowns that could leave reservoir deltas exposed during high-flow periods. In
these instances, the upper layer of reservoir deltas would 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 a
reservoir can result in changes to head-of-reservoir erosion and deposition patterns. Changes in
the hydraulic conditions within run-of-river reservoirs and river reaches can change the ability
of the river to transport sediment high in the water column, potentially changing the size of
material passing through or settling in a run-of-river reservoir or free-flowing reach. Lower
summer flows due to future water demand and climate change could exacerbate changes in
sediment transport character of affected reaches.

New agricultural, industrial, mining, and commercial and rural construction projects have the
potential to increase the amount of sediment inputs into the system. The effects from these
types of projects would continue to be minimized through CWA-related permitting actions. The
general trend in increased water storage needs in the Columbia River Basin also has the
potential to affect sediment transport through impoundment of additional water in the future,
resulting in less available sediment downstream. Large-scale sediment management projects in
the Snake River and lower Columbia River would lessen the impact of excess sedimentation in
these reaches through sediment removal and placement actions.

NO ACTION ALTERNATIVE

Combined with the effects of the RFFAs and climate change, there would likely be additional
effects to sediment processes (changes from existing condition) under the No Action
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Alternative. As discussed in Section 3.3.3.2, the effects of the No Action Alternative do not
appreciably change the geomorphology and sediment processes, or the closely related
hydrology and hydraulics, of the CRS from the existing conditions.

MULTIPLE OBJECTIVE ALTERNATIVE 1

RFFAs with the potential to contribute to cumulative effects to geomorphology and sediment
transport are described in Table 6-8. The direct/indirect impacts of MO1 compared to the No
Action Alternative are summarized in Table 6-9.

Table 6-9. Multiple Objective Alternative 1 Direct/Indirect Effects Compared to the No Action

Alternative

Location

MO1

Storage Projects (Libby,
Hungry Horse, Albeni Falls,
Grand Coulee, John Day,
Dworshak)

There would be negligible change (from existing conditions) in head-of-reservoir
sediment mobilization with the exception of the Columbia River entering Lake
Roosevelt. There is a small change in depositional patterns with temporary head-
of-reservoir deposits shifting downstream caused by the Winter System FRM
Space measure at Grand Coulee.

There would be negligible change in trap efficiency and shoreline exposure.

Run-of-River Reservoirs and
Free-Flowing Reaches (Chief
Joseph, Lower Granite, Little
Goose, Lower Monumental,
Ice Harbor, McNary, The
Dalles, Bonneville)

There would be negligible change in potential for sediment to pass run-of-river
reservoirs and free-flowing reaches with the exception of lower Clearwater River
above the Snake River confluence. There is potential for a small decrease in the
amount of sediment passing the Clearwater River at the Snake-Clearwater
confluence due to the Modified Dworshak Summer Draft measure operation.
There would be negligible change in processes that supply, transport, and
deposit sediment in the system, with the exception of Lake Roosevelt upper
reach on the Columbia River. There is potential for a small amount of coarsening
of bed sediment at the head of Lake Roosevelt caused by the Winter System
FRM Space measure at Grand Coulee.

There would be negligible change in the overall geomorphic character of the
rivers. There would be less than 1 percent change from the No Action Alternative
in the average annual volume of sediment deposited in the Snake River and
Columbia River navigation channel.

At storage projects, direct and indirect effects to sediment processes would be negligible
except for the Columbia River entering Lake Roosevelt. There is a minor effect in depositional
patterns with temporary head-of-reservoir deposits shifting downstream caused by the Winter
System FRM Space measure at Grand Coulee. There could be increases in drawdowns in the
future from the effects of climate change and increased demand for water that could cause
detectable changes to sediment processes at other storage projects and could increase the
small changes in reservoir sediment mobilization at Grand Coulee.

In run-of-river projects and river reaches, there would be negligible effects in sediment
processes except for potential small decreases in the amount of sediment passing the
Clearwater River at the Snake River confluence. Similar to storage projects, there is potential for
cumulative actions such as climate change and increased water withdrawals that could increase
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these effects in the future and cause detectable effects to sediment processes in other run-of-
river projects and river reaches.

It is unknown to what magnitude climate change, increased demand for water, and other
cumulative actions identified in Table 6-8 may impact future sediment processes. However,
given that MO1 effects are predicted to be minor or negligible, the contribution to these
cumulative effects from MO1 would likely not be substantial. Combined with the effects of the
cumulative actions and climate change, there could be increased effects under MO1 in
circumstances where MO1 is projected to cause minor changes on its own, and there could be
detectable changes where MO1 is currently projected to cause negligible effects.

MULTIPLE OBJECTIVE ALTERNATIVE 2

RFFAs with the potential to contribute to cumulative effects to sediment processes are
described in Table 6-8. The effects of MO2 compared to the No Action Alternative are

summarized in Table 6-10.

Table 6-10. Direct/Indirect Effects of Multiple Objective Alternative 2 Compared to the No

Action Alternative

Location

MO2

Storage Projects (Libby,
Hungry Horse, Albeni Falls,
Grand Coulee, John Day,
Dworshak)

There would be a negligible impact to erosion or deposition processes and
patterns at the head of storage project reservoirs, except at Dworshak Reservaoir,
where there is a minor impact to depositional patterns with temporary head-of-
reservoir deposits shifting downstream. There would be negligible change in trap
efficiency and shoreline exposure, except at Dworshak Reservoir, where there is
a minor change in shoreline exposure from lower reservoir levels.

Run-of-River Reservoirs and
Free-Flowing Reaches (Chief
Joseph, Lower Granite, Little
Goose, Lower Monumental,
Ice Harbor, McNary, The
Dalles, Bonneville)

There would be negligible change in potential for sediment to pass run-of-river
reservoirs and free-flowing reaches. There would be negligible change in
processes that supply, transport, and deposit sediment in the system with the
exception of a small amount of fining of bed sediment in the reach of the
Flathead River immediately upstream of SKQ Reservoir, and a small amount of
coarsening of bed sediment at the head of Grand Coulee Reservaoir.

There would be negligible change in the overall geomorphic character of the
rivers. There would be less than 1 percent change from the No Action Alternative
in average annual volume of sediment deposited in the Snake River and
Columbia River navigation channel.

At storage projects, direct and indirect effects to sediment processes would be negligible,
except at Dworshak Reservoir, where there are potential small changes in deposition with

head-of-reservoir deposits shifting downstream and small changes in shoreline exposure. There
could be increases in drawdowns in the future from the effects of climate change and increased
demand for water that could cause detectable changes to sediment processes at other storage
projects and could increase the extent of changes in reservoir sediment mobilization and
reservoir shoreline exposure at Dworshak.

In run-of-river projects and river reaches, there would be negligible change in sediment
processes except for potential small amount of fining of bed sediments in the Flathead River
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upstream of SKQ Reservoir, and a small amount of coarsening at the head of Grand Coulee.
Similar to storage projects, there is potential for cumulative actions such as climate change and
increased water withdrawals could increase these effects in the future and cause detectable
effects to sediment processes in other run-of-river projects and river reaches.

It is unknown to what magnitude climate change, increased demand for water, and other
cumulative actions identified in Table 6-8 may impact future sediment processes. However,
given that MO2 effects are predicted to be small or negligible, it is likely the contribution of
MO?2 to the overall cumulative effect would not be substantial. Combined with the effects of
the cumulative actions and climate change, there could be increased effects in conjunction with
MO?2 in circumstances where MO2 is projected to cause minor changes on its own, meaning
there could be detectable changes where MO2 is currently projected to cause negligible effects.

MULTIPLE OBJECTIVE ALTERNATIVE 3

RFFAs with the potential to contribute to cumulative effects to geomorphology and sediment
processes are described in Table 6-8. The direct/indirect effects of MO3 compared to the No
Action Alternative are summarized in Table 6-11.

Table 6-11. Direct/Indirect Effects of Multiple Objective Alternative 3 Compared to the No
Action Alternative

Location MO3

Storage Projects (Libby, Hungry | There would be negligible change in erosion or deposition processes and
Horse, Albeni Falls, Grand patterns at the head of storage project reservoirs.

Coulee, John Day, Dworshak) There would be negligible change in trap efficiency and shoreline exposure.
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Location MO3

Run-of-River Reservoirs and There would be little change in the potential for sediment to pass run-of-river
Free-Flowing Reaches (Chief reservoirs and free-flowing reaches, except for the Snake River from the
Joseph, Lower Granite, Little upstream extents to Lower Granite Reservoir downstream to the Columbia
Goose, Lower Monumental, Ice | River and the Clearwater River backwatered by Lower Granite Reservoir. There
Harbor, McNary, The Dalles, could be large temporary increases in the size and amount of sediment passing
Bonneville) these reaches caused by dam breach. There could also be large temporary

increases in the amount of sediment passing from the Snake River into the
Columbia River from the Snake River confluence downstream.

Current processes that supply, transport, and deposit sediment in the system
will continue at historical rates except at 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. There is potential
for a large amount of coarsening of bed sediment through these reaches.
There is also potential for a large increase in the amount of material depositing
in McNary Reservoir. The bed material size would be fine in the short term and
coarsen in the long term due to upstream dam breach.

There would be negligible change in width-to-depth ratios except for 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. There would be a major impact in geomorphic
character in these reaches with the river becoming much shallower relative to
its wetted width because of dam breach.

Navigation maintenance is assumed to stop on the Snake River due to dam
breach. There would be a 1 percent decrease from the No Action Alternative in
average annual volume of sediment depositing in the lower Columbia River.

There would be negligible changes at storage projects from implementation of MO3. In run-of-
river projects and river reaches, there would be a negligible change in sediment processes
except for potentially large effects from dam breach on the lower Snake River. The effects from
dam breaching would be major and would be the largest influence on sediment process effects.

It is unknown to what degree climate change, increased demand for water, and other
cumulative actions may impact future sediment processes. However, given that MO3 effects
are predicted to be major in some reaches, the cumulative effect would likely be major in areas
impacted by dam breach. Combined with the effects of the cumulative actions and climate
change, there could be increased effects than those previously described in Chapter 3 under
MOS3.

MULTIPLE OBJECTIVE ALTERNATIVE 4

RFFAs with the potential to contribute to cumulative effects to geomorphology and sediment
processes are described in Table 6-8. The effects of MO4 compared to the No Action Alternative
are summarized in Table 6-12.
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Table 6-12. Effects of Multiple Objective Alternative 4 Compared to No Action Alternative

Location

MO4

Storage Projects (Libby,
Hungry Horse, Albeni Falls,
Grand Coulee, John Day,
Dworshak)

There would be a negligible change in erosion or deposition processes and
patterns at the head of storage project reservoirs, except at the Columbia River
and Spokane River entering Grand Coulee Reservoir, where there is potential for a
small change in depositional patterns with temporary head-of-reservoir deposits
shifting downstream.

There is also potential for a small change in head-of-reservoir sediment
mobilization with deposits becoming coarser in the Columbia River entering John
Day Reservoir.

There would be a negligible change in trap efficiency and shoreline exposure,
except at Hungry Horse Reservoir, where there is potential for a small change in
shoreline exposure.

Run-of-River Reservoirs and
Free-Flowing Reaches (Chief
Joseph, Lower Granite, Little
Goose, Lower Monumental,
Ice Harbor, McNary, The
Dalles, Bonneville)

There would be negligible change in potential for sediment to pass run-of-river
reservoirs and free-flowing reaches except the Columbia River upstream of Kettle
Falls, Washington, to the U.S.-Canada border, where there is potential for a small
increase in the amount of sediment passing through the upper reach of Lake
Roosevelt.

There would be negligible change in the processes that supply, transport, and
deposit sediment in the system except at the Columbia River between Grand
Coulee Dam and the U.S.-Canada border, where there is potential for a small
amount of bed sediment coarsening in Lake Roosevelt and reaches upstream to
the border. There is also potential for a small amount of sediment coarsening in
the Snake River downstream of Ice Harbor, the Columbia River from the Snake
River confluence to Wallula, Washington, the Columbia River at the upstream end
of John Day reservoir, and the Columbia River between John Day Dam and
Skamania, Washington.

The estimated average annual volume of sediment depositing in the Snake River
navigation channel and lower Columbia River would be less than a 1 percent
change from the No Action Alternative.

Small changes in head-of-reservoir sediment deposition at the Columbia River and Spokane
River entering Grand Coulee Reservoir and the Columbia River entering John Day Reservoir may
be exacerbated by the effects of cumulative actions and climate change if additional reservoir
drawdowns occur in the future. Similarly, changes in shoreline exposure at Hungry Horse may
increase. Minor effects in the processes that supply, transport, and deposit sediment in the
system as described in Table 6-12 may also increase.

It is unknown to what degree climate change, increased demand for water, and other
cumulative actions may impact future sediment processes. However, given MO4 effects are
predicted to be small or negligible, it is likely the contribution of MO4 to the cumulative effect
to geomorphology and sediment transport would not be substantial. Combined with the effects
of the cumulative actions and climate change, there could be increased effects than those
previously described in Chapter 3.
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6.3.1.3 Water Quality

RFFAs with potential to affect the water quality in the CIAA are listed in Table 6-13 along with a
description of the effects of these actions.

Table 6-13. Reasonably Foreseeable Future Actions Relevant to Water Quality

RFFA ID RFFA Description Cumulative Impact Description
RFFA1 Population Growth and Urban, Rural, There would be adverse effects from increased volumes
Commercial, Industrial, and of pollution in response to a growing population, as
Agricultural Development human population growth brings potential increases in
discharges of pollutants in stormwater runoff from
residential, commercial, industrial, agricultural,
recreational, and transportation development.

RFFA2 Water Withdrawals for Municipal, There could be adverse effects from increased volumes of

Agricultural, and Industrial Uses water withdrawals for domestic, industrial, commercial,
and public uses. Increased withdrawals have implications
for instream water temperatures, which is typically the
cause of adverse effects by increasing water
temperature.

RFFA3 New and Alternative Energy There would be possible adverse effects due to the

Development potential for an increase in lack-of-market/lack-of-
turbine-capacity spill, which could lead to higher TDG
levels.

RFFA4 Increasing Use of Renewable Energy There would be possible adverse effects due to the

Sources, Industrial and Vehicle potential for an increase in lack-of-market/lack-of-

Emissions Reductions, and turbine-capacity spill, which could lead to higher TDG

Decarbonization levels. Conversely, decarbonizing and electrifying
transportation and other sectors could reduce
involuntary spill from lack-of-market spill.

RFFA14 Lower Columbia River Dredged In-water and shoreline placement of dredged materials,

Material Management Plan as well as construction associated with channel training
structures, may affect water quality by releasing
suspended sediments into the water column and
increased turbidity. Effects could be minimized by
sediment removal best management practices.

RFFA15 Snake River Sediment Management Dredging effects on water quality could include the

Plan release of suspended sediments into the water column
and increased turbidity. Effects could be minimized by
sediment removal best management practices.

RFFA19 Climate Change There would be possible adverse effects from increased
air surface temperatures resulting in increased water
temperatures. In addition, there is potential for higher
winter and spring volumes and lower summer volumes of
Columbia River Basin water. Refer to section 4.2.3 for
more information.

RFFA20 Clean Water Act—Related Actions This would likely result in the potential to maintain or
improve water quality.
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RFFA ID RFFA Description Cumulative Impact Description
RFFA21 Idaho Power Hells Canyon Complex This could result in remediation and cleanup actions, as
Mercury Contamination well as lead to a reduction or elimination of fish
Issues/Remediation consumption advisories for mercury in fish tissue, but it is
unclear what the timing and extent of remediation would
be.
RFFA22 Idaho Power Hells Canyon Complex There would likely be ongoing adverse effects due to
Temperature Issues temperature threshold exceedances in the fall.
RFFA23 Mining in Reaches Upstream of CRS There would be ongoing adverse effects to both water
Dams quality and fish (tissue contamination) due to the release

of contaminants downstream from mining activities that
are occurring upstream.

RFFA24 Hanford Site This could result in remediation and cleanup actions, but
it is unclear what the timing and extent of remediation
would be.

RFFA25 Columbia Pulp Plant This could increase potential adverse effects due to

chemical discharges, water use, and spills.

Direct and indirect effects to water quality as a result of the effects analysis in Chapter 3 are
listed in Table 6-13 along with a description of the effects.

Water quality issues in the Columbia River Basin are linked to water temperature, TDG, and
contaminants suspended in both water and sediment. In general, cumulative impact concerns
within the CIAA related to water quality are dominated by actions that increase the additive
effects of increasing air surface temperatures, which in turn increases water surface
temperatures. The main influencing factor in increasing temperatures in the basin is climate
change. These temperature effects are described in detail in Chapter 4. In summary, under all
MOs including the No Action Alterative, air temperature is projected to continue an ongoing
warming trend, resulting in higher temperatures throughout the Columbia River Basin over the
study period.

Climate change also is very likely to increase the higher winter and spring volumes and lower
summer volumes of water runoff throughout the Columbia River Basin. Fall water temperatures
are likely to remain warmer for longer. Warmer air temperatures combined with projected
decreased summer and fall flow volume could lead to increased riverine and reservoir surface
water temperatures. This could exacerbate algal and nutrient problems, cyanobacterial blooms,
microbial activity at swim beaches, increase pH, or reduce dissolved oxygen within the region’s
reservoirs and river reaches. This warming could also increase the prevalence of invasive
species (Table 6-14).
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Table 6-14. Summary of Direct and Indirect Effects to Water Quality

Region MO1 MO2 MO3 MO4
A (Libby) There is potential for a small increase in There is potential for Same as MO2 There is potential for a small
TDG downstream of Libby Dam, too warm | reduced reservoir increase in TDG downstream of
river water temperatures in winter, and productivity and river Libby Dam, too warm river
in-reservoir and downstream river water water temperatures water temperatures in winter,
temperatures being colder in the downstream of Libby downstream river water
spring/early summer. Dam being warmer in temperatures colder in the
the winter. spring/early summer, and
reduced reservoir productivity.
A (Hungry No change from NAA There is potential for Same as MO2 Same as MO2
Horse) reduced reservoir
productivity.
A (Albeni No change from NAA No change from NAA No change from NAA There is potential for greater
Falls) amounts of macrophyte and
periphyton growth (reduced
water quality).
B (Grand Elevated turbidity is possible due to Same as MO1 Same as MO1 Same as MO1
Coulee) greater reservoir fluctuations.
There could be increased mercury
methylation from longer reservoir
drawdowns.
Reduced dissolved oxygen is expected in
the reservoir near the Spokane River
confluence.
Water temperatures downstream of
Grand Coulee are expected to be similar
to NAA, with conditions that exceed water
quality standards in late summer and fall.
These warm conditions are likely to be
exacerbated by climate change, with a
longer period of warm water conditions
and likely higher maximum temperatures.
B (Chief In-reservoir and downstream water Same as MO1 Same as MO1 Same as MO1
Joseph) temperatures would likely be warmer in
some summers.
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Region MO1 MO2 MO3 MO4
C (Dworshak) | Water temperatures downstream of Decreased spill No change from NAA No change from NAA
Dworshak would likely be warmer in discharges could
August to provide cooling to the Lower create lower amounts
Snake River. of TDG downstream of
Dworshak Dam.
C (Lower Water temperatures downstream of No change from No High suspended sediment could Higher TDG

Granite, Little
Goose, Lower

Dworshak would likely be warmer in
August to provide cooling to the lower

Action

create reduced and/or anoxic
conditions in Lower

Monumental, | Snake River. Monumental Reservoir under

and Ice Increased harmful algae blooms are the first year of dam breaching.

Harbor) possible due to high August water Dam breaching would resuspend

temperatures. contaminants and increase the

biological uptake of
contaminants.
Contaminated groundwater
flows may increase pollution in
the lower Snake River once
embankments have been
breached.
Warmer early summer in-river
water temperatures are
expected.

D (Four No change from NAA No change from NAA No change from NAA No change from NAA

Lower

Columbia

River

Projects)
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Water quality issues in the Columbia River Basin are linked to water temperature, TDG, and
contaminants suspended in both water and sediment. In general, cumulative impact concerns
within the CIAA related to water quality are dominated by actions that increase the additive
effects of rising air surface temperatures, which in turn increases water surface temperatures.
In general, there are minimal cumulative effects in the basin related to TDG that are not short
term and/or minimal. Contaminant pollution from both new and legacy sources are expected to
create additive concerns within the basin, in particular when sediments are disturbed, or water
surface level fluctuations occur.

The main influencing factor in increasing temperatures in the basin is climate change. These
temperature effects are described in detail in Chapter 4. In summary, under all MOs, including
the No Action Alterative, air temperature is projected to continue an ongoing warming trend,
resulting in higher temperatures throughout the Columbia River Basin over the study period.

Climate change also is very likely to increase the higher winter and spring volumes and lower
summer volumes of water runoff throughout the Columbia River Basin. Fall water temperatures
are likely to be higher and remain warmer for longer. Warmer air temperatures combined with
projected decreased summer and fall flow volume could lead to increased riverine and
reservoir surface water temperatures. This could exacerbate algal and nutrient problems,
cyanobacterial blooms, and microbial activity at swim beaches; increase pH; and reduce
dissolved oxygen within the region’s reservoirs and river reaches. This warming could also
increase the prevalence of invasive species.

In terms of TDG, there are few additive effects expected within the CIAA. It is possible that the
increase in renewable energy development and a reduction in reliance on fossil fuel energy
sources could also lead to higher spill (at times when hydropower is taken offline or ramped
down to accommodate increasing wind and solar energy, for example). In this case, increasing
TDG levels could result. That said, it is unknown how often this would occur or the magnitude of
the effect.

Within the Columbia River Basin, sediment and water quality vary by location. The uppermost
end of the system, such as the area near Hungry Horse Dam, tends to have fewer human
influences and thus less pollution. As one moves downstream to more populous areas, sediment
pollution is more common, reflecting the land uses occurring in proximity to the reservoir or
river reach. Polluted runoff enters the CIAA from adjacent urban, agricultural, and industrial
areas as a result of the use of chemicals, pesticides, fertilizers, and herbicides, as well as via
contaminants from both historical and new mining and industrial areas, and natural sources,
such as mercury in volcanic soils. The contaminants of concern can be detected in sediment, the
water column, and aquatic organisms and include metals, arsenic, mercury, PCBs, dioxins,
pesticides, and other organic compounds (mostly from human sources). In addition, some
reservoirs and reaches, such as Lake Roosevelt and the lower Snake River, have known sediment
and water pollution problems related to past industrial discharges and legacy contaminant
issues that have not been remediated, as well as new discharges from new mining upstream.
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Under all MOs, these polluted releases are expected to continue, resulting in additional
pollutant loads moving through the river and reservoir system, carried by water and in fine
sediments and eventually dispersing downstream through the dams to the riverbeds and the
estuary. It is possible that remediation of known contaminated sites will occur; however, at
present, this is not reasonably foreseeable to occur and, even if it does occur, may be offset by
future increases in mining or other land use changes that disturb soils. New and continued
releases of mining-related contaminants such as mercury (which then gets converted to
methylmercury) are expected to continue and perhaps even increase under all MOs, especially
in Lake Roosevelt as elevated mercury contamination from mining activities upstream is
expected to continue over the planning period.

NO ACTION ALTERNATIVE

Under the No Action Alternative, as described above, increasing temperatures are expected to
continue to play a large role in terms of additive effects to water quality. Continued and
increased pollutant and nutrient loading is expected, due in large part due to population
growth, which increases agricultural, industrial, and urban runoff. Continued pollutant and
nutrient loading are expected in the lower Snake and Columbia Rivers due to farming activities,
industry, and urban and agricultural runoff. Mining-related contaminants such as mercury into
Lake Roosevelt are also expected to continue and perhaps increase. Thus, it is expected that the
current water quality impairments would continue under the No Action Alternative and could
perhaps worsen. It is possible that remediation of known contaminated sites will occur;
however, at present, this is not reasonably foreseeable to occur and, even if it does occur, may
be offset to some degree by future increases in mining or land use changes that disturb soils.

Under the No Action Alternative, winter flows and the frequency of winter flood events are
projected to increase in the mainstem and lower Columbia River because of climate change.
This could lead to increases in TDG through the winter and early spring due to increased
involuntary spill. The lower Columbia River contains a variety of human-sourced compounds,
including metals and organic compounds. Portions of the reach from The Dalles to Bonneville
Dams are on the Washington or Oregon CWA 303(d) lists for high pH and/or dissolved oxygen.
Additionally, some portion of all four reservoirs contain other water quality impairments that
manifest as fish advisories or TMDLs for mercury, PCBs, and dioxins. These issues are expected
to persist under the No Action Alternative, because changes to the CWA and remediation
actions are not at this point reasonably foreseeable.

Under the No Action Alternative, decreases in summer flow volumes through the dams on the
lower Snake River are expected. The water quality characteristics of the lower Snake River are
largely influenced by the local and upstream flows and the inflowing upper Snake River. This
includes temperatures exiting the Hells Canyon Complex out of Brownlee Reservoir that exceed
water quality standards, creating cumulative temperature effects during summer migration on
the lower Snake River. In addition, legacy naturally occurring, and atmospheric deposition of
mercury, and other contaminant issues in the Hells Canyon Complex continue to affect the
quality of water flowing into the lower Snake River. Adverse conditions could increase potential
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contaminants in the lower Snake River from the Hells Canyon Complex via selective intake
structures.

Over the study period, the Hells Canyon Complex relicensing process (certified in 2019) will likely
influence future CRS operations, including Dworshak Dam water releases. The certifications,
meant to ensure compliance with water quality standards, include actions aimed at improving
fish habitat and water quality in the Snake River and its tributaries. In addition to habitat
restoration and fish placement, operational improvements will aim to cool water in the river for
spawning and increased survival. Cooling water from Dworshak Reservoir is routinely used by
the co-lead agencies to mitigate the influx of warm water into the lower Snake River. Under the
new certification, however, Idaho Power will operate Brownlee Dam to reduce the temperature
of water released from the dam, which is expected to reduce stress on all fish and aquatic life.
This could also relieve some of the actions co-lead agencies currently take to mitigate for high
temperatures coming out of the Hells Canyon Complex through Dworshak releases. These
combined operational changes could have a cumulative beneficial effect on lower Snake River
water quality temperatures.

Winter flows and the frequency of winter flood events are projected to increase in the lower
Snake River and at Dworshak Reservoir under the No Action Alternative. In response to this
change, Dworshak Dam could store and evacuate inflow volumes for system winter flood
events more frequently than during the historical period. The projected higher volumes and
variability in flows could result in increased spill leading to increased TDG from lack-of-market
and lack-of-turbine-capacity spill and turbidity during winter months. During spring, the freshet
is projected to occur earlier, resulting in an earlier fill period for Dworshak Reservoir and higher
outflows in April, which could result in higher TDG in spring and increased reservoir
productivity.

Under the No Action Alternative for Grand Coulee and Chief Joseph, periods of higher
temperatures have the potential to occur earlier in the year and last for longer durations than
historically. This could exacerbate algal, nutrient, pH, and dissolved oxygen issues. In the spring,
water temperatures could warm earlier in the year because of the projected increase in air
temperature. Grand Coulee creates a lagged effect on downstream seasonal water temperature
change because the outflow temperature is less than inflow. This thermal lagging from the dam
is likely to persist under projected climate change conditions. Flow volume is projected to
increase during winter months, which could result in higher outflows and higher spill. Increased
inflow and spill volume is likely to result in higher TDG than historical levels during winter. In the
summer, TDG could be decreased as a result of projected lower flow volumes.

Under the No Action Alternative, nutrients or pollution would remain relatively low in Hungry
Horse Reservoir. It is expected that coal production in the Kootenai River watershed above
Libby Dam will continue to increase as it has over the past 20 years. This increase will lead to
greater selenium and nitrate loadings into Lake Koocanusa and the Kootenai River downstream
of Libby Dam. Under the No Action Alternative, the additive effects of higher winter flows and
runoff anticipated under climate change may cause suspended solids (nutrients, selenium) to
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move farther down into the reservoir and downstream of Libby Dam in the Kootenai River.
Runoff in combination with an expected increase in coal production is expected to increase
pollutants in both the reservoir and the river. The continued increase in nitrate loadings to Lake
Koocanusa could make the lake susceptible to increased algal blooms, including potential
nuisance species, under the No Action Alternative.

MULTIPLE OBJECTIVE ALTERNATIVE 1

In general, water temperature responses at Hungry Horse and Chief Joseph projects under MO1
are expected to be similar to the No Action Alternative. Overall negligible water quality effects
are anticipated for Regions A, B, and D, with the exception of major reductions in TDG below
Grand Coulee Dam in Region B. Minor increase in spill and associated TDG levels are expected
at Libby Dam due to the project’s draft and refill operations.

There are no changes to operations expected at Albeni Falls Dam under MO1, so the water
quality in Lake Pend Oreille and the Pend Oreille River is expected to remain unchanged and
reflect conditions as described in the No Action Alternative (see Table 6-15). In Region C under
MO1, moderate adverse effects to water temperature and negligible effects to TDG and other
water quality parameters would likely occur.

Table 6-15. Water Quality Direct/Indirect Effects from Multiple Objective Alternative 1
Compared to the No Action Alternative
Region MO1

A (Libby) Effects are expected to be similar to the No Action Alternative, with the exception of a
minor increase in spill and associated TDG levels at Libby Dam due to the project’s draft
and refill operations.

A (Hungry Horse) Effects are expected to be similar to the No Action Alternative.
A (Albeni Falls) Effects are expected to be similar to the No Action Alternative.
B (Grand Coulee) Effects are expected to be similar to the No Action Alternative, with the exception of

major reductions in TDG below Grand Coulee Dam in Region B. Increased seasonal water
surface elevations are anticipated to result in an increased amount of mercury that is
converted to methylmercury upon rewatering of shorelines. Methylmercury is the more
toxic form of mercury that bioaccumulates in fish tissue.

B (Chief Joseph) Effects are expected to be similar to the No Action Alternative.

C (Dworshak) Effects are expected to be similar to the No Action Alternative.

C (Lower Snake The Dworshak Temperature Control measure results in significantly higher water
River) temperature than NAA in August and early September. These effects are greatest at

Lower Granite and decrease downstream.

D (Lower Columbia | Effects are expected to be similar to the No Action Alternative.
River)

Under MO1, slightly higher water temperatures would be expected in the lower Snake River
during August due to the Modified Dworshak Summer Draft measure. Under MO1, cool water
would be discharged into the lower Snake River from June 21 to August 1. This measure results
in substantially higher water temperatures than No Action Alternative in August and early
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September. These effects are greatest at Lower Granite and decrease downstream. This
measure could exacerbate potential warming water temperatures from Climate Change.

At Grand Coulee, increased seasonal water surface elevations are anticipated to result in an
increased amount of mercury that is converted to methylmercury upon rewatering of
shorelines. Methylmercury is the more toxic form of mercury that bioaccumulates in fish tissue.
This could be exacerbated over the study period if more inflows of mercury into Lake Roosevelt
were to occur due to RFFA23, Mining in Reaches Upstream of CRS Dams.

In addition, increases in spill and associated TDG levels at Libby Dam are anticipated due to the
project’s draft and refill operations. It is not well understood how RFFAs could cumulatively
affect this condition, whether adverse or beneficial. Major reductions in TDG below Grand
Coulee do not have associated cumulative effects.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Cumulative effects to water quality from MO2 are described in Table 6-16 and discussed in the
text below. In general, water temperature response at Grand Coulee, Chief Joseph, and Albeni
Falls projects and in the Lower Snake River are expected to be similar to the No Action
Alternative. In Region A, negligible to minor improvements to water quality would occur. In
Region B, negligible water quality effects would occur, with the exception of major reductions
in TDG below Grand Coulee Dam. In Region C, moderate to minor increases in summer water
temperatures would occur, while in Region D water temperature effects would be negligible. In
Regions C and D, frequency of exceeding state TDG water quality standards would decrease.

Table 6-16. Water Quality Direct/Indirect Effects from Multiple Objective Alternative 2
Compared to the No Action Alternative

Region MO2

A (Libby) There would likely be adverse effects due to higher outflows, potentially resulting
in suspended solids moving farther down into the reservoir and downstream of
Libby Dam, and increased downstream water temperature.

A (Hungry Horse) The Slightly Deeper Draft for Hydropower measure would allow for greater
operational flexibility and results in deeper winter drawdowns at Hungry Horse
Reservoir. This, in turn, reduces spring outflows and spill in some cases. As a
result, the number of days that TDG below the dam is greater than 110 percent
under MO2 is expected to be lower than the No Action Alternative in most years.

A (Albeni Falls) Effects are expected to be similar to the No Action Alternative.

B (Grand Coulee) Effects are expected to be similar to the No Action Alternative, with the exception
of major reductions in TDG below Grand Coulee Dam.

B (Chief Joseph) Effects are expected to be similar to the No Action Alternative.

C (Dworshak) Beneficial negligible decreases in TDG are expected at Dworshak in addition to

colder water temperatures from April through June, alongside moderate to minor
increases in summer water temperatures.

C (Lower Snake River) Decreases in TDG levels are expected, alongside moderate to minor increases in
summer water temperatures.

D (Lower Columbia River) Decreases in TDG levels are expected.
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Hungry Horse would experience deeper winter drawdowns under MO2. This, in turn, could
reduce spring outflows and spill, thereby potentially reducing TDG below the dam to lower than
No Action Alternative levels in most years.

Under MO2, a deeper drawdown of Libby Reservoir may help to mitigate for higher inflows
anticipated in the winter as a result of climate change. However, deeper reservoir drafts and
higher outflows may result in suspended solids (nutrients, selenium) moving farther down into
the reservoir and downstream of Libby Dam, and increased downstream water temperatures in
the Kootenai River. This, combined with the additive effects of mining and coal extraction
upstream, would likely adversely affect contaminant levels in Libby Reservoir and the Kootenai
River. In addition, there would be a slight decrease in TDG releases from Grand Coulee dam in
average flow years.

MULTIPLE OBJECTIVE ALTERNATIVE 3

Cumulative effects to water quality from MO3 are described in Table 6-17 and discussed the
text below.

Table 6-17. Water Quality Direct/Indirect Effects from Multiple Objective Alternative 3
Compared to the No Action Alternative and Multiple Objective Alternatives 1 and 2

Region MO3

A (Libby) Similar to MO2, a deeper drawdown of Libby Reservoir may help to mitigate for
higher inflows anticipated in the winter under climate change. However, deeper
reservoir drafts and higher outflows may result in suspended solids (nutrients,
selenium) moving farther down into the reservoir and downstream of Libby Dam, as
well as increased downstream water temperatures.

A (Hungry Horse) Effects are expected to be similar to MO1.

A (Albeni Falls) Effects are expected to be similar to the No Action Alternative.

B (Grand Coulee) Effects are expected to be similar to the No Action Alternative.

B (Chief Joseph) Effects are expected to be similar to the No Action Alternative.

C (Dworshak) Effects are expected to be similar to the No Action Alternative.

C (Lower Snake River) Major short-term adverse impact 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 fall water temperatures. MO3 is
expected to result in warmer water temperature in the spring and increased air
temperatures under climate change could exacerbate this impact.

D (Lower Columbia River) | Minor reductions in fall water temperatures are expected as compared to the No
Action Alternative. 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.

The primary water quality concern under MO3 from dam breach is the exposure of chemical
contaminants that have been contained in reservoir sediment. Chemicals of concern include
total DDT, dioxin, manganese, and un-ionized ammonia. DDT could potentially affect the
biological system, and un-ionized ammonia concentrations may exceed EPA water quality
criteria for the protection of aquatic life. This, combined with the additive effects of legacy
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contaminant issues upstream, would likely increase contaminant levels in the lower Snake and
Columbia Rivers, culminating in a larger impact to sediment contamination in the McNary
reservoir. This will likely be higher in the short term following breach and continue
intermittently with high-flow events that reach areas that were previously mud flats. Breach of
the lower Snake River dams would result in sediment being transported downstream to the
McNary forebay, particularly in the years immediately following dam breach (near term). As a
result, near-term, adverse effects associated with the sediment transport would be expected in
the McNary Reservoir. Dissolved oxygen, light attenuation, phytoplankton, zooplankton, and
productivity would likely be depressed, while total suspended solids, turbidity, nutrients,
organics, and metals would likely increase.

Under MO3, elevated river TDG due to dam spill operations would not occur. An initial
reduction of primary and secondary production is likely to occur while suspended solids are
concentrated and turbidity is elevated. As compared to the No Action Alternative, MO3 is
expected to result in warmer water temperature in the spring, similar water temperatures in
the summer, and cooler water temperatures in the fall with the overall duration of warm water
reduced. Furthermore, the shallower free flowing river condition of MO3 will lead to greater
diurnal fluctuations in water temperature, including nighttime cooling. Daily low temperatures
(occurring at night) are projected to warm faster than daily high temperatures. The effects of
projected increasing nighttime temperatures could reduce nighttime cooling of the river.
Cumulatively, increased air temperatures under climate change could exacerbate this impact. In
addition, the river would likely cool more at night, providing more refuge for fish. These
temperature changes could be adverse or beneficial depending on the season or time of day. In
the case of beneficial effects (such as nighttime temperature drops), the additive cumulative
sources of heat in the Columbia River Basin (such as climate change) would have less of an
impact under MO3, resulting in less of a need to draft Dworshak to add cold water to the
system. In the case of adverse effects (such as daytime temperature increases), the additive
sources of heat in the basin could make it harder to cool the river in times of extreme heat
under MO3. This would encourage early (starting in July) Dworshak water temperature
management to mitigate warming in the lower Snake River.

MULTIPLE OBJECTIVE ALTERNATIVE 4

Cumulative effects to water quality from MO4 are described in Table 6-18 and discussed the
text below.

Table 6-18. Water Quality Direct/Indirect Effects from Multiple Objective Alternative 4
Compared to the No Action Alternative and Multiple Objective Alternative 1

Region MO4

A (Libby) Reduced productivity is expected in the reservoir. This operation and resultant impact
may increase in frequency as streamflow volumes are likely to shift to occur earlier in
the year and late spring/summer flow declines (Section 4.1.2.4).

A (Hungry Horse) Effects are expected to be similar to MO1.

A (Albeni Falls) Effects are expected to be similar to the No Action Alternative.
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Region MO4

B (Grand Coulee) Effects are expected to be similar to MO1, with the exception of major reductions in
TDG below Grand Coulee Dam. Water temperatures downstream of Grand Coulee are
expected to continue to exceed water quality standards in late summer and early fall,
which could be exacerbated in dry years.

B (Chief Joseph) Effects are expected to be similar to MO1.

C (Dworshak) Increased TDG is expected in this part of the river.
C (Lower Snake River) | Increased TDG is expected in this part of the river.
D (Lower Columbia Increased TDG is expected in this part of the river.
River)

Under MO4, in low water years, the McNary Flow Target measure would allow the following
maximum releases: 534,000 acre-feet from Libby, 232,000 acre-feet from Hungry Horse,
234,000 acre-feet from Albeni Falls, and 1 million acre-feet from Grand Coulee. These releases
would in turn result in lower reservoir elevations at each project, which could reduce
productivity in the reservoir and impact fish growth. As a result of the additive effect of climate
change, this operation may need to increase in frequency as streamflow volumes are likely to
shift to occur earlier in the year and as late spring/summer flow declines. Water temperatures
downstream of Grand Coulee are expected to continue to exceed water quality standards in
late summer and early fall, and this could be exacerbated in dry years by the early release of
flows and missed refill due to the McNary Flow Target measure. Cumulative effects such as
climate change would only increase air surface temperatures in this region, thus increasing
water temperatures as well.

6.3.1.4 Anadromous Fish

RFFAs with potential to impact anadromous fish in the CIAA are listed in Table 6-19 and Table
6-20, along with a summary of the effects of these actions.
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Table 6-19. Reasonably Foreseeable Future Actions Relevant to Anadromous Fish

RFFA ID RFFA Description Impact Description
RFFA1 Population Growth and Urban, Rural, There would be an adverse effect from loss of riparian habitat and fragmentation through new
Commercial, Industrial, and Agricultural | development projects.
Development
RFFA2 Water Withdrawals for Municipal, There could be an overall adverse effect from reduced availability of water from increased
Agricultural, and Industrial Uses demand. In addition, tributaries that are substantially depleted by water diversions will continue to
be an important limiting factor for most species in the Columbia River Basin upstream of Bonneville
Dam.
RFFA3 New and Alternative Energy There could be a possible adverse effect from increase in lack-of-market or lack-of-turbine-capacity
Development spill in the future and higher TDG levels if shifting away from hydropower to other sources occurs.
RFFA5 Federal and State Wildlife Lands Land management practices are anticipated to continue to include watershed improvement
Management projects that can benefit fish.
RFFA6 Increase in Demand for New Water There is potential for adverse effects from changes to timing, delivery, and quantity of water in
Storage Projects different locations from new storage projects.

RFFA7 Fishery Management Plans The goal of Pacific Salmon Fishery Management Plans is to better manage catch of salmon in ocean
waters offshore. This could lead to a trend of beneficial effects to salmon numbers by reducing
commercial catch for these species. The United States v. Oregon Fishery Management Agreement
has the overall goal of rebuilding weak runs to full productivity through habitat protection
authorities, enhancement efforts, artificial production techniques, and harvest management.
Implementation of this agreement could lead to a trend of beneficial effects to target species.

RFFA8 Bycatch and Incidental Take Bycatch of Endangered Species Act (ESA)-listed species and incidental take would continue to have
an adverse effect.

RFFA12 Fish Hatcheries Hatcheries would continue to benefit overall anadromous populations that are increased through
stocking. There are also adverse effects that would continue to occur from interactions between
hatchery and naturally reproduced fish.

RFFA13 Tribal, State, and Local Fish and Wildlife | New tribal, state, and local fish and wildlife improvement projects are projected to restore,

Improvement maintain, create, or enhance fish and wildlife habitat. Many of these projects are focused on
benefiting anadromous species.

RFFA14 Lower Columbia River Channel In-water and shoreline placement of dredged materials, as well as construction associated with

Improvement Plan channel training structures, may temporarily disrupt aquatic habitat.
RFFA15 Snake River Sediment Management Plan | Dredging effects on fish are generally localized and include possible entrainment, increased

turbidity, noise, and changes to habitat such as substrate and depth. Effects on salmonids would
continue to be minimized by conducting work during the approved in-water work period when
many fish species are at lower densities.
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RFFA ID RFFA Description Impact Description

RFFA17 Invasive Species There is a projected increase in northern pike and other species that prey on salmonids. Non-
native fishes such as walleye, smallmouth bass, and channel catfish are also present in slower-
moving areas throughout the Columbia River Basin.

RFFA19 Climate Change Projected changes in air temperature, precipitation, hydrology and stream temperature have
adverse implications for the freshwater, estuarine, and marine environments of many fish species
in the Pacific Northwest. For salmon and steelhead in the Columbia River Basin, climate change
may affect the timing of spawning, emergence, and migration; cause changes in growth and
development; increase predation rates; increase ocean temperatures; and affect the availability of
critical habitat. These biological changes could impact species productivity and abundance. A
detailed description of the potential effects on anadromous fish from Climate Change is presented
in Section 4.2.3.

RFFA20 Clean Water Act—Related Actions CWA-related permitting and actions related to temperature and other water quality parameters
would continue to benefit anadromous species.

RFFA22 Idaho Power Hells Canyon Complex There is potential for temperature effects during summer migration if Brownlee Reservoir is

Temperature Issues drafted.
RFFA23 Mining in Reaches Upstream of CRS There would be potential adverse effects due to pollutants and bioaccumulation.
Dams

RFFA26 Middle Columbia Dam Operations Passage rates are similar to CRS dams, however, Columbia River salmon, steelhead, and lamprey

must pass these five additional dams before they reach other tributaries.
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Table 6-20. Direct and Indirect Effects on Anadromous Species Compared to the No Action Alternative

Fish Type

MO1

MO2

MO3

MO4

Salmon and
Steelhead

Upper Columbia

Action Alternative.

Structural and operational
measures designed to provide
incremental improvements in

would have negligible to minor

results.

Effects would be similar to the No

juvenile survival and adult returns

benefits based on fish modeling

Lower spill would, generally
increase travel time,
transportation, and the
number of powerhouse
encounters for outmigrating
juveniles. CSS model results
show major adverse effects
while NOAA LCS model results
show minor adverse effects to
juvenile survival and adult
abundance. There would also
be lower TDG exposure.

There would be negligible to
minor beneficial effects due to
increases in juvenile survival
and adult returns with fewer
powerhouse encounters. There
would also be slightly higher
TDG exposure.

CSS model results show major
beneficial effects while NOAA
LCS model results show
moderate adverse effects to
juvenile survival and adult
abundance. There would also be
higher TDG exposure, which may
also reduce passage success of
adults.
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Fish Type MoO1 MO2 MO3 MO4

Snake River Effects would be similar to the No | There would be decreases in Snake River anadromous CSS model results show major
Salmon and Action Alternative. Structural and | juvenile survival metrics based | species would experience beneficial effects while NOAA
Steelhead operational measures would on reduced spill during short-term, major adverse LCS model results show

provide incremental, small
improvements and the fish
models show negligible to minor
benefits. The Modified Dworshak
Summer Draft measure intended
to improve thermal conditions for
adults would result in adverse
water temperatures and reduce
adult migration success.

downstream passage. Adult
abundance may vary
depending on latent mortality
assumptions. Adult abundance
results vary by model; minor
increases if more transported
fish contributes to higher
returns or major decreases
due to more powerhouse
encounters and reduced
ocean survival. There would
also be lower TDG exposure.

effects immediately post-
breath, then major beneficial
effects after sediment
movement returns to No Action
Alternative levels.

moderate adverse effects to
juvenile survival and adult
abundance. There would be
higher TDG exposure with
increased spill, which may also
reduce passage success of adults.

Other Anadromous
Fish

There would be minor adverse
effects to chum salmon. There
would be minor beneficial effects
to lamprey from expanding the
network of lamprey passage
structures. Eulachon, shad, and
green sturgeon effects would be
similar to the No Action
Alternative.

There would be decreased
overall juvenile survival. There
would be moderate adverse
effects to chum salmon, minor
beneficial effects to lamprey,
and minor adverse effects to
Eulachon and green sturgeon.
There would also be lower
TDG exposure.

Effects to coho and chum
salmon would be similar to the
No Action Alternative. There
would be minor adverse effects
to eulachon and green
sturgeon. There would be
minor beneficial effects to
lamprey.

There would be lower chum
flows and survival. Minor
adverse effects to eulachon and
green sturgeon would occur.
There would be minor beneficial
effects to lamprey
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NO ACTION ALTERNATIVE

As described in Section 3.5.5.2, a variety of factors, including project structures, surface passage
modifications, natural mortality, and predation affect juvenile migration and survival at the
lower Columbia River and lower Snake River Projects. Adult migration is affected by dam
passage, predation, and temperature and flow conditions. The measures in the No Action
Alternative are not expected to change these factors, although temperature and flow
conditions under the No Action Alternative may be impacted by climate change and other
actions.

There are a number of cumulative actions that could have beneficial and adverse effects to
anadromous species under the No Action Alternative as described in Table 6-20.

MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 creates small overall improvements for upper Columbia River salmon and steelhead and
Snake River salmon and steelhead through structural measures and flow modifications. In the
future, these improvements may be offset by projected changes in flows and temperature.
Under MO1, there would also be adverse effects to Snake River salmon and steelhead from the
Dworshak flow measure, which would limit the ability of the CRS to mitigate high temperature
inflows, resulting in temperature increases later in the summer. Flows for chum salmon would
be met in 2 percent less years than the No Action Alternative. The most influential effect of
MO1 on Columbia River sockeye would be the substantial reduction in nesting habitat for the
birds that prey on outmigrating juvenile fish. There would be an incremental benefit to lamprey
from lamprey measures. Mitigation measures under MO1 include temporary extension of
performance standard spill levels which would reduce effects from increased spill levels in
Regions C and D. Cumulative actions that have the potential to further reduce water levels in
the future, such as population growth and development, water withdrawals, new storage
projects, and climate change, could increase adverse effects identified from the Dworshak
measure and could increase the number of years that chum salmon flows are not met, but it is
uncertain to what degree. In addition, there are a number of other cumulative actions that
could have beneficial and adverse effects to anadromous species in the basin under MO1 as
described in Table 6-19. Considering the beneficial effects of MO1 combined with other actions
with the goal of improving conditions for anadromous species in the Columbia River Basin, it is
anticipated that there would be a cumulative benefit to anadromous species with MO1
contributing to these beneficial effects. These cumulative benefits are uncertain, however,
because the effects of environmental factors such as climate change could have adverse effects
to anadromous species that would outweigh benefits from measures in MO1 and other
cumulative actions intended to benefit anadromous species, such as tribal, state, and local fish
and wildlife improvement projects.

MULTIPLE OBJECTIVE ALTERNATIVE 2
MO?2 includes structural measures to improve survival of juvenile salmon and steelhead, but

lower spill would, generally speaking, increase travel time and the number of powerhouse
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encounters for juvenile outmigrants. Anadromous juveniles outmigrating in the Snake River
would be transported at a higher rate than under the No Action Alternative, which could result
in more reaching Bonneville Dam sooner than in-river fish. Depending on ocean survival
dynamics, more or less adults could return, and returning adults would likely have higher rates
of straying and migration delays due to higher rates of transported juveniles. There would also
be decreased juvenile steelhead and salmon survival in the middle and lower Columbia River
reaches and minor adverse effects to eulachon and green sturgeon. However, the lower spill
may decrease steelhead kelt survival but would lower TDG overall. Juvenile sockeye salmon
would experience lower survival during outmigration in the river than under the No Action
Alternative. The most important change for Columbia River sockeye from MO2 is the potential
for transportation of juveniles, which can improve short-term survival of juveniles but may have
adverse consequences when they return as adults. Additionally, higher temperatures compared
to the No Action Alternative would have additional adverse effects for adults.

Similar to MO1, cumulative actions that have the potential to further increase temperatures and
reduce water levels in the future, such as population growth and development, water
withdrawals, new storage projects, and climate change, could increase adverse effects identified
due to hydropower measures and decreased spill, but it is uncertain to what degree. Some of
these adverse effects could be partially offset by other actions that have the goal of benefiting
anadromous species as identified in Table 6-19. Overall, because MO2 has predominantly
adverse effects to anadromous species, when combined with adverse effects from cumulative
actions, it is anticipated that there could be a substantial adverse cumulative impact under MO2.

MULTIPLE OBJECTIVE ALTERNATIVE 3

Under MO3, modeling results indicate there would be minor increases in juvenile survival and
adult returns and fewer powerhouse encounters for upper Columbia River salmon and
steelhead. MO3 would involve breaching the lower Snake projects, which would end juvenile
fish transportation at the collector projects, and would also have effects on both juvenile
outmigration and adult upstream migration. Hatchery fish production in the basin would be
reduced with the elimination of the Snake River Compensation Plan hatcheries. With the
breaching of Snake River dams, there would no longer be the commitment to mitigate for those
dams, so the hatchery programs funded by the Lower Snake River Compensation Plan would no
longer produce smolts. These fish account for 80 to 90 percent of all juvenile Snake River fish
passing CRS projects. COMPASS and CSS models do not account for this dramatic reduction in
juvenile fish production. Adverse effects from increased spill levels would be minimized through
performance standard spill in Region D and adverse effects from dam breaching in Region C
would be minimized by trapping and transporting affected populations and raising additional
hatchery fish to address fish lost from dam breaching. Modification of the Tucannon River
channel at the delta would minimize anticipated passage effects to anadromous fish on the
Tucannon River due to breaching. Breaching of the lower Snake River dams would have
downstream benefits to sockeye salmon related to turbidity and reducing predation plus added
safety in numbers for outmigrating juveniles. There would also be minor increases in middle and
lower Columbia River salmon and steelhead. Coho and chum salmon would experience effects
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similar to the No Action Alternative, and there would be minor adverse effects to eulachon and
green sturgeon. Considering the beneficial effects of MO3 combined with other actions with the
goal of improving conditions for anadromous species in the Columbia River Basin as described in
Table 6-19, it is anticipated that there would be a cumulative benefit to anadromous species
under MO3, with MO3 dam breaching on the lower Snake River contributing to these beneficial
effects. The degree of cumulative benefits is uncertain, however, there are other factors such as
climate change (higher water temperatures, decreased in-river water flow, etc.) that could have
adverse effects to anadromous species that outweigh benefits from measures in MO3 and other
actions intended to benefit anadromous species.

MULTIPLE OBJECTIVE ALTERNATIVE 4

Under MO4, for upper Columbia River salmon and steelhead, there would be minor increases in
juvenile survival and adult returns, shorter travel time, and fewer powerhouse encounters from
increased spill. However, there would be higher TDG exposure. For Snake River salmon and
steelhead, there would be increased juvenile survival and much higher TDG exposure. There
would also be increased juveniles in the middle and lower Columbia River. There would be lower
chum salmon flows and survival, and temperature effects for lamprey in the middle Columbia
River. The most notable adverse effects of this MO for Snake River sockeye would be increased
nesting habitat for predatory birds and greater TDG exposure. There could be an increase in
northern pike spreading downstream in the Columbia River due to increased entrainment out of
Lake Roosevelt. Under MO4 there would be a temporary extension of performance standard
spill in Regions C and D that would minimize adverse effects from increased spill levels. In Region
C, the Little Goose raceway infrastructure would be modified to minimize effects from higher
spill levels. Benefits to upper Columbia River and Snake River fish due to increased spill may be
partially offset by adverse effects from cumulative actions that reduce water levels, such as
climate change and increased future water withdrawals, but it is uncertain to what extent. These
same actions may increase adverse effects on chum salmon, sockeye salmon, and lamprey.
Considering the beneficial effects of MO4 combined with other actions with the goal of
improving conditions for anadromous species in the Columbia River Basin as described in Table
6-19, it is anticipated that there would be a cumulative benefit to anadromous species under
MO4 possibly with the exception of lamprey and chum salmon. The degree of cumulative
benefits is uncertain, however, because there are also other factors, such as climate change,
that could have adverse effects to anadromous species that outweigh benefits from measures in
MO4 and other actions intended to benefit anadromous species.

6.3.1.5 Resident Fish

RFFAs with potential to impact resident fish in the CIAA are listed in Table 6-21 along with a
summary of the effects of these actions.
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1165 Table 6-21. Reasonably Foreseeable Future Actions Relevant to Resident Fish

RFFAID

RFFA Description

Impact Description

RFFA1

Population Growth and Urban, Rural,
Commercial, Industrial, and Agricultural
Development

There would be an adverse effect from loss of riparian habitat, fragmentation, and
water pollution through new development projects.

RFFA2

Water Withdrawals for Municipal, Agricultural,
and Industrial Uses

There could be an overall adverse effect from reduced availability of water from
increased demand. In addition, tributaries that are substantially depleted by water
diversions will continue to be a major limiting factor for most species in the Columbia
River Basin upstream of Bonneville Dam.

RFFA3

New and Alternative Energy Development

There would possibly be an adverse effect from increase in lack-of-market/lack-of-
turbine-capacity spill in the future and higher TDG levels if shifting away from
hydropower to other sources occurs.

RFFAS

Federal and State Wildlife Lands Management

Land management practices are anticipated to continue to include watershed
improvement projects that can benefit fish.

RFFA6

Increase in Demand for New Water Storage
Projects

Potential adverse effects from changes to timing, delivery, and quantity in different
locations.

RFFA7

Fishery Management Plans

The goal of Pacific Salmon Fishery Management Plans is to better manage catch of
salmon in ocean waters offshore. This could lead to a trend of beneficial effects to
salmon numbers by reducing commercial catch for these species. The United States v.
Oregon Fishery Management Agreement has the overall goal of rebuilding weak runs
to full productivity through habitat protection authorities, enhancement efforts,
artificial production techniques, and harvest management. Implementation of this
agreement could lead to a trend of beneficial effects to target species.

RFFA8

Bycatch and Incidental Take

Bycatch of ESA-listed species and incidental take would continue to have an adverse
effect.

RFFA9

Bull Trout Passage at Albeni Falls

The proposed action is to construct an upstream “trap and haul” fish passage facility at
Albeni Falls; downstream passage will occur through the spillway and powerhouse.

RFFA10

Ongoing and Future Habitat Improvement
Actions for Bull Trout

A common goal among these plans is the improvement of aquatic habitat and water
quality to benefit native salmonids, especially bull trout.

RFFA11

Bull Trout Fisheries Management

The state fish and game agencies manage fisheries in the Columbia River Basin and
regulate private and public hatchery releases. The agencies modify and publish
recreational fishing regulations on an annual basis. Currently, recreational anglers may
not target bull trout in most areas but may incidentally catch and release bull trout.
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RFFA ID RFFA Description Impact Description

RFFA12 Fish Hatcheries Hatcheries would continue to benefit resident fish populations that are increased
through stocking. There would also be continued adverse effects from interactions
between hatchery-produced and naturally reproduced fish.

RFFA13 Tribal, State, and Local Fish and Wildlife New tribal, state, and local fish and wildlife improvement projects are projected to

Improvement restore, maintain, create, or enhance fish and wildlife habitat. Many of these projects
are focused on resident species of concern.

RFFA14 Lower Columbia River Dredged Material Channel training and in-water and shoreline placement of dredged materials may

Management Plan temporarily disrupt aquatic habitat.

RFFA15 Snake River Sediment Management Plan Dredging effects on fish are generally localized and include possible entrainment,
increased turbidity, noise, and changes to habitat such as substrate and depth. Effects
on fish would continue to be minimized by conducting work during the approved in-
water work period.

RFFA16 SKQ Dam Operations Adverse effects to bull trout would continue to occur from entrainment through SKQ
Dam out of Flathead Lake.

RFFA17 Invasive Species Non-native fishes such as northern pike, walleye, smallmouth bass, and channel catfish
would continue to be present in reservoirs and slower-moving riverine areas
throughout the Columbia and Snake River Systems.

RFFA19 Climate Change Potential effects of climate change, such as warmer air temperatures and changes to
hydrology, could have effects on the ecosystem. Warming air temperatures coupled
with changing rainfall amounts and timing affects soil conditions, plant communities,
insects, and wildlife. A warming climate could affect the distribution and abundance of
many resident fish, increasing the range of some species while reducing the range of
others.

RFFA20 Clean Water Act—Related Actions CWA-related permitting and actions related to temperature and other water quality
parameters would continue to benefit fish.

RFFA22 Idaho Power Hells Canyon Complex Temperature | There is potential for temperature effects during summer migration.

Issues
RFFA23 Mining in Reaches Upstream of CRS Dams There would be potential adverse effects due to pollutants and bioaccumulation.

Table 6-22 below provides a summary of direct and indirect effects identified for resident fish.
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Table 6-22. Summary of Direct and Indirect Effects to Resident Fish from Alternatives

Region

MO1

MO2

MO3

MO4

Region A Resident
Fish

In the Kootenai area, there
would be mixed benefits to food
production in the reservoir and
minor adverse effects to burbot
and Kootenai River White
Sturgeon.

In the Hungry Horse area, there
would be minor to moderate
adverse effects from changes in
reservoir elevations and
outflows to bull trout and other
native fish, food availability, the
varial zone, fish entrainment,
and habitat.

Effects in the Lake Pend Oreille
basin would be similar to the No
Action Alternative.

In the Kootenai area, there
would be minor adverse effects
to riparian and sturgeon
recruitment, however, there
would be a minor beneficial
increase to river habitat for bull
trout and other native fish.

In the Hungry Horse area, there
would be moderate to major
adverse effects to food
availability, the varial zone,
entrainment, and habitat.

In the Lake Pend Oreille basin,
there would be reduced
entrainment risk.

In the Kootenai area, there
would be moderate adverse
effects to food availability and
minor adverse riparian and
sturgeon recruitment effects;
however, there would be a
minor beneficial increase to
river habitat for bull trout and
other native fish.

In the Hungry Horse area, there
would be minor to moderate
adverse effects to bull trout,
food availability, the varial zone,
entrainment, and habitat.
Effects in the Lake Pend Oreille
basin would be similar to the No
Action Alternative.

In the Kootenai area, there
would be minor beneficial
effects to the riparian habitat;
however, there would be a
minor to moderate adverse
effects to reservoir habitat and
tributary access.

In the Hungry Horse area, there
would be moderate to major
adverse effects to bull trout,
food availability, the varial zone,
entrainment, and habitat
(especially in dry years).

In the Lake Pend Oreille basin,
there would be minor adverse
effects to riparian and reservoir
habitat and tributary access
(especially in dry years).

Region B Resident
Fish

There would be minor to
moderate effects in Lake
Roosevelt to bull trout and
other resident fish including
increased entrainment and
varial zone effects. Overall
effects in river reaches would be
similar to the No Action
Alternative except for minor
reduction in sturgeon
recruitment.

There would be moderate
adverse effects in Lake
Roosevelt such as increased
entrainment and varial zone
effects. River effects and
sturgeon recruitment would be

similar to No Action Alternative.

There would be minor adverse
effects to sturgeon above Lake
Roosevelt and minor adverse
effects due to entrainment of
Lake Roosevelt fish.

In the McNary reservoir there
would be increased sturgeon
recruitment and connectivity.
There would be minor short-
term adverse effects from
breaching the four lower Snake
River dams.

There would be moderate to
major adverse effects in Lake
Roosevelt, such as increased
entrainment and varial zone
effects (especially in dry years).
Sturgeon recruitment would be
similar to the No Action
Alternative.
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Region

MO1

MO2

MO3

MO4

Region C Resident
Fish

Minor increases in water
temperature in August would
favor non-native fish (Dworshak
Summer Draft measure) and
result in minor adverse effects
to native species, otherwise
effects would be similar to the
No Action Alternative.

There would be minor to
moderate adverse entrainment
effects to Dworshak bull trout
and kokanee. Snake River fish
would have increased mortality
during dam passage but would
be exposed to lower TDG.

There would be moderate to
major adverse short-term
construction effects from dam
breaching. There would be a
major beneficial effect to bull
trout and white sturgeon, due to
reconnection of fragmented
populations and increased
spawning habitat for white
sturgeon.

There would be a minor to
moderate adverse effects, due
to higher TDG exposure.

Region D Resident
Fish

Effects would be similar to the
No Action Alternative with
negligible adverse effects to
flows and water temperatures
and potential stranding of white
sturgeon larvae.

Effects to Bull trout and other
resident fish would be similar to
the No Action Alternative.

Effects to Bull trout and other
resident fish would be similar to
the No Action Alternative.

There would be a minor to
moderate adverse effects, due
to higher TDG exposure.
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NO ACTION ALTERNATIVE

As described in Section 3.5.5.2, the effects of the No Action Alternative are anticipated to be
similar in nature to the existing conditions. Resident fish species would continue to be impacted
by the dams and their operations as described in the Affected Environment section of Chapter
3. There are a number of cumulative actions that could both beneficially and adversely affect
resident species under the No Action Alternative as described in Table 6-21.

MULTIPLE OBJECTIVE ALTERNATIVE 1

In Region A, MO1 causes a reduced food supply, higher entrainment, and varial zone adverse
effects in Hungry Horse Reservoir, and higher summer flows reduce habitat for resident fish in
the Flathead River. To minimize these effects there would be vegetation planting and structural
habitat components installed around Hungry Horse Reservoir. In the Kootenai River, there
would be a minor increase in bull trout and redband rainbow trout and westslope cutthroat
trout river habitat. Mitigation measures implemented under MO1, including cottonwood
planting near Bonners Ferry, would minimize adverse effects to Kootenai River White Sturgeon.
In Region B, there would be increased entrainment and reduced productivity in Lake Roosevelt
and increased stranding of kokanee and burbot eggs along with affects to redband rainbow
trout from lower water levels. To minimize these effects, additional spawning habitat at Lake
Roosevelt would be identified and established. In Region C, warmer temperatures from
Dworshak would adversely impact native fish and benefit non-native warmwater fish. In Region
D, adrop in the John Day reservoir could strand larvae. Overall, cumulative actions that have
the potential to further reduce water levels in the future, such as population growth and
development, water withdrawals, new storage projects, and climate change, could increase
adverse effects identified, but it is uncertain to what degree. Adverse cumulative effects would
be partially offset by actions that have the goal of benefitting resident species as identified in
Table 6-22. Mitigation actions under MO1 intended to benefit resident species, as identified in
Chapter 5, could further offset adverse cumulative effects.

MULTIPLE OBJECTIVE ALTERNATIVE 2

In Region A, MO2 causes reduced food supply and increased winter entrainment at Hungry
Horse. Winter habitat in the Flathead River would be substantially reduced. In the Kootenai
River, there would be a decrease in spring freshets and sturgeon river habitat. There would be
an increase in bull trout and redband and westslope cutthroat trout river habitat. These effects
would be minimized by planting cottonwoods near Bonners Ferry and vegetation planting and
installation of structural habitat components around Hungry Horse Reservoir. In Region B at
Lake Roosevelt, there would be adverse effects similar to those described for MO1. These
effects would be minimized by identifying and developing additional spawning habitat at Lake
Roosevelt. In Region C, there would be increased entrainment of kokanee and reduced survival
of fish through the turbines. Similar to MO1, actions that have the potential to further reduce
water levels in the future, such as population growth and development, water withdrawals,
new storage projects, and climate change, could increase adverse effects identified due to
hydropower measures, but it is uncertain to what degree. There are also other factors that
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could have unquantified adverse effects to resident species as described in Table 6-21. Adverse
cumulative effects would be partially mitigated by actions that have the goal of benefitting
resident species as identified in Table 6-21. Mitigation actions intended to benefit resident
species, as identified in Chapter 5, could further offset adverse cumulative effects.

MULTIPLE OBJECTIVE ALTERNATIVE 3

In Region A, effects of MO3 at Hungry Horse Dam and Pend Oreille River would be similar to the
No Action Alternative. These effects would be minimized by vegetation planting and installation
of habitat structures around Hungry Horse Reservoir, and cottonwood planting near Bonners
Ferry. In the Kootenai River, there would be minor increases in lake productivity and habitat.
There would be an increase in bull trout river habitat and westslope and redband cutthroat
habitat. In Region B at Lake Roosevelt, there would be adverse effects due to increased
entrainment and reduced productivity, but there would also be decreased stranding of kokanee
and burbot eggs. These effects would be minimized by identifying and developing additional
spawning habitat at Lake Roosevelt. In Region C on the Snake River, there would be short-term
construction effects from dam breaching, but long-term beneficial effects shifting to more
native fish with conversion of reservoirs to river habitat. Adverse effects would be minimized by
modifying the Tucannon River channel to improve passage and haul and trap of white sturgeon
on the Snake River in areas impacted by dam breaching. In Region D, the higher John Day
reservoir provides more habitat for sturgeon but could strand larvae, and the lower May and
June flows could increase predation. Overall, considering the beneficial effects of MO3
combined with other actions with the goal of improving conditions for resident species in the
Columbia River Basin as described in Table 6-21, it is anticipated there would be a cumulative
benefit to resident species under MO3 with dam breaching on the lower Snake River
contributing substantially to these beneficial effects. The degree of cumulative benefits is
uncertain, however, because the effects of environmental factors such as climate change could
have larger adverse effects to resident species in the future. There are also other factors that
could have unquantified adverse effects to resident species as described in Table 6-22.

MULTIPLE OBJECTIVE ALTERNATIVE 4

Under MO4, there would be reduced food supply, higher entrainment, and varial zone adverse
effects at Hungry Horse. These effects would be minimized by vegetation planting and
installation of habitat structures around Hungry Horse. The high summer flows would reduce
habitat in the Flathead River. At Lake Pend Oreille, lower reservoir elevations limit access to
tributaries and reduce shallow habitat. On the Kootenai River, there would be minor decreases
in bull trout lake and river habitat. There would also be a decrease in redband and westslope
cutthroat trout river habitat. In Region B at Lake Roosevelt, there would be major increases in
entrainment and reduced productivity. There would be large increases in stranding of kokanee
and burbot eggs and large varial zone effects to redband rainbow trout and kokanee. These
effects would be minimized by identifying and developing additional spawning habitat at Lake
Roosevelt. Northern pike invasion downstream into the Columbia River would likely increase
due to higher entrainment risk of northern pike. In Region C, higher TDG would affect bull trout
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and other resident fish. In Region D, TDG would be higher at all dams, and drawdowns at lower
Columbia River reservoirs could reduce habitat. Actions that have the potential to further
reduce water levels in the future, such as population growth and development, water
withdrawals, new storage projects, and climate change, could increase adverse effects
identified due to hydropower measures, but it is uncertain to what degree. There are also other
factors that could have adverse effects to resident species as described in Table 6-22. Adverse
cumulative effects would be partially offset by actions that have the goal of benefitting resident
species as identified in Table 6-22. Mitigation actions intended to benefit resident species, as
identified in Chapter 5, could further offset adverse cumulative effects.

6.3.1.6 Vegetation, Wildlife, Wetlands, and Floodplains

RFFAs with potential to impact vegetation, wetlands, wildlife, and floodplains in the CIAA are
listed in Table 6-23 along with a summary of the effects of these actions. The table is followed
by a description of cumulative effects of the different MOs by region. Effects from the No
Action Alternative are expected to be similar to existing conditions as described in Section
3.6.3.2.
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Table 6-23. Reasonably Foreseeable Future Actions Relevant to Vegetation, Wildlife, Wetlands, and Floodplains

RFFAID

RFFA Description

Impact Description

RFFA1

Population Growth and Urban, Rural,
Commercial, Industrial, and Agricultural
Development

There would be an adverse effect from loss of habitat and fragmentation and increased water
use leading to reduced instream flows through new development projects potentially
affecting floodplain inundation timing.

RFFA2

Water Withdrawals for Municipal, Agricultural,
and Industrial Uses

There would be an adverse effect from less available water in the future that may lead to
conversion of wetland habitat into drier habitat types and reduced instream flow potentially
affecting floodplain inundation timing.

RFFA3

New and Alternative Energy Development

There is a potential loss of habitat from new construction projects. Wind turbines can also
impact birds, bats, and insects.

RFFA4

Increasing Use of Renewable Energy Sources,
Industrial and Vehicle Emissions Reductions, and
Decarbonization

There would be possible adverse effects due to the potential for an increase in lack of
market/lack of turbine capacity spill, which could lead losses in vegetation, wetland, and
floodplains that could adversely affect wildlife.

RFFAS

Federal and State Wildlife Lands Management

Continued public ownership of land and land management for fish and wildlife purposes is
projected to be beneficial by maintaining native habitat types and wetlands on these lands.

RFFA6

Increase in Demand for New Water Storage
Projects

New water storage projects have the potential to inundate riparian vegetation, creating an
adverse impact and reduced instream flow potentially affecting floodplain inundation timing.

RFFA7

Pacific Salmon Management Plans

Plan implementation may have a beneficial impact to orcas, sea lions, avian predators, and
other wildlife that eat salmon and steelhead.

RFFA12

Fish Hatcheries

May have a beneficial impact to orcas, sea lions, avian predators, and other wildlife that eat
salmon and steelhead.

RFFA13

Tribal, State, and Local Fish and Wildlife
Improvement

New tribal, state, and local fish and wildlife improvement projects are projected to restore,
maintain, create, or enhance native vegetation types and wetlands and, potentially, have
beneficial effects on floodplains if the projects enhance floodplain function.

RFFA14

Lower Columbia Dredged Material Management
Plan

There would be a localized adverse effect on plankton and benthic organisms during dredging
operations.

RFFA15

Snake River Sediment Management Plan

There would be a localized adverse effect on plankton and benthic organisms during dredging
operations.

RFFA16

SKQ Dam Operations

SKQ operations can have the adverse effect of limiting cottonwood regeneration in the river
below the Dam.

RFFA17

Invasive Species

Invasive plants are currently damaging biological diversity and ecosystem integrity across the
Columbia River Basin. They are on a trajectory to increase and can outcompete and cause
displacement of native plants.
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RFFA ID RFFA Description Impact Description
RFFA18 Marine Energy and Coastal Development Coastal development has the potential effects include non-point source pollution from coastal
Projects areas (e.g., stormwater runoff) that would affect vegetation, wetlands, wildlife and
floodplains.

RFFA19 Climate Change Potential effects of climate change, such as warmer air temperatures and changes to
hydrology, could have adverse effects on the ecosystem, including effects to vegetation,
wetlands, and floodplains. Warming air temperatures coupled with changing rainfall amounts
and timing affects soil conditions, plant communities, insects, and wildlife.

RFFA25 Columbia Pulp Plant There would be a potential localized adverse effect through loss of vegetation and wetlands in
the project area.

1265  Table 6-24 below provides a summary of direct and indirect effects identified for vegetation, wetlands, wildlife, and floodplains.
1266  Table 6-24. Vegetation, Wetlands, Wildlife, and Floodplains Direct and Indirect Effects Summary

Region |Mo1 |M02 |mo3 Mmoa

Region A

Vegetation,
Wetlands, Wildlife,
and Floodplains

There would be some areas of
habitat conversion to drier types at
Lake Koocanusa and the Kootenai
River which could impact wildlife
supported by wetland habitats.
The current probability of
inundation for the existing active
floodplains would continue.

There would be an overall
negligible effect under MO2
compared to the No Action
Alternative. Notable effects
include an expanded drawdown
zone at Lake Koocanusa, and
lower outflow from Libby Dam
and Hungry Horse in the spring.
The current probability of
inundation for the existing
active floodplains would
continue.

There would be some areas of
habitat conversion to drier types
at Lake Koocanusa. There is
potential for effects to grebes
downstream of Albeni Falls Dam
from changes in water surface
elevations.

Floodplain effects would be the
same as for MO1.

There would be an expansion of
barren areas in Lake Koocanusa
and Hungry Horse Reservoirs
which would cause a loss of
wetland structure and extent.
Same as MO1 for floodplains.
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Region MO1 MO2 [mo3 MO4

Region B
Large decrease in water surface There would be minor effects to |[There would be little to no Lower reservoir elevations at
elevation at Lake Roosevelt which |wildlife on Lake Roosevelt from |effect to the quantity, quality, |Grand Coulee and Chief Joseph
would cause a shift to upland decreasing reservoir elevations. |and distribution of habitats during the majority of the
habitats and cause an overall minor |The current probability of under MO3. growing season would result in
adverse effect to wildlife supported |inundation for the existing Floodplain effects would the a shift to upland plant
by wetland habitats. active floodplains would same as for MO1. communities in some areas.
The current probability of continue. Same as MO1 for floodplains.
inundation for the existing active
floodplains would continue.

Region C

Riparian, Wetlands,
Aquatic, Invasive
Vegetation and
Floodplains

There would be a larger barren area
at Dworshak Reservoir that could
cause drying of amphibian eggs.
Portions of the Clearwater River
would experience a marginal
increase inundation in June and July
which would be a benefit to
amphibians and birds. Overall, MO1
would have minor (Dworshak) and
negligible (lower Snake River)
changes in vegetation, habitat, and
wildlife.

The current probability of
inundation for the existing active
floodplains would continue.

There would be drying of
shoreline habitat and larger
barren areas in Dworshak
Reservoir.

Floodplain effects would the
same as for MO1.

There would be short-term
perched tributaries from dam
breaching.

There would be a long-term
conversion of deep water to
wetland islands and mudflats,
and conversion/erosion of
riparian habitat and increased
exposed sediments.

Floodplain effects would be
negligible across the basin, with
the exception of the Snake River
below Dworshak Dam, where
the floodplain would ultimately
return to a more natural
condition with major beneficial
effects on floodplain values.

Negligible change from the No
Action Alternative.

Floodplain effects would the
same as for MO1.
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Region

MO1

MO2

[mo3

MO4

Region D

Riparian, Wetlands,
Aquatic, Invasive
Vegetation and
Floodplains

Changes would be within the
natural variability and daily
fluctuations would be similar to the
No Action Alternative. Overall
negligible effect compared to the
No Action Alternative.

The current probability of
inundation for the existing active
floodplains would remain
unchanged from current conditions
in most of the basin, with minor
reductions in inundation frequency
below Bonneville Dam and below
John Day Dam (for MO4), which
could have minor effects on
floodplain benefits in those
reaches.

Negligible change from the No
Action Alternative.

Floodplain effects would the
same as for MO1.

There would be increased
sediment deposition after dam
breaching which could support
development of new wetlands.
Floodplain effects would be
negligible across the basin.

There would be an increase in
mudflats and drying of wetlands
regionwide due to decreased
reservoir elevations on the
lower Columbia River reaches
above Bonneville Dam during
the growing season.

The current probability of
inundation for the existing
active floodplains would remain
unchanged from current
conditions in most of the basin,
with minor reductions in
inundation frequency below
John Day Dam (for MO4), which
could have minor effects on
floodplain benefits in those
reaches.
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Regions A and B. Under MO1 and MO4, some areas of habitat conversion to drier types, and
some loss of wetland spatial extent and structure are possible in areas affected by lower water
levels due to deeper drafts. Under MO3 there could be increased exposure of mudflats that
would result in establishment of invasive plant species. RFFAs that could potentially decrease
the amount of water in the future, such as increased development and associated water
withdrawals, climate change, and increases in future storage projects, would increase this
effect. These cumulative actions would also increase habitat conversion, potential for increased
colonization of invasive species and the expansion of barren areas in reservoirs, loss of wildlife
access, and increase invasive species. These effects are also associated with lower water levels
due to the MOs, which can lead to adverse effects to floodplain inundation timing. Adverse
effects from the MOs and from cumulative actions would be partially offset by habitat
improvement projects such as Federal and state wildlife land management and tribal, state, and
local fish and wildlife improvements. Mitigation actions intended to benefit wildlife and
vegetation as well as wetlands, as identified in Chapter 5, such as vegetation planting and
updating and implementing invasive species plans, could further offset adverse cumulative
effects in Region A. Overall, under all of the Alternatives there would be both beneficial and
adverse cumulative effects to vegetation, wetlands, wildlife, and negligible and minor effects to
floodplains in Regions A and B.

Region C. In Region C, drying of shoreline habitat and larger barren areas in Dworshak Reservoir
are caused by deeper drafts for hydropower under MO1 and MO2. This adverse effect would be
increased by the same cumulative actions described for Regions A and B. MO3 would cause
adverse effects to wetlands along the existing shorelines, particularly at tributary inflow
locations due to major decreases in water levels. In the long term, dam breaching would
convert deep water to a riverine environment with wetlands, islands, mudflats, riparian habitat,
and exposed sediments and shoreline. Additionally, after breaching the four lower Snake River
dams, the floodplain would ultimately return to a more natural condition with major beneficial
effects on floodplain values. Mitigation actions implemented under MO3, such as vegetation
planting, and updating and implementing invasive species plans would minimize adverse effects
from dam breaching. Similar to Regions A and B, habitat improvement programs and projects
have the potential to positively affect vegetation, floodplains, and wildlife in this region.
Overall, there would be both beneficial and adverse cumulative effects to vegetation, wetlands,
wildlife, and floodplain values under all of the Alternatives in Region C, with major long-term
beneficial effects to floodplains after breaching the four lower Snake River dams under MO3.

Region D. In Region D, there would be minor reductions in floodplain inundation frequency
below Bonneville Dam for MO1 and MO2, and John Day under MO4, but negligible effects
would occur under MO3. In Region D, there would be negligible direct and indirect effects and
negligible cumulative effects under MO1 and MO2 in comparison to the No Action Alternative.

Under MO3, there would be substantial changes with drawdown of reservoirs, dam breaching,
and mobilization of sediment. Sediment mobilization immediately following dam breach lasting
2 to 7 years would result in notable changes, including sediment deposition in Lake Wallula
above McNary Dam and suspended washload moving through the downstream projects to the
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estuary at the Pacific Ocean. Additional sediment deposition in Region D could create
conditions favorable for establishment of new wetlands. Cumulative actions that have the goal
of increasing wetland habitat could add to this beneficial effect.

Under M0O4, the drawdown to MOP measure would have effects on wetland habitat as a
function of decreased reservoir elevations on the lower Columbia River reaches above
Bonneville Dam during the growing season. RFFAs that could potentially decrease the amount
of water in the future (as identified under Regions A and B) could cause additional loss of
wetlands and an increase in mudflats. Cumulative actions that have the goal of increasing
wetland habitat could partially offset this effect by creating new wetlands.

Major cumulative floodplain effects, arising primarily from past human development actions
and water withdrawals, would be expected to continue into the future, with potential minor
adverse contributions to cumulative floodplain effects from MO1, MO2, and MO4.

6.3.1.7 Power and Transmission

RFFAs with potential to impact the power or transmission or both in the CIAA are listed in Table
6-25, along with a description of the effects of these actions.

The planned retirement of several coal-plants in the region affect power and transmission. For
transmission, changes in generation affect the flow of power across different transmission
paths in the Federal transmission system. The impact to power stems from the fact that power
generation from Federal and non-federal projects are shared through a wholesale spot-market.
Thus, the Federal and non-federal power supply are used to serve the regional demand for
power. If hydropower generation is reduced in some of the alternatives, then non-federal
power might be used to serve some of Bonneville’s load obligation. However, the retirement of
additional coal plants reduces the availability of non-Federal power. For power and
transmission effects analysis, the cumulative effects of other non-Federal hydroelectric projects
and projected scenarios for coal power plant retirements are captured within the analysis of
direct and indirect effects. The power analysis in Section 3.7 assesses both CRS hydropower and
the reliability of regional power supply. The extent of future coal plant retirements was a key
factor influencing the direct and indirect effects analysis. This is because the availability of coal-
fired power plants to serve regional demand for power (primarily by the region's investor-
owned utilities) influenced how effectively replacement power resources could compensate for
lost hydropower generation, and the base analysis relied on base case coal retirement
assumptions formed in 2017. Two scenarios — one being more coal plant retirements based on
updated information and one being the retirement of all coal plants in the region — provided an
understanding of the differences between the CRSO EIS alternatives and costs of zero-carbon
replacement portfolios via modeling the difference in coal plant retirements into the future.
See Section 3.7 for more information.
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Table 6-25. Reasonably Foreseeable Future Actions Relevant to Power and Transmission

RFFA Description

Cumulative Impact Description

Population Growth and Urban,
Rural, Commercial, Industrial, and
Agricultural Development

Population growth and development would likely result in an increased demand for power; but it is
uncertain how or by what entity that need would be met.

New and Alternative Energy
Development

Increased generation from wind, solar, and natural gas projects could decrease the demand for average
hydropower generation, though wind and solar projects would increase the demand for hydropower
flexibility. Changes in generating resources and new transmission line projects would shift power flows
through the transmission system.

Increasing Use of Renewable Energy
Sources, Industrial and Vehicle
Emissions Reductions, and
Decarbonization

This combination could adversely affect Bonneville’s ability to assure an adequate, efficient, economical
and reliable power supply to its firm power customers. Changes in generating resources and the loads
would shift power flows through the transmission system. Increased renewable development and
associated transmission may result in more difficulty of facility siting.

Climate Change

Changes in temperature, precipitation, snowpack, and streamflow would likely adversely affect
hydropower generation and load in the Columbia River Basin, increase the potential for wildland fire, which
could impact transmission, and increased uncertainty in the magnitude of hydropower generation. Refer to
section 4.2.5 for more information.

1345
RFFAID
RFFA1
RFFA3
RFFA4
RFFA19
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Table 6-26 below provides a summary of direct and indirect effects identified for Power and Transmission.
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Table 6-26. Summary of Direct and Indirect Effects to Power and Transmission (Power & Transmission Effects are Columbia River

Basin-wide)

MO1

MO2

MO3

MO4

Hydropower generation from the CRS
projects would decrease by about 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. There would be a
potential for reduced winter
hydropower production flexibility and
lost energy production May - September
due to increased juvenile fish passage
spill, additional water supply
withdrawals, and the modified
Dworshak summer draft measure.

The reduction in power generation
would reduce power system reliability,
requiring replacement power resources
(about 1,200 MW of solar power or 560
MW of single-cycle natural gas turbines
under the base case) that could cost up
to $160 million per year.

A small amount of increased
transmission congestion on some paths,
particularly some west-to-east (such as
Hemingway to Summer Lake) and north-
to-south paths would occur.

Hydropower
generation from the
CRS projects would
increase by 450 aMW
(roughly enough to
power 360,000
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.
Several power
measures would
substantially increase
within-day flexibility
allowing for
integrating higher
amounts of renewable
generation.

Shifts in transmission
congestion would
occur on some paths,
particularly some
west-to-east,
depending on runoff
conditions.

Hydropower generation from the CRS
projects would decrease by 13%, or
1,100 aMW (roughly enough to power
900,000 households annually). Within-
day flexibility would be substantially
reduced. The FCRPS would lose 730
MW of firm power available for long-
term firm power sales.

The reduction in generation would
reduce power system reliability,
requiring replacement power resources
(about 1,120 MW of combined cycle
natural gas turbines or about 2,250
MW of solar power resources, 1,125
MW battery, and 600 MW of demand
response) in the base case analysis. To
replace the lost flexibility and
generating capability of the Lower
Snake River projects that would be lost
under MO3, and additional resources
beyond the 2,250 MW of solar power
and battery storage would be required.
The loss of hydropower generation at
Ice Harbor would require that a
transmission reinforcement project be
in place prior to breaching of the dams.
Transmission congestion hours for
some north-to-south paths could
increase under some runoff conditions
and there would be an improvement in
congestion hours on some west-to-east
paths.

Hydropower generation from the CRS
projects would decrease by 16%, or 1,300
aMW (roughly enough to power 1 million
households annually). The FCRPS would
lose 870 MW of firm power available for
long-term firm power sales. The large
decrease in hydropower generation from
increased spill and other measures would
reduce within-day flexibility, flexibility that
would be useful for integrating wind and
solar generation.

The reduction in generation (especially
from spill and the August reduction from
the McNary Flow Augmentation measure)
would reduce power system reliability,
resulting in risks of power shortages in
about one in every three years. To restore
reliability would require replacement
power resources (about 3,240 MW of
single-cycle natural gas turbines or about
5,000 MW of solar power resources and
600 MW demand response) in the base
case analysis.

Transmission congestion hours for some
north-to-south paths could increase under
some runoff conditions and there would be
an improvement in congestion hours on
some west-to-east paths.
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NO ACTION ALTERNATIVE

For power and transmission under the No Action Alternative the following RFFAs follow a
theme of increased demand for hydropower generation and/or flexibility effects: Population
Growth and Urban, Rural, Commercial, Industrial, and Agricultural Development; New and
Alternative Energy Development; and Increasing Use of Renewable Energy Sources, Industrial
and Vehicle Emissions Reductions, and Decarbonization. New generation resources would
affect both Federal and non-Federal generation likely in similar ways. Some of the generation
would be in Bonneville’s balancing area and some would be in non-Federal balancing areas.
Generally, an increase in variable renewables added to the power mix (renewable integration)
could place additional strain on the hydropower system if using the inherent flexibility in
hydropower to integrate and follow renewable resources. Hydropower is considered a base
load resource, which means that its firm energy and capacity production is used to supply
electric power to meet the retail loads of the region’s utilities. Because renewables are not
considered base load resources but rather intermittent generating plants due to their
unpredictable external fuel availability (such as wind and sunlight), they rely on base load
generating resources to ramp up or down in response to their changing power generation.
Because of the trends related to emissions reductions in the region, base load generating
resources such as coal-fired power plants are being retired, and the likelihood of new natural
gas plants being built to replace the retired plants is presently unlikely. As a whole, the region
would have more variable generation with more need for flexibility from the base-load
resources like hydropower and existing gas-fired power plants.

Increasing use of variable renewable energy sources, changes in energy usage patterns, and
population growth may shift flow patterns on the transmission system. Bonneville would
continue to meet its transmission system reliability requirements but may experience shifts in
regional congestion patterns or need to add reinforcements to accommodate changes in power
generation or loads beyond that identified in the planning base cases captured within the
analysis of direct and indirect effects for power and transmission. Additionally, as more variable
renewable energy sources are developed, the competition for locations to site new generation
and transmission could increase, which could increase costs and environmental effects.

The increased mix of renewables could substantially change the regional import and export of
power, for instance, by changing hourly demands, but it is uncertain how these demands would
be met. Meeting demand would depend on where future resources are brought online. There
may be a need for reserves that the hydro system may attempt to provide. There would likely
be an increased need for within day/within hour hydropower generation flexibility (unless there
are other sources of base load generation, which is unlikely because of the move toward a
carbon-free energy sector in the region). This could adversely affect Bonneville’s ability to meet
its overarching obligation to assure an adequate, efficient, economical, and reliable power
supply to its firm power customers.

The cumulative effects to power and transmission resources as a result of climate change
include the potential for less or more hydropower production, because changes in
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temperature, precipitation, snowpack, and streamflow would likely impact hydropower
generation and load in the Columbia River Basin. Climate change could have substantial effects
on hydropower; however, an uncertainty exists as to the annual and monthly magnitude of
effects to hydropower generation in the region. Projected increasing temperatures would likely
also impact loads and would affect non-Federal utilities similarly to the effect on Federal load.

In addition, the additive effects from the increase in wildland fire as a result of climate change
could have potential effects to system reliability. Maintenance costs could increase if
transmission lines are lost due to fires.

MULTIPLE OBJECTIVE ALTERNATIVE 1

Hydropower decreases from the CRS projects would require replacement resources to return
the region to the No Action Alternative LOLP of 6.6 percent. The reduced spring generation and
winter hydropower production flexibility from MO1 could cause a decrease in amounts of
renewable generation integration supported by the CRS projects or require greater amounts of
replacement resources to replace the energy and some of the peaking ability of the
hydropower system causing upward rate pressure.

Cumulative effects from RFFA1, RFFA3, RFFA4, and RFFA20, in combination with the power and
transmission effects analyzed under MO1 are expected to be similar to that of the No Action
Alternative. Regional utilities would be similarly impacted by the cumulative effects from
RFFA1, RFFA3, and RFFA4 with upward rate pressure. If the region did not acquire additional
resources to replace the reduction in hydropower generation, while loads and need for
renewable resources are growing, then there would be an increase in the risk of power
shortages (blackouts). Bonneville would continue to meet its transmission system reliability
requirements, but may experience shifts in regional congestion patterns or need to add
reinforcements to accommodate changes in power generation or loads beyond that identified
in the planning base cases captured within the analysis of direct and indirect effects for power
and transmission.

The cumulative effects to power and transmission resources as a result of climate change
include the potential for less or more hydropower production, because changes in
temperature, precipitation, snowpack, and streamflow would likely affect hydropower
generation and load in the Columbia River Basin. Projected changes from climate change are
likely to affect generation under MO1 relative to the No Action Alternative roughly the same on
an annual basis.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Hydropower increases from the CRS projects would increase power and system reliability.
Other non-Federal regional hydropower projects would experience similar winter trends in
hydropower generation to the CRS projects but would not be affected from changing spill at the
CRS projects. The regional hydropower system (including these non-CRS projects) under MO2
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would generate 14,000 aMW in an average water year. This represents a 3 percent increase in
power generation relative to the No Action Alternative.

The increase in average and peak hydropower generation as well as increases in hydropower
flexibility from various measures in MO2 would allow for higher amounts of renewable
generation integration than under the No Action Alternative. This would decrease the
cumulative effects from RFFA1, RFFA3, RFFA4, and RFFA20. As the LOLP (risk of power
shortages) under MO2 would be lower than the No Action Alternative, no replacement
resources would be needed, and no new interconnections or reinforcements would be required
to add to the effects associated with the RFFAs.

The cumulative effects to power and transmission resources as a result of climate change would
likely affect generation under MO2 relative to the No Action Alternative roughly the same on an
annual basis.

MULTIPLE OBJECTIVE ALTERNATIVE 3

Major hydropower decreases from the CRS projects would decrease power and system
reliability, which would require large amounts of replacement resources. Breaching the four
lower Snake River dams would shift some flexibility requirements onto the remaining
hydropower facilities - and some to other generation sources - decreasing the flexibility
available to integrate renewable generating sources. Other non-Federal regional hydropower
generation would not be impacted by the breach directly. However, the reduction in CRS
project hydropower by over 10 percent would require large amounts of new capacity to bring
the LOLP of MO3 to the No Action Alternative level. This would likely cause upward rate
pressure and would affect the market price for power.

As more variable renewable energy sources are being developed in the region under RFFA1,
RFFA3, RFFA4, and RFFA20, available siting locations for generating resources and transmission
lines could decrease. The lack of available siting locations would be exacerbated when
combined with the large amount of resources needed to bring LOLP back to No Action
Alternative levels under MO3. The use of less suitable sites would increase costs and
environmental effects associated with the variable renewable energy and transmission
development.

In the summer, major cumulative effects from climate change with longer periods of low flows
could exacerbate the loss in hydropower generation from lower Snake River dams, contributing
to substantial reliability concerns of MO3. These RFFAs could also alter power generation and
usage patterns which may further shift transmission flow patterns and associated regional
congestion patterns or reinforcement needs.

The cumulative effects to power and transmission resources as a result of climate change are
likely to affect generation under MO3 relative to the No Action Alternative roughly the same on
an annual basis.
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MULTIPLE OBJECTIVE ALTERNATIVE 4

Major hydropower decreases in generation from the CRS projects would decrease power, and
system reliability would require large amounts of replacement resources. The decreased
generation would decrease the flexibility available to integrate renewable generating sources.
Other non-Federal regional hydropower generation would not be impacted by increased spill,
but would be impacted by the change in outflows from the headwater projects, such as the
flow change to meet McNary flow augmentation that shifts generation into the spring and out
of late summer with potentially high regional loads, causing upward rate pressure.

Cumulative effects from RFFA1, RFFA3, RFFA4, and RFFA20, in combination with the power and
transmission effects analyzed under MO4, are expected to be similar to that of MO3. However,
MO4 reduces generation even more than MO3, thus further increasing demand for existing
hydropower and leaning more on non-federal generation in the region, thus exacerbating the
potential for declines in system reliability, particularly in August. With this larger reduction in
CRS generation under MO4, there would be a greater potential cumulative impact associated
with variable renewable energy development siting in the region.

As more variable renewable energy sources are being developed in the region, available siting
locations for generating resources and transmission lines could decrease. The lack of available
siting locations would be exacerbated when combined with the large amount of resources
needed to bring LOLP back to No Action Alternative levels under MO4. The use of less suitable
sites would increase costs and environmental effects associated with the variable renewable
energy and transmission development.

In the summer, when the loss of generation from higher spill requirements contributes to
substantial reliability concerns, major cumulative effects from climate change could exacerbate
the decrease in potential generation with longer periods of low flows over summer. These
RFFAs could also alter power generation and usage patterns which may further shift
transmission flow patterns and associated regional congestion patterns or reinforcement
needs.

The cumulative effects to power and transmission resources as a result of climate change are
likely to affect generation under MO4 relative to the No Action Alternative roughly the same on
an annual basis.

6.3.1.8 Air Quality and Greenhouse Gases

RFFAs with potential to impact air quality and GHGs in the CIAA are listed in Table 6-27, along
with a description of the effects of these actions.
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Table 6-27. Reasonably Foreseeable Future Actions Relevant to Air Quality and Greenhouse
Gases

RFFA ID RFFA Description Cumulative Impact Description

RFFA1 Population Growth and Urban, | As the population grows and development increases, it would likely
Rural, Commercial, Industrial, | result in an additive adverse effect of increased GHG and air
and Agricultural Development | pollutant emissions.

RFFA3 New and Alternative Energy A beneficial impact would likely be seen from the likelihood of
Development reduced GHG and air pollutant emissions. However, generation

could be replaced by gas or renewable sources If it is replaced by
gas, then there could be increased emissions.

RFFA4 Increasing Use of Renewable A beneficial impact would likely be seen from the likelihood of
Energy Sources, Industrial and | reduced GHG and air pollutant emissions. However, generation
Vehicle Emissions Reductions, | could be replaced by gas or renewable sources. If it is replaced by

and Decarbonization gas, then there could be increased emissions.
RFFAS5 Federal and State Wildlife and | This would likely result in an additive adverse effect of GHG, air
Lands Management pollutant emissions (including particulate matter from wildland
fire).
RFFA19 Climate Change Potential increase in wildfires could increase GHG and air pollutant

emissions, and reduce overall air quality. Reference section 4.2.6
for more information.

Table 6-28 below provides a summary of direct and indirect effects identified for air quality and
GHGs under the Action Alternatives as compared to the No Action Alternative. Impacts under
the No Action Alternative are such that regional emissions are likely to be reduced over time
due to current trends in decarbonization.

Section 3.8.3 explains that the primary driver of potential future air pollutants and GHG
emissions in the CIAA are directly related to anticipated future changes in power generation
sources and transportation methods in the Pacific Northwest. Of the scenarios contemplated as
reasonably foreseeable, all identified a trend toward increasing renewable generation sources
while simultaneously reducing fossil fuels generation sources across the region. In addition,
cleaner vehicle technologies are expected to continue the current trend of bringing electric and
low-emission automobiles to market. This is a result of regional emissions reduction targets,
economic incentives and tax breaks, and recently enacted Federal and state laws.

Because of this, the overall cumulative forecast over the analysis timescale for both air quality
and GHG emissions are an improvement in air quality and a reduction in GHG emissions. This is
because, as the burning of fossil fuels decreases, so do the emissions of criteria air pollutants
and GHGs. The No Action Alternative, MO1 (with renewable replacement power resources),
and MO2 showed a decrease in air pollutants and GHG emissions. Cumulative impacts could
increase the beneficial effects to air quality and GHG found under those alternatives. However,
under MO3 and MO04, as well as MO1 with fossil-fuel replacement power resources, the direct
and indirect analysis showed an increase in air pollutants and GHG emissions due to decreases
in hydropower generation, so it is possible that the cumulative impacts could potentially offset
the adverse effects found under those alternatives.
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Table 6-28. Summary of Direct and Indirect Effects to Air Quality and Greenhouse Gases

Region MO1 MO2 MO3 MO4
All Regions | Air quality and GHG emissions Minor beneficial air quality and Overall, effects of MO3 on GHG Long-term, moderate, adverse
would most likely be improved GHG emissions effects from emissions would be moderate and | effects on air quality and GHG
due to increased reliance on increased hydropower generation, | adverse over the short and long emissions from increased fossil
renewable resources and a with the exception of minor short- | term due to reduced hydropower | fuel power generation, even
reduction in fossil fuel generation | term adverse effects to air quality generation, even assuming assuming resources replacing
(assuming zero-carbon rgsource in Region C near Dworshak Dam. resources replacing hydropower hydropower are zero-carbon
replacement). If conventlcl)rlmal are zero-carbon resources (i.e., resources (i.e., solar power).
least-cost resources, specifically . .
gas-fired generation, replace solar power) and increased truck Short-terrr) minor adverse.effects
reduced hydropower generation, traffic to replace barge navigation. | to air quality and GHG emissions
then GHG emissions would likely Addition minor and adverse from construction activities and
increase slightly and air quality effects over the short term due to | potential fugitive windblown dust
would be slightly degraded. construction activities including near Hungry Horse.
dam breaching.
A (Albeni No change from No Action Increased hydropower generation | No change from No Action There is a small potential for
Falls, Libby | Alternative. could reduce regional fossil fuel Alternative. short-term windblown fugitive
and power generation and improve air dust emissions that cause adverse
Hungry quality as well as reduce GHG human health effects to occur
Horse) emissions. during reservoir drawdowns.
Short-term, minor, adverse effects
from localized construction
activities at Libby and Hungry
Horse.
B (Grand | No change from No Action Increased hydropower generation | No change from No Action No change from No Action
Coulee and | Alternative. could reduce regional fossil fuel Alternative. Alternative.
Chief power generation and improve air
Joseph) quality as well as reduce GHG
emissions.
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Region MO1 MO2 MO3 MO4
C No change from No Action Increased hydropower generation | Potential increases in windblown | Hydropower generation would
(Dworshak, | Alternative. could reduce regional fossil fuel dust from construction activities decrease substantially and require
Lower power generation and improve air | (on road and non-road) during replacement of lost power
Granite, quality with reduced greenhouse | dam breaching and from exposed | generation. Generation could be
Little gas emissions. river sediment in the lower Snake | replaced by gas or renewable
Goose, Potential for seasonal, long-term, | Rjver region post-dam breaching. | sources. If it is replaced by gas,
k;l)wer . localized windblown dust from Increases in GHG and air pollutant | then there could be increased

onumen i i . - .

e)fposed sediments as'soaated emissions would occur from emissions. However, even if
al & Ice with reduced reservoir water . .
. construction vehicles and renewable sources were used as

Harbor) surface elevation at Dworshak.

equipment during breaching and
increased truck transport of goods
no longer shipped by barge.
Breaching the lower Snake River
Dams would require replacement
of lost power generation and
flexible capacity. Generation could
be replaced by gas or renewable
sources. If it is replaced by gas,
then there could be increased
emissions. However, even if zero-
carbon renewable resources were
used as replacements, GHG
emissions would still likely
increase because existing coal and
gas fired generation could
increase generation leading to
elevated GHG and air pollutant
emissions.

replacements, greenhouse gas
emissions would still increase
because existing coal and gas fired
generation could increase leading
to elevated emissions.

Short-term air quality effects from
construction and exposed
sediments would most likely be
localized to the project site during
construction at Little Goose,
Lower Monumental and Ice
Harbor Dams.
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Region MO1 MO2 MO3 MO4

D (McNary, | Multiple structural projects at Increased hydropower generation | Increase in GHG and air pollutant | Hydropower generation would
John Day, | McNary may resultin PM and could reduce regional fossil fuel emissions from increased truck decrease resulting in increased
The Dalles | other air pollutant emissions power generation and improve air | transport of goods no longer generation from existing gas and
& nearby an existing maintenance quality with reduced GHG shipped by barge. coal plants resulting in increased
Bonneville) | area for PM emissions, though the | emissions. Hydropower generation would GHG.

increased emissions are unlikely
to exceed de minimis standards

and risk the attainment status of
this maintenance area.

decrease resulting in increased

generation from existing gas and
coal plants resulting in increased
GHG and air pollutant emissions.

Short-term air quality effects,
including potential windblown
dust (PM) and other pollutants
that cause adverse health effects
from construction and exposed
sediments would most likely be
localized to the project site during
construction at McNary, The
Dalles and Bonneville Dams.
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ALL ALTERNATIVES

As described in Section 3.8.2, the Pacific Northwest generally has good air quality, with
relatively few airsheds failing to attain ambient air quality standards, and recent air pollutant
emission trends from the electricity generation and transportation sectors (the sources most
relevant to this analysis) continue to improve under the No Action Alternative and MQOs. Oregon
requires coal resources to be eliminated from retail rates by 2030 and the Oregon legislature
has been considering a cap-and-trade program to reduce GHG emissions across multiple
sectors. Washington recently passed legislation eliminating costs associated with coal resources
from retail rates by 2025 and requiring retail electricity sales to be GHG neutral by 2030, which
overlap the CIAA.

For air quality and GHGs, under the No Action and Action Alternatives, a recurring theme
surfaced regarding the additive effects of cleaner air and carbon reduction in the region as a
result of the following cumulative effects: New and Alternative Energy Development; Increasing
Use of Renewable Energy Sources, Industrial and Vehicle Emissions Reductions; and Federal and
State Lands Management. Generally, an increase in renewable energy sources being added to
the power mix, the retirement of coal fired power plants, the low likelihood of new natural gas
plants being built, the proliferation of the use of electric cars and potentially hydrogen fuel
cells, as well as potential conservation measures would all result in the beneficial additive effect
of cleaner air in the CIAA (lower emissions of particulates, pollutants, and GHGs). Federal and
State Lands Management could either worsen or improve the cumulative outcomes of
population growth and wildland fires, depending on the nature of the management action(s).

Reasonably foreseeable future actions associated with Climate Change; Federal and State Lands
Management; and Population Growth and Urban, Rural, Commercial, Industrial, and
Agricultural Development could degrade air quality and increase GHGs for the No Action
Alternative and MOs. These actions increase the likelihood that existing stagnant atmosphere
could be worsened, thereby increasing summer ozone concentrations over time in the
Columbia River Basin. In addition, wildland fires fueled by projected changes to climate (Section
4.1.2.6) and increased population growth could become an increasing source of particulate
matter emissions, thus degrading air quality adverse and also increasing GHGs across the basin.
Federal and State Lands Management could either worsen or improve the cumulative outcomes
of population growth and wildland fires, depending on the nature of the management action(s).
However, the cumulative impact of a reduction in fossil fuels described above could combat
these effects somewhat by curtailing emissions of ozone precursors, particulate matter, and
GHGs.

NO ACTION ALTERNATIVE

Cumulative effects applicable to the No Action Alternative are detailed in the “all alternatives”
summary above, and are most similar to the cumulative impacts under MO1 (with zero-carbon
replacement power resources) and MO2. Air pollutants from power generation would be
reduced from current levels under the No Action Alternative, assuming a continued reduction in
coal generation over time. Additional clean fuel standards could lead to a decrease in emissions
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associated with transportation and navigation activities. The No Action Alternative includes
nine project-specific structural measures that have the potential to generate air pollutant
emissions from use of construction equipment. Under the base case for the No Action
Alternative, predicted regional emissions would be relatively steady or reduced relative to 2016
levels over time, reflecting continued generation from coal and natural gas resources, constant
hydropower, and new regional renewable power.

MULTIPLE OBJECTIVE ALTERNATIVE 1

Cumulative effects applicable to MO1 are detailed in the “All Alternatives” summary above, and
the cumulative impacts under MO1 with zero-carbon replacement power resources are most
similar to those found under the No Action and MO2. Decreased hydropower generation under
MO1 could result in an increased reliance on, and associated air pollutant and GHG emissions
from, existing fossil fuel plants. In addition, if additional fossil-fuel power resources replaced
the decreased hydropower generation air quality could be degraded and GHG emissions
increase. Air quality degradation would most likely occur in areas in the CIAA where existing
fossil fuel plants are concentrated.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Cumulative effects applicable to MO2 (aside from RFFA 3 and RFFA4) are detailed in the “All
Alternatives” summary above, and the cumulative impacts under MO2 are most similar to
those found under the No Action Alternative and MO1 with zero-carbon replacement power
resources. MO2 increases hydropower generation over the No Action Alternative, which could
potentially reduce GHGs. Though climate change may slightly reduce that difference, MO2
would still be beneficial to air quality relative to the No Action Alternative by reducing reliance
on fossil fuel power plants. MO2 includes a relatively low level of construction activity given no
new power generation resources would be needed to meet regional demand for power, which
minimizes the effects of RFFAs 3 and 4 (New and Alternative Energy Development and
Increasing Use of Renewable Energy Sources, Industrial and Vehicle Emissions Reductions, and
Decarbonization). In Region C, potential exists for seasonal, localized fugitive dust emissions at
Dworshak over the long term due to reduced water levels during reservoir drawdown.
However, these emissions would not be near or within existing nonattainment or maintenance
areas and may be mitigated by watering exposed sediment and limiting vehicle use in the
exposed sediment areas (BMPs and/or mitigation).

MULTIPLE OBJECTIVE ALTERNATIVE 3

Cumulative effects applicable to MO3 are detailed in the “All Alternatives” summary above, and
the cumulative impacts under MO3 are most similar to those found under MO4.

Exposed riverbed along the Snake River would increase potential for fugitive dust (PM)
emissions in Region C and would occur adjacent to an existing maintenance area for PM
(Wallula), risking the ability of this area to maintain adherence to NAAQS for PM. Overall, the
effects of MO3 on air quality would most likely be moderate and adverse over the short and
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long term, primarily in Regions C and D. Fugitive dust increases under MO3 could be
exacerbated by the following RFFAs: Population Growth and Urban, Rural, Commercial,
Industrial, and Agricultural Development; Federal and State Wildlife and Lands Management;
Federal and State Lands Management; and Climate Change. That said, the use of BMPs or
mitigation measures to control fugitive dust could minimize the direct and indirect impacts of
these activities, thus reducing or eliminating the cumulative effects.

The reduction in hydropower generation under MO3 could increase the need for additional
power resources. While the type (i.e., mix of renewables and natural gas) and location of
additional power resources is uncertain, the analysis identifies increased power generation
from fossil fuels, including both coal and natural gas, even under the zero-carbon resource
replacement portfolio, degrading air quality and increasing GHG emissions. This is because the
magnitude and timing of the reduction in hydropower generation would occur in particular
times seasonally or daily (e.g., during peak demand) during which flexible resources would need
to increase generation in order to maintain reliability (i.e., to meet the demand for power and
avoid blackouts). Based on currently available technology, other renewable resources (e.g.,
solar and wind) are intermittent; that is, they are not always able to be dispatched on demand
because they are reliant on external factors, such as sun exposure or wind speed. Therefore,
these sources of renewable generation must be used alongside other flexible (dispatchable)
resources to maintain system reliability. With less clean hydropower to provide this flexible
resource, the region would likely rely more on fossil-fuel-based resources, such as coal and
natural gas, to balance renewable generation. Increased GHG emissions associated with modal
shifts in freight transport from barge to relatively high emissions rail and truck would be long-
term and adverse under MO3, which would conflict with the trend of decarbonization and
increased electrical vehicle use described in RFFA4.

Overall, effects of MO3 on GHG emissions would be moderate and adverse over the short and
long term due to construction activities, modal shifts to truck transportation and increased
fossil-fuel power generation. Short term adverse effects to air quality would occur due to
construction and potential fugitive windblown dust. That said, the use of BMPs or mitigation
measures could reduce the direct and indirect impacts of these activities, thus reducing or
eliminating the cumulative impacts.

MULTIPLE OBJECTIVE ALTERNATIVE 4

Cumulative effects applicable to MO4 are detailed in the “All Alternatives” summary above, and
the cumulative impacts under MO4 are most similar to those found under the MO3. The
reduction in hydropower generation under MO4, combined with climate change (which could
also reduce regional hydropower generation by reducing available water), could increase the
need for additional power resources. While the type (i.e., mix of renewables and natural gas)
and location of additional power resources is uncertain, if natural gas were added, it would
further degrade air quality relative to the No Action Alternative. Similar to MO3, even if zero-
carbon power resources were added GHG emissions would increase and air quality would likely
be degraded. This is because the magnitude and timing of the reduction in hydropower
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generation would occur in particular times seasonally or daily (e.g., during peak demand) during
which flexible resources would need to increase generation in order to maintain reliability (i.e.,
to meet the demand for power and avoid blackouts). With less clean hydropower to provide
this flexible resource, the region would likely rely more on fossil-fuel-based resources, such as

coal and natural gas, to balance renewable generation.

Short-term air quality effects from construction activities and exposed sediments would most
likely be localized to the project site during construction of additional powerhouse surface
passage routes at Little Goose, Lower Monumental, McNary, The Dalles, Bonneville and Ice
Harbor. Construction activities at McNary and Ice Harbor Dams are close to the Wallula
maintenance area for PM10, however BMPs or mitigation measures could reduce the direct
and indirect impacts of these activities.

6.3.1.9 Flood Risk Management

RFFAs with potential to impact flood risk management in the CIAA and a summary of their
potential impact are listed in Table 6-29. Effects to Flood Risk Management from the No Action
Alternative are expected to be similar to existing conditions as described in Section 3.9.4.2.

Table 6-29. Reasonably Foreseeable Future Actions Relevant to Flood Risk Management

RFFA ID | RFFA Description Impact Description

RFFA1 | Population Growth and Urban, | As the population grows and development increases, it is possible
Rural, Commercial, Industrial, that additional structures and populations may be located in flood-
and Agricultural Development prone areas.

RFFA2 | Water Withdrawals for There would be an overall reduced availability of water from
Municipal, Agricultural, and increased demand. Increased demands for power could change the
Industrial Uses shape of generation from existing patterns.

RFFA3 | New and Alternative Energy Increased generation from wind, solar, and natural gas projects
Development could decrease the demand for average hydropower generation,

though wind and solar projects would increase the demand for
hydropower flexibility. Changes in generating resources and new
transmission line projects would shift power flows through the
transmission system.

RFFA4 | Increasing Use of Renewable There would be possible adverse effects due to the potential for an
Energy Sources, Industrial and increase in lack of market/lack of turbine capacity spill, which could
Vehicle Emissions Reductions, lead to higher total dissolved gas (TDG) levels. Conversely,
and Decarbonization decarbonizing and electrifying transportation and other sectors

could reduce involuntary spill from lack-of-market.

RFFA6 | Increase in Water Storage There would be potential changes to timing of delivery and quantity
Projects of water in different locations.

RFFA19 | Climate Change In general, there would be potential for higher winter and spring

volumes and lower summer volumes. Refer to section 4.2.7 for more
information.

The Flood Risk Management analysis (Section 3.9) evaluated the MOs to determine if there
would be a change in flood hazards faced by communities, property, infrastructure or levees in
the Columbia River Basin under each of the alternatives. Anticipated future flood risk under the
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No Action Alternative is anticipated to be consistent with current conditions. Under MO1, MO2,
MO3, and MO4, decreases in flood risk may occur in some areas, especially Region D under
MO1, MO2, and MO4. New and alternative energy sources or the increasing use of renewable
energy sources may change the timing and patterns of flows in the CRS. Actions outside of the
alternatives, such as climate change (higher winter and spring runoff) and population growth
and development, may adversely impact flood risk in the future as noted in Table 6-29, but
there would be no adverse cumulative effect under any of the alternatives because none of the
alternatives would cause direct or indirect adverse effects to flood risk management. It is
possible that actions such as increases in water storage projects and lower overall water levels
in the summer from climate change combined with benefits noted for MO1 through MO4 could
have a cumulative benefit to flood risk management.

6.3.1.10 Navigation and Transportation

RFFAs with potential to impact navigation and transportation in the CIAA and a summary of
their potential impact are listed in Table 6-30.Conditions under the No Action Alternative are
expected to be similar to those described in the existing conditions presented in Section
3.10.3.2.

Table 6-30. Reasonably Foreseeable Future Actions Relevant to Navigation and
Transportation

RFFA ID RFFA Description Impact Description
RFFA1 Population Growth and Urban, Rural, | As the population grows and development increases, it is
Commercial, Industrial, and possible that there could be an increased demand for
Agricultural Development transportation of goods on the navigation channel.
RFFA2 Water Withdrawals for Municipal, There would be a reduced availability of water from
Agricultural, and Industrial Uses increased demand.
RFFA14 Lower Columbia River Dredged There would be a beneficial effect from removal of
Material Management Plan accumulated sediment in the navigation channel.
RFFA15 Snake River Sediment Management There would be a beneficial effect from removal of
Plan accumulated sediment in the navigation channel.
RFFA19 Climate Change Navigation and transportation could be affected by
climate change through its effects on seasonal patterns
and variability of streamflow and consequences for
riverbed profiles. Refer to section 4.2.8 for more
information.

Anticipated future navigation and transportation under the No Action Alternative is anticipated
to be consistent with current conditions. Direct and indirect effects of the other alternatives are
listed below in Table 6-31.

Future higher spring runoff volumes due to climate change could increase the direct and
indirect effects of the alternatives on the Inchelium-Gifford Ferry operations at Lake Roosevelt,
but it is not known to what extent. Mitigation actions identified in Chapter 5 would include
extending the ramp at the Inchelium-Gifford Ferry to minimize this impact. None of the other
cumulative actions identified for navigation are expected to impact navigation in the upper
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Columbia River Basin. Alternatives would have negligible effects to navigation on the lower
Columbia River and lower Snake River, except MO3 and MO4 There are no anticipated
discernable cumulative effects to navigation on the lower Columbia and lower Snake Rivers
except under MO3. Mitigation actions under MO3 would include armoring piers on a limited
amount of bridges and armoring a limited amount of railroad and highway embankments that
could minimize adverse effects to infrastructure due to an increase in flow velocities. Loss of
the Federal Navigation Channel in Region D at the confluence of the lower Snake and Columbia
Rivers would require additional dredging actions. Mitigation actions under MO4 would also
include monitoring of tailrace conditions in Regions C and D to determine if structure
modifications are necessary to reduce damages and increased dredging as needed due to
shoaling caused by higher spill levels. Under MO3, navigation on the lower Columbia River
could be adversely affected by projected overall lower water levels in the summer due to
climate change and increased water demand in the future. Continued dredging in the lower
Columbia River would continue to offset the effects of sedimentation in this reach. Under MO3,
commercial navigation on the lower Snake River would be effectively eliminated by dam
breaching, and it is anticipated that dredging operations would cease in this reach.

Table 6-31. Summary of Direct and Indirect Effects to Navigation
Location MO1 MO2 MO3 MO4
Upper There would be a Same as There would be a reduction in Inchelium- Same as
Columbia reduction in MO1 Gifford Ferry Operations for an additional 2 MO1
River Basin | Inchelium-Gifford days in wet years.
Ferry Operations
for an additional 9
days in wet years.
Lower Negligible change Negligible Commercial Navigation on the Columbia River | High spill
Columbia from the No Action | change from | shallow segment would be adversely affected | combined
River Alternative. the No at ports above McNary Dam due to with tailrace
Action sedimentation for 2 to 7 years. Some river conditions
Alternative. | ports on the Columbia River would experience | could result
a large volume increase. Cruise line operations | in increased
would be curtailed and may stop. infrastructur
Loss of the Federal Navigation Channel in e damage.
Region D at the confluence of the lower Snake
and Columbia Rivers would require additional
dredging actions.
Lower Negligible change Negligible Commercial Navigation would be eliminated at | High spill
Snake River | from the No Action | change from |four lower Snake River projects. All ports on combined
Alternative. the No the Snake River would be inaccessible without | with tailrace
Action dredging. Shipping costs would increase and conditions
Alternative. | would vary widely depending on location. could result
There would be elimination of access for in increased
commercial cruise operations. infrastructur
e damage.
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RFFAs with potential to impact recreation in the CIAA and a summary of their potential effects
are listed in Table 6-32.

Table 6-32. Reasonably Foreseeable Future Actions Relevant to Recreation

RFFA ID | RFFA Description Cumulative Impact Description
RFFA1 Population Growth | There would be an overall reduced availability of water from increased
and Urban, Rural, demand. Increased demands for power that could change shape of generation.
Commercial,
Industrial, and
Agricultural
Development
RFFA2 Water Withdrawals | There would be an adverse impact through reduced availability of water from
for Municipal, increased demand.
Agricultural, and
Industrial Uses
RFFA6 Increase in Demand | There would be a beneficial impact through increased opportunity for reservoir-
for New Water based recreation, possible adverse impact through reduction in river-based
Storage Projects recreation.
RFFA7 Fishery The goal of Pacific Salmon Management plans is to better manage catch of
Management Plans | salmon in ocean waters offshore. This could lead to a trend of beneficial effects
to salmon numbers by reducing commercial catch for these species. The U.S. v
Oregon Fishery Management Agreement has the overall goal of rebuilding weak
runs to full productivity through habitat protection authorities, enhancement
efforts, artificial production techniques and harvest management.
Implementation of this agreement could lead to a trend of beneficial effects to
target species important to recreational anglers.
RFFA11 | Resident Fisheries | The state and tribal fish and game agencies manage, for recreational,
Management ceremonial, and subsistence, fisheries in the Columbia River Basin and regulate
private and public hatchery releases. The agencies modify and publish
recreational fishing regulations on an annual basis. Currently, recreational
anglers may not target bull trout in most areas but may incidentally catch and
release bull trout. Other resident fisheries include Kokanee and Burbot in the
upper basin.
RFFA12 | Fish Hatcheries There would be a beneficial effect from increasing fish populations through
stocking.
RFFA13 | Tribal, State, and New Tribal, State, and Local fish and wildlife improvement projects are
Local Fish and projected to restore, maintain, create, or enhance fish and wildlife habitat.
Wildlife Many of these projects are focused on benefiting anadromous species.
Management
RFFA14 | Lower Columbia There would be a beneficial effect from removal of accumulated sediment in
River Dredged the navigation channel.
Material
Management Plan
RFFA19 | Climate Change Recreational opportunities could be impacted by climate change primarily by

changing seasonal access for in-water activities. Climate change effects to other
resources, for instance, fish and wildlife, could also affect recreational
opportunities. Refer to section 4.2.9 for more information.
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Future recreation under the No Action Alternative is anticipated to be consistent with current
conditions as described in Section 3.11.3.2. Direct and indirect effects of the MOs are listed
below in Table 6-33.

Table 6-33. Summary of Direct and Indirect Effects to Recreation

Location MO1 MO2 MO3 MO4

Regions A |Overall effects of There would be a There would be negligible to  [There would be a

and B MO1 on recreational |minor reduction in minor reductions in reservoir |minor reduction in
visitation are reservoir visitation at |visitation at Hungry Horse and |reservoir visitation at
anticipated to be Lake Roosevelt, Lake Koocanusa. Hungry Horse and
negligible to minor in |Hungry Horse, and There would be negligible Lake Koocanusa.
the region. Lake Koocanusa. adverse effects to fishing There would be
Effects to the quality |There would be quality and to the quality of minor adverse effects
of fishing, hunting, adverse effects to hunting, wildlife viewing, to the quality of
wildlife viewing, fishing quality in the |[swimming, and water sports in [hunting, wildlife
swimming, and water |region and minor the region. viewing, swimming,
sports at river adverse effects to the and water sports in
recreation sites in the |quality of hunting, the region.
region under MO1 wildlife viewing,
would be negligible. |swimming, and water

sports in the region.

Region C Overall effects of There would be a There would be a potentially |There would be no
MO1 on recreational |minor reduction in large reduction in reservoir reduction in reservoir
visitation are reservoir visitation at |visitation at the four lower visitation.
anticipated to be Dworshak. Snake River Projects, but There would be
negligible to minor in |There would be minor |potential increases in river negligible to minor
the region. adverse effects to visitation. Adaptation to the  |adverse effects to the
Effects to the quality |fishing quality, the new river environment is likely | quality of hunting,
of fishing, hunting, quality of hunting, over time. wildlife viewing, and
wildlife viewing, wildlife viewing, There would be short-term swimming, and water
swimming, and water |swimming, and water |adverse effects to the quality [sports at river
sports at river sports in the region. |of hunting, wildlife viewing, recreation sites in the
recreation sites in the swimming, and water sports. |region.
region under MO1
would be negligible.

Region D Overall effects of There would be no There would be potentially There would be no
MO1 on recreational |reduction in reservoir |large reductions in reservoir reductions in
visitation are visitation. visitation at Lake Wallula reservoir visitation
anticipated to be There would be (McNary) due to and
negligible to minor in |negligible to minor  |sedimentation over 2 to 7 minor benefits to the
the region. adverse effects to years with adaptation likely  |quality of hunting,
Effects to the quality |[fishing quality, quality |over time. wildlife viewing,
of fishing, hunting, of hunting, wildlife There would be potential swimming, and water
wildlife viewing, viewing, swimming, |short-term adverse effects to |[sports in the region.
swimming, and water |and water sports in  |the quality of hunting, wildlife
sports at river the region. viewing, swimming, and water
recreation sites in the sports.
region under MO1
would be negligible.
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1711 Regions A and B. For each of the alternatives, negligible to small reductions in reservoir

1712  visitation at Lake Roosevelt, Hungry Horse, and Lake Koocanusa are driven by reduced boat
1713  ramp accessibility for some periods of time during the year. An overall reduced volume of
1714  available water from increased demand and from the effects of climate change, causing lower
1715  summer runoff volumes, has the potential to cumulatively increase these negligible to minor
1716  adverse effects under the MOs, especially during the summer.

1717  Adverse effects to fishing quality, hunting, wildlife viewing, swimming, and other water sports in
1718  the upper basin under M0O2, MO3, and MO4 are caused by changes in reservoir elevations (mainly
1719  lower reservoir elevations) and river flows and associated water quality, water temperatures, and
1720  bird, wildlife, and fish habitat. Similar to visitation, the overall reduced volumes of water that

1721  could result from climate change in summer and from increased water demand due to

1722 development could cumulatively increase these adverse effects in the future. These same

1723 cumulative actions have the potential to decrease the minor benefits anticipated under MO1.

1724  Anincrease in water storage projects in the upper basin would be considered beneficial to
1725 reservoir-based recreation, but it could adversely affect river-based recreation in these areas.
1726  Fish propagation and stocking are anticipated to continue under each of the MOs, providing a
1727  benefit to recreation under all of the MOs through maintained or improved fish populations.

1728  Region C. Under MO1 and MO2, there would be negligible to minor reductions in reservoir
1729  visitation at Dworshak, while under MO4 there would be no reductions in reservoir visitation in
1730 the lower Snake River. The small reductions in MO1 and MO2 are caused by lower water levels
1731  making boat ramps temporarily inaccessible. Extending the boat ramp at Dworshak State Park
1732 to make it accessible in April would minimize adverse recreational effects for fishermen under
1733  MO2. Cumulative actions that also lower water levels, such as climate change and increased
1734  withdrawals, would likely increase this effect. Under MO3, there is a potentially large reduction
1735 in visitation at the four lower Snake River projects due to dam breach and sedimentation for 2
1736  to 7 years. After the river stabilizes, there would be benefits to river-based recreation that
1737  could be increased from cumulative actions such as fishery management and decreased from
1738  cumulative actions such as climate change, water withdrawals, and population growth and
1739  development. Adaptation to the new river environment over time would benefit river-based
1740  recreation, but would be a complete loss of reservoir-based recreation.

1741  Similar to the lower Columbia River, minor effects to the quality of hunting, wildlife viewing,
1742  swimming, water sports, and fishing under MO1, MO2, and MO4 are caused by changes in

1743  reservoir elevations and river flows and associated water quality, water temperatures, and fish
1744  and wildlife habitats as described in detail in Chapter 3. Effects from cumulative actions would
1745  be the same as described for the lower Columbia River. Under MO3, there would be short-term
1746  adverse effects to the quality of recreation caused by the dam breach and sedimentation. After
1747  theriver stabilizes, there would be benefits to river-based recreation that could be increased
1748  from cumulative actions such as fishery management and decreased from cumulative actions
1749  such as climate change, water withdrawals, and population growth and development.
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Region D. There would be no effects to visitation under the MOs except for MO1 and MO3.
There would be a minor impact to visitation under MO1 from reduced reservoir levels. The
contribution of cumulative actions would be the same as described for the upper basin. MO3
would cause a potentially large reduction in reservoir visitation at Lake Wallula (McNary) due to
sedimentation over 2 to 7 years following dam breaching.

Minor beneficial changes would be increased through continued fish propagation and stocking
(e.g. the U.S. v Oregon Fish Management Plan), and Pacific Salmon Management Plans for
recreational fishing, and dredging, which would continue to provide a benefit through
maintaining the navigation channel for boating. Minor adverse effects would be increased by
the effects of climate change and increased future water withdrawals due to population growth
and development.

6.3.1.12 Water Supply

RFFAs with the potential to impact water supply are primarily those that result in additional
water surface elevation changes and increased sedimentation in the CIAA and are listed in
Table 6-34, along with a description of the effects of these actions.

Table 6-34. Reasonably Foreseeable Future Actions Relevant to Water Supply

RFFA ID | RFFA Description Cumulative Impact Description
RFFA1 Population Growth and As the population grows and development increases, adverse effects may
Urban, Rural, result from increased demands and heightened competition for limited
Commercial, Industrial, water supplies. There could be reduced availability of water from
and Agricultural increased development. An increase in development projects has the
Development potential to increase sediment input during construction and operation.
RFFA2 Water Withdrawals for Overall, there is potential for reduced availability of water from increased
Municipal, Agricultural, demand. Adverse effects result from heightened competition for limited
and Industrial Uses water supplies, including ongoing non-federal tributary-based water
diversions.
RFFA6 Increase in Demand for With new storage projects there would be potential changes to the timing
New Water Storage of delivery and quantity of water in different locations.
Projects
RFFA19 | Climate Change In general, there is potential for higher average fall and winter flows,
earlier peak spring runoff, and longer periods of low summer flows in the
Columbia River Basin.
RFFA25 | Columbia Pulp Plant This could increase potential adverse effects due to chemical discharges,
water use, and spills.

Anticipated future water supplies under the No Action Alternative are anticipated to be
consistent with current conditions. Direct and indirect effects of the MOs are listed below in
Table 6-35.
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Table 6-35. Summary of Direct and Indirect Effects to Water Supply

Region MoO1 MO2 MO3 MO4
A (Libby, No change from | No change No change from No Action Alternative. | No change
Hungry No Action from No Action from No
Horse, Albeni | Alternative. Alternative. Action
Falls) Alternative.
B (Grand No change from | No change No change from No Action Alternative. | No change
Coulee, Chief | No Action from No Action from No
Joseph) Alternative. Alternative. Action
Alternative.

C (Dworshak, | Nochange from | No change Approximately 48,000 acres would no No change
Four Lower No Action from No Action | longer be irrigated from the reservoirs | from No
Snake River Alternative. Alternative. behind the Lower Snake Dams, 9,000 Action
Projects) acre-feet of M&lI delivery would likely Alternative.

be impacted, and approximately 63

wells may be adversely impacted by

dropping water levels due to breach of

lower Snake River dams.
D (Four No change from | No change Small, private pumps may receive fine No change
Lower No Action from No Action | sediment that may impact pump filters | from No
Columbia Alternative. Alternative. and require more frequent Action
River maintenance due to these measures: Alternative.
Projects) Breach Snake Embankments, Lower

Snake Infrastructure Drawdown, and

Drawdown Operating Procedures.

Effects to water supply resources are primarily related water surface elevation and
sedimentation because pumping from the river requires water elevations to be above the
pumps, and the pumps need to be bringing in clean enough water to not clog the pumps.
Effects to water supply resources are primarily related water surface elevation and
sedimentation because pumping from the river requires water elevations to be above the
pumps, and the pumps need to be bringing in clean enough water to not clog the pumps.

Therefore, most cumulative effects would be associated with similar effects (changes to water

surface elevation or releases of sediment that could affect pump operations).

Under all alternatives, climate change has the potential to impact current water supply

practices for both surface and groundwater users. This is because reductions in summer and fall

surface water stream flows may reduce the amount of available surface water supply. The
decreased ability to rely on surface water could cause some water users to rely more on
groundwater, thus impacting groundwater supplies through increased pumping by users to

meet need. In addition, the decrease in snowpack and higher intensity winter storms as a result

of climate change may exacerbate this issue by decreasing the surface water available to

facilitate groundwater recharge. On the mainstem Columbia and Snake Rivers, the vast majority
of water diversions for irrigation and municipal and industrial water supply are captured in the

direct and indirect effects section, because these diversions are part of the alternatives.

However, the cumulative effects of smaller, tributary-origin water diversions are not part of the

alternatives and are therefore cumulative actions. The cumulative effects of tributary water
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diversions added to Federal water diversions are expected to continue in the future over the
study period under all alternatives and will adversely affect water supply into the future by
removing water supplies before they reach the mainstem of the Columbia and Snake Rivers,
which is where the vast majority of federal water diversions occur.

NO ACTION ALTERNATIVE

As described in the cumulative effects analysis for hydrology and hydraulics (Section 6.3.1.1),
Population Growth and Urban, Rural, Commercial, Industrial, and Agricultural Development in
the Columbia River Basin is expected to drive the conversion of existing agricultural lands to
nonagricultural uses. This is true of all alternatives.

The Columbia River Basin Project delivers 70,000 acre-feet of municipal and industrial water to
project contractors. Some cities and industries divert water from the river system, but these
diversions are small to the point of being immeasurable when compared to the total flow in the
system. In the future, due to population growth, it is reasonably foreseeable that municipal and
industrial water withdrawals will increase, whereas currently they are concentrated on or near
the Lower Granite and McNary reservoirs.

MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 does not have any measures that would affect the ability to deliver water to meet current
water supply. As a result of climate change, water supply uses that rely on live/natural flow
water rights for delivery may experience increased shortage in the summer or fall as flows
decrease during this period. Changes to operations should not affect live/natural flow
distributions because they are generally premised on the legal principle of prior appropriation.

MULTIPLE OBJECTIVE ALTERNATIVE 2

MO?2 does not have any measures that would affect the ability to deliver water to meet current
water supply. Water flowing into Lake Roosevelt could be impacted by climate change, both in
volume and timing. However, it will likely not impact water supply deliveries for the Columbia
Basin Project because existing water users have senior water rights when compared to most
other uses at Lake Roosevelt, and the flow and timing changes will not impact those deliveries.

MULTIPLE OBJECTIVE ALTERNATIVE 3

MO3 includes measures to breach dams on the lower Snake River, where water is diverted for
irrigation in Washington. These measures are Breach Snake Embankments, Lower Snake
Infrastructure Drawdown, and Drawdown Operating Procedures. Currently and in the No Action
Alternative, water is provided out of the reservoirs of these facilities and groundwater that
results from the reservoirs. The pumps that supply this water would no longer be operational
once the dams are breached and the nearby groundwater elevations could be substantially
lowered by MO3. As a result, approximately 48,000 acres would no longer be irrigated from the
reservoirs behind the lower Snake River dams, affecting approximately 9,000 acre-feet of M&l
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delivery. In addition, approximately 63 wells may be impacted by dropping water levels due to
breaching of lower snake dams.

In terms of cumulative effects, it is largely uncertain as to where population growth and
additional water withdrawals for municipal, agricultural, and industrial uses would occur in the
CIAA in the future. If these activities were to occur in Region C (in the vicinity of Dworshak,
Lower Granite, Little Goose, Lower Monumental and Ice Harbor), such as in the Tri-Cities of
Pasco, Richland, and Kennewick, Washington, additive adverse effects would likely result from
increased demands and heightened competition for limited water supplies (water supply
shortages, particularly for M&l). Since 2000, the population of the Tri-Cities metropolitan area
increased approximately 50 percent, adding just over 90,000 people. The area’s projected 10-
year growth rate is 12 percent (Washington Office of Financial Management 2019). Future
potential water shortages could stress this growing area’s ability to deliver water to residents
and industry.

It is possible under MO3 that existing water supply intakes in the McNary and John Day
reservoirs impacted during periods of breach could be cumulatively impacted by the increase in
frequency of wildland fire due to climate change (which could increase sedimentation in the
river). The same exacerbation of sediment loads could also be cause by mining upstream of
dams and population growth, urban, and rural development. Depending on the nature of land
use management practices, sediment loads could either add cumulatively to increased
sedimentation or reduce sediment to offset other effects. Lastly, Clean Water Act-related
actions could also offset increased sediments due to efforts to reduce sediment in the river. It is
also possible that mitigation may be applied under MO3 to minimize and perhaps eliminate
these potential sedimentation-related effects (see Chapter 5).

Additive cumulative effects from climate change are not expected to differ from the No Action
Alternative.

MULTIPLE OBJECTIVE ALTERNATIVE 4

MO4 does not have any measures that would affect the ability to deliver water to meet current
water supply. Effects are similar to the No Action Alternative.

6.3.1.13 Visual Resources

RFFAs with the potential to impact visual are primarily those that result in changes to visual
resources in the CIAA and are listed in Table 6-36, along with a description of the effects of
these actions.
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Table 6-36. Reasonably Foreseeable Future Actions Relevant to Visual Resources

RFFA ID RFFA Description Cumulative Impact Description

RFFA1 Population Growth and There could be potential additive visual effects due to change in the
Urban, Rural, Commercial, |viewshed from human population growth, which brings potential
Industrial, and Agricultural | permanent modifications from residential, commercial, industrial,
Development agricultural, recreational, and transportation development.

RFFA3 New and Alternative There could be potential additive visual effects due to the permanent
Energy Development change in the viewshed from construction or deconstruction of

energy infrastructure.

RFFA12 Fish Hatcheries There would be possible adverse effects due to construction and
operations of fish hatcheries near the dams effecting the viewer’s
experience. The construction and operations of fish hatcheries would
adversely affect sensitive viewers.

RFFA25 Columbia Pulp Plant This would be additive visual effects due to the permanent change in
the viewshed from the installation of the pulp plant, which is located
in Lyons Ferry downstream of Little Goose Dam and upstream of
Lower Monumental Dam.

Anticipated future effects to visual resources under the No Action Alternative are anticipated to
be consistent with current conditions. Direct and indirect effects of the MOs are listed below in

Table 6-37.

Table 6-37. Summary of Direct and Indirect Effects to Visual Resources

Region

MO1

MO2

MO3

MO4

A (Libby,
Hungry
Horse, Albeni
Falls)

No change from No
Action Alternative.

No change from No
Action Alternative.

No change from No
Action Alternative.

Moderate effects on
sensitive viewers
from operational
measures that result
in reservoir
drawdowns. Minor
effects from
structural measures.
Sensitive viewers
may be affected.

B (Grand
Coulee, Chief
Joseph)

No change from No
Action Alternative.

No change from No
Action Alternative.

No change from No
Action Alternative.

Moderate-to-major
effects from
operational
measures that result
in reservoir
drawdowns. Minor
effects from
structural measures.
Sensitive viewers
may be affected.
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Region MO1 MO2 MO3 MO4
C (Dworshak, | Minor overall effect Minor overall effect Breaching the lower Minimal change from
Four Lower from changes in the from changes in the Snake River dams No Action
Snake River seasonal timing and seasonal timing and would resultin a Alternative.
Projects) duration of effects duration of effects major visual quality

from operational from operational effect. Depending on

measures. Minor-to- measures. Minor-to- the viewer’s

moderate effects moderate effects perspective, this

from structural from structural change could be

measures. Sensitive measures. Sensitive beneficial or adverse.

viewers may be viewers may be Sensitive viewers

affected. affected. may be affected.
D (Four Minor overall effect Minor overall effect Minor effect from Minimal change from
Lower from changes in the from changes in the structural measures. No Action
Columbia seasonal timing and seasonal timing and Sensitive viewers Alternative.
River duration of effects duration of effects may be affected.
Projects) from operational from operational

measures. Minor-to- measures. Minor-to-

moderate effects moderate effects

from structural from structural

measures. Sensitive measures. Sensitive

viewers may be viewers may be

affected. affected.

Visual impairments associated with construction or modification of facilities are anticipated

under various MOs. Overall, the effects from the alternatives in combination with past, present,
and reasonably foreseeable future actions are expected to result in minor cumulative effects to
visual resources, except for effects associated with MO3 and MO4.

MULTIPLE OBJECTIVE ALTERNATIVE 1

MO1 does not contain measures that would substantially affect the viewshed, and therefore
any cumulative impact from the RFFAs listed above would be negligible. Overall, the
operational and structural measures under MO1 would have a similar effect as under the No
Action Alternative. There would be a moderate effect to visual quality from new fish-passage
structures and minor effect from modifications of existing structures in Region D and the lower
Snake River projects in Region C, but overall, the effects from MO1 would be minor.

MULTIPLE OBJECTIVE ALTERNATIVE 2

MO2 would have a similar effect on visual quality to sensitive viewers as under the No Action
Alternative. In addition, no substantial reasonably foreseeable cumulative effects are expected
in the CIAA over the analysis period. Therefore, no cumulative effects are anticipated under this

alternative.

MULTIPLE OBJECTIVE ALTERNATIVE 3

The most substantial effects were identified in Region C from breaching the lower Snake River
projects. In particular, local residents and visitors would experience viewshed changes due to
losses of lake-like characteristics and a return to free-flowing river characteristics under MO3 in
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the vicinity of the existing reservoirs in the lower Snake River. For the structural measures,
there would be major alterations to the viewshed associated with the dam breaching in Region
C. Viewers would see the loss of earthen embankments and some associated project
infrastructure. There would be a loss of lake-like characteristics in the lower Snake River with
the addition of a free-flowing river. Overall, the visual effect of dam breaching would be
moderate to major. Depending on the viewer’s perspective, this change could be beneficial or
adverse.

These effects would occur in relatively isolated areas without residences immediately nearby.
Ongoing land-based activities would continue under all of the alternatives, but it is unclear how
much new development would be expected after the breach of the four lower Snake River
dams in MO3, for instance.

The Columbia Pulp Plant could potentially increase adverse effects due to visual changes
associated with the newly constructed pulp plant, which is located in Lyons Ferry downstream
of Little Goose Dam and upstream of Lower Monumental Dam in Region C.

Taken together, the impact to visual quality from dam breaching under MO3 in Region C, when
added to other past, present, and reasonably foreseeable future actions affecting the viewshed
such as the Columbia Pulp Plant and other land-based development trends, could result in
cumulative effects on visual quality.

MULTIPLE OBJECTIVE ALTERNATIVE 4

The McNary flow target measure drafts the storage projects in Region A and B for fish flows in
the lower basin. These drawdowns would result in a substantial effect to visual quality on a
seasonal basis. At Lake Koocanusa and Hungry Horse Reservoir, these effects would occur in
relatively isolated areas without residences immediately nearby, therefore the likelihood of
adding to the cumulative effects to visual quality is negligible. There is the potential for new
residential and commercial development near both Lake Pend Oreille and Lake Roosevelt. The
drawdowns would add to the cumulative effects to visual resources at these two locations, but
it is unclear how much new development would occur.

6.3.1.14 Noise

RFFAs with the potential to impact noise in the CIAA and are listed in Table 6-38, along with a
description of the effects of these actions.

Table 6-38. Reasonably Foreseeable Future Actions Relevant to Noise

RFFA ID | RFFA Description Cumulative Impact Description

RFFA1 Population Growth and There would be adverse effects from increased volumes of noise as
Urban, Rural, Commercial, human population growth brings potential increases in background
Industrial, and Agricultural noise from residential, commercial, industrial, agricultural,
Development recreational, and transportation development and activities.

RFFA3 New and Alternative Energy There would be possible adverse effects due to construction or
Development deconstruction of new and old energy infrastructure.

6-88

Visual



1914
1915
1916

1917

Columbia River System Operations Environmental Impact Statement
Chapter 6, Cumulative Effects

RFFA ID | RFFA Description Cumulative Impact Description
RFFA4 Increasing Use of Renewable | There would be possible adverse effects due to construction and
Energy Sources, Industrial and | operations of renewable energy sources (i.e., wind turbines).
Vehicle Emissions Reductions,
and Decarbonization
RFFA25 | Columbia Pulp Plant This could increase potential adverse effects due to noise associated
with operating the pulp plant, which is located in Lyons Ferry
downstream of Little Goose Dam and upstream of Lower
Monumental Dam.
RFFA26 | Middle Columbia Dam There would be possible adverse effects due to ongoing noise from
Operations operations and maintenance activities.

Anticipated future effects to noise under the No Action Alternative are anticipated to be
consistent with current conditions. Direct and indirect effects of the MOs are listed below in

Table 6-39.

Table 6-39. Summary of Direct and Indirect Effects to Noise

Region MO1 MO2 MO3 MO4
A (Libby, Negligible and Negligible Negligible and minor effect, similar to No change
Hungry minor effect, and minor the No Action Alternative. from No
Horse, Albeni | similar to the No effect. Action
Falls) Action Alternative. Alternative.
B (Grand Negligible and Negligible Negligible and minor effect, similar to No change
Coulee, Chief | minor effect, and minor the No Action Alternative. from No
Joseph) similar to the No effect. Action
Action Alternative. Alternative.

C (Dworshak, | Negligible and Negligible Short-term effects resulting from No change
Four Lower minor effect, and minor breaching the four lower Snake River from No
Snake River similar to the No effect. dams will result from construction Action
Projects) Action Alternative. activities during the two years following Alternative.

the signing of the ROD. This noise could

temporarily exceed state noise standard

levels at nearby residences. Overall,

construction noise would result in

moderate noise effects for nearby

residents. Once beaching work is

complete, local noise levels would be

lower than under the No Action

Alternative because operations and

maintenance would cease at those

project sites. Increased rail and vehicle

traffic would likely result in a minor

change to noise levels long-term.
D (Four Negligible and Negligible Negligible and minor effect, similar to No change
Lower minor effect, and minor the No Action Alternative. from No
Columbia similar to the No effect. Action
River Action Alternative. Alternative.
Projects)
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Noise associated with construction or modification of facilities are mostly short-term in
duration. Ongoing activities, such as operation of motor vehicles and farming would continue
under all of the alternatives. No effects to noise are anticipated from climate change (see
Section 4.2). Overall, the effects from the alternatives in combination with past, present, and
reasonably foreseeable future actions would result in little to no cumulative effects to noise,
except for those associated with MO3.

MULTIPLE OBJECTIVE ALTERNATIVE 1

There would be negligible to minor effects to noise levels from operational measures. The
effect of the proposed MO1 structural measures on ambient sound levels at the lower Snake
River projects in Region C and Lower Columbia River projects in Region D would be similar to
the No Action Alternative and would be a minor effect. In addition, no substantial reasonably
foreseeable cumulative effects are expected in the CIAA over the analysis period. Therefore, no
cumulative effects are anticipated under this alternative.

MULTIPLE OBJECTIVE ALTERNATIVE 2

There would be a negligible to minor effect to noise levels from structural and operational
measures under MO2. In addition, no substantial reasonably foreseeable cumulative effects are
expected in the CIAA over the analysis period. In addition, no substantial reasonably
foreseeable cumulative effects are expected in the CIAA over the analysis period. Therefore, no
cumulative effects are anticipated under this alternative.

MULTIPLE OBJECTIVE ALTERNATIVE 3

The primary noise effects in this EIS would occur under MO3 and would be related to
substantial structural changes to the four lower Snake River projects. These effects would occur
in relatively isolated areas without residences immediately nearby. Short-term effects resulting
from breaching the four lower Snake River dams will result mainly from the construction
activities during the two years following the signing of the ROD. This noise could temporarily
exceed state noise standard levels at nearby residences, but construction noise related to dam
breaching would result in moderate noise effects, particularly for nearby residents. Once
beaching work is completed, the local noise levels would be lower than under the No Action
Alternative because operations and maintenance would cease at those project sites. In the long
term, increased rail and vehicle traffic would likely result in a minor change to noise levels.

There could potentially be adverse effects from increased volumes of noise as human
population growth brings potential increases in background noise from residential, commercial,
industrial, agricultural, recreational, and transportation development and activities in Region C.
However, it is unclear how much new development would be expected after the breach of the
four lower Snake River dams in MO3.

The Columbia Pulp Plant could potentially increase adverse effects due to noise associated with
operating the pulp plant, which is located in Lyons Ferry downstream of Little Goose Dam and
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upstream of Lower Monumental Dam in Region C, however, any cumulative effects would be
short-term, as they would only occur during dam breach.

MULTIPLE OBJECTIVE ALTERNATIVE 4

There would be a negligible to minor effects to noise levels from structural and operational
measures under MOA4. In addition, no substantial reasonably foreseeable cumulative effects are
expected in the CIAA over the analysis period. Therefore, no cumulative effects are anticipated
under this alternative.

6.3.1.15 Fisheries and Passive Use

RFFAs with the potential to impact fisheries resources in the CIAA are listed in Table 6-40, along
with a description of the effects of these actions.

Table 6-40. Reasonably Foreseeable Future Actions Relevant to Fisheries

RFFA ID | RFFA Description Impact Description

RFFA 1 Population Growth Adverse effects would occur from loss of riparian habitat and fragmentation
and Urban, Rural, through new development projects.

Commercial,
Industrial, and
Agricultural
Development

RFFA 2 Water Withdrawals Overall there would be an adverse effect from reduced availability of water
for Municipal, from increased demand.
Agricultural,

Industrial Uses

RFFA 5 Federal and State Land management practices are anticipated to continue to include watershed
Wildlife Lands improvement projects that can benefit fish.

Management

RFFA 7 Fishery Management | The goal of Pacific Salmon Management plans is to better manage catch of
Plans salmon in ocean waters offshore. This could lead to a trend of beneficial

effects to salmon numbers by reducing commercial catch for these species.
The U.S. v Oregon Fishery Management Agreement has the overall goal of
rebuilding weak runs to full productivity through habitat protection
authorities, enhancement efforts, artificial production techniques and harvest
management. Implementation of this agreement could lead to a trend of
beneficial effects to target species.

RFFA 8 Bycatch and Bycatch of ESA-listed species and incidental take would continue to have an
Incidental Take adverse effect.

RFFA 9 Bull Trout Passage at | The proposed action is to construct an upstream “trap and haul” fish passage
Albeni Falls facility at AFD; downstream passage will occur through the spillway and

powerhouse.

RFFA 10 | Ongoing and Future A common goal among these projects is the improvement of aquatic habitat
Habitat and water quality to benefit native salmonids, especially bull trout.
Improvement
Actions for Bull Trout
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RFFA ID | RFFA Description Impact Description
RFFA 11 | Resident Fisheries The state and tribal fish and game agencies manage, for recreational,
Management ceremonial, and subsistence, fisheries in the Columbia River Basin and

regulate private and public hatchery releases. The agencies modify and
publish recreational fishing regulations on an annual basis. Currently,
recreational anglers may not target bull trout in most areas, but may
incidentally catch and release bull trout. Other resident fisheries include
Kokanee and Burbot in the upper basin.

RFFA 12 | Fish Hatcheries Hatcheries would continue to benefit anadromous populations that are
increased through stocking.
RFFA 13 | Tribal, State, and New Tribal, State, and Local fish and wildlife improvement projects are
Local Fish and projected to restore, maintain, create, or enhance fish and wildlife habitat.
Wildlife Many of these projects are focused on benefiting anadromous species.
Improvement
RFFA 17 | Invasive Species There would be a continuing trend towards increases in Northern Pike and

other species that prey on salmonids. Non-native fishes such as walleye,
smallmouth bass, and channel catfish are present in the slower moving areas
throughout the CRS as well.

RFFA18 | Marine Energy and There would be adverse effects to anadromous fish, due to collisions with
Coastal Development | marine mammals (e.g., orcas), and obstruction of migration routes for
Projects salmonids and marine mammals.

RFFA 19 | Climate Change Potential effects of climate change, such as warmer air temperatures and

changes to hydrology, could have adverse effects on the ecosystem. Warming
air temperatures coupled with changing rainfall amounts and rainfall timing

could affect soil conditions, plant communities, insects, and fish.

Based on the results of the anadromous and resident fish analyses it is assumed that under the
No Action Alternative commercial and subsistence catch would be consistent with current
conditions. Direct and indirect effects of the other alternatives are listed in the below Table
6-41

Under all of the alternatives, the extent to which changes in the abundance of various fish
populations result in changes in fisheries is driven by fishery management decisions that
determine how much, when, and by whom fish can be caught. Due to the complexity of fishery
management, it is not possible to predict changes in fishery management that may result from
changes in fish abundance. The direct effects to fish species are presented in sections 3.5.
Direct effects to fisheries are presented in section 3.15. As noted in Table 6-19 and Table 6-21,
there are numerous cumulative actions that could both beneficially and adversely affect species
important to commercial fishing and subsistence and ceremonial purposes. Climate changes,
including warming air temperatures coupled with changing rainfall amounts and rainfall timing,
could affect soil conditions, plant communities, insects, and fish. Based on the potential effects
of the alternatives and cumulative actions, the potential for beneficial cumulative effects to
commercial fishing, subsistence fishing, and ceremonial use would be most likely under MO3
and MOA4. The potential for adverse cumulative effects would be highest under MO2. MO1 and
the No Action Alternative would likely have similar effects (Table 6-41).
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Table 6-41. Direct and Indirect Impact Summary for Fisheries

Impact Type | MO1 MO2 MO3 MO04
Social There would be MO2 may result in MO3 may benefit MO4 may benefit
Welfare negligible changes in adverse effects to Upper Columbia Upper Columbia
Effects commercial salmon Upper Columbia Spring Chinook, Snake | Spring Chinook
fisheries. Spring Chinook, Snake | River Spring and and Snake River
There would be minor to | River Spring and Summer Chinook, Spring and
moderate adverse Summer Chinook, Upper Columbia Summer Chinook.
effects due to warmer Upper Columbia Steelhead, Mid- The overall effect
summer water Steelhead, Mid- Columbia Steelhead, to Snake River
temperatures, reduced Columbia Steelhead, Columbia River steelhead,
flows, increased Columbia River Sockeye, Snake River sockeye, and
entrainment, and Sockeye, Snake River steelhead, Snake River | coho is expected
increased TDG, which steelhead, Snake River | sockeye, and Snake to be beneficial.
could have effects to sockeye, and Snake River coho.
resident fish and related | River coho.
ceremonial and
subsistence fishing.
Regional There would be MO2 may result in MO3 may benefit the MO4 may benefit
Economic negligible changes in some adverse regional | regional economy the regional
Effects commercial salmon economic effects. through increases in economy through
fisheries. commercially increases in
important fish commercially
populations. important fish
populations.
Other Social | There would be MO2 may adversely MO3 may beneficially | MO4 may
Effects negligible other social affect some affect some beneficially affect
effects. commercially commercially some
important and important and commercially
ceremonial and ceremonial and important and
subsistence fish subsistence fish ceremonial and
populations. populations. subsistence fish
populations.

6.3.1.16 Cultural Resources

RFFAS with the potential to impact cultural resources are primarily those that would result in an
increase in ground disturbance or reservoir level fluctuations in the study area and are listed in
Table 6-42, along with a description of the effects of these actions.

Table 6-42. Reasonably Foreseeable Future Actions Relevant to Cultural Resources

RFFA ID | RFFA Description Cumulative Impact Description
RFFA1 Population Growth and Urban, Population growth could result in ground disturbance and an
Rural, Commercial, Industrial, and increase in human presence on the landscape, which could
Agricultural Development increase the chances of exposure, erosion, and looting of
archaeological sites.
RFFA2 Water Withdrawals for Municipal, | Increasing water withdrawals could increase the chances of
Agricultural, and Industrial Uses exposure and erosion of archaeological sites through reservoir
level fluctuations.
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RFFA ID | RFFA Description Cumulative Impact Description
RFFA 3 New and Alternative Energy Increasing ground disturbance and/or reservoir level
Development fluctuations and flow modifications could increase the chances
of exposure, erosion, and looting of archaeological sites.

RFFA4 Increasing Use of Renewable Increasing ground disturbance and/or reservoir level

Energy Sources, Industrial and fluctuations and flow modifications could increase the chances

Vehicle Emissions Reductions, and | of exposure, erosion, and looting of archaeological sites.

Decarbonization

RFFAS Federal and State Wildlife and Public land management practices can influence ground

Lands Management disturbance, and therefore could increase or decrease the
chances of exposure, erosion, and looting of archaeological
sites, depending on the nature of the management action. Bank
stabilization and stormwater runoff management projects, for
example, are intended to decrease erosion, which could benefit
the preservation of archaeological sites.

RFFA6 Increase in Demand for Water Any new water storage projects could increase ground

Storage Projects disturbance or reservoir level fluctuations, and therefore could
increase or decrease the chances of exposure, erosion, and
looting of archaeological sites.

RFFA9 Bull Trout Passage at Albeni Falls Ground disturbance from construction of a fish passage facility
at Albeni Falls could increase the chances of exposure, erosion,
and damage of archaeological sites. Any modifications to
historic structures could fall under Section 106 compliance, thus
affecting cultural resources.

RFFA10 | Ongoing and Future Habitat Any ground disturbance from habitat modifications from

Improvement Actions for Bull Trout | restoration efforts could increase or decrease the chances of
exposure, erosion, and looting of archaeological sites,
depending on the nature of the management action. Bank
stabilization projects are intended to decrease erosion, which
could benefit the preservation of archaeological sites.
Modifications to historic structures as a result of constructing a
fish passage facility at Box Canyon Dam could fall under Section
106 compliance, thus affecting cultural resources.

RFFA12 | Fish Hatcheries Any ground disturbance from new hatchery development or
maintenance of existing hatchery facilities could increase the
chances of exposure, erosion, and damage of archaeological
sites

RFFA13 | Tribal, State, and Local Fish and Non-federal actions to improve habitat and regulate stormwater

Wildlife Improvement discharges could increase or decrease the chances of exposure,
erosion, and looting of archaeological sites.

RFFA15 | Snake River Sediment Management | Removal of accumulated sediment in the navigation channel,

Plan depositing it in upland locations, and changing reservoir levels
to accommodate dredging could increase the chances of
exposure, erosion, loss, looting and damage of archaeological
sites.

RFFA17 |Invasive Species Management Weed management efforts, invasive species prevention and

eradication, and vegetation treatments could increase or
decrease the chances of exposure, erosion, and looting of
archaeological sites, depending on the nature of the
management action.
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RFFA ID

RFFA Description

Cumulative Impact Description

RFFA19

Climate Change

Changes in flow could affect lake levels as a result of climate
change. These changes could substantially exacerbate the
probability of exposure, erosion, and loss of archaeological sites
due to fluctuating runoff timing, intensity, and duration. This
would apply to both high and low flows, and operational
responses to changing conditions. Refer to section 4.2.15 for
more information.

RFFA24

Hanford Site

sites.

Any ground disturbance from clean-up efforts could increase
the chances of exposure, erosion, and looting of archaeological

RFFA25

Columbia Pulp Plant

Any ground disturbance from construction of the facility could
increase the chances of exposure, erosion, and looting of
archaeological sites.

Anticipated future cultural resource concerns under the No Action Alternative are anticipated
to be consistent with current conditions. Direct and indirect effects of the MOs are listed below

in Table 6-43.
Table 6-43. Summary of Direct and Indirect Effects to Cultural Resources

Region MO1 MO2 MO3 MO4

A (Libby, Increased exposure of | Increased There is potential for a There is potential

Hungry archaeological exposure of small increase in exposure | for a small increase

Horse, resources at Hungry archaeological of archaeological in exposure of

Albeni Horse, leading to resources at resources by reservoir archaeological

Falls) increased erosion, Hungry Horse and fluctuation and increased resources.
recreational effects, Libby. flows.
and possible looting.

B (Grand Increased Increased High draft rate events Increased

Coulee) archaeological archaeological increase from an average archaeological
exposure by 10%, exposure by 13%. of 5.8 times a year to exposure by 47%.
leading to increased Reservoir elevation | above 6.3 times a year, Reservoir elevation
erosion, recreational changes increase leading to increased changes increase in
effects, and possible in frequency by potential for slumping and | frequency by 24%.
looting. 26%. other kinds of mass High draft rate
Reservoir elevation wasting. events increase the
changes increase in same as MO3.
frequency by 32%,
increasing the rate at
which erosion occurs.

B (Chief No change from No No change from No change from No Action | No change from No

Joseph) Action Alternative. No Action Alternative. Action Alternative.

Alternative.
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Region MoO1 MO2 MO3 MO4
C High draft rate events | Increased No change from No Action | No change from No
(Dworshak) | increase from an archaeological Alternative. Action Alternative.
average of 2 times a exposure by 13%.
year to above 4 times | Amplitude of
a year. reservoir elevation
changes (from max
to min) increase by
28%, leading to
increased erosion.
C (Four No change from No No change from A drawdown rate of 2 feet | No change from No
Lower Action Alternative. No Action per day leads to slumping Action Alternative.
Snake Alternative. and mass wasting of post-
River reservoir sediments on
Projects) archaeological sites.

Invasive weeds could take
over exposed soils leading
to the development of a
post-reservoir plant
community that does not
resemble pre-reservoir
conditions. This would
diminish the integrity of
exposed TCPs.

Existing plants may fail to
propagate over areas
exposed by removal of
reservoir due to lack of
water. Lack of plant cover
would lead to accelerated
erosion of archaeological
resources.

Exposure of archaeological
sites due to removal of
reservoir waters could
lead to increased looting.
Exposure of sandy areas
along rivers leads to
increase vehicle traffic on
the former bed of the
reservoir, which leads to
rutting and damage to
exposed sites.

Breaching leads to the
dismantling of (eligible)
historic structures.
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Region MoO1 MO2 MO3 MO4

D (Four Negligible change Negligible change Release of accumulated Increased

Lower from No Action from No Action. sediment from Lower archaeological
Columbia Alternative. Alternative. Snake River dam breaching | exposure by 23% in
River overwhelms some John Day Reservaoir.
Projects) wetlands, affecting

distribution of plant
communities that are
critical to some TCPs (such
as tule).

1994  For the No Action and all other alternatives, the following RFFAs are expected to affect fish
1995  species or increase the chances of damage and/or loss of archaeological sites due to exposure,
1996 erosion, and/or looting:

1997 e Population Growth and Urban, Rural, Commercial, Industrial, and Agricultural Development
1998 e Water Withdrawals for Municipal, Agricultural, and Industrial Uses
1999 e New and Alternative Energy Development

2000 e Increasing Use of Renewable Energy Sources, Industrial and Vehicle Emissions Reductions,
2001 and Decarbonization

2002 e Federal and State Wildlife and Lands Management

2003 e Increase in Demand for Water Storage Projects

2004 e Fishery Management

2005 e Bull Trout Passage at Albeni Falls

2006 e Ongoing and Future Habitat Improvement Actions for Bull Trout
2007 e Fish Hatcheries

2008 e Tribal, State, and Local Fish and Wildlife Improvement
2009 e Lower Columbia River Dredged Material Management Plan
2010 e Snake River Sediment Management Plan

2011 e |nvasive Species Management

2012 e Climate Change

2013 e Clean Water Act-Related Actions

2014 e Mining in Reaches Upstream of CRS Dams

2015 e Hanford Site

6-97
Visual



2016

2017

2018

2019
2020
2021
2022

2023
2024
2025
2026
2027
2028
2029
2030

2031
2032
2033
2034
2035
2036
2037

2038
2039
2040

2041

2042
2043
2044
2045
2046
2047
2048

2049
2050
2051
2052

Columbia River System Operations Environmental Impact Statement
Chapter 6, Cumulative Effects

e Columbia Pulp Plant
e Middle Columbia Dam Operations

e SKQ Dam Operations

In essence, any RFFA that may cause water level fluctuations, changes in flows, has effects to
fish, causes additional ground disturbance, erosion, or exposure of reservoir or riverbanks in
the same space and time as CRSO EIS alternatives could be expected to cause additive adverse
effects to cultural resources, including damage and loss.

Under all alternatives, climate change could contribute cumulatively to the exacerbation of
direct and indirect effects of the CRSO EIS, by increasing the probability of exposure, erosion,
and loss of archaeological sites due fluctuating runoff, scouring sediments, and reservoir level
fluctuations. Climate Change could result in longer periods of low summer flows, resulting in
increased periods of exposure, which can also lead to potential looting and erosion of
archaeological sites. In addition, Climate Change could result in more frequent events of spring
flows with higher average runoff volumes, resulting in increased intensity and duration of
erosion of archaeological sites.

Two sacred sites were identified in the study area: Bear Paw Rock and Kettle Falls. CRSO EIS
alternatives have the potential to affect sacred sites as a result of changes in reservoir
elevations or construction activities. Bear Paw Rock showed no change in effects from the No
Action Alternative for all of the action alternatives. Kettle Falls showed no change from the No
Action Alternative for MO3 and minimal changes for MO1, MO2, and MOA4. Overall, the effects
from the alternatives in combination with past, present, and reasonably foreseeable future
actions would result in minor cumulative effects to sacred sites affected by CRS operations.

The use of BMPs or mitigation measures to exposure, erosion, and looting of archaeological
sites could minimize the direct and indirect effects of these activities, thus reducing the
potential cumulative effects.

NO ACTION ALTERNATIVE

Under the No Action Alternative, effects to cultural resources from ongoing Columbia River
System operations in addition to the cumulative effects discussed above for all alternatives
would continue. See Section 3.16.3.1 for more information. In general, past cumulative effects
to cultural resources are expected to persist into the future under the No Action Alternative
and for many of the action alternatives. The use of BMPs or mitigation measures to exposure,
erosion, and looting of archaeological sites could minimize the direct and indirect effects of
these activities, thus reducing the potential cumulative effects.

Incorporating mitigation (as identified in Chapter 5) to lessen effects could change the
estimated cumulative to cultural resources. In addition, effects to cultural resources would
continue to be mitigated through the ongoing Federal Columbia River Power System Cultural
Resource Program.
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MULTIPLE OBJECTIVE ALTERNATIVE 1

Under this MO, a wide array of measures would affect water levels and flows. Adverse effects
related to cultural resources are expected to occur under MO1. The effects of MO1 on cultural
resources are described above in Table 6-43 by region.

MO1 is expected to adversely affect archaeological resources, especially during wet years.
Increased exposure of archaeological resources under MO1, leading to increased erosion,
recreational effects, and possible looting could potentially be exacerbated by climate change, as
increased precipitation in the form of rain is expected alongside more extreme weather events.
For example, if an archaeological site were exposed for a longer length of time because of
measures in MO1 (which is predicted for this MO), there is potential for more rain to fall on
that site during the time period of exposure, thus increasing the rate, frequency, or intensity of
erosion.

Future higher winter and spring volumes due to climate change could also cumulatively
increase the direct and indirect effects of erosion because of the increased scouring caused by
higher flows for longer periods. This results in moderate to major cumulative effects to cultural
resources under MO1 due to additive exposure. Some mitigation actions are intended to
address these effects, as identified in Chapter 5, which could further offset adverse cumulative
effects. In addition, effects to cultural resources would be mitigated through the ongoing
Federal Columbia River Power System Cultural Resource Program.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Under alternative MO2, cumulative effects to cultural resources are expected to be similar to
those described under MO1. Mitigation (as identified in Chapter 5) to lessen effects could
change the estimated cumulative to cultural resources. In addition, effects to cultural resources
would continue to be mitigated through the ongoing Federal Columbia River Power System
Cultural Resource Program.

MULTIPLE OBJECTIVE ALTERNATIVE 3

Under alternative MO3, cumulative effects to cultural resources are expected to be largely
similar to that as described under MO1. That said, some direct and indirect effects under this
alternative related to dam breach would expose archaeological resources and TCPs in the area
of the reservoir drawdown. Under MO3, these areas could be inundated with more exposure
due to weed infestations, driving, other trampling in sandy areas (where vehicles could go), and
increased looting. Similar to MO1, erosion, recreational effects, and possible looting could
potentially be exacerbated by climate change, as increased precipitation in the form of rain is
expected alongside more extreme weather events. For example, if an archaeological site were
exposed for a longer length of time because of measures in MO3 (which is predicted for this
alternative), there is potential for more rain to fall on that site during the time period of
exposure, thus increasing the rate, frequency, and/or intensity of erosion. That said, the use of
BMPs or mitigation measures to exposure, erosion, and looting of archaeological sites could
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minimize the direct and indirect effects of these activities, thus reducing the potential
cumulative effects. In addition, incorporating mitigation (as identified in Chapter 5) to lessen
effects could change the estimated cumulative to cultural resources. In addition, effects to
cultural resources would continue to be mitigated through the ongoing Federal Columbia River
Power System Cultural Resource Program.

MULTIPLE OBJECTIVE ALTERNATIVE 4

For alternative MO4, cumulative effects to cultural resources are expected to be similar to
those described under MO1. Mitigation (as identified in Chapter 5) to lessen effects could
change the estimated cumulative to cultural resources. In addition, effects to cultural resources
would continue to be mitigated through the ongoing Federal Columbia River Power System
Cultural Resource Program.

6.3.1.17 Indian Trust Assets, Tribal Perspectives, and Tribal Interests

Section 3.17 discusses the affected environment and environmental consequences for Indian
Trust Assets (ITAs), tribal perspectives, and tribal interests. Certain tribes provided their holistic
perspectives on how the CRS affects tribal interests, and these perspectives can be found in
Appendix P, Tribal Perspectives.

The effects from all the alternatives on ITAs, Tribal Perspectives, and Tribal Interests vary. No
direct or indirect effects to ITAs were identified for any alternative. Trust lands identified during
the geospatial database query and tribal outreach are located outside of any direct or indirect
effects identified from the alternatives. These include lands from the Confederated Tribes of
Warm Springs Reservation, the Yakama Nation, and the Kootenai Tribe of Idaho, as well as
these Indian reservations: The Confederated Tribes of the Colville Indian Reservation; Spokane
Tribe of Indians; Kootenai Tribe of Idaho; Nez Perce Tribe; and The Confederated Salish &
Kootenai Tribes of the Flathead Reservation. Ongoing activities on Indian Trust lands, for
example, would be expected to continue under all of the alternatives. Since the CRSO EIS
alternatives are not expected to have direct or indirect effects on Indian Trust Assets, there
would likely be no change in effects to these assets, and thus there would be no likely
cumulative effects to Indian Trust Assets.

RFFAs with the potential to impact tribal interests in the CIAA are listed in Table 6-44 along with
a description of the effects of these actions.

Table 6-44. Reasonably Foreseeable Future Actions Relevant to Tribal Interests

RFFA ID RFFA Description Cumulative Impact Description
RFFA1 Population Growth and Urban, | Population growth and urban, rural, commercial, industrial, and
Rural, Commercial, Industrial, agricultural development could exacerbate the issues tribes are

and Agricultural Development | experiencing related to:
loss of anadromous and resident fish important to these
communities.

increasing costs of power for their communities
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RFFA ID

RFFA Description

Cumulative Impact Description

RFFA2

Water Withdrawals for
Municipal, Agricultural, and
Industrial Uses

Water withdrawals could exacerbate the issues tribes are
experiencing related to loss of water supply, or loss of habitat for
anadromous and resident fish important to their communities
due to tributary water withdrawals.

RFFA3

New and Alternative Energy
Development

Increasing ground disturbance and/or reservoir level fluctuations
and flow modifications could increase the chances of exposure,
erosion, and looting of archaeological sites important to the
tribes.

RFFA4

Increasing Use of Renewable
Energy Sources, Industrial and
Vehicle Emissions Reductions,
and Decarbonization

The planned retirement of coal plants in the region and other
decarbonization actions that increase the need for clean power
may lead to increases in the price of electricity for tribal
communities. However, a beneficial impact would likely be seen
from the likelihood of reduced GHG emissions and air pollutant
emissions. However, generation could be replaced by gas or
renewable sources. If it is replaced by gas, then there could be
increased emissions.

RFFAS

Federal and State Wildlife and
Lands Management

Land management practices are anticipated to continue to
include watershed improvement projects that can benefit fish.
Public land management practices can influence ground
disturbance, and therefore could increase or decrease the
chances of exposure, erosion, and looting of archaeological sites,
depending on the nature of the management action. Bank
stabilization and stormwater runoff management projects, for
example, are intended to decrease erosion, which could benefit
the preservation of archaeological sites important to tribes.

RFFA6

Increase in Demand for Water
Storage Projects

Any new water storage projects could increase ground
disturbance or reservoir level fluctuations, and therefore could
increase or decrease the chances of exposure, erosion, and
looting of archaeological sites important to tribes.

RFFA7

Fishery Management

The goal of Pacific Salmon Management plans is to better
manage catch of salmon in ocean waters offshore. This could
lead to a trend of beneficial effects to salmon numbers by
reducing commercial catch for these species. The U.S. v Oregon
Fishery Management Agreement has the overall goal of
rebuilding weak runs to full productivity through habitat
protection authorities, enhancement efforts, artificial production
techniques, and harvest management. Implementation of this
agreement could lead to a trend of beneficial effects to species
that are important to tribes.

RFFA9

Bull Trout Passage at Albeni
Falls

The proposed action is to construct an upstream “trap and haul”
fish passage facility at Albeni Falls; downstream passage will
occur through the spillway and powerhouse. Ground disturbance
from construction of a fish passage facility at Albeni Falls could
increase the chances of exposure, erosion, and damage of
archaeological sites, thus potentially affecting cultural resources
important to tribes.
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RFFA ID

RFFA Description

Cumulative Impact Description

RFFA10

Ongoing and Future Habitat
Improvement Actions for Bull
Trout

A common goal among these projects is the improvement of
aquatic habitat and water quality to benefit native salmonids,
especially bull trout. Any ground disturbance from habitat
modifications from restoration efforts could increase or decrease
the chances of exposure, erosion, and looting of archaeological
sites, depending on the nature of the management action. Bank
stabilization projects are intended to decrease erosion, which
could benefit the preservation of archaeological sites. These
actions potentially affect cultural resources important to tribes.

RFFA11

Resident Fisheries
Management

There may be adverse effects to tribes from recreational anglers’
catching fish over the catch limits thereby reducing fish
availability.

RFFA12

Fish Hatcheries

Hatcheries would continue to benefit anadromous populations
that are increased through stocking. Any ground disturbance
from new hatchery development or maintenance of existing
hatchery facilities could increase the chances of exposure,
erosion, and damage of archaeological sites important to tribes.

RFFA13

Tribal, State, and Local Fish and
Wildlife Improvement

Tribal, State, and local fish and wildlife improvement projects and
activities could have a beneficial additive effect to anadromous
and resident fish important to tribes.

RFFA14

Lower Columbia River Dredged
Material Management Plan

Removal of accumulated sediment in the navigation channel and
depositing it in upland locations could increase the chances of
exposure, erosion, loss and damage of archaeological sites
important to tribes.

RFFA15

Snake River Sediment
Management Plan

Removal of accumulated sediment in the navigation channel,
depositing it in upland locations, and changing reservoir levels to
accommodate dredging could increase the chances of exposure,
erosion, loss, looting and damage of archaeological sites
important to tribes.

RFFA16

SKQ Dam Operations

Reservoir level fluctuations and flow modifications could increase
the chances of exposure, erosion, and looting of archaeological
sites important to tribes.

RFFA17

Invasive Species

Weed management efforts, invasive species prevention and
eradication, and vegetation treatments could increase or
decrease ground disturbance activities exposing or protecting
archaeological sites important to tribes.

RFFA18

Marine Energy and Coastal
Development Projects

Coastal development has the potential effects that include non-
point source pollution (e.g., stormwater runoff) that would affect
tribes that depend on vegetation, wetlands, wildlife and
floodplains. There would be adverse effects to anadromous fish,
due to collisions with marine mammals (e.g., orcas), and
obstruction of migration routes for salmonids and marine
mammals would affect tribes that depend on these resources.
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RFFA ID RFFA Description Cumulative Impact Description

RFFA19 Climate Change Effects from climate change have the potential to result in
cumulative effects to multiple resources that are important to
tribes. Climate change effects could exacerbate the issues tribes
are experiencing related to:

loss of anadromous and resident fish important to their
communities
increasing costs of power for their communities

RFFA20 Clean Water Act-Related Any ground disturbance from habitat modifications from

Actions restoration efforts could increase or decrease the chances of
exposure, erosion, and looting of archaeological sites important
to tribes. Depending on the nature of the management action,
cumulative effects could be beneficial or adverse.

RFFA21 Idaho Power Hells Canyon This could result in remediation and cleanup actions as well as
Complex Mercury lead to a reduction or elimination of fish consumption advisories
Contamination for mercury in fish tissue, but it is unclear what the timing and
Issues/Remediation extent of remediation would be.

RFFA22 Idaho Power Hells Canyon There is potential for temperature effects during summer
Complex Temperature Issues migration, which may impact fish species important to the tribes.

RFFA23 Mining in Reaches Upstream of | Future or on-going remediation activities, such as those related
CRS Dams to mining on the Spokane Arm of Lake Roosevelt, could increase

the chances of exposure, erosion, and looting of archaeological
sites important to tribes.

RFFA24 Hanford Site Any ground disturbance from clean-up efforts could increase the
chances of exposure, erosion, and looting of archaeological sites
important to tribes.

RFFA25 Columbia Pulp Plant Any ground disturbance from construction of the facility could
increase the chances of exposure, erosion, and looting of
archaeological sites important to tribes.

RFFA26 Middle Columbia Dam Reservoir level fluctuations and flow modifications could increase

Operations the chances of exposure, erosion, and looting of archaeological
sites important to tribes.

The area potentially affected by the alternatives has served as a homeland since time
immemorial for multiple tribes. The rivers and the resources that they have historically
supported are critical elements of many tribes’ sense of place and identity. As a result, any
evaluation of CRS operations should consider how changes to river conditions affect tribal
interests. This section accordingly considers those effects, which have also been considered
throughout this analysis for resources of particular importance to tribes.

Effects to tribal interests from the alternatives would be negligible for most resources (e.g.
Vegetation, Wetlands, Wildlife, and Floodplains, Air Quality and Greenhouse Gases, Power and
Transmission, Flood Risk Management, Navigation and Transportation, and Recreation). There
is a range of expected effects for all alternatives, including minor beneficial effects such as
those from the refined operations in Region A, and potentially minor adverse effects to resident
fish in Lake Roosevelt due to deeper drawdowns in high water years. However, mitigation
incorporated into the alternatives (as appropriate) includes spawning habitat augmentation to
offset these effects. The expected range of effects to fish is described in more detail in the
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anadromous fish, resident fish, water quality, and fisheries sections. Additionally, ongoing Fish
and Wildlife programs would continue under alternatives and extending the boat ramp at the
Inchelium-Gifford ferry would mitigate some of the operational effects at Grand Coulee,

including accessibility.

RFFAs 1, 2,3,4,5,6,7,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, and 26
would likely affect a variety of tribal interests, including: Anadromous Fish; Resident Fish; Water
Quality; Vegetation, Wetlands, Wildlife, and Floodplains; Air Quality and Greenhouse Gases;
Power and Transmission, Flood Risk Management; Navigation and Transportation, and
Recreation. The descriptions of impacts from these RFFAs for these respective resources are
described in depth previously in this Chapter.

6.3.1.18 Environmental Justice

RFFAs with the potential to impact environmental justice communities in the CIAA are listed in
Table 6-45 along with a description of the effects of these actions.

Table 6-45. Reasonably Foreseeable Future Actions Relevant to Environmental Justice

Storage Projects

RFFA ID | RFFA Description Cumulative Impact Description
RFFA1 Population Growth and Population growth and urban, rural, commercial, industrial, and
Urban, Rural, Commercial, agricultural development could exacerbate the issues tribes and low-
Industrial, and Agricultural income communities are experiencing related to:
Development loss of anadromous and resident fish important to these
communities.
increasing costs of power for these communities
RFFA2 Water Withdrawals for Water withdrawals could exacerbate the issues tribes and low-income
Municipal, Agricultural, and communities are experiencing related to loss of water supply, or loss
Industrial Uses of habitat for anadromous and resident fish important to these
communities due to tributary water withdrawals.
RFFA3 New and Alternative Energy Increasing ground disturbance and/or reservoir level fluctuations and
Development flow modifications could increase the chances of exposure, erosion,
and looting of archaeological sites important to these communities.
RFFA4 Increasing Use of Renewable | The planned retirement of coal plants in the region and other
Energy Sources, Industrial and | decarbonization actions that increase the need for clean power may
Vehicle Emissions Reductions, | lead to increases in the price of electricity.
and Decarbonization
RFFAS Federal and State Wildlife and | Public land management practices can influence ground disturbance,
Lands Management and therefore could increase or decrease the chances of exposure,
erosion, and looting of archaeological sites, depending on the nature
of the management action. Bank stabilization and stormwater runoff
management projects, for example, are intended to decrease erosion,
which could benefit the preservation of archaeological sites
important to these communities.
RFFA6 Increase in Demand for Water | Any new water storage projects could increase ground disturbance or

reservoir level fluctuations, and therefore could increase or decrease
the chances of exposure, erosion, and looting of archaeological sites

important to these communities.
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RFFA ID

RFFA Description

Cumulative Impact Description

RFFA7

Fishery Management

The goal of Pacific Salmon Management plans is to better manage
catch of salmon in ocean waters offshore. This could lead to a trend
of beneficial effects to salmon numbers by reducing commercial catch
for these species. The U.S. v Oregon Fishery Management Agreement
has the overall goal of rebuilding weak runs to full productivity
through habitat protection authorities, enhancement efforts, artificial
production techniques, and harvest management. Implementation of
this agreement could lead to a trend of beneficial effects to species
that are important to environmental justice communities.

RFFA9

Bull Trout Passage at Albeni
Falls

Ground disturbance from construction of a fish passage facility at
Albeni Falls could increase the chances of exposure, erosion, and
damage of archaeological sites, thus potentially affecting cultural
resources important to environmental justice communities.

RFFA10

Ongoing and Future Habitat
Improvement Actions for Bull
Trout

Any ground disturbance from habitat modifications from restoration
efforts could increase or decrease the chances of exposure, erosion,
and looting of archaeological sites, depending on the nature of the
management action. Bank stabilization projects are intended to
decrease erosion, which could benefit the preservation of
archaeological sites. These actions potentially affect cultural
resources important to environmental justice communities.

RFFA11

Resident Fisheries
Management

There may be adverse effects to environmental justice communities
from recreational angler’s catching fish over the catch limits thereby
reducing fish availability for environmental justice communities.

RFFA12

Fish Hatcheries

Hatcheries would continue to benefit anadromous populations that
are increased through stocking. Any ground disturbance from new
hatchery development or maintenance of existing hatchery facilities
could increase the chances of exposure, erosion, and damage of
archaeological sites important to environmental justice communities.

RFFA13

Tribal, State, and Local Fish
and Wildlife Improvement

Tribal, State, and local fish and wildlife improvement projects and
activities could have a beneficial additive effect to anadromous and
resident fish important to tribes and low-income communities.

RFFA14

Lower Columbia River
Dredged Material
Management Plan

Removal of accumulated sediment in the navigation channel and
depositing it in upland locations could increase the chances of
exposure, erosion, loss and damage of archaeological sites important
to environmental justice communities.

RFFA15

Snake River Sediment
Management Plan

Removal of accumulated sediment in the navigation channel,
depositing it in upland locations, and changing reservoir levels to
accommodate dredging could increase the chances of exposure,
erosion, loss, looting and damage of archaeological sites important to
environmental justice communities.

RFFA16

SKQ Dam Operations

Reservoir level fluctuations and flow modifications could increase the
chances of exposure, erosion, and looting of archaeological sites
important to environmental justice communities.

RFFA17

Invasive Species

Weed management efforts, invasive species prevention and
eradication, and vegetation treatments could increase or decrease
ground disturbance activities exposing or protecting archaeological
sites important to environmental justice communities.
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RFFA ID | RFFA Description Cumulative Impact Description

RFFA18 | Marine Energy and Coastal Coastal development has the potential effects that include non-point
Development Projects source pollution (e.g., stormwater runoff) that would affect

environmental justice communities that depend on vegetation,
wetlands, wildlife and floodplains. There would be adverse effects to
anadromous fish, due to collisions with marine mammals (e.g., orcas),
and obstruction of migration routes for salmonids and marine
mammals would affect environmental justice communities that
depend on these resources.

RFFA19 | Climate Change Effects from climate change have the potential to result in cumulative
effects multiple resources that are important to environmental justice
populations. Refer to section 4.2.16 for more information.

Climate change effects could exacerbate the issues tribes and low-
income communities are experiencing related to:
loss of anadromous and resident fish important to these
communities
increasing costs of power for these communities

RFFA20 | Clean Water Act-Related Any ground disturbance from habitat modifications from restoration

Actions efforts could increase or decrease the chances of exposure, erosion,
and looting of archaeological sites important to environmental justice
communities. Depending on the nature of the management action,
cumulative effects could be beneficial or adverse.

RFFA21 |ldaho Power Hells Canyon This could result in remediation and cleanup actions as well as lead to
Complex Mercury a reduction or elimination of fish consumption advisories for mercury
Contamination in fish tissue, but it is unclear what the timing and extent of
Issues/Remediation remediation would be.

RFFA23 | Mining in Reaches Upstream | Future or on-going remediation activities, such as those related to
of CRS Dams mining on the Spokane Arm of Lake Roosevelt, could increase the

chances of exposure, erosion, and looting of archaeological sites
important to environmental justice communities.

RFFA24 | Hanford Site Any ground disturbance from clean-up efforts could increase the
chances of exposure, erosion, and looting of archaeological sites
important to environmental justice communities.

RFFA25 | Columbia Pulp Plant Any ground disturbance from construction of the facility could
increase the chances of exposure, erosion, and looting of
archaeological sites important to environmental justice communities.

RFFA26 | Middle Columbia Dam Reservoir level fluctuations and flow modifications could increase the
Operations chances of exposure, erosion, and looting of archaeological sites

important to environmental justice communities.

Anticipated future environmental justice concerns under the No Action Alternative are
anticipated to be consistent with current conditions. Direct and indirect effects of the Action
Alternatives are listed below in Table 6-46.
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2153  Table 6-46. Summary of Direct and Indirect Effects to Environmental Justice
Region MO1 MO2 MO3 MO4
A (Libby, Adverse effects on resident fish Resident fish species may Similar to MO1, MO3 would have | Bull trout, westslope cutthroat
Hungry (bull trout and Kootenai River be adversely impacted adverse effects to bull trout and trout, and Kootenai River white
Horse, Albeni | white sturgeon) could adversely downstream of Libby and in | Kootenai River white sturgeon, sturgeon would have increased
Falls) impact ceremonial and Hungry Horse Reservoirs. adversely impacting ceremonial entrainment risk and some reduced
subsistence fishing opportunities. | There could be reduced and subsistence fishing habitat and food availability. An
An increase in electricity rates sturgeon habitat in the opportunities. An increase in increase in electricity rates of up to
could impact low-income Kootenai River. These electricity rates of up to $53 per $113 per year could impact low-
households, but these effects effects have the potential year could impact low-income income households, but these
would occur across the region, to adversely affect households at a regional level, effects would occur across the
and therefore would not result in | ceremonial and subsistence | but these effects would be felt region and therefore would not
an EJ effect (disproportionate fishing opportunities. across the region and therefore result in an EJ effect
effect). would not result in an EJ effect (disproportionate effect).
(disproportionate effect).
B (Grand Adverse effects on fish could Increased entrainment risk Small increases in the abundance | MO4 has the potential to adversely
Coulee, Chief | adversely impact ceremonial and | for some resident species of key anadromous recreational affect ceremonial and subsistence
Joseph) subsistence fishing opportunities. | (bull trout, kokanee, fishing species are anticipated, fishing opportunities for low-

An increase in electricity rates
could impact low-income
households, but these effects
would occur across the region.
The Inchelium-Gifford ferry is
expected to have 9 fewer
operational days during wet
years.

rainbow trout, and burbot)
could adversely affect the
recreational fishery at Lake
Roosevelt. Adverse effects
on fish (Upper Columbia
River salmon and
steelhead) could adversely
impact ceremonial and
subsistence fishing
opportunities. An increase
or decrease in electricity
rates could impact low-
income households, but
these effects would occur
across the region, and
therefore would not result
in an EJ effect
(disproportionate effect).

particularly Columbia River runs
of Chinook and steelhead,
increasing fishing opportunities
for these species over the long
term below Chief Joseph Dam.
Reduced entrainment risk for
some resident species (bull trout,
kokanee, rainbow trout, and
burbot) could benefit the fishery
at Lake Roosevelt. An increase in
electricity rates of up to $54 per
year could impact low-income
households, but these effects
would occur across the region,
and therefore would not result in
an EJ effect (disproportionate
effect).

income populations, minority
populations, and Indian tribes. The
effects to the Inchelium-Gifford
ferry are similar to MO1. An
increase in electricity rates of up to
$85 per year could impact low-
income households, but these
effects would occur across the
region, and therefore would not
result in an EJ effect
(disproportionate effect).
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Region MO1 MO2 MO3 MO04

C (Dworshak, | Adverse effects on fish could Decreased abundance of People would be able to access Adverse effects to bull trout and
Four Lower adversely impact ceremonial and | Snake River Spring Chinook | landscapes and locations that other resident fish have the

Snake River subsistence fishing opportunities. | and Snake River steelhead have been inaccessible since the potential to impact ceremonial and
Projects) An increase in electricity rates could contribute to adverse | dams were completed, allowing subsistence fishing opportunities in

could impact low-income
households, but these effects
would occur across the region,
and therefore would not result in
an EJ effect (disproportionate
effect).

effects on ceremonial and
subsistence, and tribal
commercial fishing
opportunities. Adverse
effects to kokanee at
Dworshak Reservoir are
also anticipated. These
losses could represent an
adverse impact to Indian
tribes in the region for
whom salmon and
steelhead are a
predominant element of
cultural traditions,
traditional diet, as well as
sources of revenue.

practitioners of traditional
lifeways and religions to
physically access the landforms
and Traditional Cultural
Properties (TCPs) to practice
their traditional lifeways.
Archaeological resources could
also be damaged through
increasing exposure and erosion
associated with increased
reservoir level fluctuations
associated with dam breach. An
increase in electricity rates of up
to $47 per year could impact low-
income households, but these
effects would occur across the
region, and therefore would not
result in an EJ effect
(disproportionate effect).

Region C. An increase in electricity
rates of up to $98 per year could

impact low-income households, but

these effects would occur across
the region, and therefore would
not result in an EJ effect
(disproportionate effect).
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Region MO1 MO2 MO3 MO4

D (Four Adverse effects on fish could Decreased abundance of Short-term increased Adverse effects on resident fish
Lower adversely impact ceremonial and | Snake River Spring Chinook | sedimentation above McNary have the potential to adversely
Columbia subsistence fishing opportunities. | and Snake River steelhead, Dam would adversely affect impact ceremonial and subsistence
River An increase in electricity rates Upper Columbia River fishing conditions. Long-term fishing opportunities in Region D.
Projects) could impact low-income Spring Chinook, and increases in the abundance of An increase in electricity rates of up

households, but these effects
would occur across the region,
and therefore would not result in
an EJ effect (disproportionate
effect).

decreased in-river survival
rates of Upper Columbia
River steelhead could
contribute to adverse
effects on ceremonial and
subsistence, and tribal
commercial fishing
opportunities. These losses
could represent an adverse
impact to Indian tribes in
the region for whom
salmon and steelhead are a
predominant element of
cultural traditions,
traditional diet, as well as
sources of revenue.

key anadromous recreational
fishing species, including Chinook
salmon and other salmonids as
well as white sturgeon, are
anticipated to occur. An increase
in electricity rates of up to $80
per year could impact low-
income households, but these
effects would occur across the
region, and therefore would not
result in an EJ effect
(disproportionate effect).

to $109 per year could impact low-
income households, but these
effects would occur across the
region, and therefore would not
result in an EJ effect
(disproportionate effect).
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NO ACTION ALTERNATIVE

Under the No Action Alternative, effects from ongoing Columbia River System operations on
minority populations, low-income populations, and Indian tribes would continue. As described
in the Environmental Justice section (Section 3.18), “the construction of the dams and the
current system operations have ongoing effects on tribal culture, lifeways (e.g., customs and
practices), and traditions. The loss of foundational aspects of tribal culture resulting from the
inundation of important fishing sites and the reduction in wild salmon populations has
adversely affected tribal communities.” These ongoing effects include adverse outcomes
related to ceremonial, subsistence and other tribal fishing practices; energy affordability; water
supply needs; and cultural resources important to Environmental Justice communities. This past
cumulative effect is expected to persist into the future under the No Action Alternative and
many of the action alternatives.

Natural and cultural resources associated with the Columbia River System are of critical
importance to tribes in the region for subsistence, commerce, preservation of cultural
traditions and history, religious practice, and self-determination as sovereign nations. As
discussed in the Cultural Resources section, ongoing effects of ground disturbance, inundation,
variable flows, and reservoir fluctuation would continue to have substantial adverse effects on
traditional cultural properties and archaeological resources under the No Action and all MOs.
The discussion under the cumulative effects section for cultural resources 6.3.1.15 below
describes how RFFAs would cumulatively impact cultural resources through increasing exposure
and erosion, resulting in effects associated with public access, including looting, vandalism,
creation of trails, and unauthorized activities. In addition, Table 6-42 details numerous RFFAs
that could have additive effects to cultural resources that could be important to environmental
justice communities, and what those effects could be. Any RFFA that has an additive effect to
ground disturbance, water levels and flows, access to certain areas, and/or abundance and
distribution of fish in the CIAA would be considered a cumulative effect under the No Action
and Action Alternatives

In addition, commercial, ceremonial, and subsistence fishing activity occurs in various locations
on the mainstem Columbia and Snake Rivers and in tributaries throughout the study area. The
MOs have the potential to affect the availability of fish for harvest for low-income populations,
minority populations, and Indian tribes participating in these activities. Insofar as indirect and
direct effects combine with RFFAs to cumulatively impact fish, as described in Section 6.3.1.4
for Anadromous fish and Section 6.3.1.5 for Resident fish, environmental justice communities
would also be affected if they relied on those fish for subsistence, ceremonial, or commercial
fishing. Please refer to these sections for discussions on the cumulative effects for fish species
throughout the Columbia River Basin. That said, tribal, State, and local fish and wildlife
improvement projects and activities could have a beneficial additive effect when it comes to
effects to loss of anadromous and resident fish important to environmental justice
communities.
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Low-income communities, minority communities, and Indian Tribes, and particularly low-
income households in these communities, already experience potentially unaffordable
electricity costs under the No Action Alternative. Any increase in electricity rates in this region
would be acutely felt by low-income households, for whom electricity costs are a larger percent
of their income than for other households. In some cases, these low-income households are
also minority, tribal, or both. However, these effects would be felt across the region and
therefore would not result in an EJ effect (disproportionate effect).

MULTIPLE OBJECTIVE ALTERNATIVE 1

Under this alternative, a wide array of measures would affect water levels and flows, as well as
the abundance and distribution of fish. Adverse effects related to the following resources and
therefore cumulative effects to the same resources may occur under MO1: power generation
and transmission, rates for power customers, navigation and transportation, and cultural
resources. The effects of MO1 on environmental justice populations resulting from changes in
these resources are described above in Table 6-46 by region. See Section 6.3.1.16 for discussion
of cumulative effects to cultural resources under MO1.

Low-income households typically spend a larger portion of their income on home electricity
costs than other households spend and would likely have a more difficult time adapting to a
higher cost of living if annual electricity bills increase. Annual potential power rate increases for
residential customers could be as high as $29 in Region A, $24 in Region B, $25 in Region C, and
$44 in Region D as compared to the No Action Alternative. Any increase in electricity cost could
be acutely felt by low-income or minority households (or both), for whom electricity costs are a
larger percent of their income. In some cases, these low-income households are also minority,
tribal, or both. RFFAs such as population growth could exacerbate this issue by creating a larger
demand for energy, or by driving up other costs to low income or minority households (or both)
that tend to increase alongside population growth, such as housing costs. However, these
effects would be felt across the region and therefore would not result in an EJ effect
(disproportionate effect).

In terms of navigation, Inchelium-Gifford ferry is operated by the Confederated Tribes of the
Colville Reservation and primarily serves the tribal population as the primary and most practical
means of transportation across Lake Roosevelt. However, the ferry becomes inoperable when
the lake falls below a certain elevation. There are other longer or more costly modes of
transportation that could be used in case of emergency if the ferry was out of service. MO1 is
expected to adversely affect the Inchelium-Gifford Ferry on Lake Roosevelt because it is
expected to have nine fewer operational days during wet years. Effects would primarily fall on
the Confederated Tribes of the Colville Reservation. Future spring volumes due to climate
change could cumulatively increase the direct and indirect effects of the alternatives on the
Inchelium-Gifford Ferry operations because of higher winter and spring volumes, but mitigation
actions are intended to address this impact, as identified in Chapter 5, which could further
offset adverse cumulative effects. In addition, effects to cultural resources would be mitigated
through the ongoing Federal Columbia River Power System Cultural Resource Program.
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Effects related to effects on water supply on low-income, minority, and Indian tribes are
anticipated to be negligible under MO1.

Incorporating mitigation to lessen effects could change the estimated cumulative effects to
environmental justice, and effects to cultural resources would be mitigated through the
ongoing Federal Columbia River Power System Cultural Resource Program. Therefore, through
analysis considering effects detailed in Chapter 3 Affected Environment and Environmental
Consequences; Chapter 4 Climate; Chapter 5 Mitigation; and this chapter (Cumulative Effects),
there would not likely be a disproportionately high and adverse effect on environmental justice
populations for MO1.

MULTIPLE OBJECTIVE ALTERNATIVE 2

Adverse effects related to the following resources may occur under MO2: fish; navigation and
transportation; and cultural resources. The effects of MO2 on environmental justice
populations resulting from changes in these resources are described in Table 6-46 above by
region.

Ferry operations on Lake Roosevelt are expected to be affected under MO2 similar to the
effects described under MO1, so cumulative effects are expected to be similar as well. Similarly,
mitigation actions identified in Chapter 5 to address these effects could minimize cumulative
effects. In addition, effects to cultural resources would be mitigated through the ongoing
Federal Columbia River Power System Cultural Resource Program.

Under MO2, decreased abundance of Snake River spring Chinook and Snake River steelhead
would contribute to adverse effects on ceremonial and subsistence, and tribal commercial
fishing opportunities in Region C under MO2. Adverse effects to kokanee at Dworshak Reservoir
are also anticipated. These losses could represent an adverse impact to Indian tribes in the
region for whom salmon and steelhead are a predominant element of cultural traditions and
traditional diet, as well as sources of revenue. Cumulative effects to these species are described
in detail in Sections 6.3.1.4 and 6.3.1.5. RFFAs such as population growth could exacerbate the
loss of revenue by driving up other economic costs to low income or minority households (or
both) that tend to increase alongside population growth, such as housing costs. There is
potential for Tribal, State, and local fish and wildlife improvement projects and activities to
offset some of the loss of anadromous and resident fish important to environmental justice
communities.

In addition to the resources identified under section 3.15.3.1, effects related to effects of water
supply on low-income, minority, and Indian tribes are anticipated to be negligible under MO2.
Therefore, through analysis considering effects detailed in Chapter 3 Affected Environment and
Environmental Consequences; Chapter 4 Climate; Chapter 5 Mitigation; and this chapter
(Cumulative Effects) there would not likely be a disproportionately high and adverse effect on
environmental justice populations for MO2.
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Incorporating mitigation (as identified in Chapter 5) to lessen effects could change the
estimated cumulative effects to environmental justice, and effects to cultural resources would
be mitigated through the ongoing Federal Columbia River Power System Cultural Resource
Program.

MULTIPLE OBJECTIVE ALTERNATIVE 3

MO3 involves the breaching of the four Lower Snake projects, which would reduce hydropower
generation, increase regional emissions and air pollutants, affect navigation along the Snake
River, adversely affect resident non-native fish populations, and could potentially benefit
anadromous fish populations, as well as white sturgeon and bull trout.

Any increase in electricity cost could impact low-income and/or minority households, for whom
electricity costs are a larger percent of their income than for other households. In some cases,
these low-income households are also minority, tribal, or both. RFFAs such as population
growth could exacerbate this issue by creating a larger demand for energy, or by driving up
other costs to low income or minority households (or both) that tend to increase alongside
population growth, such as housing costs. However, these effects would be felt across the
region and therefore would not result in an EJ effect (disproportionate effect).

Incorporating mitigation to lessen effects could change the estimated cumulative effects to
environmental justice, and effects to cultural resources would be mitigated through the
ongoing Federal Columbia River Power System Cultural Resource Program. Therefore, through
analysis considering effects detailed in Chapter 3 Affected Environment and Environmental
Consequences; Chapter 4 Climate; Chapter 5 Mitigation; and this chapter (Cumulative Effects)
there would not likely be a disproportionately high and adverse effect on environmental justice
populations for MO3.

MULTIPLE OBJECTIVE ALTERNATIVE 4

The MO4 alternative includes substantial operational changes to Libby, Hungry Horse, and
Grand Coulee Dams, and operational changes at the Lower Columbia and Snake River projects.
The effects of MO4 on environmental justice populations resulting from changes in these
resources are described in Table 6-46 above by region. Adverse effects related to the following
resources are expected under MO4: fish; power generation and transmission; navigation and
transportation; water supply; and cultural resources.

In addition, commercial, ceremonial, and subsistence fishing activity occurs in various locations
Please refer to Section 6.3.1.4 for Anadromous Fish and Section 6.3.1.5 for Resident fish for
discussions of the cumulative effects for fish species throughout the Columbia River Basin. That
said, tribal, State, and local fish and wildlife improvement projects and activities could have a
beneficial additive effect when it comes to effects to loss of anadromous and resident fish
important to environmental justice communities.
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Annual potential power rate increases for residential customers could be as high as $113 in
Region A, $85 in Region B, $98 in Region C, and $109 in Region D as compared to the No Action
Alternative. Any increase in electricity costs could be acutely felt by low-income or minority
households (or both), for whom electricity costs are a larger percent of their income than for
other households. In some cases, these low-income households are also minority, tribal, or
both. RFFAs such as population growth could exacerbate this issue by creating a larger demand
for energy, or by driving up other costs to low income or minority households (or both) that
tend to increase alongside population growth, such as housing costs. However, these effects
would be felt across the region and therefore would not result in an EJ effect (disproportionate
effect).

In terms of navigation, cumulative effects to the Inchelium-Gifford ferry are the same as those
described under MOL1.

Please see the discussion under the cumulative effects section for cultural resources in Section
6.3.1.16, which describes how RFFAs would cumulatively impact cultural resources
through increasing exposure and erosion.

Incorporating mitigation to lessen effects could change the estimated cumulative effects to
environmental justice, and effects to cultural resources would be mitigated through the
ongoing Federal Columbia River Power System Cultural Resource Program.

Under MO4, certain pumps may need to be extended to allow for continued provision of water
supply. If these pumps provide drinking water or agricultural water sources for minority
populations, low-income populations, or Indian tribes, this could affect the costs of living in an
area as well as the availability of employment opportunities.

Through analysis considering effects detailed in Chapter 3 Affected Environment and
Environmental Consequences; Chapter 4 Climate; Chapter 5 Mitigation; and this chapter
(Cumulative Effects) there would not likely be a disproportionately high and adverse effect on
environmental justice populations for MO?2.
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CHAPTER 7 - PREFERRED ALTERNATIVE
7.1 INTRODUCTION

This chapter describes the alternatives introduced in Chapter 2 and analyzed in Chapters 3, 4, 5,
and 6. Alternatives were evaluated based on their ability to meet the Purpose and Need,
degree to which they met the objectives, as well as consideration of environmental, economic,
and social effects. Major and moderate environmental, economic, and social effects to affected
resources from the No Action Alternative, Multiple Objective Alternatives (MOs) and the
Preferred Alternative are summarized in Table 7-1. This chapter focuses on how the

Preferred Alternative was developed, including the operational, structural, and mitigation
actions as well as preliminary measures to be included in the Endangered Species Act (ESA)
consultations associated with this environmental impact statement (EIS). It includes the effects
analysis related to the direct, indirect, climate, and cumulative effects analyses.

The Preferred Alternative includes a combination of measures that meet the Purpose and Need
and objectives of the Columbia River System Operations (CRSO) EIS, while balancing the
authorized purposes of the 14 Federal dam and reservoir projects that make up the Columbia
River System (CRS). The Preferred Alternative is a combination of measures included in the five
alternatives described in Chapter 2 and information that was evaluated in Chapter 3. In some
instances, measures were modified to improve their ability to meet the Purpose and Need or
objectives, as well as to avoid, reduce, or minimize environmental, economic, and social
impacts. It is expected that the Preferred Alternative would allow the co-lead agencies to meet
the congressionally authorized purposes of the system and the Purpose and Need and
objectives of the EIS, including those to benefit ESA-listed species. The Preferred Alternative
balances the multiple purposes of the Federal projects while complying with relevant laws and
regulations.

While developing the Preferred Alternative, the co-lead agencies also considered the benefits,
environmental consequences, tradeoffs, and costs of alternatives within and outside of current
authorities as reflected in Chapters 3 to 6. This included evaluating the effects of each
alternative as described in Chapter 3; projected changes to future regional climatic and
hydrologic conditions as described in Chapter 4; possible mitigation measures to avoid,
minimize, and reduce impacts to the human environment as described in Chapter 5; and
cumulative effects as described in Chapter 6. Collectively, this information was used to help
identify suites of measures from the alternatives described in Chapter 2 for inclusion in the
Preferred Alternative.

As part of the development process for the Preferred Alternative, the co-lead agencies met
with and considered input from cooperating agencies, members of the congressional
delegation, state governors and other officials, tribes, National Marine Fisheries Service
(NMFS), U.S. Fish and Wildlife Service (USFWS), and other groups with a vested interest in
system operations that included utility customers, irrigators, environmental organizations, and
representatives from the navigation sector.
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Many tribal representatives were vocal about past impacts to tribal resources and ways of life
that resulted from the construction of the CRS. For thousands of years, salmon have been an
important food source to tribes within the Pacific Northwest and are an important part their
cultural identity, spiritualty, and ways of life. Impacts from the CRS, such as the loss of
important fishing sites at Celilo and Kettle Falls, among an uncountable number of other
locations, have adversely impacted tribal resources and ways of life. In addition, the lack of fish
passage at some dams, including Chief Joseph and Grand Coulee Dams, within the region has
restricted the range of salmonids from some locations where they were historically present.
Impacts such as these have adversely affected how tribal communities define themselves,
interact with each other, and live full spiritual lives. Many of the tribes have not only lost access
to traditional places on the river due to construction of dams, but they have also lost access to
shared resources that bound them together: salmon and steelhead. For many of the tribes, any
discussion pertaining to the CRS must include actions to return salmon and steelhead to
historical numbers and to improve access to historical fish habitat. In addition to evaluating
significant analytical input from regional tribes throughout this process, agency decision-makers
also considered the “Tribal Perspectives” narratives from those tribes who elected to submit
one (see Chapter 3.17 and Appendix P) in the process of identifying measures to be included as
part of the Preferred Alternative.

The co-lead agencies met with the irrigation stakeholders, who expressed concerns that any
measures that allowed reservoir levels to be lowered behind Ice Harbor Dam or McNary Dam
will result in operation concerns and increased costs to irrigators. They were concerned about
elevation changes, increased lift to stranding of some pump stations, and major sediment loads
moving through the system resulting from potential dam breach.

Navigation interests and local stakeholders expressed concerns that include the potential for
rail and truck rates to increase substantially if shallow draft barges no longer operate, reduce
grain growers’ cost competitiveness, having adequate capacity for transportation by rail and
road, and the high cost of adding capacity to these other transportation modes. Cruise line
industries expressed concern about no longer being able to come to port and the loss of
tourism.

The scope of this EIS focuses on the operation, maintenance, and configuration of the 14
Federal projects. The Preferred Alternative also includes measures to benefit ESA-listed juvenile
adult salmon and steelhead and resident fish, as well as to improve conditions for Pacific
lamprey within the CRS. As with salmon and steelhead, Pacific lamprey is a species that is
important to many tribes.

The Preferred Alternative includes structural modifications to infrastructure at certain projects
to benefit passage of adult salmon, steelhead, and Pacific lamprey (e.g., Modify the Bonneuville
Ladder Serpentine Weir, Lamprey Passage Ladder Modifications). Additionally, proposed
operational changes in the upper basin would avoid adverse impacts to resident fish, including
ESA-listed bull trout and Kootenai River white sturgeon. As discussed in Chapter 2 under the No
Action Alternative, ongoing actions to benefit resident and anadromous fish would be
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continued into the future. The Juvenile Fish Passage Spill Operations measure in the Preferred
Alternative builds off the range of spill analyzed in the alternatives, as well as the core
principles, objectives, and model of successful regional collaboration underlying the 2019-2021
Spill Operation Agreement and includes an updated approach to adaptively implement spill.
Over time, the proposed spill operation would allow for more scientific certainty regarding
latent mortality (as discussed in Chapter 3.5), and it would address uncertainty in outputs from
fish models related to potential benefits of increased spill to ESA-listed salmon and steelhead in
the lower Columbia and Snake Rivers.

Unless otherwise noted, all other actions that were planned or part of ongoing CRS operations
and maintenance in 2016 when the EIS was initiated are included as part of the Preferred
Alternative. For example, the co-lead agencies are proposing to include measures to benefit
ESA-listed fish, and are planning to continue certain ongoing fish and wildlife mitigation actions
for non-listed species in the Preferred Alternative (see Chapter 7.5). A more detailed discussion
of the Preferred Alternative is presented later in this chapter.

7.2 ABILITY TO MEET THE PURPOSE AND NEED

As part of evaluating the effectiveness of the alternatives, the co-lead agencies used the
Purpose and Need Statement to determine if the alternatives met the co-lead agencies'
purposes. The co-lead agencies’ assessment of this included an evaluation of the ability of the
U.S. Army Corps of Engineers (Corps) and U.S. Bureau of Reclamation (Reclamation) to operate
and maintain the 14 CRS projects to meet all congressionally authorized purposes, and
Bonneville’s congressionally mandated ability to market power from the projects. This
assessment also evaluated the co-lead agencies’ ability to mitigate for the ongoing operations
of the CRS, and to incorporate new information and adjust system operations to respond to
changing environmental conditions.

The co-lead agencies’ assessment also addressed the need to respond to the Opinion and Order
issued by the U.S. District Court for the District of Oregon!to evaluate how the system can be
operated in compliance with Section 7(a)(2) of the ESA. The co-lead agencies are also
responding to observations the Court made regarding the reasonable range of alternatives that
could be considered, and comments received during public scoping, to consider breaching the
four lower Snake River dams as part of a reasonable range of alternatives. The co-lead agencies
considered the ability of each alternative to comply with all applicable Federal laws and
regulations, as well as to uphold the unique trust relationship between federally recognized
tribes and the United States, including upholding tribal rights that legally accrue to a tribe or
tribes by virtue of inherent sovereign authority, unextinguished aboriginal title, treaty, statute,
judicial decision, Executive Order, or agreement. Under this section of the ESA, the co-lead
agencies are responsible for ensuring that their actions are not likely to jeopardize the
continued existence of endangered or threatened species or result in the destruction or

! National Wildlife Federation, et al. v. National Marine Fisheries Service (NMFS), et al., 184 F. Supp. 3d 861 (D Or.
2016).
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adverse modification of designated critical habitat. While federal agencies must ensure their
actions do not “...reduce appreciably the likelihood of both the survival and recovery of a listed
species...”?, the co-lead agencies are not, however, obliged under Section 7(a)(2) to contribute
affirmatively toward recovery achievement. Recovery is an important, but distinct, public policy
objective that is furthered through a separate planning process governed by ESA Section 4(f) to
guide societal actions by both federal and non-federal actors.

The co-lead agencies determined that the No Action Alternative, MO1, MO2, and MO4
(described in Chapter 2), allow for the operation of the projects in furtherance of all of the
congressionally authorized purposes to varying degrees (the rationale for these differences is
described in Section 7.2 and 7.3). This includes flood risk management, navigation, irrigation,
hydropower generation, fish and wildlife conservation, and recreation. See Part 1 in Table 7-1
for additional detail. Alternative MO3 would not meet the congressionally authorized purposes
of operating and maintaining the four lower Snake River dams for navigation, hydropower,
envisioned recreational benefits, and providing irrigation. New congressional authority through
the passage of new laws and associated funding would be required to implement the dam
breaching measures in MO3. However, the dam breaching measures in MO3 were carried
forward in the analysis to align with the District Court's Opinion and Order, and in response to
comments received during public scoping that requested this alternative be evaluated.
Breaching of the four lower Snake River dams also received substantial interest by several
tribes who believe that this alternative is the best option to offset some of the substantial
adverse impacts of the CRS.

7.3 EVALUATION OF THE NO ACTION ALTERNATIVE AND MULTIPLE OBJECTIVE
ALTERNATIVES

The co-lead agencies evaluated the alternatives to determine how effectively they meet the
objectives as described in Chapter 2, including objectives related to several key tribal resources
and treaty reserved rights—an important consideration for decision-makers. The specific
objectives are as follows:

1) Improve ESA-listed anadromous salmonid juvenile fish rearing, passage, and survival within
the CRS project area through actions including but not limited to project configuration, flow
management, spill operations, and water quality management.

2) Improve ESA-listed anadromous salmonid adult fish migration within the CRS project area
through actions including but not limited to project configuration, flow management, spill
operations, and water quality management.

3) Improve ESA-listed resident fish survival and spawning success at CRS projects through
actions including but not limited to project configuration, flow management, improving
connectivity, project operations, and water quality management.

250 C.F.R. § 402.02.
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4) Provide an adequate, efficient, economical, and reliable power supply that supports the
integrated Columbia River Power System.

5) Minimize greenhouse gas emissions from power production in the Northwest by generating
carbon-free power through a combination of hydropower and integration of other
renewable energy sources.

6) Maximize operating flexibility by implementing updated, adaptable water management
strategies to be responsive to changing conditions, including hydrology, climate, and the
environment.

7) Meet existing contractual water supply obligations and provide for authorized additional
regional water supply.

8) Improve conditions for lamprey within the CRS projects through actions potentially
including but not limited to project configurations, flow management, spill operations, and
water quality management.

The alternatives met the authorized purposes and objectives to varying degrees, as detailed in
Part 2 of Table 7-1. The co-lead agencies developed a reasonable range of alternatives to be
able to select a long-term operating strategy for the CRS. The effects analysis showed the
impacts, benefits and tradeoffs to affected resources, which informed which measures would
be identified in the Preferred Alternative. Some measures that provide the ability to meet one
objective sometimes conflict with the ability to meet other objectives. For example, drafting
reservoirs deeper in the upper Columbia River Basin storage projects to benefit downstream
ESA-listed fish species results in adverse effects on upper basin resident fish species.

7.3.1 No Action Alternative

The No Action Alternative includes all operations, maintenance, fish and wildlife programs, and
mitigation in effect when the EIS was initiated in September 2016. Juvenile fish passage spill
operations at the four lower Columbia River and four lower Snake River dams would follow the
2016 Fish Operations Plan developed by the Corps. This plan used performance standard spill
developed under previous ESA biological opinions. The co-lead agencies would also implement
structural measures that were already budgeted and scheduled as of September 2016 that
affected CRS operations. The majority of these structural measures are dam modifications to
improve conditions for fish listed as threatened and endangered under the ESA. For example,
installation of improved fish passage turbines planned for Ice Harbor and McNary Dams would
occur. Other ongoing habitat and mitigation programs would continue, as was planned for at
the time the EIS process started. A detailed description of measures included in the No Action
Alternative is included in Section 2.4.2.

The No Action Alternative met the Purpose and Need of the EIS, but it did not meet all of the
objectives developed for the EIS. The No Action Alternative generally satisfied the objective for
hydropower generation as it resulted in no additional upward power rate pressure or potential
regional reliability issues. However, it only partially met the objectives for water supply and
adaptable water management because it does not provide the additional authorized regional
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water supply. Further, it does not include effects of the changes to CRS operations from
important maintenance activities at Grand Coulee needed in the near term.

The No Action Alternative did not provide adequate improvements to meet the juvenile
salmon, adult salmon, resident fish, and lamprey objectives. As outlined in this alternative,
improvements to fish survival and abundance would be achieved through construction of
additional fish passage structural measures at the lower Columbia River and lower Snake River
projects. Additional measures could be adopted to improve fish survival to meet these
objectives.

It is not expected that there would be any new moderate or major impacts to environmental,
economic, or social effects as a result of continuing the No Action Alternative. The co-lead
agencies used the analysis to develop a Preferred Alternative that balances managing the
system for all authorized purposes while providing additional benefits to fish.

7.3.2 Multiple Objective Alternative 1

MO1 was developed with the goal to benefit or avoid adverse effects to congressionally
authorized purposes while also benefiting ESA-listed fish species relative to the No Action
Alternative. MO1 differs from the other alternatives by carrying out a juvenile fish passage spill
operation referred to as a block spill design. The block spill design alternates between two
operations: a base operation that releases surface flow, where juvenile fish are most present,
over the spillways using different flows at each project based on historical survival tests; and a
fixed higher spill target at all projects. For the block that uses the same target at all projects, the
operators would release flow through the spillways up to a target of no more than 120 percent
total dissolved gas (TDG) in the tailrace of projects and 115 percent TDG in the forebay of those
projects. The intent of these two spill operations is to demonstrate the benefit of different spill
levels to fish passage. In addition, MO1 sets the duration of juvenile fish passage spill to end
based on a fish count trigger, rather than a predetermined date. MO1 proposes to initiate
transport operations for juvenile fish approximately 2 weeks earlier than under the No Action
Alternative.

MO1 also incorporated measures to increase hydropower generation flexibility in the lower
basin projects and alters the use of stored water at Dworshak for downstream water
temperature control in the summer. MO1 includes measures similar to the other action
alternatives, which include increased water management flexibility and water supply, and using
local forecasts in whole-basin planning. MO1 includes measures to disrupt predators of ESA-
listed fish. A detailed description of the measures that are included in MO1 are described in
Chapter 2.4.3 of the EIS.

Following the detailed evaluation in Chapter 3, 4, 5, and 6, MO1 would provide minor benefits
to most ESA-listed anadromous salmonid fish species, both juvenile and adult. The expected
degree of these benefits varied depending on specific species, location, and the outputs from
two separate models (Fish Passage Center’s Comparative Survival Study [CSS] and NMFS'’s Life
Cycle Model [LCM]). The CSS model generally predicted minor improvements for the species
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modeled while the LCM generally predicted negligible decreases to minor improvements to
anadromous species that were modeled. This alternative would also result in localized
moderate adverse effects to ESA-listed resident fish species in the upper Columbia River basin.
With regard to cultural resources, there would be additional major effects at Hungry Horse,
Lake Roosevelt, and Dworshak reservoirs. There would also be the potential to impact the
Kettle Falls sacred site if changes in reservoir elevations were to result in increased potential for
looting. MO1 marginally meets the objective to provide an adequate, efficient, economical, and
reliable power supply. In particular, the Implement modified timing of Lower Snake Basin
reservoir draft for additional cooler water measure did not provide the intended water
temperature benefits and largely contributed to lower power generation in the summer. In
addition, this alternative would not meet the objective to minimize greenhouse gas emissions if
reductions in hydropower generation were replaced by carbon-producing sources for power
generation. MO1 met the objectives for implementing adaptable water management
strategies, water supply, ESA-listed anadromous fish and resident fish. MO1 also includes
structural modifications to infrastructure at the dams (e.g., Modify the Bonneville Ladder
Serpentine Weir, Lamprey Passage Ladder Modifications) to benefit passage of adult salmon,
steelhead, and Pacific lamprey that are expected to meet the objectives to benefit ESA-listed
salmon and steelhead and Pacific lamprey. Overall, the expected degree of improvements to
ESA-listed salmonids was less than was desired by the co-lead agencies.

Under MO1, there would likely be moderate adverse effects to water quality in the lower Snake
River from the Implement modified timing of Lower Snake Basin reservoir draft for additional
cooler water measure. There would also likely be moderate adverse effects to resident fish in
the upper Columbia River basin due to changes in reservoir operations and elevations that
would require mitigation. There would likely be no major or moderate economic effects, but
there are major social effects, including adverse impacts to cultural resources at Hungry Horse,
Lake Roosevelt and Dworshak reservoirs. The co-lead agencies used this analysis to inform the
development of the Preferred Alternative that balances managing the system for all authorized
purposes while providing additional benefits to fish.

7.3.3 Multiple Objective Alternative 2

MO2 was developed with the goal to increase hydropower production and reduce regional
greenhouse gas emissions while avoiding or minimizing adverse impacts to other authorized
project purposes. MO2 would slightly relax the No Action Alternative’s restrictions on operating
ranges and ramping rates to evaluate the potential to increase hydropower production
efficiency, and increase operators’ flexibility to respond to changes in power demand and
changes in generation of other renewable resources. The measures within MO2 would increase
the ability to meet power demand with hydropower production during the most valuable
periods (e.g., winter, summer, and daily peak demands). The upper basin storage projects
would be allowed to draft slightly deeper, allowing more hydropower generation in the winter
and less during the spring. MO2 also differs from the other alternatives by excluding the water
supply measures and evaluating an expanded juvenile fish transportation operation season.
This alternative proposes to transport all collected ESA-listed juvenile fish for release
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downstream of the Bonneville project, by barge or truck, and reduce juvenile fish passage spill
operations to a target of up to 110 percent TDG. Inclusion of the target up to 110 percent TDG
spill operation provides the lowest end of the range of juvenile fish passage spill operations
evaluated in this EIS.

Structural measures of MO2 are aimed at benefits for ESA-listed fish and lamprey. These
measures are similar to other alternatives and include making improvements to adult fish
ladders, upgrading spillway weirs, adding powerhouse surface passage, and turbine upgrades at
John Day. A detailed description of measures that are included in MO2 are described in Chapter
2.4.4 of the EIS.

Following the detailed evaluation in Chapter 3, 4, 5, and 6, MO2 resulted in the greatest
benefits to providing an adequate, efficient, economical and reliable power supply and to
minimizing greenhouse gas emissions from power production. It was not as effective at meeting
objectives for ESA-listed salmonids in certain instances. This varied depending on the specific
species, location, and by the outputs from the two distinct models (CSS and LCM) used in this
analysis. The CSS model generally predicted moderate to major adverse effects for the species
modeled while the LCM generally predicted negligible to moderately adverse effects to
anadromous species that were modeled. There were also major adverse effects predicted to
upper Columbia River basin resident fish due to changes in reservoir operations and elevations
that would require mitigation. There would also be additional major effects to cultural
resources at Dworshak and